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FORTY-ONE YEARS 
OF SUCCESSFUL 

New Amplion Microphone 
from our English Laboratory 

A sensitive, accurate single button 
Microphone, free from carbon noises. 
Takes from 6 to 36 volts with cor-
responding  sensitivity.  For  broad-
casting,  theatre or public address 
use. 
Equal to the finest scientific instru-
ments costing four times the price. 

Amplion Giant Dynamic 
Unit 

Largest Ever Made 
for public address or theatre use. 
Built for 30 watts undistorted power. 
This Giant Amplion Dynamic (weight 
20 lbs.) is capable of range and vol-
ume heretofore unattainable in any 
unit. 

Amplion Cone Unit 
No. C-104 

Rugged  in  Construction  yet 
Extremely Sensitive 

No. C-I04 —Amplion Cone Unit 
represents an ideal combina-
tion of improvements that are 
the result of years of Amplion 
research work. 

OUTSTANDING FEATURES 
I.  Intense magnetic field. 
2.  Laminated pole pieces. 
3.  Light moving parts. 
4.  Accurately  balanced  re-

storing spring. 
5.  Noiseless transfer levers. 
6.  Scientific step-up ratio. 
Ingenuity in design and pre-
cision  in  manufacture  make 
Amplion Cone Unit No. C-I 04 
the  recognized  standard  of 
quality. 

List $10.00 
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LOUD SPEAKER 
MANUFACTURING 

A N N O U N CI N C 
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1928 -1929 

Amplion Cone 
Unit in Box 
C-104 

A correctly designed reso-
nating chamber, ready for 
immediate  installation  in 
any  cabinet.  For  other 
features  see  Cone  Unit 
C-I04 in opposite corner. 

Amplion Cone Chassis No. 108 
featuring  Aniplion  Cone  Unit  No.  C.104  and 
Amplion Electric Filter No.  103.  9-inch Burtex 
Cone.  List $20.00. 

BOOKLET ON REQUEST 

Intormation  on  unit and  10-16  It.  exponential  horns 
sent  on  request.  Demonstration  at  our  Laboratory 

A MPLI ON CORPORATION OF A MERICA 

133 W. 21st St., New York City 
Tr lephone Chelsea 5257 

New Amplion 
Revelaphone 

Converts any phonograph, old or 
new, into the most modern re-
producing  instrument.  Special 
folder on request.  List $15.00. 
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THE word "Formica" is the mark of an exception-
%• 1 ally good and exceptionally uniform insulating 
material . . . . phenol fibre at its best. 

It means that your shipment comes from the largest 
plant in its industry, with a most varied equipment 
of modern fabricating machinery. 

That plant is near the center of industry . . .. with 
the shortest possidle average haul and the quickest 
possible average delivery to manufacturers every-
where. 

THE FORMICA INSULATION COMPANY 

4654 Spring Grcve Avenue  Cincinnati, Ohio 

oRMI CA. 
Made horn Anhydrous Bakelite Resins 
SHEETS  TUBES  RODS 
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Editorial 

0 UR enterprising Associations have attempted to 
collect facts and figures on production and sales 
of radio sets for the year 1928.  Questionnaires 

were transmitted to all radio manufacturers, but un-
fortunately they did not take advantage of them in 
every case. 

We are informed that rough calculations indicate pro-
duction in excess of 3,000,000 sets this season and a 
radio market capable of absorbing only slightly more 
than 2,000,000 sets. 

If these figures are approximately correct there will 
be an overproduction amounting to 331/3 per cent of the 
total. The percentage is rather high for an industry 
still too young to counteract effectively such a condition. 
Nevertheless, if over-confidence is to reign in the heart 
of every set manufacturer it seems only reasonable to 
allow the light of optimism to shine more intensely on 
the market, which is after all in a very plastic condition. 
There seems to be no other course. 

Slightly under 2,000,000 sets were absorbed in 1927 
in the face of a decided Renaissance.  The chaotic con-
ditions brought about by a complete reversal in the 
design of radio receivers have subsided and the slow 
process of rebuilding public confidence is nearly 
completed. 
Irrespective of what you may personally think about 

competitive receivers the general public has reached that. 
heavenly stage where they firmly believe that they 
"can't go wrong" on any radio set. This charming and 
profitable public confidence was granted the automobile 
industry a few years ago.  Observe the result. 

Statistics invariably disregard psychological con-
ditions; how well the public made jackasses out of the 
best prognosticating minds of Wall Street in the recent 
stock market furore. Surely it is true that now the 
public has a mind to trust the radio industry, as it has 
learned to trust the automobile industry and under the 
circumstances is it against true analysis to conclude 
that the market will absorb more than the estimated 
2,000,000 sets? We hardly think so. 

If a dealer is overstocked with a certain product he 
usually puts on a special sales campaign, with effective 
local advertising, and gets rid of his overstock.  It's 
done every day in the week. Wouldn't it be a good 
idea for all radio manufacturers to do something of the 
sort, before the skies cloud, to insure equilibrium at the 
end of the coming season? 

Why not allow constructive optimism to create a 
market for 3,000,000 sets? 

M. L. MUHLEMAN, Editor. 
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QU ALI T Y  A N D  PE RFECTI O N 

HE sweeping success and 
growth of the radio has had 
very few counterparts in 
our industrial development. 
But in this industry a stage 

has been reached where the public 
demands a product that will function 
consistently and well.  Radio manu-
facturers have come to realize that this 
means quality and perfection in every 
part, no matter how small. No won-

der they turn to Scovill for assistance 
in their manufacturing problems. Sco-
vill will fill orders for large quantities 
of parts such as condensers, condenser 
parts, metal stampings, screw machine 
parts, switches, etc. Escutcheons and 
similar parts can be stamped or etched 
to meet your requirements.  A wide 
variety of butts and hinges, continuous 
hinges and machine screws are kept on 
hand. 

Scovill means SERVICE to all who require parts or fin-
ished products of metal. Great factories equipped with the 
last word in laboratories, and modern machinery manned 
by skilled workmen, are at your disposal.  'Phone the 

nearest Scovill office. 

MANUFACTURING COMPANY - - Waterbury, Connecticut 
NE W YORK —  CHICAGO —  BOSTON —  SAN FRANCISCO 
DETROIT — PHILADELPHIA — LOS ANGELES — ATLANTA 

PROVIDENCE  —  CLEVELAND  —  CINCINNATI 
IN EUROPE —  THE HAGUE, HOLLAND 

Member, Copper and Brass Research Association 
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Will not blister, split 
or crack 

TUBE bases and adapters, with their 
prongs and side pins, ordinarily pre-
sent manufacturing problems of no 
little concern. . . . But not when the 
material used is Durez! There is a 
special grade of Durex for just such 
parts as these—a quick-fusing, quick-
hardening plastic that will not blister 
in the basing machine nor deteriorate 
in the baking process. It is so tough it 
scarcely ever splits or cracks when 
side pins are inserted. It can be drilled 
and tapped with utmost ease. And to 
its splendid working qualities is added 
a rare combination of strength, high 
dielectric properties and lustrous finish. 
Durez molds so easily, eliminates so 

many time-consuming operations, and 
so markedly reduces the number of 
rejections, that production costs are 
reduced to the minimum. And for 
ornamental radio parts the color com-
binations possible with Durez make it 
exceptionally desirable. 
Why not investigate the possibilities 

of Durez toward your own require-
ments? Our laboratory and engineer-
ing staff will gladly study and test out 
—in confidence and without obligation 
—any application of Durez in your 
particular line, whether old, new or 
contemplated product. 
General Plastics, Incorporated, 

74 Walck Road, North Tonawanda, 
N. Y. Also New York City, Chicago, 
San Francisco. 

ouma_*_A 
Write for this free 
booklet, "Do it with 

Durex" 
It tells the whole story of 
the mechanical and electrical 
properties of Durez. About 
manufacturing processes; 
about colors and artistic com-
bination color effects. Illus-
trated in full colors and 
showing many representative 
parts which can be made eco-
nomically with Durez. 
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AUTUMN 

CONSTRUCTION REVIEW 
NUMBER 

HE September issue of RADIO ENGINEER-
ING will contain technical reviews and 
advance data on the outstanding con-

structional developments of the year. 

Receiving units, short wave receivers and trans-
mitters, amplifiers, power supply units—all will 
be described in a non-biased, semi-technical 
manner. 

While this material is of primary interest to 
service men, contractor-dealers, professional 
builders, experimenters and students, we believe 
that it will also be of value to engineers, tech-
nicians and laboratory men— 

We are taking this occasion to thank the manu-
facturers, designers and consultants who are 
placing advance data and releases at our disposal. 
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EVERY FACILITY 
FOR EXPERT RESEARCH 

THE Research and Development Laboratory of Automatic Electric 
Inc., manufacturers of Strowger Automatic condensers, is one of 
the most completely equipped of its kind in the world. The use 

of its many sensitive and complex instruments enables the development 
engineers to know exactly rather than to guess what occurs in any 
electrical circuit at any time. 

The design and manufacture of satisfactory condensers for radio purposes 
is dependent upon such exact scientific knowledge.  The reliability and 
efficiency which have become synonymous with the name Strowger in 
automatic telephony, are incorporated to a like extent in the line of filter, 
by pass and high voltage condensers now available to the radio trade. 
The company's research facilities are always at the disposal of any inter-
ested parties requiring condensers of special design for special purposes. 

[See that your radio set :s equi pped] 
with Strowger Automatic condensers 

ik.G.BURT, JR. 
1033 WEST VAN BUREN STREET 

CHICAGO, U. S. A. 

REPRESENTING 

M A DE B Y 

Automatic Electric Inc. 
CHICAG O, U.S.A. 
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Faithfully reproducing every note in the 
register — from the lowest to the highs 

est — with all the acci-
dentals. Any instrument 
— any volume. 

Page 7 

COILS for the NEW 

Dynamic Speakers 
Again Dudlo keeps pace with Radio development 
in meeting the demand for special coils required by 
this latest trend in speakers. 

All wound to give that wonderful clarity of tone 
characteristic of Dynamic type units. 

Transformer Coils —Field Coils —Choke Coils 

Superior insulation of Dudlo wire, highly skilled operators 
on the winding machines, trained engineers who are coil 
specialists, tremendous stocks and facilities—all contribute 
to make this the industry's headquarters for these new coils. 

LO 
DUDLO MANUFACTURI NG CO MPANY, FORT W AYNE, INDIANA 
56 EARL ST.  I 05 W. ADAMS ST.  Division of  274 BRANNAN ST.  4143 BINGHAM AVE. 
NEWARK, N. J.  CHICAGO, ILL.  THE GENERAL CABLE CORPORATION SAN FRANCISCO, CAL.  ST. LOUIS, MO. 
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RESIS T O RS 

•'•ie 

Vitreous  Wire 

Enameled  Wound 

11, 1 111 : 21 P  -  

L 

•  The wide acceptance and increasing use of "L.M.C." 
RESISTORS by the electrical and radio industry is 
attributable directly to the following facts— 
We are not merely assemblers. 

We are Metallurgists, making our own Alloys. 

We are Ceramists, making our own Enamels. 

We are Electrical Engineers, prepared to work out any problems 
pertaining to controlling devices. 

We know there are other good resistors on the market, but invite 
manufacturers to judge the "L.M.C." 

Our engineering department is at your service. 
Send in your problems. 

In fairness to yourself, let us quote on your requirements and send 
you samples. 

Lautz Manufacturing Company, Inc. 
Electrical Alloy Products —Controlling Devices 

245 N. J. R. R. Ave., Newark, N. J. 
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Four Advanced Developments 
1. SHIELDING. Shielding r. f. coils is 

accepted as improving the modern receiving 

set. Three additional leading manufacturers 

have recently 

r.f. 
Coil Shield 

tested overall "gain" in their 

receivers using aluminum 

cans on the r. f. coils. Both 

as a shield and in its effect 

on the coil characteristics, 

aluminum was found to be 

eminently satisfactory. 

Aluminum possesses ad-

vantages of lightness, work-

ability and permanent, 

pleasing appearance that are 

offered by no substitute metal. It does not 

require lacquer or other treatment. 

In diameters up to 2.75 inches our extru-

sion process of making deep cylindrical 

Aluminum cans is decidedly economical. 

In drawn Aluminum shells intermediate 

annealing is eliminated. 

2.  CONDENSER BLADES. Aluminum 

condenser blade sheet is now available with tol-

erance of + .00 I inch, and with total variation 

within one sheet limited to .000s inch. This 

company produces finished blades of gauge 

tolerance and flatness hitherto unattainable. 

3. SOLDERING TO FIXED CON-

DENSERS. The Research Bureau of the 

Aluminum Company of America has de-

veloped a satisfactory method of soldering 

terminals to aluminum foil fixed condensers. 

4.  CASINGS. Alumi-

num casings for audio 

transformers and similar 

apparatus possess unique 

electrical advantages, 

lightness and excellent 

appearance.  Paint or 

lacquer is unnecessary. 
illuminum Trans-
former Casing 

Radio Engineers are invited to send for data on all sub-. 
jects involving the use of Aluminum in radio design. 

ALUMINUM COMPANY OF AMERICA 

ALUMINUM IN EVERY 

2468 Oliver Bldg. 
ALUMINUM 

0 Irj)  

COMMERCIAL FOR M 

Pittsburgh, Pa. 

•ALIP4IINUrki 
9he mark of Quality in Radio 
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SHAKEPROOF Locking Terminals Stay Locked! 

M ULTIPLE  LOCKING 
SPREADPROOF 

TANGLEPROOF 

Radio Manufacturing who use Shakeproof Lock-
ing Terminals know that their sets are going to 
stay -O.K." in service, regardless of the strain and 
vibration in shipping or handling. 

It is the exclusive multiple locking, twisted tooth 
construction that is responsible for this rapidly 
growing preference for Shakeproof —together with 
the fact that these locking terminals simplify 
assembly and make neater work. 

A LOCK W ASHER AND LUG 

TERMINAL IN ONE! 
—eliminating one assembly 

Test Shakeproof in your own assembly work and 
prove for yourself the saving possible in both 
time and material by using this modern locking 
terminal.  Just mention the styles desired and 
your samples will reach you by return mail. 

SHAKEPROOF'S Two in One" Locking Terminals  (Type 20) 

Aft 8 80!8 Ati A 
?006 2008 2010 20061 20062 20064 20066 20067 20082 20102 

SHAKEPROOF LOCK WASHERS 
In Sizes for Radio Work 

Shakeproof Lock Washers in Types 11 and 12 are a standard assembly 
item with many of the leading Radio Manufacturers of the country, and 
provide the same multiple locking features found in the Type 20 Locking 
Terminals. Furnished in steel or phosphor bronze in sizes for No. 4, No. 6, 
No. 8 or No. 10 screws. (Also in steel in sizes up to 15,4 inches). 

Be Sure to mail this Coupon 
For your TEST SAMPLES  

TA [PROOF [PROOF 
LOCK W ASHER CO MPANY 

(Division Illinois Tool Works) 

2509 NORTH KEELER AVENUE f CHICAGO 

Type 12.. .Internal 

FREE SHOP TEST SAMPLES 
(Please specify stock numbers) 

Shakeproof Lock Washer Company 
2509 North Keeler Ave., Chicago, Illinois 

Please send me samples of your Locking Terminals and Lock 
Washers as follows:— 

LOCKINGTERMINALS  

LOCKWASHERS (sizes) 

FIRM NAME   

CITY & STATE Ti 

BY 
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-Alo-itipirtnienis Heeded on the 
Newditt-ClitomeSpeaker 

49 

THIS year, more than ever before partic-
ular stress is being laid on the tone per-

formance of the set. Reception from even the 
most perfect hook-up, —containing units of 
the highest possible quality—will be far be-
low the accepted standard unless your 
speaker is of the most advanced type. 

Natural Reproduction on all 
Frequencies is Essential 

Whether your set favors low, intermediate or high frequencies, 
the standard Air-Chrome Speaker will reproduce naturally, 
everything the audio amplifier gives it. It would, however, be 
ridiculous for us to claim that the standard Air Chrome will 
operate with the same efficiency on every set, but by building up 
the high or low frequencies, as the occasion demands, we are 
thus able to match the output of your set exactly. 

The Custom-Built Air-Chrome 
The Air-Chrome Speakers for set manufacturers are made in 
3 standard sizes as shown above, 24" x 24", 18" x 23", 14" x 14". 
These will fit practically every cabinet. 

Special sizes built if the quantities warrant. 

Test the Air-Chrome in Your Own Laboratory 
The only way to tell whether you want to use the Air-Chrome 
on your set is to try it. Try to make it chatter--demonstrate it 
against any speaker—if you find that some frequencies are 
over-emphasized, remember that we can give you exactly 
what you want. The tone of the Air-Chrome is unaffected by 
atmospheric changes. A sample speaker will be sent on memo-
randum to responsible set and cabinet manufacturers. 

Send the coupon or write us today for complete information. 

AIR-CHROME STUDIOS, INC. 
162 Coit Street, Irvington, N.J. 

Page 11 
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Dyna mic Speaker Series, especially 

designed to -meet the needs a Manufacturers 
HE Elkoli Engineers have worked exceedingly 
closely with many of the nnanufacturers of dyna-

ricvirile speakers. The result of this work is an intimate 
knowledge a the problems of supplying smoot'h 
-power to moving coils, and a complete series of recti-
fiers supplying just the voltage and current desired. 

Nlready the Eikon Dry Rectifier has been specified by 
a majority of the Dr movie Speaker manufacturers. 
We would like to work with you as we have with 
them. Simply tell us your specifications, and we 
will submit a sample rectifier -- May be supplied 

with or 'without power transformer. 

Let Rectifier Headquarters solve your problems. 
Send the coupon -which will bring you, the En-
gineering Bulletins on the Elkon Rectifiers and 

nigh Capacity Dry Condensers. 

ELK O kr". , 
Division of 

I'. R. Mallory 81. Co., Inc. 

PORT CHESTER,N.S. 

Radio Engineering, August, 1928 

'National Overtis114 
Selling the 

DVS ANL1C IDEA 
and 

fiLI OIS RECTIFIERS 

Self healing, the Elkon Rectifiers have an excep-
tionally long life, are noiseless and require no 

attention or adjustment. 

Rou opon row of Elton Rea, fir" 

pont,' ondortherarefoleye,of 'kJ linhooric. 

Radio Department 

N consistent nev,spaper campaign bus 
already started and v, ill continue for 10 
MIC AS III tile follovving citiest---lievi 
lock., Chicago, Vlsiladelpliiii, Boston, 
Pittsburgh, Pet roit , Cie•elatta, St 
Louis, liatosas CAI, NtIanta, Seattle, 
San "Francisco, Los Nogeles. AAA a 
special campaign in 'Radi 

o, Radio 

Nevis, ropolar Radio and Radio 

'Ole copy viallielp sell  tte dynamic Broadcast. 

speaker idea and at the sanie time 
tell the consorner to look. for 

the Rllion name  on the rectifer. 
i 

National Ndvertising svilich will 

help every dynamic  o 

sp eaker 

manufacturer using  .. con 

the Slk n 

Rectifier to get i ........ - 
scorner acceptance of his 

product. 

rr'n i nq 
A 

rfuo 
t oj rogh, 

of.in sirs opi nion 

uStArn0 •  to fe,ine 

neer""̀"  Cot Vot  youlitavta• 
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The 

motor of 

tomorrow 

In duction 

type 

Again Gordon triumphs with this 
induction electric phonograph motor 

Truly a motor-marvel is this new achieve-
ment in the phonograph field. 

It eliminates noise. Brushless, it is so quiet 

that a physician's stethoscope would be re-
quired to hear it running, once it is installed. 

It obliterates interference. Of induction-

ope in accordance with the recommenda-

tions of the A. I. E. E., any pick up in radio 
or power amplifier is absolutely impossible. 

Spring drive, it smoothly starts itself, at-
tains full speed within two turns of the 
turntable. Then maintains that speed con-

stantly and evenly regardless of the fluc-
tuations in line voltage. 

Designed to operate on 110 volt A. C., a 
transformer, supplied at slight additional 
cost, adapts it for 220 volt A. C. 

Thus the Gordon Induction Electric Phono-
graph Motor solves every previous diffi-
culty, adds many desired advantages, sup-
plies the superb answer for the radio and 
phonograph needs. 

It is a workmanship-like motor in every 
particular. The finest materials are used for 
every part no matter how inconsequential. 
Splendidly engineered. 

Manufacturers are invited to write for prices 
on this motor of tomorrow. 

L.  S.  G O R D O N  CO MP A N Y 
1803 M O NTROSE AVE NUE, CHICAGO, ILL. 

STUDNER BROS., Inc., National Sales Agents, 67 West 44th Street, New York City 

Export Agents, Ad. Auriema, Inc., 116 Broad Street, New York City  •  Cable Address, Auriema—Ness York 
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Type II- I 2,  Rectifying Unit is a 

full-wave rectifier, with an output of 

1 to 3 amperes at 6 to 8 volts D.C. for 

trickle chargers anti "A" power de-

vices, etc. Made in two sizes: 

B•12. List Price .   $4.50 

B-16, List Price   $5.00 

Type D-24, B-L Rectifying Unit 
is a recent addition to the B-L 
line. It is a full-wave rectifier, hav-
ing an output of from 1 to 2 am-
peres at 8 to 10 volts D. C. This 
unit when used with proper trans-
former, with or without filter, sup-
plies direct current to excite mag-
netic field coils of Dynamic 
Speakers. List Price   $6.00 

Radio Engineering, August, 1928 

Type C-110. F3-L Rectifying Unit is a 
single-wave rectifier, used for replac-
ing 2- ' amperes. 6-volt charger bulbs. 
It has Edison socket screw base with 
a pin at the top for Fahnstock clip 
connector or finished with double - 
contact screw base. 
Type C-110, List Price   $4.00 
Type C-210, List Price  $4  00 

B-L Rectifiers 
For Dynamic Speakers and Power Devices 
B-L Rectifiers for Dynamic Speakers and Power Devices are tried and proved. They are 
unequalled in efficiency and performance and have been adopted as standard equipment 
by many of the largest manufacturers. • • • The B-L Rectifier, D-24, has met with 
exceptional success. If you are seeking a rectifying device to supply smooth, uniform power 
to Dynamic Speaker field coils, or for power devices, write us, giving specifications, and 
we will furnish you with sample unit, prices, etc. 

B-L Rectifying Units are Bone Dry—Noiseless—Durable—Compact. An interesting 
booklet, explaining their characteristics and some of the many applications, is yours 
for the asking. 

The Benwood-Linze Co... St. Louis, U.S. A. 

Bone Dry 
Durable 

ElaiLmffi 
RECTIFIERS 

Noiseless 
Compact 
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On Land, Sea, or in the Air 
DURHAMS are SupreineL wherever the per-

fect operation of radio apparatus is of paramount commercial and governmental importance 
—in radio transmitting or receiving apparatus—in power amplification units—in the sensitive 
resistance-coupled amplifiers of the photo-electric cell circuit in Television apparatus — 

there you will find that experienced radio engineers use and endorse DURHAM Resistors, 
Powerohms and Grid Suppressors! Why? Because years of experiment have proved the 
indisputable value of the DURHAM Metallized principle. Because these resistances are cal-

ibrated accurately according to their stated ratings. Because they are available for every 
practical resistance purpose from 250 ohms to 100 Megohms and in power ratings. We will 
be glad to send you descriptive literature explaining the entire Durham line. 

il i tiom Term% ir T A  
 METALLIZED -   

A lir A  .1. 

RESISTORS & POWEROHMS 
INTERNATIONAL RESISTANCE CO., 2006 Chestnut Street, Philadelphia, Pa. 
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ist 

M I CARTA  
RADIO PARTS 

Share in modern quality reception 

THE quality of the reception of 
modern radio receivers largely 

depends upon the quality of the 
component parts of the receiving sets. 
For the best reception, terminal boards for 
the power pack, for the power pack cable, 
and for the speaker, as well as the ter-
minal strips, mounting plates, sub-panels, 
tube panels, and other parts must be made 
of a material that possesses permanent 
insulating qualities and life-long immunity 

309 Canal St. 
New York, N. Y. 

to  deterioration from  heat and 
moisture.  Micarta fulfills the require-
ments of an excellent radio material. 

It is easily punched and fabricated into 
any design.  The punch or the saw never 
chip it.  Because of these features and its 
enduring insulating  qualities,  Micarta 
always helps to produce quality reception. 
Micarta radio parts —in any quantity — 
can be obtained from— 

MICARTA FABRICATORS. INC. 

500 South Peoria St. 
Chicago, Ill. 

Westinghouse Electric 8r. Manufacturing Company 
East Pittsburgh  Pennsyl vania 

Sales Offices in All Principal Cities of 
the United States and Foreign Countries 

Westinghouse 



Radio Engineering, August, 1928 

Manufacturing Procedure 
History and Fundamentals of an Unusual Form of Production Structure 

pItODUCTION is a prize song. 
Big  Business  composed  it 
shortly after the World War 
and distributed free copies to 

the Press.  All the little horses picked 
up the ditty and spread it far and 
wide  . . . and the public event-
ually danced to it. 

Production is a patriotic air.  It 
saved Industry from crashing against 
the rocks of failure at a time when 
the public was practising the economi-
cal measures introduced during the 
war.  Money was not moving. 

Production is unfortunately based on 
a number of variables.  Its structure 
is part factory practi(e. part merchan-
dising, part advertising and part re-
search.  Eliminate but one of these 
major factors and the structure col-
lapses. 

Production structures differ.  Since 
production depends a great deal on the 
character of the factory. the character 
evolving from the company executives 
and the nature of the products, it is 
obvious that an entirely different form 
of factory procedure will maintain in. 
say. The National Biscuit Co. and the 
Remington Arms Co.  If the character-
istic conditions are not recognized pro-
duction resolves itself into a stupend-
ous waste. 

Production Fundamentals 

There  are  nevertheless  certain 
fundamentals which do not alter and 
are practiced in all modern factories. 
The basic fundamental is labor-saving 
machinery.  Simplified operation is a 
close relative.  Simplified design of the 
product is also a fundamental and a 
decidedly important one. 

Now, to the general observer in any 
factory it is quite possible that no 
great difference in procedure would be 
noticed.  The machines are going, the 
employees are all carrying out specific 
operations. The observer cannot verify 
the technique because of the huge num-
ber of commonplace surface operations. 
nor  recognize  the  undercurrent  of 
supervision, because of the confusion 
created by the myriad noises.  Every 
worker appears to contribute only to 
something that is very big and bold 
and very obvious.  Detailed and spe-

By Howard Radcliff 

cific operations are lost sight of. Like-
wise, a factory executive may easily 
lose track of small but important de-
tails, because of the overbearing in-
fluence of the general sweep of funda-
mentals. 
The details spring from the funda-

mentals and it is possible to cite many 
cases in the radio field where manu-
facturing plants found, only; after a 
period of six or more months, that the 
manufacturing cost of the finished pro-
duct  exceeded  the  manufacturer's 
price. 

Views of the im mense tool crib, 
or tool file, In the plant of a test-
ing  instru ment manufacturer. 

(Courtesy of Weston Electrical In-
strument Corp.) 
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Factory Procedure 

Most of us associate production with 
a very highly standardized product 
with no outstanding variance in de-
sign, such as a "B" eliminator, a tooth 
brush, an electric iron or an A.C. re-
ceiver.  Yet large scale production ex-
ists in specific fields where general 
design cannot be followed.  An out-
standing example is the manufacture 
of electrical measuring or testing in-
struments.  The demands are so wide 
that in the radio field alone several 
hundred types and ranges of meters 
are required for transmitting and re-
ceiving sets aside from the many spe-
cial instruments needed for testing 
radio  products during manufacture, 
for checking broadcast receivers and 
for  radio  laboratory  and  research 
work.  At the same time every instru-
ment must conform to definite preci-
sion requirements, which makes the 
matter of production on a large scale 
appear prohibitive. 
It is just such problems as this that 

are apt to arise in any manufacturing 
field and if the problems are not solved 
to the satisfaction of standardized pro-
cedure, quantity production is out of 
the question. 

Surmounting Production Problems 

It may prove of interest to outline 
the general production structure or 
manufacturing procedure in a large 
plant given over exclusively, to the 
making  of  electrical  measuring  or 
testing instruments such as voltmeters, 
ammeters.  milliammeters,  microam-
meters, frequency meters, tachometers. 
etc., each model differing in many re-
spects from the others. Likewise most 
of the instruments are made in many 
different sizes and ranges to meet the 
numerous industrial requirements. 
This immediately lends confusion to 

the picture. yet manufacturing proced-
ure and general design have been so 
standardized and simplified that large 
scale  production  is  possible.  The 
laurels go to the research and produc-
tion engineers who developed the orig-
inal structure. 

Standardized Precision 

Precision is the mainstay of every 
good  testing  instrument.  Accuracy 
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(Court exy of Weston Electrical 1 oml U m en t Corp.) 

A view of the General Inspection Department where parts are measured by 
reference to definite standards reduced to a series of "instruction car ds. 

and continued dependable performance 
is the natural sequence of properly 
balanced design and precise workman-
ship.  These qualities are essential in 
instruments that are expected to indi-
cate faithfully at all times the actual 
conditions of the circuits under test. 
Quality  instruments eliminate guess 
work and instill complete confidence in 
the results of test data. 
Instrument  parts  such  as pivots, 

pivot bases, moving elements. instru-
ment springs. pointers and all other 
parts that make up a completely as-
sembled instrument, are made with the 
same degree of re-
finement  of  design 
and  precise  work-
manship  and  held 
the same dose toler-
ances whether they 
go into a low-priced 
radio meter or into 
the 'highest  grade 
laboratory  standard 
instrument.  It  is 
this proeedure that 
makes it possible to 
manufacture such a 
widely divergent line 
of  uniformly  high 
grade meters on a 
quantity prisluction basis. 
Were the making of these small 

parts done by hand the eost of such 
standardized precision would be pro-
hibitive and  the  system  ridiculous. 
But the parts are turned out in quan-
tity from delicate and intricate ma-
chines which took years to develop. 
Many of these parts are so small that 
they are checked for defects under a 
microscope. 

Standardized Operations 
In order to satisfy further the pro-

duction structure, all operations are 
completely standardized.  This has al-

so been carried out to a state of per-
fection.  Many of the operators are 
females, as they are better equipped 
to handle the delicate manufacturing 
and assembling work.  All operations 
possible are done by machines irre-
spective of  their  nature and  each 
operation is predetermined by the en-
gineering personnel.  In other words, 
the engineering intelligence is focused 
on the special machines for perform-
ing the various operations and on the 
plans  aml  schedules  provided  the 
workers. 

A notable example of this is the 
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THE ESSENTIALS OF PRODUCTION 
(I) WELL PLOTTED MARKET with uniformity maintained by constructive 
merchandising plans, well distributed sales channels and backed by advertising. 

(2) RESEARCH directed towards advertising and manufacturing procedure so 
that each is a reflection of the other. 

(3) CENTRALIZED ENGINEERING operating as a plant nucleus (of the pur-
pose of developing standardized factory procedure in accord with the character-
istic nature of the engineered product. 

(4) STANDARDIZATION of engineering design, plant operations, and materials. 

(5) INSPECTION based on the result of research, centralized engineering and 
standardization as applied to the g  1 manufacturing procedure. 

Ii111111,,I111!111111111 H.1111111;i111111 11111,0.111 ,1!1!:•111111EliiI1111111111111111111111111111111111:i11111111.10w wn.lniiiiiiiiii m niiniii mmitiipiii!II;iiiiilitlifillinti nni milipliTli m.,rdinir 

wiring of a special radio test set. Each 
wire which eonnects one component to 
another is cut to the proper length and 
bent to the proper shape and the wir-
ing plan is so worked out that no two 
eonnecting wires are interchangeable. 
The operator never varies the wiring 
procedure.  She is provided with as 
many boxes as there are connections 
and each box contains only one shape 
of wire.  She takes a wire out of box 
No. 1 and solders it in place then a 
wire out of box No. 2. etc., up to and 
including the last box when the test set 
is completely wired. 

To assist further the maintenance of 
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a smooth operating production struc-
ture, each department is supervised by 
a production engineer who checks the 
output of each operator, forms the 
schedules and cooperates with the gen-
eral  manufacturing  department  in 
working  out  production  problems. 
Every operation is "blue printed," so. 
to speak, and never departs from the 
original plan. 

To insure accuracy and to reduce the 
time factor On each operation a great 
deal of thought has been given to the 

comfort of tile operators.  Fatigue has 
been eliminated by proper seating fa-
cilities, good  light  and  ventilation. 
Since 'so many of the operations are 
delicate and the parts very small, 

special magnifying glasses are provid-
ed the operators. for assembly or manu-
facturing  operations,  which  would 
cause a strain on the eyes.  The girls 
who wind the small moving coils em-
ploy magnifying glasses as well. S O. 

that they can readily see that each 
turn of the wire falls in the proper 
place. 

Standardized Inspection 
In a factory where every operative 

has been appointed an inspector of the 
results of his individual skill, and 
where many hundreds are cooperative-
ly  engaged  in  raising  the  general 
standard to the highest plane of per-
fection, it is readily seen that the 
General Inspection Department would 
be vested with unusual functions. 
There is a vast difference in results 

between that kind of inspection. which 
maintains uniform standards through-
out a highly organized plant of con-
scientious craftsmen. and a system of 
espionage designed to uncover defects 
resulting from faulty pr(sluction meth-

ods and indifferent 
or  inexperienced 
workmen. 
The  Inspection 

Department has been 
molded into a highly 
organized  Clearing 
House.  through 
which materials, fin-
ished  parts  and 
craftsmanship are 
measured by refer-
ence to definite and 
precise standards be-
fore  they  are  ad-
judged  satisfactory. 
These standards are 

reduced to "instruction cards" —one 
for every part drawing. material speci-
fication or operation. 

Ninety per cent of all inspection work 
is conducted ill the Clearing House tin-
der conditions where fine gauges. mi-
croscopic examinations and especially 
constructed laboratory equipment give 
the best inspection results.  The re-
maining inspection work, usually of 
delicate  character  on  parts  which 
should not be needlessly handled, is 
accomplished in the departments where 
the parts are made.  As an example of 
the number of inspections performed, 
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a single instrument, a well known 
model of wattmeter, receives approxi-
mately 24(1 individual parts and assem-
bly inspections. 

The magnitude of  the  inspection 
work and its delicacy can be gained 
front an example of the extreme accu-
racy required in making the small 
pivot base: First. It is cut from stock, 
formed to rough diameter and then 
turned down to true diameter and cen-
tered.  Next. the lode is made, with a 
.0135 in. drill, the tints milled and the 
pivot base threaded —.030 in. (Ham., 
200 threads to the inch.  The pointers 
for  the  measuring  instruments  are 
threaded at the ends to take the sum II 
balance nuts.  There are 5110 threads 
to the inch on the pointers and the 
holes in the balance nuts are .0135 in. 
diameter.  Some of the  instrument 
springs are only 1/2 of a thousandth 
of an inch in thickness and in inspec-
tion are 11(.141 to a tiderance of 1/100,-
(MN) of tilt inch. 

Standardized Reconditioning 

A permanent  technical  Fell (('(1  is 
kept I ,f instruments lea ving the fin -

Right:  A vie w of a 
bank  of  auto matic 
machines  in  the 
plant  of  a testing 
instru ment manufac-
turer.  These  ma-
chines are employed 
for  making  pivot 
bases,  instru ment 
springs  and  other 

small parts. 

tory.  By reference to this record file 
an instrument can be readily dupli-
cated.  Also, when required, additional 
accessories such as shunts, resistors, 
multipliers, etc.. usually can be provid-
ed without the necessity of returning 
the instrument.  For example, a record 
includes the exact value of the shunt 
resistance  in  a specific  instrument, 
I. e.. that value of resistance determined 
by test to provide the proper meter 
reading: therefore should the resist-
ance be damaged a new one of the 
same value can be supplied. 
The reconditioning of instruments is 

handled by all exclusive repair depart-
ment self-functioning. a fact-tory with-
in a factimy.  This individual depart-
ment is also highly standardized in in-- 
speedo!'  procedure  and  reassembly 
work.  This department draws on the 
stock of standard parts maintained by 
the factory and if the instrument to be 
reconditioned is one of II very old 
model the department draws on the 
immense ttiol crib fiir the tool to make 
the particular part. The tool crib is a 
huge tile of every toad made fin. turning 
Illt  instrument  parts.  It is. there-
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fore, possible to make, on order, out-
of-date  models  to  meet  specific 

requirements, without disrupting pro-
duction.  The tool crib is, obviously, 

one  of  the greatest  assets of  the 
company. 

Conclusion 

We believe that the outstanding note 
in the produetion structure outlined is 
the engineering faculties.  Research 
has done more to develop production 
than any other one item.  With a corps 

headed by a chief engineer and includ-
ing research engineers. department en-
gineers, produethin engineers and super-
visors each step of the vii y II:15 been 

virtually "blue printed." Concentrated 
intelligence directing every move of 

the operatives appears to be the most 
logical course. To this end the develop-
ment of labor saving machinery, which 

after all is the baekbomb of a produc-
tion structure. should rest partially, if 
not wholly in the hands of the engine-
ers. who best understand the problems 

of electrical and mechanical design and 
the intimate problems of the factiiry. 

leourtemy  'if  Weston  Eke-
tricot Instrument Corp.) 

Partial view of the Recon-
ditioning and  Repair  De-
partment, a "factory within 
a factory."  A permanent 
technical record is kept of 
instruments  leaving  the 
factory,  which  facilitates 
the  work  and  eli minates 
the possibility of error. 

.11  '  IMII 
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Research Methods 
The Importance of Research in Relation to Large Scale Production 

and Commercial Applications 

By Frank B. Jewett* 

IMAGINE that a large part of the population who give any thought 
to it think of research in the 
physical  sciences  as  something 

new among man's activities.  As a 
matter of fact, it is not at all a new 
thing.  Research work in its broadest 
sense has been going on for centuries. 
Every engineering problem that was 
ever undertaken, which required the 
planning of some new thing, involved 
some form of research work. 
There has come about within the 

last two hundred years a realization 
that to get authoritative and lasting 
results one has to perform experi-
ments based on a well-con-
sidered plan, worked out from 
the experience of the past, and 
so controlled that data can be 
capable of definite interpreta-
tion. One of the hardest things 
we research people and engi-
neers have to contend with is 
the temptation to draw conclu-
sions  from  complex  experi-
ments or experience in terms of 
only a part of the factors of 
the problem. Even in our mod-
ern institutions and industrial 
research laboratories, equipped 
with the .best means and men 
available, we find this tendency 
continually cropping up.  Re-
sults are stated with a com-
plete knowledge of only part of 
the factors, and sooner or later 
we realize that our conclusions 
were  unjustified  because  of 
neglected factors which have 
played an appreciable part in 
the results. 

Variables 
Engineers and scientific peo-

ple alike do this sort of thing. 
not consciously but unconsci-
ously.  To get a result that 
means anything. in most cases 
one must so control his investi-
gation that but one factor is 
variable at a time. If you have 
two, it is very difficult to interpret 
your result as between the two factors. 
If you have three or more, it is prac-
tically impossible.  Yet this is at-
tempted every day, usually with the 
result that progress, when it comes at 
all, comes from doing a thing over and 
over again, until by statistical methods 
we arrive at some sort of an approxi-
mation to the truth. 
There is another thing which we 

are very prone to do and that is to 

• President  of  Bell  Telephone  Lab-
oratories. 

try out initial experiments on too 
large a scale.  Suppose you have an 
idea and perform an experiment on 
a large scale and the result does not 
come out as you thought it was going 
to; you do not know why it didn't, 
you do not know whether your as-
sumption was wrong or whether fail-
ure was due to unrecognized and un-
controlled factors.  Having decided 
what one wants to do and having 
made an assumption as to the correct 
method of doing it, he must try it out 
on what is essentially a laboratory 
scale.  It has to be tried out under 
conditions that, so far as is humanly 

OR. F. B. JEWETT 
President, Bell Telephone Laboratories 

possible, are precisely controlled to 
provide only a single variable factor 
in a given experiment.  If at the con. 
elusion of that experiment we obtain 
results which are in line with our ex-
pectations, we may fairly assume that 
the thing we started out to do can be 
done, at least experimentally.  We 
may want to repeat the experiment 
once or twice under other conditions 
to make sure of our conclusions.  We 
are then ready to start the next part 
of the experiment, namely to see if 

we can transfer this laboratory pro-
cess into a large scale operation. 

Production Scale 
I have seen experiments started on 

the supposition —and I am afraid I 
have been guilty myself at times — 
that  certain  operations  can  be 
launched at once on essentially a com-
mercial  or  large scale engineering 
basis because they have worked on a 
small scale.  If you can do a thing 
in a test tube in a laboratory under 
controlled conditions, you may be able 
to do it on a large scale, but not 
necessarily. 
In order to bridge the gap between 

small scale and large scale ex-
periments, our method in the 
telephone  industry  has  for 
years followed these lines. Let 
us assume that the problem in 
hand has for its end the design 
of a complicated piece of ap-
paratus. The first experiments 
are primarily to check up the 
necessary fundamental physi-
cal or chemical characteristics 
or reactions.  We have suc-
ceeded, let us assume, in check-
ing our  fundamentals.  The 
next step in the process is to 
make  a piece of apparatus 
which as nearly as possible 
conforms to the ideal require-
ments.  It is the best we can 
do regardless of cost.  We use 
the best machinery and the 
best men and the best ma-
terials we can to make this 
thing an ideal piece of ap-
paratus.  Any results we ob-
tain with it are a test, not of 
the  fundamental  principles 
since these have already been 
checked, but are a test of our 
ability, with the tools at pres-
ent at our disposal, to make a 
physical thing giving certain 
desired  results.  When  this 
carefully made sample is tested 
under actual operating condi-
tions, it is a ten to one chance 

that certain difficulties appear which 
our earlier and more fundamental 
tests did not disclose.  It mans that 
Wl. must make modifications if we are 
going to use our fundamental princi-
ples commercially. 

Commercial Adaptability 
Finally, let us suppose we have an 

operating piece of apparatus made 
under this ideal condition but which 
is not at all commercial. For example. 
this particular piece of apparatus may 
have cost a thousand times what we 
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know we can afford to pay for a large 
number of these pieces of apparatus 
used commercially.  We have shown, 
however, that the thing can be done. 

The next step in the process is to 
build what we call tool-made models. 
These models conform as nearly as 
possible to the ideal thing but are 
made under commercial processes ap-
plicable to large scale production and 
with ultimate cost considered.  Tests 
on tool-made models are not tests 
of the fundamental thing nor of our 
ability to make one thing to conform 
to the ideal, but are tests of our abil-
ity to make in a physical, -economical 
fashion a large number of things cap-
able of producing a desired result. 

It is only after we have gone 
through all three of these steps and 
have  tried  the  tool-made  models 
under service conditions and found 
them satisfactory that we feel safe 
in going into production on a huge 
scale and using the apparatus as a 
part of our standard equipment. 

This general process must be gone 
through with in one way or another 
in practically every line of industry 
where science is applied for practical 
purposes. 

Constituents 
Now,  another  thing.  We  have 

learned, particularly in the past thirty 
or forty years, that it is not always 
safe to neglect very small admixtures 
of foreign substances.  This is par-
ticularly true with regard to things 
chemical.  There was a time not so 
long ago when a thousandth of a per 
cent or a hundredth of a per cent of 
a foreign body in a chemical mixture 
was looked upon merely as an in-
cidental inclusion which could have no 
appreciable effect on the character-
istics of  the substance.  We have 
learned in recent years that this is an 
absolutely erroneous idea. 

I might cite a situaticn which de-
veloped in an undertaking of the Engi-
neering Division of the National Re-
search Council some years ago.  In 
connection with the problem of marine 
borers, teredos and the like, a study 
was made of substitutes for wooden 
structures, particularly concrete.  In 
the course of the work. Industry all 
over the United States and Canada 
and abroad became involved, and it de-
veloped from the extensive data gath-
ered that concrete, good concrete or 
what people thought was good con-
crete, when immersed in sea water 
was  a very  variable  thing.  The 
records  show  that  some  concrete 
structures have stood up for an almost 
indefinite time, with very little deteri-
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oration.  Yet right alongside of them 
other concrete structures, presumably 
made in exactly the same way, had 
gone to pieces in a very short time. 

Investigation pointed to the conclu-
sion that this variation was not so 
much due to variations in the me-
chanical processes of mixing the con-
crete as it was due to chance variation 
of composition in the cement, sand 
and stone employed.  Although dif-
ferent cements might be nearly alike 
chemically,  they  probably  reacted 
slightly differently when submerged in 
sea water, and similarly with the 
other ingredients. The trouble, where 
trouble occurred, really went back to 
the raw materials used in making the 
concrete and their chemical composi-
tion.  It seemed clear that no satis-
factory answer to the problem of con-
crete structures in sea water could be 
hoped for until light was thrown on 
the constituents of the materials. 

I am citing these instances to em-
phasize that experience teaches us to 
use extreme caution.  Good engineer-
ing practice must be based on conclu-
sions drawn from controlled experi-
ments where one variable at a time is 
involved. and frequently the variables 
are ingredients present only in greatly 
attenuated amount. 

Picture Scanning With Natural Light 
Development of Bell Telephone Laboratories Brings Television Into 

The Open, Through Use of Telescope Lens 

F
.NG INEERS of the Bell Tele- 
phone Laboratories who over a  ..,   year ago gave the first demons-
tration of television disclosed 

some of the further progress which 
they have made during their continued 
researches by demonstrating a new 
transmitting device which is capable 
of putting upon the television circuit 
outdoor scenes.  On the roof of the 
Laboratories actors boxed and danced, 
swung  baseball  bats  and  tennis 
rackets to appear in brightly illumi-
nated pictures in one of the labora-
tories on the eighth floor. The present 
apparatus differs radically from that 
of the first demonstration when the 
scene to be transmitted was illumi-
nated by a powerful artificial light 
and  only  the  actor's  head  and 
shoulders appeared in transmission. 
With  the  improved  apparatus  the 
scene was illuminated by ordinary sun-
light and covered the area occupied by 
two men engaged in a friendly boxing 

match.  . 
In  the  first  form  of  apparatus 

demonstrated in April of last year, 
the scene was illuminated by a rapidly 
oscillating beam from a powerful arc 
light and that limited the scene to be 
transmitted to a very small area. The 
new development frees television from 
one of its most serious limitations. 

Large Lens Employed 

The scene or event to be transmitted 

is reduced to the form of an image by 
a large lens, this image being scanned 
by a rapidly rotating disc similar to 
that previously employed but much 
larger.  The lens serves somewhat the 
same purpose in the television ap-
paratus as  the  large  lens  of  an 
astronomical telescope, and, like the 
latter, it should be large to gather as 
much light as possible. 
The experiments show that moving 

persons and objects can be success-
fully scanned although at a consider-
able distance from the lens and there-

fore in such a position that the focus 
of the lens does not require (-hanging 
from moment to moment.  Light pass-
ing through the lens and scanning disc 
is caused to actuate a light responsive 
device of extreme sensitiveness and 
generate an electric current which 
after amplification may be transmitted 
either by wire or radio. 
The  developments  in  television 

which were demonstrated were per-
fected by Dr. Frank Gray of the 
Laboratories working in collaboration 
with Dr. Herbert E. Ives. 

The pick-up apparatus consists of a lens behind which are the revolving 
scanning disc, photo-electric cells and amplifier.  The disc and cells are under 

the light-proof covering. 
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The Design of the Tuned Double-
Impedance Amplifier 

Covering the Technical Elements of the System and the 
Outstanding Advantages 

T
HE function of the tuned dou-
ble impedance type audio am-
plifying system is described in 
its appellation.  The title of 

"tuned" double impedance designates 
three things: first, that impedances 
are utilized in the coupling unit; sec-
ond, that two such impedances are 
employed and third, that the system 
can be tuned or made resonant to a 
predetermined frequency.  The basis 
for the tuning is founded upon the 
demand for a preponderance of ampli-
fication upon a predetermined fre-
quency.  Generally speaking and con-
sidering the operating characteristics 
of associated equipment, the modern 
radio receiver installation of conven-
tional design is deficient upon the 
lower audio register, between 30 and 
200  cycles.  Satisfactory  low-fre-
quency amplification and fidelity of re-

General design of a tuned double 
impedance unit. 

production, which makes necessary the 
presence of all audio frequencies trans-
mitted  during speech  and  musical 
renditions, has been the public demand 
.ever since the inception of commercial 
radio broadcasting. 
With the development of efficient 

loud speakers and amplifying tubes 
possessing fair values of output im-
pedance. the lack of low frequency re-
sponse in the audio amplifier has de-
veloped into a widely discussed sub-
ject. General improvements upon units 
designed for radio receiver installa-
tions have extended  the operating 
audio band, but the reproduction of 
frequencies between 30 and 80 cycles 
is still shrouded with difficulty.  Ex-
periments have shown that speakers 
will respond to the low frequencies, 

*Mier Audio Corporation. 

By Edward E. Hiler* 

providing sufficient energy is fed into 
the speaker driving mechanism. Poor 
audio amplification, that is, poor low 
frequency response. fails to provide 
this required power.  That power re-
quirements of loud speakers are not 

Circuit diagram of single stage 
tuned double impedance amplifier. 

uniform over the band of audio fre-
quencies is beyond the subject at this 
time, since experiments have conclu-
sively demonstrated that audio ampli-
fiers of proper design can compensate 
for the loud speaker deficiency on the 
low frequencies.  The attainment of 
the above is the function of the tuned 
double-impedance amplifier.  However, 
it is not its only salient feature. 

Magnetic Isolation and Series 
Resonance 

In direct contrast to conventlinial 
audio-amplifying systems, the tuned 
double impedance arrangement utilizes 
two phenomena foreign to other sys-
tems. namely magnetic isolation, which 
is equivalent to maximum leakage re-
actance. and series resonance.  These 
terms applied to electrical practice are 
not new, but when applied to radio re-
ceiver audio amplifiers introduce a new 
era, because of the operating charac-
teristics they make available.  "Mag-
netic isolation" is applied to the elec-
trical design of the unit, consisting as 
it does of two windings mounted upon 
the outer leg of a figure-8 laminated 
core, one winding on each leg as shown 
in Fig. 1. I' and B are the two ter-
minals for the plate winding and G 
and F are the two terminals for the 
grid winding.  The effect of this me-
chanical arrangement practically iso-
lates, magnetically, the two windings. 
A fixed capacity which serves a double 
purpose is included in the same case. 

Magnetic isolation of the plate and 
grid windings by means of the figure 8 
core, is one of the most important fac-
tors in the design of the tuned double-
impedance unit.  In contradistinction 
with other forms of audio-frequency 
coupling, such  as the conventional 
audio-fregency transformer, the leak-
age reactance between the plate and 
grid windings in the tuned double-im-
pedance unit is tremendously great, 
being millions of ohms, but its action 
is completely nullified by the coupling 
capacity.  The action of this capacity, 
whose reactance with respect to the 
leakage reactance is very small, is 
practically to short-circuit the leakage 
reactance and to nullify its action as a 
coupling medium. As a result, the only 
coupling between tile plate and grid 
windings Is through the coupling ca-
pacity.  Emperical determinations of 
the resonance peak in the tuned dou-
ble-inqwdance  unit  has  shown  the 
plate winding as negligible; that is, 
the coupling between the plate and 
grid winding through the core is so 
little that the plate coil has no effect 
upon the frequency setting at reso-
hance.  In fact. the magnetic isoin-

Series circuit containing a capa-
city and impedance. 

lion in the tuned double-impedance 
coupler, is equivalent to the use of 
two individual coils housed in indi-
vidual containers placed at right an-
gles to each other for zero coupling. 
The elimination of the effect of leak-
age reactance provides beneficial oper-
ating characteristics unavailable with 
systems or coupling units possessed of 
leakage reactance. 

Elimination of Leakage Reactance 
The presence of leakage reactance in 

an audio coupling unit is detrimental 
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for several reasons.  In the first place, 
it causes a change in the operating 
characteristic of the coupling unit, 
such as a conventional transformer, 
when the transformer is under load. 
A thorough analysis of the action of 
leakage reactance and its effects upon 
audio-frequency  transformers  w a s 
made by Diamond & Webb, September, 
1927. Proceedings of the Institute of 
Radio Engineers.  They show how the 
resonance peak on the upper audio 
register shifts from 8000 to 4000 cycles, 
with load, occasioned by the action of 
the leakage reactance variation.  By 
virtue of the leakage reactance present 
and the reflection from the secondary 
to  the  primary,  full  low-frequency 
amplification is not obtained because 
of the momentary reduction of the 
plate load inductance.  The presence 
of leakage reactance makes imperative 
the total elimination of grid current, 
since current flow through the sec-
ondary winding causes an increase in 
leakage reactance with highly detri-
mental results. 

Elimination of leakage reactance in 
the tuned double-impedance coupler by 

the arrangement mentioned eliminates 
all of the above faults.  The frequency 
characteristic curve of the unit re-
mains constant under load and elimi-
nation of grid current in the grid coil 

is unnecessary as far as its effect upon 
the coupling unit is concerned.  Ex-
periments  have  shown  satisfactory 

operation of • the tuned double-impe-
dance unit with 100 microamperes of 
grid current. This figure is not quoted 
as a recommended value, but simply as 
an example of the effect of magnetic 

isolation of the two windings upon the 
frequency characteristic of the unit. 
The frequency setting of the peak in 
the lower audio register band remains 
constant under load.  Its actual set-
ting and amplitude are within the con-
trols of the operator and the system 
is possessed of utmost versatility.  By 
selecting  the  proper  electrical  con-
stants, this low-frequency peak can be 
set at any value within the audio band 
or at a value below the normal audio 
band, say 15 cycles, in which case the 
frequency characteristic curve of the 
unit will be absolutely fiat between 
30 and 8000 cycles and practically flat 
to a value considerably above the 
upper audio limit.  A schematic layout 
of a single stage is shown in Fig. 2, 

Ll being the plate coil, C is the cou-
pling condenser and L2 is the grid 
coil. 

Series Resonance Phenomenon 
The peak on the lower audio fre-

quency is the result of the series re-
sonance phenomenon.  The electrical 
circuit for purpose of analysis, is 
shown in Fig. 4.  As is evident, con-
denser C and inductance Lg with re-
spect to the voltage source  E consti-
tutes a series circuit.  For purpose of 
explanation. we can consider a simple 
series circuit —shown in  Fig. 3—as 
being equivalent with respect to the 
applied voltage, to the circuit shown . 
In Fig. 4. since the effect of Lp or the 
plate choke is negligible.  It is a well 
known  fact  that  the  voltage  drop 
across the inductance of a series cir-
cuit consisting of a capacity and an 
inductance, when resonant to an ap-
plied frequency. may be 100 times as 
great as the applied voltage.  Since 
the A C voltage drop across the grid 
choke in the tuned double-impedance 

unit is utilized as the signal voltage 
for the succeeding tube  grid, we can 
readily understand the voltage step-up 
effect at the resonant frequency and 
the peak in the amplification curve.  A 
sample curve of a single stage unit is 
shown in Fig. 7.  Here we show the 
frequency characteristic of a single 
unit resonated at 50 cycles.  Note the 
peak due to the voltage step-up at 50 
cycles and the flat response on the 
higher frequencies.  An example of the 
voltage step-up in a series circuit to 
illustrate the action of series reso-
nance in the tuned double-impedance 
system is as follows: 
Suppose we take a simple series cir-

cuit such as that shown in Fig. 3.  F 
is 40 cycles, E is 10 volts, L is 200 

henrys and C is a capacity whose react-
ance is equal to that of the inductance 
L at 40 cycles. The effective resistance 
R of the coil is 1.000 ohms.  The cur-
rent I in the circuit is equal to 

.I/112 + (6.28XF XL  1   V 
6.28XF XC) 

10 

NI (1.000) + (50,240 — 50.240) 2 

1 = .01 of an ampere 

,,',.,,,[1,.1i11111:1:1!1111N111111:1, 

Generalized cir-
cuit of a single 
stage  of  tuned 
double  imped-
ance  amplifica-
tion;  an  anali-
zation  of  the 
electrical  pro-

perties. 
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The voltage drop across the induct-
ance is equal to 2 w FLI, since the 
ratio between the reactance resistance 
of L is Wery high.  Substituting our 
values we have 

6.28 x 40 x 200 x .01 = 502.4 volts. 

It is evident in this illustration of 
series resonance that the drop across 
the inductance is equal to approxi-
mately 50 times the applied voltage. 
Here we have used a ratio of 50 to 1 
between  reactance  and  resistance. 
With a lower value of resistance, the 

Circuit  which  serves  to  de mon-
strate series resonance pheno menJn. 

voltage drop would be greater, con-
sequently the resonant peak would be 
steeper.  The voltage step-up in the 
tuned  double-impedance  system  is 
identical to the series resonance illus-
tration.  Regeneration in the conven-
tional audio amplifier circuit tends to 
increase the phase angle of the coupl-
ing unit circuit.  With zero resistance 
the voltage step-up in the series reson-
ant circuit would be infinite.  This 
state, however, is never obtained be-
cause resistance is always present -in 
the system.  Previous articles mention 

the use of a variable grid resistance in 
the "C- minus lead of the grid choke 
for  the purpose of controlling  the 
height of the resonance peak in circuits 
where regeneration is very pronounced. 
The effect of this resistance can be 
gleaned  by  a study  of  the  above 
formulae. 

The above illustration of a series 
resonant circuit should explain the 
presence of the peak present in the 
tuned double-impedance system, since 
the arrangements in Figs. 3 and 4 are 
practically identical.  We  have as-
sumed an ideal state for purpose of 
illustration. The peak in the system is 
not limited to 50 cycles as shown in 
Fig. 6 but can be by proper selection 
of the coupling capacity, assuming a 
definite value of grid inductance be 
located within or below the normal 
audio-frequency band. 

Circuit Analysis 

A simple analysis of a single stage, 
such as shown in Fig. 2, would result 
in an analytical circuit similar to Fig. 
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5. Here, too, we are realizing an ideal 
state, without resistance.  E is the in-
put voltage available from the tube and 
applied across the circuit.  Rp is the 
tube output resistance. The choke ad-
jacent to Ze is the plate choke and the 
choke adjacent to Gz is the grid choke. 
The condenser shown is the coupling 
capacity.  Eg is the voltage available 
across the grid choke for application 
to the succeeding tube grid. The avail-
able grid voltage Eg is governed by the 
impedance relation of the various cir-
cuits, or 

Eg = 
Ze  Zg 

—  X —  
Zt  Zr 

Zg is the impedance of the grid 
choke, Zr is the impedance of the cir-
cuit consisting of the grid choke and 
the coupling condenser, Ze is the im-
pedance of the circuit consisting of the 
grid choke and coupling capacity and 
the plate choke.  Zt is the total im-
pedance including rp.  At any value 
approximating resonance, Zr can be 
classified as being equal to "e", a very 
small quantity approaching 0 as a limit 
at resonance.  Zg is equal to 2 r fL. 
At a frequency approximating reso-
nance, Ze is equal to "e", since the 
circuit constituting Zr is a practical 
short across the plate choke. Zt being 
equal to Ze  Rp it is therefore equal 
e plus rp.  Substituting in the formula 
for Eg we obtain 

2 
Eg —  X   

e  rp 

where L is the inductance of the grid 
choke. 
Cancelling the small quantity e in 

the numerator and the denominator, we 
find that 

Eg — 
2 r fL 

e  rp 

2 T fL 

therefore Eg —   since e ap-
rp 

proaches 0 at resonance. 

Suppose we substitute in the above 
formula the approximate values used 

in the average tuned double-impedance 

24 

21 

18 

stage of amplification.  Let us assume 
that we are using a tuned double-im-
pedance unit resonant to 50 cycles in 
conjunction with a 227 A.C. tube. The 
grid impedance is rated at 200 henrys 
and the coupling capacity is of .051 
mfd. (approximate). Consider the in-
put voltage e as 1 volt.  Substituting 
our values we obtain. 

314 X 200 
Eg —   — 7.85 

8000 

Hence we see that the amplification 
at resonance or the voltage step-up at 
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INTRODUCING THE NEW 
r"-- RADIO KITS  = 

The new Radio Kits for the 
1928-29 radio season will be in-
troduced for the first time at the 
Fifth Annual Radio World's Fair, 
in New York City, opening Sep- E 
tember 17th. 
Radio Engineering has arranged 

to publish in the September issue 
concise reviews of the outstand-
ing circuits.  These reviews will 
cover the latest developments in 
custom-built receivers, high gain 
audio amplifiers, power amplifiers, 
band selector circuits and screen-
grid radio and audio frequency 
amplifiers. 
Each circuit review will include 

a complete list of parts and the 
names of the manufacturers for 
your benefit. 
There are some decidedly inter-

esting developments to be released 
and we are sure that you will 
find the coming issue of Radio 
Engineering particularly valuable. -f 

— Editor. 

resonance within the tutted double-im-
pedance unit, is equal to 7.85 for the 
conditions cited. Due to the character-
tide of the resonance curve, a voltage 
step-up is obtained for a certain band 
of frequencies each side of the resonant 
frequency.  Beyond a certain band 
above the resonant frequency the curve 
flattens out and is constant at a step-
up ratio equal to unity. 
Fig. 7 shows the resonant frequency 
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a single stage of 
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impedance amp-

lification. 
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FIG.6 

Indicating the effect of the coup-
ling capacity on the resonant fre-
quency  of  a single stage tuned 

double Impedance amplifier. 

for various values of coupling capacity 
and grid choke. 
The development of the "B" battery 

eliminator and the A.C. tube have been 
great factors in increasing the popu-
larity of this system, that is, insofar 
as the economicail factor was con-
cerned. The realization that the peak 
on the low frequency can be arranged 
to compensate for loud speaker defici-
ency on the low audio register was the 
mainstay of the system, but many re-
frained from installing the system be-
cause three stages are necessary for 
the average amplifier.  Now that the 
power supply is the source of plate 
voltage and filament voltage, and now 
that the price of tubes has been greatly 
reduced, the economical problem is 
solved. 

Loud Speaker Characteristics 
Because of the close association be-

tween this type of audio amplifier and 
the average loud speaker, a few words 
pertaining thereto will doubtless be of 
interest.  Many are awaiting the de-
velopment of a perfect loud speaker, of 
a speaker which would have a fiat 
characteristic over the entire audio 
band. Such a speaker would upset con-
ventional radio design since it would 
necessitate the re-designing of all 
detector and A.F. systems.  Is it not 
much easier to adjust the audio am-
plifier to suit the requirements of the 
present day speaker and to compensate 
for the operating characteristics of the 
remainder of the receiver? . . . By ad-
justing the amplifier, to have a peak, 
high or low so as to compensate for the 
speaker deficiency or adjusting the am-
plifier for a flat characteristic, only one 
circuit is undergoing a change and the 
present speaker investment is saved. 
With R.F. and loud speaker character-
istics known, the adjustment of the 
amplifier operating characteristic to 
give best results is a simple task —the 
selection of the proper coupling capaci-
ties. 
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Application of the Four- lectrode 
Receiving Tube 

A Discussion of the Uses of the UX-222 as a Screen-Grid and 
Space-Charge-Grid Tube 

By Alan C. Rockwood and B. J. Thompson* 

PART H 

I
T will be of interest to consider 
the actual performance of the 
UX-222 and to compare this with 
the UX-201-A.  At broadcast fre-

quencies in carefully designed ampli-
fiers using the UX-222 amplifications 
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FIG. 15 

Group of plate characteristic curves 
of the UX-222, with 45 volts on the 

screen-grid. 

of 40 to 50 per stage have been ob-
tained with complete stability.  With 
the UX-201-A in neutralized circuits 
and with the best transformers, an 
amplification of about 10 per stage is 
the practical limit. At a frequency of 
20,000 kilocycles (15 meters) ampli-
fication of 10 to 15 per stage is ob-
tained from the UX-222.  It is prac-
tically impossible to operate the UX-
201-A as a radio-frequency amplifier 
in the short-wave bands, because of 

• Research  Laboratory,  General  Elec-
tric  Co. 
From a Paper Delivered before the Radio 

Club of A merica, February 8, 1928. 

oscillation even with careful neutrali-
zation.  In the intermediate frequen-
cies, 40 to 100 K.C., amplification front 
100 to 150 per stage may be obtained 
from the UX-222 while 20 to 40 is the 
best that may be done with the UX-
201-A. 
While 45 volts is the recommended 

voltage for the screen-grid tube for all 
such uses as those just described, in-
creasing it to 67.5 volts will usually 
result in a slight increase in ampli-
fication, although this is not advised in 
most cases as it results in increased 
plate current.  While 90 volts will 
usually be a satisfactory plate voltage, 
the use of 135 volts results in increased 
amplification and better performance; 
this voltage should not be exceeded. In 
nearly all eases a negative control 
grid bias of about 1.5 volts should 
lie used. 
Where resonant impedances are used 

in the load circuit the plate resistance 
of the tube operating into the load 
acts as a shunt across this load, and 
hence affects the sharpness of the tun-
ing. or the selectivity.  The UX-222, 
with a plate resistance of 850,000 
ohms, acts as a very high resistance 
shunt, and consequently gives greater 
selectivity than a tube having lower 
plate resistance. 
Another important use of the UX-

222 as a screen-grid tube is in resist-
ance-coupled amplifiers. Here again it 
is possible to realize considerable am-
plification by the use of high imped-
ance loads, while the low feed-back 
capacity makes possible amplification 
at higher frequencies than with three-
electrode tubes. 
It must not be supposed, as might at 

first seem the case, that by using an 
800.000-ohm resistance in the load cir-
cuit, an amplification of 150 per stage 
will be obtained. To do this would re-
quire over 1,300 volts B supply due to 
the high D.C. voltage drop in the load 
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Generalized cir-
cuit of a resis-
tance - coupled 
amplifier  serv-
ing  to  Indicate 
the  advantages 
of  the  UX-222 
as  a  coupling 

tube. 
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resistance.  By examining Fig. 15, the 
effect of this will be seen.  This dia-
gram presents a family of plate char-
acteristics of the UX-222 taken at 45 
volts on the screen.  If it be assumed 
that the B supply voltage is 180 volts 
and that the load resistance is to be 
250,000 ohms, the line A—B represents 
the voltage-current curve for the load, 
passing through zero current at 180 
volts.  The intersection of this load 
resistance line with the plate char-
acteristic of the tube indicates the 
operating voltage and current of the 
tube for the grid bias corresponding to 
the curves used.  It will be seen that, 
with all biases of less than 4.5 volts 
negative, the tube operates at such a 
low plate voltage that the amplification 
factor is negligible.  With negative 6 

50  100  150 
PLATE VOLTAGE 

FIG.16 
Group of plate characteristic curves 
of the UX-222. with 22.5 volts on 

screen-grid. 

volts bias on the control grid the mu-
tual conductance of the tubes has 
dropped off so much that the ampli-
fication is only about 40 per stage. 
Fig. 16 shows a similar family of 

curves taken with 22.5 volts on the 
screen. It will be noticed here that the 
tube operates satisfactorily with only 
1.5 negative volts grid bias.  Under 
these conditions, the amplification is 
again about 40 per stage. 
Fig. 17 shows an equivalent circuit 

for  a resistance-coupled  amplifier. 
Here: 

C. = C„  Co ± 

when C., is the plate-grid capacity of 
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the tube, Co the plate-screen capacity, 
and Cpt the plate-filament capacity, 
all including wiring capacities. Also: 

C. = C'o + Cif + C.gp (A, -I- 1) 

where Co is the capacity between grid 
and screen of the next tube in the am-
plifier, C'5, the grid-filament capacity, 
C o the grid-plate capacity, and A„ the 
voltage amplification, all of the next 
tube.  C is the blocking condenser, 
while Rp and R. are the plate and grid 
coupling resistors. The value C. is the 
effective grid capacity shunted across 
the load resistance of the preceding 
stage and serves to reduce the amplifi-
cation of the high frequencies, due to 
its by-passing effect.  The gain in 

Double grid tube connected so as 
to function as a space-charge-grid 

tube. 

fidelity due to the reduction of the 
effective grid-plate capacity of the 
amplifier tubes will be appreciable. 
The UX-222, for example (C„ =0.025 
mmfd. max.) will have a value for C. 
of 9 mmfd. as compared with that of 
200 inmfd. for the l'X-240 (C„ =9 
mmfd.) 
It must be understood that these 

capacity values neglect the external 
portion of Cps due to capacity coupling 
between the plate and grid circuit 
wiring. It is easy, unless care is taken 
in laying out the parts, to set up an 
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Table No. 2 
SCREEN-GRID RESISTANCE-COUPLED rx-222 

Filament Voltage  (Et)  3.3 
B Supply Voltage  (Eh)  180. 
Series Load Resistance (Rp) 250,000  Ohms 
Control-Grid Voltage  tEoi) 
Screen-Grid Voltage  (E02) 
Plate Current  p) 
Plate Resistance  (r.) 
Mutual Conductance  (g..) 
Amplification Factor  (u) 
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Circuit diagram of resistance-coupled A. F. amplifier. using UX-222 tubes 
with a 171 tube in the output.  Voltages and constants are given In Table 

No. 2, below. 

audio-frequency  amplifier  that  will 
have an input capacity of 50 to 100 
mmfd. as a result of a Cpg of approxi-
mately 1 mnifd. in the circuit external 
to the tubes.  In Fig. 18 is shown a 
comparison of two such amplifier cir-
cuits using the same open layout in 

—1.5  each case with reasonable precautions 
+22.5  to avoid coupling between tubes. The 
0 3  improvement in fidelity resulting from 
2  the characteristics of the UX-222 is 

175  evident, as well as is the increased 
350  voltage  amplification.  If  greater 

fidelity is desired the use of shielded 
amplifier stages is desirable. 

Fig. 19 is a circuit diagram for a 
two-stage  amplifier  using  UX-222's 

mA. 
Megohms 
Micromhas 
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Table No. 3 
SPACE-CRLROE-GRID ux-222 

Filament Voltage  (Et)  3.3 
B Supply Voltage  (Eb)  180. 
Series Load Resistance (R.) 250,000  Ohms 
Control-Grid Voltage  (Ed) 0-1-11 
Space-Charge-Grid Volt-
age  (Eel)  +22.5 

Plate Current  (In)  0.3 
Plate Resistance  (rp)  150,000 
Mutual Conductance  (g.)  400 
Amplification Factor  (u)  60 

Eb• 180 V. 

—UX ;222 RP  

UX-240_ 0.26 mtg.  

0 5; 

UX-
UX 
22  

240— 

RI) 

1P • OJ MEG.   
dl••••.— 

" 8Figg?-  A &ADE§  f tile 
FREQUENCY IN CYCLES PER SEC. 

FIG. 18 

mA. 
Ohms 
Micromhos 
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Relative  char-
acteristics of a 
resistance-
coupled  ampli-
fier  (Fig.  17) 
employing  a 
UX - 222  tube, 
with  two  dif-
ferent values of 
load  resistance 
co mpared to 
relative charac-
teristics  when 
employing  a 
UX-240  under 
identical circuit 
conditions. 
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Static characteristics of the UX-
222 used as  a space-charge-grid 

tube. 

with a 1.7X-171 output tube. The volt-
ages and constants given in Table No. 
2, given above, are recommended for 
ordinary audio amplifiers.  Increased 
amplification may be obtained by using 
a higher B-supply voltage and making 
the proper adjustment of the screen 
voltage. 
Resistance-coupled  amplifiers  for 

special purposes have been built using 



Radio Engineering, August, 1928 

GRID COND 
00025 tylE 

ii  

GRID 
LEAK 
2 TO 5 
MEG 

ux-222 
DET 

ITO 25 
MEG 0 

0.1 

BLOCKING CONDENSERS 

AMP 

.1  25 
MEG 

Li 
2 

Ux•171 

5V 

0 OUTPUT 0 

C- PWR 

Fl G. 23 

Circuit of resistance-coupled A.F. amplifier employing space-charge con-
nection.  Voltage amplification is considerably Increased (compare Figs. 18 
and 24) but amplification falls off at high frequencies due to the influence 

of large capacity existing between plate and control grid. 

the UX-222. and then give satisfactory 
amplification  at  more  than  50,000 

cycles. 

As a Space-Charge-Grid Tube 

Space-charge-grid tubes are the re-
sult of the work of Langmuir in this 

country and by Schottky and Bark-

hausen abroad. While, as before men-
tioned. the UX-222 was not designed 
primarily for this purpose, it may be 
operated as a space-charge tube with 

satisfactory results. 

If a two-grid tube is connected, as 
shown in Fig. 20. with the inner grid 
at a positive voltage and the outer grid 

at a negative bias, electrons are drawn 
away from the filament by the inner 
grid and thrown out into the space be-
tween the two grids.  Most of these 
electrons conic to a stop very close to 
the outer grid, and then fall back to 
the inner grid.  The ones which fall 
back are replaced by others, so that 
there is a continuous cylinder of elec-
trons very close to the outer grid. 
This has the effect of a cathode placed 
very close to the outer grid, giving low 
plate  resistance.  The  amplification 
factor between the outer grid and the 
plate is only slightly affected by this. 
so  that  the result is high  mutual 
conductance. 

Space-charge tubes have been popu-
lar in Europe where low operating 
voltages and a small number of tubes 
were desired. In America. where there 
is no government tax on sets based on 
the number of tubes, and where power 
tube operation of loud speakers has 

necessitated high plate voltage, there 
has been little demand for such a tube. 

The UX-222 operated as a space-
charge  tube  is somewhat  different 
from many of the European tubes.  It 
is a high-amplification factor tube re-
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FIG. 22 
Static chara_  of the  U X - 
222 used  as  a space-charge-grid 

tube. 

(miring moderately high voltages to 
operate it.  Its advantage is higher 
gain per stage than is practicable with 

Relative  char-
acteristics  of 
space - charge 
resistance - cou-
pled  amplifier, 
shown  in  Fig. 
23,  using  UX 
2 2 2  tubes — 
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tics as a straight 
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three-electrode tubes, due to higher 
mutual conductance. 

Figs. 21 and 22 give the static char-
acteristics of the UX-222 space-charge 

tube.  They differ little from those of 
three-electrode tubes, with the excep-
tion of the added inner grid current, 
and the high mutual conductance for 

a tube of such a high amplification 
factor. 

The UX-222 space-charge tube may 

be operated the same a.; any three-
electrode tube having high amplifica-
tion factor.  The most important use 
for such tubes is in resistance- or 

impedance-coupled  audio  amplifiers. 
Such an amplifier is shown in Fig. 23. 

A B-supply voltage of 135 to 180 volts 
with a coupling resistance of 0.1 to 0.3 

megohm is recommended.  Suggested 
operating conditions and the resulting 

tube constants are given in Table No. 
3 (page 26). 

High Frequencies Attenuated 

Due to the high capacity between 

outer, or control. grid and plate. the 

amplification of such an amplifier falls 
off at high frequencies. This is shown 
in Fig. 24, which is a curve of ampli-
fication  against  frequency  for  the 

amplifier of Fig. 23 and Table No. 3. 
The gain in amplification over the UX-

240 is also shown. 

Over one hundred circuits are known 
to have been developed using the space-
charge tube in various combinations of 

reflex, double regenerative, and similar 
circuits.  Among these are included a 
large number making use of the nega-
tive change of the space-charge grid 
current with the plate current upon 
variation of control grid bias.  It is 
doubtful, however, if the greater part 

of these circuits produce the results 
as effectively or economically as less 

involved circuits using a greater num-
ber of lower priced tubes. 
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ilters Using Dry I ' ype High-Capacity 
Condensers 

Embodying the Results of Tests on "A" Units Employing Dry 
Rectifiers and Dry Condensers 

A
N "A" power supply suitable for 
operating filaments in standard 
parallel connection must  be 
substantially free from resi-

dual ripple. Apparatus of this kind has 
been successfully used for operation of 
sets originally built for use of D.C. 
type  tubes,  without  requiring  any 
changes in regular wiring. The screen-
grid type of tubes are also satisfac-
torily operated thereby. A new proven 
use is found in the operation of the 
field magnet of dynamic type speakers. 

An exemplification is shown in Fig. 
1 where it will be noticed that the al-
ternating current socket outlet is em-
ployed to energize a small transformer. 
whose secondary output will approxi-
mate 10 volts.  Equally satisfactory 
operation is had on 25, 50 or 60 cycle 
source, according to the design of this 
transformer. 

The transformer feeds a rectifier of 
the Pawlowski type (U. S. Patent No. 
830924). This is a dry disc contact 
assembly of prepared oriented current-
conducting couples, as for instance, 
prepared  magnesium  discs  pressed 
against crystalline pellets of copper 
sulphide.  The rectifier sections are 
connected in Wheatstone bridge mesh 
and afford a pulsating unidirectional 
current output. High capacity dry type 
electrochemical condensers (Edelman 
U. S. Patent No. 1658976) are shunt 
connected in combination with series 
inductances, as shown by Fig. 1. The 
condensers have effective capacity of 
the order of 1,500 mfds. and the chokes 
need not be larger than .2 henry each. 
Outputs may be had at 6 volts up to 
3% amperes or 4 volts, 1 ampere. 
Comparative costs with other meth-

ods of filament excitation show decided 

*Patentee, 7258 Yates Ave.. Chicago, Ill. 

By P. E. Edelman, E.E.* 

Fig. 2. Output voltage and current connected to non-inductive load: line, 
rectifier and input voltages to rectifier.  D.C. unit output, 6 volts. 1.3 amps. 

economy of this method. The dry con-
tact rectifier, as well as the dry elec-
trochemical condenser,  have proven 
commercial durability and efficiency. 

The condenser elements accomplish 
part of the filtering action by their 
properties other than as true con-
densers.  The chemical composition is 
selected to withstand operating service 
and temperatures without detriment 
and should not be confused with cer-
tain imitations which rapidly deterior-
ate and corrode in service. 

Outstanding Advantages 

The outstanding advantages of this 
type of filter are:  absence of hum 
troubles, instantaneous starting action. 
suitability to standard type tubes and 
sets, absence of radio-frequency modu-
lation effects, freedom from watering 

Rectifiers connected in W heatstone bridge form with 1500 mfd. condensers 
and .2 henry chokes used as a cower supply for parallel connected tube 

fila ments. 

service, and long maintained constant 
output. 

The condenser elements used are 
each approximately 6 inches high by 
2% inches elliptical oval shape. They 
are made by winding sheet aluminum 
electrodes  sandwiched  between  ab-
sorbent  fibrous  sheets  impregnated 
with a conducting chemical mixture, 
which is solidified and held suspended 
therein.  An  interlocked  mass  of 
crystals with smooth surfaces pressing 
against the electrodes is thus obtained 
and serves as a filter element by its 
functions,  including capacity.  The 
condenser elements are prepared with 
one electrode polarized with respect to 
the other. The thermic mass of the 
electrodes is designed to maintain the 
operating temperature below the criti-
cal temperature of the crystallized 
chemical mass. Such condensers differ 
from wet electrolytic or paste or jelly 
types as well as from paraffin or wax 
paper types.  They are sealed from 
the atmosphere and have a very long 
operating life.  Similar condensers 
have been built for other purposes and 
higher operating voltages, such as re-
quired for plate or "B" supply units. 

The capacity of such condensers is 
equivalent to very high values per em-
ployed area and the leakage current is 
very small, usually less than three 
milliamperes.  They are tested by the 
customary bridge method with both 
direct- and alternating-current com-
ponents supplied to the condenser ter-
minals.  No watering or charge form-
ing is required for use. 
In the accompanying oscillograph 
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Fig. 3. Rectified current; current flowing through condensers: output cur-
rent; rectifier voltage and input current. Load on unit, 6 volts and 115 amp. 

records the current and voltage rela-
tions are shown, according to the fol-
lowing table: 
Fig. 2. Rectified  current;  output 

current and output voltage of unit 
connected to non-inductive load; line 
voltage; rectifier voltage; and input 
voltage to rectifier.  D.C. unit output 
measured 6 volts, 1.3 amperes for this 
test. 
Fig. 3. Rectified  current;  current 

flowing through condensers No. 1 and 
No. 2; output current; rectifier volt-
age and rectifier input current; load 
on unit being 6 volts and 1.15 amperes 
for this test. 
Fig. 4. Output  voltage maintained 

at 6 volts.  Rectifier current; current 
through condenser No. 2; current /m 
flowing between first choke coil and 
second  condenser;  current  through 
first condenser, rectified voltage; in-
put current; operating conditions. 
Fig. 5. Transient conditions immedi-

ately upon energizing unit with output 
adjusted for. 6 volts.  Rectified cur-
rent; current through condenser No. 2: 
ha current between first choke coil and 
second  con denser ; current  through 
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condenser No. 1; rectified voltage; and 
input current. 
Calibrations of curves traced are 

indicated. 
Referring to Fig. 2 it will be noticed 

that the rectified current remains at 
zero value during a considerable frac-
tion of the cycle.  The output voltage 
and current are substantially free 
from ripples.  The unit introduces no, 
hum in the output of the connected 
radio set by either amplification or 
modulation. 
In Fig. 3 also, the input current and 

rectified current have a considerable 
period of each cycle at zero value. 
The current in condenser No. 2 is 
small and but a fraction of the current 
in the first condenser. The output cur-
rent is substantially free from residual 
ripple. 
In Fig. 4, the input current and the 

rectified current both have a consider-
able zero value component in each 
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rectified voltage; input current.  Output voltage kept at 6 volts.  Operating 

conditions. 
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Fig. 5. Transient conditions im mediately upon energizing unit with output 
adjusted to 6 volts.  Rectified current; current through condenser No. 2: Im. 
current between No. 1 choke and No. 2 condenser; current through No. 1 

condenser; rectifier voltage and input current. 

cycle. characteristic of this I ype of 
rectifier circuit. Condenser No. 2 cur-
rent is but a small fraction of the cur-
rent in the first condenser.  One will 
notice the similarity of the curves for 
ha current flowing between the first 
choke coil and the second condenser 
and the current through the second 
condenser,  showing  that  effective 
filtering action is obtained by use of 
this second condenser. 
Fig. 5 shows interesting surge cur-

rent in the second condenser and cor-
responding current int  flowing be-
tween first choke coil and second con-
denser. The rectified voltage increases 
promptly to a steady value, as does 
also the output current.  The current 
in No. 1 condenser reaches a steady 
value promptly.  The peculiar cut-off 
effect  shown  in  the  oscillograph 
curves is characteristic of the dry-
disc rectifier, because an established 
minimum surrent and voltage must be 
reached to permit permeation through 
it. 
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The Engineering Rise 
in Radio 
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PART III 

Source of Marconi's Knowledge 

I
T is stated in the foregoing that 
one of the books read by Marconi 
in 1894 or 1895, when be was 
twenty years of age and while he 

was seeking information about high-
frequency electric phenomena. was the 
hook by Martin dealing with Tesla's 
researches  in  America.  A  search 
through this publication in an effort to 
locate matter which might have been 
of value, or suggestive to Marconi does 
not uncover anything whtch could have 
been particularly helpful to the young 
Italian.  The book was published in 

New York in 1894.  The section of the 
work which approaches the subject of 
Hertzian waves is Chapter 26. contain-
ing a lecture on the subject:  "Experi-
ments  With  Alternate  Currents  of 
Very High Frequency  . . . ." de-
livered in New York on May 20. 1891.' 

Judging the matter appearing on 
page 174 of Mr. Martin's book, it is 
apparent that Tesla had the notion that 
the bulk of the energy produced by 
the condenser discharge (charged fr(on 
a high-tension  induction  ('oil)  was 
taken up and converted into heat in 
the discharge area, and in the con-
ducting and insulating materials of the 
condenser.  There is no thought of de-
tached waves being propagated into 
space. 

In view of the idea expressed in 
Kerr's book, seven years later, that 
possibly  Nlareoni  m'as  emph•ying  a 
form of radiation differing from Hert-
zian waves, it is not surprising that in 
America in 1891 the truth had not been 
fully recognized.  Hertz's  announce-
ments in 1888. and Dr. Lodge's Jure:-
tigations conducted at al  t the same 
time did not immediately receive wide 
circulation in published form.  And. 
even in quarters where the informa-
tion was early received, there was a 
natural disposition to gain knowledge 
of the subject through duplication of 
the original  experiments. This was 
time-consuming and accounts for some 
of the delay which occurred in arriv-
ing at a eorreel understanding. 

Analyzing the state of the art at that 
time in the only way now possible — 

The lecture was printed in full in the 
Electrical World, :Vete York, June 11, 1891. 

through  its  literature —there  is iv) 
avoiding  the  conclusion  that  Mar-
coni  possessed  the  type  of  mind 
which seeks to apply principles to 
utilitarian purposes: the type of minti 
possi.ssed  by  Morse.  Bell,  Edison, 
Westinghouse, Preece and Ratlinau. 

Progress in Russia, Germany and 
France 

At about  the time that  Marconi 
was carrying on his elementary experi-
ments in Italy. Professor A. S. Popoff, 
in Russia. was engaged in experiments 
with liertzian wave phenomena.  His 
first communication on the subject was 
sent to the Russian Physical Society; 
in April 1895. being published in the 
January. 1896, Journal of that society. 

Popoff reasoned that as an electric-
wave detector of the Branly type re-
sponded  to  Hertzian  radiation  it 
should also respond to waves of the 
same nature produced by flashes of 

Guglielmo Mar-
coni  and  Roy 
A. Weagant in 
1920, before one 
of the Alexan-
derson alterna-
tors at the 
Rocky  Point 
trans mit-
ting station of 
the Radio Cor-
poration  of 
America. 
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lightning.  He designed a device and 
circuit arrangement almost identical 
with that at first employed by Marconi 
—detector, tapper and relay —and set 
this up at the Meteorological Observa-
tory at St. Petersburg in July, 1895. 

The receiver was attached to a pre-
viously installed lightning rod.  Thus 
he employed an elevated conductor for 
receiving, as had Marconi at the same 
time or a little later.  In seeking a use 
for this apparatus it occurred to Popoff 
that it might serve as a warning of 
approaching lightning storms. or at 
least as a recorder of distant lightning 
discharges. 

In his early work Popoff apparently 
did not employ an elevated conductor 
in connection with the hertz oscillator 
used to transmit impulses to his receiv-
ing station.  At the secondary termi-
nals of the induction coil the spark gap 
was between Metal spheres from thirty 
to ninety centimeters in diameter.  No 
elevated wire or ground connection was 
utilized in these experiments, although 
he reported covering a range of five 
kilometres. 

The publication of Popoff's paper in 
January, 1896. together with the wide 
publicity given Mr. Marconi's demon-
strations in England in March. 1896, 
at once made the subject of wireless 
telegraphy popular in colleges, electri-
cal work-shops and attic laboratories 
the world over. 

It was in the year 1895 that Pro-
fessor Röntgen. in Germany, discovered 
X-rays, having characteristics similar 
to those of Hertzian waves. in that 
they  penetrate  certain  substances 
which  are  opaque  to  light  rays. 
X-rays may be produced by apparatus 
similar to the induction coil equipment 
used in radio experiments, in connee-
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tion with highly exhausted vacuum 
tubes of special design.  The wave-
length of X-rays is very small com-
pared with that of Hertzian waves. 

This reference is introduced at this 
point as an evidence that in Germany 
the physicists were losing little time 
in contributing materially to advances 
in knowledge made possible by Max-
well and Hertz. 

With  reference  to  wireless  tele-
graphy, however, the Germans appear 
to have been a little slow in getting 
started.  One of the earliest of the 
German scientists to take up the study 
was Dr. A. Slaby. of Charlottenburg. 
Dr. Slaby was aware of what Marconi 
had done in the way of improving de-
vices and circuits, for, in Kerr's book 
of 1898 (previously referred to herein) 
Professor  Sylvanus  Thompson  is 
quoted as saying (page 82) : "Dr. Slaby 
abandoned every one of the novelties 
introduced by Marconi and fell back 
upon methods previously known." 

It is recorded that Dr. Slaby was 
present on May 13. 1897. at tests car-
ried on in the British Channel by Mr. 
Marconi and upon his return to Ger-
many Slaby engaged in the task of 
considerably extending the signaling 
range of the instruments he had de-
vised  for  wireless-telegraph  experi-
ments.  In a statement Dr. Slaby con-
ceded that the young Italian inventor 
had "devised for the process an in-
genius apparatus which by the simplest 
means attains certain results." 

In Germany early wireless progress 
was aided by valuable contributions 
made by Ferdinand Braun. Count Arco, 
E. Marx. G. Seibt. and especially by 
the mathematical skill of Professor J. 
Zenneck.  In the year 1899. when the 
latter was twenty-eight years of age. 
he was assigned the undertaking of 
conducting a series of practical tests 
of wireless-telegraph signaling in the 
North Sea, and thenceforward his con-
tributions to the theoretical and prac-
tical sides of the subject were of great 
value  in  Germany  and  in  other 
countries. 

In France II. Poincare. A. Turpain, 
G. Ferrie. A. E. Blonde! and Com-
mandant Tissot were early workers in 
the field, the results of their investiga-
tions having the form of practical 
signaling systems. useful. but not of 
great range. 

The Beginning in America 

Following Joseph Henry's announce-
ment in 18-12 of the oscillatory nature 
of the Leyden jar discharge. and con-
tinuing up to IIertz's time (1888) there 
were  in  America  several  brilliant 
philosophers who prosecuted research 
into time phenomena of science, as un-
covered from time to time, but out of 
none of these inquiries came anything 
in the nature of a contribution toward 
the solution of the mysteries laid bare 
by Maxwell. Heaviside. Thomson and 
Hertz.  It is true that from the time 
of Morse's introduction of the telegraph 
in 1844 until the beginning of the de-
velopments by Gray, Bell.  Berliner 

and others, which brought forth wire 
telephony in the seventies of the nine-
teenth century, many of those who had 
a knowledge of electricity devoted their 
efforts to improvements in telegraphy. 

The introduction of the telephone in 
America, in 1876, brought in its train 
a maze of problems, mechanical and 
electrical.  In the beginning of that art 
the mechanical prIlblems were perhaps 
the more pressing, as by solving these 
time telephone as invented could im-
mediately be put to work to produce 
revenue. 

It was natural that because of the 
large size of the country end the great 
distances  involved  that  the  United 
States should offer a profitable field for 
systems of telegraphic and telephonic 
communication.  The introduction of 
these  services  found  the  country 
poorly staffed with men who possessed 
theoretical knowledge of electricity and 
electric circuits.  That this was so is 
evident from the fact that in 1867 
Cromwell F. Varley was brought over 
from England to make a study of and 
report on the electrical condition of 
the telegraph system.  Georges de In-
fraville was brought from France, in 
1871, because he was something of a 
mathematician  and  had  theoretical 
knowledge of electrical circuits.  F. B. 
Badt was brought from Germany, in 
1882. by the early electric-light in-
terests.  S. P. Freir came over from 
England to set up improved telegraph 
apparatus on American lines.  He was 
accompanied  by  William  Finn.  In 
1885. Van Rysselberghe came over from 
Belgium to introduce the first system 
of combined telegraph and telephone 
operation on American lines. 

It must not be thought that the 
small group of American electricians 
was  not  accomplishing  big  things. 
The situation was that they were in 
need of aid of a theoretical and mathe-
illative' nature. Mr. Edison introduced 
time phonograph in 1877, and shortly 
thereafter was at work on time incan-
descent lamp. At the same time C. F. 
Brush introduced time arc lamp. and 
Edward Weston was. in 1877. engaged 
in electric-light experiments. 

It has been stated herein that very 
likely from Henry's time forward — 
after the introduction of electromag-
nets —experimenters on many occasions 
inadvertently set up electro-magnetic 
radiation while carrying on investiga-
tions with other objectives in view, and 
that while radiation continued small 
sparking effects were observed in wire 
or other metallic systems in the neigh-
borhood of the source of the waves. 
Up to IIertz's time (1888) these mani-
festations were ignored, or were not 
recognized as having any practical sig-
nificance.  They were not understood. 
An explanation of their cause seemed 
to be beyond human ken. 

Thomas A. Edison's Experiment 

A particularly noteworthy instance 

of this was the experience of Mr. Edi-
son, in the year 1875.  Sparks were 

observed in metallic systems located 
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in the neighborhood of a vibrating 
armature of the make-and-break elec-
tric  bell  type.'  The  succession  of 
sparks at the contact points generated 
feeble electro-magnetic waves which 
were broadcast throughout the room. 
Although Mr. Edison, with the aid of 
his assistants. Charles Batchelor and 
James Adams. continued to investigate 
the phenomena over a period of a 
month nothing conclusive was learned 
as to the cause or the effect. 

Mr. Edison gave the phenomenon 
the name Etheric Force.  He was, in 
fact, not far from the truth.  A com-
munication which appeared in a sci-
entific journal at tiw time, written by 
Dr. G. M. Beard.' who had witnessed 
Edison's demonstrations. read in part : 
"At the present time the weight of evi-
dence in my mind is in favor of the 
theory that this is a radiant force, 
somewhere between light and heat on 
the one hand and magnetism and elec-
tricity on the other, with some of the 
features of all these forces.  If it be, 
as I have suggested, a kind of elec-
tricity which, after the manner of the 
shuttle. returns to its source by rapid 
forward and backward movements, it 
would yet be electricity under very dif-
ferent conditions from those under 
which we are wont to consider it. and 
would be practically a new force. The 
more I experiment in this department. 
and the more closely I reflect on the 
results of experiments, the farther I • 
seem to be driven from the electrical 
toward the radiant theory of this force: 
and there would appear to be no ready 
escape from the conclusion that we 
have here something radically different 
from what has before been observed 
by science." 
Maxwell's main treatise was pub-

lished about two years before the Edi-
son experience. and it will at once 
occur to the student of history that 
had Mr. Edison read and understood 
Maxwell's proposals. very likely the 
investigation would have been con-
tinued until the truth was known, and 
Ilertz anticipated. 

The final experiment by Mr. Edison 
recorded in this series (December 26, 
1875) shows that the observed effect 
was noted at a distance of eight feet. 
four inches.  It is interesting to specu-
late on what the outcome might have 
been had the inquiry been directed 
toward experiments in reflection, re-

fraction and penetration. 

One of Mr. Edison's biographers ad-
WI MPS  the explanation : "When we 
think of those years of work and 
worry. when the quadruplex telegraph. 
the acoustic telegraph. the phonograph, 
the telephone. the dynamo. the incan-
descent lamp. the feeder-and-main sys-

tem, time underground system and the 
three-wire  system  were  born  and 
nurtured. when men were to be taught 

and inspired. it is no wonder that the 
interesting 'Etherie Force' should have 

scientific American, January 8, 1876. 

3 Ncientific .4 merican, January 22, 1876. 
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been laid aside as one of the matters 
to be, perhaps, taken up some other 
time when there were more hours to a 
day." 

The situation reminds us of Dr. 
Lodge's account, twenty years later, of 
how the twenty-one year old Italian 
youth, Marconi, reaped the harvest 
harrowed and sown by others.  He 
wrote:̀  ". . . . but so far as the 
present author was concerned he did 
not realize that there would be any 
particular practical advantage in thus 
with  difficulty  telegraphing  across 
space instead of with ease by the 
highly  developed  and  simple  tele-
graphic  and  telephonic  methods 
rendered possible by the use of con-
necting wires." 

Elihu Thomson, M. I. Pupin, A. E. 
Dolbear  and  Other  American 

Investigators 
In the year 1889, Elihu Thomson, 

then president of the American Insti-
tute of Electrical Engineers, read an 
important paper on the subject "Alter-
nating Currents and Electric Waves." 
which was one of the earliest papers 
on the subject of the relation between 
Maxwell's deductions and alternating 
currents. 

It is noteworthy, also, that in 1889 
Columbia University, New York. in-
augurated a regular course in electri-
cal engineering, organized by F. B. 
Crocker and M. I. Pupin.  Dr. Pupin 
was at that time thirty-one years of 
age.  He had been graduated from 
Columbia University in 1883, but had 
later taken graduate work at Cam-
bridge, England. and at Berlin.  In 
1892, at Columbia. he took up the 
study of electrical resonance and de-
veloped the theory of tuned electrical 
circuits.' 

In tracing American thought in the 
period  following  Maxwell's  dis-
closures reference should be made to 
the work of Amos E. Dolbear, in the 
year 1883, professor of physics at Tufts 
College. 

Dolbear at first proposed a system 
of communication without continuous 
conductors, by connecting a telephone 
transmitter in the primary circuit of 
an induction coil in series with the bat-
tery.  His proposal contemplated the 
use of an elevated conductor attached 
to one terminal of the secondary of the 
coil,  the  opposite  terminal  being 
earthed.  In 1886 he proposed the sub-
stitution of a telegraph key in the pri-
mary circuit in place of the telephone 
transmitter, but still no spark-gap was 
introduced!' 

This was one more Investigation 
which the history of the art shows was 
not carried far enough to attract atten-
tion at the time, or to demonstrate 
what might be done with the idea. Of 
course, it was not until eight years 

,"Signaling  Throngli  Space  Without 
Wires."  By Oliver J. Lodge. mge 45. 

5E. S. Patents 707,000. 707.008. 
' United  States  Patents  350,299  and 

355,149. 

later that the experiments with de-
tectors of the coherer type were car-
ried on in Europe, so that without a 
practical means of detecting electric 
waves an experimenter was no further 
ahead than was Maxwell in 1873. 

In the seven years between Hertz 
and Marconi (1888-1895) the foremost 
American science professors carried on 
in  the  college  laboratories  experi-
ments which in the main were designed 
to confirm, or check, results reported 
from European centers of learning. 

Of those who were at least keeping 
abreast of the times one of the most 
eminent was Professor John Trow-
bridge, of Harvard University. 

In America at that time the great 
material expansion of the country was 
such that the electric light, electric 

1/11. )1. I. Pt PIN 

railways, the telegraph, the wire tele-
phone, the dynamo and -motor, had at 
hand immediate fields of usefulness on 
a profitable scale.  The limited group 
of scientists aided by the growing num-
ber of practical electricians witnessed 
the birth of the great electrical indus-
try, which was destined to play a stel-
lar role in the commercial and indus-
trial development of the continent. 

In addition to Professor Trowbridge, 
others who were in positions to main-
tain places on the fringe of scientific 
advance were Elihu Thomson, Nikola 
Tesla, Thomas A. Edison, A. E. Dol-
hear, A. G. Bell, Elisha Gray, M. I. 
Pupin. F. B. Crocker, and Professor 
Hutchins, of Bowdoin.  And, it is no 
reflection on the scientific achievements 
of any of these savants that Heavi-
side, Lodge, Popoff and Marconi, in 
Europe, were in the van in investi-
gations. which were to revolutionize 
electric communication. 

American technical literature of the 
period 1888-1896 discloses that scien-
tific papers published in Europe were 
being gleaned in order that there 
should be no lag in the information 
available to American workers. 
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Dr. Pupin, as previously noted, in 
1892, developed tuned, selective circuit 
theory, which later was of importance 
in the design of practical radio sig-
naling systems.  In 1894 he applied to 
electrical waves on wires his mathe-
matical solution of the purely dynami-
cal problem of a stretched string 
carrying weights at equal intervals, 
very greatly improving the efficiency of 
transmission  of  telephone  voice-
currents over long lines. The solution 
was to place carefully balanced in-
ductance coils at intervals in the long 
lines.' 

Writings of A. E. Dolbear and Prof. 
Trowbridge,' which appeared at about 
the date of Marconi's initial demon-
strations, show that Maxwell's and 
Hertz's  announcements  were  fairly 
well understood by these men. 

Professor Trowbridge was one of the 
earliest, if not the first, to employ a 
machine generator in the production of 
electric waves for experimental inves-
tigation.  The machine used was of 
120 volts. at 15 to 25 amperes. which, 
connected to a suitable transformer, 
enabled  him  to  develop  potentials 
high enough to produce sparks of ade-
quate  length  between  oscillator 
spheres, or points. With this arrange-
ment he duplicated experiments pre-
viously performed by means of induc-
tion coils and Leyden jar condensers. 
All of the ground covered by Lodge and 
Hertz was gone over, including the 
measurement of electric waves along 
wires, and detecting electric waves 
transmitted by an oscillator in another 
room, the detecting system consisting 
of a large loop of wire, condenser and 
small spark gap, similar to that of the 
radiator system. 

Professor  Trowbridge,  it  would 
seem, did not envisage the prospect 
suggested by Maxwell and presented 
by Hertz.  Possibly in viewpoint he 
was bound too closely to the observed 
range of twignetie induction, as were 
others of his time.  It was difficult to 
conceive of electric waves traveling 
away from their source, through space, 
to great distances: for. in 1891 he 
stated: "It is hardly probable that 
any electrical method could be devised 
in which the air, or the ether of space, 
could advantageously replace a metal-
lic conductor on land for signaling over 
considerable  distances."  This  was 
practically the same thought enter-
tained by Dr. Lodge four years later. 

That these inquiries were going on 
in America at the same time identical 
investigations  were  under  way  in 
Europe reflects the state of the art 
here at the time of 111arconi's visit to 
England, in 1896. 

Nikola Tesla 
While considering what was to the 

fore in America just prior to and 

*This  invention was acquired by the 
American Telephone and Telegraph Com-
pany, in January, 1901, 
'" What Is Electricity?"  By John Trow-

bridge.  D. Appleton & Co., N. Y.. 1890. 
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immediately following Marconi's in-
vention  of  wireless  telegraphy  by 
means of electric waves, it is impor-
tant to attempt to discover what Mr. 
Tesla's experiments led him to think 
about Maxwell's and Hertz's work. 

As previously stated, Marconi, in 
1895, had read parts of T. C. Mar-
tin's book dealing with Tesla's experi-
ments in high-frequency phenomena, 
published in 1894.  This book con-
tained reproductions of three lectures 
delivered by Mr. Tesla; one in New 
York in 1891; one in London in 1892, 
and one in Philadelphia in 1893. 

From the matter appearing in the 
1891 lecture it is clear that Mr. Tesla 
was to some extent familiar with the 
work of Hertz and Lodge.  But this 
was four or live years before Marconi's 
convincing demonstrations, and Mr. 
Tesla was of the opinion that 
the bulk of the energy of an 
oscillating  system  was  con-
sumed in impact and collisional 
losses—heat vibrations on the 
surface and in the immediate 
vicinity —and was not radiated 
into space to any considerable 
distance. 

There  is no escaping the 
thought that Mr. Tesla had not 
fully  interpreted  the  main 
point of Maxwell's message. 
Possibly, also, he had not had 
opportunity to analyze Hertz's 
results of 1888.  In his 1893 
lecture in Philadelphia he said: 
"Some enthusiasts  have  ex-
pressed their belief that te-
lephony to any distance by 
induction through the air is 
possible.  I cannot stretch my 
imagination so far, but I do 
firmly believe it is practicable 
to disturb by means of power-
ful machines the electro-static 
conditions of the earth and thus 
transmit intelligible signals and 
perhaps power." 

it might be supposed that 
the prior experiments of Morse. 
Lindsay,  Preece,  and  Trow-
bridge in telegraphing, and by 
Bell and others in telephoning, com-
paratively short distances by means of 
induction and by earth conduction, 
had exhausted all immediate possi-
bilities in these directions. 

In June, 1897, a little over a year 
after Marconi's first demonstrations in 
England, Mr. Tesla announced that 
he had completed a system to such an 
extent as to permit of telegraphy 
through the earth for a distance of 
twenty miles or more, and that his 
experiments satisfied him of the feasi-
bility of reaching greater distances. 

Mr. Tesla, in 1896 and 1897 took 
out nine important American patents 
covering systems for the production of 
high-frequency oscillations, employing 
iron-core transformers for stepping up 
primary alternating current, thereby 
obtaining high potentials for charging 
circuits which included condensers and 
inductance units, similar to the prior 
induction coil practice.  In 1899, 1900 

and 1901, several additional patents 
were taken out covering variations of 
connections and values. 
As stated in the chapter on Trans-

mitters, the transformer method of 
producing high-frequency currents for 
electric wave telegraphy, in time re-
placed many of the induction coil in-
stallations, where sources of primary 
alternating-current were available. 

CHAPTER 3 

Syntony, Tuning, Selectivity 
HESE  terms  are practically 
synonomous,  and  are  given 
here in the historical order in 
which they have been used 

from Marconi's and Lodge's early ex-
periments to the present time. 
In the utilization of electromagnetic 

NIKOIA TESLA 

waves for transmitting signals across 
space it was clear in the beginning 
that a commercial future for the in-
vention would depend upon the de-
velopment of means whereby more 
than two stations might satisfactorily 
carry  on communication  simultane-
ously in the same territory. 

In the older, wire systems of teleg-
raphy and telephony continuous wire 
conductors are connected between the 
individual stations, so that as many 
separate communications may be car-
ried on simultaneously as there are in-
dividual wires (this aside from the 
modern additions of multiplex, phan-
tom and carrier-current channels on 
trunk lines). 

In the case of "wireless" transmis-
sion, employing electromagnetic waves, 
the medium through which the signals 
pass between all stations is the same; 
as if in wire telegraphy and telephony 
all systems and stations had but one 
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common conductor through which to 
operate.  Obviously, in the latter situ-
ation the result would be an unintel-
ligible jumble of sounds, unless there 
is devised a system of separation 
(tuning) which would permit all of 
the various signaling currents to func-
tion properly between the respective 
stations or instruments without inter-
ference. 

The early oscillators of Hertz and 
Righi, and the original space telegraph 
system invented by Marconi were quite 
deficient in this respect, wireless sig-
naling for practical purposes could not 
advance far beyond the spectacular 
toy stage until something was done to 
provide some degree of syntony, of 
tuning, of selectivity. 
It was early realized that the secret 

of selective signaling was a 
matter of wave length.  Any 
two stations desiring to com-
municate would of necessity 
have to employ electromagnetic 
waves differing in length from 
those of other stations if inter-
ference was to be avoided. 
Maxwell's mathematical de-

ductions included the phenome-
non of wave length, and in his 
writings he suggested what the 
factors of wave length meas-
urement would be found to be. 
Hertz, in 1888, assuredly laid 
the  foundation for  further 
intelligent  inquiry  into  the 
subject, and Lodge's investiga-
tions of the same period relat-
ing to wave propagation over 
conductors clearly dealt with 
the same problem in another 
form. 

Lodge, in 1888,' had con-
ducted experiments in the pro-
duction and detection of elec-
tric waves on a system of 
parallel  wires  suspended  on 
insulators around a large room, 
excited by discharges from two 
condensers.  He secured ex-
perimental  evidence  of  the 
existence of nodes and loops on 

such wires, and also worked out a 
method of measuring the approximate 
wave length. 

In 1890, Lodge, in the presence of 
Lord Kelvin, performed an experiment 
illustrating  wave  phenomena  along 
wires in which the conductors explored 
were connected to the outside and in-
side, respectively, of a Leyden jar con-
denser, the latter not connected with, 
and situated at some distance away 
from an oscillating system consisting 
of discharger, condenser and spark 
gap. These examinations will be recog-
nized as fundamental, even if elabora-
tions of the discoveries of Hertz. 

Oliver Heaviside recognized that the 
propagation of electric waves along 
wires was in all essentials identical (in 
respect to the laws governing the mo-
tion) with the propagation of electric 

"Philosophical Magazine," August 1888, 
p. 228; "The Electrician," Vol. 21, pp. 
607-8. 
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waves through space.  Heaviside used 
the terms inductance, reluctance, react-
ance, permeance and permittance, all 
of which were in time to become house-
hold words in the terminology em-
ployed by engineers engaged in solving 
problems closely associated with the 
advaneement of radio signaling. 

It would have been unusual had the 
lessons of Maxwell and Hertz On this 
point gone unheeded. The prior hints 
of Faraday and Henry, and the work 
of William Thomson on the early sub-
marine cables, planted seeds of thought 
which in time were bound to reach 
fruition.  Out of Hertz's and Lodge's 
discoveries came the dictum that when 
two oscillatory circuits have the same 
time period they are recognized as be-
ing syntonic, and are said to be in 
resmumcc with each other; an oscilla-
tory circuit being one in which some 
form of inductance, and some form 
of capacity are associated, the re-
sistance of the circuit being small in 
comparison  with  the  inductance— 
clearly pointed out by Thomson. 

In 1895, Mr. Marconi studied the 
reports of Hertz's experiments, per-
formed seven years previously, and he 
has stated that he realized if Hertz's 
oscillator was to actuate efficiently a 
receiving system  that these would 
have to be tuned together—the send-
ing  and  receiving  circuit  systems 
should be of the same oscillation 
period. When straight wires or plates 
were employed at each end, or when 
loops or rings of wire were employed 
these should be of the same physical 
dimensions. 

It was not until 1898, however, that 
Marconi  used  inductance  coils  in 
antenna circuits.  In his earliest sys-
tem parabolic reflectors of the hertz 
type  were  used,  radiation  being 
directed as a ray from a mirror. 

Early Ideas of Tuning 

In Lodge's lecture of 1894 on the 
subject of Hertz's work he pointed 
out the necessity for a persistent train 
of waves if selectivity was to be ob-
tained between oscillator and receiver. 
and stated that conspicuous energy of 
radiation  and  persistent  oscillation 
were  incompatible—referring  to  a 
single circuit. 

In 1897, Lodge had had opportunity 
to study the results of the early 
Marconi trials, with respect to the 
factors involved in increasing the dis-
tance of operation. These observations 
supplementing his own laboratory work 
led to the invention' of a radiator sys-
tem employing an inductance with a 
large capacity antenna in order to 
prolong the train of waves sent out 
and so improve selectivity. 

The first patent issued covering a 
system of ether wave telegraphy was 
Marconi's grant No. 12,039, of 1896. 
the important claim of which was for 
the use of an elevated antenna con-
ductor.  The method covered was ele-
mentary and suffered from the limita-

tion pointed out by Lodge as stated 
above. 

In Germany, in 1895, Oherbeck,' and 
V.  Bjerknes,' had sensed that the 
problem of the utility of electric waves 
was bound up with the necessity for 
syntonic balancing of associated cir-
cuits, the principles of which were ex-
plained in their technical papers.  In 
Germany, also, Ferdinand Braun' pro-
posed a transmitting system to be de-
signed for the purpose of producing 
electric waves of greater length than 
those radiated by the simple Righi 
oscillator at first employed by Mar-
coni.  Braun suggested for a trans-
mitting system a closed oscillatory 
circuit, containing condensers and in-
duction coils, coupled inductively to 
the antenna. 

The Braun disclosures were more of 
a prophetic nature than of claims to 
invention. The employment of coupled 
circuits in the transmitting system 
would have been novel in 1899, had 
they been availed of. 

The technique of tuning in electric 
wave telegraphy may seem to have 
been slow in developing, but the fact 
is there was much to learn.  In some 
instances useful theories were worked 
out on paper, but got no further than 
that.  In some cases physicists who 
were delving into theoretical considera-
tions had not at hand the experimental 
means with which to check theory. 
Also, it is well known that there have 
been, and still are, physicists gifted 
with ability to prosecute pure research 
who are but little inclined toward ex-
perimental demonstration. 

In later times (1910, forward) this 
situation  has  been  considerably 
remedied by bringing together in single 
organizations often under one roof, the 
mathematicians, the physicists, the ex-
perimental workers, and the engineers, 
which accounts for the more consistent 
and rapid progress made in recent 
years. especially in the United Slates. 

Prior to the advent of the science 
laboratories of the large corporations, 
the occasional forward steps noted 
were made by investigators, remotely 
separated, laboring independently in 
small laboratories or in the colleges. 
And, although this condition is not 
likely ever to be completely changed. 
for obvious reasons, it results in much 
duplication of effort, if in independent. 
simultaneous  discoveries of import-
ance, around which there shall always 
be no end of disagreement and dis-
pute as to priority. 

Practical Considerations 

At this point we are engaged in 
tracing the growth of ideas hearing 
on the problems involved in attempt-
ing to operate a multiplicity of space 
telegraph stations simultaneously in a 
common territory, and in improving 
methods of transmission to the end 

2. Ftritish patent 11.575, 1897. 
3. Wiedemann's Annalen, Vol. XXV, p. 63. 
4. Wiedemann's Annaten, Vol. T.V. p. 21. 
5. Br, Patents 1,862 and 22,020, 1899. 

Radio Engineering, August, 1928 

that greater distances might be worked 
over, as these problems confronted 
Marconi and others in the four or five 
years following the first trials in 
England in 1896. 

Looking back on the situation as it 
existed at that time we may recognize 
that the next step, that taken by 
Marconi, in 1900, constituted a distinct 
advance along the line which held a 
promise of improvement. 

For the purpose of increasing the 
efficiency of transmission and of secur-
ing selectivity, Marconi, in 1900, em-
ployed  a closed  oscillating  circuit 
coupled to an open radiating circuit, 
adjusting the circuits to have the 
same time period.  At the receiving 
end he utilized separate absorbing and 
oscillating circuits, coupled together, 
permitting  tuning to a given fre-
quency and its harmonics. An exami-
nation of the wiring arrangements 
covered in this development shows 
that advantage was taken of the 1897 
improvements of Lodge, and also of 
those suggested by Braun, previously 
referred to.  Marconi, however, had 
advanced ideas of practical tuning, 
and these he applied in a very credit-
able manner.' 

In the year 1900 the need for a 
workable system of tuning was a sub-
ject of the utmost importance.  Con-
siderable headway had been made in 
extending the distance over which 
communication could be carried on. 
Some of the distance gains recorded 
were; March 1897, eight miles; Novem-
ber, 1897, eighteen miles; July, 1898, 
twenty-five miles, and 1899, one hun-
dred and fifty miles.. 

So long as but one operating com-
pany or organization maintained serv-
ice in a given area the difficulties of 
interference were under that degree of 
control which suppresses competitive 
transmissions. But the art had to ad-
vance and it was the mother of inven-
tion who applied the road. 

In October, 1899, Mr. Marconi had 
been engaged by the New York Herald 
to bring over an equipment which 
could be used to report the progress of 
the boats sailing in the International 
Yacht Races off the Navasink High-
lands, near New York.  In 1901, when 
the Shamrock was pitted against the 
Columbia, the same service was under-
taken by the Marconi company, but in 
the meantime in the United States the 
American  DeForest  Wireless  Tele-
graph  Company  had  made  some 
progress in the development of a work-
able system, as also had the Ameri-
can Wireless Telephone and Telegraph 
Company, so it followed that in report-
ing the yacht races three rival wire-
less system were attempting to oper-
ate  simultaneously  in  a common 
territory. 

The result was what might have 
been expected.  Immediately it was 
apparent  that  whatever  had  been 

(Continued on page 37) 

6. British Pat. 7,777, 1900, U. S. Pat. 
763,772, 1900. 
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The Mathematics of Radio 
Definition of Reactance and Impedance and How to Calculate Reactance 

and Impedance Values 

PART IX 

B
, EFORE entering into the dis-

cussion of vacuum tubes, au-
dio-frequency transformers and 
other radio units thus far omit-

ted, we must consider some terms often 
used, seldom described and of import-
ance for future discussion, namely, "re-
actance" and "impedance." These two 
factors are found to be of extreme im-
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FIG 48 

The reactance of a condenser in 
an  electrical  circuit  (A)  is  ex-
pressed  in oh ms and carries the 
sy mbol  of  resistance  (B)  if ex-
pressed as XC, inferring capacity 

reactance. 

portance  when  considering  vacuum 
tubes, audio-frequency coupling units 
and their association and effect upon 
general receiver performance.  As a 
matter of fact, many radio units in 
daily operation could be greatly im-
proved if the significance of reactance 
and impedance were realized and ap-
plied to the units in the receiver. That 
is to say, if the units chosen were 
based upon a knowledge of their react-
ance and impedance. 

These two considerations are of ex-
treme import in the design of radio-
and audio-frequency amplifiers and are 
essential to the correct selection of the 
various units.  The calculation of al-
ternating voltage and current in radio 
circuits has a direct bearing upon de-
sign, since only then can one know, if 
a certain item, unit or design is per-
forming as well as expected.  Empiri-
cal  determinations are not always 
possible, in fact, are not always eco-
nomical.  Many factors of design and 
performance in radio receivers can be 
ascertained without any experimental 
work.  The actual experiment or the 
determination with the actual appara-
tus, will perhaps differ from calcula-
tions, but if the calculations are cor-

By John F. Rider, Associate Editor 

rect,  the  difference  will  not  be 
appreciable. 

We do not mean to enter into a deep 
discussion of alternating-current calcu-
lations. We hope to cover some of the 
important details of interest to the in-
dividual who has occasion to select and 
purchase radio parts, and who has oc-
casion to utilize design details in 
everyday radio practice. 

Our material thus far pertained to 
the formulae utilized to calculate elec-
trical constants, such as capacity, in-
ductance, number of turns, etc.  Now 
we will consider the calculation of cur-
rent and voltage in A. C. circuits. 
These values can be determined only 
after a knowledge of the significance 
of reactance and impedance.  Inter-
preting  these  terms  into  electrical 
values, will afford an idea of the per-
formance of various units in different 
parts of a receiver, and give one an 
idea of the constants necessary to 
achieve a certain end. 

Definition of Reactance and 
Impedance 

Resistance in any circuit is the oppo-
sition of that circuit to a force applied 
to the circuit and a steady current in 
a circuit meets but one opposition, the 
resistance of the circuit.  In A. C. cir-
cuits, however, where the direction of 
current flow changes periodically, ac-
cording to the frequency of the cur-
rent, the above does not hold true.  If 
a condenser is present in the circuit. 
it manifests a controlling influence 
upon the current in the circuit, by vir-
tue of the constant charging and dis-
charging of the condenser.  This con-
trolling influence is really opposition 
to the current and the extent of oppo-
sition is designated as a value of "re-
actance" and is expressed in ohms. 
The reactance of a condenser is desig-
nated by the letters Xc and since it is 
expressed in ohms, is illustrated as a 
resistance; Figs. 48 and 4RA.  To cal-
culate the current in a radio circuit 
such as that of Fig. 48 where we have 
a voltage E and a condenser C. it is 
necessary to know how to calculate the 
reactance.  In general, all radio cir-
cuits possess a certain amount of re-
sistance which must be taken into con-
sideration when calculating the cur-
rent.  Since both the resistance and 
the reactance constitute a force which 
opposes the current flow, the total hin-
drance or opposition in the circuit is 
that of the resistance and reactance 
and is expressed as the "impedance," 
usually designated by the symbol Z. 
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Impedance, too, since it is expressed in 
ohms, is illustrated by means of a re-
sistance.  In circuits containing a con-
denser only, the ratio between the re-
actance and resistance is usually very 
high, so that the effect of the resist-
ance is very small and the only oppo-
sition considered is that of the re-
actance. 

A pure resistance, that is one with-
out capacity and inductance, has but 
one value, namely, resistance.  Being 
free of capacity, it has no capacity re-
actance and being free of inductance, 
it has no inductive rectance.  There-
fore its resistance value is equal to its 
reactance and impedance values. 

The reactance of a condenser is de-
termined by means of the formula 

Xc — 
1,000,000 

6.283 X F X C 

The numerator 1,000,000 and the por-
tion of the denominator, 6.283, which 
in reality is 2 r, are constants. F and 
C are variables depending upon the 
frequency and the capacity.  As is 
evident from the formula, the higher 
the value of F or frequency, the lower 
the value of reactance with a constant 
capacity.  With a constant frequency, 
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FIG 49 

The reactance of an inductance in 
an  electrical  circuit  (A)  is ex-
pressed in oh ms and carries the 
symbol  of  resistance  (B)  if ex-
pressed as XL, inferring inductive 

reactance. 

the larger the value of C, the lower 
the  reactance.  Generally speaking, 
condenser reactance varies inversely 
with the frequency and with the ca-
paeity.  That is to say, if at a cer-
tain capacity the frequency is doubled, 
reactance will be halved.  If at a cer-
tain frequency the capacity is doubled, 
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reactance will be halved.  If at a cer-
tain frequency the capacity is doubled 
the reactance will again be halved. 

ances, since the ohmic value of these 
resistances is usually very low.  The 
effect upon regeneration in a receiver 
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Capacity  Reactance in ohms at various frequencies 
60  250  500  1000  1,000,000 

.001    2,666,000  640,000  320,000  160,000  160 

.01  266,600  64,000  32,000  16,000  16 
A  26,660  6,400  3,200  1,600  1.6 
1.0  2,666  640  320  160  .16 
2.0  1,333  320  160  80  ,08 
4.0  666  160  80  40  .04 
8.0  333  80  40  20  .02 
(These figures are slide rule calculations and only approximate.) 

An idea of this variation is found in 
the accompanying table 
The effective current in the circuit is 

then equal to 

= 

Xc 

Capacitative Reactance 

As an illustration of the reactance of 
a condenser and its action in a radio 
circuit, let us consider a 2 Mfd. con-
denser at 60 cycles.  According to the 
above formula for Xc, the value in 
ohms is 1325. In other words a 2 Mfd. 
condenser across a 60-cycle line will 
offer opposition or will have a re-
actance equal to 1325 ohms.  Now let 
us suppose, as in Fig. 51, that this 
condenser C2 is connected across a 
resistance R2 which is a section of 
the voltage distributing system in a 
half-wave "B" eliminator.  The func-
tion of this condenser is to by-pass the 
GO-cycle ripple remaining in the sys-
tem.  The other functions of this con-
denser at this time are immaterial.  If 
the value of R2 in ohms is less than 
that of the reactance of the con-
denser, it is evident thcl it will offer 
an easier path, with the result that 
the A. C. ripple will flow through the 
resistance rather than through the 
condenser.  Hence,  it is important 
when selecting by-pass condmi ,I's for 

The function of the capacity C is 
to by-pass the R.F. currents nor-
mally retarded by the radio fre-
quency choke RFC.  The capacity 
value of the condenser is an im-
portant factor and is covered In 

the text 

the various sections of "B" power unit 
voltage distributing systems, and "C" 
bias resistances, to select capacities 
whose reactance values will be less 
than the ohmic value of the resistance 
being by-passed.  This is particularly 
true when by-passing "C" bias resist-

installation utilizing "B" eliminators 
is increased if the condenser reactance 
by-passing any of the voltage distribu-
tion system sections is greater than 
the ohmic value of the section being 
by-passed. This, of course, is just one 
illustration of the need to know how 
to calculate condenser reactance and 
its application in radio receiver in-
stallations.  More will follow later. 

Inductive Reactance 

In direct contrast to an A. C. cir-
cuit containing a capacity, the react-
ance of an A. C. circuit containing an 
inductance only, increases with fre-
quency and with the value of induct-
ance.  If we assume for the present an 
A. C. circuit such as shown in Fig. 49 
containing an inductance with negli-
gible D. C. resistance, the reactance 
of that inductance is equal to 

XL = 6.283 X F X L 

As in the case of the condenser, the 
reactance of an inductance is also 
designated by the symbol X and is 
illustrated by means of a resistance, 
since inductive reactance as well as 
capacitative reactance is expressed in 
ohms.  An examination of the above 
formula, will show that an increase in 
frequency for a constant value of in-
ductance will increase the value of 
reactance and an increase in induct-
ance for a constant frequency will do 
likewise.  The value 6.283 is again a 
constant.  The effective current in an 
A. C. circuit containing inductance 
with negligible resistance is equal to 

= —  

XL 

We made mention in a previous 
paragraph that the total hindrance in 
a circuit is that of the reactance and 
the resistance, the combination of both 
being known as the impedance.  In 
direct contrast to an A. C. circuit con-
taining a capacity with negligible re-
sistance, A. C. circuits containing an 
inductance  usually  contain  another 
consideration, the D. C. resistance of 
the inductance. Calculation of the im-
pedance of such a circuit requires 
cognizance of the D. C. resistance and 
tin' impedance of the circuit is equal to 

Z ---- V R' X XL' 

For example, we have an inductance 
of 10 henrys with a resistance of 10 
ohms across a 60-cycle line.  The re-
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actance is equal to 6.283 X 60 or 3770 
ohms. The impedance is equal to 

Z  V102 X 3770' 

Z = 3770 + ohms (slide rule calcula-
tion) 

It is evident from the above that 
when the resistance is negligible in 
comparison with the reactance, the 
effect of the resistance upon the total 
impedance is very small and the im-
pedance can be considered as equal to 
the reactance. A more comprehensible 
illustration of the above is the fol-
lowing: Let us suppose an inductance 
of .1 henry and 1 ohm resistance, and 
a frequency of 60 cycles. 

XL = 6.283 X 60 X .1 = 37.7 ohms 

Z=VV X 37.72= 37.7 plus ohms 

The low value of D. C. resistance 
has very little effect upon the total 

C 

C 2 

FIG. 51 

R1 

R2 

By-pass condensers shunting the 
resistors of a -13" eliminator vol-

tage divider network. 

Impedance.  Now let us suppose that 
the D. C. resistance is 10 ohms instead 
of 1 ohm. 

Z will then equal V102 X 37.7' = 39 
ohms 

Such instances where the D. C. re-
sistance has little effect upon the total 
impedance is found in the case of 
audio-frequency transformers utilizing 
alloy cores to obtain high values of 
inductance with small windings so as 
to keep the D. C. resistance low.  It 
is evident that the higher the value of 
frequency, the less the effect of the 
D. C. resistance upon the total im-
pedance.  One should not construe 
from the above that the resistance 
component should always be neglected. 
In accurate design consideration of the 
resistance component in impedance cal-
culations is essential, but in our case 
and in general receiver considerations 
such as are of interest to us, it is not 
essential. 

R.F. and A.F. Chokes 

Practically every one who has had 
occasion to construct a receiver or to 
read  a constructional  article,  un-
doubtedly noted reference to radio-
frequency and audio-frequency choke 
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coils.  The function of the choke oil, 
as its name implies, is to choke or re-
tard the  flow  of certain currents 
through certain parts of the receiver. 
For example, the radio-frequency choke 
coil employed in conjunction with a 
by-pass capacity, as in the plate cir-
cuit of a detector tube, is incorporated 
to retard the flow of radio-frequency 
currents through the audio-frequency 
transformer winding. The function of 
the choke is to retard the flow of this 
current and cause it to flow through 
the capacity to the ground.  This ar-
rangement is illustrated in Fig. 50. 
The selection of the choke RFC and 
the capacity C is governed by the re-
actance values of the individual units. 
The reactance of the radio-frequency 
choke, which is usually of 80 or 90 
millihenrys, is very low for audio fre-
quencies but comparatively high for 
radio frequencies.  With  a known 
value of reactance for the lowest radio 
frequency in the circuit, the reactance 
of capacity C must be of such value as 
to permit the easy flow of the radio-
frequency currents retarded by the 
choke RFC, through the capacity C to 
the ground. At the same time, the re-
actance of the condenser C must be 
sufficiently high to prevent appreciable 
loss of the audio-frequency component 
in the plate circuit.  With a known 
value of impedance for the audio-fre-
quency transformer primary or the 
plate load, it is a simple matter to 
select a by-pass condenser C which 
will have a low reactance for the 
radio-frequency  component  in  the 
plate circuit, and fairly high reactance 
to audio frequencies. 
A different state exists when an 

audio-frequency choke with its associ-
ated condenser is employed in the bat-
tery lead of a stage of audio-frequency 
amplification.  Here the choke must 
have a high impedance to audio fre-
quencies and the condenser used must 

have a low reactance.  The design of 
these chokes is usually such that the 
D. C. resistance is very low, in order 
to minimize the D. C. voltage drop, 
since the chokes are carrying direct 
current.  Consequently, the impedance 
of the choke is usually equal to its re-
actance.  The reactance and imped-
ance for all such condensers and 
chokes is determined in the manner 
described.  By determining the rela-
tive reactance values of the choke and 
its associated condenser, one can de-
cide if the units selected are of the 
correct values, and if they will be 
effective.  In the case of the radio-
frequency choke and its associated con-
denser, the lowest value of radio fre-
quency need not be considered, since 
the reactance of the choke will in-
crease with frequency, making it more 
effective, and the reactance of the con-
denser will decrease with applied fre-
quency,  making  its  function  more 
effective. The same is true of the au-
dio-frequency choke and its capacity. 
With respect to the audio-frequency 

choke and its associated capacity, the 
following will give an idea of the rela-
tion between the capacity and the in-
ductive reactances of the condenser 
and the choke, respectively.  We are 
desirous  of  keeping  the  audio-fre-
quency signals out of the battery cir-
cuit and incorporate into our receiver 
a 3 henry choke and a 1.0 Mfd. con-
denser as the audio-frequency choke 
and by-pass condenser, respectively. 
The lowest frequency is approximately 
60 cycles.  Let us consider the D. C. 
resistance of the choke as negligible. 

Choke reactance at 60 cycles = 6.283 
X 60 X 3 = 1131 ohms. 

Capacity reactance at 

1,000,000 
60 cycles —  — 2660 ohms 

6.283 X 40 X 1 
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It is evident that our by-pass ca-
pacity will not be very effective at 60 
cycles, since the choke will offer less 
resistance to the flow of the 60-cycle 
current than the condenser.  At 250 
cycles, however, the reactance of the 
choke is 4710 ohms and that of the 
condenser only 640 ohms.  To obtain 
greater efficiency at the low frequency 
we should increase the choke induc-
tance or increase the capacity. 

A calculation of the relative re-
actance values of chokes and condens-
ers employed in radio receivers in the 
illustrations  mentioned,  will  aid 
materially in the solution of enigma-
tical problems, in the determination of 
why certain phenomena are or are not 
taking place.  More of this anon. 

Tube and Load Impedances 

The calculation of impedances plays 
a very important role in the audio 
amplifying system, I. e., in the deter-
mination of the probable energy trans-
fer between the vacuum tube and the 
audio coupling units.  The energy 
transfer from the tube to the coupling 
units is governed by the impedance 
relation between the tube and the 
coupling units. 

A knowledge of the methods em-
ployed to calculate reactance and im-
pedance is therefore necessary.  Tube 
output impedance values are not uni-
form for the various types of tubes 
available  on  the  present  market. 
Without an understanding of reactance 
and impedance of chokes and condens-
ers, correct selection of audio coupling 
units for the various tubes is impos-
sible.  Solution of the impedance re-
lation between vacuum tubes and plate 
loads will explain many puzzling ex-
periences, and the reason for disap-
pointing experiences. 

(To be continued) 

THE ENGINEERING RISE IN 
RADIO 

(Continued from page 34) 

thought out in the way of a selective 
system of operation, assuredly had not 
been  incorporated  as  elements  of 
the equipment used on these occasions; 
or, if tuning systems were being em-
ployed, they were conspicuously unsuc-
cessful.  The interference was so con-
fusing that the performance was not 
a success—in fact, was far from it! 

Factors Involved 

The trained engineer of a later day 
will sense that the trouble with the 
first attempts at tuning in actual. wire-
less signaling was lack of sharpness. 

7. The  situation  here  referred  to  as 
existing in 1901, may be thought to have 
been identical with that existing in the 
Broadcast field 1925-1928.  But, the dif-
ference is that in 1899 the desire was to 
operate two transmitters in one area, where 
today the desire is to operate without inter-
ference twenty or more transmitters in one 
field.  It is a matter of degree.  The two 
pictures reflect the state of the art at 
each of these periods. 

In  the  writings  of Hertz,  Lodge, 
Thomson,  Heaviside,  Pupin,  Tesla, 
Oberbeck, Bjerknes, Braun, Zenneck, 
and others, there was much of sugges-
tion pointing to the advantages of ex-
act syntony.  That is, the condition 
where two tuned oscillating circuits 
have identical natural frequencies; 
one circuit responding efficiently to 
free oscillations in the other. 
Resonance, as engineers came to un-

derstand it, occurs in a circuit when a 
sustained alternating voltage the fre-
quency of which is equal  to the 
natural frequency of the circuit is ap-
plied to its ends. Resonance exists in 
a circuit which possesses the proper 
balance of capacity and inductance. 
Going a step further, it may be stated 
that complete resonance obtains when 
the frequency is such that the induc-
tive reactance equals exactly the ca-
pacitive reactance. The electrical prop-
erties of a circuit tuned to resonance 
are dependent upon whether the in-
ductance and capacity are connected 
in series or parallel. 
In the case of series resonance the 

current is a maximum when a single 
lumped capacity and a single lumped 
inductance are connected in series be-
tween  the  terminals  to which  an 
alternating voltage is applied, and 
either the inductance or capacity or 
frequency is varied.  In other words, 
series resonance obtains when the sup-
ply voltage and supply current are in 
phase.  Parallel resonance obtains in 
a circuit having inductance and ca-
pacity connected in parallel, when the 
supply current and supply voltage are 
in phase. 
And,  to  continue,  sharpness  of 

resonance,  to  sustained  alternating 
current, is a quantity expressing the 
measure of change of current value in 
a simple series circuit for a given al-
teration in either the capacity or in-
ductive  reactance  when  resonance 
obtains.  If a small change in the fre-
quency of the applied alternating volt-
age results in the induced current fall-
ing off rapidly on both sides of the 
resonant point, the tuning is then 
sharp. 

(To be continued) 
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The WRCA Radio Installation 
A Description of the Transmitter and Receiver 
on Board the New York-Rome Airplane, Roma 

PIWLY developed aircraft ap-
paratus, which is said to be 
the most complete and modern 
of its kind has been installed 

tit  the giant Bellanca sesqui-plane 
Roma.  The  apparatus  includes  a 
special 75-watt transmitter designed to 
operate on 45 meters for ordinary mes-
sages and on 600 meters for communi-
cation with ships at sea. Its power is 
derived from a wind-driven generator 
installed on the outside of the stream-
line with a retractable mount so that 
it can be swung into the fuselage to 
reduce wind resistance when not in 
use. The five tube receiver is for use 
on a waveband of 550-850 meters. 

Transmitter Equipment 
The transmitter equipment consists 

of a transmitter box, containing the 
transmitters  proper;  a send-receive 
switch; a flame-proof key; a Fair 

• Vice-pres. cE Gen, Manager, Radio Ma-
rine Corporation of America. 

By C. J. Pannill* 

Fig  1.  The trans mitting equip ment of W RCA.  The antenna  reel:  the 
flame-proof key in front of the transmitter over which is the Fair Lead, and 

the send-receive switch. 

Lead;  antenna equipment and the 
double-current wind-driven generator. 
The transmitter box encloses the es-

sential parts of two transmitters, one 

W RCA's 550-850 meter receiving equip ment.  The case on the right houses 
the batteries.  Note the suspension blocks on the receiver cabinet. 

being used for the 45-meter wavelength 
and the other for 600 meters.  The 
short-wave transmitter is of the crystal 
controlled, master oscillator and fre-
quency doubling power amplifier type. 
Two meters are in this circuit—a grid 
current meter in the power amplifier 
indicates the amount of excitation and 
an antenna ammeter shows the power 
amplifier output. A simple wavemeter, 
consisting of a coil, condenser and 
small lamp, is also included. The key-
ing of this circuit is accomplished by a 
potentiometer scheme, which inserts a 
high resistance in series with the plate 
supply of the crystal tube. 
The circuit used in the long-wave 

transmitter is relatively simple.  It 
consists of a Hartley Oscillator induc-
tively coupled to the antenna circuit. 
Keying in this transmitter is accom-
plished by changes in a resistance net-
work, which increases the grid bias to 
the point where the oscillator plate 
current is reduced to zero. The trans-
mitter can be used on ICW by employ-
ing a 210-type tube as an audio-fre-
quency oscillator coupled to the grid of 
the radio oscillator, a switch being pro-
vided to cut out this audio oscillator 
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when it is not in use. A generator field 
rheostat and filament voltmeter are 
provided for adjusting the applied volt-
ages to the proper values. 

The transmitter has been installed in 
the center of the fuselage behind a 5(M). 
gallon gasoline tank and suspended 
from its eight corners by rubber shock-
absorber cord. This is to eliminate the 
danger of shock when landing and to 
protect the mechanism from any harm-
ful vibration, although each unit is 
extremely rugged and is housed in a 
dura in min u m  hi net. 

Accessories 
The wind-driven generator is de-

signed to rotate 4000 R.P.M. and is 
driven by a 500-watt Deslauriers air 
fan. The rated output is 41/2 amperes 
at 11 volts for the low voltage commu-
tator and .3 ampere at 750 volts for the 
plate supply. As may be seen from the 
accompanying illustration the genera-
tor can be swung into the cabin when 
the transmitters are not being used and 
thus reduce the wind resistance. 

The antenna wire, which is wound 
on the reel shown in Fig. 1, is .0403 
inches in diameter and of copperclad 
steel, which is said to give high con-
ductivity and great strength for a light 
weight.  Two or more antenna fish 
weights are used and can be drawn up 
into the plane through the Fair Lead. 
The antenna reel is of the metal type, 
having an insulated handle. The Fair 
Lead —shown above the transmitter in 
Fig. I—is so arranged that connection 
to the antenna wire is made by means 
of a metal flange at the lower end. 
350 feet of antenna wire is used and 
the two fish weights each weigh ap-
proximately ten ounces. 
The switch for changing from trans-

mitter to receiver is flame-proof, as is 
also the transmitting key.  These are 
absolutely air tight and can not ignite 
gasoline vapor even if it is present in 
proportions such as to be explosive. 
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The wind-driven 
generator swung 
out of the cabin 
to  operating 
position.  Thls 
generator  sup-
plies both high 
and  low  vol-
tages for opera-
tion  of  the 
transmitter.  It 
may  be  drawn 
into  the  cabin 
when not in use 
thus  reducing 
wind resistance. 

Receiving Equipment 

The five small tubes used in the re-
ceiver are of low power consumption 
and are mounted on sponge-rubber to 
protect the delicate filaments.  The 
single controlled set employs two stages 
of radio-frequency amplification, a de-
tector and two stages of audio amplifi-
cation.  The wavelength range of the 
receiver is from 550 to 850 meters, thus 
insuring no interference from the lower 
wave channels. The weight of the re-
ceiver is approximately 12 pounds. 

There is no doubt that radio com-

n. 8 conmutto SHOCK 011001 
SUSPENSION • 

WINO O VEN WHFOATOR WITS 
RE TRACIABIE MOUNTING 

CABLE CONNECTIONS 

ANTENNA WEIGHT 

HEy (FLAME PROOF) 

SEND RECENE SWITCH 

GROUND TO 
'METAL FRAME 
OF PLANE 

• 

FAIR LEAD 

TRAILING 
ANTENNA 

I RECTIVER 

ANTENNA 
REEL 

How the various units of the transmitter are connected.  Note that the 
antenna is connected to the set through contact with the Fair-Lead. 
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munication has become an essential to 
airplanes. With the rapid extension of 
the radio beacons and direction-finders 

along our coasts pilots will become 
more and more dependent upon radio 

as a guide.  For example, Major J. C. 
Fitzmaurice, co-pilot of the Bremen, 
said in a recent interview, "We con-

sider wireless absolutely essential for 
all future undertakings of this nature". 
referring to the transatlantic flight he 

had just completed.  "As we now 
realize," he continued, "had we a wire-
less set on board, upon our estimated 
arrival in the neighborhood of New-
foundland we could have been given 
almost our exact position by direction 
finding stations along the coast, have 
been informed of the precise direction 

and velocity of the wind over the sea, 

and would have made New York easily 
with our objective accomplished." 
It has been estimated that if a pilot 

flying at the height of 10,000 feet found 
it necessary to make a forced landing, 

he could,  by  capable management, 
maneuver his plane so that it would 

he fully twenty minutes before it 
reached the surface of the water. 
When it is considered that the full 
twenty minutes might be utilized in 
sending out radio calls for assistance 
some idea of the value of radio in such 
an undertaking may be had.  Vessels 
carrying a radio compass could deter-
mine the position of the disabled plane, 
if no position had been given, relay the 
appeal to other ships and speed to the 
rescue. 
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Applications of the Photoelectric Cell 
in Industry 

Covering the Various Uses of the Alkali Metal Photoelectric Cell and the 
Most Desirable Circuits 

PART I 

I
N the photoelectric cell, industry 
has at its hand in a practical and 
economic form a new coordinat-
ing device of which the barest 

possibilities  have  only  yet  been 
realized.  An indication of the extent 
of employment of the photoelectric cell 
may be gleaned from the statement 

Fig. 1. Phototron KN2, is an alkali-
metal  photoelectric  cell  that  is 
well suited to requirements of in-

dustry In general. 

that visual coordination may now re-
place mechanical coordination, that 
chemical processes involving nice reg-
ulation may be made automatic, that 
the human element may be entirely 
eliminated from the process of seeing, 
in short—that an additional sense 
(machines are already endowed with 
a sense of touch) has been added to 
mechanical devices to enable them 
more early to replace the human and 
fallible factor. 
It is the purpose of this article to 

give detailed information of the man-
ner of employment of the photoelec-
tric cell itself. The machines used in 
conjunction with the cell may be of 
familiar or of special types. Mechanic-

• Photion Inotruniont Corp. 

By Milton Bergstein, Ph.D.* 

ally they are no mystery and their 
construction is not the province of 
this paper. 
Photoelectric cells and their prop-

erties will be first described and then 
the various devices will be classified 
as to purpose and as to photoelectric. 
properties. 

General Information 
(1.) The photoelectric cell we are 

considering is an alkali metal cell in 
which the surface of the metal has 
been highly activated by treatment 
with hydrogen and the output in-
creased by addition of a rare gas. 
Fig. 1 illustrates such a cell, which 
has been employed in most of the cir-
cuits  herein  described.  An  alkali 
metal cell properly handled will last 
indefinitely, but there are certain pre-
cautions which must be taken. 
(2.) Ionization of the gas in the 

cell to the point of luminosity does it 
no good.  There is the possibility of 
high current flow which may wreck a 
meter and vaporize the alkali metal 
in the tube.  Even when the glow is 
reduced to a minimum it is harmful; 
the sensitivity of the cell is changed 
by such treatment and it is some 
hours before the cell again behaves 
normally. 
(3.) In order to prevent such glow, 

it is necessary to operate the cell, 
when used in series with a battery. 
at a voltage below a certain maxi-
mum allowable potential.  In the no-
tation used herein, a battery in series 

with an alkali metal cell or other 
photoelectric cell is always called a 
"D" battery.  Adjustment of the po-
tential of the "if' battery is dis-
cussed hereafter. 
(4.) An inspection of Fig. 1 shows 

that the tube is equipped with a stand-
ard 201-A base.  The active material 
is deposited on the plate, which is 
consequently the cathode; the grid 
serves as the anode.  For simplicity 
plate and grid are connected to the 
usual prongs on the base, the other 
two prongs being dead.  There are no 
other connections on the cell. 
(5.) A "I)" battery should never be 

used unle  a resistance of at least 
100,000 ohms is in series with it and 
the cell.  In this way ionization in-
tense enough to cause destruction of 
the cell is avoided.  The resistance 
may be obtained in the form of a grid 
leak, or leaks of 0.1 megohm or more. 

Applications 
The circuit of Fig. 2 can be used 

for direct reading photometry, auto-
matic electric light control, counting 
machines,  color  sorting  machines, 
stencil cutting machines, control of 
mechanical processes, automatic titra-
tion, smoke detection.  The preceding 
applications are quite general.  Color 
sorting devices include such machines 
as equipment for the grading of beaus 
and  for  the  sorting  of  oranges, 
lemons, cigars, and other commodities 
according to color.  The application 
may be further extended to include in-

A circuit which  is excellent  for  color  sorting  machines,  automatic 
titration, smoke detection or for the control of light-duty machinery. 
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spection of small devices for improper 
polish, for faulty finish, for departure 
from size and etc.  The principal me-
chanical features of such devices are 
obvious.  The first circuit indicated 
in Fig. 2 is intended for fine and deli-
cate adjustment and is exclusively 
battery operated.  It is to be used to 
obtain an increase of current with an 
increase of light. 
(6.) Maximum Allowable Voltage of 

"D" Battery.  This paragraph is read-
able on any circuit in which a "D" 
battery and a relay operated from the 
first stage of amplification are used. 
To determine this value adjust the 
"B" battery to such voltage that the 
circuit N to 2 in Fig. 2 is open when 
the cell is disconnected.  This will be 
known to be the case when a buzzer 
and battery in the line N to 2 do not 
operate. Now, insert the photoelectric 
in its socket and shield it carefully 
from light.  Increase the voltage of 
"D" until the buzzer works.  The 
maximum allowable voltage of "D" is 
20 volts below this value. 
(7) Working Voltage of 

"D" Battery. Under no cir-
cumstances operate above 
the  maximum  allowable 
voltage. It is usually possi-
ble to work conveniently 
at  even  lower  voltages. 
This insures smooth, un-
critical operation. 
(8)  "B" Battery.  Tlie 

"B" battery is the battery 
connected to the plate and 
filament of the amplifying 
tube.  When using a relay 
adjust the voltage of the 
"B" battery so that the re-
lay will operate on the 
light variation in which 
you are interested.  This 
is readily determined by 
experiment.  This  para-
graph is readable on any 
circuit in which a relay is 
employed. 

This control circuit is for heavy-duty work and is intended for operation 
fro m line currents. 

Rough work is the main function of this light-duty circuit. 

PO WER 
LI NE 

0  0 

CONTROLLED OPERATION OPERATION OR 
HEAVY-DUTY RELAY 

-7- 

TO PHOTO-

ELECTRIC 
CELL 

CIRCUIT 

FIG.3 

A nu mber of light-duty relays operating on slightly different currents may 
be  controlled  by  one  photoelectric  cell. 

(9.) Adjustment  of  30-
ohm Rheostat.  This para-
graph is readable on any 
circuit in which such a 
rheostat is used to control 
the voltage on the filament. 
Adjust this rheostat so as 
to use the minimum pos-
sible voltage on the fila-
ment. 
(10.) The relay to be 

used should be determined 
by the particular applica-
tion intended.  Light-duty 
sensitive  relays  are de-
signed for various current 
intensities and open and 
close on certain variations 
of current.  In ordering 
such a relay one should 
specify the minimum limit 
of  current  intensity  on 
which it should be opera-

tive and also whether it is to open or 
close (or do the same simultaneously 
or successively) on increase of cur-
rent.  Heavy-duty relays are operated 
by the light-duty relays.  In ordering. 
one should specify whether they are 
for A.C. or D.C. use.  All the figures 
are drawn to indicate that when light 
is shining on the cell the armature 
rests on poinb 2 of the relay.  When 
no light is shining the armature rests 
on point 1. 
The "C" battery may be adjusted 

so that the current flow from filament 
to plate, when the cell is not illumi-
nated, is almost equal to zero. This is 
a very sensitive and adaptable circuit 
particularly applicable in extremely 
accurate work.  In this circuit 1 to 70 
rnegohms resistance at R is indicated. 
If it is desired to magnify the light 
effect to a considerably high value. 
(i.e.. if the light intensity is ex-
tremely low) it is necessary to in-
crease the size of this resistance and 
the voltage of the "D" battery. 
(11.) In order to increase the range 

of operations a number of relays may 
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A practical circuit for the control of either A.G. or D.C. power equipment. 

be used in cascade as indicated in 
Fig. 3.  We may make the arbitrary 
assumption that relays 1, 2. 3. and 
4 close on 1, 2, 3, and 4 milliamperes 
respectively.  The condition when 3 
milliamperes are flowing through the 
circuit, which is connected to the out-
put terminals is illustrated in Fig. 3. 
Depending on the current flowing any 
one of four circuits is closed or they 
are all open and inoperative. 
The circuit of Fig. 4 is the same as 

Fig. 3 but provided with heavy duty 

equipment.  It is a practical circuit 
that can be used in large scale opera-
tions and can be applied to machinery 
designed for the purpose indicated in 
Fig. 3. 
This circuit must be employed for 

actual power operation, because the 
points on the light-duty relay will 
not handle the  amperage  required. 
It is intended for operation from line 
currents.  Batteries are eliminated ex-
cept for the "C" batteries.  It will be 
found that adjustments must be made 
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of the resistance. R. and of the vol-
tage of the "C" battery depending 
upon whether A.C. or D.C. is used. 
The principle of a cascade of relays 

may be extended and applied to this 
circuit as well as to the previous one. 
The circuit of Fig. 5 is also in-

tended primarily for rough work.  It 
cannot be used for fine adjustments. 
Such devices as counting machines, 
burglar alarms. smoke detection units, 
and rough light control equipment are 
adequately handled by this unit but 
otherwise its applications are limited. 
No "B" battery is used in this ar-

rangement.  The  voltage  on  the 
amplifying tube is adjusted by means 
of the 500 to 50.000 ohm variable re-
sistance R.  The circuit is not limited 
to 201-A tubes.  however. if a tube 
such as the 199 or the 120 is sub-
stituted for the 201-A the resistance 
R must be varied accordingly so that 
the filament current should not ex-
ceed that prescribed by the manufac-
turer.  In case the change is made it 
will be necessary to vary also the 
large resistance R so that the relay 
should work satisfactorily with the 
output of the new tube. 
Fig. 6 is similar to Fig. 5. This is 

the practical unit used in control of 
power equipment.  In ordering  the 
heavy  duty  relay  as  indicated  in 
paragraph 11, it is absolutely neces-
sary to state whether it is for A.C. 
or D.C. operation. 

(To be continued) 

Fifth Annual Radio World's Fair 
Consumer Show Opens September 17 in Madison Square Garden. 
Radio Industries Banquet Is Announced for September 18 

T
HE Fifth Annual Radio World's 
Fair in Madison Square Garden, 
New York City is announced to 
take place Sept. 17 to 22, inclu-

sive. 
Many new models which were not 

quite ready for display at the Chicago 
Trade Show at the Stevens in June are 
to be shown at the New York show for 
the first time.  It is rumored that the 
exhibition will also contain a number 
of models which have been developed 
since June. 

The entire exhibition space in Madi-
son Square Garden with its 60.000 
square feet will be filled with receivers 
and accessories from the factories of 
two hundred and fifty of the country's 
leading  radio  manufacturers.  This 
vast exhibition space is exactly 100 per 
cent greater than the combined space 
in the Grand Ball room and the Exhi-
bition Hall at the Stevens Hotel which 
was required for the Trade Show just 
over. 

Show Hours 
The opportunity which the exhibitions 

provide dealers and jobbers, the coun-
try over, to inspect new lines, all under 

one roof, is an important advantage 
gained by those attending.  To facili-
tate such contacts the management 
has arranged at considerable extra ex-
pense for special trade show hours, 
from 11 to 1 P. M. on each day, except-
ing the opening day. at which time the 
public is not admitted. 

During these two hours dealers and 
jobbers may leisurely inspect and com-
pare, feature for feature, the respective 
receivers, speakers and accessories that 
the manufacturers are offering. 

Each dealer or jobber wishing to in-
spect exhibits before the doors are 
thrown open to the public at one 
o'clock may obtain credentials for two 
company representatives by making the 
request in writing to G. Clayon Irwin, 
Jr., Show Manager, 1800 Times Build-
ing, New York City. 

Radio Industries Banquet 

The Fifth Annual Radio Industries 
Banquet, sponsored by the three great 
groups composing the radio industry, is 
annoneed for Tuesday. Sept. 18, at 
Hotel Astor, New York City.  These 
groups are: the National Association 

of Broadcasters. the Radio Manufac-
turers Association and the Federated 
Radio Trade Association. 
What is significant to the radio 

listeners of the country is that the 
radio men have deliberately set out, 
on the night of their banquet, to en-
tertain more radio listeners than have 
ever been entertained at one time be-
fore. 
Linked  together.  from  10  to  12 

o'clock. Eastern Daylight Saving Time, 
on this occasion, will be all of the 
stations of the Red, Blue add Paci-
fic Coast networks of the National 
Broadcasting Company, the Columbia 
Broadcasting System, and, in addition, 
a large number of other stations not 
included in either chain, but members 
of the National Association of Broad-
casters. 
The most popular announcer from 

each of the four networks taking part 
in the history-making broadcast will 
officiate before the microphone one 
fourth of the time. 
The general chairman of the Radio 

Industries Banquet is Paul B. Klugh. 
of Chicago, vice president and general 
manager of Zenith. 
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ZENITH GAINS MORE AUTOMATIC 
PATENTS 

In addition to the Marvin and Vasselli 
patents, the Zenith Radio Corporation, in 
further strengthening its position, in the 
control of automatic radio, has purchased 
Heath Patent No. 1,638,734, British Patent 
No. 257,138, Canadian Patent No. 264.391, 
French Patent No. 607,436, Belgium Patent 
No. 331,166, and United States Patent Re 
No. 17,002. 
There are also seven other patents con-

trolled by Zenith, pending in the patent 
office. 

IIILER AUDIO TO EXPAND 
The  successful  adjudication  and  the 

declaration of validity of the tuned double 
impedance patents held by the Mier Audio 
Corp. in the U. S. District Court of Massa-
chusetts. was the opening gun in the pro-
gram  of  expansion  instituted  by  this 
patent holding and manufacturing organi-
zation. 
Edward E. Hiler, inventor of the tuned 

double impedance system of audio amplifi-
cation, has successfully  negotiated with 
various manufacturers and has issued li-
censes to these manufacturers.  Negotia-
tions are pending with several others and 
it is the purpose of this patent organiza-
tion to license some of the reputable radio 
receiver manufacturing concerns. 
Very succcessful tests have been recently 

completed and incorporation of the Hiler 
system into some of the most popular re-
ceivers is only a matter of a very short 
time.  The licensees of the Hiler Audio 
Corp. at the present time are Zenith Radio 
Corp..  General  Radio  Co.,  American 
Specialty Co.. Ford  Mica & Radio Co.. 
Kenneth Harkness Laboratories, Inc., and 
Leslie F. Muter Co. 

ACTIVITIES OF THE FEDERATED 
RADIO TRADE ASSOCIATION 

The past Convention of the Federated 
Radio Trade Association held June 11-15 
in Chicago marked the beginning of one 
of the most important steps ever under-
taken by any association in any industry. 
The important step referred to is the re-
organization of the Federated to provide 
for individual branches for the manufac-
turers' representatives, for the radio whole-
salers,  for the  radio  retailers  and  for 
local radio trade associations, thus com-
bining the entire distribution side of the 
radio industry. 
The Fedbrated Radio Trade Association 

was organized in Minneapolis in 1926.  It 
was originally composed of four associa-
tions, namely the Northwest Radio Trade 
Association. the Michigan Radio Trade As-
sociation, the Wisconsin Radio Trade As-
sociation and the St. Louis Radio Trade 
Association.  These associations combined 
for their mutual benefit and through their 
exchange of ideas and experiences hoped to 
benefit the entire radio industry.  Other 
associations, feeling the need for national 
cooperation  and  realizing  the  benefits 
which they could obtain from the opinions 
and  experiences  of  other  associations, 
joined with this movement to make it a 
nationwide project.  During the year ot 
1927.  the Federated secured  many new 
members and established executive offices 
at 32 W. Randolph St., Chicago. 
As the industry had become more stabil-

ized, the individuals engaged in the dis-
tributing  of  radio  apparatus  expressed 
themselves as wanting an organization of 
their own whereby they could work on 
problems affecting their particular phase 
of the industry and yet cooperate with 
the other branches in the development of 
the industry.  In accordance with tneir 
request  and  suggestions,  the  Federated 
started a re-organization program In Mil-
waukee,  February  15.  at  their  Second 
Annual Convention.  This re-organization 
scheme was developed through a special re-
organization  committee that investigated 
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the needs of the various sect'  s and was 
submitted for approval and adoption dur-
ing the past Convention.  This new set-up 
provided for four component groups with-
in the Federated.  The first being that 
of  the original  local  trade  associations 
which  is  headed  by  Mr.  Michael  Ert, 
President of the Wisconsin Radio Trade 
Association.  Then  follows  the  Radii) 
Wholesalers Association, headed by Peter 
Sampson, a national organizat'   of radio 
wholesalers working for the interests of 
their members.  The National Radio Re-
tailers association. headed by Julian Samp-
son, working for the benefit of the radio 
dealers: and the Manufacturers' Represen-
tatives Sect   headed by Geo.  Riebeth, 
composed of radio manufacturers' represen-
tatives, all cooperating in an CM1PRVOr to 
better the c  Minns within the industry. 
Each of these groups elect six men to 

the Board of Directors of the Federated 
which governs the activities id that or-

HAROLD J. WRAPE 

President, Federated Radio Trade 
Assnciation. 

ganization throughout the year.  They are 
in turn governed by their own President 
and own officers anti all conintittees work-
ing on their individual problems.  These 
four groups, however, through their close 
connection with the Federated cooperate 
with each other and save many of the 
needless disputes concerning differences of 
opinion  which  take place frequently  in 
associations which have no common meet-
ing ground. 
This re-organization represents the first 

time that the entire distributing side of 
any industry has been organized and cor-
related In an endeavor to benefit the con-
ditions of the entire industry.  The Feder-
ated Radio Trade Association  has been 
very active in securing the passage of the 
Federal Radio Act of 1927 and again in 
the passage of the Act of 1925.  They 
have cooperated with the Radio Manufac-
turers Association and the National As-
sociation of Broadcasters in advising the 
the Federal Radio Commission concerning 
the interpretation of the present Fenerul 
Radio Act.  They have been very active 
in the promotion of training schools for 
radio service men and many of the local 
associations have established a plan for 
the examination and registry of all serv-
ice men thereby insuring the public of in-
creased satisfaction and the dealer of in-
creased profit for the proper servicing of 
all apparatus.  They have been very active 

- 

in the promotion of local radio trade shows 
thereby increasing the publie's familiarity 
with radio merchandise and providing the 
dealer with an opportunity for sales Here-
tofore never presented.  They have been 
very active in the solution of interference 
problems and in the formation of Listeners 
Clubs as well as doing much throughout 
the entire country to benefit the condi-
tions of the distributors and the radio 

The officers and members of the Feder-
ated Radio Trade Association are working 
very actively in the interest of the entire 
radio industry and many of their activities 
are not mentioned in this brief resume. 
Their services  have  been  given  whole-
heartedly fur the benefit of the industry 
and  they  feel  themselves  entirely  com-
pensated for their efforts. 

H. R. FLETCHER ELECTED VICE-
PRESIDENT OF RACON 

The  flacon  Electric  Company  takes 
pleasure in announcing the appointment of 
Nit-, II. It. Fletcher as Vice-president and 
Director of Sales of that eompany. 
Mr. Fletcher joined the Racon Electric 

Co., as Sales Director, in February of this 
year.  He was previously connected as an 
executive  with  Amsco  Products,  Inc., 
Algonquin Electric Co. and the Apeo Mfg. 
Co. 

INTERNATIONAL RESISTANCE CO. 
MOVES IN PHILADELPHIA 

TIIP  International  Resistance Company 
has moved its factory to 135 North 2211 
Street, and is equipped in most modern 
fashion for the manufacture of metallized 
filament and for laboratory facilities. 
The production  of metallized  filament 

has inereased largely this year, and ship-
ments to American licensees and to foreign 
countries has grown very rapidly in the 
last eighteen months it is stated. 

H.  C.  HOLMES APPOINTED DE 
FOREST  SALES  MANAGER 

The DeForest Radio company of Jersey' 
City, N. J.. announces the appointment of 
II. C. Holmes as general sales manager. 
with headquarters in the main office at 
the plant. 
For many years hack Mr. Holmes has 

been closely identified with the radio in particularly in the production end. 

Prior to his present appointment, he was 
vice-president  of  Henry  L.  Crowley  & 
Company, manufacturers of synthetic vent-
mic products widely employed in the pro-
duction of vacuum tubes, and secretary 
and  general  manager of the  Isolontite 
Company of America before that time. 

AEROVOX  INCREASES  PLANT 
SPACE 

According to S. I. Cole. general manager 
of the Aerovox Wireless Corporation. the 
increased demand for Aerovox condensers 
and resistors this year has made necessary 
the addition of 10,000 square feet of floor 
space to the Aerovox plant at 70 Wash-
ington Street, Brooklyn, N. V. This brings 
the total  floor  space occupied  by  this 
pioneer condenser and resistor manufac-
turer up to 30,000 square feet or seven 
times the space occupied only four years 
ago. 

NEW BELDEN REPRESENTATIVE' 
The  Belden  Manufacturing  Company, 

2300  South  Western  Ave.,  Chicago,  an-
nounces that Wallace R. Lynn. with offices 
in San Francisco. California, has recently 
been  appointed  as  their  Pacific  Coast 
representative.  Mr. Lynn will handle the 
automotive,  electrical  and  radio  lines 
which  are  merchandised  exclusively 
through jobbers and dealers. 
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KSTP  AND  WJBI  ON  RAFOTO 
SCHEDULE 

The Radlovision Corporation, 62 West 
39 Street, announces that stations KSTP, 
of  the  National  Battery  Broadcasting 
Company, St Paul, Minn., and WJBI, of 
Scranton, Pa., have joined the growing 
list  of  stations  broadcasting  pictures 
through the Cooley Rayfoto process on 
their radio schedules.  Among the other 
stations in the chain are M ICA, Hotel 
McAlpin, New York city, which broadcasts 
a picture playlet every Wednesday night 
and pictures three mornings each week 
WTMJ,  Milwaukee  Journal,  Milwaukee 
KMOX,  Voice  of  St  Louis,  St  Louis 
W OKO, Hudson Valley Broadcasting Com-
pony, Mt Beacon, N. Y.  W DEL, Wilming-
ton Electric Specialty Company, Wilming-
ton:  W WJ,  W.  R.  Hoffman,  Detroit; 
W FI, Strawbridge & Clothier, Philadel-
phia; CKNC, Canadian National Carbon 
Company, Toronto ' and CJRN. D. R. P. 
Coats,  Grain  Exchange  Building,  Win-
nipeg. 

NAT GREENE NO LONGER MATRI-
MONIAL PROSPECT 

Mr. Nat Greene, Vice-President of the 
Polymet  Manufacturing  Company.  was 
married to Dr. Esther Tuttle of Boston, 
on Wednesday, the 11th of July, at the 
Hotel Biltmore. 
After the ceremony, the bridal couple 

left for a honeymoon at Lake Placid in 
the Adirondack Mountains.  On their re-
turn, they will reside in New York City. 

EDELMAN RECEIVES SINGLE CON-
TROL PATENT 

The United States Patent Office has just 
issued Patent No. 1676256 to P. E. Edel-
man, a Chicago electrical engineer, for a 
basic single control stabilized radio re-
ceiver.  The  patent  claims  "A  radio 
amplifier having a series of transformer 
coupled stages with tuned secondaries in-
cluded in the grid circuits thereof and 
adjustable primaries in the plate circuit,' 
thereof means to simultaneously vary said 
primaries and changes in the tuning of 
said secondaries in relation to each other 
for efficient electromagnetic coupling with-
out undesired feedback effects, a common 
control for tuning said grid circuits and 
correspondingly  varying  said  electro-
magnetic couplings, the minimum setting 
of  said  electromagnetic  coupling  being 
proportioned at a predetermined amount 
of the maximum setting thereof and pro-
gressively varied for each change of tun-
ing of said secondaries from minimum to 
maximum adjustment thereof." 
The patent describes a radio set which 

efficiently amplifies at all broadcast wave-
lengths and is regarded as an important 
departure in the art, introducing simpli-
fied automatic mechanical stabilization re-
placing complicated electrical circuits used 
in the past. 

NEW WEST COAST REPRESENTA-
TIVES OF DURHAM 

The  Henger-Seltzer  Company  of  Los 
Angeles and San Francisco have been ap-
pointed as California representatives of the 
International Resistance Co., of Philadel-
phia, Pa. 
Consigned stocks of material will be car-

ried at both offices for prompt shipment to 
those dealers and jobbers who will stock 
the Durham products. 

NEW MAJESTIC REPRESENTATIVE 
The radio trade will be interested in the 

announcement that  Mr. W.  H.  Bishop, 
formerly sales manager of Blackman Dis-
tributing  Co.,  is  now  connected  with 
Grigsby-Grunow Co., in capacity as special 
sales representative in the Metropolitan 
District of New York City.  He will co-
operate with Mr. Herbert E. Young. gen-
eral sales manager, and work out of the 
33 West 42nd St. Office. New York.  Mr. 
Bishop has been associated with the Black-
man Distributing Co. for seven years. 

INTERNATIONAL RESISTANCE CO. 
APPOINTS KILLAN, INC. WESTERN 

REPRESENTATIVE 
The International Resistance Co. of 2% 

S. 20th St., Philadelphia, Pa.. have an-
nounced the appointment of Killam. Inc., 
of Portland and Seattle as their represen-
tatives in Oregon and Washington.  Con-
signed stocks of material will be carried 
at both offices. 

X-L RADIO LABORATORIES MOVE 
TO LARGER QUARTERS 

1124 Belmont Ave.,  Chicago Ill., is the 
new home of the X-L Radio Laboratories. 
Here they have greater floor space than 
formerly, which with increased equipment, 
permits greater and more economical pro-
duction. 

ALDEN CO. MOVES TO NEW PLANT 
It was announced recently at the annual 

meeting of the Alden Manufacturing Com-
pany that the business would be moved to 
Brockton, Mass. 
Their new home will be in an ultra mod-

ern daylight factory, known as the Ply-
mouth County Ideal Factory, built several 
years ago by a group of bankers and 
Brockton business men. 
The announcement  was made at  the 

annual meeting of the company, at which 
the  following  directors  were  elected: — 
Milton Alden,  President and Treasurer; 
John Pauly, Clerk; Lincoln Davis, Vice 
President; Charles W. Holland and May-
nard A. Davis —the last three named all 
of Brockton. 
A substantial addition to the capital has 

been made by Lincoln Davis and the Ply-
mouth  County  Development  Corporation, 
an interest of Edgar B. Davis of New 
York, Brockton, and Lulling, Texas. 

HARDWICK,  FIELD  INC.,  OPEN 
NEW SALES OFFICES 

Due  to  increased  business  Hardwick, 
Field, Inc., have been compelled to take 

New  home  of  Tobe  in  Canton, 
Mass.  The plant has 92,000 ft. 
floor space and covers six buildings. 

new and larger sales offices and are now 
located at 122 Greenwich Street.  Several 
additional representatives have been ap-
pointed, which include: — 
Albert L.  Borkow, Jr., 1015 Chestnut 

St.,  Philadelphia.  Pa.;  J.  A.  McCaffrY, 
5656 Dumbarton Rd.. Detroit, Mich.; H. B. 
Parke. 305 Seventh Avenue, Pittsburgh, Pa. 

GRAY SALES CO. OPEN NEW YORK 
OFFI CE 

After operating in the New York terri-
tory for seven  years from their  Phila-
delphia Office the Gray Sales Co. have 
finally "broken out" and opened a New 
York office and show-room at 222 Fulton 
Street, Phone Cortlandt 6209 where Mr. 
Max Witz will be in constant charge. 
The Gray Sales Co. also announce their 

appointment as metropolitan sales represen-
tatives for the following manufacturers: 
The  Webster  Company,  Chicago;  The 
Fidelity Radio Corporation, Salt Lake City, 
Utah: Gardiner & Hepburn, Inc., Philadel-
phia; R. B. M. Mfg. Co., Logansport, Ind.; 
Union Metal  Products  Co.,  Minneapolis, 
Minn. 

DUBILIER OFFICES IN CHICAGO 
AND PHILADELPHIA 

In order to co-operate more effectively 
with  manufacturers  and  jobbers.  the 
Dubilier  Condenser Corporation  of New 
York City has just opened its own branch 
office at 330 South Wells Street, Chicago. 
This branch  office  is managed  by Fred 
Damarin, who is well known to the radio 
and electrical trades in the Middle West. 
There is also announced at this time a 

Dubilier Philadelphia office in charge or 
Joseph H. Myers, at 1524 Chestnut Street. 
for the purpose of serving the radio and 
electrical trades in the Pennsylvania terri-
tory. 
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"RADIO ADVERTISING," NEW 
MONTHLY MAGAZINE 

Radio  Advertising is a new  monthly 
magazine which will be published by Max-
well McArthur and Harry Schwarzschild at 
Flushing, N. Y.  The first issue will appear 
in August and will be devoted to all phases 
of radio merchandising and selling. 

NEW FEDERAL WHOLESALERS 
The Metropolitan Electrical Supply Co.. 

180 West Lake St., Chicago, Ill., and the 
Swanson  Electric  & Manufacturing  Co., 
Evansville,  Ind.,  have  been  appointed 
wholesalers by the Federal Radio Corpora-
tion, Buffalo, N. Y. to serve Federal Ortho-
sonic retailers in their respective terri-
tories. 

D'ALMAINE JOINS BODINE 
ELECTRIC CO. 

The Bodine Electric Company, 2254 West 
Ohio  Street,  Chicago,  manufacturers  of 
fractional horsepower electric motors and 
electric phonograph turntables, announce 
that Mr. H. D'Almaine has recently been 
appointed Assistant Sales Manager.  Mr. 
D'Aimaine was formerly advertising man-
ager of Louis Allis Company of Milwauxee. 
Wisconsin, and previous to that, Assistant 
Sales Manager of Charles Cory & Son, 
Incorporated.  He also was Assistant Man-
ager of the fuse department of the Federal 
Electric Company, and was in charge of 
sales  promotion  work  of  jobbers  and 
dealers. 

FEDERAL RADIO CORP. OPERATES 
WHOLESALE DIVISION TO STUDY 

DEALER REQUIREMENTS 
In its endeavor to give the best possible 

service to its dealer trade, the Federal 
Radio Corporation has established at the 
manufacturing plant in this city, what 
Lester E. Nobile, president of the company, 
terms a "laboratory for dealer problems''. 
The so-called laboratory is taking the shape 
of a wholesale department for the Buffalo 
area, within the plant, under the direction 
of L. W. James, assistant to the president. 
Mr. James is maintaining a corps of sales-
men and service men operating in direct 
touch with the dealers, giving them roe 
benefit of the sales and service of a whole-
saler. 

NEW DUBILIER SOCKET-POWER 
CONDENSER CATALOG 

An explicit catalog containing a com-
plete line of condensers and condenser 
blocks for the "A" and "B" circuits of 
the socket-power set, as well as special 
interference elimination devices, has just 
been published by the Dubilier Condenser 
Corporation with sales offices at 10 East 
43rd Street, New York City. 
The Dubilier  Socket-Power  Condenser 

Catalog  specifies  condenser  blocks  for 
various standard radio power circuits and 
rectifiers.  An analysis of each Dubilier 
condenser  block  is given,  showing  the 
capacity and the maximum D.C. working 
voltage of each section.  The dimensions 
of the standardized cans in which Dubilier 
condensers and condenser blocks are en-
closed,  are  also  given,  so  that  the 
mechanical quite as well as the electrical 
information is instantly available to the 
radio set builder. 
A copy of this catalog, together with 

that  dealing  with  Dubilier  Micadons. 
Metaleaks, Light Socket Aerial and other 
devices, will be sent to anyone on request. 

THOS. H. OWEN TO REPRESENT 
KELLOGG 

Mr. Owen who recently joined the Radio 
Sales staff of the Owen Switchboard and 
Supply  Company  has had a successful 
career in the selling field, with two well 
known firms, extending over a period of 
more than twelve years. 
He has been a sales representative for 

Roco  Products  Company  of  Cleveland. 
Ohio, for the past five years in the Ohio 
and Illinois territories. 
Previous to  his connection  with that 

concern he was Chicago sales representa-
tive and manager of the Schulze Baking 
Company of Chicago for over seven years. 
Mr. Owen has been spending the nast 

few weeks at the Kellogg plant where 
he is studying the various manufacturing 
nrocesses and attending sales meetings. 
He has been assigned to the New England 
states territory. 
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ALL-AMERICAN MOHAWK SHOW 
INCREASE 

E. N. Rauland, President, All-American 
Mohawk Corporation, announces that the 
company,  during  the convention of its 
distributors, and during the Radio Trade 
Show, had closed contracts for sales run-
ning to $8,450,834.  This compares with 
approximately four million dollars' worth 
of business transacted by the company for 
the entire year of 1927. 

WUNDERLICH JOINS CARTER 
N. E. Wunderlich has been appointed 

general sales manager of the Carter Radio 
Company, 300 S.  Racine Ave., Chicago. 
Mr. Wunderlich during the past four years 
was  associated  with  the  Neutrowound 
Radio Mfg. Co. prior to which he was 
connected with the United Radio Corpo-
ration for a period of three years.  He 
was formally publisher of Radio Topics. 

FOUR  NEW  KELLOGG 
DISTRIBUTORS 

Recently the Kellogg Switchboard and 
Supply Company, of Chicago, secured the 
following four new distributors for Kel-
logg Radio products: 
The  Kelvinator-Cleveland  Company  of 

Cleveland, Ohio, will provide outlets for 
Kellogg  in  North,  Central  and  North-
eastern Ohio.  This concern is a large dis-
tributor of Kelvinator electric refrigera-
tors and has a fine following of dealers 
who are able to merchandise radio. 
The Fobes Electrical Supply Company 

of  San  Francisco,  California,  will  dis-
tribute Kellogg Radio products in North-
ern California and Western Nevada.  This 
old established electrical supply house has 
branches in Portland, Oregon; Seattle and 
Spokane. Washington. 
The Collins Electric Company of Des 

Moines, Iowa, will represent Kellogg in 
Central Iowa. 
Sickles & Preston Hardware Company, 

Davenport. Iowa, will feature Kellogg in 
part of Northwestern Illinois and Eastern 
Iowa. 

C. F. COPELAND, EAGLE SALES-
MAN 

The Eagle Electric Mfg. Co., of Brooklyn. 
N. Y.. wishes to announce to the trade that 
Mr. Charles F. Copeland has joined the 
active selling force of this company.  Mr. 
Copeland will act as direct office represen-
tative in all territories east of the Missis-
sippi —working with the large force of rep-
resentatives and help build up electrical 
jobbers business.  Mr. Copeland is well 
known to the trade, having traveled for the 
Ostrander Electric Company. 

GREBE  LEASES  LARGE  FLOOR 
SPACE IN FORD BUILDING 

Space totaling 13.000 square feet has been 
leased by A. H. Grebe & Company, Incor-
porated. of New York City and Los Angeles. 
in the Ford Building on Northern Blvd., in 
Long Island City, New York. 
This additional plant space will be used 

to consolidate the present shipping and stor-
ing facilities of the Grebe plant at Rich-
mond Hill, and will be used exclusively as a 
shipping base and warehouse. 
By acquiring this new space a large sec-

tion of the factory in Richmond Hill, Long 
Island, will be available for the manufac-
ture of new apparatus. The Ford Building 
is conveniently located,  having its own 
railroad siding and is in close proximity to 
other transportation facilities. 

GREBE  JOBBER  ON  COAST. 
CHANGES FIRM NAME 

Weinstock-Nichols Company, distributor 
of radio products of A. H. Grebe and Com-
pany, incorporated, of New York and Los 
Angeles, has moved and changed its firm 
name to Robert Weinstock, Incorporated. 
The new address of the company is 643 
Mission Street, San Francisco, California. 
Newly appointed officers of the company 

are: Robert Weinstock. President and Gen-
eral Manager; W. A. Creelman. Vice Presi-
dent and Sales Manager, and Marshall Rob-
inson, Secretary and Credit Manager. 

K.  W.  RADIO  CO.  HAS  NEW 
QUARTERS 

To facilitate the handling of the in-
creased business on the new Majestic elec-
tric receiver, K. W. RADIO CO., Inc., have 
taken more extensive quarters in the Eve-
rting  Graphic  Building  at  350  Hudson 
Street, New York City.  They have over 
4,000 sq. ft. for offices and 10.000 sq. ft. for 
warehouse, which occupies the entire north-
east corner of Hudson and Charlton streets. 

For the delivery of Majestic sets, two more 
trucks have been ordered. 

HILER LICENSES GENERAL RADIO 
CORP. 

Announcement is made that the General 
Radio Co. of Cambridge, Mass., has taken 
out a license to manufacture tuned double-
impedance audio  couplers  under United 
States patents granted to Mr. Edwin E. 
Hiler and assigned to the filer Audio Corp. 
The new line of general Radio Co. parts 

will include tuned double-impedence cou-
plers for use with conventional tubes and 
also tuned double-impedance audio couplers 
for use with the 222-type of screen-grid 
tubes. 

BLINN AND MERRITHEW TO CALL 
ON TRADE FOR JENSEN RADIO 
Two additional appointments to the sales 

organization of the Jensen Radio Manufac-
turing Company, with manufacturing plants 
located in Chicago and Oakland, Cal., were 
announced recently by Thomas A. White, 
general sales manager  of  the  company. 
These follow closely the five appointments 
made a short time ago by Mr. White, and 
practically complete the sales organization. 
which is to call on the jobbing trade and 
manufacturers in the United States for this 
company. 

ERNEST E. YAXLEY PASSES 
AWAY 

Manufacturers  of  telephone  and 
radio  equipment  throughout  the 
country will be saddened at the 
news of the death of Ernest E. 
Yaxley,  President of the  Yaxley 
Manufacturing Company, 9 South 
Clinton  St.,  Chicago,  Ill.,  who 
passed  away  July  27th  at  his 
summer home at Wauconda, ill., 
after an illness of several months. 
Mr. Yaxley was born June 20th, 

1860 on  a farm  near  Hillsdale, 
Mich. and of English parentage. 
He went to Chicago in 1882, start-
ing his mechanical career in the 
machine shops of the Thor Wash-
ing Machine Company.  From here 
he went to the Western Electric 
Company  as  a tool  maker.  At 
both  these  places  his  inventive 
ideas  and  genius  was  readily 
recognized,  as  he  designed  and 
perfected  many  devices  in  the 
manufacture of their various pro-
ducts.  Later  on  he  Joined  the 
Victor  Telephone  Company  as 
superintendent  of  their  shops 
where  he  developed  the present 
telephone bell now found on every 
telephone receiver. 
In May 1901 when the then exist-

ing patents on telephone receivers 
expired Mr. Yaxley, H. C. Hubac-
ker and J. E. Norling organized 
the Monarch Telephone Manufac-
turing Company located at Canal 
and Randolph Streets.  The inde-
pendent  manufacturer  of  tele-
phone apparatus proved to be a 
failure so in 1912 this company 
sold out this part of their busi-
ness and the name was changed 
to Yaxley Manufacturing Company, 
which  continued  promoting  and 
manufacturing their line of time 
recording systems now found  in 
many of the  largest institutions 
throughout the country. 
Mr. Yaxley's experience of the 

telephony business gave him the 
knowledge necessary for designing 
and manufacturing radio parts and 
apparatus In which his company 
is one of the leaders in this coun-
try today. 

According to Mr. White. James H. Blinn, 
U. S. National Bank Building, Denver, Col.. 
has been assigned the territory comprising 
the states of Colorado, Utah and Wyoming. 
while Harry Merrithew, 713 South Ervay 
Street, Dallas, Texas, will represent the 
Jensen Radio Manufacturing Company In 
Texas and New Mexico. 
Both Mr. Blinn and Mr. Merrithew are 

well known in the territories which have 
been assigned to them, having been identi-
fied with the radio trade for a number of 
years past. 

SPLITDORF APPOINTMENTS 
Splitdort  Radio  Corporation  continues 

to intensify its distributorships throughout 
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the country.  The following appointments 
have  just  been  announced  by  Hal  P. 
Shearer, general manager of the company: 
At St. Joseph, Missouri —Wyeth Hard-

ware Company, to cover eastern Kansas, 
and Missouri and Nebraska territory. 
At  Hutchinson,  Kansas —Auto  Supply 

Co.. to cover central Kansas territory. 
At Dallas. Texas —PadgItt Bros., whose 

salesmen will cover for Splitdorf central 
Texas. 

RAYTHEON  ABSORBS  Q.  R.  S. 
RADIO TUBE DIVISION 

Raytheon  Manufacturing  Company  of 
Cambridge,  Mass., radio tube specialists, 
announce  that  they  have  absorbed  the 
Radio Tube Division of The Q.R.S. Com-
pany of Chicago, in part settlement of the 
suit against the latter company for in-
fringement of the gaseous rectifying tube 
patents. 

A BULLETIN ON DESIGN OF IRON 
CORE REACTANCES 

Ever since socket power B supply de-
vices first became an important factor in 
the radio industry several years ago, and 
especially since the more recent trend of 
design  toward  completely  socket-power-
operated radio sets, there has been a very 
apparent need for a simple yet reliable 
method of designing iron core filter re-
actors  through  the  windings  of  which 
must pass both alternating and direct cur-
rents.  Realizing the meagre data hereto-
fore available much of which applied to 
steels not generally available to most radio 
manufacturers, the Raytheon Laboratories 
has undertaken extensive studies based on 
commercially available  grades  of silicon 
steel. 
The results of these studies are now 

made  available  in  Raytheon  Technical 
Bulletin, Vol. 1, No. 1. under the title 
"Design of Iron Core Reactances."  This 
bulletin contains the necessary mathemati-
cal data for the calculation of iron core 
reactances, including permeability curves. 
incremental  permeability  curves,  design 
chart, procedure in design, chokes for large 
range of direct current, flux density, and 
a synopsis of method of calculation em-
ployed by Hanna in obtaining design charts 
for iron core reactances which carry di-
rect current. 
A copy of the foregoing described bulle-

tin is available for the asking by address-
ing  the  Technical  Service  Department, 
Raytheon  Manufacturing Company,  Cam-
bridge, Mass. 

A  BULLETIN  ON  CONSTANT 
POTENTIAL REGULATION 

An ingenious method of automatic com-
pensation for line voltage variations, based 
on obtaining a phase shift between the 
primary voltages of two transformers con-
nected in series, one of the transformers 
to perform as 11. capacitive reactance and 
the other as a straight inductive reactance, 
has resulted from extensive research work 
on power unit design conducted in the 
Raytheon Laboratories. 
The practical results of these research 

efforts  are now  published  in  Raytheon 
Technical Bulletin, Vol. 1, No. 2, under 
the title of "Constant Potential Regulator," 
by D. E. Replogle.  Copies of this bulle-
tin may he obtained free by addressing 
the Technical  Service Department,  Ray-
theon Manufacturing Company, Cambridge, 
Mass. 

WELL KNOWN RADIO MEN JOIN 
AMRAD SALES FORCE 

The following men have recently joined 
the Amrad Corp. sales force, according to 
announcement made recently  by  %V.  H. 
Lyon, general sales manager. 
Mr.  L.  D.  Trefry  will  work  in  the 

New England territory for Amrad.  Mr. 
Trefry, for the past three years, has been 
a radio dealer and for that reason knows 
the problems of the men with whom he 
will contract. Prior to becoming a dealer, 
he spent several years at sea as a radio 
operator and has been in the radio busi-
ness since its inception. 
Mr. E. H. Troan, formerly announcer at 

W HEC. the broadcasting station at Roch-
ester, New York. and prior to that associ-
ated with the Zinke Company of Chicago. 
Mr. Troan will cover New York City for the 
Amrad Corporation. 
Mr. Edgar K. James has recently joined 

the Amrad sales force in the capacity of 
Mershon sales engineer. Mr. James is well 
known in the radio manufacturing business 
and is well fitted for his new position by 
reason of his past experience and knowl-
edge of radio engineering. 
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The 350 Power Amplifier and 
B Supply 

By Robert Frank Goodwin 

I
S the amplifier to be described one 
of the new CX-350 power tubes is 
incorporated. This tube is capable 
of  supplying  ample  undistorted 

power for the operation of a heavy 
duty speaker.  It is considered a 25-
watt tube, having characteristics quite 
similar to those of the 371 type. but 
is much larger and is designed for 
operation at higher voltages. 
Equipment  designed  for  the  350 

tube must be capable of supplying the 
high plate current and the necessary 
grid bias, which is from —45 to —84 
volts as shown in the tabulation: 

Undis-
torted 

Neg.  Bias  Plate  Power 
Grid  Resistor Current Output 
Bias  Value  (Milli-  (Milli-

Plate Volts  (Volts)  (Ohms) amperes) watts) 
250   —45  1600  28  900 
300   —54  1550  35  1500 
350   —63  1400  45  2350 
400   —70%  1250  55  3250 
450   —84  1100  55  4050 

The filament rating i. 7.5 volts. 1.25 
amperes. The material used is of the 
rugged coated ribbon type, similar to 
that used in the 381 rectifier.  This 
filament operates at a dull red heat. 
The current required is supplied from 
the 7.5 volt winding of the power 
transformer.  The low operating tem-
perature and the increased size of 
this type of filament results in mini-
mum ripple voltage or "hum" when 
operated from such a source. It is im-

portant that the transformer be so de-
signed that the filament voltage at 
the tube terminal does not exceed 7.9 
volts (rated voltage less 5%).  The 
coated filament is  not  affected  by 
traces of gas. and a slight blue glow 
will not impair or affect the perform-
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It is desirable that the bias required 
by the tube be supplied from a drop 
across a resistor in series with the 
"—B" return, as shown in the sche-
matic drawing. It will be found that 
this  connection  compensates  almost 
completely for changes in plate volt-
age, which may occur as a result of 
line voltage variations.  An increase 
in plate voltage causes a small in-
crease in plate current which in turn 
raises the applied "C" bias sufficiently 

to compensate for the new value of 
plate voltage, thus maintaining the 

-1; 2099 
F-8000 

CONNECT 225 OHM 
RESISTOR FOR 17 STAGE 
4A.2 VOCF .0' BIAS 

A special power transformer is here employed 
voltage secondaries as well as a high-voltage 

plate supply current. 

:ince of the tube, provided the resist-
ance in the grid circuit is kept low, 
so as to avoid a decrease in bias which 
may otherwise result from a flow of 
gas current to the grid. The tube is 
not intended for use in at resistance-
coupled amplifier circuit. 

The  apparatus 
of  the  power 
amplifier  a n d 
"B"  supply 
mounted on 
baseboard.  A t 
the  rear  left, 
the power trans-
former;  next 
the choke, con-
denser  b a n k, 
and  output 
choke. The A.F. 
transformer  I s 
at  the  front. 
See diagram on 
page  47  for 
mounting  a n d 
wiring  instruc-

tions. 

Rigs 
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VOLTS 

voLTS 

SAT 

TYPE C945 
2mFD  

having two low-
winding for  the 

proper operating condition at all times. 
If a decrease in voltage occurs, the 

reverse action takes place.  This de-
sirable operating condition is sacri-
ficed if a fixed "C" bias derived from a 
battery or other source is provided. 
In such cases a decrease in plate volt-
age will cause a large decrease in plate 
current which will greatly decrease 
the power output obtainable from the 
tube, while an increase in plate volt-
age will overload the tube. 

Construction 
For those who are interested we 

shall attempt to describe the construc-
tion of the unit.  The baseboard on 
which the parts are mounted measures 
10 inches in width, 15 inches in length, 
being one-half inch thick. It should be 
of well-seasoned hard wood to prevent 
warping. 
The exact specifications for the lay-

ing out of the parts is illustrated in 
the layout drawing. The transformer 
T-2099 is mounted to the left back of 
the board, with the double choke unit 
T-2099 just to the right of it, leaving 
one-eighth of an inch space between 
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them. To the right of the choke the 
condenser block  is situated.  Before 
mounting this unit four pieces of solid 
wire about 6 inches long should be 
soldered, one to each of the four lugs 
on the block. It will be noticed that 
there is a one-half inch space between 
this unit and the choke. Now the out-
put choke may be mounted to the rear 
right end of the board approximately 
one-quarter of an inch from its edges. 
At the front right corner the audio 
transform er is situated, and between 
this and the choke coil socket is to be 
secured. Just to the left of the audio 
transformer the 1-mfd. by-pass con-
denser is to be placed, and to the left 
of this condenser just in front of the 
large condenser block. the 2-mfd. 1,000 
working volt output condenser is to be 
mounted. It will be noticed that this 
condenser is mounted close to the large 
condenser block in order to give the 
milliammeter sufficient space when the 
control panel is secured in place. 

In mounting the 8,000-ohm fixed re-
sistor unit two or three small washers 
should be placed beneath it to raise 
it from the baseboard, thereby allow-
ing for air circulation.  The two sock-
ets used for the rectifier tubes are 
mounted in front of the power trans-
former and choke units, spaced ac-
cording to the specification given in the 
layout drawing.  In  mounting these 
sockets the prings are ben upward 
and the bakelite stamping furnished 
with them is placed over the prongs. 
thereby insulating it from the base-
board. With the variable resistances. 
binding posts. and meter secured to the 
control panel. the builder may com-
mence with the wiring. 

The 41/2 volt "C" bias required by 
the first stage may be procured from 
the supply portion of this unit. To do 
this it will be merely necessary to con-
nect a 225-ohm resistor unit at the 
point marked (X) in the schematic 
drawing. 

In connecting the unit to the re-
ceiver, the wire connecting the plate 
of the first audio stage socket to P on 
the audio transformer should be re-
moved and a flexible lead connecting 
to the socket is to bq brought down to 
the input post on the eliminator.  The 
rest of the B leads are connected to 
their respective binding posts on the 
control panel. 

With the tubes inserted vary the 
2.000-ohm resistance until the mull. 
ammeter reads approximately 55 to 60 
mills. The filament of the rectifier 
tubes should burn at a dull red heat. 
The plates should not be red, as such 
will indicate a defective condenser or 
a short circuit elsewhere. 

LIST OF PARTS REQUIRED 
1—Thordarson Power Transformer (type 

T-20951. 
1—Thordarson Choke Coil (type T-2099). 
1—Thordarson Audio Transformer (type 

R-200 or R-300). 
1—Thordarson Choke Coil (type 11-1961. 
1—Polymet Condenser Block (type F-

10051. 
1—Polvmet 2-mfd.  By-Pass Condenser 

(type C-945). 
1—Polvmet 1-mfd. By-Pass Condenser 

(type C-9041. 
6—Eby Binding Posts marked as follows: 

The location of 

the  parts may 
be  determined 
by  the  type 
numbers, which 
are given in the 
List of Parts on 
this page.  The 
simplest wiring 
procedure  i s 
also indicated. 

I I. 
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3—Eby Sockets. 
2—Centralab 10,000 ohm Heavy Duty 

Potentiometers (type HP-010). 
1—Centralab 2,000 ohm Heavy Duty Po-

tentiometer (type HP-002). 
1—Centralab 8,000 ohm Resister Strip 

(type F-8,000). 
1—Roll Solid "Braidite" Wire. 

1—Cunningham CX-350 or Speed UX-
250 Tube. 
2—Cunningham CX-381 or Speed UX-281 

Tube. 
1—Jewell  Ililliammeter  (0-100  mills) 

(pattern No. 135). 
1—Westinghouse  Mica rta Fabricators 

Panel 12 Inches x 314 inches. 
1—Baseboard 12 inches x 10 inches x 1,4 

inch. 

The "Advanced Ultra-Six" Super-
Heterodyne 
By H. G. Cisin 

T
HE correct application of the 
screen grid tube to the super-
heterodyne circuit represents a 
decided  advance  in  receiver 

design.  In the "Advanced Ultra-Six," 
the new four element tube is utilized 
in the intermediate frequency stage 
with very satisfactory results.  The 
"Ultra-Six" is an improved modifica-
tion of the "Advanced Ultra-Five."  In 
the newer circuit, the use of the screen 
grid tube results in a much more 
powerful receiver.  This gain is es-
pecially noticeable on distant stations. 
The schematic wiring diagram of the 

"Advanced Ultra-Six" is shown in the 
accompanying illustration. An antenna 
coupling coil (4) is used, thus permit-
ting operation from an outdoor aerial, 
indoor aerial, or lamp socket antenna. 
The receiver is tuned to the desired 
signal by means of a .00035 mfd. vari-
able condenser.  The first tube (6). 
called the "mixing" tube, has its grid 
coupled directly to the antenna. no grid 
condenser or grid leak being used. 
These are unnecessary, since the plate 
of the mixing tube is connected through 
the primary of the intermediate coupler 
(10) to the grid of the oscillator tube 
(37) and not to any positive point of 
the "B" unit. 
As a result, the plate potential of the 

mixing tube is alternately positive and 
negative, since it varies in unison with 
the potential of the oscillator grid. 
Therefore, the plate current flows only 
at intermittent intervals in the mixing 

tube and it is possible to regulate the 
frequency of the positive potential ap-
plication  to  the  plate  by  tuning 
the  grid  circuit  of  the  oscillator 
tube.  This is done by means of a 
.0005 mfd. variable condenser. In this 
way, the incoming signal is caused to 
beat with the intermittent surges of 
current through the mixing tube.  As 
a result, the plate current flowing 
through the mixing tube is modulated 
by the incoming signal at any desired 
fr equency. 

Volume is controlled by means of a 
200 ohm potentiometer  (2)  shunted 
across the primary of the antenna 
coupler. 

The intermediate stage, using the 
screen grid tube, is coupled to the 
detector by means of a long wave im-
pedance coil (17).  The 60 turn rotor 
is used as a tickler coil.  Regenera-
tion is controlled by means of a vari-
able resistance,  shunted across the 
tickler. 

Three 250 millihenry chokes are used 
in this circuit, as indicated on the 
schematic diagram at (14, 14-a) and 
(24).  Chokes (14) and (14-a) are 
by-passed by 0.5 mfd. fixed condensers, 
while choke (24) is by-passed by a 
.001 mfd. fixed condenser. 

The audio frequency portion of the 
circuit is identical with that of the 
"Advanced Ultra-Five" except as to 
volume control.  Two stages of trans-

former coupled audio frequency are 
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The top view illustrates the symmetry of the front panel.  The middle 
view Is the best arrangement of the apparatus on the base board and panel. 
Notice that the Intermediate frequency tube in the schematic diagram is a 

screen-grid type. 

used.  As a speaker filter, an output 
choke is used, in connection with a 
2. mfd. fixed condenser. 
Five amperites are specified in this 

circuit, as shown in the diagrams at 
(7), (22), (28), (31), and (36). These 
give automatic filament control and are 
indispensable in the modern receiver. 
A cable mounting is shown at (40). 

This provides a convenient means of 
making connections to battery and 
eliminator. 
The dotted lines shown on the sche-

matic diagram indicate the apparatus 
enclosed within shields. Two new style 
Hammarlund "Hi-Q" type shields are 
used.  Each shield contains two com-
partments, as shown in the top view 
of the receiver. 

Tubes Required 
The mixing tube (6), the detector 

(21), the oscillator (37), and the first 
audio tube (27), are all type 201-A. 
The last audio tube (30) is a type 171 
power tube.  A type 112 tube may be 
used in this stage, if desired, but of 
course with the proper grid bias of 9 
volts instead of 40 volts as required 
for the 171 tube.  A 222-type screen 

grid tube is used at (12).  Since this 
tube requires a filament voltage of only 
3.3 volts, it is necessary to use a resis-
tor (13) in the circuit, to cut down the 
battery voltage the required amount. 
"C" bias of 1.5 volts is obtained by 
utilizing the voltage drop in a part of 
the resistor, a tap being provided for 
this purpose. 

LIST OF PARTS REQUIRED 

1—Silver-Marshall Plug-in Antenna Coupler, 
type 115-A (4). 

1—Silver-Marshall  Plug-in  Long  Wave 
Coupler, type 115-E (10). 

1—Silver-Marshall Plug-in Long Wave Im-
pedance Coil with Rotor, type 110-E 
(17). 

1—Silver-Marshall Plug-in Oscillator Coup-
ler, type 110-A (39). 

4—Silver-Marshall Coil Sockets, type 515, 
(4. 10, 17, 39). 

1—.00035 mfd.  Hammarlund  "Mid-Line" 
Variable Condenser (5). 

1—.0005  mfd.  Hammarlund  "Mid-Line" 
Variable Condenser (88). 

2—Mar-Co Vernier Dials, new 1928 Model. 
1—Carter "Imp" Lock Switch (41). 
3—Samson R.F. Chokes, No. 125 (14, 14-a, 

24). 
6—Eby Sockets, new style IIX type, (6, 12, 

21, 27, 30, 37). 
1—X-L Variodenser, type 0-10 (9). 
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1—X-L Variodenser. type G-5 (11). 
2—Thordarson  R-200  Transformers  (26, 

29). 
1—Thordarson R-196 Output Choke (32). 
1—Royalty Variable Resistance, Eiectrad, 

type "F" (23). 
1-200  Ohm  Taxley  Potentiometer,  No. 

5200 P (2). 
1-0.5 meg. Durham Metallized Resistor 

Grid Leak, with Single Durham Ver-
tical Mounting (20). 

2-0.5 mfd. Acme "Parvolt" series "A" 
Cubical Condensers (15, 16). 

2—Carter Tip Jacks (34, 35)• 
4—Amperites, No.  1-A, with Mountings, 

(7, 22, 28, 36). 
1—Amperite No. 112, with 11Frg (31). 
1—.00025 mfd. Sangamo Grid Condenser 

(19). 
1—.00035 mfd. Sangamo Fixed Condenser 

(18). 
1—.0005 mfd. Sangamo Fixed Condenser 

(8). 
2—.001 mfd. Sangamo By-Pass Condensers 

(25, 38-a). 
1-2 mfd. Acme "Parvolt" series "A" Cubi-

cal Condenser (33). 
1—Carter Filament Resistor. type CC-S-15 

for Screen Grid Tube (13). 
2—Rolls Acme "Celatsite" Wire. 
1—Yaxley  12-Conductor  Cable,  complete 

with Connector Plug & 31*Vg (40). 
1—Can Kester Radio Solder (Rosin Core). 

By the Chicago Solder Co. 
1—Composition Panel. 7" x 26" x 3/16". 
1—Sub-Panel, 10" x 25" x 3/16". 
2—Brackets, low type. 
2—X-L 'Push-Posts" (1, 31. 
2—Hammarlund new "HI-Q" type Shields. 
4—"Speed"  Super Emission Tubes, type 

201-A (6, 21, 27, 37). 
1—"Speed"  Super  Emission  Tube,  type 

X-171 (30). 
1—Shield Grid Tube, 222-type (12). 

Airplane Radiobeacon Varia-
tions Overcome 

IN the work which the Bureau of Standards is carrying on to de-
velop radio aids to air navigation 
it was necessary to  determine 

the reliability of the crossed-coil radio-
beacons which are used to guide air-
craft. .Experience has shown that the 
beacons are very reliable in the day-
time up to the limit of their distance 
range. There has been, however, very 
little information on night reliability. 
A series of night flights between 

Cleveland and New York was made, 
observing principally the beacon at 
Bellefonte, Pa., in the middle of the 
Allegheny Mountains.  These flights 
showed that the beacon was very re-
liable at night up to a distance of 25 
miles and gave accurate bearings most 
of the time up to 50 miles.  Beyond 
100 miles bearings observed in this 
series of flights were usually of ques-
tionable value. 
Observations made on the ground 

and in the air indicate that the cause 
of this shifting of the radio course is 
a distortion that is introduced in the 
radio waves as they travel through 
the upper atmosphere.  The nature of 
this  distortion  has  been  carefully 
studied and analyzed.  It is especially 
pronounced in mountainous regions. 
By using special antenna arrangements 
for receiving, it has been found that 
these shifts can be practically elimi-
nated. 
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IN four short years Silver-Marshall, Inc. has forged up from obscurity to the position of dominant leadership 
in the radio parts and kit field—interesting, you say, 

but just what does that mean to you? 
S-M leadership means just one thing—better radio for 
less money. Ask any one of the thousands of listeners and 
experimenters who have used and recommended S-M into supremacy. 
They'll all tell you that S-M leadership means better radio at less cost. 
And S-M will lead again in 1928 and 1929 by giving you new develop.. 
ments that enable made-to-order or home-built radio sets to equal in 
external finish the finest factory productions, parts that place the 
performance of such sets utterly beyond competition, and, thru 
knock-down kits, radio receivers that will consistently outperform 
all ready-made sets at anywhere near their amazingly low prices. 

Are you receiv-
ing "The Radiobuilder" 

regularly? Published every 
month, this little magazine 
provides you with the earliest 
information on forthcoming 
S-M developments and with 
operating hints and kinks that 
will help you to get the most 
out of radio. 

You can't afford to be with-
out "The Radiobuilder," for 
besides general news of in-
terest to every setbuilder it 
gives advance notice and pre-
views of new products and 
detailed constructional and 
operating data on new appa-
ratus before the information 
appears in the S-M DATA 
SHEETS. 

To S-M Authorized Service 
Stations, "The Radiobuilder" 
is mailed each month, free of 
charge, together with all new 
Data Sheets and Service Bul-
letins as they come from press. 
To all others a nominal charge 
is made; see coupon. 

If you want to keep abreast 
of the very newest and most 
practical in radio building de-
velopments, be sure to mail 
the coupon today. 

New S-M Offerings Now Ready 
Never has there been a design which so perfectly fulfills the re-

quirements of the setbuilder as does the new Silver-Marshall 720 
Screen Grid Six—successor to the famous Shielded Grid Six of such un-
paralleled popularity during early 1928. The 720 Screen Grid Six is a 
six-tube dual control screen grid receiver using three screen grid tubes 
in individually copper-shielded r. f. stages and two audio stages with the 
marvelous new S-M transformers—a set absolutely unequalled at the price. 
On a summer evening test in Chicago, 41 stations (two on West Coast) 

were logged, 5 of which (in N. Y., N. J., Fla., Ga., and La. respectively) 
were on adjacent channels (only 10 kc. apart) to locals then on the air. 
The 720 Kit, complete without cabinet, is priced at $72.50. Custom-built 
complete in cabinet as illustrated, it costs $102.00. 
And at $51.00 S-M offers the 740 "Coast to Coast" Screen Grid Four 

—a kit that is a revelation in four-tube results. Type 700 metal shielding 
cabinet as illustrated is but $9.25 additional, for either set, finished in 
duo tone brown; it marks a new standard of s.!yle and distinction. 
• The Sargent-Rayment Screen Grid Seven, type 710, is the wonder set 
of the season, and S-M offers, exclusively, the approved kit at $120.00. 
It is complete with aluminum shielding cabinet and will bring in 100 
stations on any average evening. 
The S-M "Round the World" Short Wave sets are the trimmest, most 

efficient short wave sets yet, priced from $36.00 to $51.00 complete with 
shielding cabinet. New S-M condensers are marvels of rigidity and flex-
ibility in Universal single, and triple types. The 685 Public Address 
Unipac—the first really high-powered amplifier yet offered—is priced 
at only $160 wired, or $125 for the kit. It will turn out music or voice that 
can be heard by 1000 to 10,000 people. Other Unipacs and Power Supplies 
take care of every power need. 
Of course, the most startling audio development of the last two years 

would logically come from S-M laboratories, as it did two years ago. The 
new Clough audio transformers were deservedly the sensation of the 
June radio trade show. In open comparative tests, S-M 255 and 256 ($6.00 
transformers) have excelled the performance of all competitive types tested, 

regardless of cost. The 225 and 226 transformers at $9.00 
each simply leave the most skeptical marveling. 

 1  These and many other startling new S-M parts leave 
• Silver-Marshall, Inc. 
•  854 W. Jackson Blvd., Chicago, U. S. A. 
•   Please send me, free of charge, the 

complete S-M Catalog. 
For enclosed  in stamps, send me tin-

following : 
... (50c) Next 12 issues of THE RADIOBUILDER 
.... ($1.00) Next 25 issues of THE RADIOBU1LDER 
SM DATA SHEETS as follows, at 2c each: 

....No. 1. 670B. 670ABC Reservoir Power Units 
...No. 2. 685 Public Address Unipac 
...No. 3. 730. 731, 732 "Round-the-World" Short 

Wave Sets  • 
...No. 4. 223, 225, 226, 255, 256, 251 Audio Trans-

formers 
.. No. S. 720 Screen Grid Six Receiver 
. No. 6. 740" Coast-to-Coast" Screen Grid Four 

•. No. 7. 675ABC Power Supply and 676 Dynamic 
Speaker Amplifier 

.• (50c) Sargent-Rayment Instruction Booklet 
 Name 

 Addreav  • 

small wonder at S-M leadership. They prove that you can 
get the best radio for the least cost from S-M. 

If you don't wish to build, yet want your rculio to be 
custom-made, with all the advantages that this implies, 
S-M will gladly refer your inquiry to an Authorized 
Silver-Marshall Service Station near you. If, on the other 
hand, you build sets professionally, and are inter-
ested in learning whether there are valuable Service Sta-
tion franchises yet open in your territory, please write us. 

SILVER- MARSHALL, Inc. 
854 W. Jackson Blvd., Chicago, U. S. A. 
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SAMSON MICROPHONE INPUT 

AMPLIFIER 
The Samson Electric Company, of Canton, 

Mass., have announced the NIIK I micro-
phone  input  amplifier.  This  unit  is 
designed for use with the PAM series of 
power amplifiers or wherever it is desired 
to transmit the pickup of a two-button 
microphone for public address  purposes. 
The unit consists of a microphone input 
transformer, type 227 coupling tube, enter-

Department of the Holyoke Company after 
experimentation have been successful in 
producing a material with a higher in-
sulating value than the ordinary beeswax 
and the dielectric contained in the new 
Holyoke Hook-up Wire is equivalent to that 
of Bakelite, it is claimed. 
An interesting item which The IIolyoke 

Company is marketing for the consumer 
trade on which patents have been applied 
for is what is known as an electric control 
cord, which enables a speaker to operate 

The new Samson Microphone Input Amplifier.  The unit is complete in itself, 
having Its own A-B-C power supply. 

stage transformer, type 227 output tube 
with gain control and microphone current 
control,  together with  the A-B-C  power 
supply, all mounted on a sturdy metal 
assembly.  A meter is provided to rend the 
button current with two-way switch for 
either side.  The T.U. gain is approximately 
fifty. 

HOLYOKE COMPANY ANNOUNCES 
NEW PRODUCTS 

The Holyoke Company, of 621 Broadway, 
New York City. with Mills at Holyoue. 
Mass.,  manufacturers  of  high  insulated 
weatherproof wire, also of high insulation 
radio wires, have incorporated their prod-
ucts into the manufacture of special forms 
and wiring harnesses for radio and elec-
trical apparatus manufacturers who have 
complicated wiring devices. 
The progress and development of radio 

calls for a higher degree of insulation and 
more rigid specifications than heretofore, 
and the precision of manufacture today 
must be accurate to meet with the high 
standard  specifications.  For  example, 
tinsel cords, in which they are leaders 
require a much higher carrying power than 
formerly. mainly on account of the advent 
to the dynamic speaker. 
AC Supply Cords.  The specifications on 

these are extremely rigid on account of 
the precision in alternating current sets. 
A badly constructed cord in this connection 
would produce hum, which would be en-
tirely unsatisfactory. 
Hook-up Wire.  In this the Holyoke 

Company have specialized for many years, 
and as radio has progressed specifications 
have become more rigid.  The Engineering 

at forty or fifty feet from the radio set, 
and at the same time will have complete 
remote control of the radio set, switching 
the current supply on and off. 
The Holyoke Company is pleased to an-

nounce having acquired the 10eLuxe Manu-
facturing  Company,  whose  plant  was 
formerly located in New York City.  This 
arrangement will increase their production 
considerably. 

DUBILIER DRY "A" CONDENSERS 
The Dubilier Condenser Corporation of 

New York City now announces the Dubilier 
Dry "A" Condensers designed for use in 
A-power  circuits.  These  polarized  con-
densers are designed for use in all circuits 
employing unidirectional or direct currents 
up to 15 volts, where high capacities are 
required.  The Dubilier PL 917-A Dry "A" 
Condenser units are rated at 2000 Mfds. 
(ballistic galvanometer method of measure-
ment) and are especially designed for use 
in A-battery elimination work.  These new 
condensers possess many desirable charac-
teristics which are novel in this branch 
of the condenser art.  For example. it is 
claimed that the leakage of these c  leasers 
is less than 1 milliampere as compared 
with 6 to 10 milliamperes and more for 
the usual "A" condensers now available. 
This feature insures a long life for these 
new condensers.  An exceptionally rugged 
internal construction is employed, together 
with heavy electrodes, and a scientilicaily 
designed  bone-dry  electro-chemical  di-
electric. 
The Dubilier Dry "A" condensers are 

available in three sizes of 2000, 4000 and 
6000 Mfds. capacity. 
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UFVERDENIUNT,' 

SILICON STEEL CORE 
LAMINATIONS 

The Lamination Stamping Company, of 
764 Windsor St., Hartford, Conn., have 
brought out a number of standard as-
sembled  transformer  and  choke  core 
laminations to meet radio requirements. 

Standard core laminations made by 
the Lamination Stamping Co. 

Lamination L-1, shown in the accout-
panying illustration, has a leg supplied 
with each stack, which is strap riveteu ta 
assembly with the laminations.  To com-
plete the assembly it is only necessary to 
slip the coil in place, bring the stacks Into 
alignment as shown, then bolt or rivet the 
two corner holes. 
For larger chokes, such as would be 

made up from L-3 or L-5 laminations four 
legs are required, as shown. 
The Lamination Stamping Co. is in a 

position to supply special design cores or 
core material. 

RCA OUTPUT TRANSFORMER 
To  insure  the  proper  application  of 

loudspeakers to any type receiver or power 
amplifier, a special output transformer is 
now being introduced by the Radio Cor-
poration of America. 

New RCA Output Transformer. 
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new! 
THORDARSON 

A:3oo 
AUDIO TRANSFORMER 

A superior audio transformer that will 
satisfy the most critical musical ear. The 
high impedance windings of the R -300 
are wound on a core of D-X Metal, a re-
cent development of the Thordarson lab-
oratory. This new core material has an 
exceedingly high A.C. permeability, and 
an inductance that is 50% greater than 
that of the highest grade silicon steeL 
In performance, this transformer re-
sponds exceptionally well to the lower 
frequencies and provides the same de-
gree amplification to the diapason of the 
grand organ as to the note of the flute. 
Ratio 3:1. Dimensions, 21/2 " x 21/2" x 3" 
high. Weight, 2 lbs. Price, $8.00. 

l'foo 

n,}lost of he 
Tetter Xadio *ceivers 
Watch dogs of tone quality safeguarding the musical 

reproduction of broadcast programs, Thordarson 
Audio Transformers do their part in making real 
musical instruments of hundreds of thousands of re-

ceiving sets annually. 

Among leading set manufacturers, Thordarson trans-
formers have long been recognized for their fidelity of 
reproduction. Today their use is so universal that it is 
difficult to find a dealer who does not sell at least one 
make of receiver so equipped. 

Try this simple experiment. Ask your dealer for a 
demonstration of his receivers. Pick out the instru-
ment with the most natural reproduction, and then 
look inside the cabinet. You will find, in the majority 
of cases, Thordarson amplifying and power supply 

transformers. 

You will realize that it is wise to specify Thordarson 
amplification when buying your receiver, for the 
manufacturer who is far-seeing enough to equip his 
sets with Thordarson transformers, may be depended 
upon to have the balance of his instrument in keeping 
with this high standard. 

t i  R D A R S  O N 

R ADI O  T R A N S F O R M E R S 

StiPrem-e  in 
m usical perfor mance 

M ORDARSON ELECTRIC MANUFACTURING CO. 
'Transformer Specialists Since 1895 

WORLUS OLDEST AND LARGEST EXCLUSIVE TRANSFORMER MAKERS 
c7turon and Kingsbury Streets  Chicago..111. USA. 
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The RCA Output Transformer, now avail-
able, is intended as an efficient coupling 
means for outputs in excess of 10 milli-
amperes of direct current.  It serves to by-
pass the direct current component with 
minimum resistance so as to operate the 
power  tube  at  highest  efficiency  while 
transferring the alternating current com-
ponent to the loudspeaker.  In this manner 
the delicate coil windings and mechanism 
of the loudspeaker are protected from dam-
age against excessive direct current, which 
might result in demagnetization and even 
burn-outs when the loudspeaker is con-
nected directly to power tubes or multiple 
tube amplifiers. 
When employing the RCA Radiola 100-A 

with any of the present models of RCA 
Radiolas,  the output  transformer acces-
sory  is  not  required  since loudspeaker 
coupling systems are incorporated in the 
receiver itself. 

FLECHTHEIM  250  CONDENSER 
BLOCK 

Supplementing their line of high grade 
by-pass, filter and high voltage condensers, 
the A. M. Flechtheim & Co., Inc., of 136 
Liberty St.. New York City, have added 
a new condenser block designated as type 
DX-250.  This condenser pack is designed 
for use with the new 250 power tube, and 
of course, can also be used with tne 210 
tubes. 

Flechthelm 210-250 Condenser 
Block. 

It is tapped  as follows:  0-2-2-2-4-1-1 
fds.  The first 2 Mfd. unit which con-

nects across the output of the rectifier 
tube, either a type 28:0 or 281, delivering 
about 500 volts of pulsating D.C., has 
been  made  to  withstand  a continuous 
operating  potential  of  1000  volts  D.C. 
Thus an excellent safety margin, which 
will protect valuable tubes and apparatus, 
is employed. 
The Flechtheim Co. has recently issued 

a supplement to their catalog which wiii 
be sent upon request. 

"UNIVERSAL" FOUR COIL WIND-
ING MACHINE 

The  "Universal"  Four  Coil  Winding 
Machine, manufactured by the Universal 
Winding CO., of Boston. Mass., has been 
developed to economically produce paper 

11P,Inl.ill!11111111111,1;,.I. .! 

The  "Univer-
sal"  Four 
Coil  Winding 
Machine which 
will produce 
paper  insula-
ted  coils  for 
transformers, 

etc. 
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insulated meter. relay, ringer, controller. 
X-ray and  transformer coils of various 
types. 
This machine winds self-supporting cir-

cular or rectangular coils in which ad-
jacent wire turns are laid parallel to one 
another with insulating paper automatic-
ally inserted between the layers of wire. 
It handles enameled wires ranging from 
No. 29 to No. 44 BVS gauge.  The me-
chanism for inserting the paper will ac-
commodate paper wide enough  for two 
coils, so that by the use of two supplies 
and two wire guides on each side of the 
machine, a double coil is wound on each 
side of the single spindle.  To overcome 
any porosity existing in a single layer of 
insulating paper the machine can be set to 
insert and cut off as many as four layers 
of paper to each layer of wire, without 
slowing down. 
Attachments for small or large diameter 

coils can be supplied.  Fitted with one 
equipment the machine will wind coils from 
1,4 inch to 2 inches in diameter  other at-
tachments are available to produce wind-
ings from 1% inches to 41h inches and 
from 3 inches to 9 inches in diameter. 

ROLLER -SMITH  PORTABLE, 
DIRECT READING CIRCUIT 

TESTER 
The Roller-Smith Company, of Bethle-

hem,  Pa.,  have  introduced  a portable 
direct  reading  circuit tester,  known  a-, 
Tyne HTD. 
The uses of the HTD Circuit Tester are 

two-fold.  The instrument can be used to 
ascertain if there is an electrical circuit 
existing between conductors applied to the 
terminals of the instrument and, secondly. 
it enables the user to read the resistance 
of the circuit under test.  The HTD Cir. 
cult Tester is recommended for use in 
preference to 'magnetos and A.C. bell-ring 
ing devices because of its accuracy of in-
dications  under  all  conditions  and  it, 
lightness and compactness as well.  The 
instrument measures 41/2 " x 3" x 1 1/2 ”. which 
dimensions are obviously much less than 
those of the conventional magneto outfit 
Likewise, its light weight of 19 ounce, 
commends  it when  compared  with  the 
bulkier and heavier magnetos.  Indication, 
on the HTD Circuit Tester are never mis-
leading. whereas, the alternating current 

Roller-Smith  Portable,  Direct 
Reading Circuit Tester. 
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generated by the hand driven magnetos 
will often cause the hell to ring when cir-
cuits include condensers, even though the 
circuit itself is not complete.  Likewise 
with  magneto  testing  the  accumulative 
leakages in wiring encased in metal con-
duit will indicate that the circuit is com-
plete because of the condenser action, while 
actually the circuit is open.  With the 
HTD Circuit Tester inductance or capacity 
in the circuit under test have no effect on 
the readings. 
This instrument consists of a small high 

grade d'Arsonval type D.C. voltmeter con-
nected in series with a small dry cell.  The 
circuit is such that when the two terminals 
of the instrument are connected the circuit 
is completed.  The instrument pointer will 
indicate full scale when the terminals are 
short-el reni ted. 
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The scale reads directly in ohms from 
zero to 10,000 which enables resistance 
readings of the circuit under test. 
The instrument is enclosed in a heavy 

sheet metal case with black finish and is 
equipped with nickel-plated binding posts. 
An etched metal instruction plate is at-
tached to the front of the instrument, giv-
ing instructions regarding replacal of the 
battery and the checking of the calibration. 
By the removal of three screws the instruc-
tion plate can be taken off and the dry 
cell rendered accessible for replacal.  The 
removal of this plate also gives access to 
the internal zero adjuster. 

ROLLER - SMITH  PORTABLE, 
DIRECT READING OHMMETER 
The Roller-Smith Company, of Bethle-

hem,  Pa.,  have  introduced  a portable, 
direct reading ohmmeter, known as type 
COM. 
This instrument is a form of slide wire 

ohmmeter designed with particular refer-
ence to speed and simplicity in operation 

Roller-Smith  Portable,  Direct 
Reading Ohmmeter. 

and low initial cost.  Its design is such as 
to make it an ideal instrument for the 
rapid measurement of coils and resistance 
units on a quantity production basis.  The 
instrument  is  entirely  self-contained — 
there are no loose parts that may become 
lost. 
The instrument case is of black walnut. 

The  overall  dimensions  are  5%"  wide, 
9%" long and 41/4" high.  The net weight 
is 3% lbs.  A stitched leather handle is 
attached to the upper end and heavy rub-
ber feet are provided on bottom of instru-
ment.  There are four ranges as follows: 

Range  Value 
In Ohms  per Div. 
.5- 1 
1- 2 
2- 5 
5- 10 
10- 20 
20- 50 
5- 10 
10- 20 
20- 50 
50-1(e 
100-200 
200-500 

Ohms 
Ohm 

.6 
1.0 
2.0 Ohms 
10.0 
50.0 

Range 
in Ohms 
50- 100 
100- 200 
200- 600 
500- 1000 
1000- 2000 
2000- 6000 
500- 1000 
1000- 2000 
2000- 5000 
5000-10000 
10000-20000 
20000-50000 

Value 
per Div. 
2.0 Ohms 
5.0 
10.0 
20.0 
100.0 
500.0 
20.0 
50.0 
100.0 
200.0 
1000.0 
5000.0 

The battery for this ohmmeter is self-
contained, and consists of two standard 
cylindrical flash light cells each 114̂  di-
ameter and 2%" long which can be bought 
anywhere. 
In connection with the measurement of 

coils of fine wire, the operation of connect-
ing the coil  to the ohmmeter will  be 
greatly  speeded  up  by  the use of an 
adapter.  This adapter has spring jaws. 
which can be operated by two fingers of 
the person using the instrument.  Much 
time may be saved by this method in pref-
erence to the placing of fine wires under-
neath the conventional binding post nuts. 
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FOR LONG LIFE 
USE 

PCR PCON 

OIL PROCESSED 

FILTER CONDENSERS 

"Reckoned in Years —Not Hours" 

Do not confuse ACRACON CONDENSERS 

with the ordinary wax impregnated type. 

It is only by the use of our special 

oil process that such great life 

can be expected of them. 

CONDENSER CORPORATION 

OF AMERICA 

259-271 Cornelison Ave., Jersey City, N. J. 

Insure the  _ 
ELECTRICAL \REL 
?I:your 

ILITY 
Products 

1 N no branch of industry do 
instruments serve a more im-

portant function than in the 
manufacture of electrical equip-
ment. In the average industrial 
plant, switchboard and portable 
instruments are employed for 
economic  power control  and 
general maintenance tests.  But 

the manufacturer of an electrical specialty has 
need not only for these types but for many others 
to meet his specific problems and to insure the 
quality of his product. 
In thousands of factories throughout the entire 
world Weston instruments are shouldering the 
responsibility for the published claims of adver-
tised products.  In the realm of scientific re-
search, in the routine testing of specification 
materials and in every production operation 
where measurements of the utmost reliability are 
essential to the maintenance of highest quality--
there you will find "WESTONS." 

With the Weston Direct-
Reading Ohmmeter 

The measurement of electrical resistance is a 
universal requirement in the manufacture of 
products employing resistance units or other 
parts required to have definite resistance. 
The Model One Ohmmeter is especially designed 
for this class of work. It is direct reading, like 
an ordinary voltmeter and its speed of operation 
offers many advantages over other methods of 
measuring resistances. 
The Model One Ohmmeter may be operated on 
ordinary dry cells.  No •auxiliary rheostat, volt-
meter or other apparatus is required. 
It is made in triple ranges and in convenient com-
binations from 0 to 10,000 ohms. It has a guar-
anteed accuracy of Yt of 1% of full scale value 
at temperatures from 10 deg. C to 30 deg. C. 
Write for full particulars contained in Bulletin 
No. 501-G.  We shall be pleased to assist you 
with any specific problem.  It involves no 
obligation. 

Weston Electrical Instrument Corp. 
612 Frelinghuysen Ave.  Newark, N. J. 

$1eSto4 
PIONEERS 
SINCE 1888 

INSTRUMENTS 
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Two line wires can be connected or dis-
connected in a fraction of a second by the 
use of an adapter.  The use of this adapter 
has proved of very great value in the 
quantity production of coils. 
Resistances may be read to within an 

accuracy of approximately  1%  of their 
value from the "5" mark to and includ-
ing the "30" mark, at which latter point 
the operator should shift to the next higher 
ratio to get best results. 

BIDDLE "MEGGER" DIRECT-
READING OHMMETERS 

"Megger" Ohmmeters comprise a com-
plete line of direct-reading instruments for 

Above: The "Meg" 
Ohmmeter,  widely 
used for measuring 
grid-leaks and re-

sistors. 

Right:  High-range 
"Megger" Ohmme-
ter, for insulation 
resistance tests up 
to 5000 megohms. 
Supply voltage does 
not have to be ex-

act. 

the rapid measurement of resistance, from 
as low as .01 ohm up to 5000 megohms 
f5,000,000,000 ohms).  They are designed 
especially  for  factory  production  and 
laboratory use, being arranged for opera-
tion from an external source of direct-
current, and are used extensively by radio 
manufacturers for insulation tests of con-
densers, transformers, speakers, completed 
sets, etc.. and also for measuring grid-leaks 
and resistors. 
"Megger" Ohmmeters are similar to the 

well-known "Megger" Testing Sets (used by 
Power  Companies,  Telephone  Companies 
and electrical manufacturers, etc.) in that 
they contain a true ohmmeter of the differ-
ential moving coil, permanent magnet type, 
which indicates the results directly, with 
no adjustments whatever.  They differ from 
the "Megger"  Testing Sets in that the 
hand-generator is omitted in favor of ex-
ternal operating voltage (which may us a 
D.C. lighting circuit, storage battery, "B" 
battery, "B" eliminator or rectifler) —thus 
making the instruments more simple to 

use, much more rapid for production test-
ing, and considerably less expensive. 
"Megger"  Ohmmeters  are supplied  In 

various  types,  including  "Megger"  and 
"Meg" designs, as here illustrated, and 
also small wood case instruments of lower 
cost for work of moderate accuracy.  The 
following  are  some of  the outstanding 
characteristics of "Megger" Ohmmeters: 
1. Direct-reading----by means of the de-

flection of a pointer on a scale —like a 
voltmeter or ammeter. 
2. Do not require an exact operating 

voltage.  The instruments read accurately 
even  though the  voltage supplying tne 
testing current varies as much as 20% 
either way from normal.  Except in testing 
condensers,  the  operating  voltage  can 
fluctuate without affecting the reading. 
3. Test terminals can be short-circuited 

without injury to the instrument or to the 
source of current supply. 
4. Low operating current. 
5. Built in a wide assortment of ranges, 

with one, two and three ranges in the same 
instrument.  Selection can be made for 
practically any requirement. 
6. Scales  approximately  proportionally 

divided in low range instruments, —i. e. 
ranges up to 10,000 ohms. 
7. Of well-known "Megger" construction. 
Manufactured by James O. Biddle, 1211-

13 Arch St., Philadelphia, Pa. 

JAGABI SLIDING-CONTACT TUBE 
RHEOSTATS 

These consist of resistance wire, or strip, 
wound on porcelain-enameled iron tubes, 
with a slider which operates freely from 
one end  of the winding to  the other. 
Tubes 8", 16" and 20" long, together with 
various sizes of resistance wire or strip 
give a wide assortment of current capaci-
ties and resistance values —from as low as 
.34 ohm. 23 amperes. U  p to 30,000 ohms, 
.1 ampere. 
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Right: TheJagabi Slid-
ing  Contact Tube 
Rheostat, 8-Inch size, 
with screw-driven fine 
adjustment. Also sup-. 
plied  without  screw-

drive. 
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Non-inductively  wound  Rheostats,  also 
Rheostats for operating at high voltages 
are available on tubes having thick walls 
of solid porcelain.  The absence of all iron 
make; these Rheostats suitable for very 
high frequencies as well as high voltages. 
Manufactured by James G. Biddle, 1211.-

13 Arch St., Philadelphia, Pa. 
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RAWSON  EXTENDS  RANGE  OF 
MODEL 503 INSTRUMENT 

Rawson Electrical Instrument Co., Inc., 
Cambridge, Mass., has extended the range 
of their model No. 503 semi-suspended in-
dicating instrument to new low values. 
The movement being similar in construc-

tion to their ordinary single pivot movement 
but the spiral spring is replaced by a 
suspension strip which in turn lifts the 
weight of movement off the pivot giving 

Rawson  Model  503  Indicating 
Instrument. 

all the high sensitivity characteristics of 
a suspension meter but with the disadvant-
age of the necessity for leveling, etc., re-
moved, as the pivot around which  the 
movement is balanced, acts as a guide 
while not carrying the weight.  Full scale 
ranges as low as .5 microampere D.C. and 
.5 milliamper A.C. can be obtained when 
used in conjunction with  their Thermo 
Couples.  Can be supplied together with 
low range voltmeters with resistance of 
two million ohms per volt. 

NEW  PORTABLE  NEWCOMBE-
HAWLEY DYNAMIC CONE 

REPRODUCER 
Newcombe-Hawley, Inc., of St. Charles, 

ill., have added to their line of radio re-
producers a new portable reproducer using 
their Dynamic Cone Chassis.  It is de-
signed for apartments and homes where a 

Newco mbe-
Hawley Dyna-
mic Cone Re-
producer 

small radio reproducer is desired that can 
easily be moved from place to place. 
The cabinet of this portable reproducer 

is constructed of walnut with a satinwood 
front.  The reproducer is made in three 
models for use with 6 volt battery sets, 
100-200 volt D.C. sets, and 110-115 volt, 
60 cycle, A.C. sets. 

EISLER ELECTRIC WELDING 
MACHINE 

The constant demand by manufacturers 
of radio tubes and its allied industries for 
an efficient, fine welder has been met by the 
introduction of a new type electric welding 
machine, made by the Eisler Engineering 



.;.; _I  !,•• 

1111111111111111111111111111,11111111111M111111111111111:;:i111111111111111111111111111111111!11111111111111'1111111111111111111111111111111:111E111111111111111111111111,11111111111111111111111111 I 

Latest Additions 
to the 

POWERIZER 
Reg. U. S. Patent Otlice 

Powerizer A—for filament 
supply and "C" bias 226, 
227 and 171 tubes. 

Powerizer  171 —gives "A" 
and "B" supply, as well as 
"C" bias for 226, 227 and 171 
tubes. 

D-C Tube  Powerizer  for 
U X-199  and  U X- 222 
Shielded  Grid  Tubes  de-
signed for use where AC 
Tubes cannot be used. 

Radio Receptor Co. 
106 Seventh Avenue 
New York City 

Quality Transformers 
The General Radio Com-

pany announces a new group 
of high quality transformers 
at a direct to the consumer 
price.  This new group con-
sists of two instruments, the 
type  585-D  and  the  type 
585-H, the characteristics of 
which are shown below. 

Type 585-D  Ratio 1:2 

Type 585-H  Ratio 1:3.5 

Price, either type  $7.00 

SPECIFICATIONS: 

Type 585-D 

Pri. Inductance: 79 H 

D.C.R. Pri.: 2000 ohms 

Sec. Inductance: 316 H 

D.C.R. Sec.: 9300 ohms 

Turns Ratio: 1:2 

Type 585-H 

Pri. Inductance: 71 H 

D.C.R. Pri.: 2000 ohms 

Sec. Inductance: 866 H 

D.C.R. Sec.: 11,000 ohms 

Turns Ratio: 1:3.5 

NE W PRICES.  Write for new 
catalog  No.  930  listing  new  low 
prices on all General Radio parts on 
a direct from the factory basis. 

GENERAL RADIO CO. 
30 STATE ST., CAMBRIDGE, MASS. 

274 BRANNAN ST., SAN FRANCISCO, CALIF. 

A Good Circuit 
Deserves It! 

Licensed under 
Hogan Single-
Control Patent 
No.  1,014,002 
a n d  Lowen-
stein  Patent 
No.  1,258,423. 

HAMMARLUND'S 
New "Battleship" 
Multiple Condenser 

BRUTE strength and beauty of 
design characterize the new 
Hammarlund  "Battleship" 

Multiple Condenser —leader of the 
gangs.  Warpless, die-cast frame; 
plates permanently aligned; free-
moN ing rotor.  Terminals mounted 
on Bakelite strip beneath the frame. 

The sections of this condenser are 
matched to within one-fourth of one 
per cent (plus or minus) —the clos-
est precision obtainable.  Recesses 
in the frame permit the direct at-
tachment of Hammarlund Equaliz-
ing Condensers for exactly balancing 
each unit.  The shaft is :Ys" for 
strength, turned down at the end to 
fit IA" dials. 

Obtainable in two capacities (350 
mmfd.  and  500  mmf(l.) —dual, 
triple and quadruple models —at 
prices of interest to the manufac-
turer and custom-set builder. 

Write for Hammarlund literature and 

ask for quotations ton your requirements 

HAMMARLUND MANUFACTURING Co. 

424438 W. 33rd Si., New York. N. Y. 

1 11, acrl. Rettax Ra thrr 

ammarlund 
P R E CIS/ O N 

P R ODUCTS 
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Company, Inc., 750-762 South 13th Street, 
Newark, New Jersey. 
The machine, as shown in Pig. 1, is 

designed especially for rapid, fine welding. 
The welder is used extensively in sheet 
metal work, jewelry, metal novelties and 
wire welding.  Wire as fine as .0005 to 
1/2 " may be welded. 
Production depends entirely on the skill 

and the work in question.  The machine as 
in Fig.  1, Is directly connected to the 

Fig.  1.  Eisler  Electric  Welding 
Machine 

source of current, either 110 or 220 volts. 
Two styles of transformers may be used. 
1/2  and 1 K.V.A., sizes of which depends on 
the work to be done.  A rheostat is con-
nected to the primary of the transformet. 
Adjustments on same may be made for 
various welding degrees of heat according 
to the size of the substance welded.  When 
the foot treadle is pressed the upper elec-
trode moves down and makes contact hold-
ing the necessary pieces to be welded.  On 

2 

further pressing of the foot treadle the 
breaker wire makes contact causing the 
electrical current to flow, making a good 
weld,  Finally, on pressing foot  treadle 
completely down the contact is broken but 
the metal is still held by the jaws.  On 
releasing foot treadle, laws return to or-
iginal position.  This operation takes out 
a few seconds. 
Different  types of electrodes are em-

ployed.  In Fig. 1 the welder shown is 
equipped with hook type electrode.  Fig. 
2 shows the hook and anvil electrode used 
for spot welding.  Fig. 3 shows the roller 
electrodes which are used in welding grids. 
A heavy braided copper lead connects the 
electrodes to the variable side of the trans-
former.  Various heating degrees may be 
secured by changing to any of the five 
steps.  The machine weighs but 37 pounds 
and occupies but 150 sq. inches of table 
space. 

NEW WILLIAMS-HUSKY COMBINA-
TION ELECTRICAL SET 

Here  is  another  new  Williams-Husky 
Combination Wrench Set made possible by 
the recent reciprocal sales arrangement be-
tween J. H. Williams & Co., Buffalo, N. Y.. 
and  the Husky  Wrench  Company,  Mil-
waukee, Wis.  This arrangement enables 
each Company to merchandise in Combina-
tion Sets the other's quality Open-End, or 
Socket Wrenches.  It is made for sates pur-
poses only and is limited to the items 
which constitute these sets. 
Williams-Husky Electrical Set. No. 287 

Is claimed to be the only complete assort-
ment on the market combining open-end 
and socket wrenches to service the Elec-
trical Equipment of all makes of cars. ror 
general Electrical and Radio work and for 
all delicate adjustments.  All units are of 
high  quality :—Every  "Superrench"  and 
"Husky"  Socket  is  guaranteed  against 
breakage. 
Set  contains  seven  Williams'  Midget 

"Superrenches" (Chrome-Molybdenum steel) 
sizes 7/32, 14, 5/16. 11/32, %, 7/16 and 
% inch, each wrench having two openings 
of the same size —but at different angles 

(15° and 75°).  Where one head can't 
operate, the other will.  Extremely light 
and  thin,  with  narrow,  pointed  jaws: 
Chrome-plated finish, heads buffed bright. 
The Huskys included in Set are eight 

Williams - Husky  Combination 
Electrical Set. 

"Baby" Sockets, tapered for work in close 
quarters, sizes 5/32, 3/16, %, 5/16, 11/32, 
%, 7/16, and % inch Hex, together with 
a 5 inch Combination Tee and a 4% inch 
Handy Grip.  The latter can also be used 
as an extension.  Full bright nickel finish. 
Set is packed in a convenient and dur-

able metal box, sixe 5% x 2% x 1 inch 
high.  Total weight 1% lbs. 

WILLIAMS MIDGET ELECTRICAL 
SET 

In order to care for a need, long felt 
by servicemen, mechanics and electricians, 
J. H. Williams & Co. of Buffalo, have just 
placed on the market a set of special 
wrenches to facilitate the making of small 
adjustments such as occur most frequently 
in electrical work.  The new kit, known 
as The Midget  Electrical  Set,  contains 
seven "Superrenches" with openings run-
ning from 7/32" to 1/2 ".  Each wrench has 
two openings of the same size, but set at 
different angles, 15 degrees and 75 degrees. 
It is claimed that where one head cannot 
be used, the other can.  These wrenches, 
an addition to Williams' "Superrench" line. 
are drop-forged from Chrome-Molybdenum 
steel and finished in rust-proof Chrome 
plate.  In spite of their small size and 
extreme  thinness,  all  are  guaranteed 
against breakage. 
Although designed primarily to handle 

the small, awkwardly placed nuts, bolts 
and capscrews so frequent in generators, 
magnetos, timers, radios and other elec-
trical devices, this new set is also handy 
for  fine  adjustments.  Wherever  small 

Williams  Midget  Electrical  Set 

wrenches are required it is sure to find in-
numerable uses.  The seven Midget "Super-
renches" are packed in a black leatherette 
carrying case which, when closed, measures 
only 5 x 4 x %" —a convenient size for 
carrying in either some small compartment 
of the tool box or the side pocket of a coat. 

AMPERITE LIN-A-TROL 
The experience in operating radio re-

ceivers from the line circuits during the 
past year has clearly demonstrated the 
need for line voltage regulation.  Alternat-
ing current tubes are so designed that a 
variation of 10 % will have practically no 
effect upon its operation or life.  In other 

words, it is really of no advantage to 
regulate the voltage to less than 10 % since 
such variation has no effect, but greater 
variations materially effect both the opera-
tion of the set and life of the tubes.  The 
"B" and "C" voltage, should also be kept 
to a variation not greater than 10 %. 
The Amperite voltage regulator operates 

on the thermo-electric principle.  That is, 
its  resistance varies  very  rapidly  with 
small variations from any pre-determined 
current.  The voltage across the Amperite 
Lin-A-trol varies from 20 to 40 volts or 
100% with a 10% increase in current. 
The Amperite Lin-A-trol consists ot an 

Amperite voltage regulator and an auto-
transformer.  This combination permits the 
use of Amperite without any changes in the 
receiver.  When a receiver is built to in-
clude  Amperite  no  auto-transformer  is 
necessary. 

YANKEE  TUBE  TESTER  AND 
REJUVENATOR 

The Lundquist Tool and Manufacturing 
Co., of Worcester, Mass., announce their 
Tube Tester and Rejuvenator, No. S-550. 
The Tester has been designed to meet the 
reouirements of testing practically all the 
different types of tubes in general use. 
This includes all D.C. and A.C. types as 
well as a number of the two-element recti-
fier tubes. 

Yankee  Tube  Tester  and 
Rejuvenator. 

No batteries of any kind are necessary, 
the current used for testing being taken 
from  any  110-volt  60-cycle  line.  The 
different voltages are supplied by a special 
variable transformer, the use of resistors 
being eliminated. 
The entire unit is mounted In a wooden 

carrying case having a Bakelite panel. 
All necessary wires, attachment plug, ere.. 
are supplied together with a tube data 
chart and directions for the convenience 
of the operator. 

NE W ACME WIRE PRODUCTS 
The Acme Wire Co., of New Haven. 

Conn., have brought out three new wire 
products for the radio field, as follows: 
TWISTED  A.C.  CELATSITE —Tnis 

consists of one strand of black and one 
strand  of  red  16/30  flexible  Celatsite. 
twisted together.  The wires are machine 
twisted and present a very neat appear-
ance.  The wire is ideal for A.C. filament 
hook-up work. 
R-112  BATTERY  CABLE —This  is  a 

universal type cable which can be usei 
for either A.C. or D.C. work.  It contains 
4 twisted pairs and 4 single conductors 
making a total of 12 conductors.  One of 
the twisted pairs is made of 41 strands of 
No. 30 flexible Celatsite, which is equival-
ent to No. 14.  This is to take care of the 
heavy current filament requirements.  All 
other conductors consist of 16 strands of 
No. 30 wire, which are ample for tneir 
purpose. 
PUSH-BAK WIRE —This is a fine hook-

up wire for general purposes.  The wire 
proper is solid but very soft and flexible 
and therefore easily worked.  Being soft, 
it will not break easily. 
The most interesting part is the insula-

tion which is a treated braid that cannot 
unravel.  It is just loose-fitting enough so 
that it can be pushed back from the wire 
to make the soldered connection.  After 
the connection has been made the insula-
tion can be drawn bark again, thus leav-
ing no exposed wire. 
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CONDENSER TISSUES 
OF UNIFORM QUALITY 

Made of the highest grade materials 

Mill at 182 Cornelison Ave., Jersey City, N. J. 

PETER J. SCH WEITZER, INC. 
200 Fifth Avenue 

DEPENDABILITY 

BR92111 
AINE— 

I NC. 

2317-19-21-23 CALU MET AVENUE 

CHICAGO, U. S. A.  / 

New York City 

Bee Cce 
/ FIXED CONDENSERS 
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Confidence 

Confidence 

Confidence 

in Polymet quality. 

in Polymet service. 

in Polymet dependability. 

Confidence in Polymet to produce the 
best in every electric set essential led to 
the adoption of Polymet by two-thirds of 
the R.C.A. licensed radio manufacturers. 
It's the "little bit more" put into Polymet 
Products that brings the results which in-
spire this Confidence. 

We don't ask your confidence 'till we've 
won it. 

Send for our new catalogue showing the com-
plete line of Polymet electric set essentials. 

SPECIAL 
MANU M OURE RS  

BLOCK 
ASSE MBLY 

'": Z MYC om CO' °T"  

ea-14. 
POLYMET MANUFACTURING CORP. 

601 Broadway, New York City 

POLYMET 
PRODUCTS 
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THE tremendous increase in popularity of powerful 
amplifiers and power units has brought with it an 
insistent demand for modern condensers and resistors. 
built to rigid standards and according to all improved 
methods. 
Aerovox condensers and resistors are meeting the most 
rigorous tests imposed by modern power equipment. 
They are built to stand up under the severest service 
conditions. 

[Write for "The Research Worker" a free monthly] 
publicatien that will keep you abreast of the latest 
developments in radio. 

EROvoX 
66 WASHINGTON ST., 
BROOKLYN, N. Y. 

First Stage turn ratio 31 $10 " 
Second Stage turn ratio 4,1 Each 

Standard of Excellence in 
Audio Amplification 

AmerTran De Luxe Transformers are but two of more than 30 
quality Radio Products bearing the name AmerTran, including 
power transformers, choke coils, push-pull systems and allied 
products. Each AmerTran device is designed for a specific use. 

Full and authoritative information will be given on 
any audio or power problem. 

AMERICAN TRANSFORMER COMPANY 
Transformer Manufacturers for 28 Yea-s 

184 Emmet St., Newark, N. J. 
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Makes Any Set an A. C. Power 
Receiver 

Can Be 
Assembled 
in One Evening 

AmplipaCk makes any D. C. Set 
into a modern A. C. Receiver. Uses 
two 210 type tubes in Push-Pull; 
or one of the new 250 type tubes. 
Gives complete power amplifica-
tion. Assures full musical range 
found only in the most modern 
and expensive receivers. 

Simple to install — Dependable 
in operation. Makes Any Radio a 
Real Musical Instrument. 

Complete 
A. C. Power 
Supply 

qv , 

and 

FR E E 
BO O K 
We have pre-

pared a booklet 
giving the latest 
word on Power 
Amplification and 
A.  C.  Conver-
sion. Your copy 
is ready for you 
F It E E. Write 
us for it. 

Transformer Corporation of America 
1428-1432 Orleans St., Chicago, Ill. 

Manufacturers of the T. C. A. Line of Power Transformers, 
Audio  Transformers,  Chokes,  Pow',  Pa c ks,  and  Power 

Amplifier Pac ks 

,) There is but one 
A-BLOCK 

3 units of 2500 Mfd. capacity assembled within a 
space of 2%" x 4" x 5". 
Not 7500 Mfd. (mere words) but by actual 
measurements. 
Guaranteed to operate faithfully when used in an 
approved unit and will not change its capacity. 
Tobe DRY A CONDENSER (high capacity) 
made to any capacity or specifications. 
Manufacturers submit specifications for quota-
tions and sample TOBE A BLOCK (DRY High 
capacity Condensers). 
Increased facilities in our new Canton Plant per-
mit large production at low costs. 

TOBE DEUTSCH MANN CO. 
CANTON, MASSACHUSETTS 
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COIL FOR MS 
Made Round and Stay Round 

"Coil-O-Form" Precision Tubing 
This tubing can be supplied in all lengths and from 5/16 

to 5 inches inside diameter with walls from .009 inches 
up in thickness.  The tubing is especially treated so that 
it is moisture-proof, has a high dielectric strength and is 
exceptionally strong.  Holes may be punched more cleanly 
than in any other forms and the breakage and spoilage 
has been reduced to a minimum.  Forms may be obtained 
punched to specifications if required. 

Inside diameter  -4-  .001 inch 

Tolerances  w Outside diameter  .002 inch 

Length  1/128 inch 

Precision Moving Coil Forms for Dynamic 
Speakers 

Forms for this type of coil must have a minimum weight, 
maximum uniformity and rigidity.  These forms have the 
same physical properties as the "Coil-0-Form''.  A form 
may be obtained which has more than one outside diameter, 
greatly facilitating manufacturing operations. 

Inside and outside 
Tolerances  diameter  -1-  .001 inch 

Length  -1-  I /128 inch 

Pilfer-Proof Mailing Cases 
These mailers which can be mailed first, third or fourth 

class, are superior to the old screw-end mailing case in that 
the address label seals them against pilferage of the con-
tents.  They eliminate difficulty in removing the contents 
should the screw cap become damaged.  They can be ob-
tained in a wide range of diameters and lengths and in the 
following constructions:  Fibre body and cover with metal 
bottom; fibre body with metal cover and bottom; all fibre. 
Properly labeled they make ideal containers for dry cells, 
grid leaks, resistance units, screw machine products, etc. 

Engi   and  manufacturers  are  incited  to 
communicate  with  us.  Samples  on  request. 

CROSS PAPER PRODUCTS CORP. 

Third Ave. at 

140th St. 

p‘ot,s, CR2sS New York 

N. Y. 
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TONAlkOt 

" '4111111111w"/ 
Exclusively Licensed by Teehni 
dyne Corporation under U. S 
Patent Nos.  1593658.  103411)3. 

1034104. 

Write  for 
Free Circulars 
and  Full  In-
formation. 

Designed 
for Every 
Circuit 

TONATROL 
A Complete 
Line of Volume 

Controls 

B
, incorporating Tonatrol 
in the receiver you ouild, 
you can control the vol-

ume from your loud speaker 
smoothly,  from  the  faintest 
whisper to the resounding in-
tensity of a brass band. 
Tonatrol Volume Controls are 
designed in types to meet the 
specific  requirements  of  all 
types of circuits.  There are 
specialized volume controls for 
A. C. circuits as well as for 
the conventional battery type 
receivers.  Can be had with 
filament  switch,  or  power 
switch attached. 
Electrad specializes in a full 
line of Controls for all Radio 
purposes. 

Dept. L-8 

175 Varick Street 
New York 

ELF,CTRAD 

Guaranteed 
to Stay Accurate 

I .1. IS one thing to build a resistor that shows up 
well in a quick test and decidedly another to give 

it a month's trial carrying the work-a-day load before 
testing it. The difference in accuracy can be (and 
often is) surprising. 
Test Har-field Resistors for a month or a year. 

Day after day they will carry the load they were 
built to carry, and maintain the accuracy your order 
specifies.  For Hardwick, Field, Inc., have built the 
accuracy into their resistors that enables them to 
honestly make their guarantee. 
Har-field Resistors are made in two types of coat-

ing—the vitreous enamel  or  specially  processed 
cement.  They come in a wide range of values to 
suit every need, and large quantities of any type or 
size can be quickly supplied.  Prices are low enough 
to demand consideration from every careful pur-
chasing agent and individual. 
Tell us about the resistor you want and we will 

trladly make up samples for you with prices. 

HARD WICK, FIELD, INC. 

Safes Office: 

122 Green-
wich Street, 
New York 
City 

)AR-FIELO 
k. WIRE-WOUND 

D RESISTORS 

rI 

Factory: 

215 Emmett 
kiwo  Street, 

Newark, 
N. J. 
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BLETIMBI171 

A. 

CONE SPEAKER PAPER 

A L H A M B R 1 
PAPER  gives  AB-
SOLUTELY  UN!-
FO R M  RESO-
NANCE.  It has no 
resonance point  of 
its  own.  Just as 

the cone spegker is 
supreme in radio re-
production, so also 
is AL HA M B R A 
supreme in impart-
ing the utmost in 
tone quality. 

The small clock and interior cabinet cone do not equal in soft, natural 
tone the separate cone made of AkLILLNIBRA which is used by high class 
makers. 
Cone speaker manufacturers are Invited to communicate with us concern-
ing their requirements for the coming season. ALHANLBRA is furnished 
in sheets suitable for cone speakers of 13 inches to 36 Inches diameter— 
special sizes to order.  Prompt shipment guaranteed. 

The SEYMOUR CO., 323 W. 16th St., New York City 

6. 

•••-•••••••• 

CORE LAMINATIONS 
for Audio & Power Transformers — 

Chokes 
A large variety of standard shapes carried in stock. 

Special designs stamped to your order. 

Our BOOKLET on LAMINATIONS (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. 

W I R E 
STRAND —Antennae  (plain or enameled) —Dou-
ble Galvanized. 

WIRE —Antennae (plain or enameled).  Connect-
ing and Ground (Rubber covered, braided or 
plain). 

BUS BAR —Litzendraht - Loop. 
MAGNET (Cotton or Silk). 

John A. Roebling's Sons Co., Trenton, N. J. 

.1 

COPPER, BRASS, PHOSPHOR BRONZE 
We specialize in the manufacture of rolled metals .001" thick 

and thicker, either plain or hot tinned for 

RADIO MANUFACTURERS 

Good deliveries; prices right; expert mill supervision. 

THE BALTIMORE BRASS COMPANY 
1206 Wicomico Street  Baltimore, Md. 

CONDENSER PAPERS 
OF 

High Dielectric Strength 

LINEN AND CELLULOSE 
IN ALL CALIPERS 

LIBERAL STOCKS CARRIED IN NE W YORK 
ROLLS FOR TESTING ON APPLICATION 

FRED C. STRYPE 
140 Lafayette St.  New York City 

a.   
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HEAT-- proof 
WARP - proof 

P O W E R 

The Centralab Power Rheostat is con-
structed of heat proof materials with suf-
ficient insulation to carry a continuous 
current load at a power dissipation of 35 watts or 
more. 

An ideal unit to place in primary leads as a line 
voltage compensator.  Has three terminals and is 
especially adapted to AC tubes and power circuits. 
Wire is wound on metal core, asbestos-insulated. 
Wire firmly held in position by reason of metal 
core and wire expanding to the same degree. 

Diameter 2", 1" behind the panel.  Single hole 
mounting.  Bakelite knob. 

Other products are Centralab Radiohms, 
Modulators, Potentiometers, and Stand-

ard Rheostat. SEND 

—for Folder 
Central Radio Laboratories  328.  It shows 

Milwaukee, Wis. the correct ap-
plication of re-
sistances in re-
ceiver  and 
power  supply 
circuits. 

cApacla  
ammitingA concentrated  colloidal solution of 

Acheson Electric Furnace Graphite in 
distilled water. 
Manufacturers of grid leaks, other re-
sistances, "getters," and those interested 
in the establishment of positive contacts 
are consistent users of Aquadag. 

Acheson Oildag Company 
Radio Division 

P. O. Box D. (Hillside Station)  Elizabeth, N. J. 

r 

to/72a tie 
roduets e9rp. 

27-29Vestry Street Jew Yor4c., 

8erclr %whitze rocliwrs 
:Metal cUainpings 
ESTABLISHED 1920 

ZINC-FOIL 
( MI R 01'011. ) 

FOR CONDENSERS 

A  STRONGER,  BETTER 
FOIL AT A LO WER PRICE 

Zincfoil is not only much stronger and 
tougher than 83-15-2 composition foil but 
its cost is substantially less. 

It solders readily, has high conductivity, 
and from every angle is an ideal foil for 
condensers. 

In coils of all thicknesses up to 
.0004 inch. 

Samples gladly submitted for test.  Write 
for them and for prices. 

U. S. FOIL CO. 
Louisville, Ky. 

ALL  GR A DES  OF  FOIL 

r•- ••••••••••• 

Independent Laboratories 
Newark, N. J. 

Oxide Coated Filament 
for 

All Tubes 

Special Getter 
for 

Detectors — A.C. Tubes — Amplifiers 
Power Tubes — Gas Rectifiers 

Cerium Alloys 
Exclusive Sales Representative 

A. U. HO WARD 
50 East 42nd St. New York City 

Phone: M urray Hill 0342 & 0343 
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PHOTOTRON 
KN 2 

Photoelectric cells and cell units 

for industrial purposes 

PHOTION 
INSTRU MENT CORPORATION 

574 Southern Boulevard, New York City 

KH PHOTO-ELECTRIC CELLS 
Oldest and best obtainable 

Neon Television lamps. low starting voltage, high milliampere 
capacity and long life. 
Special gas filled tubes made to order. 
Thoriated, pure tungsten, and oxide coated wires. 

High voltage electro-static voltmeters from 200-100.000 volts. 
Caesium and rubidium metal and salts, barium, strontium, and 
calcium asides produced in our own chemical laboratory. 
Complete plants for the manufacture of radio tubes, incandescent 
lamps and neon luminous tubes, high vacuum laboratories, etc. 

RADIO ELECTRICAL W ORKS 
150 West 22nd St., New York City 

H. F. Choke No. 85 
In moulded Case. 

35c ea. 

COILS FOR MANUFACTURERS 
Wound on Genuine Bakelite 

Samples sent on request 

Send specifications 

DRESNER RADIO MFG. CORP. 
642 Southern Blvd.  New York, N. Y. 
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Type UXB 
Universal 
Compact 

This U.S.L. Conden-
ser is the ideal unit for 
set manufacturers.  Its 
sturdiness assures long-
time efficiency; its com-
pactness  saves  space; 
precision  spacing  as-
sures accurate calibra-
tion;  removable  shaft 
can be adjusted to any 
desired length and is, 
therefore, adaptable to 
ganging in any number; 
universal mounting per-
mits  clockwise  or 
counter clockwise rota-
tion; modified straight-

VARIABLE 

CONDENSER 

FMMMOINIIIMMIIMW  

Note Removable Shaft 

line  frequency  wave 
provides for all present-
day broadcasting wave 
bands. Also available in 
two  and  three  gang 
types, in either .0005 
or .00035 capacities. 

Let the U.S.L. engineers cooperate with you in solving 
v air condenser problems.  1Vrite us your requirements. 

United Scientific Laboratories, Inc. 
115 Fourth Avenue  New York City 

Cincinnati  Philadelphia  Canadian Offices 
Chicagoiuis Boston Minneapolis  Los Angeles  San Francisco  London. Ontario 

Ferranti Audio Frequency 
Transformers and Chokes 
Cover  every  radio  re-
quirement. Built to the 
highest standards. Tested 
to 1,000 volts through-
out. 

The 1928 Ferranti Year 
Book, just off the press, 
contains 60 pages of use-
ful  information on  the 

use  of Ferranti Trans-
formers, along with cir-
cuits and instructions for 
building receivers, power 
amplifiers, etc. 

Sent post paid anywhere 
for  I Sc  in  coin.  No 
stamps. 

FERRANTI, Inc. 
130 West 42nd St.  ::  New York, N. Y. 

Type A —Seronilar, and Pu-
nt a r S separated.  Sin: — 

x2  — Price I3c ea. 

Type Et—Primary wound over 

Secondary.  Size: -1t4x2%• — 
Price 14e ics. 

Type 0—Plug-in CoiL Size:-
1,452%. —Price 180 ea. 
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At these radio shows the trade and public meet. Set 
manufacturers will display many new models for 

the first time. Parts manufacturers will show 
the latest in accessories. These displays set 

the radio vogue, affording the trade and public an oppor-
tunity to learn what's what in radio for the /128-
1921 season. Dealers should commence talking 
these shows now and tell the,r customers to 

SEE THESE SPECIAL FEATURES 
Television; "Televox" the mechanical man; the Radio Controlled 
Train; the Cardiagraph, that draws pictures of the human heart's 
actions; and many electrical and radio developments from 
the experimental laboratories of the General Electric 
and Westinghouse Manufacturing Companies. 

RADIO MANUFACIIURERS SHOW ASSOCIATION 
U.J HERRMANN ,Yartatgen8 Diredor  G. CLAYfON IRWIN JR.  Genera Mana6ec 

• 
hy the 
makers 

For information, 
Write Dept. R.E. 8 

RADIALL CO. 
50 Franklin St., 
New York, N. Y. 

A. C. Line 
Voltage Control 

For Radio Set Manufacturers 
A remarkably convenient and 
efficient  device  which  auto-
matically handles A. C. line 
fluctuation  over  a broa d 
range. 
Cost surprisingly low. 

ghe"SELF-ADJU 

C A R D WELL 
TRA \Slit TTING CONDENSERS 

Illustrating 
a type de-
eloped tor 
hig It Non-
age. 

THE %I.I.EN 
SI Prospect Street, 

____„..1121011:1110/0.111.1.11 .1111  

p.   
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ARCTURUS 
131111111111111111111111111111111111111111111IN I 1111111111111111111 

Without Adaptors! 

ARCTURUS 
A-C TUBES 

—amplifier, detector, 
high mu and power types 
With special and universal 

A-C CABLES 

ARCTUR US RADI O CO. 
255 Sherman Av., Newark, N. J• 

111(1111111inummiiiiiimninirmiirminnum mtnin 

A-C TUBES 
1lllllllllflhiilllllliiill) 11111111111111111112111111111 1111111111111 

flu 

1). 

There is a Card-
well for every  tube 

and purpose.  Write for 
particulars. 

(A It OW E LI, MFG. CORP. 
Brooklyn, N. V. 

PH OT O-ELECT RIC  CELLS 

THE BURT CELL 
Without Fatigue —Highly Sensitive 

Absolutely Reproducible —Instantaneous in Response 

The BURT-CELL is made by a new method and should 
not be confused with any other photo-electric cell.  By a 
special process of electrolysis, the photo-electric metal 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  manufacture  the  STABILIZED 
OSCILLOSCOPE—the only VISUAL OSCILLO-
GRAPH having a linear time  axis and no 
Inertia—giving an accurate picture of high fre-
quency wave forms. 

Write for Bulletin 273 

DR. ROBERT C. BURT 
Manufacturing and Consulting Physicist 

327 S. Michigan Ave., Pasadena, Calif. 
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RAMSEY'S 
Experimental Radio 

Third Edition (1928) 

A Radio Frequency Manual 

"The book is actually a group of some 117 experi-
ments covering most every imaginable phase of radio 
within the range of the average experimenter.  The 
book recommends itself to service men, custom-set 
builders, testers, and advanced experimenters."  May 
Radio Engineering, p. 29. 
"The book is an excellent manual of radio- and audio. 

frequency measurements and demonstrations. Expe-
rienced engineers will find Ramsey's outline useful for 
refreshing their memories on specific points which their 
work has not brought them into contact for some time." 
Proceedings of The Institute of Radio Engineers. 
"AU experimenters!  Here's your book at last! ! 

What is to be admired about the book is that the 
various problems are discussed very briefly and to the 
point. In general, Ramsey manages to provide that 
missing fact which seems to be hidden in other 
books." Q. S. T. 
Experimental Radio, Third Edition, by Professor R. R. 

Ramsey, Indiana University. xii + 229 pages, 152 line 
drawings. 

Price $2.75 
Sent post paid to any country in the postal union 

on receipt of money order. Otherwise C. 0. D. 

RAMSEY PUBLISHING CO. 
BLOOMINGTON, INDIANA 

Special Offer for Laboratories! 

aPtfacturers' Export Mana 
29 Broad Street, New York, N.  

NI, Scientifically equipped to  4-
atonorniesdly export dependair, 
reorioing nal transmitting'', 
4 .radio apparatus. 

11":1 •  • 

AilEdT").1 

(31/4  in. diameter, Switchboard mount) 

Radio frequency A mmeter (o-20 Amp.) 
Thermo Coupled AC and DC. 
Wattmeter 0-3 Kilowatts AC and DC. 
Radio frequency A mmeter (0-10 A mp) Hot Wire 

Numerous  other  special  offers! 

LEEDS RADIO COMPANY 
45 Vesey St.  New York City 

$5.00 ea 

p. 

0. 
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We 
sets 

PACKING PROBLEMS SOLVED 
can overcome your packing difficulties, whether you ship large 
or small sets —heavy power equipment or fragile speakers — 

whether the weight 
is ten pounds or 
five  hundred 
pounds.  Our years 
of  experience  in 
the radio shipping 
field are at your 
command  without 
obligation. 

TIFFT BROS. 
8 Broadway, 
New York City 
Shipping  Cases  for 
Difficult Problems 

NEW 
Bakelite 
Insulated 

Push Posts 
The  perfect 
binding post at 
last.  Vibrations 
will not loosen. 
Releases  In-
stantly  when 
you wish.  En-
graved  In  al 
standard  mark-
ings.  Price 
each I5c. 

X - I. Push Post 

Model 

•N-
PEP UP 

YOUR SET 
Used in every high-grade circuit or receiver today. 
Model N Vane-Denser Micrometer adjustment, easily 
made. assures exact oscillation control.  Quick easy 
tuning, more volume, clearness and stability.  Capacity 
range 1.8 to 20 micro—micro farads.  Price each 51.00. 
Model II Vario-Denser made in three variable capacity 
ranges.  Price each with grid clips $1.50 
FREE New up-to-date book of wiring diagrams 

of all leading circuits including Goodwin 
Aperiodic Circuit applicable to any set.  Adds a stage 
without adding tuning controls.  Write today. 

X-L RADIO LABORATORIES 
Dept. K, I 224 Belmont Ave., Chicago 

p. 

0. 

PATENTS 
TRADEMARKS — COPYRIGHTS 
Special Attention to Radio Inventions 

EUGENE E. STEVENS 
Attorney at Law 

Registered Solicitor of Patents 

905 F St., N. W.,  Washington, D. C. 

DO YOU WANT ACCURACY —DELIVERY —ON 

INDUCTANCE COILS 
Space Wound, on Threaded Forms Complete Tuning Units, 

of All Types for Receiving and Transmitting. 

Coil Winding Specialists Since 1920 

AIR-KING PRODUCTS CO. 
222-226 GRAND ST.,  BROOKLYN, N. Y. 

CONDENSER SPECIALISTS 
We make one thing and one thing only—wax 
impregnated paper condensers in medium and 
large capacities.  We make no net hardware, no 
eliminators, no transformers. no pans. no sets. 
Our entire concentrated effort is on one product 
alone. Such specialization assures highest quality. 
economical production and dependable service. 
Millions of Past Condensers now in use in lead• 
lug  seta  and  eliminators.  Send  us  your 
specifications. 

elomakerbe 3982  Barry  Ave.. 
Dept. R.E. 

Chicago.  U.S.A. 

TESTI N G O F R A DI O A PP A R AT US 
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 City, N. Y. 
.. •-••••-•••• 
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HARNESS & CABLES 

Radio Wires Tinsel Cords 

LAMP CORDS 
HOLYOKE specializes in intricate arrangements of 
harness and cables.  Our engineers have perfected 
a diaelectric equivalent to bakelite which insures 
against leakage in HOLYOKE HOOK-UP WIRE. For 
complete satisfaction write — 

THE HOLYOKE CO., Inc. 
621 Broadway  New York City 

Mills — Holyoke,  Mass. 

Page 65 

TIME  TESTED 
PRODUCTS 

Patented Nos. 
1.635.184 
589.565 
642.246 

B Y- WATT Grid Leaks 
and Resistors. 

Patented Nos. 
1.635.184 
589.565 
642.246 

B Y- WATT 
Heavy Duty Resistors 

6-1 

HY-WATT 
"EL MENCO" products leaped into 
prominence through unusual per-
formance and continued growing in 
favor month after month and year 
after year. 

"EL MENCO" engineering and pro-
duction methods are constantly lead-
ing the way. 

For time-tested reliability and ac-
curacy, be sure and specify "EL 
MENCO." 

Electro-Motive Engineering Corp. 
127 W. 17 St.  New York City 

You 
NEED THESE BOOKS./ 

. . .. from Honolulu to South Africa 

. . . . from Hudson Bay to the Argentine 
vuITHIN a period of three months John F. Rider's Treatises have found readers in 
vv practically every English speaking country on the globe.  . . . The response was 
instantaneous — enthusiastic.  The B eliminator treatise and the service treatise have been 
acclaimed by newspapers and radio magazines alike . . . by engineers, experimenters, service 
men and dealers. 

AND NOW — a new book "A C TUBES — HOW TO USE THEM" 
This book on the most vital subjects of today will be the guide to all who have occasion to 
use A C tubes in receivers or amplifiers. . . . Learn how to use A C tubes. . . . How to 
select A C tubes.  How to minimize hum in A C tube circuits. . . . Everything about 
A C tubes in 

John F. Rider's 
"AC Tubes — How To Use Them" 

60 pages, 8% x 11" profusely illustrated. . . .60 pages of vital information.  Every user of At  tubes 
should have a copy.  Price $1.00. 

"A Treatise oni 25 Testing I nits for 
Service Men" 

Can you service a manufactured B eliminator? 
. .. Can you locate an open tuning condenser 
circuit in a receiver? . . . Are you inter-
ested in simple and inexpensive A C and D C 
tube testers—A C and D C receiver testers? 
. . . Can you tell if an A C tube is defective? 
Are you interested in the construction of ALL 
the units necessary for rapid and economical 
servicing? . . . 
THEN READ 

John F. Rider's 
"A Treatise on 25 Testing Units for 

Service Men" 
28 pages 8% x 11", 30 illustrations. . . .28 pages 
just full of concise information of ut most value 
to the service man. . . .EVERV SERVICE MAN 
SHOULD HAVE ONE. . . .AND the price is only 
50 cents. 

RADIO TREATISE CO., 270 

Kindly send  me  John  F.  Rider's 
  B eliminator treatise 
  AC Tube treatise 
  Service treatise 
for which I am enclosing    
Add $.10 postage for each book. 

"A Laboratory Treatise on B Battery 
Eliminator Design and Construction" 
Is there anuliing you want to know about B 
battery eliminators? . . . Do you want to 
know how to design a B battery eliminator? 
. . . Do you want to learn how to calculate 
the B battery eliminator output voltage re-
sistance?  . . . Do you want to know how 
to adapt a B battery eliminator to all receiv-
ers? . . . Are you interested in the improve. 
ment of your present B eliminator? . . . 
THEN READ 

John F. Rider's 
"A Laboratory Treatise on B Battery 
Eliminator Design and Construction" 

88 pages 8% x 11", 71 illustrations.  88 pages just 
full of data and comprehensible illustrations.  It 
will solve all your B power unit problems  AND 
the price is only $1.00. 

Madison Ave., New York City 

US E  THIS  C O UP O N 

Name    

Address    

City te   
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Buyers Directory of Equipment and Apparatus 
Readers interested in products not listed in these columns are invited to tell us of 
their wants, and we will inform the proper manufacturers.  Address Readers' 
Information Bureau. 
Addresses of companies listed below, can be found in their advertisements —see 
index on page 70. 

ADAPTERS: 
Carter Radio Co. 

ALUMINUM: 
Aluminum Co. of America 

ALUMINUM FOIL: 
Lehmaier and Schwartz Co. 
U. S. Foil Co. 

AMMETERS: 
Jewell Elec. Inst. Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Elec. Instrument Corp. 

ANTENNAE,  LAMP SOCKET: 
Electrad. Inc. 

ARRESTERS, LIGHTNING: 
Electrad, Inc., 
Jewell Elec. IDOL Co. 
Westinghouse Elec. & Mfg. Co. 

BASES, VACUUM TUBE: 
Formica Insulation Co. 

BINDING POSTS: 
Arrow  Automatic  Products 
Corp. 

Eby, H. H., Co. 
X-L Radio Labe. 

BOXES, PACKING: 
Tuft Bros. 

BRACKETS, ANGLE: 
Arrow Automatic Products Co. 
Electrad Inc. 
Scovill Mfg. Co. 

BRASS: 
Baltimore Brass Co. 
Copper  and  Brass  Research 
Assn. 

Scovill Mfg. Co. 

BROADCAST STATION 
EQUI VT: 

Cardwell, Allen D., Mfg. Co. 

BUTTS: 
Scovill Mfg. Co. 

CABINETS, METAL: 
Aluminum Co. of America. 
Copper  and  Brass  Research 
Assn. 

Crowe Nameplate Mfg. Co. 

CELLS, PHOTOELECTRIC: 
Burt, Robert C. 
Photion Instriment Corp. 
Radio Electrical Works. 

CERIUM: 
Independent Labs. 

CHARGERS: 
Acme Elec. & Mfg. Co. 
Elkon Co. 

CHASES: 
Aluminum Co. of America. 
Copper  and  Brass  Research 
Assn. 

United Scientific Laboratories, 
Inc. 

CHOKES, AUDIO FREQUENCY: 
American Transformer Co. 
General Radio Co. 
General Transformer Co. 
Samson Electric Co. 
Silver-Marshall, Inc. 
Thordarson Elec. Mfg. Co. 

CHOKES, RADIO FREQUENCY: 
Cardwell. Allen D., Mfg. Co. 
General Radio Co. 

CHOKES, B ELIMINATOR: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
General Radio Co. 
Silver-Marshall, Inc, 

CLAMPS, GROUND: 
Electrad, Inc. 
Fahnstock Elec. Co. 
Scovill Mfg. Co. 

CLIPS, SPRING: 
Arrow Automatic Products Co. 
Electrad, Inc. 
Fahnstock Elec. Co. 
Scovill Mfg. Co. 

COIL FORMS: 
Cross Pa,per Products Corp. 

COILS, CHOKE: 
Dudlo Mfg. Co. 
Westinghouse Elec. & mfg. Co. 

COILS, IMPEDANCE: 
Dudlo Mfg. Co. 

COILS, INDUCTANCE: 
Air King Products Co. 
Cardwell, Allen, D., Mfg. Co. 
Dresner Radio Mfg. Co. 
Hammarlund Mfg. Co. 
Radio  Engineering  Labora-
tories. 

COILS, MAGNET: 
Dudlo Mfg. Co. 

COILS. RETARD: 
Hammarlund Mfg. Co. 

COILS, SHORT WAVE: 
Dresner Radio Mfg. Co. 
General Radio CO. 
Hamtmarlund Mfg, Co. 
Silver-Marshall, Inc, 

COILS, TRANSFORMER: 
Dudlo Mfg. Co. 

CONDENSER PARTS: 
Arrow Automatic Products Co. 
Scovill Mfg. Co. 

CONDENSERS. BY-PASS: 
Aerovox Wireless Corpn. 
Allen-Bradley Co. 
Automatic Electric, Inc. 
Brown & Caine, Inc. 
Burt, A. G., Jr. 
Carter Radio Co. 
Condenser Corp. of America. 
Deutschmann, 'robe Co. 
Dongan Electric Mfg. Co. 
Electrad, Inc., 
Fast. John E. & Co. 
Polymet Mfg.  Co. 
Sterling Mfg. Co. 

CONDENSERS, FILTER: 
Aerovox Wireless Corpn. 
Allen-Bradley Co. 
Automatic Electric, Inc. 
Brown & Caine. Inc. 
Carter Radio Co. 
Condenser Corp. of America. 
Deutschmann, Tobe Co. 
Dongan Electric Mfg. Co. 
Fast. John E. & Co. 
Polymet Mfg. Co. 
Sterling Mfg. Co. 

CONDENSERS, FIXED: 
Aerovox Wireless Corpn. 
Allen-Bradley Co. 
Automatic Electric, Inc. 
Brown & Caine, Inc. 
Burt, A. G., Jr. 
Carter Radio Co. 
Condenser Corp. of America. 
Deutschmann, Tobe Co. 
Dongan Electric Mfg. Co. 
Electrad, Inc. 
Fast, John E., & Co. 
Polymet Mfg. Co. 

CONDENSERS, MIDGET: 
Cardwell, Allen D. Mfg. Co. 
General Instrument Co. 
Hammarlund Mfg. Co. 
Scovill Mfg. Co. 
United Scientific Laboratories 

CONDENSERS, MULTIPLE: 
Cardwell, Allen D. Mfg. Co. 
General Instrument Co. 
Hammarlund Mfg. Co. 
Scovill Mfg. Co. 
United Scientific Laboratories. 

CONDENSERS,  NEUTRALIZ-
ING: 

X-L Radio Labs. 

CONDENSERS. VA RI A B L E 
TRANSMITTING: 

Cardwell. Allen D. Mfiz. Co. 
Hammarlund Mfg. Co. 

CONDENSERS, VARIABLE: 
Amsco Products Co. 
Cardwell. Allen D. Mfg. Co. 
General Instrument Co. 
DeJur Products Co. 
General Radio Co. 
Hammarlund Mfg. Co. 
Scovill Mfg. Co. 
Silver Marshall, Inc, 
United Scientific Laboratories 

CONNECTORS: 
Arrow Automatic Products Co. 
Carter Radio Co. 
Fahnstock Elec. Co. 
Jones. Howard W. Co. 
Scovill Mfg. Co. 

CONTROLS, ILLUMINATED: 
Hammarlund Mfg. Co. 

CONTROLS. VOLUME: 
American  Mechanical  Labor 
tories 

Carter Radio Co. 
Central Radio Laboratories 

CONVERTERS: 
Cardwell, Allen D., Co. 

COPPER: 
Baltimore Brass Co. 
Copper  &  Brass  Research 
Assn. 

Sawn' Mfg. Co. 

CURRENT CONTROLS, AUTO-
MATIC: 

Radiall Co. 

DIALS: 
Crowe Nameplate and Mfg. Co. 
Hammarlund Mfg. Co. 
Scovill Mfg. Co. 
Silver-Marshall, Inc. 
United Scientific Laboratories 

DIALS, DRUM: 
Hammarlund Mfg. Co. 
United Scientific Laboratories 

ELIMINATORS, A BATTERY: 
Acme Elec. and Mfg. Co. 
Radio Receptor Co. 
Sterling Mfg. Co. 
Webster Co. 

ELIMINATORS, B BATTERY: 
Acme Elec. and Mfg. Co. 
Dongan Elec. Mfg. Co. 
General Radio CO. 
Radio Receptor Co. 
Silver-Marshall, Inc. 
Sterling Mfg, Co. 
Thordarson Electric Mfg. Co. 
Webster Co. 

ELIMINATORS, A-B-C: 
Acme Elec. and Mfg. Co. 
Dongan Elec. Mfg. Co. 
General Radio Co. 
Radio Receptor Co. 
Thordarson Electric Mfg. Co. 
Webster Co. 

ELIMINATORS. UNITS FOB: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
General Radio Co. 
Radio Receptor Co. 
Thordarson Electric Mfg. Co. 
Webster Co. 

ESCUTCHEONS: 
Crowe Nameplate and Mfg. Co. 

EXPORT: 
Ad. Auriema, Inc. 

FILAMENT, OXIDE COATED: 
Independent Laboratories. Inc. 

FILAMENT CONTROLS, AUTO-
MATIC: 

Radiall Co. 

FOIL: 
Lehmaier and Schwartz Co. 
U. S. Foil Co. 

GALVANOMETERSI 
Jewell Elec. Inst. CO. 
Westinghouse  Elec.  &  Mfg. 
Co. 

GETTER MATERIAL: 
Acheson Oildag Co., Inc. 
Independent Laboratories, Inc. 

GRAPHITE: 
Acheson Oildag Co., Inc. 

GRID LEAKS: 
Aerovox Wireless Corpn. 
Allen-Bradley Co. 
Amsco Products Co. 
DeJur Products Co. 
Deutsehmann, Tobe Co. 
Electrad. Inc. 
Hardwick, Field, Inc. 
International Resistance Co. 
Lantz Mfg. Co. 
Polymet Mfg. Co. 

HARNESSES, A-C.: 
Carter Radio Co. 
Eby. H. H., Co. 

HINGES: 
Scovill Mfg. Co. 

HORNS: 
Operadlo Co. 
Racon Electric Co. 
Temple, Inc. 

HORNS, MOLDED: 
Operadio Co. 
Racon Elec. Co., Inc. 
Temple. Inc. 
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A New 
Simple Tube Checker 

Pattern No. 150 
A.0 and D.C. Tube Checker 

Jewell has developed a Tube Checker 
that is indeed simple.  It is so simple that 
all that is required to prepare it for testing 
tubes is to plug the attached cord into a 110 
volt 60 cycle outlet. 

This new tube checker known as Pat-
tern No. 150 is somewhat similar in appear-
ance to other Jewell tube checkers which have 
earned an enviable reputation for accuracy 
and reliability, but differs in that all tubes 
can be tested without resorting to batteries 
of any kind.  This is accomplished by incor-
porating a transformer which furnishes the 
required voltages, making use of alternating 
current instead of the conventional A and B 
batteries. 

All tubes can be tested from the 
WD-11 and 199 tubes up to the 210. 

A five prong socket is supplied with 
an adapter for 4-prong tubes and a rheostat 
enables adjusting the filament in conjunction 
with the 0-48 volt AC voltmeter.  Plate cur-
rent is read on a 0-15 Milliammeter. 

This new tube checker is described in 
our Form No. 2004.  Write for a copy. 

"28 Years Making Good Instruments" 

Jewell Electrical Instrument Co. 
1650 Walnut St., Chicago 

Puy, 

jISSUES, 

NO Radio set is any better than its 
weakest link, and the weakest link is 

N ery often a filter Condenser.  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 Tissue means 
a break down of the Condenser, with the 
entire set put out of commission. 

DEXSTAR Condenser 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 production for three 
generations. 

RADIO designers and builders should 
have 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. 
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No Grid Leak Interference 
with the 

Bradleyunit•B Resistor 

BRADLEYUNIT-B solid-molded resistors eliminate the noise 
and interference in radio circuits 
caused by inferior grid leaks. Oscillo-
graph tests show the Bradleyunit-B 
to be remarkably quiet in operation. 

The Bradleyunit-B Fixed Resistor 
is made of a special, uniform mix-
ture, baked and solid-molded at high 
pressure. This creates a solid, uni-
form unit, providing a constant 
resistance regardless of voltage used. 

Radio manufacturers are assured of 
an accurately calibrated resistor 
which will retain its initial rating 
indefinitely. 

For Radio Manufacturers 
These remarkable solid-molded resistors 
are practically unaffected by moisture, 
altho not depending on a glass enclosure 
for protection. 

The Bradleyunit-B is furnished with or 
without tinned leads for soldering. Made 
in values from 500 ohms to 10 megohms. 

Tapped Bradleyunit Resistors are also 
furnished to meet your specifications. 

Allen-Bradley Co., 279 Greenfield Ave. 
Milwaukee, Wis. 

aen-Iimo *r Resistors 
-s   

INDUCTANCES,  TRANSMIT-
TING: 

General Radio Co. 

INSTRUMENTS, ELECTRICAL: 
Jewell Elec. Inst. Co. 
Westinghouse Elec. & Mfg. Co. 

INSULATION, MOULDED: 
Bakelite Corp. 
Formica Insulation Co. 
General Plastics. Inc. 
Westinghouse Elec. Mfg. Co. 

JACKS: 
Carter Radio Co. 
Electrad, Inc. 

JACKS, TIP: 
Carter Radio Co. 
Eby. H. H., Mfg. Co. 

KITS, SHORT WAVE: 
Dresner Midi.: Mfg. Co. 

KITS, TESTING: 
General Radio Co. 
Jewell Elec. Inst. Co. 

KITS, TRANSMITTING: 
Radio  Engineering  Labora-
tories. 

LACQUER: 
Walker, J. V.. Co. 
Zapon Co.. The 

LABORATORIES: 
Electrical Testing Labs. 

LAMINATIONS: 
Arrow Automatic Products 
Lamination Stamping Co. 
Sterling Mfg. Co. 

LEAD-INS: 
Electrad, Inc., 
Fahnstock Elec. Co. 

PACKING: 
Tifft Bros. 

PANELS, COMPOSITION: 
Formica Insulation Co. 
General Plastics Co. 
Westinghouse Elec. & Mfg. Co 

PANELS, METAL: 
Crowe Nameplate and Mfg. Co. 
Scovill Mfg. Co. 

PAPER, CONDENSER: 
Dexter, C. H. & Sons, Inc. 
Schweitzer. Peter J., Co. 
Strype, Fred C., Co. 

PAPER, CONE SPEAKER: 
Seymour Co. 

PHONOGRAPH MOTORS: 
(See Motors) 

PHOSPHOR BRONZE 
Baltimore Brass Co. 

PHOTOELECTRIC CELLS: 
(See Cells) 

PICK-UPS: 
Gordon, L. S., Co. 

PLATES, OUTLET: 
Carter Radio Co. 

PLUGS: 
Carter Radio Co. 
Jones, Howard B, Co. 

VOTENTIOMETERS: 
Allen-Bradley Co. 

Co.  Carter Radio Co. 
Central Radio Laboratories 
DeJur Products Co. 
Electrad, Inc. 
United Scientific Laboratories 

LOCK WASHERS: 
Arrow Automatic Products Co. 
Shakeproof Lock Washer Cu 

LUGS: 
Arrow Automatic Products Co. 
Fahnstock Elec. Co. 
Scovill Mfg. Co. 
Shakeproof Lock Washer Co. 

MAILING TUBES: 
Cross Paper Products Corp. 

MAGNESIUM: 
Aluminum Co. of America. 

MAGNETS: 
Thomas  and  Skinner  Steel 
Products Co. 

METERS: 
Jewell Elec. Inst. Co. 
Sterling Mfg. Co. 
Westinghouse Elec. & Mfg. Co. 

MICROPHONES: 
Amplion Co. of America 

MOLDING MATERIALS 
Bakelite Corp. 
Formica Insulation Co. 
General Plastics Co. 
Westinghouse Elec. & Mfg. Co. 

MOTORS, ELECTRIC PHONO-
GRAPH: 

Gordon, L. S., Co. 

MOUNTINGS, RESISTANCE: 
DeJur Products Co. 
Electrad. Inc.. 
Fahnstock Elec. Co. 

NAMEPLATES: 
Crowe Nameplate & Mfg. Co. 
Fahnstock Elec. Co. 
Scovill Mfg. Co. 

NUTS: 
Arrow Automatic Products Co. 
Shakeproof Lock Washer Co. 

OSCILLOGRAPH: 
Burt, Dr. Rob't C. 

OSCILLOSCOPE: 
Burt, Dr. Rob't C. 

RECEIVERS, ELECTRIC: 
United Scientific Laboratories. 

RECTIFIERS, DRY: 
Benwood-Linze, Inc. 
Elkon, Inc. 

REGULATORS, VOLTAGE: 
DeJur Products Co. 
Radiall Co. 
Sterling Mfg. Co. 
Webster Co. 

RELAYS: 

Cardwell, Allen D., Mfg. Co. 

RESISTANCES, FIXED: 
Aerovox Wireless Corp. 
Allen-Bradley Co. 
Amsco Products Co. 
Carter Radio Co. 
Central Radio Laboratories. 
De Jur Products 
Electrad, Inc. 
Hardwick, Field, Inc. 
International Resistance Co. 
Lautz Mfg. Co. 
Polymet Mfg. Co. 

RESISTANCES, VARIABLE: 
Allen-Bradley Co. 
American Mechanical Labs. 
Amoco Products Co. 
Carter Radio Co. 
Central Radio Laboratories. 
Electra d. Inc. 
Hardwick. Field, Inc 
International Resistance Co. 
Lantz Mfg. Co. 
Polymet Mfg. Co. 

RHEOSTATS: 
Amsco Products Co. 
Carter Radio Co. 
Central Radio Laboratories. 
De Jur Products. 
Electrad, Inc.. 
United Scientific Laboratories. 
Westinghouse Elec. & Mfg. Co. 

SCHOOLS, RADIO: 
National Radio Institute. 
Radio Institute of America' 

SCRE W MACHINE PRODUCTS: 
Arrow Automatic Products Co. 
Scovill Mfg. Co. 

SHIELDING. METAL: 
Aluminum Co. of America. 
Copper  and  Brass  Research 
Assn. 

Crowe Nameplate Co. 
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SHIELDS, TUBE: 
Carter Radio Co 

SHORT W AVE APPARATUS: 
Cardwell, Allen D., Co. 
General Radio Co. 
Radio  Engineering  Labora-
tories. 

SOCKETS, TUBE: 
Benjamin Electric Mfg. Co. 
General Radio Co. 
Silver-Marshall, Inc. 

SOLDER: 
Chicago Solder Co. (Rester). 
Westinghouse Elec. & Mfg. Co. 

SOUND CHAMBERS: 
Air Chrome Corp. 
Lektophone Co. 
Operadlo Mfg. Co. 
Bacon Elec. CO., Inc. 
Temple. Inc. 
United Radio Corp. 

SPEAKERS: 
Airchrome Studios, Inc. 
Temple, Inc. 
United Radio Corp. 

STAMPINGS, METAL: 
Arrow Automatic Prod. Corp. 
Fahnstock Elec. Co. 
Scowl11 Mfg. Co. 

STRIPS, BINDING POST: 
X-L Radio Laboratories. 

SUBPANELS: 
Formica Ins. Co. 
Westinghouse Elec. & Mfg. Co. 

SWITCHES: 
Carter Radio Co. 
Electrad, Inc., 
Westinghouse Elec. & Mfg. 

TAPPERS 

Eastern Tube and Tool Co. 

TESTERS, B-ELIMINATOR: 
General Radio Co. 
Jewell Electrical Inst. Co. 

TESTERS, TUBE: 
General Radio Co. 
Jewell Elec. Inst. Co. 

TESTING INSTRUMENTS: 
General Radio Co. 
Jewell Elec. Inst. Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Elec. Instrument Corp. 

TESTING KITS: 
Jewell Elec. Inst. Co. 

TRANSFORMERS. OUTPUT: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
Ferranti, Ltd. 
General Radio Co. 
General Transformer Co. 
Samson Electric Co. 
Silver-Marshall, Inc. 
Thordarson Electric Mfg. Co. 
Transformer Corp. of America. 
Webster Co. 

TRANSFORMERS. PO WER: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
Ferranti, Ltd. 
General Radio Co. 
General Transformer Co. 
Samson Electric Co. 
Silver-Marshall, Inc. 
Thordarson Electric Mfg. Co. 
Transformer Co. of America. 
Westinghouse Elec. & Mfg. Co. 
Webster Co. 

TRA NSFOR MERS,  R.  F.. 
TUNED: 

Cardwell, Allen D. Mfg. Co. 

TUBES, A. C.: 
Arcturus Co. 
Ceco Mfg. Co. 
Cunningham, E. T., Co. 

TUBES, RECTIFIER: 
Arcturus Co. 
Ceco Mfg. Co. 
Cunningham, E. T., Co. 

TUBES, VACUUM: 
Arcturus Co. 
Ceco Mfg. Co. 
Cunningham, E. T., Co. 

UNITS, SPEAKER: 
Air Chrome Corp. 

Co.  Temple, Inc. 
United Radio Corp. 

VOLTMETERS, A. C.; 
General Radio Co. 
Jewell Elec. Inst. Co. 
Westinghouse Elec. & Mfg. Co. 
Weston Elec. Instrument Corp. 

TESTING LABORATORIES: 
Electrical Testing Labs. 

TINFOIL: 
Lehmaier and Schwartz Co. 
U. S. Foil Co. 

TOOLS: 
Eastern Tube and Tool Co. 

TRANSFORMERS. AUDIO: 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
Ferranti Ltd. 
General Radio Co. 
General Transformer Co. 
Samson Electric Co. 
Silver-Marshall, Inc. 
Thordarson Electric Mfg. Co. 
Transformer Co. of America. 
United Radio Corp. 
Webster Co. 

TRANSFORMERS.  B-ELIMIN-
ATOR: 

Acme Elec. & Mfg. Co. 
American Transformer Co. 
Dongan Elec. Mfg. Co. 
Ferranti, Ltd. 
General Radio Co. 
General Transformer Co. 
Samson Electric Co. 
Silver-Marshall, Inc. 
Thordarson Electric Mfg. Co. 
Transformer Co. of America. 
Webster Co. 

TRANSFORMERS.  FILAMENT 
HEATING: 

Dongan Elec. Mfg. Co. 
General Radio co. 
Thordarson Electric Mfg. Co. 
Transformer Corp. of America. 

VOLTMETERS, D. C.: 
General Radio Co. 
Jewell Elec. Inst. Co. 
Westinghouse Else. & Mfg. Co 
Weston Elec. Instrument Corp. 

WASHERS: 
Arrow Automatic Products Co. 
Scovill Mfg. Co. 
Shakeproof Lock Washer Co. 

WIRE, ANTENNA: 
Dudlo Mfg. Corp. 
Holyoke Co. 
Roebling, J. A., Sons. Co. 

WIRE, BARE COPPER: 
Dudlo Mfg. Corp. 
II.Ivoke Co. 
Roebllng, J. A., Sons, Co. 

WIRE. COTTON COVERED: 
Dudlo Mfg. Corp. 
Holyoke Co. 
Roebling, J. A.. Sons Co. 

WIRE, ENAMELED COPPER: 
Dndlo Mfg. Corp. 
Holyoke Co. 
Roebling, J. A., Sons Co. 

WIRE, LITZENDRAHT: 
Dudlo Mfg. Corp. 
Holyoke Co. 
Roebling, J. A.. Sons Co. 

WIRE, PIGTAIL: 
Dudlo Mfg. Corp. 
Holyoke Co. 
Roebling, J. A., Sons Co. 

WIRE, SILK COVERED: 
Dudlo Mfg. Corp. 
Holyoke Co. 
Roebling, J. A., Sons Co. 

WIRE. TINNED COPPER: 
Dudlo Mfg. Corp 
Holyoke Co. 
Roebling, J. A.. Sons. Co. 

ZINC, FOIL: 
United States Foil Co. 

RADIO 
TUBE 
finA C 

sets 
IT HE unqualified endorsement 
of Ceco Radio Tubes by the 

leading radio engineers, includ-
ing Cockaday, Lynch, Hurd, 
Bernard and many others, is 
conclusive evidence of their 
proven performance. 

You owe it to your radio to try 
a set of CeCo Tubes to gain 
the utmost in radio reception. 
A CeCo dealer will gladly advise 
you which types to use. 

CeCo MANUFACTURING CO., INC. 
P R OVI D E NC E. . I 
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Here's Television Simplified 
YES, JUST THAT.  Of course we are still struggling with the 
existing crude technique of neon lamp, scanning disk, and 
variable speed motor for the reception of television signals, 

but we have solved the two most difficult problems confronting the television experi-
menter, namely: how to control the luminosity of the neon lamp, so as to obtain the 
proper contrast between lights and shadows, and how to control the scanning disk, so 
as to keep in step with the transmitter. Both problems have been solved by our Engi-
neering Staff, using the proper types of CLAROSTAT, as follows: 

HOW TO CONTROL LUMINOSITY 

The voltage applied  to the kino-
lamp or neon glow tube is of a 
critical value in assuring the desired 
contrast between lights and shadows. 
In fact, a satisfactory image, incor• 
porating sufficient detail and lumino:-
ity, is largely a matter of having the 
proper direct-current voltage to assure 
the normal glow and yet low enough 
to permit of ample contrast with the 
increased  brilliancy  due to signal 
modulation.  The  above  diagram 
presents an improved form of output 
circuit for the power tube operating 
the kino-lamp, in which the applied 
voltage is delicately  adjusted  by 
means of a Standard CLAROSTAT. 

HOW TO OBTAIN SYNCHRONISM 

Absolute synchronism is required be-
tween the receiving scanning di.,k 
and the transmitting scanning disk. 
For the present, the most satisfactory 
method of obtaining synchronism in 
television  reception  is  manually. 
However, a precise motor speed con-
trol greatly aids in obtaining a mini-
mum distortion of the image.  The 
arrangement shown in the diagram 
below  assures positive and preci.e 
control of the scanning disk by means 
of a special  Power  ( 100- watt) 
CLAROSTAT.  A push-button short-
circuits the resistance for momentary 
speeding up of motor for getting into 
proper step.  The operation is as 
simple as keeping your car on the 
road. 

And for Every Other Radio Purpose — 
Television, representing the most precise radio technique known today, can be materially simplified in other ways. 
The delicate screen-grid r.f. amplifier can best be controlled with the Volume Control CLAROSTAT; the short-
wave detector is more sensible if provided with the Grid Leak CLAROSTAT and the Volume Control CLAROSTAT 
for regeneration control; the resistance-coupled amplifier has a flatter curve if precise and silent resistance as 
provided by the Duplex CLAROSTAT is employed; and the power supply unit is more accurately matched to 
voltage requirements if Power, Standard and Duplex CLAROSTATS are used.  In short, there is a CLAROSTAT 
lor every radio purpose — when better radio is wanted. 

AST( for our literature on the complete line of CLAROSTATS.  Write on  your firm  
.1.̀" letter-head and we shall be pleased to place your name on the mailing list to 

receive our monthly technical bulletin., on better radio practices.  And when you have 
special problems to solve, ask our engineering staff to give you a hand — without 
obligation, to be sure. 

CLAROSTAT MFG. CO., INC. 
Specialists in Variable Resistors 

285-7 North Sixth Street 

CL A 
Brooklyn, N. Y. 

ROSTAT 
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Loud Speaker Filter 

—a New Dongan Product 

Specially designed Choke Coil 
and Condenser Assembly. 

No. E-104 
Loud Speaker Filter, a 
specially designed 
Choke Coil and Con-
denser Assembly.  De-
signed  to  cut  off  at 
5 0 0 0 cycles.  Orders 
filled now —  write or 
wire. 

$3.00 

Filtering out those high notes, which 

merely spoil otherwise good reception, 

the new Dongan Speaker Filter adds 

greatly to the volume of the proper 

tones and at the same time prevents 

overloading of the loud speaker. By 

adding the ingenious Speaker Filter to 

your Receiver you instantly improve 

the quality of the reception. 

Set Manufacturers and Custom Set Builders 
Your problems in regard to any phase of transformer or 
condenser design or operation can be solved quickly in 
our laboratories.  DONGAN APPROVED PARTS include 
all the latest features of the season.  Arrange now for 
deliveries as you require them. 

Send for re-print of 

No. 7568 

Designed for full wave rec-
tification using two UX 281 
or similar rectifier tubes to 
supply B. and C. power to 
receiver and power for two 
UX 250 tubes.  Use  one 
No. 6551 double choke in 
filter circuit. 

$13.50 

interesting article on No. 250 power amplifier unit 

Filter Condensers 
Nine types of Filter Condensers. 
Built in all capacities for use with 
filter circuits and power amplifiers. 
Exceptionally high insulation and 
permanent  stability.  For  either 
gaseous or filament type rectifier 
tube. 

$1.50 to $7.00 
Also By-Pass Condensers and Con-
denser Blocks. 

No. 1177 

A splendid  straight 
power amplifier out-
put transformer de-
signed for use with 
UX 250 P. A. Tube. 
One of several power 
supply  a n d output 
transformers. 

$12.00 

DONGAN ELECTRIC MANUFACTURING COMPANY 
2995-3001 Franklin St., 

DETROIT, MICHIGAN 

TRANSFORMERS oF MERIT for FIFTEEN YEARS 



Dialing assembly, with Bakelite Molded parts.  Pilot Electric Mfg. Co., Brooklyn, N. Y., manufacturer. 

A handsome and compact dialing assembly 
with Bakelite Molded parts 

FOR exposed parts of a radio 
receiver — and particularly 

those parts requiring both attrac-

tive appearance and high insula-

tion value —Bakelite Molded is an 

ideal material. Combined with its 

superior insulation properties are 

lasting beauty of color and finish. 

In the Pilot dialing assembly the 

drums are formed of Bakelite 

Molded in one operation, and the 

thumb wheels in another.  Re-

inforcing ribs and the fine knurled 

edges are formed in the mold. No 

subsequent machining, finishing 

or polishing are required.  The 

parts are accurate and uniform in 
dimension,  providing  complete 

interchangeability. 

Bakelite Engineering 
Service 

Intimate knowledge of thousands 

of varied applications of Bakelite 
Materials combined with eigh-

teen years' experience in the de-
velopment of phenol resinoids for 
industrial uses provides a valu-

able background for the coopera-
tion offered by our engineers and 

research laboratories. 

BAKELITE CORPORATION 
247 Park Avenue, New York, N. Y  Chicago Office: 635 W. 22nd Street 
BAKELITE CORP. Or Ct NADA, LTD.. 163 Dufferin St., Toronto, Ontario, Canada 

THL M ATE RIAL OF 
The registered TY 
manufactured by E 
quantity. It sym! 

LITE , 
A T H OUSAND USES 

ol shown above may be used only on products made from materials 
-r the capital "B" is the numerical sign for infinity. or unlimited 
present and future uses of Bakelite Corporation's products." 


