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NATIONAL VULCANIZED FIBRE COMPANY, WILMINGTON, DEL.

Vulcanized Fibre
isonly 56 yearsold
—vyet “National”
has been making
it for more than
half a century!

“National” lays claim to seniority
in the manufacture of vulcan-
ized fibre; but we do not hold
our years of expericnce as our
paramount asset. The knowledge
we have applicd to our product
and the thorough understanding
of the electrical industry’s needs
are of far greater value to cus-
tomers than our gray hairs.

We were pioneers in 1873 and
we are still pioneers in 1929 —
invading new fields, helping to
develop new uses and constantly
improving the quality of our
products.

Offices in these principal cities

Baltimore Milwaukee
Birmingham New Haven
Boston New York
Chicago Philadelphia
Cleveland Pittsburgh
Denver Rochester
Detroit San Francisco
Greenville Scattle
Los Angeles St. Louis
Toronto

NATIONAL
CAN

VUL IZED

FIBRE

In the warehousesand seasoning rooms of the
world’s largest producers of vulcanized fibre
are countless bins, each containing a different
size, a different thickness, a different grade of
vulcanized fibre. Every sheet, rod and tube
that “National®’ makes 1 scientifically built
to meet the requirements of specific use.

"PHEN

Laminated BAKELITE

Tell us what vou want laminated bakelite to
do, and our service engineering department
will work with you in the development of a
formula which will give the exatt results vou
tequire. Experimental work of this nature is
carrieg on here cnnstantly, an t your dis.
posal without costor ohligation. Write ustoday.

PEERLESS
INSULATION

Since 1898.the standard *“fish paper® of the
electrical world. It has insulated more arma.
tures than all other ’* fish papers” combined.
Peerleis has rema ¢ bendi strength
with the grainand against the grain.It is abso.
lutelyuniform in thickness andhas a dielectric
strength whichcanbe depended upon through.
outeverysquareinch ofitssmooth,even finish.
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~constantly improves Forse:

THIS picture shows a corner of the Formica laboratories where fundamen-
tal work in the improvement of the physical, chemical and electrical quali-
ties of Formica is constantly going forward.

"' Important advances in improving the worl-ability of the material while main-
- taming previous high standards of electrical quality have been made here; the

e appearance of the material has been greatly improved; controls have been per-
- fected that assure unusual uniformity.

Formica is the leading organization in its field with the largest equipment,
largest yolume of business, and largest specialized organization. The plant is
near the center of industry and can deliver promptly.

THE FORMICA INSULATION COMPANY
4654 Spring Grove Avenue Cincinnati, Ohio

ORMICA
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T Alterations in Style Sheet
Contents / .

I N order to conform more specifically to

the standard usage of terms and the

Analysis of Papers Emploved in Radio Manunfacture rules of abbreviation. Ravio ENGINEER-

By I. L. Gartland 27 1IN has made alterations in its style
/ : sheet.
Makin;: the A-C. Heater Tube Noiseless In l.'h(- ciaze of technieal terms that have
By Allen . Duloni 32 been in nse for nuiny vears, and have be-
L - a3 P

come commonplace, the original forms stand,
sinee many of the expressions that still hold
sway are collogquial and =hould not be dero-
mantacized. The only divergence from this
rule is in terms that have evolved into com-
pound wordg. such as super-heterodyne, head-
phone, wave-length, feed-back. and so ou.
. . . . : . Sinee these terms are of long standing. the
The Engmeernur Rise in R“dlo: Part k[" hyphens have heen dropped and you will tind
By Donald MieNicol 41 them in the printed page as, superheterodyne,

headphone, wavelength, feedback.
A Little Suspected Souree of Distortion, We have, likewise. dropped the hyphen
By W. F. Sutherland 45 from sunch compounnd words as electrody-
namie. photoeltectric. londspeaker, but have
\/'l‘he Problems of Radio Servieing, Part I, retained the h:\'phen in rhe case of long-wave,
]"/ John F. Rider 46 short-wave, (hrectc}n-re.nt. ete.,, when they

g are employed as adjectives.

‘/i‘he Sereen-Grid Vacuum Tube, Part I... By J. E. Smith 50 4\411 ul)ln-.e\'l.-xtlons have been altered and'
their use is dependent upon the status of
the word. Thus: audio-frequeney, which
can be employved as a noun or as an adjec-
tive, retains the hyphen when used as an
adjective and is abbreviated as a-f. On the

Die Castings in the Modern Radio ...... By L. I Pdlion 34
Light-Sensitive Cells, Part 1L ....By Joln Patton Arnold 38
/Grid Bias DRteChon -« » wie e b iime srvd o st g ie.e s ne pe 40

Departments

}'Constructionul Developments .......................... 25 other hand, kilowatt and kilocyele are ab-
. F hreviated as kw. and ke., respectively.
\/News of the Industry ......... .. ... ... ... . .. 58 All such abhreviations are in lower case .
< letters, with the exception of the abbrevia-
# New Developments of the Month................... ... 62 tions of the names of organizations, etc., and "
in such cases where the abbreviation of a .
£ Buyer’s Direetory ....... ... ... ool 76 term is employed in the heading of an article. d
5 Any criticisms of these alterations will be
A Index of Advertisers ...........cooeiiiiiiiiiiiii... 80 4 appreciated —Editor. =

Published Monthiy by
Bryan Davis Publishing Co., Inc.

Bryan S. Dauvis, James A. Walker, E. M. Bacon,
President. Secretary. Advertising Manager.

Publication Office—Lyon Block—Albany, N. Y.
Chicago Office—38 E. Washington St.—A. G. Rudolph, Manager

San Francusco Office—318 Kohl Bldg. "
Los Angeles Office—New Orpheum Bldg. e ’

846 So. Broadway ‘(.upn and Birch
Scattle Wash. Office—407 Learv Bldg.

Entered as second class matter at the post 52 Vanderbilt Ave Y b $2.00 in U. S. and
office at Albany, N. Y., January 9, 1925, unde : g early subscription rate i
the act of March 3, 1879. Ags] New York Cl(y Canada; $3.00 in foreign countries.

wwWwW americanradiohistorv com


www.americanradiohistory.com

COPPER E-BRASS

Radio Engineering, April, 1929

B Y rubbing his magic lamp, Aladdin

procured the services of a Genii
who supplied him with his every
worldly desire.

Operating in a day of new develop-
ments, the modern radio manufacturer
has need for a real Genii, capable of
supplying him with his manufacturing
wants in line with
the dictates of the
market.

Representa-
tive radio firms
call on Scovill to
supply them with
condensers that are

ENITL TO MODERN
1O MANUFACTURERS

made to their market requirements.
Condensers that are made of high
grade raw material, and in accordance
with latest and most effective scientific
developments. Condensers that con-
tribute materially toward winning
consumer preference for their finished
products.

Instead of
rubbing a magic
lamp, however,
they either tele-
phone, telegraph or
write—for a
Scovill  representa-
tive to call.

Every step in the manufacture of Scovill condensers
and radio parts is under strict laboratory supervision

SCOVILL

MANUFACTURING COMPANY

WATERBURY, CONNECTICUT

New York Providence Los Angeles Atlanta
Chicago Cleveland Cincinnati Detroit
Boston Philadelphia San Francisco

In Europe — The Hague, Holland

wwWw americanradiohistorv com
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EDITORIAL

April 1929

A

THE VACUUM TUBE

T IS odd, to say the least, that the vacuum

tube, which is the backbone and mainstay

of radio, should prove such a fickle com-

modity. It is a moon on the tide of radio
and so, often has its own way regarding the
fate of a company or the progress of the
industry.

It is odd, likewise, that the vacuum tube
should be the most sorely disputed engineer-
ing development; odd, that is, if one views
it through impartial eyes. It looks so damn-
ably unimportant in itself; like a frail, young
woman, but, like a frail, voung woman, it can,
and docs, sway a lot of destinies.

Possibly the vacuum tube is catered to a bit
too much for its own good and the good of its
followers. Like a frail, voung woman, it can
get very high-minded and do a lot of very
disconcerting things if it gets to know that
1t 1s a law unto itself.

At any rate, it is being “rushed” at the
moment, mainly because of its appeal, and
there is that little question to the fore, regard-
ing production and the market, that wants
answering.

We do not profess to know a great deal
about frail, young women and their reactions
to an overdose of attention, and so it may be
that our simile is rather damp, but we have
always assumed that most things can be under-
stood moderately well if onc just watches and
listens.

So——we have been watching the rise of the
radio industry, the rise of its stocks and the
general increase in the size of the market.
Each year the industry tacks up a new record
of sct sales that overshadows the previous
vear, and along with this remarkable increase
in the sale of sets there has been a propor-
tionate increase in the manufacture and sale
of vacuum tubes.

Then, the frail, young vacuum tube turned
A-C. and the sets turned likewise. All sorts
of things happened in that renaissance period,

including an entirely new merchandising
structure of great possibilities, and a frail,
young A-C. tube.

There was a great rush to buy these new
radio sets that would operate right from the
light socket in the home, and with each set
went a batch of the frail, voung tubes. Some
of these tubes hardly lasted the trip home, and
the few that did survive the trip developed
galloping consumption and neatly expired in
short order. I

So, crowds of people bought new tubes and
then bought some more new tubes until they
were (quite exasperated over the situation, and
it certainly looked as though something was
about to go beserk.

If we remember correctly, there was a great
tube shortage around that time, and dealers
were offering a premium for any tubes they
could lay hands on. Merchandisers were hav-
ing great sport—and so, we presume, were
the design engineers in the tube laboratories.

This was all very hard on the character of
the tube and it suddenly forgot to be high-
minded and got down to the business of long
life in a moderate and efficient sort of a way
without disconcerting everyone.

In the meantime, production on tubes was
being increased to take care of the former
situation and many new factors opened up
plants to meet the very same condition. Now
everyone is at least doubling production and
there are, probably, twice as many producing
companies as there were at the time of the
drought. The public is still holding out the
bucket and the new tubes pour in at a tre-
mendous clip, but the bucket no longer leaks
dead tubes in the manner it did heretofore.

We can readily see that a great number of
sets are going to be sold this year, but we are:
a bit hazy on the point of where all the tubes
are going, particularly those that must, for
economic reasons, remain high-priced.

M. L. MUHLEMAN, Editor.
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__;?_(l: New Jefferson Power Pack for use
with the new 245 and A.C. 222

power tubes.

Transformers and Chokes

for New Power Tubes

AGAIN Jefferson Engineers have
anticipatedthenced ofthe Radio
Industry. The transformerand choke
problems which will be met in
building sets around the newly de-
veloped power tubes have already
been solved by Jefferson Engineers.

A new power transformer has been
designed, perfected, and thoroughly
tested for use with the new tubes No.
245 and No. A.C. 222 shield grid wbe.

A wide choice of choke units are
ready—heavy single duty chokes,
double chokes of the conventional
design—or staggered choke units
consisting of one heavy and one light
choke. The last is an especially econom-
ical method which minimizes hum
and allows maximum voltage on the

Specially Engineered by Jefferson

tubes without overloading the rectifier.

Special audio transformers have
been developed with improved de-
sign to make use of all the possibili-
tics of these new tubes.

Jefferson reputation, backed and
maintained by Jefferson enginecr-
ing is your guarantee of quality,
service, and satisfaction on these
new units. And theforesight of Jeffer-
son Engineers together with the
Jefferson production capacity are
your insurance of prompt deliveries
now and throughout the season.

Take advantage of this engineer-
ing work already done for you by
writing us your problems. Complete
electrical specifications and quota-
tions will be supplied on request.

JEFFERSON ELECTRIC COMPANY
formerly Chicago-Jetferson Fuse & Electric Co.
1592 8. 1 AFLIN STREET, CHICAG(C, 111,

; \
\ ~o

AUDIO and POWER TRANSFORMERS and CHOKES

wwWwW americanradiohistorv com
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“How can this coil be improved?”

doing it every day. That is what our serv-
ice laboratory is for. Just remember that
the best coil men in the industry are in
our plant, and if anyone can straighten
you out, they can.”

. . . asked a well known radio manu-
facturer of a Dudlo Sales Engineer some
time ago.

“We want it to give exact voltages for our
new models without overheating, and
vet the production cost must be kept
down. But we haven’t been able to do it.
Can’t you help us work this thing out?”

“Sure can,”said the Dudlo man—*“we’re

Radio Fngineering, April, 1929

“Well, if you don’t mind doing it —"

“Glad to” —said the Dudlo man. “You’ll
have a sample coil on your desk in a few
days. Just let me have the specifications.”

So the coil was perfected as promised, delivered on schedule—und has plaved no small part
in the success this radio manufacturer has enjoved.

The Dudlo Engineering Laboratories are at the service of the vadio industry. You are invited
to bring vour coil troubles to us. No obligation.

REMEMBER —THE COIL'S THE THING IN RADIO!

DL

DUDLO MANUFACTURING COMPANY, FORT WAYNE, INDIANA

Division of

GENERAL CABLE CORPORATION

4143 Binzham Ave.
St. Louis, Mo.

274 Brannan St.

420 Lexington Ave. San F i Cal
an 'rancisco, al.

New York City

105 W. Adams St.
Clhicago, Ill.

www americanradiohistorv com
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Sweetest of

Loud Speakers—
It’s a Real S-M!

NLY two months old is the $-M Jdvnamic speaker: yet already it has taken

its proud place among $-M audio products—the ackneowledyed aristo-
crats of tone quality. . . “Siweetness” is taking on a new meaning for owners
of S$-M speakers. All the mellow flow of the “lows,” as well as the brilliancy of
of the “highs,” come out smoothly on an 8M dynamic—with a surprising
absence of all rumbles, roars and rattles. . . As alwavs, there are underlying
engineering reasons. Sound design in the speaker head is coordinated with
similar mathematical correctness in the built-in $-M 229 output transformer,
which has various taps to insure proper impedance matching for 171A, 210,
2435, or 250 tvpe tubes, singly or in push-pull. . . The 110-volt Jd.c. type (851),
at $48.50, is ideal where the field winding is to be connected as a choke in a
power circuit. . . The a.c. type (850), at $58.50, operates on 50 to 60 cycles,
105 to 120 volts. Thorough rectification of ficld current, with a 280 tube and a
2.mfd. filter condenser, reduces hum to the point of defying detection. . .
Either type fits an 815" batfle hale. . . Try an 850 ar an 851 unit in the next S-M 850 Dvnamic Speaker
set you build—and the S-M speaker will become your speaker! 105-120 volts, 50-60 cycles.

S-M Audio Transformers —~ Supreme in Performance

we predicted last

S-M Clough-system audio trunsformers have accomplished—just as
June—a revolution in tone fidelity. Adopted at once by those familiar with earlier S-M
triumphs in standard transformer design, these new-type transformers have since received
the practical endorsement of repeated and continuous use by the foremost custom-builders
in America. Now that they are available in a complete line for interstage, output, and
push-pull circuits, their consistent use throughout every kind of amplifier is the surest
means of enhancing a builder’s reputation for tone quality.

255 and 256 Audio Transformers, for standard use in 248 Universal Output Choke, to feed out of two 171A,210
first and second stage respectivelv. Facho oo ... .36 245 or 250 tubes; provided, for impedance matching

225 and 226, similar to the 255 and 256, but larger and purposes, with two end leads and a center tap (B+)and,
slightly more peefect in frequeney charcteristic. Each $9 in addition, two extra pairs of taps to accommaodate any

257 Push-Pull Input Transfor transformation n."r"“‘l SErIGE of scrle.\-[nlr_:nllcl urr:mucn:’:nls nf one to
ratio L8:1; frequency charne TR lraiml 95 o ecight magnetic or Jdvnamic speakers. Will Ium.l!c the
5,000 cveles when operating out of one 2014, 1124, 226, full undistorted power ourput of two 250 tubes without
or 227 tube. into two 201A, 112A, 226, 227, 1714, 210, core saturition or obseevable distorrion. Open-mounted;
245, or 250 tubes. Each......... 4 gres S L T Vet S

227 Push-Pull Interstage Transformer: etfective transforma- 238 (248 in case like 227). Fach.uu.oon.s
tion ratio 1.8:1; frequency characteristic flat from 20 to
10,000 cveles. (Television experimenters please note!) 229 Dvna .Speaker Output Transformer; to couple two
To feed from two 201A, 112A, 226, or 227 tubes into 171A, 245, or 250 tubes in push-pull (or singlv) to the
twa 112A,226,227, 171A,210, 245, or 250 tubes. Housed moving (“voice™) ¢oil of any strandard dvnamic speakers
in the new type S-M case, mounting in same space and under conditions of n mum  undistorted  power

with same holes ax 251, 255, 256, 257 and 258 trans- oarput. Equipped with impedance marching taps, and
formers, but 335" high. Facho...ooo oo &5 housed in 227 tvpe case. Fach T s 5 )4
— — v— C—
I Marshall, Inc.
Ave you getting the Radiobuilder, a monthly publication telling the very latest 854 W . Jackson Blvd,, Chicago, U. 8. A.

PMease send me, free, the complete SM
Catalog; also sample copy of The Radiobuilder.
IFor enclosed .- ....in stamps, send me the
following
@ 50c Next J2issuesof The Radiobnilder
obuilder

develapments of the $ M laboratoies? No, 11 (Mar. 1929) gare the first details
of the new 720\C Al Elcctric Screen Grid Six, and the 669 Power Unit for the
new a.c. sereen grid and 235 1ubes, with complete civewits. Send the conpon for
free sample copy, or to enter your subscription if you want it regdarly.

$1.00 Next 25 isanes of The R
S.M DATA SHEETS asfollows, at 2¢ each:
.No.1.6701. 6i0ABC Rescrvoir Power Units
No. 2. 685 I'ublic Address Unip.
) 730. 731. 732 * Round-the-World* Short

koo N I
Wave Sete
I .No.4.223. 225, 226. 256. 251 Audio Trans- I
c

1f youc build professionally, bt do not have as yet the SN Aadhorized Service
Stagion appointment, ask about it

SILVER-MARSHALL, Inc.

854 West Jackson Blvd., Chicago, U. S. A.
After May 1: 6407 W. 65th St.

.No.5 720 Screin Grid Six Receiver
No.6. 740" Coust-to-Coast”” Screen Grid Four
No. 7 .675ABC thgh-Voltage 1’ower Supply and
676 1\ namic Speaker Amplifier
....No. ¥ Sireent-Rayment Seven
- No. 0, 6:81°1) Phonograph Amplifier
....Nc.10. 720AC All-Electric Screen-Grid Six.
.No. 12. 669 Power Unit (for 720AC)

Namewss - wrvd BRI BB B s & E

Address. - T
SR IS EEEEE G G SE—
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.
* FOR RADIO VACUUMATUBES *

aproductof SIGIMUND COHN  # Gold st.. New York
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Here’s a new name - - -

N\YNTHANE

a uniform

LAMINATED BAKELITE

PRODUCED

—in a plant built for the purpose.

TESTED

— to meet exacting standards.

SOLD

— through the following representatives:

\

Chicago Cleveland

J. B. Rittenhouse C. E.White & Company
32-40 South Clinton St. Bulkley Building

New York
Philadelphia
H. G- Blauvelt Disrricrp .
Tribune Building Synthane Corporation
\ 154 Nassau Street Oaks, Pennsylvania
S Synthane Corporation was organized by a group
PSIC q 3
o3, of expericnced men for the purpose of concentrating
on the production of laminated Bakelite insulation.
Specially designed machinery, genuine Bakelite
resins, high-grade raw materials, controlled processes
—have made Synthane possible.
E———
k |
— N\YNTHANE
e

CORPORATION o OAKS - PENNA

AN

www americanradiohistorv com
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CLARQOSTAT

Il
@Mou LINE PALLASE

7
‘A OUR 1929 A-C sets are incom-
plete it they do not inelude auto-
matic line-voltage control.  And
vou run the danger of losing many
potential sales, experiencing plenty
of service troubles, and having
vour enginecring judgment—ves,
and even vour merchandising sense
—seriously guestioned by dealer
and publie alike. All of which you
cannot afford in a highly competi-
tive market.

I'he LINE BALLAST CLAROSTAT
is the answer to the antomatie line-
voltage control problem. Fool-
proof. Absolutely automatie. Com-
pact. Inexpensive. Stuvdily built.
Sealed in stout metal casing to
avoid tampering. Funetions over
wide limits, such as between 100
and 135 volts, with resultant seec-
ondary veltages varying less than
plus or minus 5 per cent—well
within the specifications of A-C
tube manufacturers. Plugs into
standard receptacle.

Actual
Size

The LINE BALLAST CLAROSTAT
i» inexpensive. It is the best invest-
ment you can make in your new
designs, vet it pays the biggest divi-
dends. By doing away with tapped
transformer prinnary, together with
switching mechanism or terminals
and the extra wiring, the LINE
BALLAST CLAROSTAT goes far
toward paying for itself.  And on
the basis of merchandising advant-
ages, it pays for itself a hundred-
fold.

Don’t fail 10 look into these mer-
chandising advantages, quite as
well as the engineering advantages.
Remember, the LINE BALLAST
CLAROSTAT makes it possible for
vou to sell sets in low-voltage areas,
because of full volume and tone
which it provides, and in high-
voltage areas, because of no extra
strain on the tnubes to cause heavy
replacements and keen dissatisfac-
tion.

All of which means a better A-C set, more sales, more good will, and more deder and consumer interest.

The Line Ballast Clarostat is intended only for those who are engaged in the design and manu-

facinring of A-C sets.

and
stats,

CLAROSTAT MANUFACTURING COMPANY, INC.

And while we

the Clarostat
reliable

where there

WRITE

1ssing C

which

CLAROSTAT,

fo

in Radio Aids

Speciali

282 North Sixth Street 2 a6 T

www americanradiohistorv com

rostats. don’t forget G
- . . . v !
the Hum-Dinger. which eliminates A-C tnbe hum;
Strip Resistors, which provide accurate
low-wattage resistance; and the Claro-
afford precisely adjustable resistance
are variable values to be compensated

for technical bulletin on the LINE BALLAST
Better still. send nus a sample
power transformer with an 85-volt primary, with complete
specifications, and we shall submit to vou the proper samnple
Jor your inspection and test, )
there is a Clarostat
and auntomalic resistance,

Meanwhile, don’t f«
very radio purposc—variable, fixed

wgel that

~
§3%
EHH

L .

Brooklyn, N. Y.
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"This New Elkon Rectifier Eliminates the Power

Transformer

Thin shows the nize
of one of the regtis
ficr units. Two are
required on cach
speaker.

GAIN Elkon leads the field. The new Elkon D-29 Power
Supply is the outstanding development of the year in
rectifiers for dynamie speakers.

This remarkable rectifier operates direetly from the AC
power line climinating the Power Transformer and reduc-
ing the cost of assembly.

Supplied complete, ready to install, or the reetifier units
two required on each speaker) can be sold separately.

Wonderfully efficient, quict in operation. The units can
be replaced when necessary as casily as a tube is changed
in a socket.

of your new speaker, do so at once. We s

will equip it with the new Elkon recti-

fier and return it to vou
promptly.

ELKON, I~c.

Division of I'. R. Mallory & Co.. Ine.
350 Madison Avenue
. New York City k

Speuker.

If you have not already sent us a sample /

The reetifice nnits can
e ensily replaced when
necessary s may e seon
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%be trend 1s toward
ALUMINUM

The latest Grigaby-Grunow con-
denser (at left). Grigehy-Gru-
now has alwavs wsed Alcoa
Radio Sheet for its variable
condensers.

Atcoa Radio Sheet was firat de-
reloped for Atwater Rent. The
latest Atwater Kent eondenser
ussemnbly is illustrated below.

A“TFR more than two vears of testing by
the technical staft of Aluminum Lom-
pany of America, and by the designing en-
gincers of the leading manufacturers of
receiving sels, nine manufacturers have
adopted Aleoa Radio Sheet for their con-
denser blades.

In 1928 radio manufacturers used almost
three times as much Alcoa Radio Sheet as . . .
was used in 1927, and more than six times Radio Sheet are large increases a1 the LU
as mueh as in 1926. In 1929 more than of aluminum for shielding, aluminum foil

6,000,000 single eondenser units will be for fixed eondensers, and aluminum die
made of Aleoa Radio Sheet castings for loud speaker housings, chasses

. . . . . and comlcnum' frames.
This wide and rapidly growing use of
Alcoa Radio Sheet is due to its extreme

il('('lll'il('y of gauge, l]i"ll (‘l(‘('ll‘i("ll condne-

We will be glad to send you, on requosx,
a copy of the lmoklol “Aluminum for Radio.”

tivitv, nnique h'oedum from vibrating, its Aluminum Company of Ameriea
29
lightness and its workability. 2468 Oliver Building Pittsburgh, Pa.
Paralleling the increcased use of Alcoa Offices in 18 Principal Ameriecan Cities
Aleoa Radio Sheet, the exclusive product oy is .0005 iuch. Its sheet to sheet tolerance \
/—- Aluminum Company of Awmerica, is manu-  is 001 inch. It is patent leveled, highly
Jactured to limits of tolerance and uni-  planished, and acenrately sheared. Wewill
Jormity hitherto unattainable. Its maxi-  be glad to quote on finished blades of high

mum 10tal variation within a single sheet  accuracy made from Alcoa Radio Sheet.

ALUMINUM -

“The mark of quality in Radio
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A radio-wise market

demands TONE/
Loty

Tone—of musical quality
—is now the foremost
requirement of the radio
market. Receiver manu-
facturers must £2010 what
willhappeninthe“audio
end” when a full orches-
tra crashes through with
a crescendo.

True tone, of course,
dependsupontransform-
ers—and the only way to
besureof the tone qualiey

is to be sure of the transformers you usc.
Al transformers look pretty much alike,
but builders and manufacturers know
that performance tells another story.

¥,

T

&

Transformers that match the tubes and speakers
with which they work—ihe Sankamo Audio Line
includes specially desigoed equipment o exactly
match specific tvpes of tubes and speakers.

S

There is something more
to a good transformer
than windings, a core
and a coat of enamel.
Transformerbuildingisa
science and only special-
ists of wide expcrience
should attempt it.

Sangamo — with 30
years’ experienceinman-
uracturing electrical
precision instruments,
hasunsurpassed facilities

for producing audio frequency trans-
formers that ar¢ a guaranty of the most
satisfactory amplification over the entire
musical frequency scale.

SANGAMO ELECTRIC CO.

SPRINGFIELD, ILLINOIS, U. S. A.
Sangamo Electric Co. of Canada, Ltd., 183 George St., Toronto

For 30 years preeminent manufacturers of electrical precision instruments

sricanradiohistory com
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““The standard line of Sangamo Fixed
Condensers leaves the factory tested

to maximum variation of 10%!”

Sangamo standards of precision carried
into the manufacture of Fixed Condens-

with an eye fo the service
problem

ers, have made it possible for manufac-
turers to eliminate much of the trouble
ordinarily caused by the imperfect
operation of condensers. The internal
loss is low and insulation nearly infinite
in Sangamo Condensers. They are accu-
rate and they stay accurate.

The Sangamo
Type “A” Condenser

Every sound characteristic is affected by
the quality of the fixed condensers in a
set. Sangamo huilds accurate mica con-
densers, molded within an overall enclo-
sure of genuine bakelite with only the
terminals brought outside. Moisture,
heat, shocks or jars will not alter their
characteristics nor affect operation after
the set leaves the factory.

Sangamo Type “A” Condenser—solidly
molded in bakelite and immune to ther-
mal or atmospheric changes.

b

The Sangamo
“Illini”’ Condenser

This new condenser is of the same qual-
ity as the standard Sangamo Fixed Con-
denser—but is of a size and shape that
more readily adapts itself to factory pro-
duction. The greater convenience of con-
necting lugs which may he bent to any
position without danger to the condenser
can readily be appreciated.

> = 3)
\

The new Sangamo "Illini" Condenser—
for manufacturers’ use only.

Pin this to your letterbead and muil.
SANGAMO ELECTRIC CO., Springfield, 11l., U. S. A.
Dept. 442 (Sangamo Flectric Co. of Canada, Lid. . Toronto)
O (For manufacturersy Please send engineering data on

your transtormers and condensers.

O (For dealers) Please sead data on Sangamo Condens-

ers.

D (For set builders) Please send circulars describing your
apparatus and latest audio hook-ups.

All prices on request

www americanradiohistorv c
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The Jewell 199 Set Analyzer, combined with
Jewell Set Analysis Charts and _lcwell “Instruc-
tions for Servicing Radio Receivers” eliminate
guesswork by putting radio service on a thor.
oughly scientific basts. Radio men everywhere
find that this remarkable sct analyzer not only
reduces time required for set servicing, but
also reduces number of repeat calls and
elminates comebacks. Ask your jobber’s sales-
man about the Jewell Method of Servicing.

The Jewell No. 581 Test Panel makes it easy to test
sets rapidly, The large precision instruments with
lon scales make for accuracy. The convenient cord

5-prong plug and 4-prong adapter provides
fm— testin| (:%EIECLI.I.I‘& in the radio set with the tube,
a socket for which is provided in the panel. Panel
can be conveniently mounted on a suitable bench in
your shop, Order from jobber or write for data

£

3

Good Radio Instruments
Assure Servicing Profits

Your radio service instruments not only have a direst

The Jewell No. 210

tester to give direc'

first tube
gs thereby

cllmm‘mng menta’
\ldCS f()[' variatic

to 130 volts. T
milliampere sc
tifier tubes. *
of each pla
tubes. Ope

retic. It pro-
ine from 100

tubes. A 100

rovided for rec-
dividual reading
uble wave rectifier
m A.C, service line.

" 29 YEARS MAKING GOOD INSTRUMENTS ™

HE:

199 SET ANALYZER

WAl THD

W IRl
uEw ELE,

v

Sflenll

effect on the efficiency of your service organization.
but in addition they are an important factor in

maintaining the confidence and good will of your
customers.

Jewell Radio Service Instruments take the guess-
work out of radio servicing., Jewell methods of test-
ing. developed through a careful study of radio serv
ice problems. scientifically locate trouble with mini

mum delay. thereby saving time and assuring
customer satsfaction.

You should know about the time saving and busi-
ness building possibilities of Jewell Radio Service
Instruments and  the Jewell Method of Radio
Servicing.

Ask you jobber’s sulesmuan or write us for com
plete informution about Jewell Instruments that
enahle you to convert service liabilities into profits.

‘ 1 bleeteit ab Instey |l|\
_):.w(;“h st St Chieasen

’ i
" { < e want te ,“n - i

S Method ot St W inst

.

. R o Ra
\ nons toF Dery

. B 5

L.,

il
Nami

www americanradiohistorv com


www.americanradiohistory.com

Radio Enginecring, April. 1929

Page 20

A Remarkable New
I-WATT VOLUME

CONTROL and a
Superior COVERED
RESISTANCE

wailed for thete two new
1ed in vain. CONTROL;  show-
in neat compuet
They are now available and will capably fill a need, long deni 0, ||:‘(~;Inl
. . " . . - . nance o et or
felt, but not until now effectively satisfied. rapid heat dissipa-
e . . . . . [} E ivete
First: A volume, centrol entirely different in principle. “,l:."',‘},.:].,r,: ":'::.d
ates a full five-watts without breaking 23/16" x 213/16” x
Laboratory tests, equal to deep,  One-liote
panel mouwnting.

assemhb’y
new ELE(C
VOLUME

HE radio profession has
Elcctrad achievements—bhut it has not ws

that easily diss
down or varying in resistance.
more than 10 vears’ normul service, prove its extraordinary
quality and long life.
The resistance element is a highly-developed graphite paint
fused to an enameled metal base. The contact is pure
silver, designed literally 10 float over any slight inequalities
of surface. Result: A smooth, stepless flow of current
which improves with use owing to a microscopic deposit

D
[ of silver from the contact on the resistance clement,
Can be wde in any desired range of values for general
Send us your

niform or tapered curve.

requirements—
specifications.
Second: A new standard in covered resis
run at rated capaeity without burnouts. Heavier than usual

Nichrome resistance wire—henece cooler.

S
The contact bands and soldering lugs are Monel metal.
No nnequal expansion—no broken

May be

nees.

Costs more—worth it.
connections.
Last, but not least—covered by
enamel, baked on at only 400 degrees F.
injury to resistance wire and contacts.
1d enamel expand and contract

an  elastie  insulating
Less chance for

A The bands. tube, wire
alike under load, insuring against breakage of wire at

eontact points amd along the tube.

Can be made in practically any resistance values and
What are your neede?

High quality
refractory tube,
Oversize Ni-
chrome resist.
ance wire;
Monel  metal
contacts and
soldering lugs;
elastic insulat.

ing enamel,

wattage ratings desired.

ELECTRAD, INC., Dept. RE-4, 175 Varick St., New York.
Send complete datn on your new 5-Watt Volume Control and Covered Resisiance—alse sample

for tests,
NANRVO, gl s onifie: 3 Fronc Shoniny ¢ SE . § PETHAT T 5-put] A b L =
Firm....covvvaee L O T L e
....... State

\/\)\/\/\/vv\ AMMINC ,/\m\/v\m«/\wvvvv»
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A Nliw Prant

sigmn ificant of success

11 IV(’w Pl(l’lt-lh(' fourth within two years to keep pace with the
expanding demand for Jensen Dynamie Speakers. Facilities are

now provided for five times the peak produetion of 1928,

A NP?U Pl(l"[-rc-prcsonling the industry’s and the publie’s un-
qualificd endorsement of Peter L. Jensen®sgeniusand sixteen years

of experience inthe design and manufacture of dynamie speakers.,

4 lVl’IU Pl(l”t = housing an organization many of whom have been

associated with Peter L. Jensen during most of his carcer.

A N(’N) Pl(lllt,-('umplt‘l(' under one roof equipped to produce and
market with efficieney assuringthe high standards of Jensen qual-
ity at the lowest prices in Jensen history.

Jensen has again kept a step alicad of the indusiry in dynamie speaker design! The

1929 Jensen Standard and Auditorium Bynamie Speaker Units are now in production.

Samples of another model intended primarily for manufacturers are available for lab-

sratory test. With Jensen as yourr source of supply yon are assured of “on time?” sched-

wled deliveries. The Jensen engineering and laboratory staffs are now located in Chicago.

Their services are available to work in cooperation with yonr engincering department.

JENSEN RADIO MANUFACTURING COMPANY

6601 So. Laramie Ave., Chicago, 111, 212 Ninth St., Oakland, Calif.

n é e n Jensen Parents Alloued ard Pending

‘ -Licensed under Lektophone Putents

Sy DINAMIC SPUAKERT 0000000002

www americanradiohistorv com
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Will you not cooper-
ate with us by classify-
ing subscriptions sent in
as follows:

(M) Manufacturer

(Please check **M*’ it you are an execu-
tive, purchasing agent. production mana.
wer, service manager, plant superintendent
or foreman.)

(E) Engineer

(T) Technician.

(S) Service Man

(D) Distributor or
Dealer

(1]
300 (The subscription
o ) rate for individual
. M - -
P subscribers is $2.00 a
year.)
"é.a*e
e

“ROUND ROBIN”

1.

Group
Subscription
Rate

wwWw americanradiohistorvy com
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DYNAMIC SPEAKER
MANUFACTURERS

HE complete new line of Kuprox Dry Copper

Oxide Rectifiers for dynamic speakers is ready.
This new line, with a larger and more complete
range of sizes, comprises a number of new models,
including high and low-voltage units adaptable to
all types of dynamic speakers. These new models
represent  distinet improvements in design over
even last year’s high standard.

Samples. with blue prints, specifications and prices
are now available to all manufacturers marketing
or planning to market dvnamic speakers for the
coming secason. QOr a sample installation
for your approval will be made on one

of your own speakers if you will send
it to our laboratories.

Kuprox Dry Copper Oxide Rectifiers were nsed on almost 90% of all

dviamie speakers sold last vear. In humless, coolrunning performance.

long life and allaround efliciency, Kuprox excels every other tvpe of

rectifier.  Still it costs no wore than other makes. It vou make a high

quality speaker you camnot afford to equip it with a rectifier less
dependable and long-lived than Kuprox.

THE KODEL ELECTRIC & MANUFACTURING CO.

5327 E. Pear] St Cincinnati, Ohio

KUPROX

DRY COPPER OXIDE RECTIFIERS

www americanradiohistorv com
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Faradon
exemplifies
excellence
in
workmanship
and
materials

WIRELESS
SPECIALTY
APPARATUS
COMPANY

Jamaica Plain, Boston

(Established 1907)

Manufacturers of

Jaradon

Electrostatic Condensers for All Purposes

wwWw americanradiohistorvy com
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The illustration above pictures the cadmium

plated exterior of the new T.C.A. Audio Trans-

Sormer for 245 power tubes— the diagram helow
shows what it will do.

P _— ~ LE — 1

E — =

3 8 M B e
el R

a This curve sheaks for itself. Study it and compare
with the performance of any other transformer
made to work with these new tubes.

Audio Transform-
ersfor Intermediateor
Push- Pull stages .. Out-
put Transformers..Chokes,
single or douhle ... Power
Transformers or Power Packs ..
fnput Transformers for Dynamic
Speakers.

Page 25

T. C. A is the preferred source of
supply for many makers of the
finest recciving sets. Primarily be-
cause the uniformly high stand-
ards of T.C. A. Transformers
measure up to their cxacting re-
quirements. But they have found,
oo, that dependable deliveries
are a big consideration — and
withal, the cost is no more.

ADIO scts arc sold almost entirely on comparative
performance; that means competitive demonstration.

Not only does the customer want performance, but the
dealer must have it or lose the sale.

The audio end of the sct is where the greatest difference
comes in and the audio transformer is the key to tone-
quality.

Ever alert to stay abreast of this fast moving industry.
T. C. A. alrcady offers authentic transformer design to
meet the highly special necds of the new 245 tube.

T. C. A. engincers are ready to offer their assistance to
sct manufaczurers who are confronted by the problem of
meeting this new competition.

Watch for May anmouncementon T.C, A. develojrment,
which will interest every set manufucturer.

THE TRANSFORMER CORPORATION OF AMERICA

2301-2319 So. Keeler Avenue, Chicago, Hlinois

www americanradiohistorv com
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Radia Engineering,

For Complete Satisfaction

April, 1929

Specify Textolite Laminated

Textolite laminated gives complete
satisfaction to users, not only because
of its remarkable combination of
qualities, but also because it is made
by an organization with facilities and
resources to supply all your present
and future needs.

It is new to the trade—but it is time-
tried in seven years of service.
Millions of pounds have been
used to replace wood, rubber,
fiber, mica, porcelain, and
metals in General Electric

products.

Its quality is beyond question—
the resources of the General
Electric research laboratories are

Mod-

ern machinery, supervised by

enlisted in its manufacture.

skilled technicians, assures quantity
production.

The adaptability of Textolite lami-
The trade

continually finds new uses for

nated is ama:zing.
it. Complete stocks of rod,
tube, and plate are always on
hand,
ments can be met promptly.

and special require-

Py

GENERAL ELECTRIC

(‘ENI:RAI FLECTRIC COMPANY, QCHI-NI-CTAD\ '., SALES OFFICI-Q IN PRINCIPAI ClTll-S

wwWwW americanradiohistorvy com
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Analysis of Papers Employed in
Radio Manufacturing

I. The Microscope as an Asset in the Radio Laboratory

By L. L. Gartland

Principal Types of Lenses

IIERE are six different rypes of
lenses : (1) Convexo-coneave
(nlso called “Meniscus™) : (2)
Plano-convexo: (3) Donble con-
vexo: (4) Double coneave: (5) Plano-
eoncave; () Coneave-convex. The
mere names of these lenses are prob-
ably a suflicient deseription. but refer-
ence to Fig. 1 will illustrate their
characteristics and before leaving the
listing of basic types of lenses, prisms

Fig. 1. The various forms of lenses
employed in microscopes.

should be mentioned. since rhis is such
an important Cadjuner” of a lens in
the developmeut of modern obhjecrives.

The whole system of huilding oh-
jeetives s the inrelligent use of one
or more of the six varielies of lenses
(together with prisms) ro accomplish
the Kkind of work tor which a given
objective is intended. Objeetives nre
named from the extreme range at
which they will foeus—ihus every ob-
jective falls somewhere hetween the
16 mm. ohjective and the 1.9 mm. oil

immersion type. In the ease of the
16 mm. objective,” (Fiz. 2) it is
huilt up of a ecombination of plano

concave (A\). double convex (B) and
<o on through the four lenses. The
Abbe  Condensers (Fiz. 3 of the
aplanarie  type. are a  partienlarly
happy itlustration of this use of com-
binations of lenses, bhiconcave (A).
plano concave (13). donble convexo
(C), convexo eoncave (D). plano con-
cave (E) and double coneave (F). In
passing, ir might mentioned
that the hi-convex lens is composed of
a number of prisms arranged about an
axis.

To understand the work of & micro-
scope bhetrer, it will also be

also he

well 1o

HIS. the first of a series of

articies dealing entirely aeith

microseopie  research, ix  in-

tended to familiarize thoxe wn-
accustomed 1o s use with enough in-
formation ta be alble 16 follow the
thouyhts to he portrayed 1n the ensuing
crperiments:  for withoeut «a basie
Lnowledge of ab least the simplest rudi-
ments, one is enlively ot sea.

tud for those coperieneed in ifs use
the author suggests that, awith the con-
stant demand on ws (in the research
laboratoruy to meet and contend acilh
problems. e recognize lhe necessily
of hringing inlo aetion all the arvailable
resonrees we can to control onr product
and standardize ouwr materials.  Short
culs of every Lind are being tried owl
in arder 1o enulile us 1o aceomplish. ihis
and yet wvery frequently aee wnegleel
some of the most aecessalile and help-
Tl means,

The condenser mannfaeturer. for in-
shanee. noes that his prodacl st
ltare a cevlain patenlial capacity. e
strives to the wtmost, wnder teuing con-
ditione to control this—his foil.—his
war—and lastly his paper, ave lested
singly and in combination to wmaintain
that standard crpected not only af his
awn organizatlion. it to those whom
le sells.

Yet in all this cndearor for control,
one of the wost important instrionents,
cither thronah Ilacl of knmcledge of
thenm or wegleet. is often disregarded.

Thig is the microscope either in its
simple, but preferably in its compound
form E.rperience has taught these
things, and g0 il ix with {(he desire to
arouse (his interest that these ~xcrieg
af erperiments cilh the Compound
Microseape are presented.

The second and third artieles of this
series acill cover in detail the fibre and
chemieal analysis of speeial  papers.

This information shonld he of ma-
ferinl aszsistanee to the reseircl en-
gineer who at the present doex not en-
ploy  suel elnborate but awcorthichile
means of testing and analyzing con-
densey ligsue, fish paper. ele.

The Tartheoming articles il
elude some rery inleresting details on
new fibre testing methods,

wwwW americanradiohistorvy com

dizenss refraction for a moment. Re-
traction is. in simple langnage. the

plienomenon tlut occurs when a ray of
light. pusses throngh any transparent
medium-—the medinm *“bends” the ray
of light. This ability of lenses ro bend
light rays gives them their magnifying
power.

There are two fundamental laws of
refraction which we would well keep
in mind—

First: When n ray of light passes
from a denser to a rarer medimm it
is refraecred (or bent) away from a line
drawn  perpendicular to the plane
whieh divides the medinm-—and viee
versi,

Second: The sines of the angles of
incidence and refraction (that is to
sy, of rhe angles which the ray makes
with  the perpendicular immediately
betfore nnd after it is refracfed) bhear a
constant ratio to one another in a
given subsrance. This ratin i= known
ax the vindex of refraction™ for that
subsiance.

An illustrarion whieh will present
this in an interesting way is shown in
I'iz. 4. The licht ray enters st A and
leaves the glass at B, Following the

light through, ir will be seen that rhe
light is shifted “laterally.”  This ex-

plains why a medimn, in addition to
rhe glass slides, must be used for high-

A
3

16 mm Obiective

Fig. 2. A 16 mm. objective, built

up of a combination of plano con-

cave (A) and double convex (B)
lenses.
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Aplanatic Condenser,
of N. A. 140.

Fig. 3. An Abbe Condenser of the
aplanatic type, employing a com-
bination of six lenses.

power objectives in microscopy., This
additional medium (a drop of cedar
oil 18 now almost invariably used)
having the same index of refraction as
the glass, prevents the light rays from
diverging from the normml gathers
them. in other words., at the lowest
point of the objective, which is exactly
where we want them.

There is an index refraction known
as the mmerical aperture. which js the
resolving power by whieh an objective
shows «istinetly separated two small
elements in the structure of un object
(Fig. 5), which are only a short dis-
tance apart. The higher the numerieal
aperture the greater the resolving
power of the objecrive and the tinal
detail that ean be revealed. In brief,
numerical aperture is the index of re-
fracrion of rhe medium in front of the
ohjective. multiplied by rhe sine of half
the aperture.

Convexo lenses are chiectly used in
microseopy. The other forms are used
ro make certain maoditications in the
rays passing through rhese convexo
lenses so as to exaet their per-
formunce. Tt is diticulr, however, to
construct a convex lens so that all the
rays of light that pass through it shall
come to the same focus. The rays
whiel traverse each peripheral or mar-
ginal portion are ot shorter focus than
rhose which pass throngh the central
portion. This narurally distorts the
image and is technieally known us
spherical aberration. Another aber-
ration which, when light traverses a
convexo lens and the different colors
which compose it do not all come ro
the same focns, is8 known as chromatic
or color distortion. The correction for
this is the exclusion of the marginal
rays and it has been found that in
lenses whose penetrarion is greater
than their “tlatness of ftield” these
color fringes :nre usnally present. The
correction of hoth these aberrations is
entirely np fro the optician. and when
purchasing objectives. they should be
taken into consideration.

Principal Types of Objectives

There are two principal types. dry
and immersion. In Jry objectives,
nothing intervenes bhetween the object
and the objective except. of course. air.
In the immersion objective, however,

some liquid medium, such as water or
oil. must he placed on the cover glass
over the olject and make a contact
between the cover glass and the ob-
jective. The most commonly used
objective is the homogeneous oil im-
mersion; the reason for this being, that
with objectives of this type, the oil has
the sime refructive index as the front
lens of the objective (cedar oil for
example). There are also non-achro-
mittic objectives in which the color
distortion is net corrected and the
image produced is usually bordered
by a eolor fringe.

Chromatic objectives
which the color
rected.

Apochromatic objectives are those in
which three spectral colors combine to
one focus instead of two, as with the
chromatic.

Aplantic objectives
which the spherical
corrected.

those in
are cor-

are
distortions

are those in
aberration is

" -
l

(Conrtesy of Rausch & Lomb)

Fig. 6. Mechanical lllustration of

a standard form of laboratory
microscope.
There ave, of course, a munber of

special objectives such as those with
collar corrections, those with shields
for paraboloid condensers used with
the ultra-microscope, and <o on.

Kinds of Oculars

Of the oculars or eye lenses, there
are the ovdinary Huygenian eyepiece,
the compensating and the projecting
oculars. Each one., the objective and
the ocular magnifying independent.
hut combined, give us our ultimate
visual magnifieation. It must always
be remembered that the objective's
function is to magnify the object and
the ocular’'s function is to magnify
again what the objective has already
magnified.
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Principal Mechanical Parts of a
Microscope

By referring to Fig. 6 certain points
of interest are illustrated.

F1-—Upper focal plane of objective.

F2—Lower focal plane of eyepiece.

A—Optical tube length distance be-
tween F1 and 12,

01—Object.

O2—Real image in F2 transposed by the
collective lens to

03—Real jmage in eyepiece diaphragm.

O4—Virtual image formed at the pro-
jection distance C, 230 mm from EP.

KI’—Eyepoint.

Ch—Condenser diaphraem.

IL—Mechanical tube length (160 mm).

1, 2, 3—"Three pencils of paraliel light
caming from different points of a distant
illuminant; for instance. a white cloud,
which illuminates three different points of
the object.

Best Sources of Light

While on the subject of light (a
sadly neglected necessiry) some sug-

gestions may he of value. The very
hest source of light that could be used
in microscopy, is the reflection from a
white cloud. Tlowever, if artificial
light is necessiary. there are two or
three very good makes of lamps on the
market. The principle. however, is to
use just sufficient light to illuminate
evenly the object to he viewed. as an
excess of light will not only distort the
ohject, but will flood the ohjective so
mueh that it is sometimes impossible
even to view it. It is wise to use a
filter on the iris diaphragm or at the
front point of the lamp for eliminating
the intense rays of the fitaiment of the
ordinary bulb. Usually a round blue
glass accompanies all microscopes and
should be used as much as possible.

Microscopic Accessories

There are some various accessories
which are quite unfamiliar to the
average chemist and which. some-
times. are of great assisxtance in short
cutring and eliminating unnecessary
work. For instance. the dissecting-
scope. This ix an excecllent accessory
for surface investigations of paper,
fabrics, ete., and is also of great assist-
ance in “teasing out’” 1ibres prepara-
tory to staininz and mounting. The
stage of the disxsecting-scope is also
excellent for mounting. as ir is usually
of glaxs, and Ferrant’s medium or
balsam is very readily removed.

A camera lueida is a very econom-
ieal, but sometimes tedious method of

REFLECTED
LIGHT

A

LIGHT
ENTERING

| ILLUSTRATING REFRACTION

FIG.4
Note that the light passing
through the lense Is shifted
laterally.
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Flg.

Fig.
Fig.
Fig.

Fig.
Fig.

16.
19,
20.

Hlustrations

. An arrangement of dia-
. 10,
J . Strychnine sulphate,
.12,
o =
ig- 14,

15.

toms,
Sodlum sulphate,

Evaporated solution of
sodlum nitrate.

Evaporated solution of
ammonlum sulphate.

Potassium permanga-
nate.

Sodium carbonate, eva-
porated by gentle
heating.

Evaporated crystals of
copper sulphate.

Fibres of condenser
tissue.

Specimen stained wilth
Eoslne. Red filter used.

. Same cross-section as
20.

using green filter.
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keeping reeords of slides. It consists
of a prism which is silvered on one
plane in the center of whieh is a small
hole.  The <ilvered section of this
prism is on an angle so that it reflects
through the medium of a mirror at the
right., the peneil point ten inches helow
the eyepoint and throngh an optieal
illusion it combines with the visual
transmission of the object, thus
enabling the operiator to outline on the
paper below rthe mirror, the object
which he sees throngh this small open-
ing. ‘Phis is also an excellent instrn-
ment for measuring objeets,

Abbe condensers (Fig. 3) are quite
frequently neglecied and their rela-

R
i
[\
I
AN

Fig. 7. Manner of staining speci-
mens.

tionship to the berter definition of the
abject ro be viewed often forgotten.
Most anieroscopes having Abbe con-
densers are titted <o rhat it is possible
ro adjust rhese condensers and raise
or lower them o that the cone of light
on the objeet will he either inereased
or diminished. The iris diaphragm
should be about 2/3 rhe diameter of
the field when looking down the tube
with the oeular removed. If this rule
is followed. a great deal of unneces-
sary changing of lichts, ete.. will be
avoided.

2 T i
ermanent and Temporary
Mounting

A very serious problemm has been to
distingui=lt between what should be
permanently and whar should be tem-
porarily mounted. In the past the
ohjection to permmnent mounts was
rhe waste of bLorh eover glasses and
slhides and frequently specimens. whieh
when only temporarily mounted, were
speiled. It has been fonnd. however,
that most anything that is worth while
can be mounted in a permanent form
and if. at a later date, the slide
becomes useless, it enn be cleaned with
i solution which will save not only

the stide but the cover glass. The
formula for this is:

50 C.C .0

45 L ( C.H.OIl

jcC.cC NH.OHI

By using a sraining dish and im-
mersing 1he slides to be cleaned in this
solution for about one week or ten
days, the mounting medium is entirely
removed and the «lide and cover glass
need only be washed with eold water.

There is still another method of
mounting permanently and that is
with shellae, or gold size and the use
of a turn table. This is especially

wood for mounting permanent slides of
microehemical compounds and the cell
in which the mount is to he made can
be regulated at the will of the
microscopist.

Manipulation

Before passing on to the subject of
the use of the microscope it might be
well to mention a few things in regard
to the general manipulation of the
accessories of this instrument. When
balsin oil drops on the stage it is
advizable to remove it as quickly as
possible and a litrle Xvlol is excellent
for this purpose. In using an oil im-
mersion lense it should always be
wiped immediately after the immer-
sion has been performed with lense
paper. No other oil hut regular cedar
oil manufactinredt for immersion pur-
poses should be used.

In attaching a mechaniceal stage, in
the laboratory it isx frequently ad-
justed merely to the scope stage and
let go at that, the result heing that the
stage will sometimes work more ecasily
in one direetion than in rthe other. or
it will not work at all. This is over-
eome by placing a very thin piece of
cardhoard  on the stage and  then
climping down the mechanieal =rage:
on removing the eardbhoard. a space ix
supplied  wherein  the stage easily
works iu hoth ddirections.

Quite ofren the use of the icrom-
erer 1s necessary in measuring tibre
length.  Axide from its ineonvenience.
the ximplest and mest  satistaetory
form is the =tage and ocular mierom-
eter eombinarion. Many chemists are
opposed to this method because they
caunot readily find the linex on rhe
srage micromeler. . in the use of
this, a little ink is rahbed horizonrally
aeross the =lides on hoth sides and let
dry, it finds it way into the grooves of
the etehing and the lines become per-
ceptible.

Standard Slides

To analyze properly and invelli-
eently the mieroscopie struerures of
cellulose, silicions earth. metals. ete.
a stundard set of slides should be on
hand. These may Dbe purchased
alrendy prepared. as for example. the
aceompanying arrangement of dinroms,
(Fig. 5) or the microscopist himself
may make them,  This is far to be pre-
ferred. for in the making of slides one
becomes more accustomed to the char-
aeter of the substanees heing prepared,
familiarizing himselt with rhe strue-
rire. ete. more so than if purehased
slides were merely looked at.

A few might nor he
amisg if one intends to mount or stain
their own perninent slides.

It is wise when the specimen is
ready to he stained. to lay trhe cover
slaxs over it and, taking a drop of
reagent on a glass tube, plaee it on the
outer edge of the cover glass. At the
opposite edge carefully place a small
piece of high grade filtering or blotting
paper. It will then irrigate to the

susgestions
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center and ecompletely stain the ohjeet,
as Fig. 7 will illusirate. This has
saved a great deal of trouhle and often
avoided the entire loss of the speci-
men,

Chemical Microscopy

In his work (Llemenrarv Chemical
Microscopy) Professor Chamot writes:
“The failure of the chemists to obtain
from the microscope all that the
instrument is eapable of yielding is
perhaps largely dne. tirst (o the fact
that few of them are civen an oppor-
tunity of becoming sufliciently famil-
inr with that instrument and its ncees-
sories and second. they are not awiare
of the great variety of problems which
are solvable through the microscope
nor of the specific sort of probhlems for
rhe investigation of whieli this ix the
instrument par excellence. Third.
there has lbeen a lack of elementary
manuals covering the field and for this
reazon the mieroscope lui= heen looked
upon as an instrument peeuliar to the
biologieal laboratory.”

Indeed this xituation is true and
only illustrates the author's thought in
the opening paragraph of this article.
It might he wondered at that ehentical
microscopy should have a plaee in the
radio industry and yvet when one con-
siders rhe vast amount of varions ele-
ments used in all branches of radio
manufactine  and  research; to  the
chemist or engineer skilled in the use

ST
\-\) PATENTED"

Fig. 8.
evaporating or melting crystals.

An electric warmer. for

of the mieroscope he questions whether
Or not some opporrunity has not passed
by the rescarchers of this industry to
use this instrnment to grear advant-
age.  Sinee chemieal microscopy is
playing an important part in other in-
dustrial reseavehes. and in a great
many eiases eirenmventing eonsiderable
detail work he will hriefly outline the
principals of this subject.

The tnndamentals of c¢hemieal mi-
croseopy are eryvstals amd indeed the
most interesting, but unfortunately our

source of reference is very mueh
limited.  Emil Chamot Las produced
so far as can be found. one of the

hext up-to-date works on Chemiecal
Microscopy and it ix rhe intention of
the author to 1ry to interest vou in
this subject by presenting a few of the
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possibilities in this econnection with
the aid of his book.

Crystals are a most eommon result
of chemical eombinations and reae-

tions under the microscope and arve
prodieced either by
- —
A
c

Cnpoy

Fig. 17. Contact between silver and

sodlum nitrate. A is the silver

nitrate; C, the sodium nitrate and
B, the two in combination.

1. Evaporating a solution,
2. Cooling a melted solid,
3. Cooling vapor.

Thus., for example. sodium chloride
erystals are formed by evaporating a
salt  s=olution; Sulphur crystals by
melting and then cooling sulphur and
todine erystals by heating iodine nnd
cooling the vapor. ’These methods arve
respectively ealled evaporation, fusion
and sublimarion and are carried ont
nnder the mieroscope throngh the
medium of a warm stage (I7ig. 8).

Kinds of Crystals

Of the crystals, there are six sys-
rems whieh are as follows:

1. Isometrie 4. Ortholiombic
2. Tetravonal 5. Mouoelinie
3. Hexagonal 6. Trielinie

There is another division entering
into the elassification of cryvsials and
this is hased upon rvefraction. When a
erystal is singly refractive, it ix said
to be isotropic and when rotated he-
tween Nieol prisms. (Fiz. 9) fhere is
no ehange. When a erystal is double
refraetive. it is said 10 be anisotropic
and when rotated berween prisms al

ternately becomes light and dark
Take for example sodium sulphate

(FFig. 10). 'Thix is anisotropic mono-
elinic, whereas, sodinm chloride is iso-
merrie isotropic. Thisx may be ilso con-
sidered as an illusiration of system 1.

Fiz. 11 represents  stryehnine  sul-
phate whieh i tetragonal-anisotropie.

Fig. 12 represents  an  evaporated
solution of sodinm nitrate which is
alzo anisotropie and comes under the
hexazonal sysrem of crystals.

Pig. 13 shows an evaporited solu-
tion of ammonium sulphate whieh is
anisotropie and orthohonibie.

Fig. 14 iz potassinmm permanganate
coming under the same heading but
will illustrate an acicular and needle-
like aggregate.

IMig. 15 shows sodium carbonate,
evaporated by gentle heating. The

¢rystals here are under the heading of

anixotropie-monoclinie.  ‘Chey will also
illstrate what are cialled dendrites
which are tree-like, mosx-like, or fern-
like masses.

Fig. 16 represents crystals of cop-
per sulphare evaporated and comes
under the heading of anisotropic tri-
elinie.

Thix will give an example of the six
principle systems  previonsly  men
rioned. A simple method to follow,
when solid snbstances, for example,
are to be ecompared, is to place a small
portion of one under the cover glass
and heat it until it melts. A small por-
tion of the second substance is then
pluced just outside the cover glass and
this in turn melted so that it will flow
under and join the first substance that
has heen melted.  (Kig. 17) Ineident-
allv, by so doing. the erystals of one
substance may be noted independently
of rhe nther. When the rwo substances
ool and reerystallize. the phenomena
the line of contact is indeed
srriking.  The illustration (enlarged
atrer Lehman) given as an example
<hows rhe contact berween silver
nirrate and sodium nitrate and are ex-
cellent examples of two substances to
be compared. “A” shows the silver
nitrate entirely sceparated and “C”
<hows the =odium nitrate. “B” the re-
sultant double =alts.

Iiriefly. therefore. we have outlined
and illustrated the basic systems of
crystals as the prineipals of Chemical
Microscopy., a subject so absorbing,
and interesting that it will he dis-
cnssed in a later article.

RISXIES

Photomicrography

There :nre some things which present
themselves in onr daily laboratory pro-
cedure which impress us. 'Fhese things
are more or less imprinted on our
minds and  when  oeeasion  presenis
itself may be pnt into use rhrough the
recalling of snell and such a eirecum-
srnee.

The construerion department, for in-
stunce, make it (heir business to record
(by the use of the emmeri) eervtain
developnnents in the progress of a
building.  This is done so thai it may
aid the engineering foree in future
work.

So by eombining the eamera with the
mieroscope. we conld rvecord infallibly
The

exaet resnltane  developmments.
nunle  of proeednre isx  simple  and
parience the grearest asser.  Fig. 18

will show the weneral layout of the
camern. mieroscope and Luap suitable
for ovdinary work. 'The emmera em-
ployed in taking the microphorographs
(Fiz. 19) was a1 Graflex 8 x 10. (he
mieroscope. a Seibert, with an objective
No. 3 (American equivalent 1/8 inch).
IPor illumination a gas tilled 220 voit.
110-watt. bulb and a bull's eve con-
denser were employved. This was done
s0 that the light mizht not only he
concentrated. but rthe color distortion
enused by the filaiments eliminated.
The average time of exposiure was 30
seconds. In Fig. 20, the cross-section.
whieh was stained with “Eosine,” a red
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filter was used. but in the chemieals
Figs. 10 to 16) tilter No. “H” (Blue)
wias used.  Note the lack of derail in
consrruerion and how rhe eell walls
are =0 indisringt.  This  serves to
illnstrate whar would happen if the
sample of cellnlose were stained wirh
Herzberg =iain and il a large per-
ecentage of cotton, linen or henmp were
present and o red lilrer used.

Mg, 21 is anorher portion of rhe

sume eruss section bnt o green tilter
wias uged. The difference ix certainly
apparent.  This indicates why eare

should he taken in the choice of tilters,
as too mneh contrast <honld not be
obtainel, or the vesnlt will be a
choking of shadows with the loss of
det:il, as in the instance of the cross
section stained wirth Fosine (Fig. 20).
For instaunce. it may he necessiary 1o
combine tilters, hased. of ecourse. on
their speetral wavelenurhs,  IHence. in
photographing violet. filters D and H

with a dominant wavelength of 1.500
may be nsed: or for bine. tilters C and

IT wirh a wavelength of 4.800. or for
vellow. filters B and G with a wave-
lengrh of 5500 and wirh red filter
" with a wavelengrh of . By
dividing tilrers into pairs, rhe spectrum
is divided into approximately mono-
chromatie portions and as a general
rule, when eontrast is required for blue
use a red filter, for green. red and for
red, wreen; for yellow, blue and for
violet, yellow. 1t is hnpossible, how
ever, to lay down any laws regarding
the use of filters and the operator must
use his own jidgment after a visnal
inspection of what isx to be phoro-
graphed.

Spectral Transmission of Filters
The spectral transinission of the
above mentioned filters is:

| SECTION NICOL PRISM !

S-C = RAY ENTERING PRISM.

0-4-C = ORDINARY RAY TOTALLY
REFLECTED AT "C*

C-E = EXTRAORDINARY RAY

‘ A-B = LINE OF JUNCTION

FIG.9

Reflected light in a Nicol prism.

Name
of
Filter Visuul Color  Spectral Transmission
B. Green . irom 5,800 to Red end
C BBlue Violet. . ... from 4,000 to 3,110
D Purple. ... . from 3,800 to 4,600 or
from 6,400 to Red end
H Rlue. . .. from 4,200 to 5,400
G Strong Yeliow . . from 5,100 to Red end
e Red mrie e o onp from 6,100 to Red end

These filters ean be obrained from
rhe Eastman Kodak Co.. Rochester,
N. Y., and all the available information
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regarding the use of them is deseribed
in three or four booklets. which they
puhlish and whieh. if it is intended to
£o into photemicrography extensively,
should be consulted.

Anetlier important consideration is
the relation of the color of light to the
resolving power: as aforesaid, the dis-
tance between two lines which can just
be resolved Ly a mic¢roscope objective
is equal to half the wavelength of the
light by which it is observed. divided
by the numerical aperture of the ohjec-
tive. The formula is:

WL
Distance = 14-
NA
For instanece, with a numerieal aper-
ture of 1.0 and an F filter (I filter
pure red) we shall be able to see

Fig. 18. General
layout of
camera, micro-
scope and lamp
suitable for
ordinary photo-
micrography.

&0.000 lines 1o an inch. with B filter
95.000, ete., depending of course on
enough light.

Time of Exposure
Another imporrant factor is expos-
ure, (The Eastman Keodalk Co. huok-
let on Micrography gives invaluahle
data on this.) DBut for the purpose of
this article we give one of their tahles
showing i1l effect of the numerical
aperture in regard to the variation of
exposure, and also the exposure fic-

tor:

Effect of N. A. (Numerical Aperture)

1

Ixposure varies as

(N.A)?
Approximate Exposure
Focal Length N. A, Factor
4in., 100 mm. .08 40
in, 75mm. .09 30

Radio Enginecring. April, 1924

2in.,, 50 mm. .15 10

lin., 25 mm. .25 4
2/3in,, 16 mm. .35 2
1/2in, 12mm. .43 K3
1/3in,, 8mm. .50 1
1/4in, 6mm. .8 2/5
1/6in., 4 mm. .85 1/3
1/8in., 3mm. .9 1/3
/12in,, 2mm. 1.3 (1.0 for photography

Light for Microphotography

Light is one of the maost importanr
factors in this work. parrienlarly s
to its steadiness and for this reason
rhe concentrated filament gas-tilled
bulb has displaced rhe arce light in
many instances, as the bulb gives a
steady wave of light, while the leasr
draft of displacement of some part of
the apparatus of the arec causes con-
siderable fluctuations. Above all, a
steady source of light is absolutely
necessary.

In conclusion, it might be said that
sinee the outstanding prinecipals of the
microscope  have Dbeen covered as
briefly as possible, the next arricle
will demonstrate the solution of some
ourstanding problems in branches of
the radio industry.

(To he continued

Ve Making The A-C. Heater Tube Noiseless

A Rerview of an Investigation of Hum and Noise Caused by Various
Constructions of Indirectly-Heated Cathode Tubes

URING tlie past year there has

been a gradual tendency on the

part of set manufacturers to

improve their audio system and
Ioudspeanker equipment. This is par-
ticularly true with regard te the low
frequencies. The result has been that
the—27 type or a-c. heater tuhes, which
operated  satisfaectorily and  without
noticeable hitim in the first socket-power
sets made. now give appreciable hum,
cause a high background noise and
generally poor reception. In fact,
critical radio enthusinsts have in many
instances preferred to continue with
battery-operated tubes, despite the
admitted convenience, uniform per-
formance and low operating cost of the
a-c. tube ser.

The Testing Circuit

With the foregoing facts in mind,
and also mindful of c¢ertain other
canses of noise in the a-c. set, such as
motors, leaky transformers, poor volt-
age regulation and so on. an investi-
gation was undertaken by our engi-
neering department in order to de-
termine whar changes. if any. conld be
made in the heater-type tube to elimin-
ate or at least reduce the a-c. hum and
other tube noises. A test set, follow-
ing the general scheme shown in Fig.

« Chief Engincer, DeForcst Radio Co.

By Allen B. DuMont*

1, was assembled. The essential com-
ponents of this test set are a two-stage
amplifier, using the best grade trans-
formers available in order to pass
approximately the same degree of 0-
cyele hum as would be realized in the
best type of radio receivers on the
market, together with the necessary
batteries, voltmeters, headphones and

a microammeter with erysral rectifier.
The two-srage amplitier is operated
from a direct-current source, that is. A,
B aud C batteries are used. Thix is to
eliminate any poessibility of hum out-
side of the a-c. heater tube being
tested. The tested tuhe is connected
up so thar the voltage hetween heater
and cathode sleeve can be varied.

~0tA

-0tA

vas

N

il% (ﬂ:}

)

HUM IN
MICRO-
] AMPERES
s J 1
b e j FIGA
IGV '
i~

The clrculit employed for testing the hum factor of heater-type a-c tubes.
Note that the amplifier is operated from a direct-current source, in order
to preclude any hum outside of the heater tube under test.
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As a means of obtaining definite
values in order to plot curves showing
the hum at varions voltages, both aural
and visual indicating means are em-
ploved in the output circuits. These
are obtained by means of a pair of
headphones connected lLetween the I

[T GG

The curves on
this page are
practically selt-
explana -

r . i . . v . tory. Note
l)l.llS and the plate, in order ‘to ;tet 1 the degree of
direct current to the plate itself, A hum in micro-

o 3 ’ ~ . amperes regis-
C().lldellbel'ls lll.lt;e(l as shown, together tered in Figs, 2.
with a high-resistance. a crystal de- 3 and 5 as

dOr. b ¢ icro: el ie against the hum
tector, and a .1111(':10.111111)_(101. By this factor indicated
arrangement it is possible to get a in Fig. 7. The

direet readiug on the meter of rhe hum
and any extraneous noises that may
be preseut in the tube under test. It
is alxo possible 10 check with the pair

Improved
operation
illustrated by
the curves |in
Fig. 7 is gained
by employing a

of headphones, in order to he Certain €& ram icin-
7oy q ! . . sulator and in-

that the noise registered is primarily creasing t h e
- erackling ™ length of the

hum or erackling noise. slheeve fto hequal
o 2 that of the in-

F”'d”'gs slulatlor, a very

s L 9 g . . simple altera-
Various types of cathodes, represent- /=9 design.

ing all the various methods employved
today, were made up. OCurves were
plotted, showing the values of hum and
noise with different eathode heater
biases. It will be seen in analyzing the
curves that the best condition is shown
in Fig. 7. This particular cathode, it
will be noted, has the ceramic insulator
the full length of the sleeve, and shows

Wi

NOISE IN MICROAMPERES
{ HUM AND CRACKLE)

NOISE IN MICROAMPS
( HUM AND CRACKLE)

HITTHI]

8
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— ,
| 1 TUBES MADE WITH
1 1 NO INSULATOR
LENGH OF AND HAIRPIN
T FILAMENT

iSLE‘EVE “24 MIL.

— FIG.6

%ﬂ ﬁ 4
| | | | | !
0 10 20 30
CATHODE HEATER BIAS
LENGTH OF | CETRUBESC MADE WITH
T AM{ INSULATOR
_LSLLEEiVGET:AOrIL SLEEVE THE FULL
NSl T OR g LENGTH OF INSULATOR
e MiL | FIG. 7
ST | ul ﬂ{‘ —T——]
1
INEENENERER
(0] {0 20
CATHODE HEATER BIAS
IR U hy a discharge between this surface

SOUND RECORDING AND
REPRODUCTION

and 1the cathode sleeve. This action
produces a erackling noise which is
very annoying, It also appears that

BT

extremely low values of hum for all q 7 a
| 5 2 . L - suls g - S
cathode heater biases. As a basis of Rapid strides are beinz made in Pie tnsulAtor, 7ok completely slnghlod
comparison, a reading of 3G micro- the recording of sound on film and hy the sleeve, allows an appreciable
4 S 1o ob B e £oeTtha ”s:‘ 1 —o4 t‘.',‘leryi;‘;prggl‘]’(‘]'itl’?g‘m°fms‘,‘l‘:]'(‘]‘1 e hum to be superimposed on the plate
et Ly = doors. N 3 current. Flowever, if the insulator is

or filament type a-¢c. tube.

The curves shown in Fig. 5 are for
the type of cathodes previously em-
ployed by the majority of manufac-
turers. It will be seen that when
using this type of cathode, very erratic
results are obtained. In some cases
the values of hum are very low and in
other cases very high. It was also
found that on some tubes of this type

ment

this field.

The technique of recording is tied
in with numerous factors aside from
the purely mechanieal and electriecal
considerations; sueh as monitoring,

conventional light shutter, are but
a few of the recent developments in

chmpletely shielded. the hum can be
reduced to approximately one-tenth
that of the old-style —27 type tubes.

retakes, etc. Based on these findings, together
Automatic monitoring ; an arrange- with our investigations into various
; “mcth pfrqcticl:\xlly elilminutes insutating materials for the cathode
the necessity of retakes, and a new : 1 . - o g - +
recording arrancement minus the insulator, we have evolved a new and

—27

improved type of a-c. heater or
type audion, which is now in produe-

it was impossible to plot a curve he- A very interesting article covering tion. This ey u.me hromises to pl_:}ce
cause the values shifted about ma- these new systems will appear in the the a-c. set in the same class, with
terially. The probahle reason for this i'_"l,}di;;‘,‘_‘m of 11aD10 ENGINEERING. regard to minimum hum, absence of

is that the exposed portion of the in-
sulator accumulates a charge, followed

SR

s
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crackling noises, and even quick heat-

= ing time.
TUBES MADE WITH
10— SLLEE;‘?’;BLI CERAMIC INSULATOR,
L THE SLEEVE COVERING
ALL OF INSULATO
LENGTH OF AND LOOP OF
INSULATOR FILAMENT
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| FIG.4
T
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/" Die Castings in the Modern Radio

A Short History of Metal Moulding and Detailed Data on Present-Day
Die Casting as Applied 1o Modern ludustry

] HE art of casting metals into
previously prepared moulds has
been known and praeticed since
prehistorie times.  We tind the

casting of metals referred to in many

pissages of rhe Bible. The casting of
the zolden ealf hy Aaron is probably

the most prominent and best vemem-
bered. Ilix work is dexeribed in rhe
following  words  (Exadns, Chapter
XXXII): “And all the people hrake
ofl' the golden earrings which were in
their eurs. and hrought rthen nnto
Aaron.  And he received them at cheir

a graving
molten

hand, and fashioned it with
tool, after he had made it a
ealf.”

We

that King Solomon's
throne was adorned with two hnge
bronze lions and in many other in-
stances there appe:ar references to the
casting ot metals in Diblieal times.
The valne of these statements in
seientitie research hasg hoen guestioned.
but there are many facts that point to
their probability.

Although the Egyptians practiced the
art of meral easting long Dbefore any
other narion. the Greeks were un
doubredly rhe mose skilltnl in this art
during the ren centuries immediately
the Dhecinning of the
Svi. One of the seven
wonders of 1the world is the bronze
~statue of the Son God llelios in
Rhodes.  eommonly  known  ax The

also  tind

preceding
Christian

Colossus of Rhaedes, made by a Greek
named Chares. during the reign  of

Demetrins in rhe fourth eentury betore
Chirist.  This work ocenpied him for
rwelve vears. and when tinished stood
T05 feet high, weighing 360 tons, It
wits destroyed by an earrhquake in 221

* Viee-Pregident, Doeller Iie Casting Co.

By L. H. Pillion™

T C. Other Greek colossi sneh as the
Apollo of Calamis, the Zens and Her-
enles of Lysippms and Zeus at Olympia
are amongst the most remarkable east-
ings of any aze. In 479 B . a bronze
pillar was set up by rhe Greeks to
commemaorate their victories., It was
abour 20 feer high, east in one piece,
hollow. with the names of the states
engraved on it,

The guextion as ro the priority of

Fig. 9. A die cast variable condenser,
made in two pieces, and with brass
inserts.

certain mecals or alloys in history
has created an extensive discussion
mnongst archaelogists thronghout the
waorld. Aecording  to the aceepted
theory. rhe tirst rhree stages trom hir-
barizin to eivilization are clearly de-
tined by the relics of stone. bronze and
iron.  Ir is rhen assumed that bronze
wax used betore iron.,

Fromw a purely metalluregical stand-
peint and  witheut entering into an
extended  archaeological disenssion. it
waonld appear rhat amongst the nseful
mnetals, iron was probably known firse
and used for hammering into imple

Fig. 10. A die cast gang condenser cradle. made in one piece; a good
example of modern die casting.
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ments of war, since iron was to he
found in its native state in rhe form
of meteorites. Copper was probably
known next sinece this element was also
found to a large extent in its native
fornt and required no smelting opera-
tion. DBronze (by which is meant
copper-tin alloys) was prohably next
used sinee “tin-xtone” was so abund-
ant in Cornwall,  Lrass (by which is

mennt copper-zine alloys) was prob-
ably the last to be used—nmiany his-
torieal faets tending to prove this

elassitieation.

Farly Furnaces and Moulds

The early Egyptian type of furnace
was made by digging a hole in the
ground and setring rhe crucible into ir
with a surronnding layer of fuel. A
draught was ereated in the earlier
types of furnaces by fanning with bam-
boo maiting, although in rthe later rypes
of furnaces a bellows appears to have
been used which was worked by foot
power, two men being  reqnired  to
operate each bellows. This furnace
undoubtedly forms the basis of the pit
furnace used so extensively in modern
loundry practice.

The Greek finrnace sippears to have
heen built along  the lnes of the
modern enpola furnace.  This served
s an annealing. forging and prehent-
ing. as well as a melting furnace.

During the Middle or Dark Ares,
very litrle progress was made in fur-
nice construerion. but we tind the re-
verberatory furnaee in use to a large
extent as eavly as the titteenth century.

In traecing the evolution of the meral
caxting art. we find the composition of
the monlds useid at rhe various stages
ro be of more rthan passing inrerest. A\
whole series of moulds helonging ro the
first Dynasey of Eaypt  (about 2100
B0 has been nnearthed.  They show
that the moulds were earved in thiek
picees of clay. baked into pottery, and
lined with 2 fine ashy c¢lay. In the lake
dwellings  of  Swirzerland  various
malds have been fonnd whieh date
from 1000 to 2000 13. . Some are of
rock. orhers of elay. Rock seemed to
be preferred for the tlarter objects,
clay for  the more complicated.
Wherher the first monlds were of stone
or baked elay ix uneertain, since stone
and elay are more closely related to
the porrery art, whieh is ar older than
recorded history and was known and

priacticed long hefore  the  metal
casting art.
Borh rock and clay mounlds. or at

least some of them. were eonstructed
in halves or in even more parts, so
that they could be preserved. Ioles
for plugs are ro be seen which were
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Fig. 11. Escutcheon for Radiola 60, cast
from a metal alloy.

nsed in firring the parts of the monlds
together.  Moulds  tomd  in aneient
Troy likewise show the nse of horh
stone d baked clay. some of them
heing  construered in  syvinuelrvieal
halves,

Moulding in <and commereially. began
abont 1T0R0 At thar time. Abralum
Diarby. in Walex. had been havinzg eon
siderable  rronble  in rhe casring of
hollow iven vessels, when an apprentice
hy the name of John Thomas concelved
rhe idea rhar by using sand instend of
clay the air wonld he more easily re-
leased from the casting thus producing
a betrer caxting and avoid rhe destroc
tion of many memlds,  Atier consider-
able experimenting, most of which was
carried on alter their reslar working
hours. rhey were tinally sunecessim} in
perfeeting the idea, and the presenr-day
method ol sad easring rhns
originated.

In Enghind a patent far <and ainould
ing wax alliaved hy rhe 2overimment in
1758 although it dppears thar Ranemer
nxed sand foor menbding and his for
naces as weil as his other equipment
were not unlike these in nuse in modern
fonndries,

The Metal Mould

first
xeems o

Wi

The appearanee of rthe metal
monld have come with the
advent of printing in 1451, The e-
mamd for cheap tvpe led ro fimprove-
ments along rhis line, which resulred
in the evolurion of the modern linotype
machine.

During rhe seventreenth and
eighteenth cenruries metal moulds be
gan o be used for easting pewter

tableware which was greatly in voone
during rhar period.  During the nine-
teenth centnry meral monlds also cane
into uxe for the prodinerion of hollow
Tead toye, eclock (rmes, ere., which
were produced by the =o called “slush™
roeess,
The

avalanche of motor propelleid

vehicles. which marked the heginning
of the rwentierh century, together with
the evolurion of many antomatie veml-
ing, printing. and rcalking machines,
created a demand for o simpler and
cheaper merhod for prodneing acenrate
castings than the old-fashioned sand
process.  The merallic monld seemed
to be rhe only solution to this problem
and many yeurs of labor and experi-
ment were  spent inoan o oarrempr 1o
extablizh rhis proeess on a eommereial
basis.

In 190G, I1. I Doehler perfecred
and in 1T patenred his die ecasring
proeess amd placed so ealled die cas
inzs made from allovs of zine. tin amd
lead on the market.  These eaxrings
were fmoorh and aecurate. requiring
little o no machining,  From this oh-
scire bezinning the proeess developed
rapidiy. Metal mixtures or allovs with
o striet regard 1o merallurgienl prin

ciples were gradually evolved.  New
and improved easting machines were

devisedl. scientilic  casting  methods
were adopted @ and the ddie easting in
duxrry has heecome one of rhe largest
and maost important branches of the
non-fervons metal trades, '

Die Casting

The trevin “die casring,” as used by
engineers in rhis country. applies to
meril enstings amade Dy forcing molten
metal nnder pressare. into a metallie
monld or die. The orizin of the name
is not knowin having just simply grown
up wirh the indusrey.  The term
pressure easting” is synonyimons wirh
“die casrinz” and i undonbredly more
descriptive of the produer. However.
rhe name “‘die casting”™ has heew aliost
miiversally adopted for this produet in
the United Xtates,

By referring to the delinition of
“die easring.” i, “metal  eastings
mmade by foreing molrenn metal, under

pressure. invo aomeraltie monld or die.”
ir is apparenr rhat ihere are three
virad factors entering into 1he =neces:

il operarion of the die casting process.

‘They are:

(1Y A die easting machine eapahle
of holling the molren wmeral nunder
pressire,

120 A merallic mould or die, properly
desipned constrirered. eapable of
recciving  rthe molten metal  muler
pressnre.

anud

(231 A snitable alloy thar will pro-
duce o ecasring of specitied physieal
profwrties when east in thar machine
and die.

It is apparent from ithe foregoing
thar the snecesstl die casting pracess
dees not conxist of a die casting ma
chine or of a die. It is also evident

that no alloy can le sabld to he a “good
and

die easting alluy™ produce  uni-
formly cuod die sinece the
process is not dependent on the alloy
alone for the prodnction of zood die
casting=. The hest die caxriug machine

built  will not produee satistacrory
casringe from rhe best die casting
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alloy known, if the die has not been
properly designed aml constructed.
The manutactnre of die ciastings re-
quires an  organization composed of
men highly skilled and specialized in
mecinimies  and  metallurgy, and the
qualiry  of the produet is dependent
upon their ability to perfeet and co-
ordimire the three vital taerors in the
process, i. e.. machine. die aud meral.
‘The design of die casring dies is the
and most imporrant step in rhe
manufacture of o die casting., A die
thar ix improperly  designed  eannot
produce satistietory eaxtines and fre-
quently a die so consfructed cannot he
corrected. There are many viral fae

rors that mnst be considersd hy rhe
die designer hetore deeiding on the

onstruction of any die.  The follow-
ing are some of the points to be
considered.
The Gate
The locativn of the azie or metal

let is of vital importance to the nser
of die castings. The uwate loeation is
decided nupon not only trom rhe =<tand-
point of fing production. bur from
the nser’s viewpoinr of the (inished
The designer of a die is in a
much better position to locate the zare
properly if he ix thoraughly familiar
with rhe service application of rhe die
cast part.  In order ro illusteate rhis
peint. veference is nade to Figs, 1
and 2.

casting,

Penting of Dies

Ninee all die casting dies are made
from steel, ir is evident that merhods
musr he provided fer rhe exit of the
air in the die eavity when it is dis-
pliced by the meral enfering into the
die. Failnre to provide proper vents
in the lie will natwraliy  vesalr in
nn=glly srings Many

porons

Fig. 12. The new Radiola 33 and 100-B
speaker, both with die cas: cases.
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Fig. 1. Wrong gate location in a die.

methods of venting are employed in the
design of die casting dies, The size,
contour and section of the casting de-
termine the method of venting that is
most applicable. Ilere also the skill
of the die designer is a vital fuctor in
determining the tinal quality of the die

casting.
_/E jectors

Proper means must he provided in
every die for rapidly ejecting the cast-

ing from the die, afrer the casting
operation. This is usually aeccom-
plished by means of ejector pins. In

the process of ejecting the easting, the
ejector pins have a tendency to make
a slight impression in the easting, On
examining a die east part “ejeetor pin
marks” are frequently quite visible, It
i rthe task of the die designer to pliace
rhese ejector pins in sueh posirion on
the eaxting so that they will eject the
casting rapidly and without distorting
the easting; at the same time the
marks made by the ejeetor pins on the
casting must not he objectionable from
the user's standpoint.

The gate location shown in Fig. 1
wounld produece satixfactory casting
from a purely easting standpoint.
However, the gate must he removed
and. in deiny so eeonomically, may
spoil the eontonr of the easting at a
point where it is visible in service,

If the gate location shown in Fig, 2
were used the gate conld easily be
removed and any distiguration that
ntight occur in the removal of the gate
would not be objectionable. sinee the
point is not visible in serviee. It is
apparent that if the die had Dbeen
designed with gate location shown in
Fig. 1 the product would be spoiled at

\ Doos

\ \
T MY LATE
—

e —

=

L

Fig. 2. Right gate location for the
same die shown in Fig. 1.

the first stage in the process and all

castings made from that die subse-
aquently  would be of an inferior
quality.

It ix evident from the foregoing that
the proper design and construction of
the die is one of the most vital factors
in the successful die casting process.
The construction of cheap dies invari-
ably proves to be a false economy.

In designing parts for the die cast-
ing process. one fundamental differ-
ence hetween the die casting process
and foundry practice should he kept in
mind, viz., in foundry practice. a core
of any conceivahle =hape can be
molded in sand, and when the casting
has been made around the core it can

be destroyed and removed from the
casting,  In die ecasting praectice, all-

steel cores are used (which obviously
cannot be destroyed after every cast-
ing) and means must be provided for
removing such cores. Summarized, it
resolves itself into the general rule—
aroid undercuts.  Although undercuts
cannot generally be cast in the die
casting process, the exeeptions to this
rule are, numerous.

mportant Considerations

The designer should bear in mind
the following primary rules:

(1) Avoid undereuts.

(2) Avoid sharp corners, Fillets

and webs not only
part, but also
lhetter casting.
~(3) Riate
all vital dimensions.
shrinkage.

add strengih to the
assist in produeing a

limitations reqnired on
Do not allow for

(4) Apply inserts only where spe-
cial qualities are vequired.

(3) Lettering ean he cast either
raised or depressed, Raised letters
are less costly and more praetical.
Depressed panels with raised letters
frequently answer the same purpose
as depressed letters.

(6) Make use of the advantage of
thinner walls which the die casting
process offers.

(7) Bear in mind rhe posxibility of
combining several parts into one unit
which is made possible by the die ecast-
ing process,

(8) It is not economical nor prac-
rieable to die cast parts which ean be
prodieed by the sand casting process
and can be used without machining,
or surface finishing. Generally speak-

Therein.
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ing. die ecastings ecannot compete with
simple  stamping  or simple screw-

muachine products.

(9) Before specifving the alloy to
be used, consider qualities and adapta-
bilities. and give due consideration to
limits and characteristics mentioned
The following general infor-
marion will he found helptul by the
designer: Sections of castings should
be as uniform as possihle. Large tillets
and thin seetions are most desirable
within the limits stated below. These
limits are necessarily general only, as
dimensions affected by die parting or
movable <«lides and cores require
broader tolerances than otherwise. The
general design of eanch piece must he
considered individually.

lﬁs‘e of Inserts

The qnality and usefulness of a die
cast part are very f{requently im-
proved by the use of inserts.

The method of applicarion
place the insert into the (die bhefore
casting and then cast the meral
around the insert. Turning or pulling
out of rhe insert is prevenred by
meins of “undercuts” of various types
as shown in the following illustra-
tions. It will he apparent that inserts
for use in die eastings must he main-

is to

Fig. 3. shank

Reinforcing steel
cast in place; a typlcal insert.

tained to extremely aecurate dimen-
sions, It an “oversize™ insert is placed
into the die it will “seore”™ and pos-
sibly min the die. 1f an “‘nndersize”™
insert is uxed the inserr will not com-
pletely fill the cavity of the die, pro-
vided for the insert, with the result
that the molten metal which is under
pressure will cast areund the insert
produeing  objectionable  “fins”  or
“flashes” of metal whieh are <ome-
times diflicult to remove.

s a general rule. inserts should not
vary more than plus or minus 0027
on any dimension in order to produce
satistaetory results.

General Practical Limits

Zinc alloys

Aluminum alloyvs { Tin or lead allovs

| |
Minimum wall thickness..........| 3/64inch........... 1 3/6sinch....... .. 5 3/64 inch, .
Variation.from drawing dimensions.| Plus or minus .co2" Plus or minus .0025"| Plus or minus .001
{  perinch. 7 inc! per inc
Draft —cores......ooveeiiinnn.. .005” per inch of| .o15° per inch of| None if essential.
length. - 1
Draft—sidewalls............... 005" to .010" per| .o15” perinch....... 005" per inch.
inch,
Cast holes (min.)................ 203 e pealy = BB I 003 4 s .031"
Threads cast external (m“ ) 28 perinch......... | 24 per mch ...| 32 per inch.
Threads cast internal. ... ......... Where cheaper than| Not cast. ...| Where cheaper than
tapping. | tapping.
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Fig. 4. Hardened steel runner in a skate
cast in place.

The designing engineer shonld have
a thorough knowledge of the possible
application of insertz in die easting
practice, since often the use of a die
casting is only made possible by the
use of an insert. The engineer. how-
ever, should hear in mind that the use
of an insert tends to retard the die
casting operation. thereby increasing
rhe unit cost of the casting. It there-
fore follows that inserts shonld not he
used in die eastings unless a compen-
sating advantage is gained therehy.
Furthermore no attempt should be
made to cast in such inserts as ordi-
nary steel or brass pins or simple
bushings which can be pressed into
place after caxting hy a subsequent in-
expensive operation. Inserts may he
used in die castings to produce the
following results:

(1) To provide greater streugth at
localized points in the ecasting. Fig. 3
illustrates this application of inserts.

(2) To provide greater hardness at
localized points in the casting. Fig, 4
illustrates this application of inserts,

(3) To provide means of soldering
or brazing on castings made from

alloys which cuannot be soldered or
brazed such as aluminum and its
alloys. Fig. 5 illustrates this applica-

rion of inserts.

(4) To provide special electrical
properties at localized points in the
casting. Fig. 6 illustrates this appli-
cation of inserrs.

(5) To provide means of lubrica-
tion to inaccessible points in the east-
ing from points readily accessible
when assembled. Fig. 7 illustrates this
application of inserts.

(6) To provide an alloy of better
anti-frietion qualities at localized
points in the easting. Fig. 8§ illus-
trates this applieation of inserts.

(7) To reduce cost of assembly.
This use for inserts is demonstrated in
tlie ahove illustrations of the applica-
tion of inserts in die ecasting practice.

Flg. 5. Copper

tube for
brazing, cast in place.

soldering or

Invariably the use of such inserts

reditees the cost of assembly.

The Alloy

The mistake is 1'1'q-qu-ently made in
speeifying  a die  casting  without
regard to the alloy ro be used. All die
1stings are not alike. as neither are
all sand eastings alike, nor forgings
alike. A sand casting made from
bears no relation to one made
fromn iron or monel metal. Similarly,
a die easting made from aluminum has
properties entirely different from a die
casting made from tin or lead alloys.

It is well te bear in mind that die
casting is essentially a method of ¢ast-

hrass

ing that is applicable to a large
variety of alloys. At frequent inter-

vals enthusiastic proponents of some
speeial alloy have proposed rhat alloy

as a “enre-all” and panacea for all die

casting ills, It is manitestly absurd to
assume that any one zinc alloy or

tube. for internal

Copper oil
lubrication, cast in place.

Flg. 7.

aluminum alloy. or any other alloy
will meet the service requirements of
all die eastings. Tt is equally absurd
to proposc one trade-marked alloy for
all foundry practice.

The physical propertics of two very
well known trade-marked alloys that
represent the results of over 20 years
research will convey the strides that
have been made in applied metallurgy
in this field.

Zinc Base Alloy

Tensile strength. 35000 to 40.000
pounds per square inch.

Elongation, 5 per cent. in 2 inches.

Hardness, 80 Brinell.

Melting-point. 750 degrees Fihren-
heit.

Weight per cubic inch. 0.22 pounds.

Aluminum Base Alloy

Tensile strength, 21,000 to
pounds per square inch.

Elongation 2.5 to 5 per cent. in 2
inches.

Hardness, 40 to 60 Brinell.

Melting-point, 1150 degrees Fahren-
heit.

Weight per cubie inch, .102 pounds.

25,000
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Fig. 6. Magnetic pole pieces. shown dark,
cast into a frame.

Die Casting of Radio Parts /

Die easting is among theose of the
relatively new processes that have had
a decided inflience in the design of
radio parts.  Dne to their uniformity
and low cost of produetion they have
been used exrensively in sueh internal
parts as dial drimns, variable con-
densers  and  condenser cradles and
brackets. as shown in Figs., 9 and 10,
but more recently for external parts
and for decorative uses as in Es-
cutcheon plates (see Fiz, 11). knobs,
eabinet feet and complete cabinets and
londspeaker housings, heeause of their
clean detinirion, low tinishing costs and
the fucility with which they can he
worked inro economical assembly.

With the development of  new
metrhaods of finishing die castings as in
the “Deoler-Art™ process, entirely new
effeers and refreshingly new styles of
cabinet work are possible. No more
rypicial example of the application of
modern processes and materials to
modern erafrsmanship ean he pointed
to than in the Radiola 33 cabinet
and rhe RCA 100-B speaker portrayed
in Fig. 12.

13y the use of die east frames and
corner posts with die east upper and
lower leg members, and the loud
speaker  housing, all  finished in
the “Doler-Art” proeess; only sheet
metal panels and leg tubes are re-
quired to complete the assembly,
creating n modernistic design with all
the beauty of an old world cloissonné,
to gratify rhe prevailing demand for
style wirth utility.

Fig. 8. An anti-friction bushing cast in
place: another typical insert.
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Light-Sensitive Cells

1. Characteristies of the Alkali Metal Cell

N the forewoing article we have

considercd the methods of prepar-

ing light-sensitive colls of the alkali

meral type.  As this (ype of cell is
decied at present the most suitable
for pracrical work. some of its most
imporrant characiervistics will be dis-
cussed here.

We shall fnether limir the disenssion
mainly 1o the central anode form: that
is, that strueture which employs a cen-
trally loeated anode surrounded by the
light-sensitive  cathode, nsually  de-
posited on the inner walls of a glass
bulb, which is either exluusted o a
high decree or into whieh gas at suit-
able pressnre is introdneed. This type
of cell is rhe ouly one readily obrain-
able in a commereial form and, there-
fore, is almost exclnsively employed for
talking moving pietures. visnal com-
munication, ete.  Irs chief features.
when properly  designed. are instan-
taneons response and proportionality
between the lizht rhat falls upon it
and its cleetrical output. “Lhis enrrent
ontput, however. is very small. requir-
ing consideralle amplitication by means
of vaenum tubes 10 operate relays or
other electrieal apparatus, or when the
generated signalg are ro he rransmitted
to a distanee, asx in the case of
television.

The behavior of these cells may be
stidied under the influenece of various
couditions, such as of light (intensity,
frequeney, polarvization. augle of in-
cidenee). voltage, temperature. cleetrie
and magnetie tields, pressire of the
gaseous atinosphere. condition {rough
or specular) of the light-sensitive sur-
face, ete. Obviously., while of interest
and of seientilic imporranee, all of these
matters can not he eonsidered here,
ceven briefly.  Heuce. only sueh faets
that might be of value to engineers are
presented ; bur. in addition and for rhe

By Johu Patton Arnold

sake of completeness. references to the
original literature are also included in
order that the render may turn to them
for fuller informarion. It might be
mentioned in passing that all of the
papers quoted are considered of im-
portance in rhe study of this subject.

To win a thorough knowledge of
the performance of any parrienlar eell.
certain relationships should be known.
This information is nsiatlly plotted as
cirves showing—

(1) The eurrent-voltage relationship
whieh indieates the electrieal con-
dirions under which the cell should be
operated ;

(2) The ecnrvent-intensiry relation-
ship  whieh signities the eleetrieal
response to light of vavious intensiries ;
and.,

(3) The current-frequeney relation-
ship  (wavelenathh  sensitivicy)  whieh
designates the “eolor™ of light to which
the cell is most responsive.

From the tirst and second curves, one
can draw mosr of the information he
needs to use the cell ro the best ad-
vantage. The third enrve merely shows
that different alkali metals and their
hydrides ditter from each other in
responding to licht of variems wave-
lengths.

Current-Voliage Relations

A study of rhe enrrent-voltage curves
of Figs. 6 and T will reveal the fact
that photoelectrie emission hesins at
a delinite positive voltage. This point,
kuown as the *“stopping potential,”
which varies wirh rhe wavelength of
the exciting radiation, is the limit be-
vond which, with higher posirive volt-
ages. the ejeerion of electrons does not

cecur.  Bur. when these potentials are
redneed amd the light-sensitive elee-

trade beeomes nezative, in the case of

A  General Electric PJ

type,

potassium hydride,
electric cell.

central anode photo-
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the central anode, vacuum-type cell,
the current vises rapidly to a satura-
tion point. ‘The saturation level for a
parvticular wavelengrh  of light may
always be determined when :an inerease
of volrage in a negative direetion fails
to  materially inerease the current
through the cell.

CURRENT

5 6 - s0 100
VOLTS ON CATHODE
FIG.6

(Courtesy of Bell System Technical Jowrnal)

Volitage-current curves for typical
central anode vacuum cell, show-
ing the response to light of short
{1) and long (2) wavelengths.

When a gas is introduced in this
type of cell. ionization hy eollision takes
Dlace. Thus, instead of saturation, the
current-voltaze curve continmies to rise
and tends to approach parvallelism wirh
the current axis. the enrrent inereasing

with the voltage until the eririeal
pofential for the particular gas is

reached and a
place in the cell.
In both the vacuum and the gas cells
of the cenrral cathode type, the curves
are practically the same. In the
vacuum cell ot this rype. it might be
noted that saturation is reached when
the applied field reaches zero. ‘The enr-
rent-voltage characteristie is probably
the most importane tor praectieal work
and the eonditions for operation under
certain applied voltiages should always
he given by the manufacturer for rhe
particular cell. 1f not obtainable, this
curve miay be determined hy placing
the cell in series with a sensitive enr-
rent meter and a batrery and noting
the detlectious for wvarions voltages.
The cell. referring to an alkali metal
cell of rhe gas type, should never he
operated above the eritienl voltage.
above whieh point the glow diseharge
takes place. Swpeh a discharge may
permanently ruin the cell or wreck
delicate meters which are in the cireuit
with it. The use of a protective resist-
anee in series with the cell will pre-
vent damage by aeeidental applications
of high voltage for a short time.
Therefore, & cell should always be
used below the eritical voltage., This
point, it should be understood, is lower
for higher light intensities. It may be
suguested where high sensitivity is not
demanded or where the photoelectric
current ix suhsequently amplified. that

glow discharge takes



www.americanradiohistory.com

Radio Engineering, April, 1929

lower voltages be used, since small
variations in the source of potential
will have only a negligible effect on the
current output of rhe cell,

It is often found in many cells that
there is a reverse photoeleetric current
for small positive potentials applied to
the light-sensitive material. This is
due 1o the faet that it is praetically
impossible to prevent some of the
alkali metal from depositing on the
anode itself,

Current-Intensity Relations

The number of electrons emitted per
unit of time from a photoelectrie sur-
face is direetly proportional to the in-
tensity of the exeiting radiation. This
proportionality has heen verified over
ranges of illumination so wealk that the
human eyve will not respond to in-
tensities eomparable with sunlight.
Elster and Geitel' found striet propor-
tionality to hold from 30,000 lux (1/3
the vialue of sunlight) down to 6 x 104
Inx. In another paper® they reported
an extension of this relation down to
3 x 10% erg per sq. em. per second for
blue light and 2 x 10-7 for orange light.

Although this law of proportion is
strietly true, there are factors which
may occur in praetical cells which will
nullify sueh results. Ives’ mentions
that the relationship will hold both in
vacuum and gas cells *‘provided there
are no free glass surfaces on which
charges may accumnulate, If the

window is made too large it may be-
come eharged and cause an appreciithle
the

curvitture of
reltationship.”

iHlumination-curvent

__ CURRENT

¥ 0o 50 00
VOLTS ON CATHODE
FIG.7

(Courtesy of Bell Xygtem Technieal Journal)

Voltage-current curves for typical

central anode gas filled cell, show-

ing response to the light short (1)
and long (2) wavelength.

In addition to the collection of elec-
trical charges on insulating surfaces,
Allen® mentions the effect of the “space
charge” within the ecell and Hughes*
the “alteration in the multiplying fac-
tor of ionization (of the gas) by col-
lision nnder extreme eonditions” whieh
may produce abberations in
liationship. Careful design of cells will
take these points into consideration.

1 Phya. Zeitschr,, Vol. 14, p. 741 : 1013,

* Bell &ys. Tech. Jour, Vol. 5, p. 324
1926.

rePhoto-electricity.?” p. 128,

¢ Bull. Nat, hkesemrch, Coun., Vol 2 (2),

p. 107; Apr., 1021,

the re-

The current-intensity relationship of
a typieal cell is shown in Fig. 8.

Wavelength Sensitivity

The response of a photoelectric eell
to light of any wavelength is de-
termined Dby its speeitic sensitivity,
{Npecific sensitivity ineludes the factor
of the different energies transmitred by
different parts of the speetrum and is
stiated in termns of coulombs of elec-
tricity traversing the cell per erg of
ineident energy for a given impressed
voltage across the cell terminals.)

The maximum sensitivity for the
alkali metals and their hrdrides. as
determined by Seiler® is as follows:

Li N\a K Rb Cs
405 119 440 173 539

427 456 481 540

Metal .
Hydride

(Wavelength
meters.)

It will be noted from this table that
the sensitivity shifts toward the red
end of the spectrum as the metal he-
conmes more electro-positive. It :lso
appears that the hydrides respomd to
the longer wavelengrhs than the corre-
sponding  metal.  Allen® points out.
however, that these results, whieli were
obtained by measuring thirty cells of
the Kunz type. are echaraeteristie of
the partienlar eells themselves rather
than of the metals, since the normal
and selective photoclectrie effects were
not differentiated in these experiments.

Fig. 9 <hows the complete eurves of
these metals and their hydrides. The
pliotoelectrie emission begins at a cer-
tain definite wavelength, known as the
long wcavelength limif, bevond whieh
point emission does not occur. From
this point, however, the emission rises
gradually to a maximum at some
shorter wavelength.

maxima in  micro-milli

In photometric mensurements, it is
necessary ro know the wavelensth. or
color, sensitivity of the particular cell
used for the experiment. bhut in ordi-
nary applieations. such general in-
formation as the foregoing is usually
suflicient for the purposes of the
engineer.

It might be pointed out. by way of
example and in explanation of these
curves, that the potassinm hydride
cell has a maximum sensitivity in the
blue-violet region of the spectrum as
compared with the maximum sensi-
tivity of the average eye in the vellow-
green.

Temperature

Ives’ states that the “photocleetric
current decreases with deereas-
ing temperalure, the effect heing
greater for yellow than for blue light.”
The temperature range studied in these
experiments was from 420 to —180
dez. C.  The effect was particularly no-
ticeable in the ease of potassium. ITow-
ever. temperature changes within the
normal working range (0 to 30 deg. C.)

S Aatrophys. Jour,, Vol 52, p. 129 ; 1920,

® Photo-electricity, p. 277.

TJour, Opt. Soc., Am., Vol.
579, 1925.

11, pp. 565-
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do not appreeciably affect the sensitivity
of praetieal cells. As a matter of pre-
cawtion, it is not advisable to operate
a potassinm hydride cell at a tem-
perature ahove 30 degrees. for part of
the alkali metal may vaporize anda
seftle in cooler portions ot the bulb,
thus changing the charaeter of the
useful light-sensirive surfiice,

Instantaneity of the Photoelectric
Eﬂm-l

It is well known that photoelectrie

emission is praetieally instantineous,
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(Courtesy of G-M Lahoratories, Inc.)
Relationship between the light
(expressed In lumens) and the

current in a commercial potassium
hydride cell,

Lawrence and Beams® have recently
conducted experiments whierh confirm
this within 3 x 10 seec.., employing for
these tests three-electrode cells with
potassium  and  potassinm  hydride
plates. The grid and plate of the cells
were connected in series with a biasing
hattery across one of two condensers
which in turn was eonnected in parallel
with a spark cap. When the potential
aecrosx the spark gap was nearly a
maximum the field between the photo-
cell plare and grid was sueh as to draw
electrons to the grid and on te the col-
leeting  electrode.  “A  definite time
affer the discharge of the spark (equal
ro the wire path conneeting the photo-
cell to the spavk gap divided by the
veloeity of light) the field reversed,
thereby preventing eleetrons from leav-
ing the plate. By varying the wire
path rhis deviee permitted a study of
the times of ejection of electrons by
short flashes of light from the spark.’

Fatigue

Diminishing  photoeleetrie  aetivity
with time or under certain operating
conditions has heen observed in alkali
metal cells. This phenomenon is com-
monly known as the “fatigue” of the
Hallwachs effeet.  Allen,” who reviews
the literature of this snbject up to 1925,

FPhye. Rev., Vol 29, p. 903 ; 1927,
® Photo-electricity, Chayp. 12,
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savs that “it is now generally con-
sidered rhat the photoelectrie activity
of a pure metal is an intrinsic prop-
erty of that metal, and that no fatigue
would be observed with a clean
metallic surface in a perfeet vacuum.”
This applies to the alkali metals them-
selves: vet it remains a faet that a
diminution of aectivity occurs in the
practical cells which employ these
metals.

Koller™ recently studied the effect of
oxyzen on the photoelectric emission.
The experiment consisted in admitting
enough oxygen into i potassium cell to
form an absorbed layer one atom deep.
No change in sensitivity was observed,
and not until fully 335 microns of
oxvgen were admitted was any effect
apparent.  The next 300 microns in-
ereased the sensirivity three-fold. but
after this cach 100 microns resulted
in an immediate drop in sensitivity and
the reeovery with time was less and
less complete.  “The explanation of
these phenomena lies in the absorption
of oxvgen by the potassium. Small
quantities diffuse in so that no oxide
is left on the surface. After the
potassinm is  nearly saturated. the
diffusion in is slowed down so that the
offect on the surface ean he ohserved.
The gradual recovery takes place as
the oxide diffuses in and a  fresh
potassinin surface is formed. Bvent-
ually the potassiumn is atl converted to
oxide and the sensitivity is completely
destroyed.”

As Allen has stated, it is ditticult to
siun up the resnlts of experiments
which have been carried ont under
various gomlilions. The preparation
of the alkali metnl. the removil of
ocelnded gases, and the nature and
composition of the zaseous atmosphere,
as well as the operating conditions,
must he taken into consideration. It
would seem probable, however, that
variations in the gas pressure (since
there is a critical pressure to which
most commereial cells are individually
adjusted) and the failure to remove
occluded gases coniribute largely fo
the photoelectric fatigue. That there
may he other contributary causes is
not to he denied, but the {wo men-
tioned are probably the most common.

What is the probable life of an
alkali metal photoelectric celt? This
is n question which is often raised
and rarely answered with any degree
of satisfaction. Were this point
brought up in regard to a radio tube,
an answer could be given with a fair
amount of certainty: that its life will
approximate the “average” figure de-
termined by tests of thousiands of tubes
of this type. providing always that

it is mnot abused in operation.
It has heen pointed out that
photoelectric ecells have not Dheen
standardized. and hence there are

no tignres of this kind available. Even
if they were. they would mean very
little, merely hecause it is not yet pos-
sible to duplicate cells as it is possible
to duplicate radio tubes. But as one
manufacturer puts it. “the purity of

0 phiyg, Rev., Vol 29, po 200 1927,
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Color or wavelength sensitivity of the
alkali metals and thelr hydrides.

the materials and the care of manu-
facture are determining factors of tirst
importance.””  1f this care has been
exercised, the useful life of the cell is
then largely coverned by the main-
tenance of that delicate balance Dbe-
tween the original treatment of the
light-sensitive surface and the ad-
Jjusted pressure of the guseous atmos-
phere. The abiliry of the cell to hold
its vaenum or to resist chantses in its
«ns pressure becomes the chief factor
unless one persists in using a gas cell
as a2 glow-discharge tnhe (operating
above the glow peiut) or in operating
either the gas or vacuum type eells
at high temperatures. They nre much
more rugeged than the radio tube and
their life is many times longer.

Rectifying Properties of Cells

Anderson™ discusses the rectifying
properties of cells as follows: “Every

electric wave detector of the rectify-

ing type is of use as a detector
either (1) because of its rectify-

ing properties or (2) because its
current-potential curve is not linear.
Inasmnuch as the photoelectric cell
possesses both of these properties
it may be used in two ways. as Dun-
woody has shown erystal detectors may
be used. In case the rectifving prop-
erty is made use of the efliciency de-
pends upon the degree of rectification,
As in the plotoelectric cell the power
of rectification is of a very high order,
it should prove as efficient as any
detector used.”

He found that the rectifving power
of a photoelectric cell. using potassium
for a eathede. was of the ratio of 2000
to 1; that the form of the rectitied cyecle
is the same for different pressures,
electrodes and applied potentials, and
that the amount of current for a given
potential depends on the pressure of
the gas. the electrode distance. and the

" Phys. Rev,, Vol. 1. p. 222 1013,
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intensity of light falling on the cell.
but does nor increase continuously with
increasing intensity., Thus the high
power of rectitication and the high
resistance of such cells indicate that
they may be very eflicient for the de-
tection of electriec waves.

In the following articles, other data
will be presented that may be useful
in the practical application of cells and
finally some information regarding
light-sensitive devices that do not
employ the alkali metals.

(To be continued)

Grid Bias Detector

IIE recent introduetion of
several radio receivers using
the C-327 tube as a detector
with plate rectification, ob-
tained through the use of a grid bias
instead of the usual grid condenser
and leak arrangement has again
bronght this system of detection to the
fore.
Considerahle experimental work has
been done in the Cunningham labora-
tory to determine the relative eflicien-

cies of the grid condenser and leak
arrangement and the grid bias sys-

tem mnnder various operating condi-
tions.

In using hattery operated tubes such
as the CX-301A, it has heen commeon
practice to uxe a negative grid bias
of 4.5 volts at a plate voltage of 45
volts for plate rectification. With the
C-227. however, maximum sensitivity
is obtained by using a lower grid bias
on the order of two fo rhree volts.
Iowever. even :t this point of maxi-
mum sensitivity, the seunsitivity of the
tube for a given signal input, is less
than is the case when using the grid
condenser and leak method.

Reduces Overloading

With the grid bias methed it is pos-
sible to apply a much higher signal
voltuge to the detector tube without
danger of overloading so that very
zood results can be ohtained with this
system by using a sensitive radio-fre-
quency amplifier capable of delivering
a high signal voltage to the detector.
thus making up for the lack of sensi-
tivity in the detector.

If the grid bias voltage applied to
the detector is small (the condition
for maximum sensitivity), it will be
noticed that when the volume control
in the r-f. stages is turned low, the
quality will be excellent. As the
volume control is turned up gradually.
the volume will increase until the de-
tector begins to draw grid current
wlhen distortion will begin and there
will be an actual decrease in volume
with further advance of the volume
control. This operating condition
makes it necessary to use a grid bias
of at least six volts in the average set.

The C-327, used as i grid bias de-
tector, follows the “square law” much
more closely than is the case when
grid condenser and grid leak are em-
ployed, resulting in less distortion in
the output of the detector tube. and
therefore giving improved tone quality.
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The Engineering Rise in Radio

By Donald McNicol

age 41

Fellmwe A.LE.E., Fellow I.R.E.. Past-Presidens, Institute of Radio Engineers

CHAPTER 10

The Valve and the Audion

EW outstanding inventions have

been made which did not arrive

in the wake of processes of

evolution which. unerringly, if
unknowingly. erected edifices of knowl-
edge onr of which invenrion might
materialize.  This was true of the
Branly ecoherer. hrought out in 1891.
The evolution of the colierer has been
traced through the work of Varley
(1852), IIuches and Ladige (187Y).
Itertz” (1887). Lodge (18%9). and then
Branly. There is in this situation
nothing whieh detraets from the im-
portance of the ultimate, key inven-
tion. Rather, it usually is a rribute to
the genins of the inventor rhat he was
able ro consolidiate the various seem-
ingly uurelated ideas and. combining
them. produee a useful deviee not
thought of by priov workers identified
with its evolution.

The invention of the nudion by Lee
deForest, in Ameriea, was, quite
naturally, preceded by odd  observa-
tions and discoveries in several Coun-
tries; easy enough to identify as to
their importance after the invenrion of
the audion. but whieh. previously. were
not regarded as being of particular

value.
Throughout the fifty vears hefore
Hertz, experimenters in laboratories,

working with induetion coils and con-
denxers, had noted inysterious sparks
in metallic systems in the neighbor-
hood. all of which wax understandable
after Ilertz, bhut not before. And so,
very likely it was with effects noted
by many investigators, years before
Fleming and deForest (1904-19035).
The evolution of tlie audion may be
traced by making note of published
statements and announcements which,
viewed retrospectively, were, in fact.
«liscoveries which contributed toward
an unforeseen, but useful develommnent.
Professor Buff*, of the Uuiversity of
Giessen, in 1853, published a paper
dealing with the electrical properties
of flame. Ile rcached the couclusion
that gaseous bodies, rendered conduct-
ing by strong heating. were capable
of exciting other conductors, solid, as
well as gaseous, electrically. In 1853,
the ineandescent electric lamp was
twenty-six years distant in the future,
0 Buff had to employ glass tubes into
which he inserted small strips of plati-
num, separated by an air space: the
air within the tuhe heing heated by
the application of heat to the external
surface of the glass. With this erude

* National Telegraph Review, New York,
July, 1853,

Part XI

device, Buftf was reported to have
demonstrated that electric current
from a primary battery could be main-
tnined in a steady state through the
path of the gus in the tnube. whereas.
with the tube cold, no indication of
passing current could be observed. on
a4 connected galvanometer. Ilere was
a start of the science of electric con-
duction through gises.

The Edison Effect

In 1883. Thomas A. Edison was still
4t work on problems connected with
the incandescent electrie lamp. intro-
duced by him four years previously.
The Jdiscovery by Idison, of the
“effect” which twenty-rhree vears later
wis to constiture a prineiple of the

g

i

gj 1

TN\
O |

Flg. 14. Circuit for demonstrating
the Edison Effect.

\,

Fleming valve and the delorest audion
was clearly a by-produet of an investi-
gation into pecularities of the incan-
descent lamp. An observed difficulty
was that the efliciency of the lamnp for
illumination purposes wis reduced be-
cause the Dbulb in time became black-
ened due to a dark deposit on the in-
side surface of the glass.

In the course of his puzzlement over
this undesired effect Mr. Idison noted
rhat frequently there was on the glass
in the plane of the filament, a line
which was not blackened. Further,
and of the utmost importance, he
noted that the leg of the filament
which east the shadow was always the
one connected to the positive side of
the circuit carrying current. It ap-
peared as if the side of the filament
connected to the negative lead were
throwing off minute carbon particles
which travelled past the positive leg,
depositing themselves on the glass
everywhere excepting directly in line
with the positive leg.

www americanradiohistorv com

ITere. a wonderful discovery was
just around the corner. Dut, that was
tive years hefore Ileriz: twelve years
hefore Rintgen, in Germany, dis-
covered XN-rays, and thirteen years be-
fore the electron was identified.

In stwlying the effect Mr. Edison
had constructed Iamp bulbs containing
filaments, and in addition, small plates
xituated between the two legs of a fiia-
ment. 3y eonnectring a galvanometer
to the plate and to the positive side of

the ftilament, the galvanometer indi-
cated currvent tlow across the gap

within the bulb. (See Fig. 14).

Mr. Edison was able to extend the
investigation to the point where he was
aware that a stream of what he sup-
posed to e carbon particles from the
negative lez of the filament rendered
the path acroxx the gap conduering.
In his patent application® covering the
discovery, (patent 307.031) Mr. Idison
incorporated a significant clause:
“This enrrent I have found to be pro-
portional to the degree of incandes-
cence of the conduetor or candlepower
of the lamp.”

Many years after the discovery of
rhe “effect,” Mr. Edison in discussing
the subject said: “As I was over-
worked at the time in connection with
the introduction of my eclectric light
system I did not have time to continue
the experiment.” It is just as well, of
course, that the great genius returned
to the prohlems of electric lighting,
for. due to his concentration on that
subject the general introduction of in-
candescent lamps proceeded satisfac-
torily. And. for that matter, a “valve”
or “audion” available in 1883, would
have heen ten to fifteen vears ahead
of its time.

Elster and Geitel

Elster and Geitel’, in Germany, in
1882 bpegan an investigation of the
ionization produced by incandescent
metals, out of which came some addi-
tions to knowledge on this subject, but
their researches into phenomena {n
evacuated bulbs were not carricd out
until about five years after Edison'’s
discovery.

W. Hittorf', in Germany, in 1884,
demonstrated that a small electromo-
rive force could sustain an electrie
current between a hot carbon electrode
and a cold electrode, in the highest
vacuum obtainable at that time, pro-

.fThAe Edison Eflect and its Modern
Applications. By Clayton 1}, Sharp. Netw
York, 1921

8‘8Euter and Qeitel. Wied. Annalen, XVI,
1882,

S Wiedeman’s Annalen, January, 188%.
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vided the hot electrode was connected
to the negative pole of the buattery,

Samples of Edison’s bulbs, with tila-
ment. and mid-filament plates, with
which the asymmetrieal conduerivity
of current between the separated elee-
trades had been demonstrated. were
given by him to William . Preece. of
the British telegraph system, in 181,
Mr. Preece. in that year reported the
phenomena to the Royal Society. J. AL
Fleming. in  England, also experi-
mented with an Edison bulh, in 1890
discnussing the snbjeet before rhe Ttoval
Society. in the same year., and again
in 1806,

In thexe citations we may see that
the mystery bullb was bandied abont
the laboratoriex of the world as a
curiosity : as a device which possessed
urmsual eharacteristies. but for which
no one seemed able ro discover a use.

The connection hetween tlhe proper-
tiex: of the KEdison hulb and the un-
known bhecame clear following Rint-
gen's announcements of 1895, The
stndies thereafter instituted led to rhe
discovery that a hot elecirode in a
vacim  tnhe emits elecrrons.  J T,
Thomson. in England, had discovered
a new hody having a mass but 1/18435
parr of that of the hydrogen atom.
Thix body was, hy its diseoverer, tirst
called a corpusele. later beeoming
known as an electron. Here was infor-
mation of real importanee.  The mys-
tery of Mr. Edison's blaekened inean-
descent lamp bulbs was cleared up.

It was not until several vears later
that it occurred ro anyone to investi
gate the possihilitiex of evacunted
bulbs as detectors of electromagnetic
wihves. Engineers working on the
problems of radio prior te 1904, had
many things to think abeut other than
trying to find some different sort of
detector.  DBut the vaenum fule was
a produet with a destiny. Its proper-
ties as o radio device could not long
escape discovery.

The Fleming Oscillation Valve

Recalling his examination, fourteen
years previously. of the Kdison hulh.
J. A. Fleming. in 1904, sensed the pos-
sibilities of the bulb as a detector of
radio waves. In the latter vear he
introduced a detector of this type
whieh became known as the Fleming
valve, or two-electrode tube. (See
Fig. 15.) An ordinary incandescent
lamp bulb, with carbon filament had
a metal plate included within the
bulb; or, a metal cylinder placed
around the filament. the plate or eylin-
der having an external terminal con-
nection the same as the terminals of
the filament.

The knowledge which acerued from
the discoveries of Rintzen, J. J.
Thomson. and others, in the two dec-
ades, 1883-1903. with reference to con-
duction through gases, rectification of
alternating currents, and emission of
electron streams from hot bodies in
vacuoa, supplied the explanation of the
action of the original Edison two-elee-
trode bulbs and of those constructed

by Fleming in 1904, That ix: when
the filament is rendered ineandescent
by current aetuating ir. the space be-
rween the filament and the neighbor-
ing metal plate. occupied by a highly
rarefied gas. possesses unilateral (one-
way) conduetivity, and nezative elec-
trieity (to use a simple term) passes
from the filament to the plate. bhut not
in the opposite direetion.

Itere, then. was a device which was
i reetitier of alternating currents; thus
far, similar in action ro the elec-
trolytic  and eryvsral detecrors  de-
seribed in a previous chapter. If a
bulb so constructed has its tilament
supplied with current from a direet-
current souree. and another circuit ix
made up connecting the negative side
of the fitamenr and the metal plate.
the eirenit extended through an indi-
cating instrument (galvanometer or
telephone) and to an antenna system,

Fig. 15. The Fleming valve, or

two-electrode tube. The filament

conductor passes through a tubular
plate element.

hy coupling or otherwise. the oscillat-
ing current produced in the antenna by
the intercepted waves will be rectified
in the gap between filnment and plate
of the bulb and thus give signal indica-
tions in the translating deviee.

It is to be remembered that an elec-
trie eurrent, considered as a flow of
electrons, is from the negative to the
positive electrode. while ordinarly it
has been customary to regard eurrent
as flowing from the positive to the
negative contacts of supply., through
conducting eircuits. The emission of
etectrons from the hot filament is a
physical as distinguished from a chem-
ieal process, resulting  from the
thermal agitation acquired hy elec-
trons when the substance with whieh
the particular cleetrons are associated
is raixed to n high temperature.

Fleming's patent (U. S. No. 803,684,
of 1905) for the Diode. or two-elee-
trode valve was hasic, and throughout
the life of the patent it held a key
position in the field of the use of elec-
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tron tubex as wave detectors. As a
detecror. the Fleming valve was little,
if any. better than the electrolytic and
cerystal detectors, and as a rwo-elec-
trode detector few of them were used
compared to the vast number of erys-
tal detecrors employed in radio tele-
graph xerviee. Actually. it was merely
another kKind of detector. another rype
of alterniating-eurrent reetifier.

The DeForest 4udion

In the evolurion of the electron tnhe
the scene <hifts baek 1o America.
where we find that deForest had, as
euarty as the yvear 1900, made observa-
fionx of conduction threugh wasesx, the
significance of which was a subject for
speculation during the following four
or five rears.

DeForest hiad the tube derector sith-
ject well in hand in 1904, Flis patent
applications filed in November, 1904.
and in January. Febrnary and April.
1005, diseloxed tubes with two plates.
or “‘wings.”  (SNee Fiz. 16.) In later
applications® lLie (iselosed the well-
known assembly of filament, plate and
grid, ax <hown in Fig. 17.

The name “aundion™ was given to the
device by . D. Babeock, one of Dr.
delorest’s technieal nids: “aud” heing
Latin  and  “ion” Greek, signifying
“andible ions”

The first publiec avnouneement of the
inventioun of the andion was given by
deForest at the October 20, 1906,
meeting of the Ameriean Institute of
Eleetrical Eugineers. New York, in his
paper entitled “The Andion, a New
Receiver for Wireless Telegraphy.”

The disenssion which followed the
presentation  of  deForest's  paper
showed that the principle of operation
of the devire wax far from clear.
Fleming's explanation of the aetion of
the Tdison bulb. used as a detector of
electromagnetic waves was that ir per-
formed as a simple rectifier, In de-
seribing  rhe action of the andion
deForest  advanced the rheory that
there was a relay action having noth-
ing to do with reerification.

A historically inclined siudent re-
viewing the mass of literature. trial
evidence and teehnical discussions,
hearing on the theory of operation of
the audion. which eonrinned for many
vears after rthe device appeared. can
hardly aveid reaching the conclusion
that Dr. deForest, in 1906 “builded
better than he (or anyone else)
knew.”

After listening to the reading of
deForest’s paper of 100G, Dr. Pupin
felt at a loss to account for the aud-
ion’s aetion. asking: “Why does it op-
erate?”’ and stating: “I huave no ex-
panation to offer *= * * * If Dr.
deTorest cannot explain it, T ecertainly
cannot.”  In answer to a (uestion as
to whether the claimed relay action of
the tube was due to jonization of the
residual gas within the bulb or to elec-
trons  emitted from the electrodes,
delorest replied: “I think it is due

U. Pateat No 879532, siled January
29, 1907,

-
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to the ionization of the residual gases;
the gases still exist in the lamp, be-
cause the vacnum is only that which
obtains in all incandescent lamps.”

It is true that by 1906 considerable
had been learned about the emission
of eleetrons from hot bodies. but Dr.
deForest may have had in mind that
Rontgen rays are able to pass tong dis-
tances through gases and as they pass
thnrough the zas ionize it, splitting up
the molecules into positive and nega-
tive ions. as stared by J. J. Thomson,
in 1903. From this reasoning deForest
evidently concluded that llertz rays
reaching the audion nected in the same,
or i similar manner.

In rthe literature of the art there
wns a general recognition of two dis-
finet aecrions within rhe tube, depend-
ing upon whether the tubhe was highly
exhausted or contained appreciable
cax, In the former it was realized
that o pnre electron discharge oceurred
bhetween heated filament and the cold
plate. while in the latter ionization oc-
curred due to collision between the
emitted eleetrons and the ions resident
in the contained gas. Years later (in
1915), Langmuiv showed that the cur-
rent in the plaie civeuit is limited for
a given plate voltaze by reason of a
spice charge within  the bLulb, He
stated that the eleetrons flowing be-
tween the heated filament and the cold
plare constitnte a  neguative electric
charge in space which repels the elec-
trons eseaping from rhe filaiment, caus-
ine some of them to rerurn to the fila-
ment. Only a portion, rherefore, of the
electrons emitted from the filament
reach the plate: the remainder heing
repelled by the electrons in space. re-
turn to their source. In the course of
time it became the practice 1o use
soft” or gascons tubes as detectors,
and “hard” or highly exhausted tubes
as amplifiers.

Small wonder that the audion of
1906 was not elearly understood. It
was a new thing. Dudell’'s oxcillo-
graph had been introduced in 1808, Dut
few engineers were familiar with its
uses. or had appararus of this type
available for examining the character-
istics of vacuum tubes, at this early
date. Further. in 1906, there was no
areat demand for one more form of de-
tector of electric waves,

In Fleming's use of the “valve” de-
tector a single battery was employed—
the battery supplying current to light
the filament. A tap was made from
the negative side of this battery. con-
nected rhrough the secondary of the
antenna coupler, thence through the
translating device and ro the plate of
the tube. DeForest, in 1906 applied
separate hatteries to maintain poten-
tials at rhe terminals of the inclosed
plates, and in 1907, as previously
noted, perfected the assembly by re-
placing one of the inclosed plates by 2
“grid.”

This improvement, after its function
was fully understood. was destined to
give impetus to extensions of radio
telegraphy : make radio telephony

practicable. and revolutionize long-dis-
tance, land-line telephony.

Tube Development in Europe

It was natural that Rontgen's an-
nouncements, in 1805, relating to
mysterious, penetrating rays which, be-
cause their properties were not at first
understood.  were called X" rays,
shonld send the German savants off
into new fields of exploration. At the
rime Yleming, in Bogland, and de-
Forest. in Ameriea, were laying the
foundation of the great tube art, R.
von Lielen and Eugen Reisz’, in Aus-
trin. earvicd out experiments on a gas
caive containing a form of ionizer
based on the dixeovery of Wehnelr, in
1904, that strongly heated oxides of
certain salts, particularly those of cal-

cinm and barium, emit electrons at
low voltages.
Later forms of the Lieben-Reisz

tubes’ employed 1 eontent of mereury
vapor. A rather high ennf, was re-
quired on rhe plate element and the
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Fig. 16. The deForest audion of
1906, with filament and two-plates,
but without grid element,

tube itself was considerably larger
than the audion. It was n=ed hy the
German wireless telegraph organiza-
tion, but had rather limited use else-
where.

O. von Baeyer, in Verh. d. D, Phys.
Ges, Vol, 7, p. 109, 1908. described a
three-electrode tube in which the anode
was a evlinder and rhe cathode a wire
placed along its axix. The third elec-
trode was in the form of a wire gauze
eylinder, mounted between the cathode
and anode.

The Tube a Detector

The Fleming valve and the first aud-
ions were simply detectors. They were
new instrumentalities in about the
same sense as Faraday's one-to-one
ratio transformer of 1831 was new.
What Callan. Page and Ruhmkorff did
for the transformer (induetion coil)
deForest did for the vacuum tube re-
ceiver by inventing the local, “B" bat-
tery circuit, which at once made the

¢ Phitosophical
(1905).

T The Eleetyviciun, London, LXXII, p. 726
(1914).

Magazine, X, p. 80
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device an amplifier. With a
audion an amplification
cent. was indicated, and with three
audions connected in cascade an
energy amplitication of alwut 120 times
that of the input was obtained, in
tubes used prior to 1914,

single
of 50U per

The Regenerative Audion

Many reasons have heen advanced to
account for the fact that the audion
throughout the first seven years of its
existence was emploved in radio tele-
graph signaling only to a limited ex-
tent. Drincipal among the reasons
advanced were that “wireless” as a
commercial utility was given a damag-
ing set-baek in those years as a result
of various stock-jobbing seliemes® hased
on earnings elaims many years in ad-
vance of what was likely to be possi-
ble; that the majority of those employ-
ing radio receivers was made up of
boys, working as amateur experiment-
ers, to whom the high cost of the early
audions aeted as a check on sales;
that the audion was little more sensi-
tive than the best of the erystal dereet-
ors, which latter were quite inexpen-
sive; that patent litigation prevenred
the use of the audion by companies
operating many of rhe ship and shore
stations in marine service.

The audion, however, had a great
destiny awaiting it in the years ahead.
Further discoveries inade, beginning in
1912, brought to the tube a full
measure of usefulness. It was dis-
covered that the tube had regenerative
roperties not previously thought of,
and  that, properly connected with
other circuit elements, it could produce
electrie oscillations on its own account,
as well as trauslate those reaching it
from distant radio transmitters.
These discoveries were made prior to
the Great War, and the pressing needs
of extensive, and special communica-
tion facilities on land and sea. in the
sky, and in subterranean operations
throughont the conflict accelerated
enormously rhe utilization of the tube
for communication purposes.

The physicists in various countries,
bheginning with O. W, Richardson’s ap-
plication of the clectron theory of
metallic conduction to the electron
emission from heated metals, in 1903°,
continned to investigate thermionic
currents, and electron emission phe-
nomena in evacunated tubes; notably,
Wehnelt, 1901; Lilienfeld and Soddy,
1908 ; Fredenhagen, Langmuir, Pring
and Parker, in 1912; Pohl, Pringsheim,
Porter and Coolidge, in 1913, and
Wiedemann and IInlwachs, in 1914°
But. the eleetriciins, the engineers and
others engaged in devising apparatus
hetterments and circuit improvements

8 Success Magazine, New York, issues of
June and July, 1907, eontained a ten-puge,
illustrated article entitied “The Wireless
Telegraph Bubble” by Mrank Fayant, which
containg an account of some of the ecarly
wiregless telegraph company organizations.

® Phil. Trans. 201, 316 (1903).

° for yeferences to the work and an-
nouncements of thesec thirteen investiga-
tors see Proc, Inst. Radio Engineers,
September, 1913, pp. 262-266,
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for radio signaling, continued from
1905 until 1913 and later, to use the
audion as a detector and as an am-
plitier ouly. Dr. deForest, following
the evenrs of 1912, 1913 and 1914, was
subjected to no little criticism for hav-
ing nursed the audion through irs
habyhood and adolescence without
earlier discovering the full potentiali-
ties of the device. Dut it should be
remembered that throughout those
seven sterile years, hundreds of aud-
ions were in the hands of as many
of the world's most advanced scient-
ists, experimenters aud engineers, and
the audion itself was more of a listener
than talker.

It will be recalled that there was a
seven years hiatus between Ilertz’s
announcement of 1888 and Mirconi’s
achievement of 1893. and that tfollow-
ing the young Italian's early demon-
strations in England several eminent
scientists voluntarily presented alibis
which were quite plausible,

In the texi-books published between
1907 and 1912, a typical explanation of
the action of the audion was that:

The audion is based on the fact that

when a filament. plate and a grid are
sealed in an evacuated glass bulb, a
current can pass from the filament to
ithe plate (while the filament is incan-
descent) but not from the plate to the
filament. By connecting a local battery
to the plate and filament a flow of
elecirons is set up whieh travels from
the filament to the plate. and any change.
or variation, in the local battery current
will cause a llke variation in the volume
of electron fiow, tilament to plate. This
Phenomena is taken advantage of. in
audion circuits, by comnecting the recelv-
ing antenna to the grid of the bulb, to
the end that the incoming electric waves.
in response te rhe dot and dash elements
of the ielegraph code, alternately ohstruet,
and permit to flow, the streams of
electrons in the plate cirenlt which con-
tains the local battery and ihe translat-
ing telephone receiver. These variations
in the strength of current in the tele-
phone receiver actuate its diaphragm in
accordance with the signal impulses
reacliing the antenna.

And in the simple audion detector
hookups this is about what took place,
but the audion connected up in an-
other munner possessed properties
which enabled it to do much more than
this.

Up to 1912, the audion contained an
undisclosed secret, an undiscovered
phenomenon. Diseoveries made in
1912-191:5. disclosed that it was a gen-
erator of elecrric oscillations, and then
followed quickly applications of the
new principle which brounght in their
train the rerms which in the inter-
vening vears have hecome familiar to
all radio workers: regeneration, reac-
tion, feed-back, tickler, oscillating aud-
ion. et cetera.

The time was ripe for such dis-
coveries. Workers who were on the
trail of the elusive secret were Lee
deForest, E. II. Armstrong, C. V.
Logwood. Irving Langimuir and Van
Etten. in America; C, S. Franklin and
I J. Round. in England: A. Meissner
and G. von Arco. in Germany, and S.
von Strauss, in Austria.

A year bhefore the discoveries of
deForest, Armstrong and Logwood, in
America, a French patent (No. 13,726,
-of 1911) had been issued to the Aus-

trians Lieben, Reisz and Strauss. cov-
ering the use of three-clectrode tubes
for amplifying received radio signals.
In a caseade arrangement the plate
circuit of the first tube was connected
through the primary of a transformer
the secondary of which was connected
to the grid of the sccond tube. Thus
by amplitieation incoming signals were
rendered louder than when a single
tube was employed.

It was a logical conception to re-
place the telephone receiver in a single-
tube receiver with an air-core trans-
former, the secondary coil of which
could be connected to the input circuit
of a second tube, hut doing this without
complete knowledge of the character-
isties and properties of the tube. left
much to be accomplished in the way
of stalility of eircuit performanece,

By the year 1912, land-line tele-
phony had made considerable progress
in the establishment of long distance
service, but there was great need for a
telephone repeater more suitable than
any at that time in use. DeForest, in

Fig. 17. Early type of audion, with
filament, plate and grid.

that vear, xtudied the audion with a
view to its employvment as a telephone
repeater, and in the course of this
study noted the production of peculiar
tones by the audion, which it was later
learned were due to oscillating proper-
ties.

DeForest stated that he discovered
in August, 1912, that “if the input, or
grid, circuit was inductively coupled
with the ounrput. or plate inductance,
the audion became a generator of con-
tinnous alternating currents, origin-
ally made evident by a shrill tone in a
telephone receiver.”

The question as to who first dis-
covered the oscillating properties of
the audion, and the feed-back circuit
principle, like the question of the in-
vention of the telephone by Bell, or
Gray, or Berliner, very soon bhecame a
matter for court determination—fated
to remain undecided for many years,

Armstrong and the Feed-back
Circuit
E. H. Armstrong, a student at Co-
haumbia University, New York, had an
amateur wireless telegraph installa-
tion at his home, and in 1912, (he was
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then twenty-two years of age) while
experimenting with receiver circuits,
employing an audion detector, was im-
pressed with the idea that the incom-
ing radio-frequency oscillations might
be passed into the plate circuit in
which the telephone receiver was con-
nected, and thus increase the volume of
sound reproduced. He tuncd the plate
circuit to the radio frequency by means
of capacity and inductance elements,
and found that the amplified energy
could then be “fed back™ into the grid
circuit, thus increasing the electric po-
tential at the grid; in other words.

producing regeneration, which in-
creased the sensitiveness of the de-

tector to incoming waves and gave a
greater volume of sound in the trans-
lating telephone,

Armstrong’'s records indicate that he
macle the discovery of the feed-back
principle in the summer of 1912; show
that he had a sketch of his cireuit ar-
rangement witnessed on January 31.
1913, and filed an application for a
patent on October 29, 1913,

Delorest’s records indieate that he
discovered the regeneration principle
on August G, 1912; that on August 24,
1012, demonstrations of its operation
were made, and that on April 17, 1913,
he had oxcillating audion cireuits in
aelual  operation, Application  for
patent was filed by Dekorest and Log-
wood, covering this invention, on
March 12, 1914,

Unquestionably, Round and Frank-
tin, in England, and Meissner"”, in
Germany, were. at about the same
time, close to the truth.

The reader of history has a right to
require that elements of romance, if
any exist, be incorporated in the story.
In the story of radio the arrival of the
young Italian, Marconi, on the far-
flung, advance line of scientific prog-
ress, (in England) in 1896, must be
recognized as a departure from pre-
scription and procedure which does not
often result for the adventurer in any-
thing but disappointment and chagrin.
The spectacle of the twenty-three-year-
old youth cavorting over Salisbury
Plain, freighted with batteries, metal
plates, Leyden jars and an induction
coil, with which he demonstrated to
the learned that the range of IHertz
waves was not that within laboratory
walls, but rather, n matter of miles,
contains scientific romance of a sort
that is refreshing.

In rhe evolution of radio, E. II.
Armstrong's contribution to progress
bordered on the romantic to the ex-
tent that a tinkering amateur, inde-
pendently, suspected the existence of,
trailed to its lair, and discovered a
principle of electric action which con-
tributed in large measure to the vast
radio industry as it exists at the pres-
ent time.

Armstrong was but fifteen years of
age when he took up amateur radio
telegraphy, in 1905. Iie continued to

1 The Electrician, London,
702 (1914).

Voi. 73. p.
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tinker with the gear available at that
time and later. In 1908 he came into
possession of a great prize—a Fleming
oscillation valve, and two or three
vears later procured a deForest aud-

ion. Thenceforward Le made rapid
progress. some of the results being

rhose previously deseribed.

Thousands of youths throughout the
world were tinkering with “wireless”
in the years before and after 1912.
Fathers on innumerable occasions
listened 1o the weird reports of san-
«uine sons relative to “hookups™ of
their contrivance by means of which it
wias easy to hear far distant stations
“with the fones on the table)” while
with any other known receiver it was
necessary to clamp the telephone re-

ceiver close to the ear and listen
“hard.”
QOceasional “freak” reception un-

doubtedly played a part in many of
these experiences, but the reasons for
freak phenomena were not to be un-
derstood clearly until years later when
the intensive study directed upon the
subject Ly engineers engaged in in-
vestigating variations in bhroadeust per-
formance, uncovered the truth.
Armstrong was one of these san-
gnine youths. Althongh he was at
the time taking a college course in
eleetrical engineering, he was, so far
as radio was concerned, un attic
laboratorian.,  1lis experience in 1912,
in obtaining loud signals, by means of
audion cireuits of his own devising.
prompted him to tell his father about
it with the hope that money would be
fortheoming to pay for patent proceed-
ings.  Possibly his father had ralked
with other fathers in his circle. and
had been impressed with a peeuliar
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similarity in the tales he had heard,
with that of reports presented to the
others. The result was thiat one legi-
timate source of assistance was closed.

Young Armstrong then approached
an unele, hut either his persuasive
powers were not well developed, or the
uncle had on his mind matters which
to him appemred to be of greater im-
portance than a hoy’'s wireless schemes.

Ilere. an invention went hegging.
which was to produce hundreds of mil-
lions of dollars for manufacturers.
comuercial communication companies;
aml shop-keepers, who in 1912, had
little ideat that they would ever be en-
gaged in selling radio receivers.

This was romance of the only sort
that science ean know, but to young
Armstrong it is likely that at the time
his only notion was that he was the
central figure of a tragedy.

A Little Suspected Source of Distortion

The Effect on Reproduction of Loose Laminations in the Qutput

INTORLTION is frequently
cansed in rhe receiving set by
the most unsuspected causes.
The writer recenrly had oe-
casion fo try out a new output frans-
former with a balanced armature loud-
speaker unit associated with an 8 ft.
exponential horn and was puzzled for
a time to account for a pecnliar
rasping or rattling which ocecurred
only at extremely large outputs and
onty in the vicinity of certain well-
defined frequenciex. Suspicion natur-
ally centered in the londspeaker unit
as the symptoms had every indication
of lheing eansed either hy the over-
loading of the unit or by false reso-
nances introduced by the clamping
of the diaphragm edges. The unit was
pulled down., checked over and ad-
justed, reassembled and pliaced on the
horn again, with no hmprovement.

It was then noticed that the output
transformer itself was funcrioning,
although in a soemewhat weak tashion,
as a lowdspeaker unit, music being quite
audible from it at a distance of two
or three feet, and the same distortion
heing qnite evident in its sound output.

This gave a clue to the problem and
on dismantling the transforiner it was
found that the laminations were quite
loose, heing easily compressed to a
measurable degree with the fingers,
The laminations were wedged tightly
where they passed through the wind-
ings, where exposed they were taped
up tightly and the assembly restored to
the case. The improvement was re-
markable, Filling the transformer
case with molten parvatin would prob-
ably also have stopped the chatter of
the laminations.

Transformer or Impedance
By W'. F. Sutherland

Theory Presented

Now for the rheory of this trouble.
Fig. 1 shows a coil of wire snrrounding
a laminated core. A current tlowing
through the coil magnetizes the core,
eneh laminntion having a north pole
at one end and a south pole at the
other. Since all these individual poles
are alike at either end and since like
poles repel each other, the laminations
are forced apart at each end. If cur-
rent flowing through the coil be of
audie frequency then this spreading
apart of the laminarions oecurs every
time the current renches a maximum in
one direction or the other: thus a
vibration is set up of double frequency
and if the inertia and elasticity of a
lamination he of the proper vilue a
mechanical resonance will be set up,
amplifying the magnirude of the
vibration at certain frequencies.

It may seem strange that this me-
chanical vibration should find its way
into the audio-frequency output in the
form of distortion but this is also
ensily explained since every time a
Liminition moves. the reluctance orv
resistance of the iron core to the flow
of magnetism changes. The amount of
magnetism changes, in consequence,
and since a change in flux creates an

The audlo

laminations of an
transformer are influenced by the

current flowing in the primary
winding and excessive vibration
of the laminations in turn im-

presses a voltage in the winding
corresponding to the movement.
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electromotive force in a eoil through
whielh it passes, the audio-frequency
windings have impressed on them a
voltage exactly corresponding to the
movement of the laminations. Thus,
the distortion appears in the loud-
spenker.
Effect Push-Pull

Pronounced in
Circuit

This distortion will not be of any
great magnitude since only a compara-
tively small distortion voltage is avail-
able tor the modilation of the trans-
formed distortionless voltage from the
set. The effect may also be apparent
at high outputs. It also is far more
noticeable in push-pull output trans-
formers than in the ordinary output
transformer operating on a single tube,
for in the lIatter the direct current
component of the plate current, gives
a steady flux. which tends to keep the
laminations spread apart and so adds
to their mechanical stiffness. In push-
pull transformers the direct current
has no effect in magnerizing the core.

The output transformer is the only

one in which this effect is at all
apparent since in other stages the
energy level is not high enough to

produce enough force.

Any transformer with suflicient ex-
citation may produce sound through a
molecular vibration of the iron mass
as a whole. This vibration is not
ohjectionable, does not introduce dis-
tortion and is usunally very small in
amount.
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/{" he Problems of Radio Servicing

I. An Outline of a Servicing Procedure to be Undertaken
Preparatory to the Actual Testing of a Receiver

ONSIDERING the status of
the radio service ftield, and
recognizing the interest evi-

denced therein by all large pub-
lications and mannfacturers, it is
needless to mention or to discuss the
need for the radio serviceman—he
serves a very beneficial purpose. Of
greater interest is his work; what he
should do and how he should do it.
Ilence, without further preliminaries,
we might just as well delve right into
the work at hand.

The visiting servicemun is our sub-
jecr.  Strange as it may seem to many
who are interesred in this work, much
can be said from the desk. via a type-
writer, about what the serviceman
should do out in the field. To those
who feel skeptical. let us say rhat this
discussion is not analogous o the Sun-
day sermon ahout the prohlems of the
working man, by an individuazl who
has never lahored. We have heen out
in the field and have had the occasion
ro make extensive observations.

We have had the pleasure of calling
nunerous servicemen to repair defec-
tive receivers in order to study their
working methods and have found
pienty to speak about. We realize

By John I. Rider, Associate Editor

INCFE the termination of

series of articles on “The

Mathematies of Radio,” Mr.

Rider has been inrvestigating
the problems of serviceing and the
matter of its relation to the radio in-
dustry.  His studies of this phase of
the radio ficld have brouyht to light
some tvery interesting  condilions
which, up to the preseat, have been
orerlooked.

The present article serves as an in-
troduction. to the general subject of
servicing, and though it containg many
valuable pointers in conncction with
the technique of servicing; such as
the general use of “ailment charts”
and a stanidard questionaire, it is pre-
sented mainly as a groundioork for the
Tuture material.

Myr. Rider's articles acill deal with
new testing methods and equipment.
servieing  procedure in its  many
phases; ineludinyg data on the servie-
ing of p-a. systems and thealre equip-
ment. and a wealth of data on manu-
factured reecivers.

Ar. Rider intends to cooperate with
serviccwmen to the best of hix ability
and any suggestions from readers. re-

his

Process of Elimination

The process of elimination when ap-
plied to a defeetive radio receiver is
the most rapid method of isolating a
fault, parricularly when the service-
man is familiar with the receiver at
hand. Howerver, this method of diag-
nosis requires a litcle more work than
is entailed hy recognition of the symp-
toms and subsequent search. The
search for the possihle source of
trouble can frequentiy he exjpedited by
the radio receiver owner. The average
radio serviceman who calls upon a set
owner makes a stock query, which
actually has little significance. “wWhat
seems fo be the trouble?” is the usual
introductory  comment, On  tirst
thought the quesrion may appear
logicitl. but upon second thought, it is
Just the contriry. hecause the reply is
seldom informative. It is (uite un-
likely that the receiver owner can tell
the visiting serviceman, the source of
trouble, or even the trouble. other than
to say that rhe receiver does not per-
form in a satisfactory manner. In
sum amnd subsrance the method of at-
rack ix wrong.

Then again many visiting service-

fully that many visiring vadio-tricians ~ #arding dndividual prohlems acill b¢  men do not ask rhis query, but ask to
operate along the proper lines, but we  #ratefully reccived.—Ulditor. bhe shown the receiver and they im-
alzo know that many do not. = = —_—— mediately start their diaguosis. This
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method
faunlty,

of procedure is extremely
and the reasons are  self-
evident. We do not mean to (disparage
rthe operating methods of others., Our
purpose is to set forth a process of
operation which has heen found to he
successful  and  emulueive to 1more
profitable operation, which we know to
be superior to the two examples men-
tioned and which makes ns=e of the
radio knowledge possessed by the re-
eeiver owner. no matter how sparse it
may he. It is rrue that this informa-
tion is not always available. that is to
say, all of ir is not available. but quite
i zood deal is at hand at all times.
no maitrer when the servicem:an makes
his cgdl.

Value of Cross-Examination

It is onr belief that a short cross-
examinarion of the receiver owner by
the visiting serviceman is in order im-
mediately upon entry. If the man of
rhie honsehold is absent. rhe lady may
be questioned. ler replies will be
hazy, it is trne. but informative to a
ecertain degree. and any information
ix valnable. Sueh o cross-examination
should supply the serviceman with cer-
rain information. dara whieh he eannot
secnre by observation of receiver per-
formance-—d:ata which will lead to
more rapid and therefore more profit-
able analysix of the receiver and more
rapid iselation of the trouble.

Many faetors associnted with the
operating life of the receiver; the
batteries, the tubes. the aceessories
and the performance prior to the
rrouble or defect, are of great import-
ance in the analysis of the trouble.
Sneh  data expedites the diagnosis.
Therefore, the first step is to ascertain
thi= information. N\ few such ques-
tions are:

1. How old is the receiver?

2. How long has it been in use?

-the bat-

3. How old are the fubes-
teries—the nccessories?

4. Did vou make any internal wir-
ing changes—any batrery changes—
any tube changes—where?

3. Was the receiver subjected to any
physical jars or shocks?

6. Was the receiver moved from one
locality to another?

7. Was the receiver in
wlen the failure occurred?

8. What control or controls were
being manipulated at the moment of
failure?

9. Were nny changes made upon the
accessories—the eliminator?

10. Is the aerial in good condition?

11. Did you make any mechamnical
changes upon the receiver or the acces-
sories”

In short, the customer must tell all
he knows about the receiver. because
such information is vital. It is as-
tonishing ro note the amount of time
saved by such an examination. Time
and again, the information thus se-
cured points directly to the source of

operation

trouble. Rapid diagnosis and analysis
is profitable to every oune concerned.
It means rapid rvepair and a satistied
customer. Desides, rapid  repair
means profit to the serviceman hecaunse
he spends fhe minimum amount of
time on eaeh joh. The serviceman
sells time and knowledge. These two
items constitute his entire stock.

With few exceptions., receiver fail-
urex are atrributable ro faults conunon
to a myriad reeeivers, The introduc-
rion of the a-e. eleetric receiver in-
creases thie number of possible sources
of tronhle. but not by a large figure.
The perind of operation is a lmiting
factor in the possible sources of
trouble. For example, meehanieal fail-
nres are seldom encountered n short
period after the insrallation of 4 new
receiver, but a defeetive tube or a de-
feetive hattery or a broken conneetion.
jarred looxe during local transit, will
impair the operation of a1 new receiver.
Hence the first query.

The answers to the seeond and third
questions governs the possible increase
in the number of prohable sourees of
trouble. The older the set the more
numerons the sonrees of rrouble. This
information supplemented hy the pres-
ent performanee of the faulty receiver
¢iridesx one fo rhe tnbes or the batteries
in the installation., Mechanical fail-
ures are more likely in a receiver
operated over i period of a year than
in 4 new receiver. OId tubes or run-
down batteries  will ecause poor re-
ceiver performance.  TLow  eleetronie
emission of filiment type rectifiers and
defective caxeous rectifiers will eanse
insutlicient plate and grid voltages,
Continual  overloading of a  loud-
speaker will alter the physieal align-
ment of the parts within the speaker.

The answer to the fourth question
will show possible incorrect wiring
changes. Many receiver owners who
have made sueh echanges and found
them disasterous are loathe to provide
this intformation and will enly speak
about i, when questioned. The change
may bhe simple. yet an hour may pass
hefore the serviceman. who has net
queried the reeceiver owner, discovers
rhe alteration in wiring. The answer
to the query “where” will save mueh
time. Many receiver owners are tink-
erers and like to make what they be-
lieve will be improvements. Incorrect
placement of n fixed condenser and
the set tunes broadly. An incorreetiy
placed resistance and the tilament volt-
age is low with unsatisfactory receiver
performance, Muany are apt to pur-
chase accessories which. while secured
in good faith. are nat suited to the

receiver, All this information must
be at hand.
The average owner thinks norhing

of a sheck applied to a receiver during
transit, particularly if the receiver
performs well after the period of
transit and then goes dead during op-
eration. Yet many imperfect connec-
tions are jarred loose during transit
and a contact broken during the re-
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production of a loud signal, when the
speaker causes a slight vibration of
the receiver cabinet. Sueh cases are
frequent when fhe speaker is within
the eabinet. Then agnin internal plug
counections are frequently *“opened”
during transit.  Such imperfeet con-
tacts cause ‘crackling” disrurbances
and as far as the tan is concerned.
the new locality ix very poor. hecause
“statie” is  prevalent—his  reeeprion
wuas perfeet in rhe old loeality—Dbetore
the eounecrion was impaired and the
contacr rendered impertect.

The answer 1o the seventh auestion
is usually valnable, particnlarly wlhen
rhe trouble is noisy operation. or when
rthe set ceased operarion s=uddenly.
Onee again the period of operation is
important and rhe answers to two or
more queries are interlocking.  Me-
chanieal failure is more likely in an
old =et and if neise developed duving
the manipulation of a variable resist-
ance, aid the receiver is months or
perhaps a year old, it 15 very likely
that rhe contact between the various
elements of 1hat eertain control re-
sistanee, is imperfeer. or oxidization has
reached the stage where it insulates
one member from the other and the
et goes dead. The rrouble ix easily
remedicd, yet the receiver iz useless,
and as far as receiver operuation is con-
cerned, this minor tronble ix equal to
any major trouble. Association of the
answer to questions seven aand eight
will usually point to such troubles.
In many cases manipulation of B-
eliminator resistances will cunse major
troubles, particularly when the elimi-
nator is old. Very often the trouble
is not in the unit it=elf. bhut in some
other part of the installation usso-
ciared with that unit.

Practical Chart System

We have something else
about the serviceman’s visit. Wlhile
the function of the serviceman is to
repair a receiver and restore it to its
original high electrieal efficiency, re-
peat business is a basis for suceess.
To secure this business it is neces=ary
{0 show that the work ix carried out
in a systematic manner. Repeat calls
for rhe ecapable serviceman are few
and far between, but each call made.
can bhe arranged to prodnee more cus-
tomers by means of a silent. yvet effec-
tive form of advertizing, It is ditlicult
to extimate the number of repeat calls
for service upon one particular re-
ceiver owned by one man. The con-
trolling factor in this instance is the
receiver owner. If he is a tinkerer.
repeat calls are numerous. If he
knows enough to leave well-enough
alone, the calls are infrequent. But
no matter what the arrangement, de-
tailed knowledge of the past record of
the receiver, its ailments. its compon-
ents, its previous operating life, and
other sueh data, is of vital importance

to say
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to the man who makes the eall. It is
not always possible 10 send the same
individual if the servicing organization
employs many men, or to see the
master of the household when the call
is made. Detailed cross-exanlination
on each oceasion is aggravating to the
customer, vet rhe knowledge must he
secured. Why not apply an ail-
ment chart system?

A permanent record made at the
time of service, afrer rhe original
cross-examination will be of aid to
whoever cills to service the radio re-
ceiver. The original chart can he fast-
ened inside the reeeiver cibinet, wirh
rhumb tacks. A ecopy of this chart
should bhe kept in the serviceman's file,
for reference purpose.

In this counection the reader should
not helieve that he is aiding the enuse
of his competitor in the event that his
customer moves into a new loeality
and a new organization is ealled upon
to service. What is true with his
conipetitor is true with himself, if all
servicemen mitkke such records. hence
all benefit and improve the starus of
the cause. A permanent record of ma-
terinl gleaned after a cross-exmmina-
tion and the analysis of the receiver
will benetit evervone concerned. 1t is
i record good for years of serviee and
it facilitates dingnosis and service at
a later date. Like the original eross-
examination, it helps point to the
trouble. 1f the records show that the
tubes nre a year old., and the present
receiver provides little amplitication,
one immediately suspects the tibes.
it rthe record shows rhat the last re-
pair was rthe replacement of o certain
audio-frequency transformer becanse
the original unit “blew,” and the pres-
ent receiver is dead. one immediately
suspecrs that stage of audio-frequency
amplitieation and examines rhe con-

tinuity. 1If the records do not point to
the ailment, they at least facilitate the
coniplete analysis by providing in-
formation otherwise unavailable, un-
less rhe master of the house. who pur-
chased and cared for the receiver, is
at home.

The data contained on rhis chart
should include the diate of iustallation.
If sueh a ehart is not available at the
first service call. the serviceman
should ascertain the date of installa-
tion and make his permanent records.
A full reeord of tube performance and
electrienl  conditions  is  necessary.
Peculiarities of receiver performanee,
local conditions. past xymptoms and
repairs are also of aid and should be
recorded. The making of such a chart
andd application to a serviced receiver
shows conscientious, eapable servicing.
It <hows that the work is earried out
in a systematic manner and the final
result is the creation of public con-
fidence. The chart is a continual re-
minder of good servicing. In the event
of future trouble the reeeiver owner
has a simple meanx of locating the
name, address and telephone number
of the servieeman. 'This information
is nceeessible when he desires to give
the n:me to his friends. * * * A silent,
vet effective salesman,

Knmvoledge of Circuits and Oper-
ating Conditions

Tt is needless to continue exainples
of rhe heneticial effects of cross-exami-
mitions and charts,  What has heen
said shonld suflice for the present.
Let us turn back the progress of time
and consider the ease of the original
«all for the radio servieeman. We
know, and definitely so, that in few
instanees do service stations ask quer-
ies about the problem at the home of
the receiver owner when the original
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411l for the serviceman is made. In
this connection we do not wish a hasty
conclusion by rhe reader. The queries
in this ¢ase, do not refer to those men-
tioned before, llere our interest is the
wiring diagram of the taulty receiver,
or rhe power unit, it such be the case.
Assuming that a eall is received and
au appoinrment made, what informa-
tion is available ro the serviceman?
To declare a receiver repaired. he
must know rhe correct operating eondi-
tions as et forth hy the manufacturer.
Ile likewise must know. wlerever pos-
sible, the eleetrical constants of the
viarious umits  within  the receiver.
Thix information is available on the
wiring diagram of the receiver. Un-
less rabulated. the serviceman is af a
loss when he attempts to analyvze the
radio set. Without questioning-—with-
ont axking about the type of instralla-
tion involved, he seeks an nnknown
quantity.  Henee the snggestion that
inquiry e made regarding the type
of equipment involved and that the
correct wiring diagrams be earried by
the visiting serviceman, Now it ix
very likely that rhese wiring diagrams
are not easily obtained. In that case,
every effort must be made to secure
them,

The signiticance of the wiring dia
gram cannot be fully appreciated un-
les= one is eonfronted with the prob
lem of =ervicing a radio receiver and
the internal connections are not
known, In this connection we know
that many regret failure to eclip out
the wiring dinagrams shown in many
riddio publicarions,  We also Kknow
that many claim wiring diagrams uu-
necessary, With this we cannot agree,
and the development of the a-c. re-
ceivor wherein the B-eliminator is an
inherent part and binding post con-
nections with voltage designation ure

222 360 MMF: '°°°2|5le 227 226 1A )
" xF
E4
CH
© 002 k
B MF. - W
. g
‘§ "ORANGE - s 3
ANT  GND o 3 5 K
25 MF. ) HE KA = ey
i i N
500 V. - 4 h
A y
N - M
it 1500 OHMS -—_ . OHMS
—- aoov.  ELMe -
"~ | MF_ 1000V, : i z
l ¢ - g “
"4» ——mmee” a1 i3 B
4
- bt

—i
—

TN \4 MF HEAVY GREEN RED
_L 2000V 1000 V. E . 20V
. > o
60~ SUPPLY SW. FUSE .5 AMP.
1" 4

Schematic diagram of the Freshman Q15 receiver, using a stage of screen-grid radio-frequency amplification. Note

that the filament of the screen-grid tube
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not available, aggravates this condi-
tion.

Rated and Specified Tube Voltages

Many are prone to believe that the
voltages applied to the filamenrs of
the various vacnum tubes in a com-
mercial receiver are the rated volt-
ages quoted in all vacuum tube tables.
This idea is erroneous and proves that
voltage specifications and wiring dia-
grams are available, As conerete ex-
amples, we submit the following volt-
age specifications which show the cor-
rect voltage indieations to he expected
when a Weston or a Jewell set
analyzer is applied to a receiver., Note
that rhe tilament voltages are helow
the tube manufacturers’ ratings. Note
that the filament voltage applied to
the 226-type of tube, rated at 1.5 volts,
is appreciably less than 1.5 volts. But
if this information is not known, how
can the serviceman be certain that the
1.35 volts applied to the filament of a
tube rated at 1.5 volts is correct and
predetermined in the design of the re-
ceiver? The same applies to the plate
and grid voltages. How can one tell
what the correct voltage readings
should he unless the values are known?
One would be justified in believing that
rthe 1.35 filament voltage was insuf-
ficient, when the tube is rated at 1.5
volts. vet the former potrential is cor-
rect. Examine the figures submitted and
vou will find that the correct voltage
specifications are necessary and should
be in rhe possession of every rudio re-
pair man. Note the correct voltage
specification for 227 tubes as detectors.

Mceasnrements made with a Jewel
set tester, with tube in socket show
the following correct values on Kolster
Models No. K21. and 24 with a line
voltage of 116 volts: 226G tube=1.4
volts on filament; rated voltage 1.5.
227 tube=2.0 volts on filament, rated
voltage 2.25.

Kolster Models 6F. J, K, R and 6L
tube in tester socket: 220 tube=1.35
volts on filament, rated vollage 1.5.
227 tube=2.0 volts on filameat, rated
voliage 2.25.

As another illustration. the 171 tube
in the ahove five receivers is supplied
with a filament potential of 5 volts
and a plate potential of 178 volts. but
the correct grid bias is 3G volts. rather
than the normal rated grid bias of
40.5 volts.

Then again, we have the Zenith
models tested with the Wesion set
tester. The following voltages are
correct with the tube in the tester
socket for the model 340, with a line
voltage of 116: 227 tube=1.9 volts on
the ftilnment: rated filament voltage
2.25 volts. 210 tube=6.9 volts on the
filament; rated filament voltage 7.5
volts. 281 tube==6.3 volts on the fila-
ment; rated filament voltage 7.5 volts.

The need for such voltage specitica-
tions is clearly evident. The most
capable individual wonld imagine that
6.9 volts on the filamenr of a 210 rube,
rated at 7.5 volts by the tube manu-
facturer. would indicate insufficient
filament volrage. Yet the low value is
correct and indicates correct operating
conditions. At -the present time we
are collecting such data hecause we
are certain that it will prove lene-
ficinl 1o the service phase of the radio
industry.

Differences in Circuit Wiring

With respect to the need for wiring
diagrams, may we refer to the (hree
shown here; that of the I'reshman Q15,
the Atwater-KKent 37 and the Strom-
berg-Carlson  635-G36  a-c.  receivers.
Without a diagram for reference. how
can the serviceman know that the
grid bias arrangements differ?

Compare the detector cirenits in the
Stromberg-Carlson and the Atwater-
IKent receivers. If one were to test
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between the cathode and the B minus,
the former would show a negative volt-
age applied to the grid of the detector
tube, whereas the latter would show
zero voltage, because the cathode is
connected to the B minus terminal.
I:xamine the source of grid potential
applied to the 171 output tube in these
receivers. In one case the grid bias
is secured from the R-eliminator, in
the other by means of voltage drop
across a resistance in the grid-filament
cirenit. In one case the total elimin-
ator drain flows through a resistance
and the voltage drop is applied to the
171 tube. In the other case, the plate
current of the 171 tube only is cnused
to flow through a resistance. But no
matter what the arrangement it is
evident that a wiring diagram is neces-
sary in order to correctly analyze the
receiver, If repairs are necessary. the
problem is even more acute. IHow can
one determine the correct electrical
constant if the unit is damaged? It
is naturally impossihle and replace-
ment is likewise impossible.

It is unsiafe to judge wiring systems
of defective receivers by traeing cir-
cunits. One is not certain if the ar-
rangement present, is correct or in-
correct and a wiring diagram is im-
perative. TFor example, the filter cir-
cuit of the Freshman and the A-K re-
ceivers; one utilizes a choke input and
rhe other a condenser input. The need
for the wiring dingram is very evident.

There are many other cases which
prove equally as well the advantage of
having at hand the circuit of the re-
ceiver heing service:l. Ido not forget
that every set has its own circuit
peenliarities.

11e who believes that he can operate
successfully without a wiring diagram

~is harboring a false premise of superior
intellect.
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Grid Vacuum Tube

A Semi-Technical Article Covering Both the Theory and the
Practical Applications of the Screen-Grid Tube, Including
Its Use as a Space-Charge-Grid Amplifier

HE <creen-grid vacuum tube,

first offered to the pnblie late

in 1927, is one of the major

contributions which science has
made to rhe radio industry. 'This tube,
also called the ‘Shield Grid” and
“Shield I'late” tube. is new only in the
sense that its development to the stage
of a practical deviece =uhiable for pro-
duciion in large gnanliries is compara-
tively recent.

Until a few months ago the three-
electrode viacunm tube working into a
carefully designed amplifier eireuit,
such as the neutrodyne, scemed to be
the ideal for radie-frequency ampli-
fication. The sereen-wrid tube has,
however. opened up an entirely new
realm of possibilities for not only does
it give much greater amplitication per

Plate

ControlGrid
\

ScreenGrd W B
— ol Arttery

Rheostat -
| L3
Lajal!
ADartery
Fig. 3. General circuit connections

for the screen-grid tube.

stuge than the hest of the three-elec-
trode tnbes hut also the screen-grid
does away with the necessity for neu-
tralizing by virtue of the faet that it
reduces the tube iuternal grid-plate
ciapacity to a minimum value.

The fundamenral principles of the
screen-grid tube were dizcovered and
investignied several yvears azo by

President. National Radio Inslitute.

By J. E. Smith*

§ 10, SMITIHNS article on the
sereen-grid tubce will be of
particular finterest o Set-
Builders  and  Servicemen.

The sereen-grid tube ix coming into
gcueral use and it is, thercfore. im
portant that evcryone connected with
the professional end of the field hure
the complete technical informution.
Mr. 8mith has presented the subjeet
in complete form wchich makes it valu-
able as a reference work. Nothing has
heen left to the imagination.—Editor.

Schotiky. a Two

how-

German scientisr.
American rescarch workers are.
ever. responsible (o the tube in its
present form. Messrs, Hull and Wil-
liams of the General Eleetrie Company
Resenvell Laboratories. continued the
rezcarch besun by Schottky, improved
the sereenting and produeed a  tube
which enabled them to achieve almost
ro the theovrerical limits of amplifiea
tion. 'This particular rube though. was
a laboratory device not suited to eco-
nomical manufacinre.  Farther work
finally led to a production model whirh
retained a surprisingly large propor
tion of the excellent eharacteristics of
the earlier tube.

Retore explaining 1he properties of
this tube it should be pointed our riiat
all rubes having rwo 2rids arve nor.
necessarily, sereen-crid tnbes. For
many yvears there have heen vacuum
tubes having more than one grid. Ex-
pecially in ISurope there have heen sets
and eireuits designed and huilr aronnd
double grid (ubes. These tubes are
vastly different in rheir action and
construction from rhe screen-grid type
for in the usnal double grid tnbe. such
as has found wide applicarion abhroad.
both grids have been used as conirol

Fig. 2.

Step by step construction of the battery-type screen-grid tube.
last illustration shows the metal shield

The
in place.
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grids.  Fig. 1 shows the general ar-
rangentent of the parts in a screen-
grid tube. Iustead of the usual three.
there are four electrodes. rhe tilament,
the control grid. screen-grid, and the

plate. It should be noted that “control
grig” is a name which has been
adopted in place of grid. This has
a
%
At)
x
N
%
&
<
&
| 1!
| [
| (I
' [
[ i '
Fig. 1. Itustrating the general

makeup of the screen-grid tube.

heen required by rhe fact rhat there
are now two grids: (1) the control
grid which has rhe same action as the
grid of an ordinary three-electrode
tube, and (2) the screen-grid. a new
electrode which gives cerrain remark-
able properties to the rube.

While the general external appear-
ance ix similar ro that of an ordinar)
tube it will be found upon closer ex-
amination that the internal arrange-
ment is quite ditferent. The four
prongs which extend through the base
are used for conneetion into a eircuit
in the usnal way except that the “grid”
prong must be connected 1o the screen-
=rid cireuit wire. A fifth eonnection.
thar of the control grid ix brought onr.
throngh the zlass top. to a small eap.
(See Fig, 2-d.) By referring ro Fig. 2
a zeneral idea may be obtained of the
constirnetion of the screen-grid tube.
The filament is a coarse spiral and
forms the central element (Fig. 2-a).
Surrounding the tilament and spaced
from it by a few thousandths of an
ineh is the control grid which is made
up of a fine spiral mesh (Fig. 2-b).
The plate is an open ended cylinder of
thin sheet meral placed outside of the
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control grid (Figz. 2-¢). The screen-
grid is in three sections, the first is a
tine spiral mesh between the control
grid and plate, the second a spiral
mesh surrounding the plate, while the
third is a tlat metal dise which con-
nects the upper portions of the two
mesh sections.  Fig. 2-d shows the
outer spiral mesh and the metal disc

Fig. 4. Diagram of inter-electrode
capacities Iin the three-element
tube.

portions of the secreen-grid but the
inner mesh is hidden hy the plate.

The object of the sereen-grid is to
electrically shield the contro! grid
from the plate. To accomplish this
and obtain the necessary degree of
shielding requires the most aecurate
and careful mechanical eonstruction of
the electrodes located in the small
space within the tube.

“A” and “B” Batteries

The screen-grid vacuum tube re-
quires for its operation a filament or
“A” hattery and a plate or “B” bat-
tery. .\s in the three elecrrode tube
the “A” bartery is used to heat the tila-
ment to ineandeseence. while the “B”
battery furnishes the enervgy which in-
creases the effect of the radio waves.
In addition. the sereen-grid must be
kept at a voltage higher than rhe fila-
ment,  This is most conveniently done
hy tapping the plate battery at a point
whieh will give from % to % the full
plate voltage. A diagram of the screen-
grid vacuum tube wirh the necessary
hattery connections is shown in Fig. 3.

Comparison With Three-Electrode
Tube

Before proceeding further it should
be thoroughly understood that the ac-
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Fig. 5. Neutralizing circuit for

three-element tube. C, is the bal-
ancing capacity.
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fion of the filament. plate and control
grid are exactly the same as for simi-
lar electrodes in rhe older tubes. The
filiment emits the electrons which aet
as the eurrent carriers of rhie plate

current between plate and tilament,
and the control grid is the (evice

which regulates rhe amount of plate
current which flows hetween the plate
and fithment.

Interelectrode Capacity  of the
Three Electrode Vacuum Tube

In Fig. 4 is shown a diagram of a
three-electrode tube illustrating the
capacities which exist between the va-
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Fig. 7. Plate voltage, plate cur-

rent curve of screen-grid tube.

rious elements. O partienlar inpor-
tance ix the condenser €2 rexulting
from the eapacity between the arid
amd the plate.  This capaeity in the
averaze three-clement rube has a valne
of from ten to f{illeen micromicro-
farads.

In the carly days of vaeuum tube
amplifieation at radio frequencies this
small capacity was of ne importance
heeause the frequencies in use were in
the low range. With the advent of
broadcasting on frequencies in excess
of seven hundred kiloeyeles and, larer,
with the discovery that frequencies
hicher than three thousand kilocyeles
were worth-while for long distance
communieation, the probiem of grid-
plate capaeity became one of urmost
importance.

It will be recalled that the reactance
of a condenser to the passage of alter-
nating current depends on the fre-
quency of the currenr. At low fre-
quencies the renctance ix very high and
a small capaeity such as exists be-
tween the grid and plate of a vacuum
tube of the three-element type will
pass a negligible amount of current.
As the frequency is increased, how-
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ever, the reactance of a eondenser be-
comes smaller and consequently larger
and larger currents are pussed. When
using ordinary tubes as radio-fre-
quency amplitiers it is found that the
reactance of C2 at frejquencies higher
than about =even hundred kilocycles
becomes so low rhat suflicient evergy
is passed from the plate c¢irenit throngh
the grid-plate capaeity (C2) to the
grid cireuit to eause instability or os-
cillation. Reduced signal, poor quality
and howling are some of the bad effects
whieh result from this feedback con-
dition. Bulaneing  or  mneutralizing
sehemes are necessary to counteraet
the feedback which is so detrimental
ro radio-frequeney amplifying eirenits.
A balaneing cireuit. shown in Fig. 5,
introduces a small condenser in the
cireuir. This condenser is eonnected at
one side to the grid and on the other
side to a point on Ihe plate coil which
ix helow the effeclive ground tap. The
condenser, when properly adjusted,
carries a current equal ro hut opposite
in phase from that which passes
through C2. 1lenee rthe two eurrents
“neutralize” or "“halance out” and os-
citllation and insrability are prevented.
It should be noted. however, that bal-
anecing does not prevent the leedback.

|
| ’

Illustrating the function of
the screen-grid.

Fig. 6.

Defects of Balanced Circuits

At Dbest, balancing is merely a “way
out.” It does not do away wirh the
cause of the trouble yet requires more
complicated circuits. At the very high
frequencies  (above 3000 ke.). it is
nearly impossible to obtain a balance
no matter how carefully the circuits
are laid out and adjusted. Further-
more, whenever a tube is changed it is
frequently necessiury to rehalance be-
cause the grid-plate capacity of the
replacement tube is not the same as
that of the tube which has been
removed.
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Grid-Plate Capacity of the Screen-
Grid Tube

In the screen-grid tube the grid-plate
capacity has been almost entirely elim-
inated and has a value of only 01
micromicrofarad. or one one-hundredth
of the capacity present in the three-
electrode tube. This low grid-plate
capacity has been achieved by insert-
ing a screen or ‘“shield” between the
control grid and plate. In Fig. 6 the
screen-grid tube is shown in diagram-
matic form. The screen-grid is shown
completely surrounding the plate and
the lines of electric force which, in the
three electrode tube run from plate to
grid, are now intercepted by the shield.
The screen-grid is kept at *ground”’
potential by means of a large capacity
C which is connected on one side to
the sereen-grid and on the other to the
filament. Hence, only a few of the
lines of electrie force pass through the
sereen to the control grid wirh the re-
sult that the eapacity is very small.

Tuse Piare Resiramce

2 = )
Gas Bias

"

Fig. 11. Graph of plate reslstance

of screen-grid tube, plotted against

control-grid blas. Compare this
with Fig. 12.

Since the control grid-plate capacity
is almost negligible it follows that
changes in the plate circuit will have
no appreciable effect on the control
grid cirenit for there is no path for
the feedback. Consequently there is no
instabitity or oscillation to hamper the
radio-frequency amplifier performance.

The practical elimination of the con-
trol grid-plate capacity does away with
the necessity for balances and the in-
tricate circuits associated therewith.
Also, radio-frequency amplification

may be obtained with the screen-grid
tube at frequencies as high as 100,000
kilocycles,

Characteristic Curve

Another interesting feature of
sereen-grid tube performance may be
discovered by examination of a char-
acteristic curve. In Fig. 7 the plate
current is plotted against plate volts
with a fixed control grid and screen-
grid bias. Between the limits of 90
and 145 volts on the plate, which is
the limit of operating voltage, there is
a change in plate current of only 0.1
milliampere. In the ordinary three-
electrode tube a similar change of plate
voltage would cause a current varia-
tion of nearly 9 millinmperes. The
practical value of small current varia-
tion due to voltage changes on the plate
is readily seen when modern radio cir-
cuit power supply systems are con-
sidered. The majority of the new
broadcast receivers as well as many
older types make use of plate or “B”
current supplied through rectifiers or
filters from house lighting power. Such
a power supply is subject to changes in
voltage which, of course, affect the
plate voltage. The screen-grid tube
remains unaffected Ly small voltage
changes and is unlikely to retlect, ex-
cept in limited degree, fairly large
variations in the plate supply.

Radio-Frequency Amplification

One of the major improvements to
be found in the performance of the
sereen-grid tube is the exceptional
sensitivity resulting from its high
amplification factor. Fig. 8 shows the
amplification to be expected from an
ordinary three-electrode tube at vari-
ous frequencies; Fig. 9 is a graph of
the amplification obtained with a so-
called “high-mu” tube while Fig. 10
shows the extraordinary amplification
possible with the screen-grid tube.

Radio Engineering, April, 1929

Laboratory amplifiers have been built
which used several special screen-grid
tubes. These amplifiers proved so sen-
sitive that the effect of clectrons strik-
ing the plate of the first tube has been
heard as u roaring uoise in the loud-
speaker connected to the output stage.

The high amplification comes about
as follows: Due to the ahsence of con-
trol grid-plate capacity of appreciable
value, the plate resistance of the com-
mercial screen-grid tube is extremely
high. From Fig. 11 it will be found
that the  d-c. plate resistance may
vary from 850,000 ohms to 1,600,000
ohms under usual conditions, as com-
pared with 9,000 to 10,000 ohms (Fig.
12) in a threc-electrode tube. By rea-
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Fig. 12. Plate resistance curve of

a three-electrode tube. Note the
low value as compared to Fig. 11.

son of its very high value, which may
be considered as infinitely large, the
screen-grid tube alternating current
plate resistance may be neglected as a
factor in determining the amplification.
Hence. the amount of voltage ampli-
fication obtainable depends on the
amount of resistance which can be
placed in the external plate circuit of
the tube times the mutual conductance
of the tube itself. The mutual con-
duectance has a constant value for any
one grid potential, therefore the am-
plification of the screen-grid tube is
in proportion to the amount of resist-
ance in the external plate circuit. Fig.
13 shows graphically how the amplifi-
cation factor increases with the plate
cirecuit resistance.

It is, then, highly important that a
kind of plate circuit be selected which
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Flg. 10. The am- 35
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plificatlon curve
of a screen-grid
tube. It will be
noted that this
curve is supe-

rior to the
curves shown in
Figs. 8 and 9.
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Fig. 13, Another amplification

curve of the screen-grid tube. Note

the direct increase |n amplifica-

tion with increase in plate circuit
resistance.

will have the required extremely high
resistance. A tuned plate circuit hav-
ing a large inductance and small ca-
pacity fulfils the condition. In Fig. 14
is a diagram of a tuned plate circuit
in combination with a screen-grid tube.
Fig. 15 shows the resistances which
may be obtained at various frequencies
from carefully designed resonant im-
pedances of the type used in the tuned
plate circuit in Fig. 14.

In theory the nearer the external
plate resistance matches the tnbe in-
ternal plate resistance the better the
cirecuit and tube function together.
This condition holds for the three-
electrode tube where the highest am-
plification from stage to stage is ob-
tained when the tube and circuit
resistances are equal. In screen-grid
tube circuits this rule must be modi-
fled. It is, of course, necessary to
couple each stage of amplification to
the following tube. By doing so the
resistance of the plate circuit is (e-
creased, by an amount depending on
the tightness of the coupling. If the
coupling is made in a manner which
permits of high plate resistance (above
200,000 ohms) it will be found that the
grid of the following tube will get hut
little excitation and consequently the
overall efliciency of the amplifier will
decrease, though one stage may be
operating at a very high rating.

The Space-Charge Grid

A further use of this adaptable tube
requires a different connection from
that specified in the preceding deserip-
tion. Fig. 16 shows the tube hooked
up as a “space-charge grid” amplifier.
In this case the inner grid is given a
positive potential, while the outer or
screen-grid performs the functions of
the control grid.

It will be remembered that a heated
filament emits electrons if, as in the
case of an electric light bulb, there is
nothing to prevent. the electrons from
being attracted back to the filament at
the same rate as they arc emitted. In
the three-electrode vacuum tunbe the
plate is given a positive charge and
some of the electrons (mnegatively
charged) which are emitted by the fila-
ment are attracted to the plate. For a
given plate voltage a certain number

of electrons are attracted to the plate
while the rest rejoin the filament. As
the plate voltage is increased more
electrons are attracted to the plate.
The reason that all of the electrons
emitted by the filament do not go to
the plate is that the “space-charge”
between the two elements limits the
electron flow. The space-charge is the
repelling effect of the electrons upon
themselves and since the electron cloud
is most dense near the filnment so the
space-charge is highest in that location.

Now, if an electrode be introduced
very close to the filament and a posi-
tive potential placed upon it, this elee-
trode will exert a great attraction upon
the electrons in the cloud around the
filament and cause a material reduc-
tion in the space-charge. The inner
grid of the new tube, when hooked up
as in Fig. 16, serves just this purpose.
Its positive potential neutralizes the
space-charge and imparts a tremendous
velocity to the electrons leaving the
fitament. Because of the grid structure
only a few of the electrons are actu-
ally intercepted by the inner grid. The
great majority pass through the space
between the openings to come under

Toneo Peate Cracusr

Screan Gano Tvor

Anany

L

Fig. 14. Dlagram of the elements
of the tuned plate circuit In com-
bination with the screen-grid tube.

the controlling influence of the outer
grid which is now acting ag the con-
trol grid. If the control grid happens
to be positively charged, the electrons
which have come through the inner
grid are further accelerated and pro-
ceed to the positively charged plate.
Should the outer (control) grid be
negatively charged the electrons would,
of course, bhe repelled and would not
reach the plate. The practical results
of the space-charge grid connection
may be summed up as:

(n) That the plate current for a
given plate voltage is much increased.

(b) That the mutual conductance of
the tube is increased.

The grid-plate capacity has re-
appeared with this type of hook-up.
however, making the tube of no use
as a radio-frequency amplifier. It is
in the audio-frequency circuits that the
space-charge grid finds its ficld of use-
fulness and a very high amplification
per stage can be obtained at the audio
frequencies. It will be improbable that
more than one stage of space-charge
audio amplification. followed by an
output tube, will ever he necessary for
ordinary purposes,
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Fig. 15. Graph of the maximum

resistance obtainable using the

tuned plate circuit with the screen-
grid tube.

Practical  Application of the

Screen-Grid Tube

Ilaving (discussed the means by
which the screen-grid tubes accom-
plish their extraordinary performance.
it remains to show the methods and
eircuits required for utilizing the tube
in practice. First of all comes the
necessity for the thorough shietding of
all external circuits. The manufac-
turer in making the screen-grid tube
has done an excellent job in eliminat-
ing the capacity between the control
grid and plate. IIis work will be nulli-
fied, however, if circuit capacities are
permitted to act in the same manner
as the old grid-plate capacity. With-
out proper external shielding the op-
eration of the screen-grid tube is Im-
paired. In Fig. 17 the capacities which
may exist in the external circuits are
depicted. Since they couple plate and
control grid circuits together, it can
be understood that feedback is again
possible and that balancing or neu-
tralizing methods will be required once
more. Thus, one of the prime factors
in the excellence of the screen-grid
tube will have heen lost through care-
less assembly or wiring.

The screen-grid tube is a very fine
and sensitive device. It is not pre-
tended that this tube can be used in
a “haywire” hookup with any degree
of success. The circuits to which the
tube is connected must be carefully
laid out and shielded from one another
and from the tube in order that the
full possibilities of this new tube may
be realized. In Fig. 18 a single tube

>
-
m
»
-
Fig. 16. Circuit connections for

the screen-grid tube used as a
space-charge amplifier,

A Batrery
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Fig. 18 Sketch
of the shielding
required for the
most efficient
operation of
the screen.grid
tube. The tube.
particu-
iarly. should be
shieided.
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is shown connected to the external cir-
cuirs necessary for a single stage of
radio-frequency  amplification. The
dotted lines represent the shielding
which should be used for the ellective
action of the amplifying unit. in Fig.
18, a-n-a-n is the shielding around the
control grid eirenit.  Notice that it
completely surrounds the tuning coil
and condenser of the input cireuit and
effectively confines all of the radio-
frequencey field within the limits of the
shield. An extension of the shiclding
in the form of a small metal tube may
lead to a point close to the control
grid terminal so that only a fraction
of an inch of unshielded connecting
wire will he exposed. The plate cirenir
shield, represented by D-h-b. is as thor-
ough as that of the grid shielding.
Once more all of the elements of the
radio-frequency circuit are confined
within the shield whieh extends to
within a short distance of the plate

terminal at the tube socket. The
shielding shown as e-c-¢ is a metal
jacket fitting closely over the ulass

bulb of the tube. but having a hole
with an insulated bushing at the top
through which connection is made ro
the control grid.! 'The shielding for
the pilate and control erid circuits is
in the form of a metal hox or compart-
ment for each cireuit. In addition. it
is desirable to have a separate small
specinl compartment for the tube itself.
The general layout of the compart-
ments may he along similar lines to
that shown in Fig. 19,

Shielding is also helped by keeping
the control grid and plate wires as
far apart as possible. This has heen
made relatively easy by the construe-
tion of the tube which brings the con-
trol grid out of the top and the plate
out of the hottom of the tuhe nssem-
bly. A furrher aid is to make tlhie con
trol grid and plate conneeting lends
as short as possible in order that the
capaeity may Dbe decreased and the
coupling losses ro the shield reduced.
If these eautionary shielding measures
are carried out a long step rowards
satisfactory sereen-grid tube operation
will have been taken,

1t is important that rhe screen-grid
be kept at “filument” potential with

1 The uwsual metal jucket should not be
wsed with an A.C. screen-grid tube. Venti-
lation is required.

respect to radio-frequency currents.
Prom the foregoing explanation of the
action of the sereen-grid it will have
heen seen that the duty of the sereen
ix to intercept the eleetrostatic lines of
force between the plate and the controt
«rid.  If. however, rhe sereen-grid is
at a higher radio-{requency potential
than the filament a charge wilt be in-
duced on the control grid and feedback
will take place. The resistance of rthe

twer  Comenrr Ourevr Cincorr

Tune Commnrmsny
Crmey

Comramrasar

Fig. 19. The box layout which in-

sures proper shielding. This. or a
similar arrangement, shouid be
followed.

“1” hattery. especinlly when low. or
the choking aetion of long or small
wires may be the means for keeping
the sereen-grid at a high radio-fre-
quenecy potential with respect to the
filament. To aveid this condifrion na
large eapacity condenser. ahout 0.5
miecrofarad, is connected between the
screen-grid and the filamenr. To as-
<nre that rhis eondenser will aet effi-

ciently in by-passing the stray radio-
frequeney energy. the location should

be as close to the tube socket as pos-
«ible. with shorr leads to the socket
terminals. By so doing the radio-fre-
queney energy chooses the low imped
ance path represented hy the con-
denser.  Thus. lonz wires or bartery
circuits in which there may he con-
siderable potential drop at high fre-
quencies are avoided and rhe screen-
grid is thoroughly grounded.

Selectivity
The trend of radio receiver design
is always along the lines of inereasing
sensitivity, better selectivity and im-

proved quatity. The advent of the
screen-grid tube solves bevond ques-
tion the problem of sensitivity., With

amplifications of from 20 to 40 per
stage easily obtainahle at rhe broad-
cast frequencies. one or two stages of
screen-grid amplifieation will satisfy
the desires of the most rabid of broad-
cast listeners as far ns distance is
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concerned. The increased sensitivity
has resulted in no loss of quality and,
as a marter of fact, the quality will
usually be improved because of the
elimination of feedback and the ab-
sence of regenerative circuits.

In the matter of selectivity, however,
the application of the screen-grid tube
does have certain limitations. It has
been quite the custom to rate the sensi-
tivity of a radio receiver in terms of
the number of tubes emploved in the
radio-frequency amplifying stages. It
is quite as correct and fully as impor-
tant to regard the selectivity of a re-
ceiver as another function determined
by the number of tuned radio-fre-
quency stages. In other words. several
stages of radio-frequency amplification
are desirable not only for the sake of
sensitivity but alse for the necessary
selectivity.

Under rthe present conditions of
broadcast reception the generil custom
has Deen to demand a selectivity such
as will be produced by two well de-

signed tuned radio-frequency stages
(three tuned cireuirs) or one radio-

frequency siage (two tuned circuits)
with a regenerative detector.

The screen-grid tube, when employed
in place of a three-electrode rube in
a radio-frequency amplitier. will have
the following effect on sclectivity:

(a) With the same number of
stages the effective selectivity will
be reduced because of the large gain
in sensitivity.

(b) With fewer stages the selec-
tivity will he reduced because of the
fewer funing eireuits.

From the foregoing explanation it
will be seen rhar specinl attention
must he paid to the tuning circuits
in order that the necessary selectivity
be obtained. Coils of mple dimen-
sions. good quality condensers and
other parts, and the elimination of
stray couplings, whieh incrense resis-
tance. are some of the requirements
demanded of the scereen-grid cireuits,

(To he continued)
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Fig. 17. Capacltive and inductive

coupling Is detrimental to the oper-
ation of the screen-grid tube.
Shielding should be used.
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The Hammarlund-Roberts A-C “Hi-Q 29"+

INCE the appearance ol the fcreen-grid
tube on the nuirket there have heen
severil more or less suceesstul attempts
to employ it in a recciver. One of
tl:e outstanding getz in which this tube was
suceessfully used was the 111 29. which
wias described in the September, 1928, is
sue of Rapio LNGINEERING,
This receiv was entirely d-e. operated.

but since the a-¢. serecn-grid tube has been
introduced. slight changes were made in
the T11-QQ 29 for its incorpovation. It has

heen found that this set is now more sensi-
tive because the mutual conductinee of the
new 2 volr screen-grid a-¢. tube is 1000.
Also the hum i2 neglible hecause of the in-
direct heating of the cathede.

Let us briefly review ithe theory of this
receiver, The circuit employs two screen
grid tubes operating at nnaximum etlicieney,

followed by a detector und two-stage trans-
former-coupted andio-frevency  amplitier
The special “tuned-grid. tuned plate™ eir

cuits are re.\'|l|onsihle for the excellent sensi
tivity and selectivity of the set, These two
stages are band-pass tilters, as both the
gridd and plate eoils of each =tage are tuned
ta exnct resonunce by separate variable con-

By Joseph Riley

Operating Principles
The vemarkahle performance of this re.

ceiver ean hest bhe understood by consid-
eration of the prineciplex involved in is
design. The interstage r-f. transformers

are quite nnigue, in that they econsist ot
two exactly similar coils. One constitutes
the primary of the transformer and is ron-
nected in the plate circnit of the preceding
tnbe. the other c¢oil aets as the secondury
and is connected to the grid of the follow-
ing tube. Each coit is tuned to resonance
with the desired signal by means of a
00035 mf. variasbie condenser. e to
the rather unuxual mounting arrangement
the mutu:l induc we of coupling hetween
privuary and secondary is very small.  How-
ever, 1 does not mean that the enerzy
vranster from primary to secondary is in-
etiicient, On the contrary, when two tuned
¢cirenits are coupled to each other. the
maximum  secondiry  voltage is  obtained
when the reliation (27f)*M*= RR, is satis-
where f-—trequeney to which hoth eir-
are tuned, M==mutual inductance in
henrys, and Ry aud Ry are the effective
radio-frequeney  resixtance of the pri

rangement of the coils. as shown in the
photograph of the completed receiver, was
cliosen hecause it seemed the simplest way
to secire such loose conpling while still
keeping the cnils close 1o each other, thus
comserving 1ce,

Due to the inherent characreristies of
loosely coupled tuned cirenirs each of these
doubly tuned r-f. transformers really con-
stitntes a band-p: tilter.

While one of these donble-tnned r-f. trans-

formers  provides an unusual degree of
selectivity, the use of two such stages in
easecude results in a vast iniproven t.
Rectangular Resonance Curve
The widtit and flatness of a1 resonance
curve has an important bearing on the

quality of the received speech and musie.
Thiz is due to the fact that a broadecast
station does not transmit on a single fre-
queney, but rather on a band of frequencies,
The widih of the side hands varies soute
what depending on the transmitter adjust-
ments and also on the type of program
being broadeast. They are, however, gen-
erally conceded to be abeut tive kilocycles

densers. This type of cireuit makes it pos- aud secondary respectively, In the ¢ _df wide for high-quality trausinission, It is
sible to use a greater proportion of the the eoilz used in the receiver under dis- therefore apparent that the receiver should
nossible amplifying properties of the screen- cussinn the maximuin secondiry voltage i8 be capable of amplifying a band of fre
grid tube than if any other cireuit were abtained with a coupling coetlicient of the quent suhstantially uniformly if the pro-
employed. order ol one per cent. The physieal ar- gram is to be received faithfully. Hence
— 1
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HAMMARLUND - ROBERTS
(MASTER A.C.

CIRCUIT DIAGRAM. OF

MODEL )

T —

"HI-Q 29" RECEIVER
USING 2.25V A.C TUBES.

This model employs heater-type tubes
five volt filament.

with 2.5 volt (rated) filaments: two screen-grid tubes, two 227s. and a 171 with
The radio-frequency amplifier is a form of band-selector circuit.
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Interior view of the ‘“Master A.C. Model,” Hi-Q 29.

grid tubes are between the shields,
provides sufficient shieldi

the desir:

bility of the wide flat top on the
overall response curve of a high-grade re-
ceiver. When the top of the response curve
is sharp instead of flat all the frequencies
in the band are not amplified equally, Con-
sequently certain of these frequencies reach
the detector mueh stronger than others with
the result that even the most perfeet a-f
amplifier and loud speaker will be wunable
to reproditce the program with its oviginal
quality. This i= the tvpe of distortion re-
ferred to previously as. “side hand curting,’
and usually results in the loss or wenkening
of the hizh audio frequencies making the
output from the loudspeaker dull aml
muitled.

The two double tuned r-f transformers used
necessitates the use of four variable con-
densers—one to tune each of the four coils.
Sinee all four of the tuned circuits are identi-
cal these four variable condensers are rotateil
by a ecommen shaft actuated hy a new
model drum dial having a _smeeth positive
drive without backlash. The tuned input
eirenit to the grid of the first screen-grid
tube, often referred to as the :antenn:
conpler, is of the eonventional type having
a_ tapped primary making it adaptable to
different length “antennas. e varinble
condenser tnning this antenna coupler is
on a separate shaft and has a separute
drum dial. thus enabling this cirenit ro be
tuned to exact resonace with the receiveil
slgnul, regardless of the type of antenna
used,

The Volume Control

The volume control is qnite out of the
ordinary and is made nossible only by the
characteristies of the screen-grid tubes. It
consists of a 100.000 ohm potentiomneter,
connected across the 45-volt "B supply.
The center tap of this potentiometer pro-
vides a varlable voltage which is impressed
on the screen-grids of the two r-f ampli-
fler tubes. The amplitiention obtainabhle
from these tubes varied within wide limits
as the voltage on the screen-grids is
ehanged, being at maximum around 45 volts
and dropping rapidly as the sereen-grid
potential is reduced. " This provided a very
smooth control af volume within wide limits
without aflecting qnality or tining in the
slichtest degree.

While the screen-grid tubes have a very

low value of eca ¥ hetween plate and
grid, thus almos entirely obviating the
tendency of feedback throngh the tubes

themselves, causitny self-oseillation, this ad
vantagze is nullitied if feedback ocenrs in
other parts of the receiver. Taking this
Iato consideration every effort has been

F Note that the screen-
not inside of them., This arrangement
ng, and ventllation besides.

made 1o isolate all eircuits in which coup-
ling might resnlt in instability., "The nega
tive bias for the grids of the r-f fiules is
secured by the drop across. individual re
sistors in series with the cathodes. Since
the screet-grids of both these tubes are
biarsed by the 100.000 ohin potentiometer.
a 5000 ohm isolating resistor is inserted in
the lead to each of the screen-grids. which
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LIST OF PAKRTS REQUIRED

S—Hammarlund No. ML-17 .00034
Midline Condensers.
1—Ilammariund No, "Ii-Q 29" Coil Set.

mf,

2—llammariund N, SDW Knob-Contrel
Drum Dials (Walnut).
S—Ilammariund No. RI'C-85 Radio-Fre-

queney Chokes,
ti-—Denjamin Cle-Ra-Tone Sockets,
0040.

No.

1 Nangamo 00025 mf. Fixed Mica Con-

1 ingamo 001 mr. ixed Miea Con-
denser.

1—FElectrad Royalty B; 100,000 ohms.

—Carter N 11-8 “Hi-Pot" I'otentio-
meter with switeh. 100,000 ohms,

2—Thordarson Neo. R-300 Audio Trans-

formers,

J—Thordareon No. R-196 Choke Coil.

1-—Thardarson No. K-171 Power Com-
pacet.

1—Thordarson  No. T-2504 Filament
Transformer. 3 volt

6--Parvolt .5 mf. Series 200 By-Pass
Condensers,
—Tarvolt 4 mf. Series 200 By-I'ass Con-

Sl By-IPass Bloek.

1— 1 mf. Xeries 200 Filter Con-
denser.

1 2 mt, Series 200 Filter Con-

- 4 mf. Series 200 Filter Con-
denser.

1—Parvelt 2 m(. Series 100 Filter Con
denser.

1—Durhin Metallized  leslstor, 1%
megohms, :

! IPETISHIREIEItiis P

A view of the
Hi-Q 29 Power
Unlt. This in-
cludes the power
transformer, the
filament heating
transformer, the
condenser bank
and the resistor
tnits or voltage
divider. Note
that the full-
wave rectifler
tube is of the
gaseous conduc-
tion type.

are in turn hy-passed by means of separafe
one-lialf mf. by-pass condensers. The plate
ircuits of these tubes are likewise isoluted
individual filters consisting of separate
culio-frequencey  choke coils  and bhy-pass
eondensers, In addition te the ahove wen-
tioned precautions the entire r-f end of the
receiver is thoroughly shielded. Eaecli stage
is entirely enclosed in a snng fitting alui-
num hox which is securely fastened to the
metal chassis.  The screen-grid tnhes are
%0 loeated that the leads to the contrul
grids are as short as possible and farthest
away from the plate leads which are alse
very short. By placing these tubes between
the cans, as shown in the photograph. the
can sides uare used also as tube shields
eflectively preventing coupling hetween the
tube clements and other parts of the cir-
cuir.  This arrangement provides the mini-
mim_coupling hetween ontput amd input
circuits, which is extremely important.

2—Durham  Metallized

megohm,

1= -Yaxley No. £12 Cable Connector and
Cible.

-Yaxley No. 660 Cable Conneetor and

Cable

1—Fr. Yaxley No. 422
Tip Jacks.

1— Electrad “Truvolt™ *Hi-Q 29
Resistor.

1—Electrad “Truvolt™ 100 ohms,

2—Eby Engraved Binding Posts

1—"Hi-Q 29" Master Foundation Unlt
(containing drilled and engraved Westing-
honse Micarta panel, three complete aluml-
num  shields, drilled steel chasis, shafts,
binding post strips, Fahnestock c¢lips, fixed
resistiance units, resistor mounts. brickets,
elips, wire serews, nuts, washers, and all
special hardware required to omplete re-
ceiver)  Hammarlund  Manufacruring  Co.,
Ine.

Resistors, Y%

lusulated Phone

ype

The—Portable Screen-Grid Find-All Four

to know something ahout the capabili-

ties of the Portable Screen-Grid Iind-

All Four. This set brinzs in loecal
stations on the lonh with suprisingly good
volume. Even though high-ratio  audloe
transformers are used, the tone quality is
excellent. All local stations can he sep-
arated readily, even in congested hroadeast
districta.  Naturally the use of the loop
adds to the selectivity of the receiver. It
is possible to increase the distance range
of this set still further. by connecting an

FII(ST of all. the set builder will want

By H. G. Cisin, In. E.

aeriitl and ground to a single turn loop,
which is elosely coupled to the loop ordi-
narily us=ed for reception.

The loop takes the place of an antenna
coupler. In its technical features, the cir-
cuit is the same as that of the origina®
Find-All FFonr receiver. There is a_ stage
of radlo frequency using a screen-grid tube.

a regenerative detector and two trans-
former eoupled andin stages,
Only one Silver-Marshall shield is used

in this set. A Carter shield

is required
for the sereen-grid tube.

Single dinl tun-

www americanradiohistory com

ing is attained by “ganging” together the
two Hammarlund “Mid-Line” eondensers.
A small equalizing condenser js shunted
across the loop. An Aero three-circuit
tnuer is used to conple the r-f. siage to the
detector.

The counstructor will find the portable
Sereen-Grid Find-All Four easy to assemble
and gtill easier to wire. The sub-panel
method of construection is followed. with
most of the wiring performed bheneath the
sub-panel. Corwico Rraidite has been fonnd
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*B° AND*C" DRY CELL
BATTERIES *A®BATTERIES

~REAR VIEW OF
PORTABLE SCREEN-GRID
FIND-ALL FOUR~

Constructional and layout drawing,
indicating the position of the “A",
*B" and “C" batteries.

most suitable and convenient for work of
this sort.

All parts of the Portable Find-All Four,
including the set itself, the necessary dry
batteries, the loop and the cone speaker
are housed in a wooden box 11%” wide, by
137 high, by 13%” deep, The receiver it-
gelf occupies the upper part of the box
space, while thetre is plenty of room in
the lower portion for the necessary “A,”
“B" and "C” batteries. The set requires
three 1%-volt dry cells in series for the
filament supply. The screen-grid tube
draws .132 amp., the 120 tube draws .125
amp., while each 199 tube draws only .08
amp. The total “A’ current required is
377 amp.  Six 221%-volt small size dry
cells are used as the “B" battery. An ad-
ditional 22%-volt cell serves as the “C"
battery.

The loop is wound within the front cover.
The cover swings open on loose-joint hinges.
These permit the cover to be removed and
placed on top of the set when the loop is
to be used. When in use, the loop rotates
upon a small brass rod, which fits into
small jacks in the top of the hox and in
the cover. The londspenker is constructed
within the rear cover. This also, I8 on
loose-joint hinges and may he rotated away
from the set or removed and placed at a
distance from the set. wlen in use. A
thin-type direct driven eleetromagnetic
speaker unit is used. The driving pin 1s
fastened to the cone, with its apex towards
the box and off-center, as shown in the
illnstration.

If the Screen-Grid Find-All I’ortable is
to be used as a perminent automobile re-
ceiver. the "A" supply may bhe obtained
from the car's storage battery. 201-A Gora
Seal tubes should be used instead of the
199's and a 112-A instead of the 120. To
increage the volume the chassis of the car
may be used as a ground or eounterpoise
and an aerial may he used on the top or
jnst blow it. Binding posts are provided

for these two connections, although the
receiver operates exceedingly well on the
loop alone.

LIST OF PARTS REQUIRED

1—Aero Universal 3-Cirenit Tuner, type
U-55, with fixed tickler unused aund with
rotable primary used as tickler; or Aero
Universal Coil type U-7 (161,
2—.0003 mf. Hamnarlund
Variahle Coudensers (7, 10),
4—Eby Socketx, UX type (9, 20. 26, 2v).

*Mid-Line”

]I—I-);u('lru(l “Royalty” Resistance, type
HFT (21

1—2 meg. Durham Metallized Resistor
Grid Leak with Durham Vertieal Single
Monnting (191,

1—.00025 mf. Polyvmet DBakelite Fixed

Mica Grid Condenser (1%).

2—Thordursou  Transtormers, 3% to 1
ratio, type R-150 (26.28) : or a 6 to 1 ratio,
type R-151 may be used at (28) for zreater
distance.

2——Amperites, No. 4V-199, with Mtrgs
(22, 27).

1—Amperite, No. 120. with M't'g (30).

1—Silver-Marshall Shield, type G31-A
(17).
. A
—— e
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<
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LLOOP AERIAL INSIDE SPEAKER INSIOE
FRONT COVER REAR COVER

~SIDE VIEW OF
PORTABLE SCREEN-GRID
FIND-ALL FOUR~
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CHAMOIS

e B

CHAMOIS CUT AWAy FOR SPEAKER
UNIT SUPPORTING BRACKETS.

~ VIEW SHOWING
ELLIPTICAL CONE
AND SPEAKER UNIT~

Illustrating method o. mounting
the cone and speaker unit in the
cover of the case.

(31—)—7-Conductor Cable with M't’g Plate
1—Can Kester Radio Solder

Core), by the Chicago Solder Co.
1—Composition Panel, 6” x11”x %“.
1—Sub-Panel, 8% " x 103" x f”.

Gold Seal Screen-Grid Tube, type

S 9.
2—Gold Seal Tub&_}s, type GSX199 (20,

(Rosin

8).
1—Gold Seal Power Tube, type GSX120
29).
1—Vernier Dial.

1—Ensco, Loud Speaker Unit.

1—Sheet of Burtex or Alhambra Paper,
127 x 12”7 for Loud Speaker Cone.

Working drawing of the carrying
case for the portable set.

3—Silver-Marshall R. F. Chokes, type
276 (12, 15, 23).
]—Silver-Marshall Mldget Condenser,

type 340 (6).
2. .01 mf, Polymet Bakelite Fixed Mica

Condensers (13, 14)
Bakelite Fixed

1—.0005 mf. Iolymet
Mica Condenser (24).

1—QCarter JU-5-15 Tapped Resistor (11).

1—Carter Tube Shield. No. 322: Con-
nector Cap No. 342; with Shlelded Wire
No. 332: Adaptor Ring No. 332 (8).

1—Carter “Imp'* Battery Switel (33).

2—Carter Tip Jacks 831. 32).

2—Carter Open-Cireult Short Jacks for
Loop Sockets. -

6—Eby Engraved Binding Posts (1, 2, 4,
54-a, H-n).

1-——Roll Corwlco Braldlte, Stranded Core
Ilook-up Wire.

1—Spool No. .22 double cotton covered
Corwico Magnet Wire for Loop (3).

~SCHEMATIC
WIRING DIAGRAM

OF THE PORTABLE
SCREEN-GRID
FIND-ALL FOUR~
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The use of a screen-grld tube as tre radio-frequency amplifier makes it
possible to use a small loop aerlal and till obtain excellent results.
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NOTE; PARTS H,I13
& 18 UNDER SUB-PANEL

~TOP VIEW OF
PORTABLE SCREEN-GRID
FIND-ALL FOUR~

L

General layout of the parts com-
posing the portable recelver.

3—11-volt dry cells (“A’ Dattery).
7—2274-volt "I Batteries (Compact,
portable type) . or 6 4H-volt Batteries of
Compact type with one 22%-volt Battery.
4—NRrass Loose-Joint llinges.
2—RBrass Clasps.
1—Leather Strap for Handle.
Wood for Carry Case—White Wood :
2 pleces, 11% " x8%” x %” (top and
bottom).
2 pleces, 121" x 8% ” x 34~ (sides).
1 piece, 6” x11” x %~ (front cover of
bhattery compartment).
Front Cover, containing I.oop:
1 plece, 11%” x 13" x 3" (front).
2 pieces, 11%”x 13" x %”, with 117
2 pleces, 11%” x1%” x %~ (top and
bhottom).
2 pieces, 12" x 154" x %" (sides).
Back Cover, containing Npeaker :
1 piece, 11%~” x 13" x %”, with 11” dia.
hold for Come of Speaker.
2 pieces, 1137 x2%” x 33" (top, bot-
tom)
2 hieces. 1237 x2%” x 34 (sldes).
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RMA TRADE SHOW PIANS

ANY new and novel features and

entertainment events for the record-

breaking gathering of the radio in-

dusiry at Chicago in June during
the Fifth Annual RMA Convention and
Trade Show, were planned at the early
spring meeting of the RMA Roard of Di-
rectors at Hot Kprings, March 7-8.

Also the RMA ard made vlans for het-
ter distribution and advertising of radio
prodicts and for development of hroadeast-
ing, including wider use of the air for edu-
cational purposes in the public schools,

The [lor Nprings meeting of the KMA
Board developed into a general meeting of
industry leaders, inclhuding representatives
of distributors’ orgiunizations. the music in-
dustries, and broadcasting  companles.
Major 11. H. Frost, of New York, President
of the RMA, presided and nearly all of the
RMA Directors attended. Two special RM.A
cars from New York and onc from Chicago
carried the radio eclan. Otficers and di-
rectors of the Federated Radio Trade As-
rociation. the Radie Wholesalers' Associa-
tion. and many others identifiedd with the
radio indusiry attended the kot Nprings
gathering, enjoving some golf, riding and
other social festivities heiween husiness
sessions.

A record-breaking attendance of radio
distriburors at Chicago June 3rd was pre-
dicted hy industry leader The bulk ot
the 30.000 square feet of display space for
the trade show, overflowing into the three
hoteis enguged exclusively hy the KMA for
the trade show week. the Stevens, Congress
and Blackstone Hotel8, has beeu sald. ac-
cording to a report made by Mr, G, Clayton
Irwin, Jr., manager for the RMA of the
tride show,

The national music industry, holding its
Convention and Tr: Khow during the
same week with the RAIA events. also will
have i record turn-out amd displa ccord-
ing to a statement to rhe RAMA ard by
Mr. Delbert 1. Loom Exeeutive Seervetary
of the Narional Association of Music Mer
chants.  Half-fare railroad raltes for mem-
hers attending the RMA Convention have
been applied for.

All-Star Broadcast Program

For the annual RMA Banquet June Sth,
an all-star broadceast program will he given,
Through the courtesy of the National
Broadeasting Company a nation-wide hook-
up will earry the banquet events. Several
novel entertainment features for the radio
visitors to Chicago in June also were
planned.

Development of radio as an eduecatioual
agency and witder salex of radio produets,
was diseussed by the RM.A Roard with Mr,
Ram_ Piekard, former IFederal Radio Coin-
missioner and now Viee-president of the

Columbia  Rroadeasting  Systen. Speciul
educational hroadeast programs, beginning
next fall. are planned by the Colmmubia
Systent,

The speeinl RMA weekly broadesnst pro-
grams, begnn  Kebruary 6th. will he e¢on-
tinued well into M according to a report
by Mr. B. G. Erskine, of Ewmporium, Pa.,
Chairman_ of the HMA Broadeasting Com-
mittee. Next fall further RMA institutional
broadcasting is planned.

Develnpment of hetter merchandising and
‘truth in advertising” practices in the sales
of radin products also was discussed by the
RMA Roard.

Radin legixlation. that recently passed hy
Congi d that planned in the future,
also w diseussed by the RMA Board. Mr
Frank ID. Seott, legislative eounsel in W 1
ington for the RMA. reported that it was
doubitful if new ridio legiglation would he
attempted during the comine extra session
of Congress.  Becanse of the increase In
radio legislation in several states. the RMA
Board ordered its Lesislative Commiitee,
lieaded by Mr. C. C. Colhy, of Boston, Mass.,
and Mr., Seott. to set up machinery for
proper protection by the RMA of radio in-
terests in state legislation.

<

Distribution of Products

Joint plans to improve distribution of
radio products and develop ecloser working
arrangements between iobberg and dealers
were made by the RMA Directors with rep-
resentatives of the national distributing or-
ganizations,  Among these present at the
Hot Springs meeting were Mr, Harold J.
Wripe, of 8t. Louis, representing President
Michael ¥rt of the Federated Radio Trade
Assoclation ; J, M. Blackman, of New York,
Vice-president of the Federated ; Pete Samip-
son. of €hicaro, President of the Radio
Wholesalers” A iation : Harry Alter, Tom
White and Les . Muter. of caga .

Chartes  Gomprecht. of Philadelphia, and
E. B, Healy. Eliner Metzger, Howard Funk

and Edward Yonng, of Bulfalo.

Expansion of Services

Expangion of RMA services to its mem-
bers, made possible by increased finaneinl
and membership support, vas ordered by
the RMA l’.onrn& of Directors.

F. L. BELL

Exec. Secretary-Treasurer, Mid.
west Radlo Trade Association.

members and other
in the merchandis

prodnets  will i
lisi Burcau at the New York
of the RMA was ordered es-
an outstanding merchandls-
enguved. Comprehensive mer-
eliindizing surveys. suggestions and counsel
will he planned aml given tn RMA memn-
bers gratis,

The RMA Traftie Burean at Chicago, ac-
cording to report to the Board of Di-
rectars by Cunrain William Sparks, Chair-
man of the RMN Fraflie Lureaun. has se-
eured proper vatings resulting in savings
ntly 1 manufaeturers. and other
ngx in i s of members ilso
n made, and additional transporta-
rednctivns nre  heing presged T
serve 1A members more advantageonsly,
an eastern division of the Traflic Cominittee
has heen formed with Mr. W. Ililderhrand
ol Orange, N 1. ax Bastern Chairman,

'urther service in developing radio ex-
port trade also was ordered hy the RMA
Board. George 11. Kiley, Chairman of the
Foreizn Trade Committee, reported that
supplements (o the compreliensive radio ex-
port gnide, recently distributed free 1o the
"M menthers, had been  prepared and
woull he sent out soon.

Kpecial

service fo

®
7,
=
o
£

tinn
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Mr. 1. B. Richmond. of Cambridge, Mass.,
Director of the RMA Engineering Division,
submitted a final ft of the revised issue
of the RMA Interference Manual, " Better
Radio Reeeption.” An initial printing of
at least 500,000 copies for distribution
through radio siles channels will be made
at once. The first edition of ‘‘Better Radio
Reception™ went inta over 100,000 homes,
and there is a large demaud already for the
revised edition. A large demand also was
reporred for the new edition of the RMA
Industry Standards, a second print having
heen run off.

Credit and Collection

Increuse of credit and collection service
to RMA members was reported to the RMA
Roard by Mr. Theodore Sheldon, Chairman
of the Creldit Committee. Members are he-
coming hetter informed of the service af-
forded by the Credit Committee. and this
service is being constantly developed and
expanded,

The RMA patent interchange plan, sub-
mitted to the RMA membership at their
meeting in Chicago last June, will be pre-
sented vigorously immediately, the RMA
Board was told by Mr. LeRoi J. William,
of Cambridge. Mass., Chairman of the RMA
Patent Commitiee. A stroug eommittee has
heen appointed hy Chairman Williams and
detailed information regarding the patent
interchange or “‘pooling” plan, will be dis-
tributed soon,

New Indirect Services

Among the new indirect services ordered
for members is in connection with radio
legislation in many states affecting sales
of radio praduets and the interests of mem-
bers, as well as those of jobbers aud deal-
ers. In addition to the natlonal service
of the RMA in connection with national
legislation at Washington, where Mr, Frank
D, Scott is legisiative counsel. the RBoard
of Directors took steps to deal directly
and efllciently with radio legislation pre-
sented in all states. The Legislative Com-
mittee, ieaded by Mr. C. €, Colby, of Ros-
ton, Chairman, in conjnnction with Mr, Scott
and also Judge Jolin W, Van Allen. legal
counsel for the RMA. will secure complete
information regarding legislation in the
varions srates, and take propev sieps to
protect radio interests,

M.R.T.A. OPENS CHICAGO OFFICES

The Midwesr Radio ‘Trade Assoeiation
announces the officlal opening of their exec-
utive oftices at 32 W. Randolph Street.
Chieago, INl., and the employment of a full-
iime executive secretary-rreasurer. 'This
impartant step was taken by the Dioard of

Directors at their wmeeting on Friday,
Mareh Sth,

Mr. F. L. Bell. of Chicago. has heen
chosen as executive secretary-tr urer of

the Assnciation and will be in eharge of
the oflice. Mr. Rell is a gradunte engineer
from Texas A. & M. and is well wyualified
to handle the position beeause of his past
position in sales and executive work to-
gether with his background of engineering
training,

The Association has started an active
canpaign for new memhers and are imme-
diztely inangurating several plans for the
henefit of its memhers. Notably among
these plans is the examination and registry

of service men which Mr. Rell, with the
cooperation of Mr, E. A. Brigez of Chiecage
Radio Institnte. y on putting into etreer

immediately for the Chieago and metropoli-
tan area.

Mr. H. E. Riehardson. President of the
Association is very optimistic concernine
the future of the group and looks forward
to 1929 ag being a banner year for the
Association.

R.C.A. (JO.\II;II'NI(IATI()N.S. INC.

Annonnecenient hias heen made of the elec-
rion of officers and dirertors of R.C.A.
Communications, Inc.. a new subsidiary,
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Announcing

the
BEST ELECTRIC MOTOR

SPEAKER UNIT

a new development in reproducers
by the manufacturers of the famous
BBL MOTOR

Performance far in advance of the large majority of
dynamics—and the equal of the highest priced dynamics.
A new principle, a new order of reproduction—no moving
coil, no rectifier, no condenser, no transformers—simple,
powerful, perfect-toned.

And, as well, the improved BBL Motor, is even better than
ever before.

These new speakers are available to manufacturers in com-
plete chassis form, ready for installation, or just the unit,
without the cone.

Samples will be supplied to established set or
cabinet manufacturers.

BEST MANUFACTURING COMPANY
1200 Grove Street
IRVINGTON, N. J.
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” WRIGHIT-DE COSTER DYNA
REPRODUCERS

MIC

Wright-DeCoster, Inc., of St. Paul, Minn.,
are in production on their new dynamie
reproducer.

The ficlid coil of this dynamic speaker
contains nearly fifteen pounds of  wire,
which, in combination with an extremely

Wright-De Coster dynamic speaker
chassis,

low reluctance magnetie path provides a
high degree of efficieney. Notwithstanding
the faect that only nine watts are necessary
for field excitation, and the air £ap is some-
what larger than standard practice, there
is suflicient sensitivity to produce an out
put, on a single 171-type power tube which

i8 usually possible only with a 210-type
tube. . .
The unit 1 stand exceptionally ligh

powers, having been used snecessfunlly on
amplifiers supplying asx high as 45 watts
of specch energy, Dne to special construe-
tion of the voice coil, there is little possi-
bility of voltage breakdown hetween layers.

There is sually no equalizer or cut-off
filter necessary except on an amplifier in
which there ia a prevalence of harmonics
of very bad wavelength distortion,

Prices on the speakers range from $52
to §$100, with and without cabinets and in
bogh 6-volt d-c. and 110-volt a-c. types,

AWRIGIIT-DE COSTER TONE MODU-
LATOR

Wright DeCoster, Inc., of St, Panl, Minn.,
have also introduced a new Tone Modulator
which is employed for increasing or de-
creasing the high and middle registers of
the musical scale. This can be done at
the will of the operator and without dis
turbing the lower middle and bass tones.

Wright-De Coster Tone Modulator.

The Tone Modnlator is designed to be
connected hetween the phonograph pick-up
awd the input of the andio amplifier. It
readily lends itself for use in conneetion
with sound equipment in theatres,

The Tone Modulater is priced at $7.50.

‘/fmz INSULINE _CORP.
“FILTERVOLT"

With the advent of power operated radio
receivers for hoth a-e and d-e snpply in-
creased complaint of noise originating in
the supply lines became nniversally evident

kuown

For the past few years pr nmlnem em.lncers
mve boen at work ele
mentary problem  of 3 1w llll‘.lll\ for
filtering out these variations and disturb-
ances rrom the supply,

The Insnline Corporation of America tn
the FILTERVOLT place upon the market
a device represeuting the combined researeh
of highly trained mechanieal and electrical
engineers.

When

ywroblem  the
the “Eleetrie
which  makes

first attacking the
cure quite ohviously
Wave Filter,”
possible multiplex tele;
through its faculty of
chosen bands of frequenci

The first filter section employs a special
case of cambeti filter in a “low con-
nector arrnnged for the ﬂltcl.nmn of an
a-c line. The application of certain well
formula determmines the frequency
ahove whicl the current s alternated
(diminished) either greatly or completely.
We wish to pass the 60 cycle line current
with no loss but we must so proportion the
filter constants as to completely eliminate
frequencies not of that order, short periml
crackles and snaps cansed by  switehes
opening or closing and high pitched whines
from various electrical apparatus extending

lay in
device

Insuline “Filtervolt.”

a few hundred cyecles

in frequeney  from
outside the audibility

up to a figure well
range,

fu a second section ix ased a slighily
rement  consisting  theoret

(hm-u-nl

we and reactance elements
: opposedd to the inductance and capici
tince elements.

The resistance elements in the second
seetion are wound from a special ﬂllm and
h\ virtne of a peculiar temperature, resist
ance ecoeflicient not only aid in _the suppres
sion of short period line variations but also
in the voltage regulation of the power
supply,

The manufacturer of the Filtervolt zunre.
antees it without hesitaney for uge nnder
the most extreme conditions in either alter
nating or direct enrrent cirenits_and whoere
motor generiator sets are nsed for con
version of d-c_into a-e.  The method of
connection is simplicity itself.  The Filter
volt ix connected between the set and the
socket or receptacle.  Its ground is used
for the radio set by means of short lengtn
of insulated wire. ~ No other eonnection ix
necessary and no changes ure invelved.

PRECISE DRUM DIAL
Precise  Produets,  Ine,, of 2354 Mihl
Sireet, Rochester, N. Y., have announeced
i the trade their new No, 2058 Hiumi

www americanradiohistorv com
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New Precise Drum Dial.

nated Drum Dial of center drive construe-
tion.  The driving unit of this dial is
claimed to be positive, withont any back-

It or slippte. A number of idle pnlleys
#uide the flexible bronze cable for winding
oh the drmm and hub which is fastened to
the driving shaft by meuns of two set
NOrews,

There is a serew takenp on the side of
the dise for applying the tension of the
bronze cuble as well as two serews in the
nutin hub of the dial for fastening the dial
rigid to the condenser shaft.

The arrangement of the bracket is such
that it may be uxed for sub-base or pauct
nonnting.,

Biands will be furnished with either 0-100
ceradnations with wproxinuite  kiloeyele
readings or with kiloeyele readings from
1.5 to

The entire dial and bracket are made of
steel. nickle plated. The dial meas-
i1 ine in diaeter,

NEW GENERAL AMPLIFIERS

The General Amplitier Company, 27 Com-
mereial
trodneed

Camhridge, s in-
new  power umpllllnr\:
A 20 and GA 30,
two-stage amplifier em-
yipe tube, one 259 and a
1. It will deliver approximately 4 watts
of undixtorted energy to the =]m. T.

The GA 10 amplifier lists for £

The GA 20 s three-stage mnphﬂor
employing two 281s
.nul a 227 It i
nna to the spx
Tho GA 20 Jists .n

Avenue,
three

Model
Amplifier,

New General GA20 Power

/
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Do it all at once with

DUR
* ONE,or a MILLION just like it

"

Write for this free booklet—
“Do It With Durez.” Con-
tains complete information
about Durcz— physical and
dielectric  properties. color
ranges. and scores of possible
applications.

DUREZ

Every step saved in manufacturing your
product means money. Throughout the
radio field, countless operations are being
reduced — expenses on time, labor, and
material cut down—unnecessary checks
abolished—by the use of Durez in place of
less easily worked materials!

l.ook at this interchangeable coil, for
instance. It was made of Durez, the per-
feet molding compound. It came from the
die with ribs fashioned, holes made, base
immovably molded to the body, the finish
lustrous and beautiful! All in one opera-
tion! And a hundred, a thousand, a million
other Durez-modeled coils would look
exactly the same!

What do you make? Coil mountings
too? Panels, dials, covers, binding posts,
tube bascs? Are they as tough, as strong,
as durable as Durez can make them? Will
they resist acid moisture, changes in tem-
perature® Do they come from the mold
ready for use—without buffing, burnish-
ing, polishing, or costly tooling? What-
ever you manufacture, Durez insures ab-
solute accuracy, reduces rejections to a
minimum, and provides a more modern,
cfficient, and better looking product.

The very fact that there are so many
uses for Durcz speaks for its marked
supcriority over other materials. Durez is
marvelously strong and tough. It stands
all sorts of hard wear and handling, with-
out chipping or breaking. Holes can be
drilled and tapped casily—studs can even
be imbedded in the molding process.
Durez will not corrode. And it is avail-
able in all practical colors.

The one way to appreciate fully the
physical and dieleetrie qualities of Durcz,
the economics it enables, the beauty it
offers—is to try it
with your own prod-
uct. Let our labora-
tory and engineering
staff help you. Gen-
eral Plastics, Ine.,
45 Walck Road,
North Tonawanda,
N. Y. Also New
York City, Chicago,

San Francisco.
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GA30 Power

New General
Amplifier.

Model

The GA 30 is_ a three-stage amplifier
employing two 250s, two 281s and two
227s. It will deliver approximately 12
watts to the speaker.

The price of the GA 30 Is $175.

All three amplifiers are designed for use
with either a magnetic or a dynamic
speaker. No output devices are required.

Each amplifier employs filters In the
plate and grid circults of the tubes, thus
lsnln{ing the signal voltage from the piate
supply.

The General Amplifier Company is in a
position to manufacture amplifiers to meet
special requirements,

VIM BENCII TOOL

The Vim Eleetrie Tool Co., 149 Broad-
way, New York City, are now manufac-
turing a new form of electric bench tool
which has wide adaptabili The model
shown 18 known as Tvpe “C.” It can be
mounted on a bench in fifteen minutes.

The Vim Type “C™ Bench Tool.

This machine {is particularly recom-
mended for female help; no effort is re.
quired to operate the machlne, which is
controlled by a foot pedal. It will drive
wood and metal screws up to No. 10/32
at 1,000 r.p.m. bit speed.

/NEW TUBE TESTER GIVES DIRECT
! READING

An a-c. tube checker that gives direct
readings is announced by the Jewell Elec-
trical Instrument Company, of 1650 Wal-
nut Street. Chicago. The Pattern 210, as
it is ealled, tests all tubes including recti-
fler tubes. It operates froin 2a-¢. service
lines, a high resistance rheostat being fur-
nished to compensate for line variations
between 100 and 130 volts.

This new tube tester is furnished in a
compact leather case. The rectangular
panel carrles an a-c. voltmeter, a direect-
current instrument, and a transformer

Direct-Reading Tube
Tester.

New Jewell

that supplies filament energy of 1.1, 1.3.
2.5, 3,5, and 7.5 volts through a selector
switch.  Both four- and five-prong sockets
are provided.

The scale on the d-¢. instrument is di-
vided into 100 arbitrary units. Values on
all standard tubes in accordance with this
scaie are included in the instruetions fur-
nished with the tester. For rectifier tubes,
a push-button is pressed and the instru-
ment indicates the rectified current on a
100 milliampere scale. Double-wave tubes,
such as the 280, which could not be tested
heretofore on commercial tube testing ap-
paratus, are taken care of by an addi-
tional push-button switeh which causes the
rectified current of the second plate to
register on the 100 millinmpere seale.

In operation the correct filament voltage
is set on the seleetor switeh. the tube in-
serted in the socket and the adjusting
rheostat turned until the voltmeter registers
normal condition. Then the potentiometer
in the lower right hand corner is andjusted
80 that the d-c. instrument registers zero.
The grid test button is then pressed and
the net change in plate current is read
direetly from the instrument, eliminating
the reading of two vilnes and the sub-
traction of one from the other.

DUBILIER D-C INTERFERENCE
DEVICES

The marked success which has attended
the use of Dubilier a-¢ interference devices
has caused the engineering staff of the
Dubilier Condenser (orperation of New
York City, to introduce d-¢ interference
devices. The new d-c models are made in
two types, one with 4 mfd. by-pass con-
densers, and the other with 2 ‘mfd. by-
pass condensers, hoth intended for a 400-
volt d-c working voltage. There are three
leads for the necessary connections across
the line or power equipment, with the cen-
ter lead to ground. The d-c interference
devices differ from the a-c types in the mat-
ter of introducing resistance in the filter
network. which depends on the amount of
inductance in the load elreuft. The ordin-
ary pair of condensers will not alwayvs per-
form to the hest advantage in d-c cirenlts.
hence special d ¢ interference devices lLiave
had te he developed.

THE J-M-P SUBMARINER

The J-M-P’ Manufacturing Co., Ine., of
Milwaukee. Wis., have intreduced to the
trade a new model of the original ** Suh-
mariner” short wave adapter. The new
model is designed for hoth a-c. and d-e.
receivers and has interchangeable coils.
Coils for this adapter are availahle to tune
between 10 and 340 meters. The instru-
ment, as shown, has a slow-motion dial
and is completely shielded.

TALKING MOVIES FOR TIE
HOME

The DeVry Corporation, of Chieago, an-
nounce the Cine Tone unit for immediate
delivery. It consists of a regular 16 mm.
motion picture projector, geared to a turn
table. with tone arm and electric pick-up.
The pick-up may be connected directly to
any standard radio set, or used in conjunc-
tion with the special DeVry power ampli-
fier, sold separately. The gear shafting

Radio Engineering, April, 1929

furces ubsolute synchronization between the
action on the screen and the sound on the
record.

At one stroke a great library of popular
electrically \}Jroduced phonograph records
such as the Vietor, Columbia and Brunswiex
become wedded to motion picture illustra-
tion—and no expensive installations are re-
quired. The Cine-Tone is a compact light
weight all metal unit that ean be set on a
small stand.

‘I'he present combination unit will cost
less than the usual home projector alone—
somewhere in the neighborhood of $250
with carrving ease, and films or records
may be run separately if desired.

The new combination tilms and records—
all in the popular 16 mmni. home size—will
be issued each month so that there will be
a constant supply of fresh and novel enter-
tainment, and they will cost no more than
the separiate tihng and records (o now.

NEW ELECTRO-MOTIVE CON-
DENSER AND A RESISTOR

. The Electro-Motive Engineering Corpora-

tion, who for yenrs have been very active
in the resistance field of radio, are intro-
ducing to the trade a bakelite moulded
condenser. and a vuriable resistor for vol-
ume control, and for alt power work.

The new bakelite mnufded condenser is
s0 constructed that it can be mounted in
ways that permit of great flexibility, The
mechanical construction of this condenser
is such that it can be eye-letted or soldered
into the set. The dielectric is of the finest
grade of mica; the plates are of tin-foil
and the element is thoroughly impregnated.
These condensers are made In capaclties
from .00004 to .02 mf.

The new variahle resistor, which will be
introeduced very shortly, will be greatly
weleomed by the trade, because of its
marked improvements. It can be used for

controlling the volume of a set, and pro-
range from

duces a gradual almost a

whisper to a roar,

The Eagle Single Convenience Out-
let.

EAGLE SINGLE CONVENIENCE
OUTLET
The Eagle Electric Manufacturing Co.,
59 llall Street, Brooklyn, N. Y., have intro-
duced a new type single convenience outlet
which provides an easy way of handling
outside wiring.
The patented
it a simple matter to
quickly.
The outlet is made of porcelain, with
contact binding screws.

metal finding ring makes
locate the slots

RIS LRI

Ahove: The J-M-P
Submariner, a short-
wave adapter.

Right: The DeVry

Cine-Tone talking mo-

tion picture outfit for

the home. The phono-

graph turntable is

geared to the pro-
Jector,

LRI TR AR
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OIL

IT SEEMS THAT OUR CON-
DENSERS WHICH ARE IM-
PREGNATED DIRECTLY
IN OIL ARE BEING CON-
FUSED WITH OTHER SO
CALLED “OIL” PROC-
ESSES.

THE LIFE OF OUR OIL IM-
PREGNATED CONDENSER
IS SO SUPERIOR AS TO BE
ABOVE COMPARISON
WITH OTHER TYPES AND
IN JUSTIFICATION OF
OUR PRODUCT WE FEEL
THIS ANNOUNCEMENT IS
NECESSARY.

MRCRMCAON

CONDENSER CORPORATION OF
AMERICA

259-271 CORNELISON AVE. JERSEY CITY, N. J.

for
Television
Reception

This lamp is made in numerous types and styles,
which provide suitable light sources and light-sensi-
tive relays for all systems.

List Price, 57.50

for
Television

Sending

This is an extra-sensitive broadcasting tube, supplied
in either hard vacuum or gas-filled types, and in twe
sizes of each.

Information and prices on applieation

sRaytheon BH®%

' LONG LIFE RECTIFYING TUBE &

for
“B” Power

Eliminators

Over a hundred different makes of “B” Eliminators
require this tube, and take no other. There are mil-
lions of them in daily, satisfaction-giving use.

List Price, 34-50

Write for further information on any of this equipment

RAYTHEON MFG. COMPANY
CAMBRIDGE, MASS,
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TISSUES

O Radio set is any better than its

weakest link, and the weakest link is
very often a filter Condcnser. No Con-
denser is any better than the thin strips
of Insulating Tissue which separate the
layers of metal foil. A pinhole or a speck
of metal in the Condenser Tissuc means
a breakdown of the Condenser, with the
entire set put out of commission.

DEXSTAR Condcnser Paper is regarded
by Radio experts as being the highest
grade Insulating Tissue ever made—the
freest from defects, the most uniform in
quality, the most lasting under exacting
and unusual requirements. DEXSTAR
Condenser Tissue is the specialized prod-
uct of a paper mill which has excelled
in Tissue Paper prodnction for three
gencerations,

RADIO designers and builders should
hare the assurance that Condensers which
they use are made with DEXSTAR Con-
denser Tissues. It is insurance against
many radio troubles. The leading Con-
denser manufacturers are now using
DEXSTAR Condenser Tissues exclusively.

C. H. DEXTER & SONS, INC.
Makers of Highest Grade Thin Papers
WINDSOR LOCKS, CONN.

CLEVELAND, OH1O

2570 E. Superior Avenue

Radio Engincering, April, 1929

OLA offers a high-
quality, high perform-
unge electro- dynamic
unit to the mannfactur-
ing trade. This unit com-
bines high etficiency und
high safety fretors with
compactness and
simplicity.

The fleld coil is wor
meel, any voltage enrrent
i and for use with
3 wer-pack  eireait.
Mountiug of the unit is
gsimplitied by

welded coustrue-
tion, permitting
holting direcet
to baflle board.

ASSURANCE
of Reliable Speaker

Performance

] URING 1929 Rola brings new achievements

in the art of fine sound recreation. A
distinet engineering triumph of interest to
manufacturers of console sets is the manner
m which Rola loudspeakers combine brilliant
performance with reliability and freedom from
maintenance troubles.
In the design and manufacture of its new
1929 “)” line models, The Rola Company has
incorporated still  higher safety factors-
reducing 10 & minimum service demands upon
the dealer and manufacturer. These new Rola
reproducers are unusnally compact and of
beautiful mechanical simplieity. A new and
exclusive Rola feature is the removable centre-
pole nose piece to enable easy elimination of
any magnetic particles whiclh might enter the
air-gap.
During the coming season many of the leading
radio sets and eleetric phonographs will be
Rola equipped. Rola reproducers are also
used in talking picture installations and public
address svstenis.

© © ©

Inquiries for details, blueprints and prices
from responsible manufacturers are solicited.

The
LA

PANY

OAKLAND, CALIF.

CO

www americanradiohictorvy com
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In modern prac-

tice the emphasis

is on FACT

switch-
board instrument

Rectangular

HE word manufacture originally meamt maode-by-hand.

In those davs rule-of-thumb methods sufficed.  Today,
in thiz mass production age. the very speed of operation
would result in nuncontrollable lossee but for the balance
wheel of faet.
Take, for example, the selection and use of materialg, or
the fabrication and assembly of parts by quantity produe.
tion methods—a grain of dross in one. or a hair's breadih
from the true gauge in the other, and in a few hours the
cocllicient of speed would turn an inerement of error into
an avalanche of waste,

That’s why rescareh laboratories, expert analvsts and busi-
ness machines are cheap at any price.  That’s why execu-
tives in charge of factories where the use of eleetrie power
is a factor choose Weston measur-
ing instruments 1o safegnard their
electrical equipment and insure ils
continuons and efficient operation.

That’s why electrical manufacturers
of quality apparatus  furnish
“Westons™ as an integral part of
their products,  Weston elecirical
instruments alwavs give the big-
zest return on the investment. For
more than forty vears they have
been the conceded standards the
world over in the art of electrical
measurement.

Portable A.C.
Instrument

“Junior”

WESTON ELECTRICAL INSTRUMENT CORP.
612 Frelinghuysen Ave. Newark, N. ).

(N PIONEERS
SINCE 1888

INSTRUMENTS
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At your command ~

the KESTER corps of
FLUX CORE SOLDERS

ARE you still trying to defend—and advance—your profits
and reputation with the individually weak and raw re-
cruits of separate solder and flux? Is there a lack of liaison in
your defense and attack? Are youtrying to hold—and strength-
en—your position with cavalry when artillery is needed?

Now at your command is this great army—sworn foes of
the high production costs that raid your profits! Defenders of
your quality and reputation! Modern strategy, recognizing
the inability of solder and flux as individuals to combat high
production costs, now offers you an alliance of these two
units in more efficient form—KESTER CORED SOLDERS now
waging successful campaigns for many manufacturers.

At your call for help KESTER shock troops will concentrate
on your weakest salient. Order your signal corps to establish
communication with KESTER headquarters, we will immedi-
ately hold a council of war, make tests, select the troops best
suited for your campaign and dispaich a small detachment
for your approval—no obligations to you.

Manufacturers are invited to submit their soldering prob-
lems to P. C. Ripley, chief of our engineering staff. We main-
tain a laboratory to solve just such individual needs. Mail
coupon for further information and Mr. Ripley’s book, “Facts
on Soldering.”

Established 1899

CHICAGO SOLDER COMPANY
4224 Wrightwood Avenue CHICAGO

KESTER SOLDER

Self-Fluxing

CHICAGO SOLDER CO.
4224 Wrightwood Ave., Chicago.

Please mail us further information about KESTER Flux-Core Solders for
manufacturing uses: also Mr. Ripley's book, “Facts on Soldering."”

Individual. ——

Firm

Address ...

Products Manefactured

.
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Four Representative'

SR h =
s haytheon &
“%.LONG LIFE RADIO TUBES &

that prove the value
of 4-pillar Construction |

The proof of the tube is in its ser-
vice.
four of the most used Raytheons.

The tubes shown below are

They have demonstrated very con-

vincingly that the exclusive Ray- |
theon 4-pillar construction gives l

longer life to the tube, at the same |
time doing away with microphonic i
noises and providing clear, vivid

reception. |
This is because the three elements
—filament, grid and plate—are per-
manently anchored in their correct
relative positions, so that the orig-
inal characteristics of Raytheon
tubes are indefinitely retained.

RAYTHEON MFG. COMPANY

Cambridge, Mass.

4-Pillar
Exclusive Construction |
with
" Raytheon

Cross-Anchored
Top.~ Bottom

Raytheon
Tubes
are the

“Healthy

Tubes

Radio Engineering, April, 1929

THERE IS MORE PROFIT IN

PerrYMAN
2. TUBES

1. They give a greater num-
ber of hours of satisfactory
service.

2. They always produce a clear
tone—bringing out the best

The Patented in reception.

Perryman Bridge

> holds the fliament.
plate and grid In perma-
nent parallel alignment
at top and bottom at the
point  of greatest efli
cleney.  You can’t shake
then: apart.

3. They eliminate many “trou-
ble calls.”

4. They guarantee satisfaction
to your customers assuring
you repeat business.

The Spring

.. . allows fer uniform

expansion and contrae-

tion of the filament. due
to temperature changes.

Perryman Electric Company, Inc.
33 West 60th Street New York, N. Y.
Laboratories and Plant, North Bergen, N. J.

PERRYMAN RADIO TUBES 7.3

A Complets Line of Standurd Equipment for every Radio Purpow o

ARMOR

GUARANTETETD

RADIO TUBES

All Standard Types

ARMSTRONG

ELECTRIC CO.
187-193 Sylvan Ave.

NEWARK, N. J.
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3 points

of superiority

De Forest Audions are evacuated to almost abso-

] Iute vacuum. Less than one micron (one mil-
lionth) of atmospherie pressure remaing in the
tubes after sealing.

To preserve this remarkable vacuwm and 1o
maintain the ultra hardness of De Forest An-
2 dions, a residue of magnesium is left in the
tubes after fashing. This “chemical broom”
dixintegrates any gases formed later.

num is used wherever possible instead of the

3 To guard against a soft. gassy Andion—molybhde-
cheaper. more spongy nickel.

All radio tubes look alike. 1t is only by secing
the name “De Forest Audions® on the hase that
vou are insured the superior performance that
these “higher vacuum® wbes deliver.,

DE FOREST RADIO CO., JERSEY CITY, N.

o Forest

AUDIONS

THE PERFECTED RADIO TUBE

Page 69

UnrormLy Goon

IKE a seething ‘melting po¢’, with
science ceaselessly checking each
erucible—the Arcturus Laboratory,

as a result of its research and pioneer-
ing, gives the radio world, in Arcturus
A-C Long Life Tubes, a product that
is uniformly good.

Rigid tests and specifications, jeal-
ously guarding an enviable reputation,
do not cease with one type of tube—
they go on and on for every tube.

. oxides that are put through sieves,
so fine they hold water . . . parts that
are proven with ‘go and no-go gauges’,
where even a hair-line makes a vast
difference . . . special production units
diligently supervised by efficient labor-
atory engineers . . . specified filament,
metal and glass construction . . . the
most minute ev a(‘udllng process ]\now n
to science . . . to give the world uniform-

ly good A-C mbes.

Critical set engineers have been quick
to grasp the value of such service and
its significance in set efficiency.

Arcturus has struck the keynote in
perfect tube production . .. with

ARCTURUS A-C LONG LIFE TUBZES.
(’J/{ ENGINEERING FACTS HAVE A UTILITY %/@
SIGNIFICANCE TO THE BROADCAST LISTENER.

ARCTURUS RADIOTUBE CO. NEWARK,N.J.

I ARCTURUS

BLUE 2% rc TUBES!
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Dynamotor with Filter for Radio Receivers

MACHINES for OPERATING 60.CYCLE A, C. RADIO
RECEIVERS. LOUD SPEAKERS and PHONOGRAPHS
from DIRECT CURRENT LIGHTING SOCKETS
WITHOUT OBJECTIONABLE NOISES OF
ANY KIND

The dynamotors and motor generators are suitable for radio
reccivers and for combination instruments containing phono-
graphs and receivers. Filters are usually required. The dyna-
motors and motor generators with filters give as good or better
results than are obtained from ordinary 60-cycle lighting sockets.
They are furnished completely assermbled and connected and are
very easily installed.

These machines are furnislged with wool-packed bearings
which require very little attention, and are very quiet running.

ELECTRIC SPECIALTY COMPANY
TRADE “ESC(O*> MARK

411 South Sireet Stamford. Conn.

Radio Lngineering, April, 1929

CONDENSERS AND' RESISTORS

Takes the Hum Out
of Any Dynamice

IN spite of the many methods utilized to eliminate the hum in
A. C. dynamic speakers, many of the best dynamics still have
a hum. which is sufhciently pronounced to be objectionable,
especially during lulls in the program while waiting for announce-
ments, when the volume control is turned up to full volume.

You will be surprised at the completeness with which an Aerovox
1500 mfd. “A” condenser, connected across the field coil or
across the rectifier output, will eliminate the hum and increase
the sensitivity of the speaker.

Complete details and comparative data showing the results of
using these condensers in eliminating hum will be furnished on
request.

Send for Complete Catalog

Coniplete specifications of all Aerovox units, including insula-
tion specifications of condensers, current-carrying capacities of
resistors and all physical dimensions, electrical characteristics and
list prices of condensers and resistors are contained in a complete
20-page illustrated catalog which will be sent gladly on request.

The Research Worker

is a free monthly publication dealing with design factors in the
use of condensers and resistors. Your name will be placed on the
nuailing list free of charge, on request.

AEROVOX WIRELESS CORP

x@ 76 Washington Street, Brooklyn, N. Y. @
.

PRODUCTS THAT ENDURE \o/)

“Details Make Perfection but
Perfection

is No Detail”

Centralab resistances are de-
tails that make for perfect
reception.

Every time you tune in your
radio set you must adjust
the voltage and volume con-
trols and then reset them
for every different station
or condition of reception.
This important phase of
operation of your radio set
must not be neglected.

Centralab Voltage

and  Volume

Centralab Controls have been giving satis-
Modul faction to the entire radio industry
odulator virtually since the beginning of

A typical example of radio. In them are embodied the

improvements in theory and de-
sign developed by our engineering
staff during these years of prog-

CRL superiority of de.
sign, Rocking Disc Con-
tact, Constant Resistance,

Durable Construction, ress. They are undoubtedly the
Perfect Theoretical and finest Variable Resistances that
Mechanical Design. can be had today. It costs no
Made in any resistance more to equip your set with

Centralab Resistances than with
others and you are insuring per-
petual freedom from the common
irritation of noisy. faulty, volume
and voltage controls.

and any style for use as
Volume Control in cri%i-
cal and non-critical cir-
cuits,

List Price $2.00

CENTRAL RADIO LABORATORIES
22 Keefe Avenue, Milwaukee, Wisconsin

@.

EL-MENCO
Molded Bakelite Condensers

“EL-MENCO™

ELECTRO MOTIVE
ENG.CORP. 3=
U.S.A

“Minimize Condenser Griefs”

I'ME  EL-MENCO MOLDED BAKLLITE CON-
DIENSER comprises all of the very best and latest fea-
tures in Condenser design and construction.

The One Haole wount facilitntes assembly—The Hot
Tinned Brass Luge assure hetter soldering—The Solid
Bakelite Onter Shiell permits it being mounted directly to
2 metal panel, climinating insnlation—The high-grade
clear India Mica used ag a dicleciric blow-ouls
negligible

The High Standard of Mannfacinre and the rigid factory

mirlkes

test assure users of Fl-Menco Condensers uniformity
and longevity
The =ame c¢ngincering skill and manufacturing abilivy

that have secured 1he success of 1l-Menco llexistors are
beliind the El-Menco Condensers
El-Menco Condensers will be
capacities

made in the following

L0005 AMrd. L0003 Mfd. L0025 Mfd.
0001 Iy .001 m 003 -
00015 0015 005
00025 - .00 08
Should any sizes other than above be required, they

will gladly be furnished npon request and prices quoted.

Electro-Motive Engineering Corp.
127-133 W. 17th st., New York
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Our NEW

NEW TYPE B.T.

AREGULAR encyclopedia of wire-wound

re§istor knowledge, this—new sizes, new
mountings, special units, bracket specifications

and drawings.

In fact, complete engineering data with simpli- A Compact Precision Tuning Instrument
fied charts for working out your own require-
ments are within its covers.

Every electrical and radio manufacturer
should have Catalog No. 429. Send for it
today.

HARDWICK, HINDLE INC.

Sales Dept.
122 Greenwich Street
New York City

Factory
215 Emmet Street
Newark, N. J.

RESISTORS

TI IE United Scientific Laboratories have produced
this new Armored type B.T Condenser, to meet
the growing demand for precision combined with
- - rigidity. No set manufacturer whosg speciﬁca(i9ns
and requirements demand ultra precision, electrical

ul l”g d and mechanical perfection. and compactness, can

overlook this high grade instrument.

- N e - Note These Exclusive Features
7 d”sm Zttg, 0’ I.—Rigid frame made of heavy drawn steel.
2.—Rotors and stators are precision spaced and

. soldered.
- p 3.—Accuracy and calibration in ganging is assured
gﬁglver ., by wide spacing between plates.
4.—Permanent and perfect alignment of rotors is
assured because the removable shaft is inde-

BE SURE \'OU,RE RIGHT pendent of bearings.

" o L 5.—Circuit adjustments are facilitated by the grad-
THEN GO AH]tAI)' ual curve on the minimum capacilyy adjus!ier.
= 6.—Adjustable smooth acting end thrust and ten
sion fork.
Start with 7.—The compactness of this condenser makes it the

most convenient tuning unit made for individual

shielding work.
C A R D g‘ I : I J I J These new type B. T. Armored Condensers are

made in single, two gang, three gang, and four
gang units of .00035 mfd. capacity and lower.
C O q D I : q S I : R S Samples now ready for delivery.

Write for prices and full informa-
AND YOU WON"I' BE WRONG

tion. Watch for further details.

United Scientific Laboratories, Inc.

. . o P . .
Transmitting - - Receiving 1l BopdliAscnne s
. o , BRANCH OFFICES

Vartable - Fived
St. Louis Cincinnati
SEND FOR LITERATURE — sVl

The Allen D. Cardwell Mfg. Corp. et e

. i 3 1
81 Prospect St Brooklyn, N. Y Minneapolis
If your deuler does not stock, order divect Canadian Offices: London, Ontario

San Francisco
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Continuous
Production

- SERLE D =

LLUSTRATING the belt conveyor system by which the
condensers are conveyed from one operator to another
until they finally reach the end of the system, where they

are given a final test, and then packed for shipment. Each
operator along the conveyor belt system has a specialized
task to perform and as soon as performed, the condenser is
placed upon the continuously moving belt which carries it
on to the next operator, who in turn completes her special
task—this process being repeated until the final product is
completed. This system is standard throughout the factory,
there being a number of these conveyor belt lines in con-
tinuous operation.

The group shown here is one of many that makes a com-
pleted, tested condenser every six seconds.

Put your condenser problems up to the
Fast organization of condenser specialists.

JouxEFaer6 @ S

3982 Barry Avenue Chicago, Illinois

Close Matching
Simplifies
One-Dial Control

HE sections of the Ham-

marlund “Battleship”™ Con-
denser are matched to within
1 of ane per cent of each
other throughout its range.

Absolute precision is easily
obtained by attaching a Ham-
marlund Equalizing Condenser
to each section. Recesses in
the frame provide for this.

Warpless, die-cast frame: non-
corrosive brass plates; oversize
shaft. Convenient terminals on
Rakelite strip beneath the
frame. Two capacities:-—350
mmfd. and 300 mmfd.; two,
three and four-gangs, at ap-
pealing prices.

Built for the manufac-
turer who is proud of his
receiver eand wants a con-
denser worthyof it. Write
Dept. RE 4 for details.

Hammarlund Manufacturing Co.
124-438 W. 33rd St.,, New York
Forv Betteh Radior
ammariund

PRECISION

PRODUCTS

Radio Fugineering, April, 1929

CORE LAMINATIONS

for Audio & Power Transformers —
Chokes

Annealed Nickel Alloy.
Hymu (High Permeability) a new grade
Silicon Steel for Audio.

A large variety of standard shapes carried in stock.
Special desi_gns stamped to your order.

Our BOOKLET on LANMINATIONS (sent on re-

quest) gives specifications of Stock Standard Shapes,

and contains much data of value to the designer—

and buyer.

Lamination Stamping Company
764 Windsor Street, Hartford, Conn.

o “SWEDMAG”

1 COLD-FINISHED |

(\
‘ ¢ MAGNETIC IRON
|| 99.809%, Pure for
t Made from SWEDISH Cores
, MAGNETIC ORE Solenoids
Switches
Laminations

' DAVID REID, JR. Co., Inc.

1 85-89 Adams St.

Radio Pole Pieces
Electrical Instruments

Write for descriptive literature

Brooklyn, N. Y,

G E AR ALL KINDS

SMALL
The most accurate made and prices reasonable.
We carry a complete line of gears in stock for
» immeaiate shipment. Can also quote on special
i gears of all kinds. Send us your inquiries.
Write for Catalogue 200

CHICAGO STOCK GEAR WORKS
105 South Jefferson Street, Chicago

\

[[%== RADIO WIRES -~}
CABLES, HARNESSES AND CORDS

MADE TO SPECIFICATION
CORNISH WIRE COMPANY
30 Church St., New York, N. Y.
Makers of Corwico “BRAIDITE” Hook-up Wire

WIRE

STRAND—Antennae (plain or enameled)—Dou-
ble Galvanized.

WIRE—Antennae (plain or enameled). Connect-
ing and Ground (Rubber covered, braided or

lain}),
BUS BAR-——Litzendraht-Loop.
MAGNET (Cotton or Silk).

John A. Roebling’s Sons Co., Trenton, N. J.

P - o

MOLYBDENUM WIRE

FOR RADIO AND LAMPS
NEON, HELIUM AND ARGON GAS
Highly purified
FLASHLIGHT BULBS
Furnished by
PALATINE INDUSTRIAL CO,, Inc.,, 111-5th Ave., New York

wWWW americanradiohistorv com
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T HE Radio industry has ¢ontributed much 1o

the development of Aviation.

Radio Beacons, Radio Alimeters, Receiving and
Sending Units, Remote Control — these and other
Radio devices have been adapted 1o aeronautical
use by Radio Engineers,

Aviation Engineering, in addition 1o covering the
engineering developments in aireralt — also covers
enginecring

Aviation.™

the radio
and ears of

contributions —“the eves

Aviation
Engineering
Is NOT
Sold on
Newsstands

City

1 vr. at £2.00
2 yrs. at §3.00

Bryan Dav vis Publishing Co.
52 Vanderbilt Ave., N. ¥

Enter my subseription to AVIATION ENGINEERING for

Name. ..

Address.

City Stute.
’ 1 Engineer Alrport
Itease check classification “Techinician Manufacturer

Page 73

' PUBLIC ADDRESS SYSTEMS

We have ready for
| ment,

Theatres, Factories,

quick instailation group address equip-
for both indoors aud out for such places as Hotels,
Awditoriums,

Clubs. Hospitals, Race

Tracks, Rallroad Depots, County Fairs, Summer Resorts, ctc.

Public Address Installations,
traiming,

WANTED
We need Radio Enaineers In all parls of the country for making
1f interested.
experience and references with PUBLIC ADDRESS DEPT.

file your name. address.

FREE ADVISORY
SERVICE

For Radio Engineers

A well organized de-
partment of our busi-

ness just to help vou. |

We nake no c¢harge
for this serviee; it is
freely given with Am-
plion’s  compliments
and a baekground of
42 vears of success in
the acoustie field.

Complete catalog with latest

illustrations and complete
| descriptions sent on request.

We Have Ready for

Immediate Delivery

Speakers Units

Horns
Step-Down Transformers

Exciters Microphoncs

Micronhione Transformers
Amplifiers
Microphone Input Amplifiers A.C.

Amplion Cabinets for Moving
Pictures
Calincts contain 2 turntable electric
motors, Amplion electric pick-up
and euntrol board for tading one
pece of music into unother, or
making instuntaneous switches.
1908 2 std. (30x10x46) $300.00
P.AMLS. bortable (12x32x22) 225.00
Phono Itecord library
o Itecord (14x14x30)... 200,00
250 Itecord (llxlh.ﬂ)) 50.00
Especiully  designed  for  Non
Sinchronous Moving  Plctures.

ALhAMBRA

LOUD SPEAKER PAPER

Alhambra Paper gives absolutely uni-
form resonance and imparts the utmost
in tone quality.

Write us about your requirements

THE SEYMOUR CO,,
323 W. 16th St., New York City

L ALL TYPES

LAMINATIONS

Audio and Power Transformers—Chokes

IN STOCK FOR IMMEDIATE DELIVERY
EXPERT TOOL AND DIE MAKING

Wnte for samples and prices. Also quotations on metal
stampings.

WILLOR MFG. CORP.
117 Mercer St.,
New York City

AMPLION CORPORA & TION OF AMERICA
133 W. 21st St,, g New York City

Telephone Chelsea 5257

CONDENSERS AND RESISTORS
PREPAREDNESS PAYS

T is safe to say that during the past year, more tempers were

ruined, more headaches were caused and more money was lost
because of delayed deliveries than from any other one factor
waich usually causes the hair of purchasing executives and pro-
duction managers to grow thin and gray prematurely.

To meet the peak requirements of radio recciver manufacturers
for quality condensers and resistors, the Aerovox plant has been
increased to a total of 45,000 square feet, with every facility to
produce, at short notice, any reasonable quantity of condensers
and resistors.

To be assured of an unfailing supply of these units during the
peak of the manufacturing season, it is important that tentative
production schedules be arranged for, well in advance of actual
requirements.

Send for Complete Catalog

Complete specifications of all Aerovox units, including insula-
tion specifications of condensers, current-carrying capacities of
resistors and all physical dimensions, electrical characteristics and
list prices of condensers and resistors are contained in a complete
20-page illustrated catalog which will be sent gladly on request.

AEROVOX WIRELESS CORP.
(¢ St s, i, .. N

PRODUCTS THAT ENDURE
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! 6 AERO = CALL ”” Shieldeu — Filtered
tng
1 Short-Wave Converter
X e Factory-Built, Ready to Plug
Into Your Present Radio Set
3 The Aero 1920 Converter s a ecom-
7 ‘ ‘ ‘ ° pact fac(mi_v;lmlltis:wu wave nd.'u)l,er
v pipped with speecia shorl—wuve coils.
] - l . & ?( is desi F
gned for both A.CC and D.C.
- ( . a llrl(’ll“l L2 n(_-!v' gcl% Uperates perfectly without motor-
va 3 oating. h) an  auxiliary  fllter 8ys-
-l Manufacturers I‘,.\pOI‘I Managers tein control. an _exclusive feature.
4 (p;uen:’ ‘applled for). " It ‘Cﬁn he
B QU nto any regular radlo set. v
?s 116 Broaa StreetiNew. York, N'a'j ‘Fhis q“mﬁmng ]rludllo .]nstTlmenl now limluk:s it mssnlhle tor you to reacl;
‘round the world—En:land. Germany, Molland. Austrahia, Panama, Java and
Sc"';‘(';f“”’ 'q'":rp‘d i 4R Mauy foreign countries nre some that are tuned in regdlarly on short-wave.
'?"Wﬂm ly export dependybin ‘) P'ernuts you to enjoy international programs and mauy others from coast-to-
raceiving and. hnnlmnthn'— ‘_‘ coast that your regular receiver cannot get. What a thril it is to plug this
¥, radio apparatus, nte a tube socket on jour regular set and lustantly be in anether world{
A\ No chanke or wiring required. All complete. ready to operate. tubes and
coils hidden. no apparatus In sight, exeept the ueat, golden-brown, compact
\ metal cabinet in crackle finish. Size, 9 x35% x 2% in.

The oniy converter we know of that rul\ works on all sets. Two
models—A.C. and D. Write for Catalog and literature, or send $25.00 and
name of your dealer. Model A, without tube, for A.C. sets $£25.00. Model
D, without tube, for D.C. sets $25.00. At leading dealers und jobbers

JE D mnuq 4611 E. Ravenswood Ave.,
INCORPORATED Dept. 749

CHlCAGO ILL.

Learn About

NEW ZEALAND

as a Market
for your Goods!

For its size, New Zealand is one
of the world’s best markets for
American products. People there
are as familiar with Ford and
Chrysler, Goodyear and Kodak, as
residents of New York or ’Frisco.
New Zealand is a nation of “lis-
teners-in,” and therefore its peo-
ple want to own the best Radio
equipment. New Zealand has an
exceptionally “receptive” atmos-
phere, its people are prosperous
and possess great buying power.
Manufacturers desiring represen-
tation in New Zealand or particu-
lars of the market for Radio and
Electrical equipment, are invited
to

Write Now To The
“N. Z. Electrical Journal”

Customhouse Quay, Wellington, New Zealand

FILTERVOLT

LINE NOISE
ELIMINATOR

Set manufacturers are
volunteering their coop-
eration to put FILTER-
VOLT across.

Dealers everywhere are
putting other items aside
to exploit FILTER-
VOLT.

Consumers are writing
us of their own volition
in praise of FILTER-
VOLT.

Because
Filtervolt Does Its
Job!

lNSULlNE CORP. OF AMERICA
78-80 Cortlandt St., N. Y. C.

WANTED:—A Radio Engineer

Must be sufficiently experienced to direct development
work on Loud Speakers, Radio Receivers and Audio
Amplifiers.

Location: New York City. Application should state age,
education, family and personal details, and salary ex-
pected. Address, Box 252,

RADIO ENGINEERING, 52 Vanderbilt Ave.,, N. Y. C.

PHOTOELECTRIC CELLS

Television—Talking Pictures—Research

G-M VISITROX cells of the alkali metal hydride type are of
highest sensitivity, low dark current. long life. and respond to
the smallest chanzZes of light intensitv and color. Their high
quality and uniform sensitivity make them the choice of
leading engineers. Get technical Bulletin P-14 Free.

G4 LABORATORIES |NC

1817 Grace St., Chicage, Il

RELAYS

BREAK IN—6 Volts D.C. and 120 Volts D.C.
STRAIGHT—for Short Wave Transmitters

(% in. or % in. Contacts)
LEACH RELAY COMPANY
693 Mission St.

San Francisco, Cal.

A Valuable Service Now Available to
Fans and Custom Set Builders!

Whether you build receivers for pleasure or for profit, our bi-
monthly service will be of the utmost value to you. This service
was formerly syndicated only to radio editors.

Complete information on request. Write for Special Introductory

fler.
' ALLIED ENGINEERING INSTITUTE
Suite 429—30 Church St., New York, N. Y.

TESTING OF RADIO APPARATUS

Permeability and Hysteresis Curves of iron samples.
Condensers tested for life, voltage breakdown, leakage, etc.
Input and output curves of socket power devices—Oscillograms.

80th St. at East End Ave. ELECTRICAL TESTING LABORATORIES New York Cxty, N. Y.
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Increases the Life of
Expensive Power
Tubes

BLASTING

Uf LOUD SPEAKER

OVERLOADING
OF TUBES
st:'\lﬁ,mn

TONE
Quality
is Greatly
Improved

LYNCH
TUBADAPTA

Provides a simple means of using two tubes in parallel.
This arrangement almost doubles the current flowing
in the plate circuit in the last audio stage. Distortion
i« eliminated - -dynamic speakers give amazing results.

Can be installed in ONL minute. The price is but $2.50

Write for leaflet illustrating and describing the different models.
You can easily decide which Tubadapta will fit your set.

ARTHUR H. LYNCH, INC.

1775 Broadway, (at 57th St.) New York

V) “Manufacturers of ~ '8

LyncH ResisTtoRrs, EQuaLiZoRs SUPPRESSORS,
MounTmings, Resistance-CoupLep Kits, e7c-

PHOTO-ELECTRIC CELLS
THE BURT CELL

Without Fatigue—Highly Sensiti
Absolutely Rqo;:l‘ e Tnstontancons i;e"

The BURT-CELL is made by a new method and should
not be confused with any other photo-electric cell. By a
apecial process of electrolysis, the photo-electric melur is
introduced into a highly evacuated bulb directly through
the glass wall of the bulb, giving photo-electric material
of absolute purity. The superiority of the BURT-CELL is
due to these features, making possible results never before
obtainable. Described in Bulletin No. 271.

We also _manufscture _ths STABILIZE
OSCILIOSCOPE—the only VISUAL OSCILID‘?
GRAPH haviog s llnear time axis and no
inertis—giving an accurste Dicture of high fre-
quency wave forms.
Write for Bulletin 282,

DR. ROBERT C. BURT
Manufacturing and Consulting Physicist

L 327 S. Michigan Ave., Pasadena, Calif. i
COMPLETE LINE
lr;n;?diale @%—%33 Write for
elivery Bulletin
%ﬁ-.f 07 931
\ﬂ}"'

GENERAL RADIO CO. PARTS

IEEDS

SThe Home of RADI
45 VESEY STREET, NEW YORK CITY

Page 15

CONDENSERS AND RESISTPRS

Leading the Field
in Quality and Dependability

IN the Aerovox Wireless Corporation, you will find a dependable
source of supply for quality condensers and resistors. Aerovox
paper condensers are accurate, ruggedly made, have a high safety
tactor and are non-inductively wound, using 100% pure linen
paper as insulation material. They are thoroughly impregnated
and protected against moisture, have a high insulation resistance
and low power factor.

Aerovox mica condensers are the standards of the industry.

A complete line of resistors for every requirement includes
Pyrohm vitreous enamelled resistors in fixed and tapped combina-
tions, Lavite non-inductive resistors, Metalohm grid leaks, wire-
wound grid suppressors and center-tapped resistors in all standard
and special values.

Send for Complete Catalog

Complete specifications of all Aerovox units, including insula-
tion specifications of condensers, current-carrying capacities of
resistors and all physical dimensions, electrical characteristics and
list prices of condensers and resistors are contained in a complete
20.page illustrated catalog which will be sent gladly en request.

'AEROVOX WIRELESS CORP.
|
PRODUCTS THAT ENDURE E

Short Circuit
and 2,000 Ohms

sound alike in
the phones
when you're
making a circuit
continuity te st
by the “click”
method. How
would you tell the difference?

The progressive serviceman
knows the answer. He uses the
General Radio Direct Reading
Ohmmeter. /

Bulletin 931-B Describes It.
GENERAL RADIO COMPANY

30 State Street, 274 Brannan Street,
CAMBRIDGE, SAN FRANCISCO,
MASSACHUSETTS CALIFORNIA
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¥ Buyers Directory of Materials and Apparatus

Readers interested in products not listed in these columns are int nfed to tell us of their wants
and we will inform the proper manufacturers.

Address Readers’

Addresses of companies listed below, can be found in their advertisements—see index on page 80.

Information Bureau.

—

ADAPTERS:

Carter Radin Ca.
Insuline Corp. of Amer.
Lynch, Arthur H., lne.

ALUMINUM:
Aluminum Co. of America

ALUMINUM FOIL:
Aluminum_ Co. of America
Reynolds Metale Co., Inc.

AMMETERS:
General Electric Co.
General Kadio Co.
Jewell Elec. Inst. Co.
Weston Elec. Instrument Corp.

AMPLIFIERS, POWER:
General Amplifier Co.
General Radio Co.

National Co.. Inc.

ANTENNAE, LAMP SOCKET:
Dubiller Condenser Mfg. Co.

ARRESTERS, LIGHTNING:
Jewell Elec. Inst.

Co.
Westinghouse Klec. & Mfg. Co.

BASES, VACUUM TUBE:
Formics Insulation Co.
General Electric Co.
General Plastics Co,

Natlonal Vulcanized Filire Co.

Synthane Corp.

BINDING POSTS:

Eby, H. H., Co.
General Radio Co.

BRACKETS, ANGLE:
Insuline Corp. of Amer.
Scovill Mfg. Co.

BRASS:
Copper and Brass

8B0.
8Scovill Mtg. Co.
BROADOUAST BTATION
EQUIP'T:

Research

Cardwell. Allen D., Mfg. Co.
General Radto Co.

BULBS, PANEL:
Palatine Industrial Co., Inc.

sUTTS:
Scovill Mfg. Co.

OCABINETS, METAL:

Aluminum Co. of America.
Copper and Brass Research
asn.

CELLS, PHOTOELECTRIC:
Burt, Robert C.
Raytheon Mfg. Co.
CERIUM:
Cohn, Sigmund.

CHARGERS:
Benwood-Linze Co.
Elkon Co.

CHASSES
Aluminum Co. of America.
Copper and Brass Research

Assn.
Unlted Sclentific Laboratories,

CHOKES, AUDIO FREQUENCY:
American Transformer Co.
General Radlo Co.
Siiver-Marshall, Inc.
Thordarson Elec. Mfg. Co.

CHOKES, RADIO FREQUENCY:

Cardwell. Allen D., Mfg. Co.
General Radlo Co.

Silver-Marshall, Inc.

CHOKFS, B ELIMINATOR:
American Transformer Co.
Dongun Elec. Mgz, Co.
General Radio Co.
Stlver-Marghall, Ine.

Valley Appliances, {nc,

CLAMPS, GROUND:
Insuline Corp. of Amer,
Scovill Mtg. Co.

CLIPS, SPRING:
Scovill Mfg. Co.

COIL FORMS:

General Radlo Co.
Silver-Marshall, Inc.

COILS, CHOKE:

Acme Wire Co.
Dudlo Mfg. Co.

COILS, IMPEDANCE:

Acme Wire Co.
Dudlo Mfg. Co.

COILS, INDUCTANCE:
Acme Wire Co.
Aero Products Corp.
Cardwell, Allen, D., Mfg. Co.
General Radio_Co.
Hammarlund Mfg. Co.
National Co.. Inc.
Silver-Marshali, Inc.

COILS. MAGNET:

Acme Wire Co.
Dudlo Mfg. Co.

COILS, RETARD:
Hammarlund Mfg. Co.

COILS, SHORT WAVE:
Aero P’roducts Corp.
General ltadlo Co.
Hammarlund Mfz. Co.
Silver-Marshall, Inc.

COILS, TRANSFORMER:
Acme Wire Co.
Duddlo Mfg. Co.
Valley Appliances. Inc.

CONDENSER PARTS:

Aluminum Co, of America
Scovill Mfg. Co.

CONDENSERS, BY-PASS:
Acme Wire Co,
Aerovox Wireless Corpn.
Allen-Bradley Co.
Carter Radioe Co.
Condenser Corp. of Amerlca.
Dongan Electric Mfg.
Dubiller Condenser Mfg Co
Fast. John E. & Co.
Sungamo Elec. Co.
W(l}reless Specialty Apparatus

CONDENSERS, FILTER:
Acme Wire Co.
Aerovox Wireless Corpn.
Allen-Bradley Co.
Carter Radjo Co.
Condenser Corp, of America.
Dongan Electric Mfg. Co.
Dubilier Condenser Mfg. Co.
1“ast, John E. & Co.
Sangamo Elee. Co.
“Icreless Specialty Apparatus

0.

CONDENSERS, FIXED:
Acme Wire Co.
Aerovox Wireless Corpn.
Allen-Bradley Co.
Carter Radio Co.
Condenser Corp. of Amerlca
Dongan Electric Mfg.
Dubilier Condenser Mfg "Co.
Fast, John E., & C
%nngamo Elec.
\Hcreless Specla]ty Apparatus

CONDENSERS, MIDGET:
Cardwell, Allen D, Mfg. Co.
General Radio Co.
Hammerlund Mfg. Co.
National Co.. Ine.

Seovill Mfg. Co.
Silver-Marsghall, Inc.
United Scientific Laboratories

CONDENSERS, MULTIPLE:
Cardwell, Allen D. Mfg. Co.
Hammarlund Mfg. Co.
National Co., Inc.

Scovill Mtg. Co.
United Scientific Laboratorles.

CONDENSERS, VARIABLE

TRANSMITTING:
Cardwell. Allen D. Mfe. Co.
General Radio Co.
Hammarlund Mfg, Co.
National Co., Inc.

CONDENSERS, YARIABLE:
Cardwell, Allen D. Mfg. Co.
Delur-Amsco Co.

General Radio Co.
Hammarlund Mfg. Co.
National Co.. Inc.

Scovil) Mfg. Co,
Siiver-Marshall, Ine.

United Scientific Laboratories

CONNECTORS;

Carter Radio Co
Scovill Mtz €o

CONTROLS, CURRENT:
Central Radio Laboratories
Delur-Amsco Corp.

Insuline Corp. of Amer.

CONTROLS, ILLUMINATED:
Hammarlund Mfg. Co.
Silver-Marshall, Ine.

CONTROLS, VOLUME:

Carter Radlo Co.
Central Radlo Laboratories
Clarostat Co.

CONVERTERS:

Cardwell. Allen D.. Co.
Electrle Speciaity Co.

CONVERTERS, ROTARY:
Electric Specialty Co.
COrPER:
Copper & Brass
Assn.
Scovill Mfg. Co.
CURRENT CONTROLS, AUTO-

Research

MATIC:
Radlall Co.
DIALS:
Hammarlund Mfg. Co.
National Co., Inc,
Scovill Mfg. Co.

Silver-Marshall, Ine,

United Sclentific Laboratories
DIALS, DRUM:

Hammarlund Mfy. Co.

National Co.. Inec.

Silver-Marshall, Ine.

United Scientific Laboratories
DIES:

Willor Mfg. Corp.
DYNAMOTORS:

Electric Specialty Co.
ENGINKERS. CONSULTING:

Allied Engineering Institute
ESCUTCHEONS:

Crowe Nawmeplate & Mtfg. Co.

Scovill Mfg. Co.
EXPORT:

Ad. Auriema, Inc.
FILAMENTS:

Cohn, Sigmund.

Gilby Wire Co.
FILAMENT, OXIDE COATED:

Independent Laboratories, Inc.
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FILAMENT CONTROLS, AUTO-
MATIC:

Lyneh. Arthur H.,
Kadiall Co.

FOIL:
Aluminum Co. of America
Iteynolds Metals Co., Inec.

GALVANOMETERS:
General Electric Co.
General Radio Co.

Ine.

Jewell Elee. Inst. Co.
GASES, RARE:

P'alatine Industrial Co., Inc.
GEARS:

Chicago Stock Gear Wks.
GENERATORS:

Electric Speclalty Co.

GETTER MATERIAL:
Cohn, Sigmund.
Gilby Wire Co.
GRID LEAKS:
Aerovox erelesn Corpn.
Allen-Bradley Co.
Deldur- Amsco Co.
Hardwick, Hindle, Inc.
International Resistance Co.
Lautz Mfg. Co.
Lyneh, Arthur H.,
HARNESSES, A-C,:
Carter Radlo Co.
HEADIPHONES:
Amplion Co. of Anier.
HINGES:
Scovill Mfg. Co.
IIORNS:
Amplion Co. of Amer.
Best Mfg Co.

INDUCTANCES,
TING:

Ine.

TRANSMIT-

Aero Products, Inc.
General Radio Co.
Silver-Marshall, Inc.
INSTRUMENTS, XLECTRICAL:
General Electric Co.
Jewell Elec. Inst. Co.
INSULATION LAMINATED
Formica Insulation Co.
General Electric Co.
Natlonal Vulcanized Fibre Co.
Synthane Corp.
INSULATION, MOULDED:
Bakelite Corp.
Formica Insulation Co.
General Electric (Co.
General Plastics Co.
National Vulcanized Fibre Co.
Synthane Corp.
INSULATION, VARNISHED:
Acme Wire Co.

IRON, MAGNETIC:
Reid, David, Jr.

JACKS:
Carter_Radlo Co.
Eby, H. H., Co.
General Radio Co.
JACKS, TIP:
Carter _Radio Co.
Gby, H. H., Co.
KITS, SHORT WAVE:
Aero Products, Inc.
Lynch. Arthur H.,
Silver-Marshall, Inc.
KITS, TELEVISION:
Insuline Co.
Lynch, Arthur H.,
KITS, TESTING:

General Radio Co.
Jewell Elec. Inat. Co.

Inc.

Inc,
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Radio Engincering. April, 1929
*You Can Forget the Condensers, If They Are DUBILIER’S”

1 mfd. con-
denser $5.00

2 wmfd. con-
denser $8.00

1
<P C ]
Dubilier
TRANSMITTING CONDENSERS

DUBIL]ER type 686 condensers
have the usual Dubilier high
safety factors for use in transmitter
filter net works. 1000 volt DC rating.

May be connected in series where the
working voltage exceeds 1000.
Through series parallel connections
practically any working voltage and
capacity can be obtained.

DC voltage must not exceed 1000; or
in A.C. supply filter circuits the trans-
former voltage must not exceed 7.50
volts per rectifier plate.

Ask about Dubilier paper condensers
also,—the standard of the leading
manufacturers.

We make condensers for every purpose
e | e —
One of the many
- hundred tvpes of
Condensers Dubi-
lier is producing
for radio manufac-
turers. Many thou-
sands of these con-
densers are being
used in well-known
and nationatly ad-
vertised radio sets.

Reg. U.5.Pat.Off.

Consult us in reference to your problems
Address Dept. 76

Dubilier

CONDENSER CORPORATION
10 East 43rd Street, New York City

Page 77

)eJur-Aimsco

The Originators
Announce A Complete New Line Of

MANUFACTURERS’
“BATH-TUB” CONDENSERS

Single,
Double,
Triple
and
Quadruple
Types

DeJur-Amsco “Bath Tub” Condensers hold first place
for quality at a manufaciurer’s price. We can give you
the type or unit to meet vour particular requirements.
These precise and accurate tuning uniis are the prod-
ucts of an organization old in experience, modern in
methods, and of a plant manned by experts and
equipped with laboratories amd machinery to assure
set manufacturers quality instruments delivered when
required.

Highest Grade Materials

Pure aluminum die cast warpless “Bath Tub™ cradle
with three point monnting. Special patent level con.
denser plates. 1lighest grade spring phosphor contact
stampings. Needle har shafts. Three supporis hold
stator plates fixed und rigid. Special bearings of new
design eliminate binding and allow free and easy
movement of rotor plates. Compensators allow easy
adjustment to particular sets or circuits. Grounded
shields between units. All partz plated and highly
finished. Extra heavy shaft and rigid construction give
DeJur-Amsco “Bath Tub” Ceondensers that strength
to stand hard use and give long and eflicient service.

The quadruple types are made with or withomt dials.
All types except the quadruple with the dial can be
mounted npright or flat.

Where manufacturing requirements demand space
saving, we call particular attention to the DeJur-Amsco
Compact Spuace Saver—a quadruple unit of .00035
capacity. This unit ean be mounted on an 18-inch
panel with a separate drum dial in center of panel. All
other units availuble in all capacities.

Send us your specifications and let us quote on your
requirements. DeJur-Amsco assures you quality, price
and on time delivery.

DeJur-Amsco CorpPorATION

Broome and Lafayetie Sts., New York City

Protected by Patents, Patents Pending and Patents
Applied For

www americanradiohistorv com
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(

Resistors
jor all Radio Circuits
‘Draddeynnx

2 oy Sh

Bradleyunit-B

ADIO manufacturers, set builders and

experimenters demand reliable resistors for

grid leaks and plate coupling resistors. For such

applications Bradleyunit-B has demonstrated its
| superiority under all tests, because:

, 2 — Resistance values are constant irrc-
spective of voltage drop across resistors.
Distortion is thus avoided

2~ Absolutely noiscless

3~ No aging after long use

4~ Adequate current capacity

§ —Rugged, solid-molded construction

6~ Easily soldered

Use the Bradleyunit-B fn your Radio Circuits

Radiostat

| This remarkable graphite compression rheostat,
and other types of Allen-Bradley graphite disc
rheostats provide stepless, velvet-smooth control
for transmitters, scanning disc motors and other
apparatus requiring a variable resistance.

Laboratory Rheostat

Type E-2910 — for general laboratory service.
Capacity 200 watts. Maximum current 40 am.-
peres. A handy rheostat for any laboratory.

, Write for Bulletins!

ALLEN-BRADLEY CO., 279 Greenfield Ave., Milwauker, Wi,

Allen-Bradley Resistors

-
- Fixed and Adjustable

Radio Engineering. April, 1929

KITS, TRANSMITTING:
Aero Products, Inc.

l LACQUERS:
Zapon Co.. The

LEABORATORIES, TESTING:

tdretrieal lesting tate

LABORATORIES, ENGINEER-
ING

Allied Enginecering Institute
LAMINATIONS:

Lamination Stamping Co.
| Vailey Applinnees. Ine

“wilor Mfg. Co.
LEAD-INS:

Eleetrad. Ine.

Insuline Corp. of Amer.

LOCK WASHERS:
Shakeproof Lock Wasker Co

| LUGS:
Scovill Mfg. Co.
Shakeproof Lock Washer Co.

MACHINES. SPECIATL
willor Mrg. Corp.

MAGNESIUM:
Aluminum Co. of America.
