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The A C Radiotron method of Power Supply has been
overwhelmingly accepted.

At the R. M. A. convention of June, 1927, we showed
the first battery set with this application. Thousands
upon thousands of all kinds of sets have been Power-
ized by our dealers since.

The real big thing that the Light socket has done for
radio is to make available the Super power tube. . .

Our experience and manufacturing facilities make it
unnecessary for you to experiment with built-up units.

Our bulletins 1018 and 1019E will be sent on request.

RADIO RECEPTOR CO., Inc.

106 SEVENTH AVENUE, NEW YO'RK'

LICENSED BY RADIO CORPORATION OF AMERICA AND ASSOCIATED COMPANIES
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Radio. Engineering, February, 1928

HE radio — magic of the
d modern age! Inthe design
and construction of those hidden
parts on which clearness and
beauty of tone depend, Scovill
1s a leader. At Scovill, radio
manufacturers find precision of
workmanship and large volume
production — a combination that
aids them to forge ahead rapidly

in this highly competitive field.

Scovill makes to order, in quantity

condensers, condenser parts,
metal stampings, screw machine
products, switches, decorated metal
radio panels, etc. We work from
your sample, blue print or sugges-
tion. 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

finished products of metal.

Great factories equipped

with the last word in laboratories, and wodern machmery
manned by skilled weorkmen, are at your disposal. ’Phone
the nearest Scovill office.

SCOVILI

MANUFACTURING COMPANY

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

In Europe — The Hague, Holland

Member, Copper and Brass Research Assoclation
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EDITORIAL

RTICLES have appeared in numerous periodicals pur-
porting to provide the final analysis of the existing
conditions in the radio field. No two analyZations
have been alike. Each and every one of the authory

has been influenced by his own pet theory and to such an
extent that relative conditions have been lost sight of.

It is next to impossible for anyone to propound a true
analysis of market conditions. One might as well attempt to
prognosticate the future trend in political warfare.

We have it from an authority that it is disastrous for the
radio set manufacturer to discontinue the merchandising of
battery operated sets. If the manufacturer loses sight of
the large volume of potential business in the farming districts
and direct current territory he is very likely to find himself
out of the picture. The reasons given are comparatively
simple; farming districts are not supplied with alternating
current and therefore battery operated sets must be used;
direct current territory represents in practically every case
a concentrated population, New York City as an example,
where there are over 335,000 direct current consumers, and
such territory represents enormous business opportunities to
the manufacturer of battery operated sets.

These statements so obvious in their logic, are not quite as
inspiring as they ought to be—possibly because the logic is
applied. If the above facts are true why is there a drop-off
in the sale of battery operated sets in practically every dis-
trict of the United States? Why is it that the farmers and
the direct current consumers are not buying battery operated
receivers when they are in the highly advantageous position
of being able to purchase them below the retail price?

Farmers are well known for their conservatism. The poor
farmer, and there are numerous poor ones, must, by neces-
sity invest his meagre earnings to give him the best possible
returns. When he buys a milk churn he expects it to last a
good many years. He is instinctly tight-fisted and views all
articles from the standpoint of their utility value. He will
make his three tube dry-cell set last as long as his milk
churn.

The same psychology cannot be applied to the wealthy
farmer but investigation shows that most rich farming dis-
tricts are supplied with electric power. Since the current
must be carried over considerable distances it is alternating
of character and consequently A.C. receivers are applicable.
The numerous farmers having 32 volt farm lighting plants
represent a large percentage of the total number but the bat-
tery operated set is not as yet practically applicable to a 32
volt system.

Direct current consumers in the metropolitan areas are
being supplied socket power receivers by local manufacturers.
There are three comparatively large set manufacturers within
a radius of fifty miles of New York City who supply 90%
uf the direct current set market. It will require time and
concen.rated effort for other manufacturers to break in on
this businezs to any extent.

Unquestionably there is a market for battery operated sets
but manufacturers should exercise caution and seek to strike
the proper balance of production.

M. L. MUHLEMAN, Editor.
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| Here’s the Simplest Way

To Change DC Receivers to AC

Absolutely no Rewiring Necessary on Standard Sets

The EBY AC Adaptor Harness can be used in practically any standard five or six tube set
eqmpped wtth separate B Battery and C Bias feeders for the last AF stage without changing
the wiring in any way.

EBY AC ADAPTOR HARNESS Cable Has Only Eight Leads

And six of them go to the transformer. It is as easy to hook-up the EBY AC Adaptor Har-
ness as it is to connect the set cable. The whole installation can be made in less than ten
minutes.

Improves Reception without Changing Characteristics of Set

The harness automatically rewires the set for AC tubes without changing its characteristics
in any way. The Eby harness is designed for use with R.C. A. Radiotrons UX 226, UY
227 and UX 171, or UX 112-A or with tubes having exactly the same characteristics.

Present B and C Supplies Can Be Used with
Standard Transformers

The present B and C power supplies can be used whether they are batteries or eliminators.
The harness is designed for use with standard transformers made by Acme, Bremer-Tully,
Jefferson, Karas, Silver-Marshall, Thordarson and other manufacturers.

Complete, Simple Instructions Packed with Each Harness

Our instruction booklet gives complete directions and tells the whole story. Write for it.

EBY AC Adaptor Harness for Five Tube Sets. .$9.00 List
EBY AC Adaptor Harness for Six Tube Sets.$10.00 List

The H. H. EBY MFG. CO,, Inc. _
Py =
/@_ 4710 Stenton Ave. Philadelphia -i-‘_i*
Fl’ﬁ Makers of EBY Binding Posts and Sockets 5713
3

. o
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This Book Contains
Valuable Information For You

E believe that every designer of

radio equipment will want a
copy of “Aluminum for Radio,” just
issued, which describes and illustrates
many of the latest applications of alu-
minum in radio apparatus. Between
the covers of this little book is infor-
mation which cannot fail to interest
you and which may prove of inesti-
mable value to you.

Manufacturers today are using more
and more Alcoa Aluminum because of
the efficiency with which this one metal
meets the widely differing conditions
encountered in radio design.

Aluminum is widely used for shield-
ing, condenser blades, chasses, sub-
panels, loud speaker frames and for
front panels (decorated in a variety of
rare wood grain eftects). Countless
screw machine radio parts of Alcoa
Aluminum are being used. Aluminum
foil is preferred for fixed condensers.

We will be glad to have you consult
us on problems involving the use of
Aluminum in Radio. Call upon us freely
for access to the fund of technical in-
formation that has been accumulated
by our laboratories.

Write us today for your copy of
“Aluminum tor Radio.”

ALUMINUM COMPANY OF AMERICA

2468 Oliver Building

Pittsburgh, Pa.

ALUMINUM

“The mark of Quality in Radio
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AMERTRAN Now Offers

Complete Light-Socket Power
with Fidelity of Reproduction

The AmerTran A BC Hi-Power Box.
List price $95, east of the Rockies,
Rectifying tube extra.

You know aiready the well - earned
reputation of AmerTran parts. Now
investigate these latest achievements,
and by comparison judge their merit,
Certainly you will select them for long
life, and quiet, rellable operation.

No baticries, liquids or chargers.
No attention or adjustment neces-
sary. Uniform, dependable power
from the house current.

will do for the one you have. The ABC Hi-Power Box will deliver smooth

power to plate and filament from the light socket, supplying sufficient voltage
and current for push-pull 210 tubes and all other AC tubes required in a modern
receiver. There is no fussing — no weak reception due to run.down batteries. This
complete unit contains AmerTran-designed equipment, with a power transformer hav-
ing separate windings to provide AC filament current at 74 volts for two 210 power
tubes, a similar winding for the 281 rectifying tube, a third winding at 2} volts
—providing heater current for three or four UY-227 AC tubes, and a fourth wind-
ing providing current at 14 volts for four or five UX-226 raw AC tubes. These
capacities are ample for practically every set, with a generous margin of safety.

The Hi-Power Box may be placed in the base of a console or under a table
away from the set. With its black finish, nickel trimming and hinged cover it will
be suitable anywhere.

With either an AC power supply system or batteries, you'll find the fidelity
of reproduction brought by the AmerTran Push-Pull Power Amplifier actually
limited only by the perfection of the speaker. Operated from the AmerTran ABC
Hi-Power Box, the input to the speaker is free from distortion and objectionable
AC hum. The energy output is increased especially at the lower musical frequencies,
bringing greater clarity at high or low volume. The amplifier connects to the detector
of the receiver and may be entirely AC operated. It is furnished with cable and plug
to connect directly with the Hi-Power Box. One of the important parts of this am-
plifier is the well-known AmerTran DeLuxe audio transformer.

These two companion units are designed to work together, and when used with
a good tuner and speaker will reproduce without exaggeration a philharmonic orch-
estra or pipe organ as though actuaily present.

BEFORE you think of another set, think what these new AmerTran products

See these new AmerTran products
on demonstration at any store dis-
playing the sign "Authorized Amer-
Tran Dealer” or, if you cannot obtain
them, write direct to this Company.

‘The AmerTran Push-Pull Power Am-
plifier. List price $60, east of the Rock-
ies. Tubes extra.

A new standard of quality in Audio
Amplification. The tone you have
alwavs wanted. Connects to the
detector of any good receiver.

Both wired units are licensed
under patents owned or con-
trolled by RCA and must be
sold complete with tubes.

AMERICAN TRANSFORMER CO.

Emmet Street z 8 g 2 Newark, N. J.
“Transformer Builders for Owver 27 Years”
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DISTANCE
lends
ENCHANTMENT

When you buy or build a radio set make
sure that it has Copper Shielding. Where
long distance reception is desired Copper
Shielding is essential. It is a refinement
to your set that will enable you to hear
the programs of distant stations much
more clearly.

Copper Shielded sets give:
BETTER RECEPTION

FINER SELECTIVITY
IMPROVED TONE QUALITY

By virtue of its easy working qualities and
its high conductivity Copper Shielding
is a decided improvement to any set.

COPPER & BRASS

RESEARCH ASSOCIATION
25 Broadway, New York

T
Write for your copy of this
book. There is no cost nor
obligation on your part.
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“Vog! Flux control
5 important”

tives. "The failure of a manufacturer 10 recognize the
necessity for adequate flux conerol s onsly atfects both
production cost and the quality of us soldered produces.

As we passed thru your stock room this morning I noted the
raw fluxing materials for Dept. E, likewise the haphazard method
of mixing them. 1 was not favorably impressed. Remember, all
rosins do not fulfill the requirements for a flux, neither will in-
discriminate purchase of solvents prove practical. A good flux
must be compounded or mixed in a scientthc manner. Further-
more, due consideration must be given to the demands made upon
it, such as: oxide solvent capacity, speed at solvency, corrosive-
ness, conductivity, color and volume of the residuals.

In Dept. E we observed the open flux pots——some contained a
flux hig?\ly concentrated by evaporation of the solvent—others
an extremely diluted solution. he result of this condition was
apparent—one Operator would secure too much flux—another an
insufficiency, this necessitating the second or third application.
Appearance of the product, labor cust and quality afl suffered.

The only necessity for the assemhly method now utilized in
Dept. E is because vour desigming or engineering department
failed to provide means far securing connections mechanically.
Yes; parts costs might be semew hiat higher but labor for solder-
ing is now five an six times in gucess of such small additional
increase. Secured connections will make it possible to enjoy the
fullest benefits of flux control-—the attendant reduction of labor
soldering costs and improvement of quality, thru the use of
KESTER ROSIN COI-’.E WIRE SOLDER. Follow me closely
while | enumerate the present rivtine for one sol dered connection.
Operator places component parts of assembly in relative position
for soldering—reaches for flux applicator (brush or swab)—dips
same in flux pot—applies a varying amount of flux to the coii-
nection—returns flux applicator 10 pot—supports abutted un-
secured part in positive sition with left hand—picks up solder-
ing iron with right hand—reaches and secures varying amount of
solder on iron point from bar or spool—a plies to the connection
with the iron—lays down iron—waits For solder to solidify—
removes finished assembly preparatory to the placement of the
next assembly. Gentlemen, there is lost motion there. If proper
arrangement for this assembly were made the operator would
never lay down solder or iron all day long, nor would there
be delays for solder solidification or flux application.

REPL!ED the consulzing engincer to the assembled execu-

You complain that parts assembled in Depe ] give considerable
trouble. My survey of conditions discloses the following facts:
A corrosive and conductive chloride paste (Iabeled non-corrosive)
is as a fluxing agent, Present day pressure for increased pro-
duction has increased many times the already hazardous oper-
ation of flux application by the operator. Corrosion and leakage
are both affecting your parts. !E-y KESTER CORED WIRE
SOLDER cored with some of their more active fluxes—your
operators can then practice flux control and while so doing,
increase production.

I feel sure that by some serious thought and an analysis of the
situation vou will appreciate the importance of flux control on
electrical devices of soldered construction. Also you will more
fully grasp the 'possibili(ies of cored solder for accomplishing
this important factor. Any questions gentlemen?” If so, write
P. C. Ripley, Research Engineer, Chicago Solder Co.

*Facts on Soldering”
an interesting booklet,
sent upon request

¥ i \' Chicago Solder Co.
| pspecinLe I 4224 Wrightwood Ave.
1 | CHICAGO, U.S.A.

Originators and World’s
Largest Manufacturers of
elf-Fluxing Solder

KESTER

Rosin-Core

SOLDER
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Cut Production Costs
With Shakeproof

The two hands tell the

story.

Tangled washers—useless
delay — Useless cost

slowed up work—why not
“X" them out?

Shakeproof Lock Washers
are tangle proof, abso-
lutely. Now cutting pro-
duction costs in some of
the best radio and electri-
cal goods factories in the
country.

Note the different types—
and then—

Send for Shop Test Shipment

Just tell us dimensions of work on which test will be made to prove it is tangle-proof,
shake-proof, a positive lock, giving clearer work with lighter weight. The countersunk
is the only lock washer that will lock flat and oval head screws.

Type 20064 Type 20061 Type 2008

Type 11 Type 12
External Internal

SHAKEPROOF
Lock Washer Company

Division Illinois Tool Works

2511 North Keeler Avenue, Chicago, Illinois
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| -
j; Embossed
7 : Etched
(AN = or Combination
&'5.. == — Supreme in Radio Etchings and
o~ . Embossings
ew finishes—new designs—enlarged We are prepared to co-operate with
facilities for 1928! Dies made in your engineers or production manager
our own modernly equipped die depart- in devising escutcheons, panels, dials,
ment, by a stafl of expert die makers, drums and scales, best fitted to your
engaged exclusively on Crowe products. assembly. Write for appointment with
Prompt, dependable deliveries. our sales engineer.

CrowE NaMmEe PraTe & ManuracTuring Co., -~ 1749 GracE StrREET, CHICAGO
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PRINCIPLES of RADIO COMMUNICATION

(Second Edition)
Completely Revised and Up to Date by RADIO

JOHN H. MORECROFT FREQUENCY

Professor of Electrical Engineering, Columbia University |
Past President Institute of Radio Engineers MEASUREMENTS

assisted by
A. PINTO
Electrical Engineer, Otis Elevator Co.
and

W. A. CURRY

Assistant Professor of Electrical Engineering, Columbia
University

MOULLIN

Saves Hours of Calculation

RADIO FREQUENCY MEASUREMENTS
b

y
Practically a New E. B. MOULLIN, M. A, A. M. L. E. E. For use while measure-
Book—including all 1t contains formulae for measurements that the experimentor in the ments are in progress.
aew developments past had 1o derive for himself. Theories are made practical by ex- This book shows how the
but retaining the amples. Practically every measurement is illustrated by an example. latest discoveries in R.F.
good features of the ‘I'here are copious instructions about the manipulation of apparatus. measurements are oracti-

old. The use of the vacuum tube voltmeter is described. cally applied.

[t

LIUHBIDT

Let Radio Engineering Assist When You Are Adding
to Your Technical Library

See offer at foot of this advertisement

ENGINEERING WORKS 1
by E. B. Moullin, M.A,, AMIEE. $10.00

RADIO FREQUENCY MEASUREMENTS...ccvuiutiinrnrocns coecononnes
THERMIONIC VACUUM TUBE. ... oiiiiiiiiiiieiaiiiin e by H. J. Van der Biji, M.A., Ph.D. 5.00
*MaNUAL OF Rapio TELEGRAPHY AND TELEPHONY................. ke awilh by Admiral S. S. Robison  5.50
ExXPERIMENTAL ELECTRICAL ENGINEERING. ... .v0vieeens  teennioenonaeeinnes { by FPladimir Karapetoff 5.00

(and Manual for Electrical Testing) | Prof. EE., Cornell Univ.
.............. by Joseph G. Coffin, B.S., Ph.D. 250

by Irving B. Crandall  5.00
Bell Telephone Labs.

VECTOR ANALESIS: - bsahbsnind 5o { emed vwws o @i snpes
THEORY OF VIBRATING SYSTEMS AND SOUNDS. . vt iiintiitiiiantiesoanactssanans

by Prof. J. H. Morecroft 7.50

PRINCIPLES OF RADIO COMMUNICATION . o ..vtvvannnucecosnaneenosannnseooannns
GENERAL PUBLICATIONS

PRINCIPLES OF MODERN RADIO RECEIVING. ..ovvivirinins crrieiianiaeaninnns by L. Grant Ilector, Ph.D. 5.00

PracTicaL RApio CONSTRUCTION AND REPAIRING.. ... ..iiiiiiiiiininaniereronnns by Moyer & Wostrel 2.00

ELEMENTS OF RADIO TELEPHONY .« o0 tiitieireininnnarcenerouecassssnnnsns by W.C. Ballard, Jr, M.E. 150

WIRELESS PICTURES AND TELEVISION......ciovverrrnsceessnnnnnssarannecconnsnee by T. Thorne Baker 2.50

* Robison’s Manual is the standard radio text book of the U. S. Navy.

Note.—Radio Enginecring will be glad to give information concerning the above works and other
radio and engineering books, in which subscribers may be interested.

Note: Your subscription, or the renewal or
extension of your subscription saves $1.00
toward the purchase price of any of the above
publications.

Just add $1.00 to the price listed opposite
the book desired. Send check or Money Order
to Rapio ENGINEERING, 52 Vanderbilt Ave,
New York City, and you will receive a full
year’s subscription to RADI0 ENGINEERING and
the book (postpaid) by return mail.
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THOMAS & SKINNER STEEL PRODUCTS COMPANY

1100-1120 East Twenty-third Street, Indianapolis, Indiana

Permanent Magnets

For over 25 years our

TRADE

MARK

has been an outstanding guarantee of

Reliability— Quality— Service

The Qualities of Permanent Magnets

The design of a machine or instrument in which per-
matuent magnets are used is based upon some known or
assumed qualities of the magnets to be used, and good

des:gn requires that the magnet,
in its design, be adapted to the
use to be made of it and the
conditions under which it is to
operate.  When this has been
done, it is necessary that the
magnets be uniform in quality,
otherwise the finished product
will vary in quality, accuracy or
efficiency by the same ainounts
as the magnets do.

Generally speaking. there are
two things which measure the
quality of a permanent magnet
—usually called the magnetic
qualities. They are: (1) The
residual induction or residual
magnetic flux. (2) The reten-
tivity or coercive force.

The best permanent magnet is
the one in which both these
qualities are at the maximum
value obtainable, and it requires
long experience in the selection
of steel and the utmost care and
skill in the treatment of it to
produce permanent magnets
which are uniformly high in both
residual induction and retentivity.

Why Thomas & Skinner
Products Excel

The accumulated experience of
over 25 years in the perfecting
of processes for the manufacture
of permanent magnets is the
basis for the generally accepted
fact that Thomas & Skinner

Types of Permanent Magnets Manufactured by
Thomas & Skinner Steel Produets Co.

products are representative of the best that can be made. . grade tools accurately

Every magnet hears our trade mark, which is a guarantee
that it has been carefully and honestly made and tested.

production.

Any inferior magnet of our manufacture sent to us will

be replaced by a good one without cost.

S

New Plant of the Thomas & Skinner Steel Products Co.

Permanent Magnets for Radio Use

We manutacture a complete line of high grade permanent
maguets to tieet the particular needs of the radio industry
These include magnets for Loud Speakers, Speaker Units,

Head Phones, Rectifiers or Mag-
netic Chargers and certain typcs
of Recording and Iudicating
Meters.

Our engineering department is
fully equipped for testing magnet
steel, permanent magnets and
instruments. It will be to your
advantage to send us your speci-
fications and requirements amd
let us quote you.

On request we will send you
a copy of a booklet “Permanent
Magnets” —an interesting, in-
formative and authoritative
treatise by John \Walter Ester-
line, formerly chairman of the
Commiittee on Magnetic Testmg
of the American Society for
Testing Materials.

Metal Stampings

We are equipped with Wright
Dieing Machines and punch
presses giving us a large capacity
for blanking Transformer lami-
nations from Silicon steel as
well as blanking and stamping
other metals for various pur-
poses.

Tools and Dies

We have a well equipped Tooi
Shop manned by expert tool mak-
ers. We not only make all ot
our own but make tools and dies
for others who require high

made which will give maximum

A trial will convince you.

Increased facilities, new and improved machinery and a brick, steel and concrete
building go far toward insuring you a prompt and unfailing source of supply.
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AN ANNOUNCEMENT

Introducing a Line of Filter and By-Pass
Condensers of Unimpeachable Quality

OR thirty five years, Automatic Electric Inc., one of the largest

manufacturers of communication equipment in the world, has been

producing fixed condensers to meet the rigid specifications of large
telephone companies. Thousands of these condensers, installed twenty
or more years ago in connection with telephone exchange equipment
where they are subjected continually to high voltages, are still giving
satisfactory service.

The long life of the condensers produced by Automatic Electric Inc.
is due to special and exclusive processes of fabrication which render
them particularly fitted for the high voltages and other conditions
peculiar to radio power devices.

To meet the growing demands of the radio business for better filter
and by-pass condensers, arrangements have been made with Automatic
Electric Inc. to supply condensers of the finest quality, both as to
material and construction, to the radio trade and to manufacturers of
radio apparatus. The company’s condenser department has been
enlarged and production increased to take care of these growing
requirements.

The engineering and manufacturing organizations of Automatic Electric
Inc. are devoted solely to the design and production of communication
apparatus of the very highest quality. Its immense resources and its
engineering personnel, under the leadership of electrical experts of
world-wide reputation, guarantee a product beyond reproach. The
company has placed its engineering and research facilities at the disposal
of all interested parties, and assistance will gladly be given in designing
condensers to meet particular specifications or for adaptation to parti-
cular products. Address all communications to:

s s L

CHICAGO, U. S. A.
REPRESENTING

— :‘TEOWG_E&'ITTO_MEQ:' —

T RTINS T T I DN

N DT 00U iaauinoaougroopiieappurinin A |

(1] [ 1 ) Avtomati Efegtric inc.

—H
—H
—H
—H
—H
—H
L—

CONDENSERS
']

W

7

www americanradiohistorv com


www.americanradiohistory.com

Radio Engineering, February, 1928 Page 15

a Radio Panel Material
that will really Puncl/

MICARTA 1s tough. It will take the
punch with never a chip or crack around
—and clean the holes. Use it for sub-panels, terminal

strips, tube panels, or any other part requiring
high insulating qualities and great strength.

The above radio parts illustrate a few of the

innumerable sizes and shapes that can be

punched from Micarta plate at a single stroke.

Micarta radio parts for volume production,
M lc ARTA punched and decorated to your specifications,
—_———aRa=S= can be obtained from—

=t

—easily
—quickly

the Micarta Fabricators, Inc.
Permanent 309 Canal St. 500 South Peoria St.
New York, N. Y. Chicago, Il
Panel

Westinghouse Electric & Manufacturing Company

Matenal T East Pittsburgh Pennsylvania
Sales Offices In All Principal Cities of

the United sr tes and Foreign Countrics

Wesunghousg
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Scientifically
Engineered

CeCo is the scientifically engineered tube, the
laboratory tested tube, the tube endorsed by¥radio
authoritieés including Browning, Lynch, Cockaday,
Harkness, Hurd, Best, Bernard, Henney, Millen,
and others.

Select the types of CeCo tubes best suited for your
recerver.

There’s a type for every need:

General Purpose Tubes
Special Purpose Tubes
Filament Type Rectifiers
Power Tubes

and A. C. TUBES

Order From Your Dealer
This Special Combination of
Ceco Radio Tubes
for Maximum Efhiciency in the
New “ImprovED ARristockat’ Cir-
cuit, as Specified by the Designer,
Arthur H. Lynch.

1 ’Il;ypf_ “K” Spec. Complete
. ) - F. 13.
Vlf’;.xle for Dalq .Slxeel 1 Type “H” Spec. $13.00
giving characteristics of Det.
all CeCo Tubes. 2 Type “G” Hi-Mu

1 Type “F” Power
112)

C. E. MFG. CO., Inc., Providence; R. L, U. S. A.

Largest Exclusive Tube Manufacturers in the World

Chart showing longer life
and steadier performance
of CeCo Tubes.
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The Problem of the Battery Set

Observations on Series and Parallel Filament Connections for the
Operation of Receivers from A. C.

By Victor Greiff *

PART I

HE writer realizes that in ad-
dressing the readers of Rabio
ENGINEERING, he faces a varied,
highly informed circle of
readers, and is subject to direct com-
parison with some of the foremost
technical authorities and most schol-
arly analysts in the profession, but
begs immunity from much possible
criticism on the ground that he meraly
submits observations and experience,
without any claim to fundamental
scientific accomplishment, or naovelty

A Condition

No one will contradict me when I say
that the whole radio industry today
1s confronted by an unprecedented con-
dition of a radical change having come
about almost instantaneously by the
release of the new tubes and their
almost universal adoption.

Close upon this, well known quantity
producers have sprung the surprise of
sets for these tubes at prices but little
above the price of their battery models
three months ago. As most of us know,
the intrinsic values in a power plant
are large compared to the set, perhaps
greater if good audio transformers and
a case are not included in the latter.
So it seems that we face a real con-
-dition of trade disturbance—to put it
mildly.

At the same time, the industry offers
the consumer marvelous power ampli-
fying sets, (I use this term for those
having a 210 or equal in the last
stage) at prices not so high compared
to the values included, and the writer
-does not doubt for a moment that this
«de luxe business will go right on with
the irresistible sweep of prosperity and
progress,

Can our optimism, however, extend
s0 far as to include the expectation
that the millions of present owners of
-sets will straightway scrap them and
‘buy the new electric sets?

Again the answer is probably to bhe
found in psychology and sense rather
than in engineering formulae :—the set
owner, unless he is of the class that
«can afford to give away his old set—
will usually spend more on auxiliaries

" Chief Engineer, Radio Receptor Co.,
Ine.

and improvements than the set cost
and many times more than its worth—
just like the Ford owner and the multi-
tuide of attachments; an example of
thiz is to be found in the immense
aale of electrolytic and trickle devices
solil at high prices as “Socket Powers,”
whatever that term may mean.

Summing up the situation, it seems
to me that the important question for
every man in the radio industry today
is—“What shall I do?’—coming from
the owner of every battery set.

Of course, the holders of battery sets
in the trade are most interested, in
order to move their merchandise.

'The designer of new sets for pro-
duction will find little new in what
the writer has to say—he knows the
facts and generally agrees with the
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(according to terminology approved by
the “Better Business Bureau”) are
about parallel with the manufactured
types of this class of set.

The writer was an early advocate
of the rectified current series string
set using 201-A’s, and at that time the
rectifying unit was the best of its kind.

Rectifying Filament Supply

Rectification was accomplished by
two two-ampere tungars. As these were
only called upon for a trifle over %
ampere—together—they were in no
danger from overload. However, a
little difficulty was sometimes ex-
perienced in getting them to operate at
the high output voltage of 120 volts.
A contributory cause of this is found
in the fact that in these circuits the
valve on the reverse half wave has the

IS WU 2

~FIG.{-

Disturbing effects

in a 112 type tube, A.C. operated.

A is the thermal

effect and B the potential effect.

conclusions, judging from the designs
of sets being released on every side.

1t may be possible to destroy all the
value of existing battery sets—just
discourage the owners to the point of
junking them—or “trading them in”
for a mythical “allowance” amounting
to a price cut on the new set, but I
can see here a marvelous cpportunity
for all the radio service arganizations,
“Community Het Kullder="—*Radio
Doctors,” and all those who are de-
pended upon by their friends for guid-
ance,

It is up to every technically in-
formed radio man to answer this SOS,
which may well be interpreted “Save
Our Sets,” whence the importance of
this discussion of ways and means.

Possible Methods of Conversion

The wmethods of converting a battery
set to an “Electric All Electric” set

WwWWW americancadiohistorvy com

double peak voltage impressed across
it, and some of these hulbs arced and
flashed under this condition. Recently,
an experienced service man showed me
that sueh bulbs could be cured by
“seasoning” a few minutes without
Dlate voltage—perhaps some loose ma-
terial in the wrong place is distilled
off.

The filter required for this rectifier
was very heavy—a choke weighing five
or six pounds, and about sixty micro-
farads capacity.

While some systems claim to accom-
plish results with a fraction of this
filtering, it is noted that systems filter-
ing filament current almost all involve
liquid condensers, sometimes frankly,
or covertly as *“colloid” or paste, or
semi-dry “units.” Sometimes these
units have been found to operate the
set tubes for some hours after being
entirely disconnected from the line, the
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rectifier and the transformers, thus re-
vealing their chemical nature.

Such flagrant offenses against engi-
neering codes are cited merely as an
indication of the difficulty of filtering
fllament current. Most of these devices
intended for popular use as “A”-
elminators, attempted to furnish cur-
rent for multiple operation of the
tubes, but conservative engineering has
generally avoided this method with
great care.

It will be well at this stage to
consider some of the fundamentals of
filtering, so perhaps to gauge the prob-
lems involved.

plied electrics, and practically amount
to the complete loss of the permeabil-
ity of the iron—the choke must be
designed with a certain volume of air
gap, turns enough to energize it, and
massive core to hold the winding, dis-
tribute the flux over the air gap, and
itself remain a negligible factor,
threatened by saturation, and working
at low permeability.

Series filament circuits are more
promising, filtering one-quarter ampere
at say thirty volts is not impossible,
the writer's experience was with fila-
ment plus Dplate current, about 300
mils, filtered at 120 volts, and the ar-
rangement described gave excellent
filtering. In series systems filtering
must be unusually good—it must be

TEMPERATURE
-FI1G.2-

The effect of the emission char-
acteristic upon fluctuation.

Roughly speaking—the condensers of
a filter system must store up a charge
at or near each “peak” of the A. C.
which is given up during the time when
the voltage applied through the recti-
fler is below a certain level.

This time of discharge does not vary
widely—for full wave rectification, it
is, of course, somewhat less than a
half cycle.

It will appear from this that (since
the time element {is substantially
fixed), the amount of current we can
draw depends on the capacity, and the
permissible fluctuation in volts. Of
course, the latter is a matter of
much discussion, but obviously the
higher the filtering voltage, the higher
the permissible fluctuation. If all
other things are constant, and the same
percentage of fluctuation held, it will
require one thirtieth more of the
capacity to filter at 180 volts than it
does at 6 volts.

If now we top this by asking for
two amperes instead of fifty mils, we
again increase our problem forty times,
or the problem of parallel “A” supply
is perhaps 1200 times as difficult as
the ordinary “B” eliminator.

Furthermore, we run into the inter-
esting but expensive phenomena of
choke core saturation, which end up in
calculations of air gaps which are
well known in other branches of ap-

r bered that any fluctuation is im-
mediately imposed on all audio grids,
including the detector, as there is more
or less grid to filamnent potential, gen-
erated by filament drops, and, of
course, fluctuating with them, and this
is then given all the amplification of
the set.

The outstanding successful rectify-
ing job has been the Radiola 28, A.C.
operated. This is a seriesx string of
199’s, and while a dozen microfarads
are ample to give ordinary good filtra-
tion at 400 volts, yet it seemed neces-
sary to the designers to use an addi-
tional condenser pack across the
various filaments to hold down these
grid fluctuations, which would be
amplified into the output. This con-
denser pack which the writer advised
continuing with the new power pack
designed for this set, totals thirty-two
mfds, in addition to the filter con-
densers.

This being the case for a string circuit
drawing .060 amps, the writer admits
cowardice in facing the commercial
problems indicated by the above simple
calculations, when the current is in-
creased four or five times.

This leads to an investigation of the
properties and operation of A.C. tubes,
and of this many of my readers are at
least as well informed as 1.

A. C. Tubes

About two years ago, it was an-
nounced and demonstrated that by
carefully controlling filament, plate and
grid bias, the 112 tube could be satis-
factorily operated on “raw” A.C. in all
positions in a 35-tube neutrodyne, ex-
cept the detector.

This tube was the 5-volt, 1/2 ampere
type, and not previously considered
suitable for A.C. operation.

While this practice is no longer fol-
lowed, we are indebted to its sponsor
(Miessner) for the first published
analysis of the factors underlying A.C.
tube operation.

Briefly, there are two causes for dis-
turbance when a tube is operated on
alternating current. First the cyclic
variation of plate current due to the
fluctuation of fllament temperature and
therefore emission, and second, an
electronic effect due to the difference
of potential between the ends of the
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filament. Both these effects are of
double frequency in effect, and it was
shown that they tend to oppose each
other, and by adjusting values prop-
erly, they were made to practically
neutralize. As it developed in practice,
a little “juggling” was required to keep
these effects in equilibrium, and the
obvious solution seemed to be to reduce
both of them substantially, and make
adjustments unnecessary.

A learned research expert present
at the time said that since the heat
effect was quadratic, and the other ef-
fect of the first power, theoretically
they could never completely neutral-
ize, but this is rather splitting hairs.

The shape of the curves is shown in
Fig. 1. It seemed clear to the practical
minded that if these effects were both
reduced substantially, the A.C. tube
would be with us.

Taking first the effect of rise and
fall of potential across the ends of the
filament—all other things equal—this
can be reduced directly by operating
the filament at the lowest possible
voltage. A little reflection reminds us
that all we are trying to accomplish
is to heat a piece of metal and the
lower the voltage and heavier the cur-
rent, the simpler and more rugged can
this be. The limit is theoretically to
be found in the wiring losses, and
would probably be troublesome if we
attempted to draw many amperes at
less than a volt. So one volt has been
the low limit of A.C. filament potential
in practice up to date, and the 228 is
rated at 1.5 volts, drawing about 1
ampere.

Roughly, therefore, the possibility of
disturbance from potential is reduced
to about one quarter, in these new
tubes, as compared to the 112. There
are other conditions entering, which
make this reduction still more marked,
and in fact this tends to become a
vanishing quantity.

226 I .
I E
|
IAel é 15 V.
|_¥_...$ AC.
-FIG. 3-

Grid return potentiometer may be
used to give known disturbance.

Considering now the effect of fila-
ment temperature fluctuation, this is
reduced by

(a) The cross section of the fila-
ment, i.e., its heat capacity, compared
to its eooling surface.

(b) The emitting characteristic of
the filament—if the variation of emis-
sion with temperature (filament cur-
rent) is practieally nil for a consider-
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able percentage variation, (tested
under continuous current condition,
let us say) (See Fig. 2, B), then a
given amount of cooling between
cycles will have comparatively little
effect upon the uniformity of the plate
current.

(c) The actual temperature of the
filament is not to be overlooked, as the
rate of loss of heat is probably mostly
by radiation, which follows a fourth
power law, which like compound inter-
est, runs up fast.

Summing up, we find that the thick
coated filament of the 226 which de-
velops almost full emission at two-
thirds the rated voltage, and operates
at the lowest temperature of any
emitter yet produced, is admirably
suited for A.C. operation.

The very minute filament fiuctua-
tions supposed to be present, probably
are balanced by the potential effect, as
in the case of the 112, above described
but they are both so minute as to be
difficult of demonstration in a two
stage amplifier with a 210 in the out-
put stage. If, however, the plate volt-
age and grid bias are varied over very
wide limits, (far out of the useful
operating range of the tube) a hum
can be produced, indicating that under
working conditions the same important
phenomena noted by Miessner in the
112 are working in our favor here, to
eliminate even the last theoretical
traces of fluctuation in the output, in
fact the components themselves are
negligible.

The tolerance of the ear to 60 cycle
hum, measured in volts on the grid of
a tube, may be readily tested by means
of a circuit containing potentiometers
for grid returns. See Fig. 3.

In this way a displacement of 10%
from the neutral i. e., 0.15 volt R.M.S,,
A.C. on the grid of the first audio

stage, entirely destroys the quietness
of an amplifier with a 210 last stage
and a good responsive loudspeaker.

It is difficult to say exactly whut this
would represent calculated back to the
detector grid, but with a four to one
transformer ratio and the usual low
detector plate current favoring low fre-
quency amplification, it is likely that
something at least of the order of 10
would be realized in voltage amplifica-
tion. or we may roughly estimate .015
volt as the extreme tolerance limit for
detector grid disturbance.

If we obtain anything like theoretical
amplitication from one transformer
and tube, the voltage gain should be
Tx4=28, which would give a still lower
tolerance, about .006 volt.

Whichever of these values is the
timit, the 226 is not recommended as a
detector, though it has been found ex-
cellent as a first detector in superhet-
erodyne circuits.

If, for example, a 199 were used as
detector on rectitied A.C. as mentioned
above, at 3.3 volts filament, it may be
considered that if the filament voltage
fluctuates, half of this Huctuation
takes place between the grid and the
filament, as the grid returns to one
end of it.

Using the largest tolerance, and com-
paring it with half the filament volt-
age (.015+1.66==1% about) it is seen
that a one per cent. voltage fluctuation
would spoil results even though tem-
perature, emission, ete., did not pulsate,
which is far from the case, and the
detector problem is by far the most
difficult one in the field of fllament
energy supply.

The answer of course, has been to
“unscramble” heater and emitter, in
the so called heater type tubes, and
while these were at first considered a
great problem, improvements in cera-
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mics for the insulator, metallurgy for
the varfous parts, and emitting
materials for the cathode coating, have
made these tubes remarkable in per-
formance. A glance at the low work-
ing heat of a coated fllament, e.g., the
280 full wave rectifier, inclines one
to believe that it should be no trick
at all to heat a bit of foil to that tem-
perature and so it seems to be, as these
tubes are now produced in quantity
with excellent results.

The heater type tube proves excellent
as a detector, the others, using A.C. in
the filaments are very similar to
201-A’s, though of noticeably greater
energy output. and operate excellently
in all other positions of all sorts of
circuits, and the basis seems to be laid
for consistent and continuous progress
in rendering almost all sets *“electric
all-electric” in this fashion, and with
the experience of the set manu-
facturers to learn from, though power-
izing units for existing sets were
actually ready and offered before any
of the corresponding crop of A.C. sets
was announced.

These A.C. tubes are neither of them
of the output capacity which we have
learned to demand of the last tube of
the set. In this position we choose to
use the 210 whenever possible, as its
low plate impedance makes it a great
conserver of low frequencies. The 171
is almost universally used in the
lower-priced outfits, due to the addi-
tional cost, principally of plate supply
and filter and also of the larger tube.

Of course, the 210, with 1.25 amps
in its heavy filament is eminently
suited for A.C. operation, particularly
in the last stage.

(The next instalment will tell of cir-
cuits, circuit changes, methods, and
cxperience of applying A.C. tubes to
cxisting sets.)

A New Development in Television

Simplified Equipment Adaptable to the Home

T three different points in the
city of Schenectady groups of
engineers. scientists and news-
paper men standing before the

first “home television sets” ever to be
demonstrated, saw the moving images
and heard the voices of a man and a
woman transmitted from the research
laboratories of the General Electric
Company several miles away.

So lifelike were the lights and
shadows reproduced from the research
studios that the curl of smoke from
a cigarette and the flash of an eye
were transmitted by radio just as a
picture unfolds on a screen.

The first home television set is of
very simple construction, not unlike
the familiar phonograph cabinet in
size and exterior appearance. It was
developed by Dr. E. F. W. Alexander-
son, consulting engineer of the Radio

Corporation of America and the Gen-
eral Electric Company and his assist-
ants in the laboratory.

In this instance the transmission of
the moving object was made on 37.8
meters wavelength while the voice was
simultaneously sent through the air
on 379.5 mecers, the normal wave-
length of WGY. The receiver which
Dr. Alexanderson used differs from the
ordinary short wave receiver in that it
converts the electro-magnetic wave into
light instead of sound and the light
becomes an image corresponding in
movement to the action of the artist at
the transmitting end.

Elements of Television Receiver

The elements of the television home
receiver are a light source, the scan-
ning device and the synchronizing
system. The signal, or electro-mag-
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netic wave from the television trans-
mitter, is received in equipment de-
signed to receive modulations as high
as 40,000 cycles. The amplifier fis
substantially the same as the usual
form of A.F. power unit. The receiving
system differs from a modern loud
speaker system in that a neon gas
filled lamp is substituted for the loud-
speaker. The amplified current is de-
livered to this lamp, known as the
Moore lamp, which responds to the
intensities of the current and gives
fluctuations of the light intensity.
The scanning disc is 24 inches in
diameter with 48 small holes, each hole
35 mils in diameter and arranged in a
spiral so that each of the 48 holes
will pass each other and trace suc-
cessive lines of the picture, completing
or literally painting a picture in one
revolution. In other words, if the disc
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were revolved very slowly a ray of
light through successive holes would
trace over the entire object. The disc
is revolved by a standard motor,
simiiar to those used in household
devices such as the washing machine
or vacuum cleaner. The revolutions
occur at a speed of 18 per second,
slightly faster than a film passes
through a motion picture camera. An
observer, looking at this revolving dise
as the light from the Moore lamp
shines through these small holes,
would see the image heing sent by
radio but this picture would he but 1%
inches =quare.

Magnifying lenses enlarge the pic-
ture twice so that it is 3 inches
square in the aperature in the front
of the receiver cabinet.

Synechronization of the scanning disc
of the receiver with the secanning disc
of the transmitter is obtained by a
manually operated control, a push but-
ton held in the hand. which alters the
speed of the motor revolving the scan-
ning dise. By means of this button.
of the bell ringing type, the picture
may be held in the field of vision with
a little practice, as natnrally after a
time as driving an automobile or steer-
ing a bicycle.

The reproduced picture or object has
a pink color. which is characteristic of
the neon gas used in the Moore lamp.
D. MeclFarlan Moore, inventor of the
lamp and an engineer at the Edison
Lamp Works of the General Electric
Compuny, found in early work that
this gas was most etlicient and most
sensitive for reproducing a light which
will go on and off in a millionth part
of a second.

Dr. E. F. W.
Alexander.
son seated in
front of his
newly developed
television re.
ceiver. The
three.inch plc-
ture screen |s
seen near the top
of the cabinet.
Dr. Alexander-
son is holding
the push button
which is used
for maintaining
the proper
speed of the re.
volving ‘“scan.
ning disc.”

The Television Transmitter

The transmission system is of the
type using a dise with spiral holes, a
duplicate of the dise in the receiver.
A spot of light is projected on the
object through the moving dise and
the retlection of this light is inter-
cepted by photo-electric cells, which
convert the light to electric waves,
ready for the short wave transmitter.

A view of the
‘television trans-
mitter, showing
the motlion pic-
ture arc lamp,
the revolving
“scanning disc”’
and the attend-
ent equipment.
The photo-elec-
tric cells are
open to view on
the side of the
metal box fac-
ing the young
woman. he
light rays pass
through the
square opening
In the box.
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Development of Transmitter and
Receiver

Remarking on the television equip-
ment developed by him, Dr. Alexander-
son said, “television receivers may be
worked out in a variety of ways ae-
cording to well-known principles. The
first choice to be made was to select
the source of light. This choice was
soon narrowed down to two alterna-
tives. The light control developed by
PI'rofessor Karolus of Leipsig and the
Neon lamp developed by D. McFarlan
Moore of the Edison Lamp Works of
the General Electric Company. Tests
of these two sources of light for tele-
vision soon convinced us that each
has its own distinct field of usefulness.
When a large volume of light is needed
for projection on a screen the Karolus
system is preferable. The work on
television which I described in a paper
last year was built around the idea of
using the Karolus light control for
projecting television images on a large
screen.

The other light source available for
relevision was the lamp invented by
Mr. Moore. who proposed this lamp for
television in a paper as early as 1906
but it was not until 1913 that he re-
ceived a quantity of neon from Sir
William Ransey which enabled him
to construet a practical lamp. While
1he Neon lamp does not compare with
the Karolus light in brillinney it is
more sensitive and easier to operate.
The distinet fields of usefulness of
these two systems thus hecome evi-
dent,—The Karolns light for the large
television projector and the Moore
light for the home receiver.

Most experiments with television in
Jurope, as well as America, have used
the Moore lamp. Mr. Moore has de-
veloped one television lamp which
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gives a uniform glow over a flat plate
and another which gives a concentrated
light in a cavity in the electrode. An
enlarged and improved lamp of the
first type was one of the important
elements used in the demonstration of
television by Dr. Ives of the Bell
Laboratories last April. The tubnlar
lamp with 2500 electrodes was also
based on the Moore invention.

One of the features of the demon-
stration by the Bell Laboratories at
that time appears to he a valuable con-
tribution to the art of television,—the
arrangement of large photo-elcetrie
cells for intercepting the retlection
from a moving spot of light. This
system saves the eves of the subject
from the glaring light to which he
would otherwise be exposed. The Bell
Laboratories photo-electric system has
been adopted in our equipment for
broadcasting television and will prob-
ably prove to be one of the facirors
in the development of practical rele-
vision.

Returning to the design of the
television receiver, we had the choice
between three well known systems—the
mirror drum, the disc with lenses and
the dise with lioles. Our conclusion
was that, while the mirror drum and
the lens disc may have certain ad-
vantages for television production on a
larger scale, we decided that from the
point of view of television in the home
a hole is more economical than a lens

and 48 holes are more so than 48
lenses.
Synchronization
Whenever television has been dis-

cussed in the past there has always
been some pessimist who has wound
up the discussion by asking how are
you going to synchronize? The answer
has always been that we will have a
syuchronous motor and transmit a
special  synchronizing wave or syn.
chronize to the picture frequency or
to a tuning fork. But all these devices
mean higher cost, special amplifiers,
and more things that may get out of
order. We, therefore, simply decided
to leave out all this complication, We
took a standard electric motor made
for household use and are manipulat-
ing its speed by an electric hand con-
trol. With a little practice and co-
ordination between the eye and the
hand it is possible to hold the picture
in the field of vision. In special cases
when the transmitting and receiving
system are on the same power net-
work the machines may be operated by
60 cycle synchronous motors, in which
case the contro! button can be dis-
pensed with.

Experiments Continued

Experimental television programs
will be continued to be broadeast from
a laboratory transmitter on a wave-
length of 37.8 meters with the accom-
panying voice transmission on the
regular 379.5 meters of WGY. As soon
as it is found that the range can be
extended the television transmitter

Dr. Alexander.
son and one of
his assistants
examining the
interior of the
television re-
celver.
amplifler Is
mounted on the
base of the cab-
inet, the batter.
ies on the first

shelf, the mo-
tor, which re-
volvesg the

**scanning disc,”’
on the second
shelf, and above
Is the Moore
lamp.

will be transferred to the high power
short wave experimental station at
South Schenectady. A new transmit-
ter is being built for this purpose so
that the voice and rhe television can be
radinted simultaneously by two trans-
mitters.

The “Checkerboard’ Antenna

We feel the inauguration of this new
development will be the starting point
of practical and popular television.
The transmission is the expensive part
of such an undertaking and we feel
that it is our privilege to provide it.
A new television transmitter is nearly
completed at our South Schenectady
plant. A part of this equipment is a
new type of projector antenna which
is now being tested with music and
voice modulation and favorable results
have already been observed in San
Francisco and Europe. We have called
this a projector antenna because it
does not pretend to be a beam. The
radiation that would be wasted back-
ward and sidewise is saved and
projected in the general direction
where it is desired. After trying
several types of projector sysiems we
have arrived at a type which we eall
the checkerboard antenna. It is built
in a checkerboard pattern; the sides
of each square being a wire half a
wave length long. All these half-
wave antennas are connected in such a
way that they oscillate in phase and
require no tuning or adjustment.

A duplicate of this transmitter is
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being installed in the San Francisco
broadeast station of the General Elec-
tric Company. This plan was decided
on in order to provide means for Sys-
tematically  studying the physical
phenomena of wave propagation over
long distances. Television will here
ferve as a means to an end, but in the
determination of wave phenomena one
thing is certain, that the eye is in-
finitely superior to the ear for ascer-
taining facts and for a critical analysis
and comparisons. This has already
heen proven by our television tests in
Schenectady.,  Occasionally when we
“look-in” on television at our homes
uptown we observe a visual echo of the
wave from the electronic layer on the
upper atmosphere. The evidence of the
echo is that two images nppear side
by side instead of one. The echo image
is usually displaced a distance, cor-
responding to one fifteen hundredths
of a second, showing thereby that the
echo wave had traveled about 200
kilometers and yet the echo image is
oecasionally as strong as the direct
image which traveled only a few kilo-
meters.  Such phenomena can obvi-
ously not be observed by the ear.

What we may learn about wave
propagation by systematic study of
television across the continent is some-
thing we can only vaguely imagine,
but we do feel without any doubt that
television is the new tool by which we
are going to explore the secrets of
space.
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A New Band Selector

“On the Distortionless Reception of a Modulated Wave and Its Relation

{IE ideal solution of the prob-

lem of distortionless reception

of a modulated wave is a sys-

tem which has a substantially
rectangular frequency characteristic.
that is, one which gives substantially
uniform reception over a definite band
of frequencies, including all the side
band frequencies of the modulated
wave, with a sharp cut-off for fre-
quencies outside this band. Such a
system in its ideal form would give
distortionless reception, with a selec-
tivity that is limited only by the over-
lapping of an interfering wave with
the signal band. The closeness with
which this ideal has been approxi-
mated will appear later.

The problem admits of two distinct
solutions.

1—The use of one or more band
gelectors, each of which possesses a
substantially rectangular frequency
characteristic.

2 The use of two or more receiving
elements whose individual frequency
characteristics are not rectangular but
which in combination have an overall
characteristic that is substantially
rectangular.

Again various combinations of these
elements are possible. For example we
may have—

a—A band selector with a flat am-
plifier

b—A band amplifier

¢—Various combinations of band
selector and band amplifier.

All of these solutions have been de-
veloped into practical working re-
ceivers.

The Band Selector

A band selector has been developed
which meets the three stated conditions

e Courtesy of Institute of Radio En-
gineers. Paper presented at” Annual Con-
vention of I. R. E.,, New York City.

a
L1 L2 S
X1 X3 X2
C1 C2
$ E
. b -
FIG.1

Generalized schematic diagram of a

band selector. X; and X, are two

reactive couples. X, is the bridg-
Ing or band-forming reactance.

to Selectivity”*

By Frederick K. Vreeland

i. e, fidelity, selectivity, and simplicity.
It comprises in general a system of
reactances so related to each other that
they are mutually balanced, not merely
at a single frequency as in the case
of the ordinary tuned circuit, but also
at any frequency within a given band.
At any frequency outside of this band
the reactances are not balanced and
the unbalanced reactance is high. As a
result of this property, the band se-
lector unit responds with substantial
equality to all frequencies within its
characteristic band and is non-respon-

FI1G.2

Vector diagram showing the phase
relations of the currents in the
band selector. |, I3 and |y repre-
sent the currents in the branches
X;, X2 and X3 respectively. (Fig. 1.)

sive to frequencies outside this band.
When the system is suitably designed
the cut-off at the limits of the band is
very sharp. The electrical and me-
chanical construction is exceedingly
simple, and frequency adjustment is
obtained by means of only two variable
elements operated by a single control.

The band selector is shown in gen-
eralized form in Fig. 1. It employs
two reactive couples X, and X, pre-
ferahly alike, each having a capacit-
ance and an inductance that are bal-
anced within themselves at the same
frequency, together with a third react-
ance X, which is common to both. This
third reactance is small in relation to
the reactances of the two reactive
couples and may be either inductive or
capacitive.

An input electromotive force is im-
pressed on the system in any suitable
way as at E and the output is taken
off in any suitable way as at 8. At
a particular frequency Fi, this being
the frequency at which the reactances
of the couples X, and X, are balanced
within themselves, the overall react-
ance of the circuit including X, and X,
will be zero, current at the frequency
F, will circulate through the branches
X, and X, without traversing X, and
the system has zero reactance at this
frequency.

At any other frequency the reactive
couples X; and X, will not be balanced
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within themselves. The result will be
a potential difference across points a,
b, the terminals of the bridging react-
ance X, If the frequency is lower
than F, the reactances of X, and X,
will be eapacitive. If now the react-
ance X; is inductive, it will tend to
neutralize the unbalanced capacitance
of branches X; and X provided their
combined reactance is no greater than
X. In that case current will flow
through X; of such amount that the
reactive electromotive force across
points a, b. due to the current in Xj, is
equal to that due to the currents in
X, and .. The phases of the currents
in X: and X, will adjust themselves
so that I, is equal to the vector sum of
I, and I

The operation of the band selector
unit may be more readily understood
by reference to the vector diagram
Fig. 2. Let the currents set up by the
impressed electromotive force E in the
three branches X, X5 and Xs be I, I»
and I, respectively. These three cur-
rents are considered positive when they
flow in the direction from the com-
mon point a of the branches to the
common point b. Since the total cur-
rent flowing into or out of points @ and
b must be zero, the current Is in the
common reactance X, must be equal
and opposite to the vector sum of cur-
rents I, and I. in the other two
branches, This relation is shown by
the vector diagram Fig. 2, I, being re-
garded as fixed and I, rotating with
relation to I, with the phase differ-
ence ¢. For any value of ¢ the cur-
rent indicated by the vector I; is the
third side of the triangle formed by I.
and 7.

In the case of a symmetrical system
where the branches X: and X, are

F2 2]

FIG.3

Frequenc characteristic (com-

puted) of the band selector shown

in Fig. 1. Note the steep gradient

of the cut-off, F,M and Fa:N, and

the sharpness of the band at the

base compared with the resonance
curve (dotted).
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o

FIG.5

alike, the currents I, and I. will be
equal the current I, will have the
value:
é
Im—= —I,—I——2I,cos —
2

It thus appears that the current in
the common reactance I, varies be-
tween the limiting values —2I, and
zero. as the phase difference ¢ be-
tween currents I, and I, varies from
zero to 180°.

This phase relation depends upon the
frequency of the impressed electromo-
tive force in the following 1nanner.
Since the points a, b, are points of
like potential difference in the three
branches of the system, the current
distribution in the system must be such
that the reactive electromotive forces
in the three branches are equal, that is

o, =2, I,—=a, 1,
In the case of symmetry this becomes

L[4

@, Iy~—=a: I7—=—22: I, cos —
9

")
&1 =&r— —2%;3 COS -
o

For the other limit where ¢ equals
zero this becomes

&=r;— —21;

For the other limits where ¢ equals
= of 180°,

—Z—0.

In other words there is a limiting
frequency JF; at which the reactances
are balanced when the phase difference
between I, and I. is zero and the cur-
rent in the commaon reactances X, be-
comes equal to twice Ii, and there is
another limiting frequency F, at which
the reactances are balanced when the
currents I, and I. differ in phase by
180° and the current in X: becomes
zero. This latter frequency is the one
at which the reactances of the reac-
tive couples X, and X: are balanced
in themselves, and the current circu-
lates wholly through the branches X,
and X: no part of it traversing X..
At the former frequency the react-
ances of the reactive couples X, and X,
are not balanced in themselves, but
they are completely balanced by the
reactance X, when the entire current
of both branches flows through Xa.

At any frequency between these
limits, the phase difference between

WO

Schematic dia-
gram of a
broadcast re-
ceiver including
a single band
selector X;, X,
and X; feeding
an aperiodic
ampllifying sys-
tem D,A

| il s

S

the currents I, and I. will have a value
lving between zero and 180°, the re-
sulting current I; will have a value
intermediate hetween —2 I, and zero,
and the reuactive electromotive force
across A will have a corresponding in-
termediate value equal to the reactive
electromotive force in the branches X,
and X

The reactances of the system as a
whole are thus completely halanced at
any frequency bhetween the limiting
vaiues F, and F: and the system will
transmit freely any frequency in a
band comprised between these limits,
When X, is an inductance the fre-

P

it
Fig. 4. Oscillo-
gram showing the
frequency char-
acteristics of an
actual band se-
lector correspond.-
ing to Fig. 3.
Carrier fre-
quency, 635 kc.
Effective band
width, 18 k¢

X (ITHIHITHRTTHHTET

quency F, is lower than F, When X,
is a capacitance F, is higher than F,.

Since the phase difference between
I, and I, cannot be less than zero or
greater than 180°, if the impressed
electromotive force has a frequency
lower than the limiting frequency F:
or lhigher than the limiting frequency
Fy; (or vice versa when X, is capaci-
tive) there is no possible phase ad-
justment whieh will cause the ve-
actances to balance, hence there will
be an unbalanced reactance in the sys-
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tem that will prevent the flow of cur-
rent.

The above analysis neglects the re-
sistance of the system. If the resist-
ance and other losses are low, as they
should be, the cut-off at the limiting
frequencies is very sharp, and the fre-
quency characteristic of the band se-
lector unit has the form shown in
Fig. 3.

The width of the band depends upon
the relation of the reactance X, to the
orher reactances of the system. Thus
if X, is an inductance, the band width
depends upon the relation of this in-
ductance to the inductances L, and L.,
If the reactance X, is a capacitance the
band width is determined by the rela-
tion of the capacity reactance of X,
to the capacity reactance of €, or C-:.

It is of interest to note the relation
of the frequency charuacteristic of the
band selector unit to the characteristic
of a tuned resonant circuit. Thus if
the common or bridging reactance X,
is omitted the two branches X, and X,
togerher constituie a resonant circuit
tuned to a certain frequency F:; this
being one of the limiting frequencies
of the band of the selector unit. The
resonance curve of such a tuned ecir-
cuit is shown by the dotted lines in
Fig. 3 in its characteristic sharply
peaked form.

When the cominon reactance X, is
added to the system the curve takes
the band form shown in full lines, the
limiting frequency F, corresponding to
the natural frequency of the tuned cir-
cuit and the limiting frequency F,
being below or above this frequency,
depending upon whether the reactance
X; is inductive or capacitive.

When the reactance X, has a suit-
able small value in reference to the
other reactances the widths of the two
curves at the base are substantially the
same, showing that the uniform band
reception is achieved without any loss
in selectivity, but rather with a note-
worthy gain, as will now appear.

The frequency characteristic of an
actual selector of this type is shown
in the oscillograph record Fig. 4. It
will be noted that the band is sub-
stantially rectangular, the sides being
almost vertical. The gradient of the
cut-off is very much sharper than that

OUTPUT
[+

FIG.6

l
[

SRR

Schematic diagram of a receiver inciuding three band selectors, the first
selector inciuding a collecting loop L; and the second and third selectors
belng used as interstage couplings in a radio frequency amplifier.
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of a resonant circuit made up of simi-
lar reactances.

With the band selector the character-
istic is broadened, giving perfect (not
approximate) side band reception, with
no loss in sensitivity and with a great
gain in selectivity.

Applications of the Band Selector

The generalized band selector Fig.
1 may be readily adapted to radio re-
ception by antenna or loop. Such an
arrangement using an antenna is
shown in Fig. 5. The antenna coil

In this arrangement each of the
selective elements has in itself a sub-
stantially rectangular band character-
istic. With two or more such units
combined in an amplifier the over-all
frequency characteristic has a similar
rectangular form with a sharper cut-
off. Increased sensitivity and selectiv-
ity are thus secured with no diminu-
tion in the band width. This is in
marked contrast with the tuned radio
frequency amplifier, where an increase
in the number of stages inevitably nar-
rows the characteristic. When the va-

s e e e oo oUTPUT
A ;c* i a | | i ! o
A ; 2 1 1 1
= | A2 ! A3 :
C' 1 1 1
%Xa X
P X1 (»]
x x
b l_-lt, HH-
Ls Ls
—

[

FIG.8

L
L[

Schematic diagram of a receiver including a single band selector coupled

to a spaced band amplifier.

P, preferably with a step-up ratio.
The capacity introduced into the
branch Xi by the antenna is compen-
sated by a fixed capacity Cc in the
branch X. In order to permit com-
pensation for an antenna of any de-
sired capacity without disturbing the
frequency calibration of the system an
additional variable condenser Cx is in-
serted, which makes up the difference
between the capacity introduced by the
antenna and the capacity Ce¢ so that
the symmetry of the system is secured.

The adjustment of Cx is made arbi-
trarily until the signal strength be-
comes maximum, after which no fur-
ther adjustment of Cx is required for
a given antenna. The sole frequency
adjustment is that of the two coupled
condensers C: and C-:.

It is of interest to note that any lack
of symmetry in the system that might
result from careless or imperfect ad-
justment or the capacity Cx, within
reasonable limits, does not materially
alter the band form of the character-
istic but merely reduces its amplitude.

The band selector may be used in a
variety of ways. It may be employed
as the sole selective element of a re-
ceiving system, feeding a flat ampli-
fier, as shown in Fig. 5. This makes
a system of great simplicity and high
efficiency, and with sufficient sensitiv-
ity and selectivity for ordinary broad-
cast reception. It is particularly
adapted to use in the metropolitan
areas.

The band selector lends itself readi-
Iy to use as an interstage coupling
element of a radlo frequency ampli-
fier. Such an arrdngement is shown in
Fig. 6.

Ls, Ls are the spacing inductances.

rious band selector units are made
alike, as they may readily be, the
whole system, including the compen-
sated antenna selector, is symmetrical
and all the variable elements may be
operated by a single control, as shown.

The Spaced Band Amplifier

In the band amplifier of the second
type the several stages have different
frequency characteristics which are not
rectangular in themselves, but in com-
bination they produce an over-all band
characteristic. This is done in the
manner illustrated in Fig. 7 where 1,
2, 3 are of the individual characteris-
tics of a three stage amplifier. These
will have in general the characteristic
form of a damped resonance curve, and
they are made similar but differently
spaced in the frequency scale. When
the three stages are combined in an
amplifier the over-all characteristic
does not follow the geometric law, as
in the case of synchronously tuned
stages, but has a form totally differ-
ent fromn that of the resonance curve.
In general there is a certain spacing
at which the over-all amplification be-
comes substantially constant over a
considerable frequency band, and drops
off abruptly with a sharp cut-off at
the extremities of the band, as shown
in curve 4, Fig. 7. The cut-off is very
much sharper than that of the com-
ponent characteristics; in fact is much
sharper than the gradient for a three
stage synchronously tuned system of
the same damping. When the circuits
are made with small damping and the
correct spacing the characteristic is
substantially rectangular. If the spac-
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ing is closer than the optimum value
the over-all characteristic will have a
bump in the middle. If the spacing:
is greater than the optimum there will
be a double peak. The value of the
optimum spacing depends upon the
form of the individual characteristies.

The spacing may be secured in a
variety of ways. Thus the coupling.
coils or transformers may be made
with different inductances and the fre-
quency adjusting capacities made
alike, in which case the band width,
measure as a fraction of the carrier
frequency, will be uniform over the
range of the frequency adjustment. Or-
the transformers or inductive elements:
may be made alike and the capacities
different, or both inductances and!
capacities may be made alike and a
small spacing inductance added to each:
of the lower frequency stages. From.
a practical standpoint it is usually de-
sirable to make the coils and capaci-
ties allke and to add spacing induct-
ances or spacing capacities to the lower:
frequency stages, as shown in Fig. 8.

An important feature of the spaced:
band amplifier is its inherent stability..
Since the several circuits are not
synchronized, the tendency to regen-
eration and oscillation is small. In
addition to its inherent stability other
features are employed which make the
amplifier exceedingly stable. These
features include an astatic winding of’
the coupling coils or transformers,.
which renders magnetic coupling be-
tween the stages negligible, and'
mutually reversed primary and sec-
ondary windings, which cause a phase-
reversal of any external electrostatic
couplings, putting the potentials of the
several stages in such phase relation
that they do not cause regeneration.
The resultant of these three features.
is an amplifier of such stability that
no capacity neutralization or balancing
of any kind is required, and the
coupling transformers may be placed:
closed together without shielding.

Graphs illustrating the principle of
the spaced band amplifier. Graph
4 shows the overall characteristic
of an amplifier whose individuat
characteristics are 1, 2, 3
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The Best Reprodudtion in Radio and

Its Attainment

Dealing With the Design and Frequency Characteristics of Radio and
Audio Frequency Amplifiers, Detectors and Loudspeakers

WO major problems in radio
reception have engaged the at-
tention of the scientist, engi-
neer, designer and inventor.
The first of these problems is rhe at
tainment of simplicity of installation,
of operation and maintenance of the
radio set. It is met by the completely
self contained receiver utilizing a loop
or short aerial, single control with at-
tendant ease of operation and finally
by the development of the socket
power operated set which reduces the
maintenance to a minimum.

The second problem in radio recep-
tion, with which this paper concerns
itself primarily, is as vital as the first.
It consists in the realization of a per-
fect amplifying radio and audio fre-
quency band system, complete demodu-
lation of the incoming ecarrier and
the development of a reproducing de-
vice capable of recreating the sound
energy as it exists before the micro-
phone. Restated, the latter problem
resolves itself into evolving a radio
frequency system having frequency
characteristic which passes or ampli-
fies the carrier and side bands with
no modification. The demodulating
device or detector should separate the
carrier from the side band in such a
manner that the latter remains with-
out distortion. The audio frequency

1 Paper presented at mcecting of R. M. A.
in Chicago on Jan. 5

By Paul G. Andres*
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Dellneation of the frequency characteristics of articulation.

It will be seen

that this depends primarily on the higher frequencies.

system must be a perfect amplifying
band pass tilter covering the rcquired
frequency range. Last but not least,
the reproducer or loudspeaker should
create the sense of complete illusion by
transforming the electrical energy re-
ceived from the audio system into
sound waves with perfect fidelity.
Truly extraordinary results have been
attained in the solution of this prob-
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Characteristic of average speech energy.

The major portion of it lles

wlithin the neighborhood of 250 cycles.
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in a general way some of the factors:
which contribute toward the achieve-
ment of the goal of perfect reproduc-
tion and to consider briefly some of
the factors which require further de-
velopment before this end can be at-
tained.

Before going into the matter of the
mechanies of the receiver and loud-
speaker, definite knowledge as to the
frequency requirements in reprodue-
tion is necessary.

Speech and Music Frequencies as

Applied to Broadcast Reception

The frequency range of speech and
music covers the frequencies from
approximately 30 or 40 cycles up to
8000 to 10,000 cycles per second. It
has heen found that the upper range
may be reduced without greatly af-
fecting the reproduction and present
broadcasting is limited to the upper
frequency of H000 eycles per second.
In the case of the low frequencies, a
lower limit of approximately 70 or 80
cycles is obtained in broadcasting
governed largely by the amplifying
characteristics of the speech amplifier
used at the broadcast station.

The proper evaluation of these fre-
quencies throughout the speech and
music band has received considerable
investigation within recent years.
Speech has been analyzed into its com-
ponents by the technical staff of the
Bell Laboratories and Fig. 1 gives
the energy frequency distribution of
average speech as determined by Dr.
Harvey Fletcher of that laboratory. It
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will be noticed that the major propor-
tion of speech energy lies in the
neighborhood of 250 cycles per second
with but very slight energy present in
the frequencies above 2500 cycles. The
articulation in speech. lhowever, de-
pends primarily on the higher fre-
quencies and Iig. 2, determined by
the samme investigator, gives the rela-
tionship of the articulation with re-
spect to frequency.

Music on the other hand has not
leen analtyzed as completely as desired
at the present time. Dr. Karl Willy
Wagner of the Telegraph Pureau in
Germany together with a number of
other investigators has determined some
of the main characteristics in music
and finds that {his particular analysis
is extremely complex although subject
to solution. The overtones of musical
instruments largely determine the
characteristies of these instruments.
The complexity of 1he wave form
found in musical reproduction can he
appreciated when one of the modern
electrienlly cut phonograph records is
viewed. under the microscope. With
this in mind the matter of accentua-
tion of certain frequencies in the audio
frequency range may introduce distor-
tion whieh is considerably more
noticeable in one part of the frequency
band than in another. ™The table in
Fig. 3 gives an index of the per cent.
of increase in intenxity and frequency
which is just perceptible to the aver-
age ear, which incidentally shows that
in order to maintain the best possible
reproduction and to create the illusion
of perfect reproduction, that the recre-
ation of sound should be at the same
intensity as the original.

Numerous tests and investigations
have been made on the response char-
acteristic of the ear. Practically all
of these tests were made in a room of
perfect quiet. Radio reproduction on
the other hand is generally obtained
with a certain detinite noise level
present and in order to obtain some
idlea ax to the frequency response
characteristic of the ear with various
noise levels present, a large number of
tests were made under varying condi-
tions. Fig. 4 shows a device designed
and arranged so as to evaluate the re-

sponse characte ¥stic of the ear. Tests
were made on jer one thousand ears
and a number Pf interesting results
were obtained.

An average oY all ears tested, as
shown in Fig. 5, disclosed the fact
that the average layman’s ears respond
closely to the results obtained by the
Bell Laboratories in their investiga-
tions under quiet conditions.

In this connection it may be stated
that of the many tests made on radio
designers and engineers, imperfections
were the common thing instead of the
exception. It may be that listening
tests or unusual conditions have grad-
ually deadened the response instead of
improving the keenness of hearing.
From this it is apparent that listening
tests by one or two individuals are not
suflicient to determine the merit of the
receiver and loudspeaker with respect
to its reproduction, Reliable meas-
urements are very much desired which
give a relative or absolute index as to
the performance against certain stand-
ards. On the other hand tests made in

K

MINIMUM PERCEPTIBLE INCREASE
IN INTENSITY AND FREQUENCY

(Knudsen, Phys. Rev. 21, p. 84. Jan,, 1923)

Per Cent Increase
in Intensity to be

Sensation Level in
Sensation Units

or TU’s Just Perceptible
10 23
20 14
30 12
40 11
50 10.6
60 to 100 10

Per Cent Increase
in Frequency to be

Frequency Just Perceptible
64 .93
128 .59
= 256 .40
512 .32
768 to 4096 .30

R

Fig. 3

I

laboratories may show only mediocre
results but if the product meets with
unusual consumer acceptance it may
well be possible that the measurements
(did not receive proper interpretation.
Much remains to be done in developing
suitable test methods which will pre-
diet performance in the field definitely.
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A very interesting curve showing the average frequency response of the

ear.

Note the humps at 512 and 2048 cycies.
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Fig. 4.
for determining the average fre-
quency response of the ear.

The apparatus emploYed

With a detinire picture of the re-
quirements of a radio receiver and
loudspeaker in reproducing all the fre-
quencies from the very low to 3000
cyeles, an analysis of the receiving set
with respect to 1he hehavior of its
component parts toward frequency
diserimination may be considered.

The Radio Frequency Amplifier

All radio frequency systems utilize
resonant cireuits, consisting of induet-
ances and capacities, as coupling de-
vices between the amplifying tubes. The
frequency amplitude characteristic of
such devices in the radio band can
be made sufliciently broad to cover the
modulated carrier fairly uniform. Re-
generation when introduced either by
dexign or inherently present, being
caused by tube or stray capacities, re-
quires most careful design in order
that the respouse characteristic main-
tains a flat top as wide as double the
audio frequency band to be trans-
mitted. The selectivity and distance
getting ability of a set are greatly in-
creased by regeneration but the best
reproduction cannot be obtained since
the low audio frequencies are elim-
inated when excessive regeneration is
present. The fact that in the mind of
the layman local broadcast reception is
generally synonymwous with good qual-
ity reproduction has a bearing on this
point since under controllable regen-
eration he has no occasion to use this
method of obtaining sufficient signal
intensity.

One of the milestones in preventing
undesirable regeneration has been the
development and application of proper
shielding between stages. Proper
shielding allows each stage to operate
without inter-action from another
stage and in this way permits the de-
signer to treat each individual stgge
as a unit. Numerous circuits have
been developed which prevent tube
capacities from entering into factors


www.americanradiohistory.com

Radio Engineering, February, 1928

contributing toward regeneration or
at least put as much regeneration as
desired under control, The recently
developed screen grid tube is intended
to operate along the line of stabilizing
the receiver and incidentally permits
of greater amplification, The applica-
tion of this idea to the radio frequency
receiver and its performance in the
field will undoubtedly be watched with
considerable interest,

The desired amplifier would he one,
of course, which passes the 10 kilocycle
band uniformly. As shown in Fig. 6,
curve A, which is a typical response
curve obtained with a coupling circuit
not sharply resonant, has a rather flat
top and gives good quality. On the
other hand interference comes into
play due to its over-lapping on other
wave channels, Curve B on the other
hand is relatively free from interter-
ence Imt the quality of reception suf-
fers because of inecomplete reproduc-
tion of the frequencies required as
shown by the darkened portion in the
10 kilocycle channel. Obviously somne
compromise must be made between
selectivity and sensitivity against
reproduction. The trend however has
heen toward better reproduction and
some decrease in sensitivity, The
mechanics and alignment of gang
condensers is receiving much attention
in order to insure proper tuning and
reproduction in tuned radio frequency
acts.

The ideal radio frequency amplifier
is one in which the radio frequency
stages are coupled by sufliciently
broad tuning circnits and inter posed
somewhere in that circuit a band pass
filter which passes the 10 kilocycle
band but which is variable to include
the entire broadeast band, that is from
550 to 1500 kilocycles.*

The Detector

The vacuum tube detector in com-
mercial receivers of today has assumed
one of two general forms. The grid
condenser-leak type and the C battery
type. The former, hecause of its sim-
plicity and ease of application, is the
one most commonly used. An examina-
tion. of this circuit utilizing the grid
condenser and leak, shows that the

*In _line with Frederick Vreeland’s
Band Selector described in this isaue.

— -

Fig. 7.
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Apparatus employed to determine the performance of loudspeakers

at tow frequencles and to indicate the amount of undistorted power output.

time constant of the circuit, that is.
the produet of the capacity and resist-
ance, should be smaller than one-five-
rhousandths of a second if the device
is to allow satisfactory reception for
audio frequencies. If any frequency
diserimination exists the high fre-
quencies are the ones that suffer. In
practice the grid circuit of the detector
includes the grid to filament A. C.
resistance which has a value consid-
erably less than 100.000 ohms for a
201-A tube when the grid is kept
slightly positive. The time constant
of the circuit, therefore, becomes the
product of the ecapacity times the
parallel resistance of the grid-leak and
tube resistance. This value is suf-
ficiently small to insure good detection
for frequencies well above the audio
frequengy range.

It is vitally necessary that a receiver
maintain the detector grid at this posi-
tive potential since a slightly negative
one causes the A. C. resistance between
the grid and filament to reach high
value. In such cases the time constant
of the circuit bhecomes sufliciently
large to introduce a decided falling off
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in quality. The use of the low grid-
leak resistance or an extremely small
vilue of condenser to obviate this de-
fect ix generally insutlicient,

With a slightly positive grid the
tube input eircuit has a broadened
resonance curve which further aids in
preventing frequency distortion by the
cireuit. In general it may be said that
very siatisfactory results are obtain-
able wirh grid detection under proper
conditions of design. C battery detec-
rion, as mentioned above. has not been
used exteusively in commercial prac-
tice. The sensitivity of this arrange-
ment is perhaps not its great as that
obtained with the first method nor is
its application as convenient, but the
faet that the power capacity of the
detector is greater should recommend
itself for certain applications,

The detector circuit on A. GC.
operated sets requires much consider-
ation to insure not only sufficient
power capacity, but also freedom from
frequency distortion and the introduec-
tion of hum. One of the major prob-
lems of a radio set designer centers
around the detector and improved
methods and circuits are highly desir-
able to remove its limitations.

The Audio Frequency Amplifier

The audio frequency amplifier, be-
cause of its applieation not only in
radio receivers, but also in telephone
repeater circuits, phonograph repro-
duetion. broadcasting and other uses,
has received intensive study. The
three forms of audio amplifiers, resist-
ance. impedance and transformer
coupling. together with modifications
have vied with each other for
supremacy with high quality reprodue-
tion as the primary goal. The con-
sumer's demand for better and better
quality have brought about the use of
larger coupling transformers with
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more perfect reproducing ability. par- rtuining the plate potential at the

ticularly on the low end of the fre-
quency spectrum. Tuned impedance
coupling circuits have been developed
which give the coupling device char-
acteristic a decided gain on low fre-
quencies and permit a gain on the high
frequencies to obtain a more uniform
sound output with a given speaker.

The causes of distortion in the audio
frequency amplifier may be sum-
marized as follows :—coupling circuits
having more or less resonant charac-
teristics; regeneration; operation too
near either of the bends of the tube
characteristic; overloading of tubes;
frequency discrimination in the output
filter or transformer,

Resonance effects in coupling devices
are invariably present in audio fre-
quency amplifiers due to self capacity
of the windings, The tendency has
been to minimize their eflfect by
throwing them either below or above
the audio frequency range.

Space requirements in the modern
set have made close placement of
equipment imperative which in many
cases has resuited in regeneration,
causing certain sections of the overall
response characteristic to show de-
cided gain. Regeneration in the audio
system is one of the bughears of the
designer. It is caused primarity by
coupling between stages and also by
common impedance in the plate cir-
cuit. The use of B battery eliminators,
unless properly designed aggravate
this condition.

A common offender in audio cir-
cuits in preventing high quality
reproduction consists in operating the
tubes too near either of the bends in
the grid voltage and plate current
curve, that is, the C bias is incorrect.
The proper value of bias is not a
definite value for any given tube, but
depends on the plate voltage. Current
supply devices operated from socket
power have aided materially in main-

proper and fixed value with a detinite
grid bias depending on that plate
potential.

The development and application of
power tubes within the last year or two
have largely removed the limitations
of over-shooting the straight part of
the curve of the amplifier tube with a
strong input signal. The gain produced
by these tubes in improving quality of
reproduction is primarily noticeable on
low frequencies. In this connection it
may be mentioned that the linear part
of the tube characteristic is dependent
on the output impedance and hence
the output cireuit should be designed
to operate inost efficiently in conjunc-
tion with the tubes,

Push-pull amplification. previously
used in a limited way. has been exten-
sively revived recently: the advantages
of this type of amplification for the
last audio stage are numerous. It
permits a greater input signal before
overloading of the tubes occurs and
in this way gives an undistorted out-
put considerably in excess of twice
that of the single tube. The impedance
of the combination is low which has
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some advantages when operating into-
the present day loudspeaker. 1in addi-
tion to this. this type of amplification
can be used to advantage on socket
power operated sets and amplifiers.
since hum is reduced to a minimum,

The use of power tubes calls for a
speaker filter or output transformer
to keep the plate current from flow-
ing through the loudspeaker winding,
causing saturation effects and possible
burn-outs of the speaker windings.
The output transformer in this case
closely approximates that of the con-
ventional power transformer with the
provision that it should pass the entire-
audible frequency band without modi-
fication. This condition has been
achieved by the large output trans-
formers now on the market. The com-
plete isolation of secondary from
primary is advantageous in prevent-
ing high voltages, which may reach
values in the neighborhood of 400 to
500 volts, from being connected to the
londspeaker. The speaker filter con-
sisting of a choke and a condenser
offers another solution to the problem
particularly in those cases where the
plate potentials are low or where the
speaker is located in proximity to the
amplifier, It has an excellent fre-
quency characteristic.

The Loudspeaker or Reproducer

The last link in our chain of
radio receiving apparatus is the loud-
speaker or reproducer. This piece of
apparatus is perhaps the most defec-
tive of the entire chain. The conver-
sion of electrical into acoustic energy
can be considered as consisting of two
parts. There is first, a conversion of
elecrrical energy into mechanical
energy which resolves itself into &
motor drive and then the conversion
of mechanical energy into acoustic
energy. The latter transformation
generally takes place by moving a
<mall diaphragm connected to an air
columu or by means of a large open
air radiator consisting of a large
diaphragm generally conical in shape.
Two types of motor drives have been
extensively used in loudspeaker work,
rhe eleetric-inagnetic and the electro-
dynamic types.

The design of such a motor is am
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wave-front.
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-extremely complex problem because it
should bhe reasonably efficient and the
moving parts should be as light
as possible. Resonances invariably
occur except in the most damped
structures in which case the efficiency
is low. The mechanical parts, their
interlinkages and the structure of the
magnetic ecircuit offer considerable
-experimentation in order to achieve a
device which covers the entire audible
range, and which does not lead to ex-
cessive resonances.

The air columns which ecouple a
:small  diaphragm to the open air
anatches the high mechanical imped-
anee of the diaphragm to the low im-
pedance of the open air and in
addition to this it propagares the
-energy across the varyving sections of
the horn, and with proper design
results in a maximum energy transfer

between the two mechanical im-
pedances., In actual practice the shape
‘of the horn has Dbeen practically

standardized on the exponential form.
but the fact that the horn is
-exponential does not insure that the
impedance mateh is correct, since this
depends in a large measure on the
terminal openings and on the taper
-constant, Resonances are present in
such a device but when the air column
is coupled to a nnit which in itself also
has some resonances, the net overall
-effect will be a substantial flattening
of the output characteristic.

In the case of the open radiator or
cone type speaker, it has been found
that the etliciency is lower than that of
‘the air column type and the resonances
are generally much sharper. The
tendency has been toward larger
radiators to insure the reproduction
of low tones.

The main requirements of any toud-
speaker are that it shall reproduce all
frequencies throughout the audible
tfrequency band with a  unitorm
intensity of sound; it shall have no
marked resonance jpoints; it should
reproduce a numbher or a combination
of frequencies in their true propor-
tion and introduce no distorting
harmonies at any frequency.

In order to test the performance of
1 loudspeiker. numerous methods have
been proposed from time to time.
some of which yield excellent resulis
by giving the true indication of the
performance of the speaker under
normil conditions of use. The
appararus shown in Fig, 7 is particu-
larly of interest in this connectiou.
ingasmneh as this is used to determine
the performunce of the loundspeaker at
low tones and gives an index as to the
amount of undistorted power output
any individual speaker may possess
at those frequencies. In a general
way, the beat oscillator produces the
low frequencies which are amplified
through a suitable amplifier and their
wave form is checked on an oscillo-
graph. These frequencies are then
applied to the loudspeaker and careful
note is made when distortion occurs
due to the introduerion of harmonics

when the speecli voltage is increased
to a certain amount. Fig. 8 shows the
result of four different loudspeaker
motor drives connected to their respec-
tive air columns or cone siructures,
as the case may be. These tests indi-
cate that the power capacity of the
average loudspeaker is decidedly
limited on low frequencies. This
limitation is caused primurily by the
movement of the armature out of the
position of neutral flux with the result
that third and (ifth harmounies appear.
The ability to reproduce composite
wave forms in their true proportion is
extremely ditficult of realizatiou. Nor-
mally loudspeakers are tested on a
sinusoidal  wave form but when
chopped direct current, which gives
a square wave form or a steep wave
front eircuit such as the one shown in
IMig. 9 is used to supply the energy,
the deviation from the original wave
form is quite noticeable. This is
caused primarily by lags and mechani-
cal hysteresis in the moving parts,
The electro-dynamic motor drive
coupled to an open air radiator has
found considerable application in prac-
tice, but rthe fact that external excita-
tion is required limits the use of this
speuker to eertain applieations.
Intensive development work is being
brought to benr oun the solution of the
loudspeaker problem. Because of the
impedance matehing mentioned above.
some manutfacturers are incorporating
part of or the complete audio frequency

amplifier wirh the loundspeaker as a
distiner wnit  which allows greater
flexibility in design and incidentally

permits the nse of socket power for
excitation in the loudspenker.

One of the factors which should he
econsidered in obtaining perfect and
natural reproduction is the placement
of the loudspeaker in the room and
detinite knowledge as to reverheration
in that room so as to obain the scnse
of perfect illusion. This requires that
sone  compromise must he made in
broadeasting so that the reproduciion
shall have a reverberation time equal
to that given hefore the microphone.
In other words. the reverberation time
present in the reproduetion should be
equal to that ohtained under conditions
where the mechanism of broadeasting
and reception is completely eliminated.

The problem of loudspeaker design
i resolving itself gradually into n de-
revmination of the varions losses en-
countered in fthe motor and in the
radiator eircuit so as to eflect the
wrentest efticieney with a minimum of
distortion.

Conclusion
There are so many factors con-
tributing to distortion and mal-per-

formance in the radio set and loud
speaker that it is indeed a surprising
faet that the =omuds being emitred are
uot ouly recognizable bhut that they
actually  elosely approximate the
original. There is hardly a faetor in
the entire chain of the radio frequency
amplifier, detector, audio frequency
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amplitier and loudspeaker which can-
not be tremendously improved by de-
sign and the application of engineering
skill coupled with correct interpreta-
tion of reliable measurements made in
the laboratory. Undoubtedly many of
these improvements tending toward
herter reproduction will be brought
about by invention and design from
tinte to time bhut the changes that will
undoubtedly occur within the next five
years will not be as great as the
changes which have come about
through the development of the last
tive years in radio reproduction.

RADIO LEADERS CONSIDER BROAD-
CASTING AND PATENT PROBLEMS
RMA Membership, Engineering and Com-
mittee Meetings Discuss Industry
Problems

WO hundred leauders of the

radio industry met recently at

the Ilotel Pennsylvania at the

Annual Midwinter sessions of
the Radio Manufacturers’ Association,
Ine, and discussed many important
public and industry problems, inctud-
ing broadecasting, patents and technical
engineering matters.

Mr. C. II. Culdwell. Commissioner of
the Federal Ruadio Commission, at
Washington, was the speuker at the
mounthly RMA lincheon, and outlined
the Commission’s progress in improve-
ment  of broadeasting and also the
Inereasing markets for radio.

Prior to Commissioner Caldwell’s
address, a specianl RMA membership
meeting, presided over by Mr. C. C.
Colby, of Canton, Mass., President of
the RM.\, was held and received a
report regarding the RMA movement
to effect a plan for interchange of
radio patents, to meet the important
patent problems of the industry, Mr.
A. J. Carter, of Chicago, Chairman of
the RMA Patent Interchange Commit-
tee. submitted a report regarding the
substantial progress made towards the
interchange plun. It was discussed
fully by members and, Chairman Car-
ter aunounced. will be ready for formal
presentation to the manufacturing in-
dustry, as represented by the RMA, at
the Association’s Annual Convention in
Chicago next June.

Other RMA meetings were of the En-
gineering Division, of whieh My, Il
B. Richmond. of Cambridge, Mass., is
Chairman; the RMA I'arts Commnittee,
amd the kngineering Division meetings
together with a meeting of the RMA
Merchandising Committee, of which
Mr. L. 2. Noble, of Buffalo, is Chair-
nman.

The RMA DBoard of Directors held
its monthly meeting and the RMA
Legislative Committee also considered
several radio legislative problems.
Standavdization problems in receiving
set design were discussed at an Engi-
neering Division meeting, presided over
by Mr. L. F. Curtiss, of Springfietd,
Mass. The Engineering Division dis-
cussed ‘“socket power’ and the mnew
electric sets. together with varviable
condensers, dials, ete.
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The Problem of Radio Set Power Supply

Rectifiers for A and B Power Units

PART II

INCE something over 90% of the
connected lighting load in the
United States is alternating cur-
rent, one of the most important

elements in any Dbattery elimina-
tion apparatus is the vreectifier, The
function of the rectitier is to act as
a sort of electrical check-valve, al-
lowing the current to tlow in one di-
rection and not in the other. A suit-
able rectifier system inserted in an
alternating current circuit will pro-
duce an output which is pulsating but
always in the same direction. The
properties of the reetifier which are
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Curves illustrating the momentary

heavy load placed upon the fila-

ment of a hot cathode type full-
wave rectifier tube.

of particular importance in determin-
ing the suitability of the device for a
given Socket Power design are:

1. Useful life.

2, Uniformity of performance be-
tween individual samples, or, in other
words. interchangeability.

3. Price.

4, The character of the failure at
the end of the useful life.

5. Amount of radio frequency radia-
tion.

6. Variation of output voltage with
line voltage.

In assigning limits to the above
characteristics to give a satisfactory
rectifier, we can only be guided by
practical commereial experience; in
other words, the customer sets the
standard in the last analysis. The
following discussion of the properties
enumerated above is based upon the
writer's wide experience with recti-
fiers in actual commercial service.

In regard to useful life, it has been
pretty well established that any re-
placeable unit should have a life of at
least one year in normal service. An

¢ Vice-president and Chief Engineer,
Conner-Crouse Corporation.

By George B. Crouse*

analysis of statistical records drawn
from a number of sources indicates
that the normal use to which a radio
set is put in one year is in the neigh-
borhood of 800 hours, so that in set-
ting the minimum number of hours of
usefut life which a rectifier must have,
we shall not be far wrong if we place
it at 1000 hours.

In determining this useful life cer-
tain  precautions must be observed.
In the first place, we should be sure
that we are testing useful life and not
total tife. 1n other words, the char-
acteristics of the device must remain
substantially constant and as soon as
marked changes in characteristics ap-
pear the test should be brought to an
end,  The author has seen life test
records which on the face of them
showed remarkably long performance,
but when analyzed it was found that
the device actually was only useful
during the first few hundred hours of
the test. the output having fallen off
beyond that time to a point where the
user would certainly have thrown the
device away.

In practice it is best to test the
rectitier under the actual conditions
of use, They are particularly sensi-
tive to overload, and in making life
tests it is important to be sure that
the tests are made under maximum
load conditions, Also, if as is usually
the case. the rectifier will be turned
on and off many times during its life,
the life tests should be made under
intermittent conditions. This is par-
ticularly true where the rectifier em-
ploys a hot filament and in erystal and
chemical rectifiers.

There is, unfortunately, no substi-
tute for the life test. Accelerated
tests of various kinds have never
proven satisfactory, which is another
way of saying that the rectifier is sen-
sitive to its environment., and its per-
formance in one environment is not a
measure of its performance in another.

No very definite limits can be set
as  tolerances of interchangeability.
The designer must decide for himself
what limits may be accepted in the
output voltage of his design. If the
radio set is, for instance, extremely
sensitive to over-voltage, tending to
oscillate at either radio or aundio fre-
quencies, the limits must be very nar-

row. Ordinarily plus or minus 5%
of the output voltage of different
samples of rectifiers, for a given

service under constant input voltage,
will be satisfactory. The best method
of testing is to measure the output
voltage with the actual apparatus in
which the tube is used,

It should be pointed out that even
though satisfactory performance of the
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receiver may be secured with wide
variations in rectifier characteristics,
that the ultimate consumer is very
likely to reject and return those recti-
fiers which give a low output, and it
is difficult to persuade him that he has
not been sold a poor unit.

The possible list price of any device
is a controversial subject. The
author’s experience indicates that a
rectifier should list at about $3.00. Of
course logically the list price should
hear some relation to the useful life,
but it is generally difficult to sell the
public on this idea. The possible list
price also bears some relation to the
total price of the apparatus in which
the rectifier is used, and in high priced
apparatus the above figure could prob-
ably be considerably increased without
limiting the sale materially.

A very important feature in recti-
fiers is the character of the failure
which may be expected. The most de-
sirable type of failure is one in which
the rectifier at the end of its life
suddenly and completely opeus circuit.
Rince it is generally Iimpossible to
secure this, a rapid falling off of out-
put voltage is the next best thiug.

4--

-FIG.2-

Details of an early type gaseous
conduction rectifier tube.

A rectifier which fails by short-cir-
cuiting is in no case satisfactory, since
a short circuit passes alternating cur-
rent through the rectifier and will or-
dinarily result in the destruction of
the transformer. It may be urged that
this may be very simply overcome by
the use of a fuse in the primary or sec-
ondary line of the transformer, but
experience indicates that once the
original fuse has blown the user re-
places it with a nail or other sim-
flarly highly conductive, but generally
unsatisfactory substitute.
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Radio frequency radiation is eaused
by sudden current peaks passing
through the rectifier, setting into oscil-
lation portions of the associated ecir-
cuits at frequencies within the range
which the radio set will take. In de-
termining the characteristics of a new
rectifier tests for this effect should
always be made using the rectifier in

HNEIRERIRI R

Fig. 4. Modern
type of gaseous
conduction full-
wave rectifier,
designed for use
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the actual apparatus in which it is
proposed for use. and employing a
radio receiver of high sensitivity with
a good antenna. The rectitier manu-
facturer generally recommends some
deviee for reduecing this effect, such
as the so-called buffer condensers ¢on-
nected across the primary or secondary
winding of the transformer, and when
the recommended device ix used with
the rectifier no radio frequency noise
should be apparent with the best avail-
able receiver.

Since the internal impedance of
many rectifiers is not a constant, but
varies with the current variations, any
alternating current input voltage
would ordinarily result in a different
percentage of direct current outpnt
voltage. This effect may to some ex-
tent be counteracted by suitable de-
signs of the associated apparatus, as
will be pointed ont later. und is a de-
fect in most rectifiers which must be
endured.

Classes of Rectifiers

For the purpose of this article recti-
fiers are classed according to their use.
as follows:

1. Rectifiers for I3 Socket Powers,

2. Rectifiers for parallel filaiment A
Socket Powers,

3. Rectifiers for
Powers.

In the following where there is only
one example of a given type of recti-
fier in the market, the manufacturer's
trade name is used as the designation.
Where more than one example of a
given type is available a designation
has been coined and defined.

Series Set Socket

Rectifiers for B Socket Power
Of the rectifiers commercially avail-

able for this class of service we may
list the following:

1. The hot cathode, high vacuum
type, typified by Radiotrons Nos. 280
and 281,

2. The cold cathode, gas-filled tube,
typitied by the Raytheon and the
QO.R.8. type.

Hot Cathode Type

The first mentioned type is an en-
larged edition of the ordinary aundion,
with the grid left out, and wmay be
constructed to rectify either half or
full wave, It depends for its rectify-
ing properties on the fact that a heated
filament emits negative carriers which,
when the cold plate is positively elec-
trified. are drawn to the plate, thus
completing the electrical cireunit. On
the other hand, when this plate is
negative, the negative charged carriers
are returned to the filament as fust as
fhey are given off and the circuit is
thereby interrupted.

Tubes of this general tyvpe may he
constructed to rectify extremely high
voltages, hut have a definite current
limitation. This eurrent limitation is
due ro the fact that all of the electri-
cal carriers must be supplied by the
filament which, if any large amount
of current is to be rectified, becomes
impractieably large and heavy. It
should be pointed out in this connec-
tion that the reetifying eapacity of a
tube in terms of current cannot bhe
determined by direct current tests.
This will be made clear by reference
to Fig. 1, in whiech is shown a sine
wave of voltage in the full line, the
resulting current wave in a full wave
rectitier in dotted lines, and the re-
sulting average direet current in the
dot and dash line. It will be seen that
the filament is called on to supply.
momentarily, a current almost three
times the average direct current.

There are two types of filament ma-
terial  suitable for this service.
Thorium impregnated Tungsten. and
varions metals coated with oxides of
the rare earths. From the standpoint
of the user, we believe that there is
little to choose between the two types.

The useful life of rectifiers of this
type is probably in the neighborhood of
1200 hours average, although consid-
erable variation in life hetween in-
dividual samples will bhe observed.
Either type of filament is somewhat
sensitive to voltage overload, and the
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transformer should be designed to keep
the filament voltage down to the rated
voltage, as stated by the manufaeturer,
at the maximum line voltage which
may be encountered. This is perfect-
ly practical inasmuch as it will ordin-
arily be found that sufficient emission
will be obtained at 20 to 25% below
the rated voltage, particularly if the
ntaximum current demand does not
reach the maximum rated output,

Other than the variation in tife, the
tubes should run very uniform in
charaeteristics and #re completely in-
terchangeable, one sample with an-
other, In =clecting a given manu-
facturer’s tnbes, attention should be
paid to this point. In order that the
output may be uniform it is very es-
sential that the highest degree of
cleanliness be observed in the manu-
facture and that thorough cleaning of
rhe elements of the tube of all residual
gas be aeccomplished, 'This of course
requires adequate manufacturing faci-
lities and careful and painstaking su-
pervision.

The list prices of good rectifiers of
the hot eathode type remain somewhat
alove the $5 figure discussed earlier
in this article, whieh is probably due-
to the diftieulties of uniform manu-
facture and & rather high percentage
of rejection of finished tubes.

The eharacter of the failure at the
end of the useful life is a very desir-
ahle one in that the output gradually
decreases. This decrease of output is
ordinarily due to rhe exhaustion of the-
electron enitting materials on the tila-
ment. The filament rarely burns out
and this is sometimes a cause of dis-
pute with the user who cannot under-
stand why a tube whieh “lights up”
is not still a good tube.

The amount of radio frequency
radiation is generally smail. Looking
again at Fig. 1, it will he observed
that the eurrent in the rectified output
rises gradually and therefore there is
little tendency to set the associated
cireuits in oscillation.

The D.C. output voltage variation,
with variation of line voltage, is very
zood. The tubes hiave no *“arc char-
acteristie’” and in faet in oune type of’
BB Socket Power the tubes are worked'
<0 close to the saturation. or maximum:
emission point, that they aect to a cer-
tain extent as voltage regulators.
Iowever, this is not good practice,
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aund the designer should be content to
get D.C. vuriations equal to the A.C.
input varitions.

Cold Cathode Type

The rectifying action of this tube is
somewhat involved and mueh more
complicated than in the case of the
hot cathode type just discussed. For
purposes of explanation, there is
shown in Fig. 2, in diagrammatic form,
an early model. It comprises a
metalliec cylinder 1, and a metallie
wire 2 located on the center line of
the cylinder. These two elements are
carried on suitable insulated supports
in a glass stem 3, connection being
made to the cylinder and wire by

IMPEDANCE

INTERNAL

GAS PRESSURE
FIG.5

Ilustrating the reiation between

gas pressure and internal imped-

ance in a gaseous conduction rec-
tifier.

meuns of the terminals 4 and 5. The
whole structure is mounted in a glass
-envelope G. This envelope is thorough-
ly exhausted, ali the metal parts be-
ing suitably hombarded to free them
from ocelnded gases and the envelope
then filled with an inert gas at a pres-
sure of 10 to 14 m.an. of mercury,
Helium is most used for this purpose,
but argon or neon may be used or
mixtures of any two or all three.
Consider now that the two terminals
4 and 5 ure connected to a sonrce of
potential of such polarity that the cen-
ter wire 2 will be positive. Under
these circumstances there will be a
strong eleetrostatic field set up be-
tween the cylinder and the wire which,
by the geometry of the parts, will in-
crease in intensity towards the cen-
ter. There will be in such a gaseous
atmosphere some free negative ions;
any of these ions lociated near the
inside surface of the eylinder will be
attracted toward the wire with in-
creasing acceleration, due to the in-
creasing field strength, If the field
strength is sutficiently great the velo-
city of this electron will reach the
point where. if it should collide with
i molecule of gas, it will knock off an
<¢lectron from the molecule and thus
create (wo new current carriers, one
positive and the other negative. The
new negative carrier may in turn pick
up sutlicient velocity to ionize another
molecule, and thus very shortly the
cntire space between the wire and the
cylinder will be filled with positive

and negative carriers and the tube will
be in a conducting condition.

If we now reverse the polarity of the
potential applied to the electrodes,
making the cylinder positive, it will be
seen that negative carriers originat-
ing near the wire will move out into a
field of continually decreasing potent-
ial, their acceleration will decrease
and they will never reach suflicient
velocity to enable thiem to separate
other negative carriers from the gas
molecule.

From the explanation just given we
may theoretically deduce certain pecu-
liarities of this tube, and these dde-
duetions are verified in practice. In
the first place, note that the carriers
are supplied ahnost entirely by the gas
itself and not by the electrodes. This
means that the action of the tube is
much more dependent on the consti-
tution and purity of the gas than on
the electrode material. Second, a cer-
tain strength of field must exist be-
tween the electrodes before conduction
can take place at all. Third, since
there will always le some carriers
present in the gas, there will e some
current tlowing on the nominally non-
conducting half of the cycle.

These peculiarities make necessary
certain precautions in testing a given
manufacturer’s tube to determine its
suitability for a given job. Since, as
pointed out above, there is a definite
break-down voltage at which the tube
begins to conduct, there will be a sud-
den rush of current through the tube
when the voltage reaches this break-
down point, It is important that this
break-down voltage be as close to the
conducting voltage as possible, in or-
der to minimize this steep current
wave and reduce radio frequenecy ra-
diation. This break-down voltage and
conducting voltage are ordinarily de-
termined on direct current by eans
of the circnit shown in Fig. 3. In
this fizure, 1 is a source of direct enr-
rent of say 300 volts, 2 is a potenti-
ometer connected directly aeross this
source and having the sliding arm 3.
4 is a voltmeter on which the break
down voltage is read, and § is
an ammeter for indicating when
the tube begins to conduet. The
rectifier is shown at 6 connected into
rhe circuit by means of the reversing
switech 7. Several tests should be
made, average values being taken.
Between each test the reversing switch
7 should be thrown, This is important
since the passage of direct current
through the tube leaves the space be-
tween the electrodes swept clean of
negative carriers, and succeeding tests
for break-down voltage will show in-
creasing  values unless a  reverse
potential is applied to the tuhe Dle-
tween each test. This same set-up
serves to determine the conducting
voltage drop and the reverse current.

A good rectifier of the gas-fliled type
should have a running voltage of 90
to 100 volts, a break-down voltage not
in excess of 130 volts, and a reverse
current not in excess of 15 milliam-
peres at 300 volts applied.
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Tubes are ordinarily constructed for
full-wave rectification and are of the
form shown in Fig. 4.

The useful life of the gas-filled tube
should be over 1200 hours. In making
life tests it is not necessary to make
intermittent tests as the operation of
the tube is in no way affected by
starting and stopping. These tubes are
even more subject to wide variations
of life than are the hot cathode type,
probably due to the difficulty of keep-
ing the gas pure,

In the last two years much intensive
development work has been done on the
manufacture of this class of rectifiers,
with the result that a high degree of
uniformity, as regards performance
characteristics, other than life, may be
expected. But if any question as to
the manufacturer’'s experience in this
tield exists careful checks for uniform-
ity in the aectual apparatus should be
made.

These tubes are priced well under
the $5 figure, and are probably in-
herently cheaper to manufacture than
the hot cathode type.

For a given arrangement and size
of parts the internal impedance of the
rectifier depends upon pressure of the
gas. Gas pressure and impedance are
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A Tungar rectifying tube and its
associated rectifying circuit.

connected by a function which may
be approximately represented by the
curve of Fig. 5. During the life of
the tube the gas slowly disappears,
being probably driven into the ma-
rerinl of the electrodes. The manu-
facturer usually fills the tube to a
pressure corresponding to the line 1
in the figure. During the useful life
of the tube pressure will gradually de-
crease, the impedance will first de-
crease and then increase rapidly and
the tube's life will be ended when the
pressure reaches the line 2. The char-
acter of the failure is therefore a
gradual increase of impedance,

Due to thie fact that the tube passes
a steep wave front of current on each

i 4
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half eycle, special precautions must be
taken to prevent radio frequency varia-
tions, The use of buffer condensers
connected either across the primary or
secondary is too well known to need
derailed explanation, In addition to
thiz, it is desirable in designing the
transformer for use with the cold
«<athode tube to introduce hoth elec-
trostatic and electro-magnetic leakage
in amounts considerably greater than
cmployed in  ordinary commereial
rransformers, This may be con-
veuniently done by physically separat-
ing the primary and secondary wind-
ings by approximately 1/8 inch. This
construction helps to isolate the sup-
ply line from the rest of the circuits
and thus prevents it from acting as a
radiating antenna.

Another characteristic of thix recti-
fier which was not meutioned above
is that the internal impedance is de-
pendent upon the current tlow. The
larger the current, the greater rthe
number of carrievs in morion, and
rtherefore the greater the form:-
tion  of new carriers. In 1his
respeet the (device behaves like
an  arc. In one way (his s
beneficial ; as the current demand in-
creases the impedance of the tube dJde-

Fig. 8. A large
capacity gas-
eous conduction,
full-wave recti-
fier of modern
form. This tube
will supply from
300 to 350 mils.
and can be used
to supply fila-
ment current
for a series
string of 201-A
tubes and the B
power as well.

creuses and partially offsets rhe ohmie
drop through other parts of the eir-
cuit.  On the other hand, an increase
in the supply voltage will cause a
magnitied increase in the output volt-
age. In B Socket Power devices rhis
is not ordinarily a serious trouble.

Comparison of Hot Cathode and
Cold Cathode Types

In regard to useful life. there is
very little to choose between the two
rypes, the average life of the cold
:nthode type being apparently some-
what longer.

Both types by suitable care in manu-
facture may be built to have a high
degree of uniformity and interchange-
ability.

The cold cathode type are at the
present time priced somewhat lower

and prohably are inherently cheaper to
huild, as pointed out above.

Borh types fail by gradunal increase
it internal impedance.

It is more ditlienlt to eliminate radio
frequency oscillation in rthe cold
cathode type,

The cold carhode type has a magni-
tied output voliage variation with
changes in input voltage.

The etliciency of the two types is
not particularly important in this class
of service. hut the cold eathode type
is certainly more eflicient and ean
withstand much greater overload with-
ont damage. Another advantage of
the cold cathode type is that it re-
quires  no additional  winding for
energizing the filaments.

Rectifiers for Parallel Filument A
Socket Power

Rectifiers for this ¢l of service
must be capable of delivering at their
D.C. terminals a potential of approxi-
mately 12 volts at 3 amperes. There
are al preseut only two types available
which meet these requirements,

I, The "Tangar tube,

2. The Crysral type,

The Tungar Tube

Thix reectitier which has been on the
market since 1916 may be ddescribed as
a1 eombination of 2 hot cathode and
gas-tilled tube, and it may be said to
combine some of the merits and some
of the defects of hoth (ypes.

In Fig. 6 is shown diagrammatieally
a half-wave Tungar with its associated
rectifying eircuit. In this tigure, 1 is
the core of a transformer huaving a
primary 2. energized by the A.C.
source 3. 4 is a secondary for energiz-
ing the tilmnent 5 of the rectitier. €
is the plate secondary. one end of
which conneets to the anode 7. the loud
heing connected hetween the other end
of this secondary and the tilament 3.
The glass envelope 8, afier exhaustion
is tiled with an inert gas. zenerally
argon, to a pressure of 10 millimeters
of mercury or more.

The mode of operation ix as follows:
The filament 5, heing heated to in-
candescence. will give off negative car-
riers as in the case of the hot cathode,
high vacuum tube. These earriers,
however, are not directly relied upon
for econduction. Suppose that at a
given instant the electrode 7 is posi-
tive. The negative carriers will then
be drawn from the filament at high
velocity. will collide with the mole-
cules of the gas and form new pairs of
positive and negative carriers in the
same muanner as explained above in
connection with the cold cathode B
Socket Power tube. Under these con-
ditions the tube will become highly
conductive. On the next half cycle of
the alternating current supplied by the
secondary 6. the electrode 7 will be-
come negative, the negative carriers
will be repelled and thrown back on
the filament and the tube will he non-
conductive.
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I'rom rhis explanation it will be
seen that broadly speaking that dur-
inr the condneting half cyele the tube
will behave like a cold cathode gas-
tilled tube, and during the non-con-
dueting half cvele will behave like a
hot cithode high vaenum tube. For
instanee. this tvpe of tube has a
definire break-down voltage at around
15 volts, and unless this potential is
reached rhe tnbe will fail to conduet.
Its internal impedance is dependent
upon the current tlow. In other words
it has an arc characteristie.  During
the non-conducting halt eyele it shows
practically complete shur-off, o back
current heing measurable.

These tulies may be eonsiructed for
either half-wave or full-wave rectifi-

Fig. 7. A modern crystal type rec.

tifier, These are particularly

adaptable to A-eliminators and A
battery chargers.

cation, and a wide variety of charae-
teristics may be imparted to them by
proper selection of the gas pressure
and the design and spaecing of the
electrodes.

The useful life of the Tungar tube
when properly used is extremely long,
the average being probably well over
2000 hours. Certain precautions. how-
ever. must be raken in applying the
rectifier to a given service. 1In the
lirst plice rhe filament voltage must
he kept as low as possible during nor-
mal operation but in starting, filament
voltage should be high. If the tube
operates for the first few cyeles at a
sub-normal tilament temperature rtrhe
thorium will he stripped from the sur-
face of the ftilament and the break-
down voltage and internal impedance
will become abnormally high. For this
reason it is a good plan to design the
filament secondary 4 to have a large
magnetic leakage, thus applying the
high voltage to the filament until the
direct current load comes on. Obvi-
ously, intermitient life rests of rhe
tube under the actual conlitions of nse
are very important.

Due to the dependence of the tube
characteristics on the spacing and de-
sign of the electrodes, an extreme de-
gree of uniformity is somewhat dif-
ficult to obtain. but the ordinary com-
mercial run of tubes will be found suf-
ficiently close for most applications.

The tubes are priced from $4 to

7.50, depending on size, and therefore
fall within the commercial range set
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forth in the beginning of this article.

These rectifiers generally fail by
gradual exhaustion of the thorium in
the filaments, their internal impedance
slowly increasing to the point where
the tube is no longer satisfactory. An
oceasional filament burnout is noted,
but this is unusual within the useful
life period.

The Tungar tube, like the cold
cathode gas-filled tube, delivers a steep

of the four-element audion or screen
grid tube, the Series Set Socket Power
is almost certain to increase in popu-
larity and importance. Sets wired in

this way can be made interchangeable,

for use on either batteries or Socket
Power excitation, and at the present
time at least may be made to have
much higher audio quality than the
A.C tube set.

There is only one type of rectifier

SUPPLY

FILTER 4
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Schematic diagram of a resistance type voltage regulator for B power units.

wave front of current at the break-
down voltage and for this reason pre-
cautions must bhe taken to prevent
radio frequency radiation., The same
recommendations given above in con-
nection with the cold cathode gas-
filled tube apply here.

The arc characteristic of this tube
means that the D.C. output variation
for A.C. input variation is magnified.
Ordinarily the magnitude of this effect
will be approximately two to one. In
other words, if the A.C. input rises
10% above a given value, this will
cause a 20% variation in the D.C. out-
put voltage.

Crystal Rectifiers

This designation is used to cover
rectifiers employing a metal electrode
and a co-operating electrode of an
oxide or a sulphide of the metal.
These couples will rectify up to about
2 1/2 volts and are usually employved
stacked up in series as shown in Fig. 7.

Very little is known concerning their
theory of operation. Apparently they
have a detinite break-down voltage
which is very low, and in other re-
spects behave like the Tungar tube
discussed above.

These units also fail by a gradual
increase of internal impedance. but if
improperly constructed flash-over may
occur at anytime during the life of the
unit.

Radio frequency radiation is com-
paratively small. due to the very low
break-down voltage of this type of unit.

The crystal rectifier has a distinct
are characteristic and is substantially
identical in regard to the D.C. voltage
output vs. A.C. voltage input, with the
Tungar tube.

Rectifiers for Series Set Socket
Powers

Due to many causes, not the least
of which is the probable introduction

available for this service which is sub-
stantially an enlarged version of the
cold cathode gas-filled B Socket Power
tube discussed above. A drawing of
one form of commercially available
rectifier for this service is shown in
Fig. 8.

Voltage Regulators

Because of the importance of volt-
age regulation in connection with recti-
fiers for all classes of service, with the
exception of the B Socket Power, it
has been thought proper to introduce a
description of two such regulators into
this article. One type is shown in Fig.
%, In this figure, 1 is a transformer,
2 ijs a rectifier, 3 the filter and 4 the
load. The voltage regulator comprises
three elements; an additional second-
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the voltage of the supply to rise above
some normal minimum value. This
will cause an increase in voltage across
the terminals of the secondary 5, and
because of the presence of the satu-
rated core inductance 6 in this circuit,
a considerably increased alternating
current will be caused to tlow from
the secondary 5 through the bridge re-
sistance 7. DBecause of the positive
temperature coefficient of this resist-
ance its value will be much increased
and will thereby absorb the additional
potentinl across the rectifier output
caused by the increased supply volt-
age. Because of the balanced bridge
arrangement of the resistance 7 the
direct current to the filter is electric-
ally isolated from the alternating regu-
lating current supplied by the second-
ary 5, so that no direct current will be
wasted in the regulating circuit and
no alternating components will be in-
troduced by the regulating circuit into
the direct current circuit.

This device is, of course, not instan-
taneous in action, but by proper
mechanical design of the resistance 7
may be made to operate in a few
seconds.

Turning to the device shown in Fig.
10, this operates entirely in the
primary side of the alternating current
circnit and the transformer, rectifier
and filter are all included in the block
1 marked “Converter.” The regulator
comprises a series inductive element 2
so designed that its iron core never
becomes saturated throughout the nor-
mal working range of the device, and
a shunt inductive element 3 whose
iron core is normally saturated. The
exact theory of operation of the device
is somewhat involved, but it may be
roughly stated that an increased sup-
ply voltage causes a magnified increase
of current through the saturated ele-
ment 3. This magnified current flowing
through a portion of the inductance 2
causes an increased potential drop
across that element to affect regula-

SUPPLY ‘

CONVERTER
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Schematic diagram of a magnetic type voltage regulator.

This device is

instantaneous In action.

ary winding 5 on the traunsformer, an
iron core inductance 6. whose core is
magnetically saturated, and a tempera-
ture variant resistance 7, arranged in
the form of a bridge inserted in one of
the leads connecting the rectifier to
the filter.

The operation of the device may be
briefly described as follows: Suppose
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tion and this increase of potential
drop is multiplied by the ratio of total
turns to the turns included between
the supply and the connection of the
coil 3.

This device is instantaneous in op-
eration and. as will have been
noted, requires no temperature variant
resistance.
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Better Radio Reception'

Methods of Eliminating Home-Made Static

PART II

Miscellaneous Causes of
Interference

1—X-Ray Machines—It was found
that when such apparatus is properly
installed and carefully shielded the
range of interference is not great,

2—Storage Battery Chargers—This
subject is treated under three heads:
A-—Vibratory or mechanical rectifiers:
B—Thermionic or jonized gas recti-
fiers; C—Chemical rectifiers.

The noisiest are of course the vibra-
tors on account of arcing at the con-
tacts. A small condenser across the
vibrator element ends the disturbance.
Tube rectifiers sometimes sputter, but
may be silenced by use of condensers
and chokes on the line side. Electro-
Ivtic rectifiers are not noise producers
unless the genius of the user contrives
some method for making them arc
across the top. The engineers in their
report stated that the chief cause of
interference lies in close coupling be-
tween the set and the light line that
supply the chargers,

3—Annunciator Systems—See door-
bells.

4—Stock Tickers—Trouble, if any,
results from coupling of apparatus
with line of communication.

5—Ignition Systems—Some radio
frequency energy is put out by normal
activities of spark plugs and distribu-

tors. It can be corrected by moving
the automobile. In effect it is not
serious,

Similar causes produce similar re-
sults in the case of stationary gas
engines. Here the shielding of igni-
tion leads is advocated,

6—Electric Elevators—The Na-
tional Electric Light Association engi-
neers leave the problem of the electric
elevator to be dealt with in a later
survey. They point out two kinds of
interference—a click heard in the loud
speaker when contactors are engaged
or disengaged—(a sound like the turn-
ing on and off of the light switeh),
and a steady hum due to the motor.
As a matter of fact the motor problem
is merely another of those things. The
clicking of contacts in an elevator con-
trol seems eliminable by the same
methods used to cope with other make
and break disturbances,

The chief cause of interference in
electric elevators is not that they are
electrically operated, but that the
motive apparatus is old and poorly
cared for.

7—Electric Furnaces—These things

do create some disturbance. As an
+ Courtesy of Radio Manufacturers’

Asaociation.
* 8tafl-writer, Chicago Daily News.

By Robert J. Casey*

active agency in the great national
cacophony they are about as important
as the blowing of tin whistles in
Mesopotamia,

Let's forget this one.

8—Moving Picture Equipment—
With moving picture theatres now
more numerous than radio stores it is
time somebody gave some attention to
their power for interference. Appar-
ently they haven't much. Motor
equipment for projecting and re-wind-
ing of filns is subject to the usual ills
of motors. Projecting arcs may de-
velop some radio frequency energies.
However, it was found that with such
apparatus in good condition the R. F.

currents were pretty well choked out.

MORE ON “BETTER RADIO
RECEPTION"

£ The article appearing on this

page Is an extract from the R. M.
A. Manual On Interference. The
Manual containg a great deal of
valuable data which RADIO EN-
GINEERING is unable to print due
to space timitations.

We sincerely hope that the ma-
terial presented will prove of value
to our readers.

If you wish to procure the addi-
tional data and at the same time
have the subject in complete form
you can obtain a copy of the
Manual from the Radic Manu-
facturers’ Association, Inc.,, 32
West Randolph Street, Chicago, Ill.
The price is 25 cents.
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of the feeder lines and there wcre no

other important nuisances in the thea-

tre aside from the pictures and ushers,
9—High Voltage Testing Equip-

ment—Ho hum! Who thought of

that one?

Sparks, Accidental or Otherwise

This ends the summarization of the
report turned in by the Electric Light
Association’s engineers,

By this time any reader who has not
vet fallen asleep probably knows that
sparks caused accidentally or on pur-
pose are the principal factor in the
general jamboree. Ie does not know
yet—but he soon will—that it takes no
search  warrant to (iscover these
vagrant crackles and little or no time
to end them.

An important noise manufacturer in
cities is the printing press and this
because of a characteristic that has
nothing at alt to do with the motors
and switches which operate it. For
many months during the early days of
radio. radio editors of metropolitan
newspapers producing from three to
ten editions a day were at a loss to
discover why static overcame them
whenever the presses were running.

The interference, it was discovered,
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was quite what it appeared to be—
static—and produced as static.

The friction of paper running be-
tween the cylinders of the press pro-
duces a charge like that obtained in
physics experiments by similar pro-
cesses, It is possible to get a sizable
spark out of a freshly printed paper
merely by holding one’s hand near it
and the smell of ozone is sometimes
so strong in a big press room that it
predominates over the tang of the ink.

Fortunately, these static factories
generally can be rendered inoperative
by grounding the frame of the press
or if that fails by hanging short
lengths of grounded chain where they
will just touch the revolving cylinders.
Flat bedpresses such as are used in
job printing shops will oceasionally
produce static, but their field of inter-
ference is limited. In any case the
treatment is the same,

The Elimination Process

Getting down to cases in the matter
of stifling interference, one discovers
that the whole process is merely an
application of filters.

Two years ago one might have hesi-
tated to mention the word *filter” be-
fore a large and varied ‘audience, At
that time a filter was supposed to be
a tlittle sack of carbon that clamped
over the drinking water faucet. The
truc inwardness of the electrical sieve
was known only to initiates, most of
whom were too busy in the telephone
service to worry about radio.

lowever. 1the popularity of hattery
eliminator devices and the need for
loud speaker protection, resulting from
the use of high plate voltages with
the new power tubes has done much
to spread the light among the radio
enthusiasts, It is no longer a secret
that a filter is a condenser or con-
denser-choke combination designed to
keep unwanted currents where they
belong.

The trouble of interference in elec-
trical devices as we have seen is due
to the generation of radio frequency
currents at spots where there should
be no radio frequency currents and the
brondeasting of  these  volunteer
energies with the power lines acting
as antennae,

What more natural then, than to
seize npon these emanations at their
source and block them from the lines?
There are various ways of doing it.
In some instances they are allowed to
wander into a condenser which acts as
a sort of sump tank and loses them un-
til their ambition is all gone. In
others they are actually choked out
of the line. Occasionally they are
grounded.
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It has been found by some genius
who apparently does not have to worry
about his light bill, that if one hooks
a condenser of sufficient size across
the feeders of his service line at the
point where it enters his house, he
need worry no longer about interfer-
ence from devices within his own walls.
An ingenious plan, earnestly recom-

SERIES
HINE 15 AMP _FIELD
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Filter arrangement for small motor,
using a single 2 Mfd. fixed con-
denser.

mended to those who have plenty of
money. 1t has only one drawback,
which, of course, need not be consid-
ered: If the condenser is large enough
to function properly it isx large enough
to by puss a considerable quantity of
alternating current, generally peddied
at a price per kilowatt hour. The
power company might object, therefore,
to the instatlation of such a super
tilter ahend of the meter. And at a
point immediately after the meter, but
close enongh to the point of entry to do
any good it would remain in operation
day and night from now tilt bank-
ruptey whether or not the house light
might be turned on or the suspected
devices in use.

For those who do not feel like mak-
ing such a grand gesture. individual
filters are recommended—one for each
trouble maker. 1f properly connected,
they cense to function when the device
to which they are attached is shut off
—and even when operating, their size
need not be large enongh to pay any
extra dividends on power company
stock.

The Cure for Noise Makers

We shall take up the care and cure
of noise makers according to their
classification at the beginning of this
report and so arrive at the long-de-
ferred discussion of

1. Motors. The motor noise is a con-
tact noise—a spark emanation more
obnoxions than most spark emanations.
because continuwous. Its generation
may be understood by anyone who
understands the working principle of
the device. A motor consists of an
armature revolving in a magnetic field.
The driving current passes first
through the armature whence it is
used to excite the field magnets, the
technique of which need not be gone
into here. The point of the matter is
that the current has to be conveyed
to the windings of a revolving spool
and this can be done only by sliding
contacts called brushes. The brushes
press down against a drum of copper

and  when both are clean, function
without interruption, sparking or noise.

Dirt and corrosion change the whole
performance. The contact ™ hecomes
erratic and is accompanied by spark-
ing. which pits the metal and produces
more sourees of bad contact.

The first treatment of a noisy motor
ix to clean it—not a had idea whether
it is noisy or not. Cleanliness saves
cost of upkeep and service and is an
economical procedure well spoken of
even in districts where radio does not
amount to much,

Even a sparking commutator might
not cause n great deal of trouble if
the iron shell of the motor were
grounded, but surveys have shown that
old  motor installations  frequently
were made on wooden supports and
virtually insulated from the ground.
Grounding may therefore be listed as
a second step.  With these two ma-
neuvers completed, one may choke off
the last of the interference by con-
necting o 2 Mfd, condenser—tested to
stand  1.000 volts I, C.—across  the

Ho V.

[ [ -FlG.2-

SERIES

IF MOTOR FUSES -
ARE LARGER THAN
15 AMP, INSERT 5 AMR
FUSES HERE.

2 MF .-
1000 VOLTS -~~~ ~F

Fitter arrangement for motor
working on ungrounded line of less
than 600 voits.

brushes. Fig. 1 shows the method of
connection,

As in all cases where filters are used,
the condenser should be placed as near
as possible to the point where noise
originates, This precaution will pre-
vent the broadeasting of interference
with condenser leads as antennae.

The dexign of the filter varies some-
what if the line is less than G600 volts
and ungrounded. In that event two
condensers grounded at their common
lead may be used as shown in Fig. 2.

For very small motors such as those
used in soda-mixers, fans, hair driers,
vacuum cleaners and the usual port-
able appliances found in the home, it
will generally be found that the con-
nection of a high test condenser of
about 34 Mfd. across the commutator
will end the noise. With such devices
the use of a middle-tapped condenser
with a ground connection is not
practicable.

An efficient motor filter is shown in
sketch C of Fig. 3 of the National Elec-
tric Light Association group. Two
chokes of the type outlined in Fig. 4
are connected into the A. C. line, con-
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fining the radio frequency currents to
the point of their origin.

Condensers specially made for filter
purposes are now available in the
rudio market as are condenser choke
combinations mounted and ready to
connect. It should be borne in mind
when installing any of these devices
that large capacity condensers contain
wax and therefore should be placed
where heat generated by the motor
will not affect them.

The rules seem simple—and they
are. One reading them for the first
time may be excused for skepticism,
for the noises emanating from com-
nutators and such things seem as in-
vincible as they are mysterious. As
a matter of fact it is only the very old
motor, long’a stranger to care, that will
not respond immediately to shielding
and filtering.

2. Thermostatic Controls. Something
of the treatment indicated in cases of
eleetric pads, humidors, furnace con-
trols, refrigerator controls, ete., has
already been mentioned.

These sources of trouble are miore
diflicult to eliminate only becnuse they
are more difiicult to reach. Fortu-
nately their operation is in most cases
of xhort duration and at periods widely
separated.  In the event that excep-
tional circumstances make them excep-
tionally obnoxious, much of the radio
frequency current may be short ecir-
cuiited before it gets ont into the lines,
by hooking a high test condenser of
Y, Mfd., more or less, across the input.

Such an arrangenent has the disad-
vantage of being somewhat removed
from the actual seat of the trouble, but
test has proved it effective in a Iarge
number of cases. The contact points
of the thermostat may be reached for
filtering in nearly all deeices, save the
clectric heating pad and the usnal
difficulty with heating pads lies in the
fact that the user is generally ignorant
of the faet that he is cawsing inter-
ference. 1oducation in this respect will
probably do more to end the inter-
ference than a filter.

6 f
S

- F1G. 3-

Three fiiter arrangements advised
by the N. E. L. A. engineers.

.
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3. Bad Contacts. The best cure for
a bad contact, of course, is to fix it,
Loose fuses, loose connections, wobbly
light sockets and all of that are a
menace to many things aside from
radio. They constitute a fire hazard
for one thing (or rather the last two
items do) and once located they should
not be left unattended, even if the an-
noyance they cause is only sporadic.

Other contact noises, however, may
well be considered here. for while they
are produced with malice aforethought,
their effect on radio reception is quite

I3 -

ol

-FIG.4-

Choke coil advocated by N. E, L. A,
for use as motor filter. It Is made
from a spool of maple finished with
clear shetlac, wound with 530
turns of .012" D. S. C. wire

the same as if they were purely acci-
dental.

Under this head might be cousidered
flasher signs, elevator  contactors,
vibratory rectiflers, violet-rny ma-
chines. X-ray machines, bell ringers
and the like. Simple cases,
all of them and simply treated.

Sign flashers are of two types, one
operated by a rotating element, actuat-
ing a seriex of make and break devices.
the other turned on and off by a
thermostatic  element, The second
properly falls under the classification
just disenssed and falls into the same
group for treatment as the other
thermostats, The first may have two
sources of disturbance, the actuating
motor and the contacts.

Contact noises are easily quelled by
the connection of a 1 Mfd. condenser
across the terminals. The filtering of
motor noises, if any, is the same as
for other motors.

Sign  flushers have been causing
trouble since the inception of radio,
and formerly were considered a neces-
sary nuisance. MHouseholders in neigh-
borhoods affected by them were so
loudly unanimous in their complaints
that an effort was made to study the
situation, but for a long time the only
remedy suggested was the shielding of
the control device. This remedy was
no remedy at all,

The condenser, however, is in most
cases a cure, installed in five minutes
and effective at once, Here, as in all
cases so far discussed, ignorance has
heen the principal source of interfer-
ence. Sign flashers are generally used
for advertising purposes and no ad-
vertiser cares to antagonize an entire
neighborhood,

Elevator contaetors in soine locali-

ties have been so persistently active
that engineers have abandoned hope of
doing anything with them except leav-
ing them to run elevators. However,
they may be silenced, no matter how
refractory, if properly approached.
The method is the same as for the
sign flasher, but owing to the larger
currents involved is considerably more
expensive. No one can hope to stifle a
good honest elevator contactor by
hooking a 1 Mfd. condenser across it.
The proper treatment is a big con-
denser-—twenty microfarads or more —
and of a type tested to stand the D. C.
voltages to which it may be subjected.
The condenser is connected across
the contact points and if properly sized
will put the device on its electrical
rubber heels. Twenty microfarads of
condenser represent a  considerable
ontlay of money especially where it
must he repeated for several contact-

ors, but no more than the building
owner stands to lose if it becomes
noised about that radio is a mere

rumor in the vieinity of his shafts.

The Refractory Vibratory Rectifier

The most amazing experiment of this
gronp is the throttling of our old and
very oral friend. the vibratory rectifier.
Once it seemed impossible that this de-
vice could ever become housebroken
and so strong is that belief to this day,
that many communities like Van
Wert, Ohio, have passed legislation
against it.

However, it takes its medicine with-
out protest aud thereafter is no more
noticenble in the londspeaker than the
time signals from Timbuctoo.

The usual stuff--a one-mike con-
denser connected across the vibratory
element.

AN such rectifiers consist of a vibrat-
ing reed. making and breaking contact
with a tixed terminal. One end of the
coundenser goes to the reed. the other
to the fixed terminal. And that's all
there is to it other than aceepting the
thank= of the neighbhors,

The violet-ray machine has come in
for much comment hefore this. If a
one-mike condenser is connected across
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without causing riot, mayhem and
murder. However, the best eliminator
for such device is the electric light
switch, Caution dictates that they
should not be used while radio listen-
ers are straining their ears for the surf
on a distant coast.

X-ray machines, according to the
best authority, are quiet only when
they are used in rooms shielded with
metal mesh or lead foil. At any rate
they are quite beyond the ministra-
tions of the average broadeast listener.

Recent experiment with X-ray in-
stalation tends to show that standard
filter equipment probably will be the
sohrtion of the interference problem
ceven here. Shielding of rooms in
which such apparatus is used is be-
coming more and more general for rea-
sons that have nothing at all to do
with radio and in nmumerous instances
it has been found that air core chokes

-made of a few turns of heavy gauge
wire, placed in the feeders near the
X-ray machine—and a fairly large
condenser across the line ax described
in the paragraph on motov interference
wenerally will restore the peace and
quiet of the community.

The tilter cirenit for the gagging of
bell ringers is shown graphically in
Fig. 5. It looks fairly complicated but
the analysis shows it to he werely an
old friend, two condensers in series
with a ground mid-point and two
chokes,

It consists of a middle tapped con-
denser—or  two  condensers connected
in series and grounded where con-
nected. and two chokes of the type al-
ready described. Two such filters are
connected into the system. One at the
inpnt and one at the ontput. They
are not ditficult to make nor to iustall.

Two such filters are used. one at the
input and one at the output of the
ringer. Radio men who installed the
broadeasting apparatus at the Scopes
trial in Dayton, Tenn., reported the
suecessful use of such silencers in a
district wherve telephone exchange ae-
tivities had made radio reception im-
possible.

of nature and tfor

similare calling

its vibratme it may possibly operate  similar treatment is the telephone ring-
i
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Compound filter suggested by
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ing magneto, which is still to be found
in rural America. Sparking of brush
contacts is the cause of rumbling inter-
ference which may be stopped by the
connection of a filter across the
brushes much as in the case of noisy
motors.

4. Leaks. In this classification the
worries are altogether the property of
power companies, Condenser-choke ar-
rangements will not help any if insu-
lators are bad or high tension wires
are allowed to scrape against trees.

However. the power companies are
always willing to buy new insulators
or repair defective apparatus when
needed. Power tossed off into the air—
to fall. of course, one knows not where
—pays no dividends on the common
stock.

It may be repeated here that the en-
gineers of such companies are not only
willing to end such interference, but
grateful for information concerning it.

Manufactured Static

We might consider a fifth classifica-
tion—the static engendered by belts
and printing presses. although such in-
terference is highly local and of little
or no importance save where receiving
sets are operated in industrial districts.

Condensers and chokes are of no
use in the solution of such problems,
but the actual remedy is even less com-
plicated.

Grounding the frames of machinery
is the first step. The second, is to pro-
vide some form of brush collector that
will remove the static charge from belt
or paper without sparking. A lead
from the collector to the ground is the
only requirement.

Some interference in rural districts
is beyond classification under any of
these sublheads, particnlarly where
farm lighting plants are employed.

Investigation has shown that a large
portion ‘of this interference arises
from poor graunds. In sandy districts,
such as those of Northern Michigan,

this problem is serious, as the soil is
a pretty good insulator. Moistening
the earth about the ground stake has
little effect, inasmuch as the wet spot
is surrounded by non-conducting
silicates.

It is recommended for such localities,
that the ground be attached to a pipe,
driven down into the soil at the bot-
tom of a well.

Interference from farm lighting
equipment is sometimes difticult to
trace because of the multiplicity of
spark producers that may be found in
such an installation.

All of these plants consist of some
driving mechanism, a dynamo and
storage battery bank, active or floating
in the system. The driving mechan-
ism usually is a gasoline motor with
spark plugs and a magneto. It prob-
ably will have an automatie starting
arrangement, snbject to the same
tronbles as an automobile starting de-
vice.

Hence the elimination of noise in
districts where there are such systems
will require a varied course of treat-
ment.

A small condenser—about 4 Mfd.,
connected across sparking contacts in
the ignition system will end trouble
from that source. It may also be
found necessary to shield the magneto
—a process which sounds complicated
but really consists of placing a large
can about the magneto and grounding
the can. Commutator troubles in
starting motor and in the dynamo are
the usual commntator troubles and
may be corrected by the. means out-
lined under the heading “Motors.” If
there is a make-and-break contact de-
vice in the plant, it, too, will have to
be shunted by a condenser of the same
size as that prescribed for the ignition
system.

Diagnosis of Ills Really Simple

And that about ends the lesson. We
have come a long distance to analyze
an irrvitating situation and to discover
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that diagnosis of the trouble and the
prescribing of a cure might well be
condensed in a page or two. The space
has not been wasted if it enables the
reader to seek intelligently for the
things that have ruined his radio re-
ception and to institute needed reforms.

Receiving sets have become more
sensitive since the early days of radio
and with their increasing, sensitivity,
they have become more and more
prone to pick up noises that passed
unnoticed in the period of the head-
phones and crystal detector. There is
vital need for some concerted effort to
rid the air of needless racket.

Condenser sizes given in this illum-
inating treatise have been based on the
requirements for sixty-cycle power
lines., Most of the power systems in
the United States are this type, but
not all. In Buffalo, a twenty-five-
cyele enrrent is used, in Grand Rapids,
thirty cycles, in California, from thirty-
three to fifty.

Changes in filters due to differences
in current frequency will be slight, if
any.

1t has been found that a quarter
microfarad condenser is almost stand-
ard for all filters affecting small mo-
tors-—of the soda mixer, or electric
vibrator, or hair dryer type—as well
as for automobile ignition noises and
similar  disturbance, arising from
thermostatic controls and make-and-
break contact gadgets.

For larger motors a condenser of
from two to eight microfarads may be
necessary, but such exceptions are
mentioned specifically elsewhere in the
text.

As a general rule, for the benefit of
prersons who live in districts where
some odd frequency is used in power
lines, it should be remembered that the
lower the frequency the larger the con-
denser required. In the case of
chokes, low impedance coils are used in
filtering high frequencies and high im-
pedance coils for low frequencies.

Bell Telephone Labs Enter Research on
Airway Communication Systems

URING 1927, the American

Telephone and Telegraph Com-

pany conducted a. compre-

hensive survey of commercial
aviation in its present economic,
commercial and technical aspects with
the conclusion that it could serve the
industry by a further development of
equipment and methods for communi-
cation along airways and to airships.
It is evident that the country is now
in the midst of a vigorous develop-
ment in this new field of transporta-
tion. So far as the engine and the
airplane are concerned, a commercial
degree of safety and reliability is at-
tainable in the present state of the

art and, while further improvements
in design are certain, no fundamental
invention in the airplane itself is re-
Juired for its utilization for air trans-
port services.

The greatest need is to increase the
reliability of transportation and safety
of passengers. Such safety can be in-
creased by means of minimizing the
hazards of weather, aids to navigation
to minimize the risk of losing the true
course along the airway and finally
means to minimize the risk of colli-
sion by the use of a despatching sys-
tem analogous to modern railway
practice but certainly very different.
For all of these purposes, electrical

www.americanradiohistorvy com

communication system will be re-
quired using both wire and radio.

The Bell System provides a nation-
wide communication service, and is
working on the new apparatus and
equipment necessary to extend com-
munication service to airways and
aviators as and when required. The
problem is at first one of research
and development, and the Bell Tele-
phone Laboratories have, therefore, in-
cluded in their 1?28 programs a sub-
stantial amount to be devoted to the
advancement of safety in aviation by
the application of electrleal communi-
cations.
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"The Mathematics of Radio

Calculation of Resistances in Parallel Circuits and Determination

PART 111

HE advent of individual C bat-

teries for audio amplifying

tubes, particularily the 40.5

volt C bias required for the 171
output tube has often caused the neces-
sity of placing opposing voltages in
series circuits in order to obtain the
desired voltage. That is to say, two
sets of batteries are arranged in a
manner which permits the reduction
of the maximum potential of one bat-
tery, by virtue of the opposing action
of another battery whose polarity is
reversed with respect to the first bat-
tery. This is shown schematically in
Fig. 10. Ilere we see a battery supply-
ing 6 volts and another battery snpply-
ing 1.5 volts. We note that the minus
of the 6 volt battery is connected to
the minus of the 1.5 volt battery and
that the total voltage of the combina-
tion is only 4.5 volts. The action of
the 1.5 volt battery is connected to
oppose or “buck” the voltage of the
@ volt battery to the extent of 1.5 volts
Expressed differently 1.5 volts of the
6 volt hattery is balanced out by the
1.5 volt battery, the resultant voltage
being 4.5 volts. This state is found
only when the batteries are connected
so that their polarities buck each
other. as for example the minus of
the 6 volt baitery being connected to
the minus of the 1.5 volt battery.

The final 4.5 volts available from the
combination has the same polarity as
the main 6 volt battery; that is to say,
the positive of the 6 volt battery is still
the positive terminal of the final 4.5
volt output. and the positive terminal
of the 1.5 volt battery is the negative
terminal for the 4.5 volt output. The
action of the 1.5 volt battery connected
as shown, is to counteract or counter-
balance. whichever term you wish to
use, 1.5 volt of the 6 volt battery.
Such connections are often utilized to
reduce the voltage of a 45 volt B bat-
tery when the unit is utilized as the C

fe-aem= V.
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FIG. 10

Illustrating the result of bucking
one battery against another, thus
creating a counter—E. M. F.

of Wattage

By John F. Rider, Associate Editor

battery for a 171 tube, which requires
a grid bias of 40.5 volts with 180 volts
on the plate. To reduce the voltage to
the proper value, a 4.5 volt battery is
arranged to buck the 43 volt battery
to the extent of 4.5 volts, thus reducing
the available voltage to 40.5 volts.
The action of opposing voltage in
series circuits is vividly illustrated in
battery charging combinations. A
storage battery, an ammeter and a
charging source are illustrated in Fig.
11 and the explanation of the operation
of the system will be understood after
a study of the system depicted in Fig.
12, Without a doubt most of the read-

=

6V.
BATT

o

CHARGING
SOURCE

=TT

FIG.1{1

A series circult containing two
opposing voltage supplies.

ers of this article are aware of the
“tapering charge” systemm employed in
the majority of charging combinations.
The charging rate is high at the start
and gradually tapers until when the
battery is fully charged. the charging
current has been reduced to a very
small value. Let us picture battery B
to be the charging sonrce; the battery
Bl to be the battery being charged
and the galvanometer G to be the am-
meter in the circuit. The resistance
R-R1 permits a variable charging volt-
age. Referring for a moment to Fig. 11,
let us consider the battery to be
charged as being a 6 volt storage
battery. The charging source is of
such nature that it supplies 2.4 volts
per cell in the battery. Since the volt-
age of the charging source is greater
than that of the battery a certain
charging current will flow. As the
state of charge increases the voltage of
the battery under charge will increase,
thus automatically decreasing the
charging current.

In Fig. 12, the battery B causes a
voltage drop across the resistance
R-R1. Battery B on the other hand
causes a voltage drop across the re-
sistance R. Thus two voltages are
across the resistance R. When the
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voltage drop due to battery B is equal
to the voltage drop due to Bl, the gai-
vanometer will read zero. This is
equivalent to the rise of the battery
being charged to a potential equai to
the charging poteutial, at which time
the charging current will fall to zero.
By varying the slider on the resistance
it is possible to produce a preponder-
ance of voltage drop due to battery Bl
or to battery B. If battery Bl is the
one being charged, it is always neces-
sary to maintain the charging voltage
at a value at least equal to that of
the battery, otherwise the current indi-
cated on the meter would be the dis-
charging current of the battery, dis-
charging back into the line.

Resistances in Parallel Circuits

Now we enter upon the subject of
resistances in parallel circuits. At
first glance one is apt to wonder where
sich circuits find use in everyday radio
practice. It is true that their use is
not as frequent as that of regular
series circuits, but they have their
place. An idea of two resistances
placed in parallel is shown in Fig. 13-A
and one use of this combination is
shown in Fig. 13-B. The latter illus-
tration depicts two resistances in
parallel, located in the output circuit
of a I battery eliminator. R is the
resistance located within the elimi-
nator and R1 is the variable resistance
located externally and connected in
parallel aith the fixed resistance
within the unit. The function of the
resistance R1 located outside of the
eliminator is to permit the reduction
of the resistance R within the elimi-
nator to the value required to permit
the flow of the necessary amount of
plate current required. The occasion
often arises when the plate current and
voltage available from a certain tap on
the eliminator is insufficient to fill the

requirements. The only means of in-

+ | =
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FIG.12
Circuit arrangement illustrating

the action of a taper charge.
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creasing the available plate current
and plate voltage. is to reduce the
value of the resistance within the unit.
This can be accomplished with the
greatest ease by eonnecting a variable
resistance across the fixed resistance.
The selection of this resistance
and the method of calculating the

At (]

A2 . A3
0 MAX.
R 2 m/,/
ELIMINATOR 3 :
OUTPUT : oY
CIRCUIT 3
-B- o045V,
F1G.13
Two circuits having resistances

connected in parallel.

resultant resistances, whben two such
resistors are in parallel will be
discussed in subsequent paragraphs.
The selection of the correct resistance
in order to obtain the required plate
current and plate voltage was de-
seribed in Part 11 of this series.
First, let us define the parallel cir-
cuit. A\ parallel circuit is one in which
two or more parts are connected be-
tween the same two points of a circuit.
In Fig. 13-A, we see the two resistances
R and R1 connected bhetween the same
two points of the circuit. In such par-
allel circuits we have two considera-
tions. First is the resultant resistance
of the combination, Second is the
current flowing in eaeh branch circuit,
Assuming a certain current flow indi-
cation on ammeter A3, we note that the
snm of the eurrent flow indications on

ammeters Al and A2 is equal to that’

on A3, To determine the current in
the branches of the circuit we must
adhere to a certain law, viz.: the cur-
rent flow in any branch of a paratlel
circuit is equal to the voltage aeross
its terminal divided by the resistance,
In other words. if we know the voltage
across the two branches of the cireuit.
the eurrent indicated on ammeter 1
will be equal to

E

1—
R

If the voltage is 50 volts and the re-
sistance of I} isx 3 ohms, the ammeter
Al will indieate

or 1=10 amperes

By the same method of reasoning if

the resistance of R1 is 50 ohms the

current indieation on ammeter A2
will be
30
1=
50

or I=1 ampere

Now if we wish to express the total
current flowing in the cireuit as indi-
cated on A3 it would be

13=11 plus 12 since
the total carrent flowing throngh any
parallel combination inserted between
two points of a cireuit is equal to the
sum of the currents in the branches.

We note that the current indicated
on amieter A3 is 6 amperes, and fur-
ther that the sun total of the current
in the two branches is equal to the
total current. Supplementing  this
fact, we further note that the current
in each branch is less than the total
and since the sum of the branches is
equal to the total, the resultant re-
sistance of the two resistors in par-
allel is less than that of either one of
the resistances.

Now we arrive at the calculation of
the resultant resistance of two resist-
ances in parallel. The voltage is con-
stant across the combination, and the
current in each branch is equal to the
voltage across the combination divided
by the resistance of each branch; and
the currents are additive, the voltage
divided by the resultant resistance is
equal to the voltage divided by I’ plus
the voltage divided by R1 or

12 K 1]
plus
R2 IR 1

therefore the resistance of the com-

hination is equal

1 1 1
- —— plns
n2 R 1

which is expressed as

1
plus — or = — or

1
— = 4,54 ohms
R2 5 50 R2 .22 R2

Expressed differently we can solve
for the joint resistanee by using the
following formula :

I x RI
R -
R plus RR1
aX 30
nR2: -—
a5
R2=4.04

The explanation for the above formula
i= that the joint resistance of two re-
sistances in parallel is equal to their
produet divided by their sum,

If by chance the resistance values of
the resistors are equal, the resultant
resistance of a number of parallel re-
sistances of equal resistance, is equal
to the resistance value of one resist-
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ance divided by the number of re-
sistances or

R
R2=—
n

From the preceding formula we see
that in order to halve a resistance, we
must place in parallel with it, an-
other resistance of like value. In
other words, the joint resistance of a
number of equal resistances in paraliel
varies inversely with the number of
resistances used, viz; three like resist-
ances in parallel will provide a result-
ant resistance equal to one-third the
resistance of one; four such resist-
ances, one-fourth, ete.

Let us see how we ecan apply the
above data to the eliminator circuit
shown in Fig. 13-B. Suppose we have
a fixed resistance R of 5000 ohms
which cannot be tapped so as to re-
duee its resistance and permit greater
current and voltage at the 90 volt
tap. By connecting the resistance R1
between the maximum output voltage
tap and the 90 volt tap. we have the
resistance R1 in parallel with the re-
sistance R and the total resistance is
less than that of the smaller of the
two. If the maximum resistance of
R1 is equal to the total resistance of
R. the maximum resistance of the com-
bination R-R1 will be

w| &

or 2500 ohms,

e

F1G. 14

A series circuit including three
resistances connected in parallel,

A resistance R1 equal to twice that
of R will give a maximum resistance
@nal to

3000 x 10,000

15,000
or 3333 ohms,

Let us now consider three resistances
in parallel as in Fig. 14. If we were
to place an ammeter into each branch
circnit the tota] current would equal
that indieated by the ammeter in the
mauin line. The joint resistance of the
three resistances in parallel is again
equal to
1

1 1 1
— = — plus — plus — and if R1 equals 5 ohme
R R1 R2 R3
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and R2 equals 10 ohms and R3 equals 40 chms
1 1 1 13or

- plus — plus — = —
5 10 40 40

R = 40 or 3.07 ohms
13
Expressed differently we ean resolve

as follows

1 1 1 1
- = - plus — plus —or
R 3 \10 40

1
R = —— or 3.07 ohms
3

AAAAAAAAAAA AAAAAAA
WWWAWW

L

F1G.15

A series circuit including three re-

sistances connected In parallel and

a fourth resistance in series with
the group.

Series-Parallel Arrangements

Now suppose we have a eombination
of resistances in parallel and in series
as for example in Fig. 15. Ilere we
see three resistances in parallel and
one in series with the parallel com-
bination. The ammeter A indicates
the current flow in the circunit. Since
we have two sets of resistances, the
voltage drop E across the individual
resistance will be equal to the current
in the circuit times the resistance,
which is the joint resistance of the
three in parallel. The solution of this
value was just concluded. The voltage
drop E1 is then equal to the eurrent
in the circuit times the resistance of
the resistor associated with it. The
voltage drop E plus El is equal to
the current as indicated on the meter,
times the figure representing the re-
sistanee of the parallel resistances plus
the series resistance.

If we were to express the above
combination we would have the fol-
lowing: R2Z=RR plus R1, where R is
the individual series resistance and
11 is the joint resistance of the three
parallel resistances.

In the entire discussion of parallel
resistances, we neglected to mention
that the joint resistance of the parallel
combhination can be in the form of a
single resistance unit of the proper
resistance value. That is to say. if the
resultant resistance of two resistances
in parallel is 15 ohms, the two resist-
anees can he replaced by a single re-
sistance of 15 ohms, providing that
the resistance is capable of carrying

the total amount of current flowing in
the cirenit. The total amount of cur-
rent in the eircnit is the prime con-
sideration when several parallel re-
sistances are replaced hy a single unit.
The reason for this is easy to com-
prehend.  Glance at Fig. 13-A once
again, A certain amount of current
flows through the hranch cirenit Ai
and a  different amount of current
flowx through the branch circuit A2.
The combination of the resistance and
the current flow in that branch results
in the dissipation of a certain amount
of power equal to 1°R or to the cur-
rent squared times the resistance.

Wattage Rating of Resistors

This power is dissipated in the form
of heat generated in the resistance.
When the joiut resistance of the twao
resistances in parallel is obtained in
the form of a single resistance, this

rexistor must pass or carry the cur-
rent equal to the sum of the currents
present in each leg when the two re-
sistances in parallel were used. There-
fore. the current carrying capacity of
this resistance must be greater than
that of either one of the two resist-
ances which comprised the hranch cir-
cuit,  The rating of the current capa-
city of the resistance is made by quot-
ing the wattage capacity. since this is
the E*R whieh is equivalent to Ex 1.
viz: We have a cireunit containing a
resistanee.  The voltage across the re-
sistanee is 3 volts and the current
flow is 2 amperes. The number of
watts being dissipated across that re-
sixtance is equal to
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W=E x1I
WwW—=3 x 2
W =0

The resistance used in the cireunit
is equal to

1o

R

R=L.3 ohms,

The power in watts being dissipated
hy the resiztance is cqnal to

W=22x 1.5
W=t watts

The wattage rating of resistances is
of the greatest import where I3 battery
eliminators are concerned. We have
illnstrated the method of determining
the correct value of voltage reducing
resistances required for use in B bat-
tery eliminators and the foregoing il-
lustrates the method of determining
the wattage rating of the resistances.
In order to be in a position to select
the correct wattage rating. it is evi-
dent that the current flow must he
known, The accompanying table gives
the relation hetween current. voltage,
watts and resistance. showing the cur-
rent earrying capacity and allowable
voltages that can be applied to resist-
ances of 3, 10, 25 and 50 watts
capacity :

(To be Continued)

Wirtrs H——>» 3 3

25 2| a0 0

10 10
Resistance Amperes Volts { Anmperes  Volts [ Amperes  Volts I Amperes Volts
1. 1.730 3.163 3.163 7.070 7.070
1. 1.410 2.572 58 5.973 8.659
2 1.224 2.235 5.000 10.000
2 1.097 2.000 4.474 11.185
3 1.000 1.835 4.083 12.249
3.5 070 1.689 3.778 13.223
4 a 866 1.579 3.420 13.680
i) 774 1.414 3.154 15.770
v.h .632 1.154 2.581 19.357
10 547 1.000 36
15 447 818
\ .38 LT08
. 346 .832
-316 -577
.202 534
<274 500
.245 -447
.200 .365
.173 .316
L1141 J20R
.122 .223
109 .200
100 L182
007 169
086 J158
097 141
063 B
L0564 100 B
1500, 044 081 121.500
2000, o .038 070 140.000
2500 034 063 157.000
3000 031 .057  171.000
3500, 030 053 185.500
4000, .027 050 200,000
SO0 -024 .044  220.000
7500 .020 036 270,000
10000 m7 L0311 310.000
15000 . .014 L0256 375.000
20000, 012 022 440.000
25000 .01 020 500,000
30000, .010 .017  510.000
35000 .009 L0165 525.000
40000 008 .014
50000 . 007 013
73000 L0068 .on
1 5 -005 .Mo
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Service is Keynote of Radio Set and
Accessory Merchandising

Electrical Instruments Make Laboratory Set Inspection Possible in

ERVICE has Dbecome a pre-

dominant factor in every branch

of modern industry. The suc-

cess of any product and its ac-
ceptance by the public is in direct
proportion to the degree of service
that is rendered in conjunction with
its sale.

This word has been greatly abused,
and up to a short time ago, the offer
of service in the sale of a
radio set or instrument
was considered of little or
no value, This xituation.
fortunately, has bheen rap-

idly changing. The radio
dealer who fails to give

intelligent service to hix
customers is seeing his
sales drop, while those
who specialize in this fea-
ture are increasing their
buxiness by benetiting
from the word of mouth
advertising that results
from a completely satis-
fied customer, and are
cutting down overhead
created by returned sets
and instruments and
wasted time in trying to
satisfy a disgruntled cus-
tomer, without an intelli-

gent knowledge of just
what his trouble may be.
The question arises as

to what is the best method
of servicing a radio in-
stallation in the most efli-
cient and expeditious man-
ner, so that any trouble
that may be had with a
receiver or its accessories
can be accurately located
and corrected.

Sources of Trouble

the Home

By Lewis B. Hagerman*

sockets, as at this point every source
of power as well as every circuit in
the set itself terminates, The actual
voltage delivered by the power units is
secondary to the question of whether
it is delivered to the tubes. Deter-

mining this ascertains that the power
units are 0. K. or otherwise, and also
that the current arrives at its destina-
tion and is of the correct value at that

“I3” battery, “C” bias or battery and
power amplifier with voltages up to
500 volts D.C., as well as all intermedi-
ate voltages down to a fraction of one
volt. "They will also check the effi-
ciency of the tube by showing the out-
put in milliamperes, both with and
without a grid bias by pushing a but-
ton, “IL,” and in so doing will prove
that every circuit in the set is com-
plete, or detect any open
circuits that might exist.
One of these instruments
is shown in the accom-
panying illustration.

The operation of this
part of the tester is almost
entirely automatic. The
tube is removed from the
set and an adapter “D"
inserted that extends the
lends to the tester. The
tube is then inserted in the
tester socket “E,” and all
measurements made with-
out additional wiring
changes of any kind. The
meters are arranged so
that they can be connected
for measurement by means
of small push buttons “F.”
that can be pushed down
for a momentary reading
or fastened permanently
for a prolonged test.

There are three meters
on the tester panel. but
they are so constructed
that they give the readings
of equivalent to nine in-
dividual meters. which
would be sufficient to
equip a fairly efficient
laboratory.

Meter “A” gives D.C.
voltage readings of 0-500;

0-100; 0-50; and 0-10
a There are four places A special set analyzer that will check A and B eliminators, volts; also milliampere
in  which trouble may power units up to 500 voits, and ail tubes including A. C. readings of 0-10 and 0-100.
originate: in the set it- tubes and 210 type power amplifiers. This will test the output

self. the accessories. the
tubes. or the installation, such asx the
antenna and ground.

It has been truly said that the tubes
are not an accessory to the set, but
rather is the set an accessory to the
tubes. The function of a receiver is
merely as a coupling and selecting de-
vice to pass the correct frequencies
and amount of current from one tube
to another so as to enable them to per-
form their function of amplification or
rectification.

This being true, it can be seen there-
fore that the proper place from which
to check a radio set is the tube

* Jewell RBlectrical Instrument Co.

point, which is of prime importance.

To make this test requires an
adapter to bLring the connections from
the tube sockets so that they will be
accessible to electrical measuring
meters which will determine the re-
spective voltage impressed on the tube
and check the circuits conducting
them to this point.

Radio Set Analyzer

There are Radio Set Analyzers on
the market that will completely check
every power supply unit. B elimi-
nator, “A” eliminator, stornze battery,

www americanradiohistorvy com

of any “B” eliminator.
A" eliminator, power pack or ampli-
fier, and test any type tube, including
the largest power tubes, such as the
210 type. It will also give the exact
»C” or grid bias voltage.

Meter “B” is a double reading. ai-
ternating current meter, with a range
of 0-3 and 0-12 volts. This wili test
the A.C. filament voltages on any of
the new A.C. tubes, for which a spe-
cial adapter is furnished so that they
also can be tested in the analyzer.

Meter “C” is an 0-130 voit A.C. meter
for testing line voltages.
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A Good “B”-Powér Un_it_

By James Millen

supplying the “B’-power to
even the largest of sets.

The voltage regulator iube employed,
not only prevents any tendency toward
motor-boating when used with sets
employing resistance coupled or other
such forms of high quality audio
chanitels, but also maintains the volt-
ages at the various taps at constant
values, regardiess of the load or type
of sets with which the power unit is
employed. The filamentless full-wave
rectitier tube, the wire wound resistors.
the high voltage short path condensers
contrihute to long life and freedom
from trouble.

HIS power unit is strictly a
heavy duty type capable of

Transformer Unit

In general, “B”-power circuits may
conveniently bhe divided into three
parts: ftirst, the transformer-rectitier
unit: second, the filter unit and
third. the voltage divider unit. Under
the first classitications comes the trans-
former which steps up the house cur-
rent to a usable value and the recti-
fier element, commonly a tube, which
alters the form of the stepped-up cur-
rent from that of an alternating
nature to one of a pulsating uni-diree-
tional form. The transformer which
is selected for the purpose must be so
designed that when it is in operation
its core laminations will not produce
a 60 cyclte hum, usually the result of
loose assembly. The better types of
transformers now avaitable overcome
this difficulty not only by substantially
clamping the core-pieces together hat
by imbedding the entire transformer
assembly in a wax compouud. of
necessity the transformer should be
enclosed in a metal can which ncts as
a shield to prevent the electromagnetic
lines of force set up by the trans-
former from intercoupling with other
nearby pieces of upparatus. Of late
there has bheen manifest a trend to-
ward the combining of the audio
channel of a radio receiver with the
“B"-power supply device. Where such
a construction is attempted this last-
named consideration attains consider-
able importance as there is the possi-
bility of the audio amplifying units
picking up the 60 cycle disturbance
where the transformer is not enclosed

in an iron can. The grounding, not
only of the center-tups of the several
transformer windings but of the trans-
former can itself, is highly desirable
and constitutes an additional safeguard
against an unstable “I’-power supply
unit.

Rectifier Unit

As to the rectifier elemenr, there are
several types which may be employed
but special attention is directed to the
new Raytheon R-9 tube which will

f

4

maximum number of tubes as we
understand that term today. The new
Raytheon tube is rated at 125 milli-
amperes, which is 40 milliamperes in
excess of the rating of the older
previous BH tube, rated at 85 milli-

amperes. In the usual five and six
rube receivers this reserve which con-
stitutes a very large margin of safety
makes for an unusually stable receiver
with little chance for overtaxing the
output limitations of the “B"-power
supply device. So much for the trans-
former-rectifier section.

The Filter
The filter section, that part of the
“B-power supply device which directly
foltows the transformer-rectifier sec-

Filg. 1. The com.
pleted B-elimin-
ator. This uses
the new Ray-
theon R-9 recti-
fier tube which
does away with
the buffer con-
densers, The

voltage regula-
tor tube |Is
optional.

very satisfactorily haundle currents up
to and including 123 milliamperes.
This is an important item because the
use of this tube in “B”-power supply
devices enables the owner of the
“multiest” of multi-tube receivers to
power it from the lamp socket without
the probability of operating the power
unit at its limit of handling capacity.
In other words, the use of this new
rectifier tube insures a current output
which is highly in excess of what will
be required by receivers employing a
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function the
smoothing out of the many pulsations
or ripples which exist in the output as
it comes from the rectifier tube. The
filter consists of a combination of
choke coils and condensers, the chokes
acting as a smoothing agent