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H1S hook—containing over 300 pages—size

5 x 8% inches, bound in green flexible

leatherette, is a most useful desk tool for
evervhody connected with the Radio Trade,

The OFFICIAL RADIO BUSINESS-.OG AND
GUIDE has been especially planned and laid out
for the Radio Man—the lIixecutive, the Engineer,
the Radio Dealer, the Service Man.

A wide variety of radio data. of constant reference
value to the man engaged in the radio business, has
been compiled for this first OFFICIAL RADIO
BUSINESS-1.LOG AND GUIDLE. It contains, in
addition, conveniently arranged spaces for listing
appointments, engagements and personal records;
business references: commercial information; diary
and mentoranda sheets, cte.

Here are a few of the features contained in the OFFICIAL
RADI(Y BUSINESS-LOG AND GUIDIL:  Census of
Radio Dealers—Population of States and Big Cities—Retail
Store Operating IExpenses—List of Radio Set Manuiac-
turers—L.ist of Vacuum Tube Manufacturers—List of Radio
Parts Manufacturers—Bookkeeping Information for Radio
Men—Underwriters’ Rules—Code for Electrical Workers—
Radio Service Man’s Information—Usciul Radio Reference
Formulas—Tube Data Chart—Tables of Schematic Sym-
bols and How to Use—Table of Broadcast Stations—
DIrinciples Underlying Receiver Designs—The Service
Workbench and Test Fable—The Service Car— The Busi-
ness End of Servicing—IForm Letters for Radio Dealers
—The Radio Man's Credo—1931 Calendar—Important
Holidays in 1931—Calendar oi 1930—Calendar oi 1932—

Numbers—Record of Monthly Income and Expenses —Records of Notes, Dues and Future Expenses—
Records n,f lnsurances and Payments—Interest Calculations and U. 8. Interest Laws—Cash Discount
Savings—Table of Dozen and Single Prices—Tahle of Time Pavment Plans—etc., etc.

There are sample adverti_semcnts that will give a professional tone to your advertising, and also a chap-
ter ott how to pep up business the year 'round.

No Radio Man can aﬂ'or_d to be without the book. It will give him knowledge which he cannot get
in any oth'er way. It will help him in his business, through the commercial advice and informa-
tion contained in its pages; and, most important of all, it will stop money losses by providing
ample space for recording all business transactions day by day.

Every item in the OFFICIAL RADIO BUSI-

Special Offer!

\We will accept your pre-
publicigtion order at tle
special price of $3.00,
and we will gold-stamp
your name on the cover
oi the OFFICIAL RA-
DIO BUSINESS - LOG
AXD GUIDE i you
will mail your order at
onice on the coupon he-

Vail r NESS-LOG AND GUIDE is compiled with the low. Once the hoock is
1 i, (_mclthnlughlt in mind: How can the man engaged | published, its price will
—_———,—— e ——————— -1 in the Radio Trade be assisted most efficiently ? h "y g
GERNSBACK PUBLICATIONS, INC.. e : < ;7 ' cs [ &t $.00. You are saving
L ! : llul?o;\avza::“!:lcc\'l;lake more money ? and IHow can $1.00 by ordering now.
As per your special offer. I enclose herewith $£3.00 for which oo - X )
you are fo e me bosihald r"['fi.#;"g n‘[;":he ?tp;;]‘.'}{; | I'he OFFICIAL RADIO BUSINESS-.OG AND GUIDE is a true assistant,
:lz'.?:d'dmln"m:'1'"'"""""““;'-" Driee of §3.000m a1t 1s pub- | a counsellor, and a silent partner to the man engaged in Radio activities,
wiil ‘{,':\514).1,8“:;';"5;,""?'2: éﬁc‘:{3‘;'1"11'“‘{71';3"1'316"'1}1;3'1‘:\'5515:;? Il lccl)gn;l:mei?crcr:um }l)m:‘l:s; it becomes his private secretary, time-saver, husiness
y N1 GUIDE is published, E cference book.
) : The size of the OFFICIAL RADIO BUSINESS-I.OG AND GUIDE—3 x 814
Name ...oveena... T bt saredirtpy e inches—is such that it can be slipped in the pocket and carried around wherever you
| go—a real portahle office.
AIIESS o L : The price of the OFFICTIAL RADIO BUSINESS-LOG AND GUIDE is $4.00
| postpaid. It will be ready for shipment March 1, 1931.
CitY.uuun. 5o nneas State....cuue.. I
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Radio Employers

ET into the rich field of Radio via

the Radio Training Association. Radio
manufacturers, distributors, dealers are all
eager to employ our members because we train
them right, and qualify them for the positions that
require better trained men.

So great is this demand from Radio employers that
positions offering good pay and real opportunity
are going begging. If you want to cash in on Radio
quick, earn $3.00 an hour and up spare time, $40 to
$100 a week full time, prepare for a $10,000, $15,000,
$25,000 a year Radio position, investigate the
R. T. A. now.

Special Attention to Radio
Service Work

Thousands of trained Radio Service Men are neaded
now to service the new all-electric sets. Pay is
liberal, promotions rapid. The experience you re-
receive fits you for the biggest jobs in Radio. The
R. T. A. has arranged its course to enable you to
cash in on this work within 30 days!

RADIO-CRAFT

Hirel
W

Would you like to work “behind the

scenes at Hollywood, or for a talking

picture manufacturer? R. T. A. training quali-

fies you for this work. Television, too, is included

in the training. When television begins to sweep

over the country, R. T. A. men will be ready to cash
in on the big pay jobs that will be created.

Expert Supervision
Lifelong Consultation Service

As a member of the Association you will receive
personal instruction from skilled Radio Engineers.
Under their friendly guidance every phase of Radio
will become an open book to you. And after you
graduate the R. T. A, Advisory Board will give you
personal advice on any problems which arise in
your work. This Board is made up of big men in
the industry who are helping constantly to push
R. T. A. men to the top.

Because R. T. A, training is complete, up-to-date,
practical. it has won the admiration of the Radio
industry. That's why our members are in such
demand—why you will find enrolling in R. T. A.
the quickest, most profitable route to Radio.

Mail Coupon for No-Cost Trammg Offer

Memberships that need not—should not—cost you a cent
are available right now. The minute it takes to fill out coupon
at right for details can result in your doubling and trebiing
your income in a few months from now. If you are ambi-
tious, really want to get somewhere in life, you owe it to
yourself to investigate. Learn what the R. T. A. has done
for thousands—and can do for you. Stop wishing and start
actually doing something about earning more money. Fill
out the coupon and mail today.

Radio Training Association of America
Dept. RCA-5, 4513 Ravenswood Ave., Chicago, 1l

Fill Out and Mail Toduy!

Radio Training Association of America,
Dept. RCA-5, 4513 Ravenswood Ave.,
Chicago, Il
Gentlemen: Send me details of your No-

Cost Training Offer and information on how
to make real money in Radio guick.

Address .. .. ..
Citys obt02auidil
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MULTIPLE RADIO AND SOUND INSTALLATION. No
hotel is now complete withont radio, as well as light and
water, connections in every room. ‘The methods of obtaining

centralized radio reception and distribution of programs, in

use in big new hotetsy will be explained and picture:d,
SHORT-WAVE CONVERTERS,
short-wave broadeasts has stimulated  the popular demand
for converters which can he connected to a regolar hroad-

The increasing interest in

cast receiver, and ntilize the high amplification and exeellent
quality of wundio output which the Tatter affords.
will be deseribedt

Several

RADIO AS A GUIDE TO AVIATORS. The problems of
gndding aiveraft, not merely along the established lanes of
traflic, but in the most delicate operation of all—landing,
especially under  conditions of poor  visibility—have  been
worked out by the DBurean of Standards to o remarkahble
extent.  New and ingenions devices will be shown.

MEASURING INDUCTANCE AND CAPACITY. Methods
and test apparatus, for the service workshop and the experi-
mienter, will be put in simple form.

And many other interesting and  practical articles for the
Service Man, the experinrenter, the set builder and the
radie fan.
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Now you can get SPECIAL Now pou can get SPE- Now you can get sygcul_

training In TALKING il.l:L trainiag in the tralning fn AIRCRA
PICTURES. a Aeld pay- ! 4 RADIO, preparing nn

ing asv much ns $7% ) for & good
to 8200 a week to
weil.trained Radio

SPECIAL ade
vaneed tralning in
SERVICING bete. 1

tions continaally need

mansgers, ¢engiheers,
it

operatdry.,

in Radio

Earn the Hig

" time of -n-mllm bunlnn-
of your owh,

9

her Salaries This Specialized Training Fits You For.

=% Il Train You at Home in Your Spare Time for the Better Jobs

in the Most

Get This

E. SMITH, President,

It tells all about the many new
opportunities in Radic and how I

Important Branches of Radio. Send for My Free Book.

make money on the side repairing, installing,
selling Radio sets in your neighborhood. My
50-50 method makes learning at home easy, fas-
cinating, practical. G. W. Pam-, 2210 Eixhth
Ave., S8, Nashville, Tenn,, writes: "I picked up
$435 in my spare time while studying.” 1 send
you eight laboratory outfits that make clear the

FREE Book

lntional lll.nllnlnl\umtu give you Special Advanced train- basie ;-rinciplez o}f‘ whatever branch of Radio
the man who hag directed . P - you choose—and show you how to service prac-
}.Ix':.: o'fll;::nereh:r‘-:}\\ ﬁ'!‘rrntillll; ng in the ﬁv-e branches pictured tically every type of receiving set made. N. R. I.
Hadio Indnstry than any above. Mail coupon below. "‘-].:r =8 course i3 the only training that enables you to
other man in Ameried, Ll become a Certificd RADIO-TRICIAN.

HE well-trained specialists arc the fellows making opportunities in Radio. inchuding up-to- You Don’t Risk A Penny

who get the best jobs, men. And believe me date information on fascinating new develop- I back up my trainng with a signed agree-

the newer branches of Radio are in tre-
mendous need of fellows with specialized traine
ing. Opportunities are growing greater every
day! Talking Il'ictures and Publiec Address Sys-
tems, Television, Aviation and other new fields—
offer untold success possibilities to highly trained
Radio men. And NOW is the time to get in on
the ground floor and grow up with these Iatest
Radio develepments.

Revised Free Book Points Out
Good Pay Jobs

Every fellow who wants to get ahead and
make real money in Radio should send for the
latest edition of my new book—"Rich Rewards
in Radio.” 1t is ehuck full of facts on the muney-

- “N.R. L is Best™

'] get more work lh.m anv other Radio

man in this cily. The N. i, L eonrse i3

& by far the best. You may e inlerested
tw know that my friend. W, Novy,

A N. . L. gradnate. is with the \ll_nnhqne

muplr Gracdhate 8, F, (lark is with

\. -Ine Air_ Mail  Service "' —Lawrence J.

YVauck, Box 91, lowa City, lowa.

“Thanks To N. R. I.”

*1 made more money throngh taking your
conrse than 1 ever Jdid before—over $3,
since startin®_the course abont a year af: iy - f;
present 1 am emplayed as Serice
Man by It. C. . I'intophone, Ine.. in- =
specting their Tallnng Motion lumra ‘
equuh ment installed in theatres. T '
old such a job a man has to hl_o
ii% umuns,’ and [ do thank the N, R, L.
Mabatfey, 266 8. Ninth St., Salt Lake Cn), Uah.

ments. Moreover, my book tells how quickly and  ant 1o refund ever ' i

g y cent of your money if,
;"f;’;l’cp‘ﬁveiy you ean become an expert in any  afier completion, you are not satisfied with the
ield o adio through my 50-50 method of prac- ll,s“,,, and Instroction Service I give you. That
tical home-study training. In nddmon. my course  js why | urge You to send for my nem'r free
gives you extra specialized training in Television, book, which tells all ahout my ¢
Aircraft Radio, liroadcasting, Commercial and course, how little it costs, the
Ship Radio Statlons Sound Pietures and Public g jobs it prepares you' for
Address Systems, or Advanced Radio Merchan- and how my Employment De-

dising and Servieing, without crird chuarge. partment helps you get a job

after wraduation. The cost is

Many N. R. 1. Men Make low and my terms are easy.
$2,500 to $5,000 a Year Mail the eoupon NOW'!

Many of my graduates now earn $50 o $100
a weck and more, atd you may do even better.
for Radio is invading so many industries that
thousands of trained men will be needed to carry
out this and future expansion. Talking Pictures

s
FRE E S, COUPON

alrealdy pay as much as $75 to $200 a week to : -
the ritht men with Radio training. Aviation is : J: E SMITH, President :
needing more and more trained men for good National Radio Institute, Dept. 1EX
jobs on the ground and in the air. Television § Washington, D, C. !
any day now may call for hundreds of trained 1 ]
Radio men for development work leading to fame 8 D"" Mr. Smith: Send me your Free 4
and fortune. And think of the obportunities § Book, “Rich Rewards in Radio.” I under. 1
today for well-trained men to earn, $50, $75 to 1 stand this places me under no obligation
3100 a weck with broadeasting staticns, ship- and that no salesman will call. ¢
ping companies, set manufacturers. Jjobbers, " ]
dealers and in_a sales and service business of § ]
their own. With automobile radios and low- § NAME....cceciereereecorerceennssosesnssossnesasnssss
priced midget sets. sales and service, future [ '
obportunities should be greater than ever. '
¥ ADDRESS...ccoiiinsienririrnie e srerscsnense. 8
Many Men Earn €200 to $1000 4 ]
in Spare Time While Learning : CITY........... revrerirreies STATE s vieeiieness 3
T teach you to begin earning almost at once. !
L-------—----------J

The day you enroll, I'll show you 28 ways to
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" General view of ane secuou of our .Serwce l)epartment slmwmg students doing actual work on n various Radio Receivers

lEARN RADIO~~TE[IEVISION

NOT By BOOKS Or CORRESPONDENCE - By

Don’t spend your life slavingaway in somedull,

hopeless job! Don’t be satisfied to work for a
mere $20 or $30a week. Let meshow you how to
make real money in Radio—thefastest-grow-
ing, biggest Money-Making Game on earth!

Golden Opportunities
Paying $60, $70 and Up a Week

Jobs as Designer, Inspector and Tester paying $3,000
to $10,000 a year—as Radio Salesman and in Service
and Installation Work, at $45to$100a week—as Oper-
atoror Managerofa Broadcastmg Station .

at $1,800 to $5,000 a year—as Wireless
Operator on a Ship or Airplane, asa Talk-
ing Picture or Sound Expert—THOU-
SANDS of OPPORTUNITIES LEADING
to SALARIES of $60 A WEEK AND UP!

NO BOCKS .- NO LESSONS |
All Practical WorR

Coyne is NOT a Correspondence School.
Wedon’t attempt to teach you from books
or lessons. Wetrain you on the finest out-
lay of Radio, Televiston and Sound equip-
ment in any school—on scores of modern ||
RadioReceivers, huge Broadcasting equip- |
ment, thevery latest Television apparatus,

Talking Picture and Sound Reproduction equnpment.
Code Practice equipment, etec. You don’t need ad-

vanced education or previous experience. We give
you—right here in the Coyne shops—all the actnal practiceand
experience you'll need. And because we cut out all useless the-
ory, you graduate as a Practical Radio Expert in 10 weeks' time.

TELEVISION
IS NOW HERE!

And Television is already here! Soon there’ll
be a demand for Thousands of Television
Experts! The man wholearns Television now

1 T

Instrucror explammg principles and operation of a Tall'mg Plc!ure Machine

MAIL COUPON ON OPPOSITE PAGE
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Students operating our modern Broadcasting equipment. In the rear you can see our Sound Proof Studio Room

TALKING PICTURES i» 10 WEEKS

Actual Work-In the Great Shops of Coyne

can make a FORTUNE in this great new field.
Get in on the ground floor in this amazing new
Radio development! Come to COYNE and learn
Television on the very latest Television equipment.

Talking Pictures .- A Great Field

Talking Picturesand Public Address Systemsofferthou-
sandsof gcldenopportunitiestotheTrained RadioMan.
Here is a great new field of Radio work that has just
started togrow! Prepare now for these marvelous op-
portunities! LearnRadio Sound work at Coyne onactu-
al Talking Picture and Sound Reproductionequipment,

EARN AS YOU LEARN

You get Free Employment Service for life.
And don’t let lack of money stop you. If you
need part-time work while at scgool to help
pay living expenses, we will gladly help you
get it. Many of our students pay nearly all of their
expenses that way. You can find out everything ab-
solutely free by simply mailing the coupon below.

COYNE IS 32 YEARS OLD

Coyne Training is tested, proven beyond all doubt.
You can find out everything absolutely

-
- *

i

] free. How you can prepare for a good job
or how you can go into business for your-
self and earn from $3,000 to $15,000a year.
It costs nothing to investigate! Just mail
the coupon for your copy of my big Free book!

H.C.Lewis,Pres. RADIO DIVISION  Founded 1899

c OYNE ELECTRICAL

SCHOOL

500 S. Paulina St., Dept.51-8H Chicago, Illinois
r-----------------
H. C, LEWIS, President

Radio Div. Coyne Electrical School
5§00 S. Paulina St,, Dept.51-8H Chicago, 111.
Send me your Big Free Radio Book and all de-

Students operating and adjusting our modern Television Transmitting equipment

FOR BIG FREE BOOK

tails of your Special Introductory Offer. This
does not obligate me in any way.

615



HE first volume of the Handybook

contains a tremendous amount of
the most important scrvicing data of
every kind—hundreds of illustrations,
wiring diagrams, and dozens of charts
on every conceivable subject pertaining
to radio sets, tubes, lme voltages, etc.
This book contains live “meat” from
start to finish, and only practical in-
formation on which every radio man

GERNSBACK PUBLECATIONN, Inc.
Dept. RC-331

W#-98  PPark Place,
Ax per your offer, T enelose herewith remit

New York, N.OY.

tance of $2.00 (Canada and foreign $2.205)
which pays the eatire amount on yonr new
ponk  entithed  RADIO SERVICKE  MAN'S
IMMANDYBOOIK with Adbdemda Data Sheets,
in looscleaf form, as deseribed in RADIO-
CRAFT.

Name

Address

CitFovsoenansssssosasaansases

.....................................
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7 RADIO

Service Man’s HANDYBOOK

with Addenda Data Sheets

can cash in on immediately.
Just to give you an idea of a few of
the subjects covered in this book, we

mention the following:
Prescriptions of a radio doctor
Modernizing old reccivers

Operating notes for Service Men
Service Men's data

Servicing automobile radio instaltations
Curing man-made static

Causes and cure of radio interference
Notes on repairing "B power units

FHOA-DATA SHEETS

Size 9 x 12 Inches

Weight 2 1bs,

Constructional data on laboratory equipment

A portable radio testing laboratory

Servicing with the set analyzer

What and how the Service Man should: sell

Helping the Service Man to make money

How to become a Service Man

Servicing broadcast receivers

All about vacuum tubes, and vacuum-tube
data

Special radio Service Man's data

Dozens of radio service data sheets

And hundreds of other similar subjects

Contributions by
Foremost Radio
Authorities - -

C. W. Palmer
Leon L. Adelman
Sylvan Harris
Bertram M. Frecc
Julius G. Acevues
C. W. Teck
Paul L. Welker
H. Weiler

J. E. Deines

F. R. Bristow
and many others

4 A NEW
(DEA

Every Service Man,
every radio man, cvery
radio experimenter and
cvery radio professional
usually  records  his
own notes, draws his
own circuits and writes
down his own obser-
vations and his own
data. For these reca-

sons, the RADIO

SERVICE MAN'S HANDYBOOK, with Addenda Data Sheets, has been made in loosc-

leaf form. There is supplied with this book a special 48-page section, square-ruled on one

side and logarithmic ruled on the other.
place in the book.

These sheets are transferable to any desircd
On these sheets diagrams, charts, ctc., are casily recorded and

material from other sources can be pasted in this loosclcaf section for future reference.

The total number of pages is 200 and a wealth of radio material is contained thercin.

Nothing like it has ever heen published before.
with a semi-flexible red cover with gold stamping.

OFFICIAL RADIO SERVICE MANUAL.

The size of the hook is 9 x 12 inches
It is in looscleaf form similar to the

MAIL COUPON TODAY FOR YOUR COPY!
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** Takes the Resistance Out of Radio™
Editorial Offices, 96-98 Park Place, New York, N. Y.

"Money In Amplifiers

By Hugo Gernsback

N the same mail, the other day, I received two let-
ters: one from a voung man who is “through with
radio,” as he claims that there is no longer any
money in it and that he did not see any future in

it. The other letter came from another reader, in a
small Mid-western town, who wrote us for some techni-
cal information and, in closing his letter, mentions the
fact that last season he made over two thousand dollars
in installing public-address audio amplifiers.

Tt seems to us from the latter letter, and from many
others that are constantly being reccived, that there is
still a good deal of money to he made in radio, if you
have a little ingenuity and go after business. Radio,
like anv other trade, is not a miracle worker and will
not drop money into the lap of those who wait for it
to come to them. You must go after it and make an
effort. The coming summer season shoukl prove a
particularly rich ground for the ambitious radio man
who wishes to make some real money: and this will
be less difficult than it might seem.

Audio amplification, or the so-called public-address
system, is still in its infancy: and many installations
are yet to be made, where they are urgently needed.
A little educational talk with the right prospect will
Jnvariably effect a sale.  And it should be noted that
a sale here usually runs inte quite some money, and
the profit for the radio man is very satisfactory.

Audio-amplifier public-address systems can be used
with great benefit in many places today, for all sorts
of different purposes: and the writer is safe 0 saymg
that the surface has not as yet been scratched.

Recentlvy a manufacturer of amplifiers compiled a
representative  list of applications of  public-address
units, and the Tist here is only a partial one:

Airplanes, amusement parks. apartment houses, audi-
toriums. athletic fields, hathing heaches, hanquet halls,
haseball parks, Drokerage offices. cabarets, charitable
institutions, churches, clubs.  conventions,  dancing
schools, encampments, factories, fairs. filling stations,
flying fields, foothall games, hockey matches, home en-
tertainments, hospitals, hotels. ice skating rinks, merry-
vo-rounds, motor cars, open-air assemblies, orphan
asvlums, paging systems, poto games, railrvad depots,
race tracks, regattas. receptions, restaurants, roller skat-
ing rinks, sanitariums, schools, stores, summer resorts,
swimming pools, veterans' homes and carnivals.

During the summer time there will he large rewards
for the industrious radio man who can make mstalla-
tions of public-address systems in amusement parks,
athletic fiekds. Dhaseball parks, fairs. hotels, summer
resorts, and the like. There is hardly a place today
where people gather, in which a public-address system
cannot be installed to advantage. Summer hotels, par-
ticularly. need entertainment for their guests: and 1t is
a simple matter to hook-up an amplifier system to the
radio. which is already there. in order to bring dance
music and other entertainment to the hallroom, etc,

Then, of course, no public-address system is com-
plete without its phonograph unit.  While the radio is
satisfactory in most cases. it is often necessary to supply
entertainment i the form of dance music (which can-
not always be obtained, at any hour on the radio) and
it is here that the phonograph, with its electrical pick-up
conmected to the amplifier system. works wonders by
means of a simple throw-over switch. Incklentally,
additional profits are to be made by the radio man in
supplving such an electric-phonograph installation in
conjunction with the audio amplifier system.

The hist which we have given above is of course
imcomplete: for every day new and ingenious uses are
found for audio amplifiers.

last summer, at one of our Atlantic beaches. an
enterprising radio man hired a motorboat and installed
m 1t a powerful amplifier svstem.  He ran the boat
Lack and forth for a few nules and gave the bathers,
not only music that was audible above the roar of the
surf, but music that could actually he heard well for
half a mile.  Between numbers, he filled in with an-
nouncements which stated that the program was beinyg
given through the courtesy of a local department store:
and he had no trouble to sell this advertising time to
a mumber of merchants of the seaside resort.  The
installation did not cost a great deal and the enterpris-
ing radio man actually cleaned up a very neat sum
during the summer: <o much., mdeed, that he will
extend his activities during the coming season to other
beaches as well, by aperating two more motorhoats with
their attendant amplifier systems, all purchased {rom
the profits made last season.

This iz only one of the more successful ideas whereby
a great deal of money can still he made out of radio,
if vou only know how to go about it.  The rest 15 easy.
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Service Men’s Department

This department is about the Service Man, for the Service Man,

and largely by the Service Man.

Its contributors are practical

men, and we invite every Service Man in the country to tell about

RESISTANCES AND COLOR CODES
By John F. Rider
Wl:: have recently completed a listing of
the colors used to designate the re-
sistances used in radio receivers. Unfortu-
nately, there is such a plurality of colors
employed by diffierent organizations, to des-
ignate similar resistance units, that a list-
ing is not possible at this time.  We make
wention of this fuet in order to clarvify the
idea that the resistanee color codes em-
ployed by some manufacturers are the smne
for a nuber of manufacturers.  Such is
not the case.  Any one listing is applicable
to that mannfacturer only,

A somewhat similar situation exists in the
color coding of connection cables,  In this
respect, however, greater similarity is to be
found, at least among a number of radio
recciver mamtacturerss althongh this muon-
her do not by far constitute the major por-
tion of the organizations who make radio
receivers, Purthernore, the color-code desig-
nations deseribed as general have been found
to he more applicable to old rather than
the madels,  However, we wish it
mderstood that the statenents to follow
are general, and not specific for all radio

recent

mannfacturers.,

Investigation of a lirge number of radio
reccivers and wiring diagrams, representing
the produets uannfactured between 1925 and
the end of 1929, show that the “B4" cables
were of four colors, namely “Brown,” “Red,”
“Maroon and Red” and “Maroon”  In some
receivers, which ade nse of four different
values of plate potential, the highest was
“Brown” and the lowest was *Maroon™;
with the other colors for the intermediate
and low voltages respectively.  Now, very
few reccivers make use of four different
values of plate voltage and *Brown™ as the
highest B4 lead was not common, ‘The
most  frequent  combination  starts with
“Red” as the maximnm “B47 and emplovs
the remaining colors for the intermediate
and the lowest voltages respectively, follow-
ing the color sequence naned.  Brown is
not used.  In smne instances CPink™  re-
placed “Rted”; in fact “Pink™ as the maxi-
i high-voltage *B4" Tead is used in the
majority of the Zenith receivers. The coni-
bhination of “Red,” “Maroon and Red™ and
“Maroon™ is popular in a very great nn-
ber of RCA and Victor receivers: being
used for the highest, intermediate, and low
plate voltages vespectively.

The filament cireuits in the veeeivers which
use ved and the colors akin to red in the
plate circuit, make nse of “Green,” “Blue,”
SYellow,” “Black with Yellow tracer™ and
“PBlack with Brown tracer”™ colors,  In turn,
the receivers which make use of “Pink,)”
“Yellow™ and “Blue™ for the plate cir-
cuits, indicating from highest to lowest

his own experiences of all kinds.

Edited by JOHN F. RIDER

R. JOHN F. RIDER, who passes

upon all the material submitted
for publication here, in the Service
Men's Department, is a radio engineer
| of the first rank who has devoted much
energy to the popularization of tech-
nical knowledge. None excel him in
the art of making difficulties clear; he
is a practical instructor, and the author
of books known by all Service Men.

“B4+." employ “Brown,” “Red” and “Green™
in the filament cirenit. With very few ex-
ceptions, Zenith is the major organization
to enmploy *Yellow® in the plate circnit. As
a general rule this color is associoted with
the filament cirenit and, in battery receiv-
ers, was at times used as the “A-£" cable.

It might be of interest to gquote color
code standards adopted in 1927 and the ra-
dio reeeiver manufacturers whe were mem-
her companies at the thue.  The majority
of the new wiring  diagrams  show  color
codes, hut quite a large number of the old
receivers” schematios are without such data.
(The data are scenved from the NIMA
Radio Standards landbook.)

For conductors that are individual to one
cirenit enly: N4 Yellow; ©X—" Black
with  Yellow  tracer; “DB4" Max,, Red;
“I4" Int, Maroon and Red; “B4" Det,,
Maroong “B—" Black with Red
O Greens “C—ow), Black and Green;
“C—"" (max.), Black with Green tricers
Lond Speaker (high side), Brown; Loud
Speiaker  (low  side), Dlack  with  Brown

traocers

tracer,

The manufactnvers who weve members, as
recorded in the NEMA  Handbook, are:
Aeme Apparatus Cos Ned Corpe; At
water Kent Mfp Coo; Colonial Radio Corp.s
Crosley Radio Corpe; Dayfan Eleetrie Cog
IFreed-Eisemann - Radio Corp; Charles
Freshmans: AL 1L Grebe & Co,, Ine.: Tloward
Radio Co.; Kellogg Switehboard and Sop-
ply Coos Wino Jo Murdock Co.; Philadelphia
Storage Battery Coo: Radio Corporation of
Ameriea; Steinite Radio Co.y Sterling Mfg,
Co.; Stromberg-Carlson T'el. Mfg. Co.

Although the Victor organization is not
listed, a furge number of their receivers are
wired according to the aforementioned stand-
ard code. As a contrast, the color code in
a large number of the Atwater Kent bat-
tery models is somewhat different from the
standard listed, and is as follows: “A4,”
Red; “A— B—" Black; “B4," max,
Brown: 134" low, Yellow; “B4" Interme-
dinte, White; “C—" Green with Yellow
tracer.

The use of the Red for “A+4" and the
Black for “A—" is common in a large nunr-
her of battery receivers iade by many man-
ufacturers; it is also true of a large mun-
her of the Federal sertes-filaiment AC. re-
ceivers,  In fact, these receivers correspond
to the listing shown for the Mtwater Kent
battery receivers, with the sole exception of
the use of o Blue wire for the “C—" and
of Green for the power tube’s filament cir-
cuit, which is A.C. operated.

It is also significant to note that a com~
bination of coler codrs was used in some
of the early Freshman reeciverss The maxi-
mum “B4" Blue with White
tracer, and the low *I34" cable was Drown.
In some of the D.C. cleetrie receivers, the
maxinmm B4 lead was aceording to the
NEMA standard, with the exception of the
detector plate lead which was Black with
Red tracer.

Old Amrad veeeivers nsed a combination
of Red, Blue and Brown for the high, in-
termediate and low plate voltages,  Yellow,
Green and Slate were the colors used ip the
filarient circuits.

Stewart Warner made use of Black, Black
and Yellow, Black and Red, and Brown for
the filament civenits in a large number of
A oreceivers and Gray, Red and Maroon
for the three values of plate voltage; with
Gray as the highest and Maroon as the low-
est. At times Green “B—" and in
other cases Green was used in the filament
cireuit,

IFada, ns a general rule GGlthough not so
in every case}, follows the standard as set
forth in the NEMA Handbook,

It might be well to mention that Red as
usedd in the Zenith reccivers is invariably
associnted  with the filament cirenit, being
"A4"in battery receivers and one of the
fitkument circuits in the eleetrie reccivers,

As o sunmuney, we wonld souggest that the
volor code for any one type of receiver man-
ufactured by an organization be recorded
and checked against several types of receiv-
ces miade by that organization.  Since no
one code is common to all, it is necessary
to compile color codes according to  the
nunufacturers and according to years or the
types of receivers. This is now being done
by the writer and will he offered at some
future time.

cable was

wis
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Operating Notes for Service Men

What kind of noise annoys a Service Man? The kind that is
always in the last place he looks for it. Here are a few hints on
trouble-shooting and kindred subjects.

RECENT case of noisy reception
on o Stromberg-Carlson 547 re-
ceiver proved puzzling for o time
The  interference definitely
proven to be dne solely to somme internal
defeet, The aerial was disconnected, then
the ground; the first R.I%. sereen-grid tube

wis

DET. « TO-MILLIMENRY

-
TOCATHODES
2450, R.F.

FI6.1 v Fi6.2

ILeft, Stromberg-Carlson 654" detector ontput.
Riuht, Colomal 33407 voltage-ditider connec-

tious: R4, 11,000 ohims: K5, 60,000; K6,
50.000; RS8, K9, 750000 each; 0, *“quict
button.”

was removed, followed by the second and
third. Tlowever, the clicking and sputtering
remained.  When the 27 detector was ex-
tracted, the new  tube,
known to be perfeet, was inserted but with
the same result.  Noisy hypass condensers
were then suspeeted but discharge and sub-
stitntion tests did not disclose the defeet.
‘I'he resistors were then examined, and it
was found that the double voltage divider
was  Dblistering. Rocking  the  divider re-
vealed the source of the trouble. The re-
sistor sparked in operation, and ecaused the
sizzling and frying sounds,

On another oceasion, the same complaint
was encountered.  The voltage divider was
very wisely removed, but the condition per-
sisted after a new one was soldered into
place. A thorough test amd examination
this time showed a noisy bypass condenser
in the deteetor filter; which is composcd of
“n IRUED choke bypassed by two very low-
eapacity  (0005-nf.) fixed condensers (Fig,
1).  ‘This showed up when this unit was
shorted ont while the set was in operation.

A shuilar condition of interval noise and
fading  was  cncomntered on a Freshman
“QIE" receiver, At the slightest vibration
and for no cause (scemingly) whatsoever,
the set would die out or hecone very noisy.
A cheek of the entire receiver and tubes
showed up nothing; so the set was disassenm-
bledd picee-meal to deteriine the canse. AN
secket prongs were carefully eleaned with
a strip of emery cloth and bent into proper
poesitiony every soldered  joint and connee-
tion was sweated and resoldered. The re-
sistors were tested by palling on them and
by kneading the flexible wire-wound resistor,
which made and broke circnit. A new one
was soldered into place. (It happened to
be the 22 binsing resistor.  On another oc-
casion, the fault has been due to others))
After mounting the receiver into position,

noise  ceased; a

By BERTRAM M. FREED

the complaint was eliminated. What was
really the exact canse of the trouble is hard
to say; but duplicating this procedure is
practically sure to clear up fading and noisy
reception on the “Q16."
Correct Placing of Receiver

A novel experience with o Victor 45,
a short time ago, enabled one serviee eom-
pany to “kill” a great nuniber of complaints
that had been hanging fire for a long tiwe.
This sct had a loud hun and, in the repro-
duction of vaice (especially hass tones) an
echo was heard.  Packs and tubes were
changed to remove the hum, and this was
soon reduced to o minimuam: it could not
be entively eliminated, as this model has a
flow humn level. lowever, the echo furnished
another  problem.  Interchanging  dynamie
reproducers did not elear up the diffieulty.
The acoustics of the room was then taken
into consideration. A large tapestry was

OSCILLATOR
TRIMMER

CONDENSER
TUNING

240 ANTENNA
COMPEN SATD\R

VOLUME
CONTROL

By, SEMES

W F1SOCKETS RBITORE

Fig. 3
Bottomt of Majestic 507" chassis, shewing tivo
compensating  condensers {CS, right, and C9.
lefty, . Mdjustmonts are best made with @ good
wacitlaor,

hung on the wall opposite the set to offset
any sympathetic vibration; the windows in
the room were then made seeure to prevent
any vibration of the panes, panels or sashes—
but to no avail. The next meve was to move
the receiver into another room to determine
whether the shape of the living romn was at
fanlt, but the same cffect was obscrved,
Wlhile the Serviee Man was shitting the re-
ceiver, he noticed  that the echo and re-
taining hum disappeared as he swing the
cabinet away from the wall, This furnished
the missing link, so to speak. The set was
then taken back into the living room and
installed eater-corner,  Since then, similar
complaints have been taken eare of in short
order wand now all sets, when installed, are
placed cither cater-corner or about a foot
from the wall,

To remove the new  Colonial  Midget
“Madel 36™ from its cabinet for vepairs, it
is neeessary first to remnove the dynamie re-
producer: or the tuning dial will he bent
out of shape.  This dial is fitted into a
rounded groove cut for it, and part of the

speaker housing overlaps the dial.  In re-
placing the chassis, the speaker must be
wurked in along with the chassis, for the
cmsolette cabinet is very small.

A Colonial “33AC" receiver recently gave
several Serviee Men something to talk about.
The complaint was low volume; the set was
aligned,  tubes  changed  and  the  acrial
checked, hut only two powerful broadeasters
could be heard. On a test for voltages, it
was  found that there was none on the
sereen-grids. "I'his, however, was blamed on
the meters for no set they had ever run
acrass worked without sereen voltage,  1x-
amination finally revealed an open seetion
(middle) of the three-section voltage di-
vider located under the sub-panel of the
chassis near the two R, sereen-grid sock-
ets (Fig. 2). This section has 60,000 oluns
resistance; but replacement was made with
an Eleetrad *Type B™ of 25000 ohmis, re-
sulting in o corresponding inerease in volume
and seleetivity,

Majestic Superheterodynes
Since the advent of supers on the com-
merelal market, perhaps the casiest of all
to balance and align is the Majestic “50™
series. A good many of these sets are on
the market and many have been sold.  Sinee
service material on this maodel appeared
late, and no information could be had con-
cerning the many balaneing and adjusting
serews, many Service Men mistook LI, ad-
Justments for tuning-gang verniers, and os-
cillator trimmers for antenna tuners, ete.
This set has only one LI, stage and, con-
sequently, is simpler to adjust than many
other supers. The very best work is done
with oscillators and output meter; but a
good job may be done without the use of

(Continued on page 483)

SPEAKER : ANT. AND
. i ~ GND, POSTS
45 ]
‘a0 A 15T, ANTENNA
N . COND,
1
4 3
< e ;F
= &
v, ;
L F ke
I Pl
| -y p: L ::
| T (. "
e (e L]
4 !'- - m
' |.
il s |
RN
e Q‘ ° ') °
SHIELD- 'FOSClLLATOK TRACKING COND, )

Fig. 4
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Data Shect 33, February 1931
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(See
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Leaves from Service Men’s Note Books

The “Meat” of what our professionals have learned by their own
practical experiences of many years

By RADIO-CRAFT READERS

LOOKING TO DYNAMIC SALES
By J. E. Kitchin

N all six-volt  battery-operated  sets,
O which pass throngh my hands. T am
now tapping the filament line and bringing
it to a pair of terminals mounted on the
chassis.  These are to accommodate a six-
volt dynamic speaker and, if 1 can later
induce the set owner to purchase a dynawic,
installation is made casier by the presence
of the terminals, The line should be tapped
at the proper point, so that the filament
switeh controls enrrent to the speaker. as
well as to the tubes; a separate switeh for
the speaker field is then unnccessary. As
one side of the »A™ battery is usnally
grounded to the chassis, only one wire need
be used.

1 recently corrected a fault, which had
heen pronounced *normal operation™ hy &
servive firm handling only AC. sets. When
the volue vontrol of a sereen-grid hattery-
operated receiver wias turned half on, the
volmme increaseds and then it decreased as
the control advanced to full on. 1t
should be remembered that the voltage ree-
owmtended by the manufacturer must be
used; otherwise the correct curve 1-x1u-(-t¢-d
from the taper of the potentimneter will
not be produced.  In this case. a sereen-
grid voltage of 67 was being applied, in-
stead of 45,

Wils

ALL AMERICAN-MOHAWK “C6”
By Willard A. Yoder
111LE there were comparatively few
\/ of these reevivers put inte eireula-
tion there are enongh, perhaps, to warrant
a few words of explapation to any readers
who might he catled npon to service one,
The R.F. end is simple enongh and con-
tains no unusual features; boto by glancing
at the accompanying diagrim, one can easily
see how aonch tronble ond  ineonvenience
the andio cirenit might canse the Service
Man if its connections were not antieipated
or understoad.
It will be noted that the outpnt trans-
former is of special design, containing an
additional  sceondary  winding  which  sup-

plies to the grid of tube “B” signal energy
i proper phase relation to that of tuhe
ll‘,\.“

Also note that, while to reanove tube “A”
will make the system inoperative, to remove
tube B will not stop tuhe “.A” from pass-
ing the signal on to the speaker.

son, to remove or replace the output trans-
former, care should be taken to see that
the various leads are connected as indicated
in the diagrans. The volors refer to a small
teacer, waven among the strands of wire
making up the leads of the several windings.
Failure to ohserve these precautions will
resnlt in greatly reduced volunie and poor
tane quality.

The writer ran across une of these sets
wherein the output tubes were connected
in parallel; whieh serves to remind us that,
in the event of failure of the original trans-
former. one of the wore conventional com-
ponents of proper characteristics, may be
suhstituted, if the former type is unobtain-
able,

OSCILLATION IN BOSCH 28
By Floyd L. Rittman

1il trouble, to start with, was oscillation

of the radio-frequency amplifier. 1 went
through the nsmal procedure in neutralizing;
but when I had finished the vadio-frequency
amplifier would still oscillate in the middle
of the dial scale. Tt was perfectly neutralized
on both high and low frequencies but in the
middle it whistled merrily.  Upon close ex-
andnation it was found that the oscillations
were in the detector cireunit, and not in the
radio-frequeney aunplifier. as at first be-
Jieved.

This was an entively  different matter
and the detector eirenit was subjected to
close serutiny. It scemed fonny that the
detector should oscillate, because there was
o feed-back or regenerative cirenit.

As the diagram shows, the detector plate
by-pass condenser C is on the andio trans-
former side of the radio-frequency  choke
and  therein lies the whole trouble.  This
pitrticular choke happened to be just right,
o far as inductance was concerned, to act
as a tuned plate coil

L e -

{
70

DET. BLUE. SPECIAL WINDING

andd cause the detector

AAARAAAAAAAA.

VOICE COIL to oscillate in the mid-
l dle of the broadeast
band.
- {
% ® / mieLo
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SEC. \-5— l The anusual  ontput ar
520 reaaement of the Lxric
CUOT receiter  comprises
tico potecr tubes which are
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l‘l OUTPUT TRANS. I
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ot trudy in push-pull,
but haie a similur ¢ffect,
Compare <cith the Muscum

o awdie amplificr on  page
I 675, (The lower 45 is
¥ tube "B in the text)

The sohition is simple, once the troubie
has heen found, BBy conneeting a .00025- or
a 0005-mif. fixed condenser C1 from plate to
ground on the detector tube, the choke is

T“
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It is always good practice to let the outrut

R.F. component get back to ground as soon as

possible.  (Resistor R appears in the service
manials of the Boseh “28'.)

taken from the radio-frequency circuit and -
the oscillation stops.  The additional
pacity will not affect the tone quality enongh
to be noticeable. ‘The dotted lines on the
sketch show where the additional capacity
is tied into the circuit.

1 have ohtained quite a few tips from
Ramo-Crarr, and 1 thonght other Service
Men might be interested in this experiences
as the same trouble might, 1 believe, be
enconntered with other makes.

ci=

AN EMERGENCY BATTERY
By John J. Nothelfer

FECENTLY, the writer was called ot

of town to service a battery-model
console radio set. Upon arriving, a day
ahead of the promised date, T found that
the storage battery had been taken away
to be recharged, and it would be returned
early the next day.  The idea of coming
back the next day over the rough country
road was unpleasant; and that of using the
car battery scemed the solution.

Upon trying to loosen the clamps on the
battery, it was found that they were too
tight; the pliers would never loosen them,
and the reguired wreneh had been left home,
Ilaving a roll of No. 1# rubber covered
fead-in wire, T drove the car as close as
pussible to the window nearest the set; and
the wires were connected to the battery
terminals.  In this manner six-volt direct
current was obtained, and the set was tested
and repaired in the uswal manner,

SOME SET PECULIARITIES
By Walter 1. Warner

TIIER Service Men may he interested

in these few kinks: In replacing the
dial-drive cable on a Majestie, the gang is
removed  from the chassis by unsoldering
five wires and taking out the three holts in
the bottom of the gang. The dial assembly
comes with it: it is then easy to put on
the cable,
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In Fada models “50” and “70,” trouble
nay be found from open grid suppressors
of the wirc-wound type.  If thev are re-
placed with earbon resistors, the trouble is
remedied.

Noisy volume controls, in Vietor “R-32"
and “RE-45" may be made smooth hy rub-
bing the resistance wire with a pendil eraser,
or putting vascline on the wire itself.

Some Majestic models heemue noisy, or
cut off while in operation, as if the aerial
were broken.  Look for wires coming un-
soldered from the R.F. bypass condensers
in the chassis,

MAIJESTIC SETS
By F. G. Poli

HE Majestic “70-72” series, excecdingly

popular two vears ago, has now arrived
for its share of service hy the independent
Serviee Man,  This article is written with
the theught of saving him much time in
tocating the most conunon faults found in
these receivers.

First, we will take the speaker.  Assum-
ing that the two power tubes are evenly
balanced, and that a flat, huzzing signal is
emitted, the following will usually be found:
grit between the polepiece and the voice
coil: the scaled edge of the cone partially
open; the voice coil off center at the apex;
or the small tabs holding the voice coil to
the cone may have loosenced.

We have had several receivers of this
model in our shops, with no filament voltages
in the radio-frequencey and detector stages;
as a rule, the canse was found to be piteh
oozing out of the transformer and causing a
high-resistance  joint at the filiment lugs.
This is remedied by using a hot soldering
iron on the terminals and botling ont the
pitch; which may he wiped off with a rag
and a new joint made,

RADIO-CRAFT
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The combination of series-filament tvbes in

push-pull is not completely balanced: but the

cirewit tends to equalize the eflect of differing
grid biases.

REWIRING MAJESTIC SETS
By Bertram M. Freed

UCH has been said and written about
M extra dividends for the Service Man.
There is, in many a home, a set which is
giving the owner a good deal of satisfaction
but is not up to date; among these will be
found the Majestic 70, 71, 72" serics. This
model nsed *T1A tubes in push-pull; usually
the quality of reproduction is not faultless.
It is a sinple task to rewire the last push-
pull stage so that the filiments are in se-
rics; o pair of *45 tubes may then be em-
ploved,  The winding will snpply sutlicient
current to operate these tubes satisfactorily.
The biasing resistor for this stage is lo-
cated in the packs it may be replaced, at R,
by a “Type C" Eleetrad resistor, which nay
be adjusted until the tubes get the proper
bias. The resistanee value will depend upon
the plate voltage available: if the voltage is
about 200, place 35 to 40 volts on the grid;
if it is above 220, 45 to 50 volts will be
necded.  Line voltages and the efficieney of

the rectifier vary in different scts,
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A HOT AERIAL—OZARKAS
By N. W. Smith

NF morning a service call was received

from i man who wanted to know if we
could fix a radio that had canght fire inside
the cabinet. T thought that fire inside a hat-
tery set was unusualy so I immediately went
to his home.  He lived alone, in one room,
and the acrial of bare wire was strung about
the place on porcelain nail-knobs; an A.C,
extension cord, from a light fixture in the
center of the room, was supported by one of
the knobs. The 3" ¢liminator was turned
on and off at the light socket and, cach time,
the cord was moved a little until the insula-
tion was frayed. On the night of the fire
the A.C. cord had touched the bhare aerial
wire and shorted to ground through the set;
and the first radio-frequeney coil started to
hurn before the fuse in the huilding blew
out,

An Ozarka “89 A.C” had a lum above
the usual level, and other Service Men had
found no snccess in reducing it; so the
owner had packed the chassis to return it to
the manufacturer.  After agreeing to charge
nothing if the hum was not reduced, we
tricd by-passing, chokes, filtering, cte., with
no luck.,  Finally, we removed a terminal
strip, to trace the leads, and found a 28,000-
ohim resistor connected to the 1.5-volt center
tap but ne lead from the other side. Put-
ting a wire on it, we tried ground and other
connections; when it was connected to the
first-andio and  radio-frequency “B4+" ter-
minal, the hum almost disappeared without
deerease in set volome.  The owner was well
pleased.

fleater clements of the electrie-bowl type
make good A, current ballusts for redue-
ing motor current drain, They pass about
6 amps.

The Service Man’s Open Forum

His Opinions on Conditions and Practices in the Radio Business

SHOULD THE SERVICE MAN BE
AN ELECTRICIAN?
Lditor, Ramo-Crarr:

Ihaving been in the service game for a
nuniher of vears, 1 would like to pass along
a few hints to the so-called »kids” who are
Just breaking in. The thing to do, first of
allh is to get o good thorough traiving in
radio construction and repair, before vou
start to practise on 2 customer’s set. A
customer  has  always  high  praise for a
Service Man who knows his husiness, and
who ean locate the trouble in a jiffy, so
to speak,

A good set analyzer is of prime hinpor-
tance; that lesson I learned from sad ex-
perienee when I ostarted ine Nlthongh tubes
et he tested inoan oanalyzer, it s overy
handy to have a separate tube testers abont
half of the tvoubles eneountered in serviee
calls are defeetive tnbes, and it is a good
thing to test them bhefore nsing the analyzer.

And another thing: use yvour head more
than vonr instruments. By applying a little
common sense and your eves and cars, most
troubles are easily located.

A customer who has paid sonte hundreds

for a set, and stands tearfully aside while
vou tear at the wires and parts, feols that
his pet will never be the smne again,  Al-
though there are Service Men who like to
strew the set on the customer's ftoor, 1 pre-
fer the shop joly as yvou can work in peace
without having to answer a lot of seemingly-
foolish questions.

As for the Serviee Man’s being an elee-
trician, it all depends on how much money
the Service Man wishes to make, 1t s
not necessary for him to he an cleetrician,
bat, on the other hand, he can inerease his
carnings and  trade by being able to do
both, 1 happen to be both a serviee man
and an clectrician and, time and again, 1
have installed floor plugs when a customer
has expressed a preference for a certain
corner in a roonr which had no outlet avail-
able for the radio.

A G Lornack,
10614, First St,, Sounth,
Virginia, Minnesota,

(While the Service Mar'’s work does not
cover the same ficld as that of the eleetri-
cian who installs other appliances, lights,
ete, the two trades are more than touch-

ing now, We have vadio sets with motors,
drawing considerable envrent, and often re-
quiring rearrangement of the honse wiring,
remote controls, ete. It is necessary, there-
fore, for the Service Man to go bevond his
former activities,  There is a growing ten-
dency for cities to require that all radie in-
studlations be checked by a licensed  elee-
trician, to assure that they are safe from
the standpoint of the wiring code—as New
Orleans has just done, over the protests of
the radio trade.  Perhaps the conditions
may be et by a special type of license, for
the radie clectrician whn does not go be-
voud his particular field, but is competent
to sce that an installation is safe as well
as satisfuctory from the radio standpoint.—
Forron),

SPECIFY ALL PARTS
Editor, Ramo-Crarr:

While 1 have long heen a reader, 1 have
not written before; but I think T should
compliment you on the finest nmgazine in
the field for the Service Man. 1 Jike the
fact that fiction has no plice in its pages

(Continued on page 690)
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The Silvertone, it will be remembered, is the
trade name of a line of radio reccivers sold
Ly Sears, Roebuck & Co., Chicago, NI The
“Model FF” and ] are twe of the older
sets dating back to 1926, which were manu-
factured for this company by King Mfg. Ce.,
Buffalo, N, Y,

These two complete diagrams, shown helow,
have been  selected as  represemtative  of  the
circuits followed in the following models: 1,
SEEOG IR CRT A few words will
serve to distinguish them:

The *Model 1 Silvertone radio set is a
5-tube receiver using four ‘U1.\'s amd a power
tuhe which is either a "12\ or a 71\ It
is a battery set of the neutrodyne type, with
single contrel. The gril condenser has a value
of .00015.mf.; and the grid leak of J megs.
The detector plate by-pass capacity is .0D6-mf.
The detector grid leak cdoes not shunt the grid
condenser, but retnrns directly to the positive
sille of the detector filament; and hetween this
point and the A" supply lead is a 2-ohm
resistor,  This detector filament lead aud the
positive  flament leads of the two aadio tules
eounect to a l-ohm resistor: which is also
wired to the “.A4" post, as well as a 10.ghm
rheostat to complete the positive .\ circuit
of the two R.1°. tubes. This rheostat is the
volume control.  The off-on switeh is in the
“A—="" lead, which is grounded. ‘The R.I%.
tnle circnits are designed to operate at 90 volts
on the plate. The first and the seeond mulio
stages have independent B and C™ supply
leads,  The reproducer copnects  directly  in
the plate circuit of the last tube.

When this standard 5-tube neutrodyne bat
ters set is made all-electric, it becomes the
“Madel FI°* shown lelow. The color code
of the Dbattery cable is as follows: VYellow,
SN Dlue, 90 Vo4 maroon, 43 Vo4
blue-red, “B+1st A.F.”; black-green, *C—Ist
AL FCT Dlack-yellow, —": brown-green, “U—
power™; black.red, “B—""; green, “C4+"; red,
“l<+power.”

Consulting the diagram of the “Model FF.
the resistor values are as follows: R1, 10,070
ohms; R2, 3 megs. (redl): R3, 2,500 chms
(large, black): R4, 1,000 ohms (brown); R3,

50,000 ohms (gray); R6. 1.000 ohms (green);
R7, 2000 ohms (small, black)y: RX, 300 ohms,
wireswonnd; R9, RIn, 20 ohms, each.

The capacity valnes are as  follows: C1,
C2, C3. tuning condensers; 4, O3, nentraliz-
ing condensers: Co. 0.l-mf.: C7, .00013-mif.;
CH, L0nnemf.; €9, (10, C11, €12, C1d, U4,
1-mf., each.

Turning new to the “"AModel G we  find
that it is substantially the ~ame a~ the Maodel
1": exeept that there has been added a stage
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of R.F. amplification, making six tules in all.
Uther details are as follows,

There is in the antenna circuit a fixed .001-
mf, condenser: one side of this is commected
to the chassis; the other to a binding post, to
which the groumd may he connected, to reduce
noise ot increase seleetivity.  Meross the bla-
ment leads of the first RF. tube is shunted
a fixed 0.0.mf condenser: another of the same
rating being similarly connected in the flament
circuit of the third R.F, wbe, Three neu-
tralizing condensers are incorporated in  the
design. The grid comdenser is a .NMM15-mf.
unit; and the J-megohm gritt leak conmects to
the positive side of the tube filament, The
two AL tobe filament positive leads are con-
nected together add return to the A4 com-
nection through a 1-ohm resistor; the detector's
positive filament lead retnrning, through a 2-
ohm resistor, to the juncture of the tnbe fila-
ments amd the l-ohm resistor.  The A4 of

SILVERTONE “F’” “FF’” “G,” “H” AND “J”

the three R.I. tubes returas to the battery
thromgh a 5-ohm rheostat,  All the “A—" leads
conuect together and are grounded, In series
with the plate supply lead to the three KR.F.
tuhes is a  1,000-0hm resistor; by-passed to
groumd through a l-mf. fixed condenser. The
calle color code for the *Model G Nilvertone
is the same as in the *‘Model I battery set.

Two all-electric versions of the hasic o-tube
cirenit usel in the “*Model G recviver are
the Models 11 and J; the latter having a push.
il outpnt.

The slightly more complicated circuit of
the “*Model ] Silvertone is shown in full
Condensers C1, €2, (3, C4 (which are to be
Tulanced at 720 amd 1400 ke.) are the regular
wming capacities; C3, Co and €7 are used to
neutralize the R.I°. eircuits. (8 may he used
for oltaining added selectivity; its capacity is
001-mf,, €9, €10, (1l are 0.1-mf.; CIl2,
Ag15mf.; 13, Cl4, C18, 3mf.; €15, Cl6,
1 mf.; C17, 2 mf.; C19, .006-mf.

The resistors in the *“Model J” radio set
have the following values: K1, 10.000-0hm po-
tentiometer: R2, 3 meg.: R3, 1,000 ohms; R4,
R10, 20 ohms; RS, 30,000 ohms (gray); Ré.
2,500 ohms (hlack): RZ. 10,000 ohms (blue);
RS, 1,000 ohms, (hrown); R9, 3,000 chms
(green): R11, 300 ohms,

Following are the approximate operating volt:
ages of the A.C. Silvertone models: Filament
potentials; R.F. amplifier wages, 1.4 volts; de-
tector, 2.4 volts; frst A K., L4 volts; power
tube, 5 volts. Plate potentials; R.F. amplifier,
140 wvolts; detector, 35 wvolts; first N F., 140
volts; power tube, 180 wolts.  Grid potentials;
k.. amplifier, 9 wolts: detector, zero; first
AL, 9 volts; power tube, 35 volts,

l.oss of volume or unisy operation in any
of these models may be due to a faulty volume-
enntrol resistor.

A toggle switch (Sw.2) comnects a 2,500-
ohm resistor R6 into cirenit when the field coil
of a dynamic reproducer is not utilized as the
second filter choke,

The power transformers for the " Muodels H°
and I reccivers are not interchangeable.

Thanks are extended to Mr. R. llartwell
Allen for the wse of references in the prepara-
tion of this Data Sheet.
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RADIOLA “28” SUPER AND “104” POWER SPEAKER

Condenser Cl, in the principal iliagram be-
low, is the loop-tuning condenser, in the input
circuit to the first R, tube (V1); this may
e balanced by an experienced Serviee Man,
in accordance with standard practice for super-
heteradyne circuits, to match the constamts of
the loop antenna, hy the compensating con-
denser U4 (at the left of the loop socket, look-
ing from the from), Condenser €2 tunes the
input to the first detector, V2 (the numerical
~eqnence of the tubes, when plugged inte the
catacomh  sockets, is: V2, V4, VI, V3 V3,
Vo, V7, V8, as inlicated by the numbers im-
mediately benecath these in the diagram, which
correspotel  to  the numerals stanped in the
Lakelite top plate.}  Condensers (1 and C2 are
ganged, and are under the control of the left
tuning  drum;  condenser €3, tuning the cir-
cuit of oscillator V3, is adjustable by means
of the right drnm.  The first R.17, stage is
nentralized by means of condenser €3 and the
ceuter-tapped loep; this condenser is mounted
on the lakelite strip carrving the main terminal
Ings,  The primary of the first LI transformer
is tned to the intermediate freguency (40 ke.)
by mieans of condenser (o this LI, cirenit
is neutralized by condenser €7 (inaccessible).
The dotted rectangle denotes the shickl can
of the catacamly; everything juside this line,
except the filament connectors, is umder seal
(to break which cancels all factory repair ohli-
gations).  The remaining cowlenscrs inside the
catacomh are also inaccessible: so is the grid
leak, RJ3.

Low volume, howling, noisy or intermittent
operation may be due tn defective tubes.  Noisy
ur intermittent operation may also e due to
a loose serew holding the filament connection
bushar  (underneath the “‘whiskers™ or cata-
comb leads). Noisy or poor operation may be
due to a defective phosphor-hreuze spring on
the loop or in the loup receptacle; or a hreak
in one of the flexible leads. Short “C " hattery
life may be due to a defective tube (gronnded
grid): or a loop spring grounding to tne frame,

Lack of signals may be due to an open
safety resistor (Lamp V9). Ior test, its three
leads may be bonded together; or an aute lamp
substituted (first making sure that the 2-mf.

comlensers, (12, (13, are not shorteld). 1f
condenser (12 or C15 is open, circuit ovscilla-
tion and low volume may result.  Noisy or
intermittent operation may he due to one of
the variable comdensers’ pigtails being open or
grounding against the frame.  The loop must
lie centered in the receptacle to take a vertical

position. Interchanging tubes (except the power
tule) may greatly improve operation, The
(4 0RT) PT, OV AL

14920}
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N “RCA 104 Vshh MINE-
y Bes Ton POWER SPEAKER® | SURRENT
m { OR BALLAST

metal markers may cut throngh the insulation
of the wires amd short to other parts of the
circuit.

Noisy  operation—particularly during adjust-

ment of either rheostat; and more especially
when  energized by the *“Model 1047 power
speaker—may  be due to  imperfect  contacts.

To insure satisfactory operation of the 28"
hy keeping the filament potential below 3 volts,
a “pin-jack’™ voltmeter should bLe permanently
plugged  into  the tip-jacks provided for this
pmrpose.  Fo improve the pick-up in shielded
lpcalities, an outdoor antenna may be inductively
coupled to the receiver hy plicing one or two
turns of the lead-in quite wvear the loop, L.
Since the magnetic reproducer connects directly
into the plate circuit, it must be correctly poled,

When current is derived from an A.C.-oper-

atzil power nnit. snch as the 104 speaker. the
filament-connector Insbar underncath the eata-
comul whiskers  Cheavy hines in the diagram)
must e replaced by a resistance strip (\ in the
diagram). The low-resistance rheostat R2 §s
then replaced with o resistance  cartridge  of
350 1o 375 ohms, each section of strip A\
having  the following  resistance respectively:
R1, 190 obms; R2, 390 ohms; R3, 1o} ohms;
R4, 155 ohms; RS, 130 ohms; RG, 120 ohms;
R7, 113 ohms; RS, 50 ohms. When R2 has
a value of 250 ohms (as in the “'Radiola 32° ),
the connecting strip .\ will have these values:
R1, 271 ohms; R2Z. open; R3, 236!% ohms;
R4, 197 ohms; R3, 18317 ohms; R6, 134%
ohms; R7, 1451 ohms; K8, 50 ohms.

When the 28" is N.C. operated, the low
resistance cartridge of the filament-control rheo-
stat R1 is replaced with a cartrilge having a
resistance of 183 obms.

TIIE “104” POWER SPLEAKER

Before connecting the 104 the *28,"
the strap marked “link’ must he removed. e
placement resistance and capacity values shown
in the diagram of the 104 are the figures in
parentheses.  In some models, the secondary
83 may Dbe center-tapped, the patentiometer
not being nsed.  Resistor R1 may be a single
unit of 310 ohms: and R2, another of 1090
ohms.  In normal operation, tahe V34 will glow
pink or violet; amd V5 will be dark Int hot.
Reep the ventilating stack over this tube.

After conmnecting the 104 to the *28,"
the two flament leads should be shunted by a
fixed capacity of 20-mf. or mure (such as an

to

electrolytic mnit.)  The A potential will he
about 32 volts; amd the battery-type filament
voltmeter is no longer required. Al voltage

terminals should he hLy.-passed by 2.mf. fixed
condensers, .\ 30- to 50-henry choke, conuected
acruss main terminal logs 10 and 195, may be
necessary to stop “fluttering’ ; although chang-

ing the '99°s usually is sufficient.  \When the
1047 is used, tube V8, in the ‘20, is not
needed; and the *DBattery Switch” jack nust

Le shorted—off-on control heing olained through
a  conveniently placed  light-line snap  switch.
1f the power speaker is too close to ihe 28,
howling will result.
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Favorite Testing Eauipment of Service Men

And methods for its use to the best advantage in and out of the shop

BATTERY SWITCHING

ARRANGEMENT
By J. E. Kitchin
ERVICING hbattery-operated  receivers

reguires different combinations of “A”
“B* and “C" batteries. The usnal method
cploys o row of terminals to which leads

ke 1
T S Y R - T 8+ 'BY "84
27 9 45 B A 45 90 13§

©

1

(77
‘ |

- J::.E:J

22.5v4-4
4.5V, 4.5V, oV.

An arrangement of battery supplics for the

service brach where D.C. receiters are gei-

crally in nse. The switeh adjusts for return
of “B—,” te v+ er VA=

from the batteries are lirought: the neces-
sary interconnections being made by picees
of wire across the proper posts. A guicker
and  neater way is illustrated. and nses
Carter or Yaxley switehes, mounted on a
stall panel with the terinals,

The S.108.7T. switeh in the “DB445" lead
is to disconneet the sereen-gridd voltage when
testing receivers employing a potentiometer
shunted across the battery: this stops a sinall
drain when not in The resistance in
the filiment battery cirenit is for nse when
testing  *dry-cell™ tube  sets, making un-
necessary a constant moving of the storage
battery elips to obtain 20+ or 6 volts, A
Filot “Resistograd™ is satisfactory and will
cut down the voltage to L1 wvolts for =WD
11" and WX 12" tubes. The writer lives
in a “battery-operated” distriet, and finds
the swmall panel deseribed s very conven-
ient,

nse,

AN EASILY-MADE SERVICE KIT
By Llovd Manuel
I{ FCENTILY, this writer acquired a Cros-

ley 4207 portable set ax a0 trade ing

The case of au old portable receiver, tehich
wccommodaics itsclf handily to use us a sertvice
kit, It is of e convenicul size tu carry.

since hoth audie transforuners were “'shot.”
it was ef little value.

Ilowever, with very little work 1 made a
service kit which is ideal for my purpose,
and 1 believe that it pretty nearly hits the
nail on the head for the average Service
Man.

With the equipment which 1 carry and
which serves every ordinary need, the weight
is not excessive.

Below is a list of teols which the little
box holds: I ratchet serewdriver: 2 ordinary
screwdrivers: 2 small serewdrivers: 1 elee-
tric iron, flux and solder; I pair diagonal
plierss 1 pair long-nose pliers: 1 pair flat-
nose pliers: 1 pair scissors: 1 small monkey-
wrench: 1 balaneing wrench: 1 Readrite
set analyzer: 50 ft. hooknp wire: and small
odds and ends.

The front. as will be noted opens down-
wird and splits,  On the npper  section,
plicrs and serewdrivers are arranged in tape
slots. The upper platform is devoted to
odds and ends: while in the lower part 1
keep my set analyzer,

From a photoaraplh of the screice Lit, as it

appears whew the case 1w opraed,  There s

¢ pluce for qiery tool and accessory, as ceell
as the analyzer,

There is enongh room in the top for a
vertical and removable  partition. Varions
tools could be seenred to this partition: and
five assorted tubes might be carried  be-
hind it.

The divaensions of the case are illustrated,
for those desirons of building one for their
use, in the absence of o discarded portable,

INCREASE THE METER'S RANGE
By John J. Nothelfer
ANY pood Weston or Jewell meters,
designed for the old RCA hattery-
model  receivers, can now he bonght very
cheap in smne of the salvage stores, The
fan who canmot afford to huy a new volt-
mcter, or milliammoeter, can make nse of
an old instriment by oa few changes and
convert it into a volt-ammeter of all ranges:
with great saving to his purse, since these
meters can he hought for aromnd o dollar
to a dollar and a half,
As the diagram shows, the case is re-
moved from the meter and a small piece of

insnlated stranded wire is soldered to the
resistanee terminal which lewds to the arma-
ture at the bottonr of the meter.  (Care
should he taken not to solder to the ter-
minal that leads to the terminals of the

A voltmeter, twith its case removed, wudergoing
the operation deseribed by My, Nothelfer, achich
gives access to the basic millammeter unit,

meter). A small hole is drilled in the bake-
lite back, and the wire is drawn throngh.
The case is then replaced, and the meter
is ready to be monnted on a small hox.
meters have different internal
resistunces and draw more or less oluns per
volt, so the correct resistanee values can-
not be given,  (In another articie, suech iu-
formation will be found, See pnge (82—
Editor.y  The Jewell and Weston meters
mentioned, however, have a resistance of
125 ohs per volt, So, for each volt to be
added, a resistance of 125 ohims shonld be
used,

Varijous

The meter has already a 5-volt scale, with
a G25-ohiy resistanee ailt in. 1o inerease
the voltage of this meter to 50, a total re-
sistance s required of 50 x 125 = 6250,
The meter already has 625 ohms resistanees
subtraet this from 6250, and the additional
resistance required is found to be 5625 oluns,
A fixed resistor of this gize is guite hard
to ohtaing and a good substitute is one of
variable type, with 6000 olis naxinnm,
adjusted to the vegnived length.

To obtain millinapere readings from the
mieter, the wire which was soldered to the
armatnre is used with the terminal of the
uweter which connects directly to the other
winding of the armature.  Resistance wire
from old, heavy rheostats will answer nicely
as a shunt, ’
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A diagram, showing the connections to the
meter illustrated abore, 1Uith the action wsed,
R3 is 5625 ohms; R4, 61,875,
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An A. C. Beat-Freauency Oscillator

A device for the well-equipped Service shop, and for the labora-
tory of the careful experimenter

HE A.C. beat-frequency oscillator is
an  easily-built instrument of pgreat
utility  to Service Men and to all
those engaged in the testing, repair
or manufacture of andio-frequeney appa-
ratus. It is also a useful deviee for experi-
menters, for broadeast stations and for own-
ers of amateur transmitting stations,
Hs purpose is to make instantly available
a source of audio frequencies throughont the
entire aundio range.  This particular osceil-
lator ean be used wherever alternating cur-
rent is available, as it can be built for either
tio eveles or 25 cveles.  No hatteries what-
soever are necessary,  When completed, it
constitutes a precision instrument, compar-
able with the finest commercial oscillators,
and having the important advantage that
it can be huilt for but a fraction of their
cost,

Uses of the A.F. Oscillator

In the testing and manafacture of loud
speakers, this oscillator  performs an ex-
tremely useful funetion. I is ideal for de-
termining  loud-speaker  response and  also
for the determination of paper-rattle fre-
quencies, It can be used in the comparison
and seleetion of loud speakers, and also to
determine the frequencies which cause the
voice coil of a dynamie speaker to hit the
pole  picees. These offending  frequencies
can then be filtered out, thus improving
speaker performance,

The heat-frequeney osciltator can be used
by the owner of an amatenr telephone trans-
mitter to determine the frequeney-character-
istie of his wnplitier.  When used to modu-
late an RUEF. oscillator, the beat-frequeney
oscillutor can be utilized to perforn “overall-
wain®™  and fidelity™ on radio
receiver,

tests any

By H. G. CISIN

It enables the talking-picture Service Man
to study the effects which different  fre-
quencies have on the acousties of the thea-
tre. It is useful, in servicing eleetric pho-
nographs, to feed the oscillator into the
amplifier, in plwee of the pickup; thus lo-
cating faults in the reproduction.

In faet, it may be considered as an abso-
Iute necessity for the Service Man who
wishes to perform efficient work on audio-
frequeney apparatus.

FRONT VIEW
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Fig. 2
be built behind any kind
its output s taken from twe binding
fosts at the regr.

This oscillator may
of panel;

Principle and Construction

In the A.C. Dbeat-frequeney oscillutor, the
measuring frequency is obtained by heating
the outputs of two R.E. oseillators against
one another; the resnltant frequeney is rec-
tificd by a deteetor and then amplified. The
range of this oseillator is from approxi-
mately 30 cyeles to above 10,000 eveles,

It comprises  (FFig. 1) two  oscillators
(t\) and (13), a detector (17). and an
AFCamplifier (26); all these tubes are of

the 27 type.  An "80-type full-wave rectifier
tube (38) is used. The frequeney of one
oscillator (£A) is fixed at 100 kilocveles:
while the frequency of the other (13) can
be varied to 20 kiloeveles away from the
fixed frequency, Both oscillators are coupled
to the grid circuit of the detector tube.
This svstem of coupling the oscillators to
the deteetor, supplying it with a low volt-
age from each oscillator, is such that the
tendeney of the two oscillators to pull into
syachronism, as zero heat s approached, is
climinated.  The detector output is fed to
the amplilier by an impedance-coupled sys-
tenm of the “autotormer” type; with the re-
sult that constant amplification is attained
over a wide range of frequencies,

The two oscillator coils (1) and (6) are
[ong-wave units, each having two fixed wind-
ings and a rotor. They are of the plug-in
tvpe and of low-loss design, having a con-
fined magnetic field of extreme uniformity.
The midget condenser (12) is used to cor-
reet any slight inacenracies in the fixed con-
densers (1) and (2), or in the coils in the
pate cirenits of tubes (1A) and (13). The
varinble condenser (10) is used to time in
the desired audio frequencies over the en-
tire range.  Minimum harmonic generation,
with highly sutisfactory wave-form, can he
obtained hy keeping the coupling of the ro-
tors of eoils (1) snd (6) at a minimum. f
the coupling ix too tight, the percentage of
harmonics will he Inrge.

Four automatic ballast resistors arve used
to regulate the flow of filament current.
Vohune is controlled by the variable resistor
(Z4).  The “B" supply is furnished Iw
power compact; a separate transformer serv-
ing for the filliments of the four "27 tubes,
A stindard voltage divider is used.

In appearance (Figo 2) the AC

i
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The ecamplete civenit of the

eat-frequeney oscillator:
of the osciilator 13 against the fixed frequeney of the oscillator 4.

Fig. 1

The fixed-tune capacitics 2

as its same indicates, the pure andio note is produced by leterodynwing the variable frequeney
and 11 should be closcly matehed.
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frequency oscillator resemmbles the conven-
tional radio receiver. It is assembled on
an  aluminum  chassis, with a great many
of the parts below the deck of the chassis
and with all wiring underneath and out of
sight.  The five sockets are mounted from
below, with only their circular  portions
showing above the deck.

Details of the Assembly

The chassis is bent from sheet aluminum
and cut out as indicated in the “chassis de-
tails™ illustrated (Fig. 3). It is placed face
downward on the workbench, and the vari-
ous parts shown in the bottom view (Fig. 5)
are mounted in their correct positions. ‘Fhe
sockets are mounted first, then the filament
transformer (36) and the choke (21); next
the voltage divider (33), the four resistors,
the various fixed condensers, the four hal-
lasts and finally the three RUF. chokes. The
hinding posts are mounted on the rear chas-
sis. wall, and the power switch (37), the
midget variable condenser (12) and the vol-
ume control  (24) on the front chassis
support.

The values of the capacities shown at (2)
and (11) are 00035-mf. each; it is cssen-
tial to use components of precision here,
The value desired may he attained by the
use, instead of ench of the single condensers
shown, of a .00025-mf. midget in parallet
with a .0001-mf.  Very small components
are ohtainable in units of great precision
for this service; those specificd are hest
adapted.

After mounting the various parts helow
the deck of the classis, the latter is turned
right-side up; and the drum dial and the
variable condenser are mounted (Fig. 4).
The dial's hase fits into the slot cnt into
the chassis, thus bringing the center aof the
drom level with the shaft of the variable
condenser; a hole is drilled in the front
support of the chassis for the drive-shaft.
‘The two audio chokes (22) and (27) and
the power pack (3+) are mounted next;
then the Dlock condenser (35) and, finally,
the coil sockets (1) and (6),

The wiring is quite siple.  The primaries
of the power compaet (34) and the filainent
transformer (36) are connected in parallel,

RADIO-CRAFT
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TOP VIEW

Fig. 4

The drum dial 9 fits {uto o cut-out in the deck of the chassie. as showen in Fig. 3 beloww, A
chart of frequeacics, corresponding to dial readings, should be proparcd by comparison with notes
of known pitch.
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"CHASSIS DETAILS

Fig. 3
The chassis mounts cocry part of the beat-
frequency  oseiflator; it is cut from a single
sheet of metal, a5 shoten. and bewt to form
a pau.

39

BoTTOM VIEW

Fig. 5

The greater nember of compoucnts are mounted under the chassis’ deck: the capacities 2 and 11
may be obtained most precisely, by paralleling tico midget components for cach,

with the switeh (37) on the power-source
sides so that, when the switeh is open, both
picces of apparatus will he  disconnected
from the line.  The filament circuits are
next wired in, taking eare to twist all pairs
of filument leads.  Grid, plate and cathode
cirenits are then wired in, and also all hy-
pass condensers. Wiring the “BY™ supply
completes the entire jobh,

In wiring in the oseillator coils (1 and
4), theiv G0-turn rotors are conneeted in
series in the prid eirenit of tube (17). The
S06-turn winding of each coil is connected
in the plate cirenit of its respective oscil-
lator tube, with the 99 2/3-turn slot wind-
ing in the grid cireuit.

In adjusting the oscillator, the first step
is to determine whether the tabes are oseil-
Iating; this is done by touching the grid
conneetions at  the sockets and  ohtaining
the greid clicks,  Fhen torn the variable
conclenser  (10)  to mininnn eapaeity and
adjnst the widget condenser (12) so that
no signal is heard in the “phones or speaker.
At zevo of eondenser (10), tubes (£A) and
(13) should he tuned to the same frequeney;
namely, 100 kiloeveles,

After the above adjustment has been
niacke, all desired  frequencies will be ob-
tained as condenser {10) is tuned in. Using
three or four standard timing forks of dit-
fevent piteh, it s possible to plot a curve
and acenrately calibrate the heat-frequency
oscillator, so that, Wy referring to the dial
veading, the  frequeney  given out by the
oscitlator will innediately be known.

List of Parts

One 0005-mf. Hammarlund “Mid-Line” va-
rinble condenser, type MI-23 (10);

Three Tlammarlind R.F. choke coils, tyvpe
RFC-250 (5, 7, 18);

Two Silver-Marshall phug-in long-wave coils,
type 111-E (1, 6) and

Two Silver-Marshall coil sockets, type 515;

One Silver-Marshall illuminated drum dial,
type 810-I. (9), with 23,-volt dial light
(9.\);

One Silver-Marshall midget condenser, type
32 B (12);

(Coutinued on page 683)
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Late Fashions in Methods of Detection

The principles utilized in recent commercial receivers, and power
grid-rectification, which is coming next

LTIHHIOUGH the writer had long heen
awiare of the faet, that in the detece-
tor cirenit lies the answer to most
prohlens of distortion, it was not

until he undertook a serious investigation
of television reception that he hecame aware

(B T 1 |
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Fig. 1
cAbore meml, wumodulated R.F. carricr; the ra-
tio a/Ad is the pereentage of modulation. This
wate is, theoretically, “detected” into the half-
wae form belowe, where g-gl is the rectificd
carrier,

of the true magnitude of the problem. Re-
cent developments in commereial reccivers
have given us the “linear power™ detector:
the “multiplex™ detector, which is a cirenit
re-arvangement of the “diode™ or two-cle-
ment Fleming valve, followed by a low-gain
AT stages and now the power-grid de-
tector, due to I 1. Terman of lleland
Stanford, Jr,, University,  Terman, in a
sevies of articles in Radio Broudeast and
in the 1. R E. Proceedings, gave a clear
analysis of the problem, but tailed to con-
neet with the popular fagination; although
he dempnstrated the vast superviority of his
over previous methods as to sensitivity and
fidelity.  1lis most reeent data, appearing
in the Dec, 1930, I. R, I, Procecdings, are
reviewed here.

Theory of Detector

The theory of detection, atthough simple,
is rather difficult in presentation.  Por this
reason, we will skip over the high spots and
give but a brief outline of the syvstems,
together with an explanation of their opera-
tion.

Fig, 1-A shows a modulated wave plotted
against time,  The average value of each
IR. I°. evele is zero, and no effect would he
ohtained were we to apply the signal to a
pair of phones or a loud speaker. 1f, how-
ever, we are able to eliminate entirely—or
even partially—one side of each wave, we
obtain a pulsating direct current: the pul-
sations varving in amplitide according to
the modulation.

Theoretically, this amounts to a complex

By C. H. W. NASON

current comprising a direet eurrent and
both o high- and a Jow-frequeney current.
This high-frequeney component means little
to us; for we nust merely evolve a method
of bypassing it to ground around subse-
quent apparatus. This is done by the con-
denser shunting the input of the first AL .
transformer, or by LI, chokes, in a manner
familiar to all radio fans.

The direct-current component is here use-
less; although it is of value in measuring
apparatus,  (The Tube Voltineter utilizes
this component.) 1t is the low-frequency
component, or variation, in which we are
intevested; since this follows more or less
faithfully the modulation impressed wpon
the carrier wave at the transiitter.

The Diode Detector

“Rectifiers” are so known because they
exhibit the property of wunilateral conduc-
tivity,  That is to say, they will pass cur-
rent in one direetion only,  Such a deviee
will bring about the relative condition ex-
hibited in Fig, 1-B.

In Fig, 2 are shown the essential cireuit
and the characteristic curve of a “diode,”
or two-element tube, in a radio eircuit,
Note the faet that the curve assinmies a
linear, or straight-line, forin as the voltage
increases,  An alternating current, such as

V1A T AF.

The “diode” detector and follotwing amplificr,
as uscd In the Phico “Trausitone” set.

that shown in g 1-A, wonld assume the
approxinate form shown in Fig. 1-8 when
passed through sueh a deviee,

The marked enrvatore, at low values of
applied voltage, eanses distortion unless the
input level is maintained high enough to
aveid excursions into the curved range.  In
other words, we must maintain operation
on the straight-line portion of the eharace-
teristie,

In the Philco-Transitone reeciver, shown
in schematic in Fig. 3, a 71-.\ tube is con-
nected as a diodes the plate and filament
being tied together.  The diode acts here
as an automatic volume control of the
““Wheeter” type, deseribed in an earlier
article hy the writer, (Page 287, November,
1930, issue of Rapw-Crarr.)

The peculiar input eircuit, common to all
dinde detectors and shown in this set, is
made necessary by the high damping (or
low input resistance) of the tube when
operated in this fashion. The high damp-
ing factor, limiting the gain in the previous
R. F. stage, the low output cfficiency (net

to he confused with rectifying cfficiency)
and other factors all contribute to the need
for a high gain AF. mmnplifier, as evideneed
by the three stages following.

Diodes have the advantage of a long-
range of straight--line operation, as com-
pared with the curved portion of the char-
acteristic,

Bias or Plate-Circuit Rectification

Not many years ago we employed “soft”
detector tubes, followed by several stages
of low-frequeney amplification, These “grid-
leak™ detectors were strong on sensitivity,
but for many reasons, were weak as to
quality.  These gave way to the “hias™ or
splate-cireuit™  detector, so called  heeanse
rectification is obtained in the plate cirenit
of the tube, and due to the characteristic
formation of the grid voltage—plate current
curve, A look at Fig. 4 should be suffi-
cient.  Here the graph of plate-current va-
rintion with changing grid voltage is shown
for a particular tube. In the same manner
as betore, we apply a modulated radio-
frequeney wave to the input circuit, in order
to swing the grid voltage about the fixed
bias in the manner shown. Note that the
fixed bias is such that the plate current,
with no signal lmpressed, is close to zero.
T'he fact that the signal variations operate
over a substantially linear portion of the
curve leads to a low degree of distortion,

Should, however, the depth of percentage
modulation swing the grid too far into the
curved area, distortion will be inevitable;
this will arise through the fact that the
upper half of the modutation evele will re-
main an image of its original form in the
unrectified  carrier, while the lower half
will be misshapen.  The percentage of dis-
tortion under these conditions is readily cal-
cnlable mathematically,

Some other disadvantages arise.  For ex-
ample, the plate impedanee of the tube
operated in this fashion is high, requiring
a high induetanee load if the low frequen-
cies are to be reproduced.  The attempt
to fulill this condition may result in a
hulky and expensive transformer, deficient

3—-—

The characteristic operating curve of @ “diode”
detector (plate aud fiiament joined).
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in the highs. This must not, by any means,
be taken as a “grouse” against plate-cir-
cuit detection as a whole, but as a state-
ment of the faets as they exist,

High-Level Detection

From what has gone hefore, it may he
scen that all detectors snffer from distortion
dne to eurvature at the characteristic. "The
sole means of avoiding this is operation at
a carrier voltage so high that even large
depths of modulation permit of ne excur-
sion into the non-lincar area.  Completely
modulated signals are rare. Fyen the troe
1007, -modulated”  stations  reserve  the
maximum  maoduolation for rare  fortissimo
passages. Thins the danger is not great.

It is possible, with a detector so operated,
to obtain  rufficient voltage in the plate
circuit to overload o power ontput tube.
Several commercial receivers operate with
signal levels at the detector input sufficient
to achieve this amplification, cither by
means of a high-ratio transformer or, in
rare cases, with resistance coupling.

With the trend of broadeasters toward
high-percentage madulation, it is essential
that every factor caunsing distortion be in-
vestigated,  Terman and Morgan have dis-
covered that, when properly  proportioned
as to cireuit constants and voltages, the
grid-circuit  deteetor  aceepts a4 much
preater signal  variation  before  excenrsion
into the area of cnrvature ocenrs,

Power Grid Detection

The grid-leak detector operates by vir-
tue of the variation in grid current with
erid voltage; and rectification of the carrier
takes place in the prid circuit of the tube.
Early  grid-leak  detectors  operated  with
low plate voltages and small signal input,
Operation entirely  along  the curved
portion of the prid current——grid voltage
curve.  Such detectors give non-uniforin re-
sponse and, in certain instances, are termed
ssquare-law” detectors; the implication be-
ing that the output varied as the square
of the input, a two-fold variation in the
depth of moedulation resulting in four times
the low-fregueney ontpnt. The distortion
thus ereated is obwvions.

I¥ig. 5 indieates the flow of grid current
in & heater tube of the “equipotential ca-
thode™ type. 1t is unnecessary to show
graphically  the effect of the signal, as a
reference to the prior figures will suffice.
1t is well to note that the area of cnrva-
ture, under optinmm  conditions, is siall
compared with the range available over the
straight portion.

wWis
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Values of Condenser and Leak

The relation hetween the grid leak’s re-
sistance and the grid condenscer’s capacity
for a minintmn  distortion should be such
that Xe/R is equal to or greater than
my/ 1—m2, where Xe is the condenser re-
actance at the highest desired modulation
frequeney and m is the modulation factor,
This is necessary if swmoothing-out of the
high frequencies is to be avoided.  The
condenser charge must be dissipated more
rapidly than the amplitude of the earrier
is ehanged under modolation.  For broad-
cast purposes this calls for a grid conden-
ser of L0001-mf. and a grid leak of 0.25-meg,
Simple enongh.

Chavacteristic curve of a plate-rectification or
bias dctector, showing the opcrating grid-bias

point; note that the plate current is nearly
et off.
The maxinmm  allowable  signal  carrier

for a given plate voltage is abont a third,
and not more than half that permissible
with the tube hiased as an amplifier.  The
waximm plate voltage is determined by
the heat-dissipating properties of the tube.

A means of avoiding the effeet ot high
ptate current is shown in Fig. 6.

With no signal, the plate  voltage is
dropped through the resistor R oso that the
plate current is at a safe value. ‘The in-
coming signal provides a negative bias, low-
cring  the plate current. This cnts down
the drop through R, and allows the tull
plate voltage to be effective.

The "27 and "2t tubes should be operated
s follows, with the grid return directly
to the grounded cathode,

25 24
Lip 180 volts Fip 180 valts
Cg 0001-af. Iisge 72 volts
Rg 0.25-megohm. Cg  .L00t-mf,
R 0.25-mey.

The efficiencey of rectification (13) in either
case is about 83¢;. The grid circuit’s load
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Fig. 7

Details of a band-sclector circiit, utilizing a combination of capacitative and inductive coupling

in the antenna, togcther zeith mutual-inductance coupling in the interstage circuit,
should precede an wntuned amplificr.

tuncd circnits, as shown,

At least four
The detail of the first conpling

coil M (left) is showen at 1Y (rioht),
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MICROAMPERES

VOLTS

Fig. 5
The operating characteristic of a arid-leak
detector: shotwing hote grid current flows with
the chauging amplitude of the carrier,

resistance is equal to R/2B; about 150,000
ohms with an 025-mege. leak. ‘This is higher
than with the old types of small-signal grid-
leak detector.

The advantages are, a higher sensitivity
with low grid cireuit damping, and at least
as great an undistorted output as with
“bias” detection: as well as better response
at both high and low frequencies.  Iigh
inductance loads are unnecessary, and the
screen-grid  tube  may  be  transformer-
coupled.

ADDITIONAL NOTES ON BAND PASS
TUNING
By C. H. W. Nason

SINCF. the appearance of the writer’s orig-

inal article on band selectors (in March
Rapwo-Crarr), nuny readers have requested
addditional information.  For the benefit of
those bashful ones who may not have writ-
ten yvet, although consumed with curiosity,
data here provided cover a band sclector
combining inductance and eapacity coupling,
and another utilizing direet magnetic coup-
ling between adjacent coils,  The latter

qZS MEG. R
27 .Oel-MF.

Fig. 6
A swagested  circuit  for  poreer  grid-rectificas
tion; R limits the plate current sehen no signal
iz impressed on the arid.

method is particalarly adaptable to inter-
stage coils.  The large capacity in series
with the plate tuning eondenser should be a
low-luss fixed condenser; it serves to keep
the direet current away  from mang
condenser,

Here we have a combination of inductive,

the

capacitative and magnetic coupling in a
single veceiver. (Figo 7).

The greater part of the ingnirics concern-
ing the original article mentioned the use of
the fixed R. I°. (Dubilicr “S. G. Duratran™)
transformers: lack of selectivity seemed to
bhe the main erv. The writer suggests the
wse of extremely high voltages with the *2t
tubes, when coupled hy these devices; for
instance, 250 volts on the plate, 180 on the

(Continwed on prge G81)
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Soon—The Cold-Cathode Vacuum Tube

HE hope of producing a vacuum
tube, to he operated by some method
less erude than the application of
heut, has long been in the minds of

an NpTE———

Fig. 1
A German inzentor
had the idea of wsing

a ncon fllbl' s an
amplificr; the glow
between  dits  plates I'l'l'

corresponding to the 8"
wsual filament, = |'|'I' ¥
e )
inventors.  While the present A.C. tube

climinates the use of u storage battery, the
some result might have been obtained by the
application of a gas flameg as in some of
the earliest of the experiments of Dr. e
Forest, nearly thirty years ago.  But, with-
out a means of heating, how is a continuous
cleetron flow to be maintained in o vacoum?

A problem which has always exereised
radio inventors is that of doing away with

Thyratron Tubes

HE high-vacuum tube las, for industrial

application, certain serious  limitations.
A very heavy price, in the way of power loss,
must be paid for the current that it carries.
The current through the tube is governed
by the electron emission and the space-
(-flalrj:(‘ eftect; which latter is simply another
way of expressing the voltage loss in earry-
ing the current through the tube. To make
the eathode hot, so that it will emit elec-
trons, requires clectric power.  This entails
loss of the order of 10 to 150 watts per
ampere of current through the tube

Considerable voltage is also veguired to
earrv  the current across the space; the
order of magnitude being several handred to
a thousand volts for one ampere.  From
this, it will be seen that currents of more
than a few muperes cannot he handled eco-
nomicallv by means of a high-vacunm tube.

'l'lu-rl-{'ur(:. it is apparvent that the most
promising application in the industrial fietd
for the high-vacuum tube is in various con-
trol aperations where some of its unigque
charactevistics, rather than its output, are
the determining factors.

Taking up next the Thyratron tube, its
striking characteristies are the greatly-de-
ereased mounts of power required to heat
the eathode, and a marked reduction in the
large voltage drop which is characteristie
of the high-vacuum tube,  Phis is hronght
about by the introduction of a very slight
amount of gas ar vapor inte the bulh, which
eliminates what  we have termed Mspace-
charge™; whieh is, in reality, the mutual
repulsion hetween the eleetrons, due to their
nepative charge, that has to be overeome
by the use of eonsiderable voltage and which
introduces a power loss.  The positively-
charged mercury vapor or gas molecules

* lgenum Tube Engineering Department, General
Llcctric Company.

the filmnent’s “A™ supply, or winimizing it.
It is true that this may readily taken eare
of where power is available; but a power
line is cven less portable than a storape
battery.

Some years ago a German engineer pro-
duced a tithe in which, instead of a heated
filament, un jonized glow discharge was em-
ploved to produce a field between cathode
and anode  (plate) which could be acted
upon Int a controb grid (Fig. 1).  Several
madifications of the design have heen made,
to increase its efficieney,

The latest topie of discussion, in this field,
in the European papers, has been the photo-
electric radio tube of Baron Manfred von
Ardenne, one of the most original of Ger-
man experimenters. It does not appear that
practical operation has yet heen obtained
from it, so far as economy goes; although
the principle was successfully demonstrated.

However, an American attorney and in-
ventor, Adolph A, Thomas, nearly  four
vears apo filed a patent application on this

ideas and patent No. 188,553 was issued
on January 13 last, covering ten claims on
the use of a photoclectrie amplifier, singly
or in multiple,
“The coineidence,” remarks Me. Thomas,
in i letter to the Kditor of Ranto-Crarr, “is
(Continued an poge 685)
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Fig. 2
The principle of the photocteetric triede, or
acium  tube;  instead  of Deimg  heated, its

cathode 15 lalted from a lamp,

Promise Many Qaluable Applications

By W, C. WHITE*

mingle with the eclectrons, neutralizing this
space-charge.

This nentralization of the space charge
allows a very different design of hot cathode.
Instead of having to utilize what might be
terined an open type of cathode for the
clectrons to leave the hot surface easily, it
permits us to use an enclosed type of ca-
thode, with just a few holes for the stream
of neutralized and negative ions to pass
through.

NGINEERS tell us there are in-

teresting possibilities in the “Thy.
ratron” tube; they look to the day
when it will be possible to eliminate
the line losses inlierent in A.C. trans-
mission, by applying the thyratron to
produce direct current 2t a potential
of several hundred thousand volts. In
this article, 8 vacuum-tube engineer
explains the remarkable efficiency of
the thyratron, at frequencies lower
than those classed as “R.F.” and hints
at industrial uses, Radio readers may
speculate as to its use for more eco-
nomical power audio asmplification.

This eans that the heat may he kept in
and  conserved, whereas the cleetrons and
positive ions may be allowed to travel to
the This is accomplished by sur-
rounding the hot cathode with heat insula-
tion and heat reflectors, with only relatively
small holes to allow  the of the
current.

By sueh means, we have to “pay”™ only
about one watt per ampere for our current
through the tube, rather than the 10 to 150
witts per ampere.

Also, this neutralization

anode,

passage

of the space-

charge, which results from the introduction
of mereury vapor or gis, eliminates the high
voltage necessary to pass the current through
the spaee; and, instead of a large voltage
inereasing with the amount of current to he
carried, there is a constant voltage loss of
only about 10 to 20 volts,

It is, therefare, apparent that for the
handling of relatively high currents, such as
we have in the broad field of eleetrical engi-
neering, the gaseons type of clectrostatically-
controfled tube is muoeh better suited than
the controlted high-vacunumn type.

It is true that a thyratron tube has cer-
tain  limitations.  While the  high-vacoam
type of tube can hundle eurrents up to the
frequency of a omillion cyeles per second,
the  thyratron valve in its  present form
is Jimited to o few thonsand eyeles per see-
nnd,  Also, the thyratron eannot  control
diveet enrrent in the same simple way as the
high-viienum tube; that is, it lacks the fea-
ture of “continnons control.™  However, it
so happens that, just as the high vacuum
tube fitted remarkably well into the radio
communication field, the thyratron tube ap-
pears to fit admirably into the industrial
cnginecring  fiekd,

As a good example of this a thyratron tuhe
hailt to about the same size and costing the
siame amount as the UUNX-250 will handle ap-
proximately {ifty times the enrrent.

These are the reasons which give us com-
ptete faith in the applieation of the thyra-
tron type of tube in the broad industrial
engineering ficld to the same wazing extent
that the high-vacnum type of tube, developed
around the “pliotron” idea, has dominated
the radio commumication and broadcasting
ficld.

(From an_address hefore the Schenectady section
of the ALLE.E, on January 16, 1931. Ilustrations
of the thyratron, and a brief explanation of the
principle involved. will be found in the September,
1930, issue of Rapio-Crarrt, an page 150.)
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Design of Radio-Frequency Transformers

As modified by the problems which have been introduced by the

ROM the viewpoint of the designer
of a radio-frequeney wmplitier which
ix to be part of a radio receiver, when
he has once determined the pumber
of timed and untuned stages he wants to use
and the amount of amplification he must
have, there remain really only three prob-
lems that he must solve,  Assume therefore,
that the cireuit arrangement of the ampli-
fier is settled and  the particular  tubes
chosen: the designer then must determine—

(a) the proper voltages to use on the tubes
and the manner of obtaining these from
the power-pack;

(1) the system of controlling volume and
the location of the volume-control cle-
ments in the circuitg

(¢) the actual design of the radio-frequency
trinsforiners.

The determination of the tube voltages is

mwore or less detenmined by the manufactur-

er's ratings; which often must be somewhat
moditicd by considerations of power-pack
load, ecross-modulation  effects, grid-cireunit
overloadd, ete. The selection of the system of
volume control is apart from the design of
the amplificr proper; that is to say, the sys-
tem to be chosen is one which will have no
effect on the tuning of the amplifier, but
will exert its control over sufficient range
to enable the operator to reduce the volune
of the most powerful broadeaster to zero.

Such matters are of course, quite intri-
cate, but the analysis of each of the several
problems can be made somewhat more or
less independentty of each other; and, after
ally perhaps the iost important problent of
all is that of designing the radio-frequeney
transformers.

We need hardly consider the tuning con-
densers at alle The design of these eircuit
clements is practically fixed. The economies
of condenser design have practically fixed
the muuber and size of the plates and the
general arrangement of the frame steucture;
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The maximum voltage amplification of a stape,

plotted against tie mutual inductance of an

vutput transformer of good guality. The closer
the coupling, the more uncqual the gain,

multi-stage screen-grid amplifier

By SYLVAN HARRIS

so that there is not mueh that ean be done
in this matter,
Inductance Found by Experiment

Consequently, the first part of the prob-
lem of radio-frequeney transformer  design
is to calenlate the inductance required to
enable us to tune over the broadeast range
with the particolar condenser capacity we
intend to use.  Of course, knowing the re-
quired inductanee valne, only, is not suffi-
cient; a coil must be constructed which will
have this inductanee. This ean best be done
by cut-and-try methods, backed up by a
certain amount of experience along this line.

In  radio-frequeney  amplifiers  designed
aronnd  sereen-grid tubes, which have very
high plate resistanees, the proportioning of
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The theoretical limit of screen-grid amplifica-

tion: on the basis of 1000 micromios of mutnal

comdictance, and O02-mmf. arid-plate capacity
fit the scrcen-grid tube,

the tuning inductance to cover the tuning
range involves only the sccondary of the
coil.  In other words, with the tuning con-
denser connected to the secondary, and with
the eaupling between the cirenits quite loose
because of the high plate resistance of the
tubes, the tuning range is determined almost
wholly by the secondavy eircuit, and inde-
pendently of the primary.  (Of course, the
separate capacitics of the prilmary and see-
ondary coils, as well as their mutual ea-
pacity, have an influenee on  the tuning
range; but this effeet shoukd be interpreted
as a varintion in the secondary inductance
rauther than as a coupling between the two
circuits.)

At any vate, et us suppose we have de-
terntined all these things; we have fixed the
tube voltages, the tuning capacity and the
secondary tuning indnetance. We must now
consider the design of the primary cireuit
of the RV, transformer.  Fig, 1 shows the
simple cirenit of a tuned R, amplifier us-
ing sereen-grid tubes. The first thing we
nist deterniine about this eireunit, in ovder
to assist us in our work of transformer de-
sign, is how wmuch voltage amplification per
stage this amplifier ean handle.

We alt know that, if we have too much
gain per stage, the circuit will oscillate,

stayc,

the standard  screen-grid amplifier
the high plate resistance of V1 uceessitates a

In

L1B aund, therefore, loose
.2B-C2.

high imprdance in
coupling into the tuned circuit

becanse of the feed-laek through the tubes,
hetween the plates and grids. Of course,
we are using sercen-grid tubes, in which the
grids are supposcd to be sercened from the
plates; but it st not be forgotten that
this screening is not 100 per cent effective.
Furthermore, there are other means of coup-
ling hetween stages which are conduceive to
regencration and oscillation; so we st be
caveful not to make the gain per stage too
high.

Limit of Amplification
Fig. 2 shows the maximum gain per stage
which can De used, assuming that the only
source of feed-hack is that which oecurs
within the tube hetween plate and gride In
other words, if this were the only coupling
we had between stages, the gain shown in
Fig. 2 is the naximum that could be used
without having the civenits oseillate,  If
there is external coupling between the stages
(as for example, in coupling resistors or
condensers) the maxivmun amplification that
can be used is less than that shown in Fig.
2; how ueh less, depends upon the anount

andd the Kind of external coupling,
At any rate, as we can see in Fig,o 2,
we cilnnot expect a gain per stage of much
more than 80, in a three-stage amplifiea
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The curves of amplification here  correspond
to those of Fig. 3, but are plotted apainst
frequency, to showe the greater cfficicney at
the lvie-ware end of the broadcast band,
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Fig. §
A transformer designed to bring about more
cven gain throwghout the range of breadcast
frequencics. 1o-Co is tuned to about 500
ke, or 600 mcters; L1 is smaller.

nsing type "24 tubes, This way seem gnite
lavges as a matter of fact it is large. It
is extremely difficult to realize a gain per
stage of even 70 or 80 over the broadeast
range, exceept in an amplifier which is very
well made, shielded, choked and bypassed
with extreme eare. This, of course, is out
of the question in commereial radio receiv-
ers, on account of the cost involved,  As a
matter of fact, jn well-designed commercial
receivers, we can generally count on ebtain-
ing perhaps half the moximum possible gain;
a limit due to the interstage couplings ex-
ternal to the tubes,

The maxitmmm possible gain is o funetion
of the mutual conductance of the tuhe; that
is, the greater the mutual conductance, the
greater the possible grain.  (See the article,
“Mutual Conductance and its Associates,”
Mareh, 1931, ".\III(I-CR:\l-']'.—":(”h)r.) On
the other hand, the greater the number of
stages, the lower the maxinmm possible am-
plification.  The same is true of the grid-
plate capacity of the tube; to donble it re-
duces the amplification thirty per eent.

We must now consider how wuch gain per
stage we actually obtain in a typieal eircuit.

(Lo)

.
it

Fig. 8
The slot-weound  primary loading coil Lo of
the circuit shoten in Figo 5, as apphicd to a
standard R.F. transformer.  The diameter of
the coil s very small,

Of course, the actnal gain depends on the
mutual condoetance of the tube, the re-
sistunce of the tuned cirenit (or the coil's
“dissipation constant” Q), and the coupling
between the primary and sccondary (M),
The Rp of the tube also has an effeet on the
gajn, but this effect is quite small in sereen-
prid tube circuits,

Mutual Inductance of the Coil

In Fig. 3 we have curves which show the
relation between the mutaal inductance of
the transformer and the voltage amplifica-
tion obtained at different frequencies.  The
value of the coil’s dissipation constant Q
(which is 628 x f x L./RR2) is here as-
sumed to be 1005 which is a fair value for
commercially-designed coils of good quality.,
On the basis, it can be seen from Fig. 3
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that, at 1000 ke, we can expeet an ampli-
fication of about 32 per stage if the mutual
inductance is 50 microhenries. The curves
show that, as we increase the nnttual in-
ductance, the pain goes up steadily.  This
means that, if we double the prinmiry turns,
we will double the gaing beeause the mtual
inductanee varies as the prinary turns,
Another thing, which Fig, 3 teaches us,
is that the voltage amplitication increases
as we increase the frequeney. ‘This can, per-
haps, be seen more elearly by plotting the

enrves inoa different manner, as in Fig. 43

here the voltage amplification is shown plot-
ted against the frequeney, for various valies
of mutual inductance.  For example, if the
mutual inductance is 50 microhenrics, we
can expect a pain of 32 per stage at 1000
ke. as before.  Iowever, if we keep the
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Fig. 9
Curves obtained from a commcrcial antcunag
transformer; in (), the primary is smaller
and the coupling is levser.  Note that the
vertical seale s logarithmic.

mutual inductanee constant and inercase the
frequeney, (tnne to a lower wavelength),
we see timt the gain rises steadily. This is
the  freguenceyv-claracteristic which we ob-
tain in all radio-frequeney onplifiers em-
ploving the simple two-eoil RV, transformer.
At high frequencies the gain is great, and
at Jow  frequencies it is small; and, the
greater the mutual induetance, the steeper
the curve,

Problems of Multi-Stage Design

It must be remembered that the curves
shown here arve for a single stage. With
two stages, alike in design, the total -
plification at any frequeney is the square
of the mmplification of one stage; it there
are three stages, the total amplitication is
the cube of that of one stage,

This means that, if we plotted the curves
of IYig. + for three stages instead of one,
we should find the eurves very mueh steeper;
and  the difficulty which designers find in
LI, amplifiers would e more obvions.  In
a three-stage anmplifier, the LIS amplifica-
tion at 1500 kiloeveles may be as high as
three to five times that obtained at 550
Kiloeyeles: or even more, depending upon the
particular design. It is on this account
that atterapts have been made to design
L. transfovmers which will give reduced
splifieation at the higher freguencies, and
greater amplification at the lower freguen-
cies,

It is necessary, at the outset of such a
design, to provide for keeping the coupling
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sufficiently loose; so that the reaction of the
primnary circuit will not appreciably aifect
the sccondary tuning. This is o very neces-
sary requirement, in order to make it pos-
sihle to tune the amplifier over the entire
broadeast range, while avoiding resonance
cffects, due to the primary, which would
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Fig. 6

The characicrisiic curve of the transformer
of Fig. 3, duc to the decreasing reactance of
Co as the frequency rises.

make the tuning of the sceondary uncertain
at certain frequencies; such sometimes oecur
in the tuned civenit coupled to the anteuna,
when very larpge  antenna capacities  are
used, or when the antenna coupling is very
Light.

This being the condition—that the coupling
between the primary and secondary must be
loose—it is elear that the way in which the
amplilication varies with frequeney will de-
pend niainly upon the design of the primary
circuit.  Returning to Fig. 3, it will be ob-
vious that the mplitication is  dependent
upon  the mutual inductance between the
primary and sceondary.  Ilence, if we can
make this mmtual indoctanee vary in any
way which we desire, we may likewise be
able to control the amplification accordingly.

A Compensatory Coil Design

This is what is done in actual practise;
in one design, illustrated in Fig. 5, a local
tuned circuit in the primary, consisting of
a loading inductanee Lo shunted by a con-
denser Co, is placed in series with the regn-
lar primary LL  The sceondary 1.2 is of
the usual design,

The self-indnetance Lo is quite lirge com-
pared with the inductanee [.1; so that at
low frequeneies (as at 550 ke 1.1 has little
cffect in comparison.  lo and Co are so
proportioned that this local cirenit is reso-
nant at about 500 kiloeyveles, Juat above the

(Continued on page 680)
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Fig. 7
The completed  radio-frequencey  transformer,

desipned te ovcrcome the disparity in ampii.
fication at the cnds of the band. Lo is to be
shuuted by @ 40:-mmf, capacity,
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In this department are reviewed commercial products of most recent interest.
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New Radio Devices for Shop anhd Home

Manufactyrers

are requested to submit descriptions of forthcoming developments.

NEW READRITE SET ANALYZERS
By H. G. Cisin, M.E.

WO new set analyvzers, Models “600”

and  “700,"  which  definitely  rueet  the
requirements of the average Serviee Man
at a very low cost, have just been placed
on the market by the Readrite Meter Works,
The “Model 7007 is an extremely compact
device, ‘The outside dimensions of the car-
rying case are only 103, Dby 73 by 33

inches,  The analyzer econtains a D.C. volt-
meter, an ALC voltmeter and a mdlliam-
nweter, The DO, volteter has three ranges:

0 to GU: 0 to 2005 and 0 to GO0 volts,

The A.C. voltimeter has also three ranges:
0 to 10; 0 to 1103 and 0 to 700 volts. The
millinmmeter has two ranges, one for a
20-mill. reading and the other for 100-mill.

The instrument is apuipped with o six-
position bi-polar selector switeliy by means
of which readings may he obtained of ¢
volts, volts reversed, K™ volts, *K”
volts reversed, plate voltage, and  screen-
arid control voltage. A #l4-volt battery is
supplied with the analyzer, to provide “C7
bius, for grid tests, continuity  tests, ete.

There are two sockets on the panel of the
analyzer, one for four-prong tubes and the
other for five-prong tubes. There is a “grid-
test™ push-hutton and pin jacks arve avail-
able for the individual use of all neters,
externally, in every range. There is a
sereen-grild pin jock, and there are two pin
Jacks for connecting the external hattery.

The ealile leading from the analyzer ter-
minates in oa handy five-prong cable plug,
small enough for aking tests within anto-
mobile and midget radio sets, with which a
four-prong  adapter  is  furnished. An
adapter is also supplicd  for testing  the
secomd plate of “H0-type rvectifier tubes.

By refereing to handy  charts  supplicd
with ench analyvzer, it is possible to uake
accurate  external of
ances over a wide range of values and also
to measure all the usnal capacities encoun-
tered in

wn

measnrements resist-

radio receivers and amplifiers.

The “Model 600" Readrite set analyvzer

contains the same equipment as the “Model
TH7; but the apparatus is arranged in a
tray and installed in a slightly larger cirry-
ing case, with a space helow the tray 434
hy 614 by 13%, inches, which is suitable for
carrving tools, spare tubes, ete. The tray
is so contrived, that it may be taken out

of the case and placed on the workbench..

Both of the new models are contained
in Landsome black leatherette cases,
stantially  constructed and  equipped  with
nickeled eorner protectors.  In addition te
being  compact, the analyzers weigh very
little, and can be earried long distances
without causing fatigue,  This feature will
be weleomed by those Service Men who do
not own an antomobhile,

sub-

A CONVENIENT RESISTOR INDEX
STANDA"” resistance coding has long
heen an obvions necessity for efficient
service work on radio receivers; and this
need has heen taken into consideration by the
Radio Manufacturers Association in adopt-
ing standards for the significance of colors,
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Fig. B
A pocket-size guide, giving direet readings of
resistanee  valwes  according to  the R A,
staundard code.

Tts adoption by the larger manufacturers
will climinate one of the stumbling blocks
of the Serviee Man,

A very interesting little indicator, which
will fit the pocket of the service kit bag, and
which gives i direet reading of the value of
any standard  color coding, i3
illustrated herewith. It has been made by
the International Resistor Co, and a
limited supply is available for free
distribution to  Serviee Men. The
chart is printed on a substantial cel-
Inloid container, in which three eali-
brated dises revolve; setting them to
the end, baml and body markings of
a resistor causes the ohmie value to
appear i the window,

resistor  of

1d

Fig. A (left)

The Readrite "“Model 7007 set analyzer, a
compact apparatus for all purposes, at low
cost.

" HrE) S s

Fig. D (right)
A newe type of soldering ivon wehich may be
fnterually Neated, with a gas-tube connection.

Fig. C
New adjustable condenscrs, uscful for aligning,
trimming. balancing and ucutralizing. The

adjustment is made from the other side,

ADJUSTABLE CONDENSERS
INGLE and duplex small-space variable
condensers of the mica-diclectrie type

are now available for the sevvice and con-
struction of reeeivers to whichh such units
are snitable,  ‘This product, manufactured
by Dedur-Amseo, has the trade name ‘of
“NVaritor.,”  The most-nsed  model  of  the
“Varitor™ has a maxinnun capacity of 74
wnuf, per seetion, the minimum valre is
4 anmf.  Five revolutions of the adjusting
serew adjnst the condenser over its capacity
range.  ‘The head of the adjusting screw
fits into a small hole, and conveniently may
be covered with a scal. The construetion
is of mica, isolantite, and phosphor bronae;
connections made  to  soldering  lugs.

Other values may be obtained up to a
maxinuum as high as 700 mmif.

The “*Varitor™ is adjnstable by means of
a serewdriver: and will fit the average coil-
shiekding can. ‘The over-all  dimensions of
the duplex arve 11/16-inch thick x 234 in. in
diatueter, for the Larger models; the sialler
duplex units have a dimeter of 17,

iare

GAS-TIEATED SOLDERING TOOL
F()]( servicing or construction, a new de-

vice is the *Torchiron,” illustrated in
Fig. D, which is mannfactured by the Re-
linnce Torchivon Mfg Co, The point may
be heated in an ordinary gas flanie; or the
iron may be conneeted to a gas outlet and
heated by its own flinie, which is not ex-
posed. A needle valve has heen designed to
mix economically the gas and air. “Cop-
pers™ of varying sizes, down to 1,-1h, are
available,  In three to five minntes, solder-
ing heat iy be veached; the temperature
of the soldering copper is under control
of the operator.
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New Types of Radio Receiving Tubes

Manufacturers announce 6-volt screen-grid; high-gain '24; vari-
able-mu; mercury-vapor '80 and other improved designs.

U BES available hitherto in the United

States have been of comparatively few

standard types, so far as those offered

to the public were coneerned. Slight
variations of design existed in the practice of
various factories: hut  the general purpose
of the industry has heen to obtain inter-
ehangeabilitys amd the idea of giving cvery
tube user @ wider range of choice—still ap-
parent abroad—was sulunerged in that of
efticicut mass production.  Ilowever, the fact
that reccivers vary greatly, in the conditions
wmder which they are operated, is forcing
the production of more tube types.

For instance, when the antomotive veeciver
invaded the wmarket for commercial radio
sets, it encountered the limitations of battery
supply.  The tendeney has been to develop
modern receiving tubes for operation from
a 205-volt, AL O, filament-heating secondary,
But the antomobile industey had standard-
ized on a G-vaolt, automatically-charvged bat-
terys this was therefore used to opernte the
21,-volt  tubes, because  others were not
available,

A few days ago a large tube manufac-
turer broke away from tradition, and an-
nounced  the  development of  a six-volt
sereen-grid tube, for direct-current opera-
tion, though with an indirectly-heated ca-
thode, 1t is specially intended for automo-
tive receivers; vet lends itself also to opera-
tion from D.C, light lines in series-filinnent
circuits.

The “NY-6#" is the type number selected
by its manufacturer, the National Union
Radio Corp,, for this tube. It draws 0.4-
ampere on the filament, at 6.3 volts (the
value in automotive lighting svstems), and

may he used with 180 volts on the plate,
at a sereen-grid voltage of 90 and a con-
trol-grid hias of 3. With 110 volts on the
pliate (s from a Hght-line), the sereen volt-
age is 70, auud the bias L5 volts, negative.
In other respects, the charvacteristics of the
tube are similur to those of the standard "2,

Since the separation of the eathode trom
the filament implies a biasing voltage be-
tween them, it is recommended that this dif-
ferenee in the “NY-6+" should be never
more than 25 volts and that—in contrast to
previous tube types—the heater should al-
ways be negative with respeet to the cathede.

The uewe D¢ Forcst cathodelicater coustruc:
tign—1, cathode tube: 2, 3, filament; 4, "fus”

New High-Gain Tubes

In the design of the midget sets, in which
fewer tubes are used, for reasons of com-
pictness and cost, it §s most essential that
the sereen-grid tubes provide as wuch volt-
age gain as possible. With this requisite
in mind, the Delorest Radio Company has
developed and placed in production @ spe-
el sereen-grid tube of much higher un-
plification constant than the ordinary types.
Tubes of this new design have been checked
in o munber of midget sets, and it has been
found that the sensitivity of the average
midget set ean be doubled by using them,
For instunce, if a sct has a sensitivity of
20 microvolts per meter, with the usual
sereen-grid tubes, this may be increased to
10 microvelts per meter with the new tuhes.

Although the new tyvpe was designed spe-
ciallv for use in midget sets, the tnbes are
interchangeable with the standard *24 tubes
and can be emploved in any of the present-
day radio sets for the purpose of doubling
the sensitivity, ‘They are known as the “#24
Iigh Gain™ type.

The nmutual conductance of the De Forest
power tubes, also, has been inercased; since
this characteristic determines the maximum
output of the set. On the other hand, this
company has redieed the mutual condue-
tance of the standard 27 which it manufac-
tures: since, with the usual “Gm™ factor,
this tube tends to undesired oscillation in
certain positions.  During the past vear,
changes have been introduced in its design,
atong the lines of more rngged construction,
greater cathode emission, and quicker heat-

(Continned on puge 686)

Practical Hints to Radio Manufacturers

RAZOR BLADES AND VOLUME
CONTROLS
ANY customers object to paving any-
where from five to seven dollars for

volume-control replacement. One cnstomer
sivs, CIt's as ridiculous to waste the com-
plc’tc volunte-control mechanism, simply be-
cause the graphite-coated strip is worn on
the surfuce in one or more places, as it
wonld he to throw one’s razor in the ash-
harrel along with a Jdull blade,™

The graphite-coated  strip-type  volume
control soon becomes noisy; usually, at the
Junction of the metal contaet and the strip.
The voller must elimh over the edge of the
metal  contact:  therefore the pressnre s
great at this point, causing the edge of the
nietal contact to wear off the graphite.

Yet, one cannot purchase the graphite-
coated strip separate from the control mech-
anismy,  although  razor blades arve bhought
without the holder.

Rressenr T Woornky,
3w Fifteentlh dvenue Sonth,
Seattle, Washingtan.

CONNECTIONS FOR ADAPTER
FOCAUSE short-wave and television are
heconiing increasingly important, 1 rec-
ommend that tip jacks and a switeh be
placed in the back of cach ehassis: so wired
that it will e unnecessary to remove the
detector tube to phng o short-wave tuner
into the audio channel.
Fraxcs K. Massig,
41 Thirtieth Street, Newport News, a.
(Perhaps the plhonograph jack, tfnrnished
with so0 many wodern sets, will afford an op-
portunity  for the makers of short-wave
adapters.—Editor.)

ALL-AROUND METER
UNIVERSAL meter, with scuales of
williapperes, filament and  plate volt-

ages on one dial, is made and sold in Fng-
land at low cost. 1 wonld like to see this
done by one of our meter manufacturers;
it would nmke a very compact set tester,
which would leave wmore room iu the Service
AMan's bhag.

Cuas. E. 1vripurer,

Middle [laddam, Coun.

LONGER ANTENNA LEADS
OME manufacturers are getting so Scoteh
that they are nsing two wires, leading
from the set, instead of two posts for acrial
and gronmd connections. This is all right;
but T would say, feave the two wires about
six inches longer, so that it will be unneces-
sary to fish for them with o pair of pliers,

H. B Arviexsack,

91 cAuguste St., Hamilton, Out., Cunada,

CORRECTING THE SCALE

S().\Il'] quick means of resetting the tuning
dinl to give the praper kiloeyele reading
is desirabley since on most sets it is neces-
sury to pull the chassis. 1 find that folly
504, of the receivers of various makes come
throngh with incorreet dial readings; and,
when the purchaser buys a new log book, a
service eafl is nsually the vesult.  Also, |
would suggest that the dial light bulb be
placed in an acceessible location; since it has
to he replaced quite frequéntly,
I{esseve. R Byers,
Wt Kugene, Indinnapolis, Indiana.
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The Radio Sextant--for All Skies

Natural radio waves, very much shorter than any hitherto capable
of being utilized, now determine an observer’s position in the

densest fog or falling rain.

These waves, formerly classed as

“heat” rays, are now open to a great many novel uses.

HERE

end®

imelers are being put to commer-

cial radin waves down to a
quarter of a meter are fairly  familiar in
the laboratory; and wavelengths of o thou-
sandth of « creaded by
physicists. DBelow this there are ten octaves
of frequencies (or thirty billion ten-kilo-
evele “channels™) before the electromagnetie
waves of light are reached. The higher fre-
quencies, ealled  “infra-red™  or *radiant
heat,” ave familiar to all by their warmth-
giving properties; boty in that vast range
between  the lowest radio the
Jongest  pereeptible vays of warmth, only
the scientist has been able to (ind matters
of interest. While the possibility of utiliz-
ing these intermediate waves for communi-
cation has Dbeen discussed, it created
only a very academic interest,

However, o veey practical application for
them, as they exist in has been
found by an American inventor, Paul Hun-
phrey MaceNeil, of ITuntington, L. L (New
York), who has demonstrated the practie-
ahility of observing the position of the sun
on o clondy day—not from its own direct

does the radio waveband

Radio waves as low as seven

use;

meter have been

waves  and

has

nature,

by enterprising inventors and investigators,

RADIO-CRAFT takes pleasure in presenting to its readers the first description
of radio’s latest achievement—the new Radio Sextant.

remarkable in that it utilizes radio principles for a practical result which was an im-
possibility before. It is now practicable tor a navigator, on board a ship or airplane,
to point the Radio Sextant at a thoroughly overcast sky, even during a falling rain or,
what is worse, during a dense fog, and so accurately locate the sun—although the latter
is invisible to the human eve—that its actual position can be determined with a possible
variation of less than one thirtieth of the breadth of the solar disc.

Mr. MacNeil, the inventor of the new Radio Sextant, is an architect by profession;
he has worked for a number of vears on the instrument, which has recently been tried
out on the steamship Mauretania, and in perfecting it had to invent entirely new instru-
mentalities, including a new light-heam amplifier,
nent radio companies that an amplifier such as he desired is impossible to make; but
he, not knowing any better, went ahead and produced one.

The invention of this instrument shows agnin that the applications of radio prin-
ciples have by no means been exhausted, and that new uses can be tound almost daily

This new instrument is

He had been told by several promi-

radiation, which is absorbed by the water
vapor filling the atinosphere, but by the rays
which are thereby caused to emanate from
the clouds, in a  direetion  predominantty
paratlel to the sun's rays. On the bridge of
the Cunard liner Manretanio, on a recent
vovage, Mr, MaeNeil demonstrated his ap-
paratus suecessfully to the navigating offi-

Lceft, the radio sex.
tait wath its am-
plificr  and  batter
ics The first
stage  (at  fotweer
right) has a qal-
vauometer  ab tha
leftyr it tHoows
Hylt-beam  1nte a
sensttive ploto-cell
whose  owtput s
pussed Tuto the am~
plitier, shoam wcith
its  poicer  supply
at the upper sighs,

cers of the ship, under conditions which
rendered  ordinary  observations impossible.
The possibilities of the nvention are not
confined to finding the positions of ships and
atreraft in heavy weathers hut even these
applieations mark the first fundamental im-
provement in the art of navigation since
the design of the chronometer.

Navigation by the Sun

It mayv be explained that the position of
a ship o the open sea, away from the lghts
and radio beacons of the coast, can be de-
tremined with acenraey only by observation
of the heavenly bodies.  The “*dead rechon-
ing" enables the sailor to estimate his where-
abouts by the rate of speed maintained in a
given divection from his last known position:
but this calculation is not ¢ertain, because of
the mobile characteristies of «the element on
which he 18 floating, and the effeets of
winds and currents. The longer the vovage,
the greater the possibility: of error,  The
cerrors in finding a ship’s position, in the
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Fig. 1
The priuciple of the radio sextant; it mcasures
the angle betzecen the sun and the horizon,
The meter reads marimum zelien the image of
the sun is concentrated ow the perforation in
the diaphragm D

old days, may be readily judged from the
distortion of the maps and chiarts then pub-
lished, as based on  the observations of
navigators,

To determine the latitude, or distance
north or south of the cquator, is compara-
tively easy when the sun, the moon or stars
can he observed.  Tables are obtainable,
from which the height of the sun, of the
moon or of any given star above the horizon
when it is highest (at actual noon—not noon
by the clock—in the case of the sun) may
e determined for any given position. A
simple observation, with a few corrections
for optical reasons, suffices therefore to give
the latitude,  For instanee, at noon on a
certain date (the cquinox) the sun is in
the plane of the carth’s equator, and there-
fare appears overhead on the equator. 1f,
after corrections have been made, it is found
that the sun is just halfway between the
zenith  overhead and the horizon, at any
given place, that place is halfway between
the equator and the pole, or in Jatitude 4#5°.

On the other hand, while observation of
the sun may show that the time is actual
woon at any  place, the longitwde ean he
found only by comparison with the known
time at some certain place—such as Green-
wich, England.  1f a chronometer keeping
Greenwich time shows that it is #:00 p.n.
at Greenwich, when it is 12:00 noon at the
point of observation, it is then apparent
that the the weridian of
longitude 60° west of Greemwich, During
the past few years the development of radio
time signals has made it possible for a navi-
gator to cheek up on his chronometer sev-
cral times a day, if neeessary: and thus hoth
Iatitude and longitude can easily he deter-
mined within a mile by the use of ordinary
instrinnents—if the sun can be observed.

observer is oon

Finding an Invisible Sun

That if, however, is a large one.  In
stormy or cloudy weather, when no heavenly
hody ean be seen, it is moest necessary to
know 2 ship's position yet most ditticudt to
determine it. When the weather is so thick
that the sun’s dise cannot be seen, the navi-
gator cannot use his sextant,

The mvention illustrated
overcome this obstacle.  As explained above,
it «oes not operate by the direct rays of the
sin.  ‘Too many experimenters have been de-
feated in somewhat similar researches by
the fact that even the infra-red radiation

here has now
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of the sim is lost in the atnospheric Manket.
Mr. MaceNeil attacked the problems from a
new angle, and has developed a technigue
by which secondary radiation of wavelengths
a thousand times longer than those of vis-
ible Light, is deteeted with aecnracy saffi-
cient to determine the sun’s position in the
heavens.

e the oprdinary sextant, the image of the
sun, refleeted frow a mirveor, is eansed to
touch the horizon, by adjusting a scale (Sce
Fig. 3.). ‘This adjustment does not depend
upon the steadiness of the instrument, hut
upon the angle hetween the mirrors of the
instrument; and it is therefore possible to
make a very close adjustment by turning a
vernder serew, and to oread at leisure the
angle between the lower edge or “limly” of
the sun and the horizon.

With the MaeNeil sextant, when the sun
is invisible to the eye, its position is deter-
mined by the position of the instrument at
which maximmn radiation is reccived, at the
very dong wavelength (s light
very, very short as vadio is rated) of emis-
sion from the clondy sky.  This fixes the
axis of the evlinder above the sextant (¥Fig.
1) at the clevation of the sun above the

= ==

goess  or

o

“ig. 3
A ordinary gextant is adiusted il the sun
seems to tonch the horizon, as at A : the radio
sextant till the meter reads marimum, seith
the herizon properly on the cross-hairs.

horizon: at e smoe time, the horizon (H)
is cosed to coincide with the interseetion ot
the eross-hairs in the ficld of view of the
instrinpent (Fig. 2.)  An adjustinent  is
songht, in the light of the ohserver's csti-
nutted position: and then the serew is turned
until the horizon appears in its correct place,
The sun’s elevation is then read off on the
seale below, and the nsual corrections and
caleulations of the navigator are carried ont,
As o matter of faet, this wethod of meas-
nrement eliminates the ealenlation for varia-
tiom of the solar dianmeter.

Should the actual horizon be invisible, then
resort to the wethod of an “arliticial hori-
am” must be sought. This is forad by eans
uf a small level in the base of the instro-
ment,  The reflection of its bubble (11—
Fig. 2) is hrought up to the horizon line;
the insertion of o simple slide behind the
half-mirror A serving to divert the optical
train from the actual horizon to the hubble,

Detection and Amplification

The question at onee avises, how does the
instrument determine the point of masximum
radiationz  Full details are not as vet avail-
able for publication, beeanse of eertain for-
cign  patent  requirements; however,  this
nwich of the system may be outlined here.

The eylinder at the top of the instru-
nient (Fig 1) has at its hottom a paraholic
mirror Rz the parallel rayvs of radiation fall-
ing upon this are reflected to its foens, where
a sensitive thermo-couple " is placed. This

665

thermoeouple is shictded from the shorter
rays of light, and heating radiation, which
are found in normal daylight; it responds
only to the longer, quasi-radio waves men-
tioned above, Under their influence, and
in proportion to their intensity, a small di-
reet current is generated; this is earried
throngh the cable, emerging from the top of
the instrmnent in the experimental model
ithistrated, to the amplifier,

The first stage of the latter is still re-
served from deseription; it is stated, how-
ever, that the efficicney found here has heen
previously attained only in the most delicate
of laboratory apparatus. .\ delicate string
galvanometer, reflecting a ray of light inte
a  photoelectric eell, carries  the impulse:
this is then woplified in & conventional
vacnni-tube amplifier and led to the meter
M of Fig. 1. When this meter shows maxi-
ninnr reading, it is evident that the evlinder
of the sextant is pointed directly at the sun

The diaphragn I covering the thermo-
couple (Fig. 1) is perforated with an open-
ing cqual in diameter to the image of tlu
sunj otherwise the necessary acenracy would
not he obtained.  This is theoreticully ca-
pable of cestablishing  the sun’s  positior
within twenty seconds of are (about 1/
of the sun’s apparent diameter) on e
clondiest day: under difficult conditions of
demonstration, on a pitching ship in heavy
weather, it did so within one minute of are.
The latter angle corresponds to about GO
feet on the surface of the ecurth.

The current generated in the thermoconpl
T may be in the order of one microampere:
if the sun’s rays were received with ever
a fraction of normal fair-weather intensity
sereens over the detecting evlinder woule
le required. The reading of the meter, as
stated ahove, is taken at its maximums and
no arbitrary figure for this value is reguired.
When the greatest intensity of radiation i
found, the observer brings the horizon line
or hubble, to the cross hairs of his field of
vision (Fig. 313): and the reading is ther
taken from the seale beneath the inst rument

It will be observed that the cvlinder of
the sextant illustrated is adjnsted to a high
angle, for the sun's position. For different
Eatitides, this clevation may be altered by
means of another vernier seale, for the great-
est convenience in observation,

Mr. MaeNeil, who is an architeet by pro-
fession, has been working on this deviee for
several vears.  Tlaving overcome the funda-

(Cuntinued on page G96)

r.
ISR
[[ HORIZON , A &
, ,____/;;__.__.-.._--%-
\\\
L)ﬁ»_\
\]
. ~B
M Cle, __,,-"4
y —

Fig. 2
The optical train of the MacNeil radio sextant;
the harizon may be sighted dircetly at H. or
found by the bubble of the spirit level at HI,
The mirrors are silvered ouly  partially,
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The *“*L-32”° Ultradvhe All-Wave Receiver

A highly-sensitive receiver embodying the latest devices of the

OR some time there has been a de-
mand for a sensitive superheterodyne
capable of tuning in the shorter
wavelengths, in addition to the usual

broadeast assignments,  To eet this situa-
tion the well-known “Ultradyne™ receiver,
conceived in its original form by Robert k.
Lacault, has been redesigned. In the im-
proved design, the prineiptes of exceptional
sensitivity, selectivity, quality, volume, good
appearance, kit construction, ease of con-
struction and operation, and low cost, which
were  embodied in the earlier Ultradyne
muodels, have been retained by the design-
ers of the "Model 1.-32" Ultradyne.

It was desired to have an “AllLACT set
design capable of covering the wide tuning
band from about 15 to 550 meters. The
necessity of chianging plug-in coils was ree-
ognizeds since nuximum  sensitivity at all
wavelengths is desired, and a switching sys-
tear would constitute a source of undesired
loss.  The problem finally was solved, in
a most satisfactory ananner, by designing
the RLF. ¢oils to plug into their respective
sockets through holes provided in the top
of the shiclding, as shown in Pig. A,

Perhaps the most important contribution
to the success of the design of the *Maodel
1.-32" is the dynatron oscillator (V2, Fig.
1). This feature climinated interlocking of
controls on the high frequencies, and eritical
tuning. (Information on this type of oscil-
lator appeared in the Febrnary and Mareh,
1931, issues of Ravro-Crarr,)

radio technician
By H. J. COX*

Anyone who has experimented with re-
ceivers operating over the wide range of 15
to 350 weters will recall the dificulty of
tuning at short wavelengths when the tuning
condenser has a high eapacity: and, on the
ather hand, the lirge munher of coils needed
to cover the Jonpger wavelengths when the
condenser has the low capacity so desirahle
for satisfactory tuning at the shorter wave-
lengths.

Double Tuning System

By compiring the schematie eircuit, Fig.
1, and the illustration of the placeinent of
the parts, FFig. B, the solution here obtained
will become apparent from a few words.
When using  the “broadeast-band™ set of
phig-in coils, the small 30-nunf. variable con-
denser (C1in Fig. 1, which is controlled
by the knob shown at the lower right of
the front panel, VFig. A), is connected in
slamt  to the 250-nunf. main tuning  con-
denser (C2in Fig. 1 and Fige BY and acts
as a “trinnner” to compensate variations in
the cirenit,  And, the large (250-mmf.) and
small (50-nunf.) sections of the two-section
oscillator tuning condenser (C3-Ct, respec-
tively, in Fig. ) are conneeted in paral-
kel Thus, the single-control  “equacyele”
variable  condensers C2, 3, C4, turning
through an are of 270 degrees, in conjune-
tion with the eorrect set of plug-in coils,
cover the waveband from 200 to 550 meters.

When using the other four sets of plug-
in inductanees, the cireuits of two of the

Fig. B

The “L-32” swith shiclding removed to showe positions of parts; the inswlating strip in the can

at the riolt iucrcases Sensitivity.
location docs ot require it

* Chicf Cuginecr, Tranl Radio Co.

In this model, the local Stw2 is included, but it is omitted if
Complete coustructionel priuts are evailabie.

variuble  condensers are  automatically
openeds; this is made elear by reference to
Fig. 2, which shows the circuit-closing jum-
pers on the two “broadeast-band™  coils,
The operation then is somewhat different:
the little “trimmer” condenser, CI, becomes
the “antenna tuning™ condenser; and C4,
the stall section of C3-C'4, is the only tuning
capacity in shunt to L3, Condensers (2,

Fig. A
Complcted chassis of the “[..32": there are
five scts of plug-in coils, which are inscrted
through the holes in the top of the shield,

C3-Ct, all rotate under control of the main
dial, but only C4 is effective. Consequently,
at the shorter wavelengths, dial (by the
main tuning dial and the “trimmer® knob)
operation hias been selected to obtain maxi-
nun sensitivity s while the choice of tuning
capacity “spreads™ the shorter-wave tuning
bands. (At the present time there is no
provision for introducing cireuit oscillation,
to cnable CW. stations to be tuned in.)

Another fenee to be hurdled was the “in-
termediite frequeney™ or, as we like to call
it, the “LI.;" it was found, that with a
sufficiently sclective antenna eireunit to meet
present-day broadeast conditions, an LF, of
243 ke, resulted in minimizing trouble dne
to double-beat tuning,  (Please do not call
this effect “double harmonies™; that’s some-
thing entirely different.)

Novel Heterodyning System

Next to arise was the guestion of mixing
the signal and oscillator frequencies to ob-
tain this LF., or difference frequeney. And
here we write a new page in the history
of superheterodyne reeeivers. After consid-
eration of the relative merits and demerits
of all the aceepted systemns of coupling, a
cirenit has been evolved wherein the signal
and oscillator cirenits ave isolated in nearly
every sense of the word!  Checking over the
schematic eirenit, it will be noted that every
portion of the oseittator, V2, returns (lire('tl:\'
to ground—except the filunents, sereen-prid
and plate.  And, by checking further, we
find that resistance-capacity filters prevent
1L energy from backing upward and into
the other tubes in the set. As a matter of
experiment, the use of an independent “A™
supply has proved that no coupling exists
via the A" Jeads. Exeept for the two holes



May, 1931

RADIO-CRAFT

667

| 6
| 18T-AF. POWER -
L2 c2 Clo 27 NN T4 ‘15 ¥
[ ¥ ¢ iy I
Ta 7 |
;5: "!' II } X ; :
I = ; i
iri=hi _ v |
.'-_l‘.l '/'I = ll
SW. €5 - ||
z | 3 [ 45 a0
R3 " :l':uts
I R2S[]
y T R7 I
+ fe(H T CHD w [ ([ [ L e &
Lt o= fop —he L Rl
|y | -5 1 — : E-E_ —— 2 : sl
- ] l ; liV.l
~ g
& "'if | L X [ - | |
¢4 ‘24 osc. |__.J
Fig. 1

In the “L-32” Ultradyne, L6 is the 2,230-ohm field of a dynamic reproduccr; R18 compensates for differences in the resistances of fields. The
“local” switch St is required, in congested localitics only, because of the recciver's high sensitivity, Aw 00015-mf. trimmer shunts C3.

through which the plug-in coils are manipu-
lated, there is no coupling between the sig-
nal-frequency inductance L1-1.2, and the
oscillator-frequencey inductance 135 an alum-
inum wall scparates the shicld ean into two
compartments and thus isolates these coils.
A clie to the coupling means may be found
in the remark that insulating the aluminum
partition from one side of the can will im-
prove the sensitivity of the receiver. This
insulating strip, which may be of any con-
venient material, is shown in Fig. B. (We
will leave it to the readers of Rapio-Crarr
to suggest just how the 1.IF. is obtained; the
starting point being that the operation 1s
perfectly  satisfactory.)

The sensitivity of the “L.-32" may be con-
sidered with reference only to the input of
the LF. muplifier, Laboratory tests indi-
cate this figure to be 1j-microvolt—for the
standard output volume, Most of this sen-
sitivity is due to the use of tuned 1.I°, trans-
foruers.

Design of the I. F, Amplifier

These are shown in the schematic circuit
as T1, T2, T3. Each coil is honeyeomb
wound, the primary being spaced 1 inch
from the secondary. ‘The primary is the
lower coil, 11, inches from the aluminmn
hase on which is mounted a two-section trim-
mer condenser of 70 nunf. size. (‘These trim-
nwers are adjusted from the underside of the
chassis.)  To obtain satisfactory results,
cach LF. coil must be held to close toler-
ance Hmits; and the manufactured units, lab-
oratory tested and rated, weet these speci-
fieations, Fuach LEF. transforer is enclosed
tn an aluminum shicld can, 41, inches high
and 31, inches in diameter.  The mutual
coupling between eaclh primary and secon-
dary determiines the selectivity of the LI,
amplifiers which will have a “flat top™ char-
acteristie without the need for staggering
the resonance points of each cirenit with
consequent loss of sensitivity.,

It is quite a trick to handle the tremen-
dous gain of an amplificr system having a
sensitivity of 1j-microvolt. An adequate
number of by-pass condensers, correct place-
ment of parts, short leads, sufficient shield-
ing, and careful selection of circuit and parts
constants, have harnessed this power.

Excellent Audio Channel

Fidelity in reproduction is due, in part,
to the use of a resistunce-capacity coupling
lictween the scrven-grid power second-de-
tector V5 and the first ALS. amplifier tube
V6. “Parallel-plate feed,” hetween V6 and
the power tubes, is another factor.

Contrary to the ideas of some set huild-
ers, the power transformer does not intro-
duce lun by inductive coupling into the
circuits of V1 or V2. (The particular
power transformer selected is largely re-
sponsible for this.) In fact, the hum level
is below audibility at a short distance from
the reproducer. This condition holds for the
entire waveband. The constructor will find
that short-wave stations will come in with
the same quictness appareat on the longer
waves,

The tray or chassis of No, 1+ gauge alum-
inum measures 111, x 181 x 31, inches
high. The overall height of the assembly is
814 inches.

Each serecn-grid tube has its individual
aluminuu shicld can; except for the oscil-
lator, which is in the siwme compartment as
oscillator induectance L3,

The 2,250-ol ffeld of the dynamic repro-
ducer is used as one of the chokes L6 in
the filter system of the power pack; resistor
118 may have the correct value to com-
pensate for variations in resistance of the
field  coil. The ontput  posh-puil  trans-
former, T5, is encased with the reproducer,

Resistor R1 ordinarily is not needed; al-
though at the shortest wavelengths it may
not he possible to obtain dynatron circuit
oscillation withont it. 1esistor R2 is not
used in the latest models,

Details of Construction

“Yariable mn” tubes (described in the
preceding issue of Rapw-Crarr) may be
used as LF. amplifiers in the 1.-32 Ultra-
dyne. This is reconmuended only in the near
proximity of a powerful station; since the
sensitivity suffers somewhat.  Only the Ma-
Jestic "51's have so far been tried by the
writer.  No circuit changes need be made;
merely plug the '51's into the positions for
Vi3 and Vi

Switch 8Sw2, in the newer sets, is con-
nected as shown in Fig. 1; the antenna post

must be wired first to the switch contact
and then to L1 This system of connecting
the local-distance switch has been found
most effective.

The volume control R27 must be insulated
from the chassis; this potentioneter is con-
trolled by the left knob,

Redueing the plate potential of the dyna-
tron oscillator to 25 volts has improved the
operation; the screen-grid then has a poten-
tial of 85 volts,

A triviner of .00015-mf. capacity (not
shown) shunts C3 for better tracking. It
seldom will reguire adjustment, and is in
use only on the upper broadeast band.

The volume control R17 is a potentiometer
of the tapered-resistance type. The shaft of
this unit carries the off-on switch. Choke
L5 is a 15-henry unit,  Condensers Cl4
C15, Cl16, CI17 are clectrolytic units of the
dry type, and are mounted in a horizontal
position on the under side of the chassis.

Although it is not likely that many ex-
perimenters wilt be able accurately to dupli
cate the coils required for the “Model L-32"
Ultradyne, sonte of the details of their de-
sign may be of interest. ‘The primaries and
secondaries of the LI, transformers T1
T2 and T3 are made by winding narrow
honeyeomb coils, each consisting of approxi-
mately 500 turns of No. 32 D.S.C. wire

(Continued on page G89)

ON BROADCAST
CoiL ONLY

ON BROADCAST
COIL ONLY

Fig. 2
Dectail of antenna conpler at A and its socket
conncetions at B oscillater coil at C and its
Socket at D,
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The “SWS-9°* Short-Wave Superheterodyne

A single, shielded, plug-in unit is easily exchanged to shift the
waveband on this A.C. single-control receiver of high sensitivity.
The range can be extended up to S50 meters.

BOUT eight months ago, it was de-
cided to start research work an a
new short-wave kit set which, when
tinished, wonld have the features con-

ddered most desirable ina odern reeeiver:
ind, also, that eertain disadvantages inher-
nt in the ordinary run of short-wave re-
weivers should be circurmvented in the new
lesign,

Among the features desived in the new
st were control non-critical  from every
standpeint;  coils which conld e inter-

shanged with no more tronble flian plogging
m o paiv of phones; not mare than one
plug-in coil for ecach waveband, a volhune
amtrolz and ontpmt equivalent, in both tone
and volmne, to that of expensive broadeast
sets, The sensitivity shonld he that
of other short-wave seleetivity suffi-
cient to completely  eliminate any chanee
of interference, the gain at all frequencies
substantially  the and  the veeciver
mnst tune both short-wave broadeast and
Co WL stations with equal faecility and  offi-
cieney.  One niore
nportant than amy of the others, wis that
the recciver must operate entively from the
AC line: and that the components neces-
sary for this st be built on the smoe
chassis as the receiver, and introduce abso-
Intely no hun,

above
sets,

sine s

requirement,  prohahly
| 1 B

Simplification of AN Controls

The disadvantages, of the ordinary set,
to he overecome are as follows: absence of
volume control: extremely eritical and knife-
cdged regencration controly a
control whose setting varies with every fre-
queney s plug-in coils that make
a major operation in changing: low ontput:
two dial controls. This
is intended to cover each peint in
the design and construction of the "SWs-g
set”; and thereby to any - experi-
menter both te see the worth and  desiri-

regencration
NeCessiTy

and, in most cases,
artiele

enable

By JOSEPH I. HELLER, E.E.*

hility of the ideas incorporated, and to con-
struet  this with & nininmim  ex-
penditure of time and effart,

It us take the featnres desired and show
how it was possible to evolve a rather rongh
idea of the finished set, by merely making
sure that all of the desirabilities were in-
cluded in the design,

I7irst, we hive non-critical control. As

receiver

imniediately comes to mind; and so it was
decided the reeciver nst he a superhetera-
dyvne and thus free from eritieal regencra-
tion scttings.  ‘T'his eivenit, too, has other
advantages,

The problem of the plug-in coils was a
hard nut to erack, It was early decided
that they would have to be operated from
the front of the set, naking it nnnecessary

Fig. A
In this fromt vicw of the
CSH'S9,." the smgle plug-
1 Juductance L1 is secn
i its shicld, This unit
containg  both  oscillator
and anteuna coils, the de-
tails of which arc shown

in iy, 4. The poicer
pack. ut the left, rcar, in
troduces o perecprible

Tm, This st ticncs swoith
superb  cuse.

anvone knows who has ever tuned a short-
wiase receiver, the regeneration control is
probably the most temperamental  adjnst-
ment ever conecived  for use inoany sety
whether broadeast or short wave. The
nmaost  sensitive portion of  the  deteetor’s
characteristic is ot such an extremely eritical
paint that, hy the thme a station has heen
sufficiently - well tuned in to he audible,
most of the pleasove been eliminated
fram the proceeding.

The answer to this problem is te incor-
porate the regencration control in soch a
cirenit that it will be isolated from  the
frequencies being reccived; by so doing, it
way be adjnsted at the point of greatest
sensitivity. The snperheterodyne principle

has

to lift or remove any covers or to scarch
around in the darvk for sockets.  Only one
coil nimst he Since the design was
a superheterodyne, and absolntely no hand-
capacity effect from the cail was permis-
sible, it became necessary to do two things:
first, to put both oscillator and detector tun-
ing inchuctances in the smme unity and,
second, this unit had to he perfeetly shielded.
It will be seen, later, how neatly and effec-
tively this last itenr was arranged,

Most numufacturers of short-wave  re-
ceiver kits, for some strange reason, have
repeatedly negleeted to include volwne con-
trols, making it necessary either to detune
the set, or lower the regeneration control
(the latter expedient being impossihle when

used,

Iﬂil—m
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Schematic circutit of the “SH°S.97
fur the

Chief Engineer, Wireless Egert Engiuceriug,

short-wcate super:
second detectar.

Fig. 1

the wvolume control is poteutiometer RS,

in the first audio input.

R9 is o rcgencration control

The escillator condenser C1 and antenna tuning condenser C3 are wauged.
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TTUe?5T, NE.32 ENAM. 120T. PER IN.
™~ 10T.N2. 32 SC.C,

T\ NTST. N8 32 ENAM. 120 T.PER IN.
~ 47 T. N2.32 5.C.C.
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'

\S\75T. N2. 32 ENAM, 120 T PE
\\~47 T. NR. 32 S.€.C,
~~§T Nt 26 DS.C,

TUBE

TUBE SIZE 1S 158"IN. LONG; OUTSIDE
DIAMETER., 1732 IN.

Fig. 2
Specifications of I.F, transformers, in the fol-
lowing ovder: o, 1.2; B, L3 C. LA—sccond-
detectoy, with fecd-back coil hatving terminagls
5 and 6.

receiving CW signals. Therefore, a vol-
wne coutrol was included in the desipn,

In order to nuke the output eual to
that of the ordinavy loadeast set, it was
decided that two type "3 tubes should be
used in opusli-pull, preecded by a sigle 27
first AL anplifier. As a vesult, it was
later found, after the construction and ad-
Justuients had heen miade, short-wave hroad-
cast stations  generally came in with the
simoe tone and volune as programs on the
ordinary well-built hroadeast receiver. This
miade possilile, for the first time, the actnal
cnjovment of the program for its musical
and entertainment value, in addition to the
Uirilt of hearing a distant station,

When correctly unsed, the superheterodyne
cireuit is capable of exceptional sénsitivity
amdd seleetivity. A major factor in obtain-
ing hoth these effects is the nse of the tuned
dair-core LY. transformers 1.2, L3, Lt shown
in Fig. L

Since very little amplification is necessary
at the frequeney  being received  (merely
cnongh energy being regquired to beat with
the oscillator), the gain is the same for
all signal frequencies,

The regeneration control takes care of
CW, ICW, and voice reeeption. When con-
sidering the problem of ham vesulting from
L.Co operation, it was believed that, if a
perfeetly-shiclded supply sonrce were placed
properly, there would be ne pickup of the
I After quite a bit of experimenting,
this resnlt was obtained: and here is @ re-
ceiver with absolutely no hum, although the
power-supply  apparatus s
cectly on the same chassis with the receiver
proper.

After listing the desirable points, and
their preliminary solntion, complete specifi-
cations will be given for building the short-
wave N.C-operated superheterodyne receiver
which looks like a broadeast set, tunes like
a broaddeast set and sounds like a broadeast
set.

wounted  di-

Assembly of the Receiver
It us begin with the chassis, which con-
sists of an inverted tray ncasuring 10 x
200 x 2 inchesg it is made of 3/82-ineh alu-
minum, bent over on all edyges.
In the specifications which follow, Dboth

RADIO-CRAFT

in the figures and in the text, dimensions
for holes for andio transformers and chokes
are not inclided; sinee it is felt that most
constructors will prefer to use their own
transformiers. The placement of the trans-
formers, in the factory model, however, is
shown in the photograph reproduced here

The shield can for the oscilator and first
detector tubes and  tuning  condensers  is
made of 1/16-in, aluminnm and  measures
45, x 5 1753 x 814 inches; it is provided
with a cover,

The shicld ean for the inductances of the
oscillutor and first detector circuits is made
of 12-ounce copper and measures 2 x 3 7/16
x 2V, inches deeps into its reetangular open-
ing fits a hakelite plate 2 x 3 7/16 x Y-
ineh thick, which is drilled for five General
Radio pin-plugs (four of these being spaced
9/16-in, and the last one, to “polarize”
the construction, 1 in.).

Since both oscillator and  detector coils
arc wound on the same tube forms, the

g G5 T0 MOVABLE |
- SIDE OF COND.

@

GRID
LEAK ™

SOLDER
TO SHIELD
™~

HEAVY
SHIELDED
LEAD

SOLDER, SHIELD
TO CAN

Fig. 3
Details of L4a; the tickler winding, 5-6, does
not appcar on coils 1.2 and L3. The grid lead
is shielded,

coupling between them is rather high, It
is therefore necessary to use a high inter-
mediate frequeney (1600 ke in order to
prevent the detector from  being  Dlocked
by the oscillator.

The specifications for the LF. coils are
given in Fig. 2: note that no two are alike,
Care should be taken to wind exactly the
specificd nnmber of turns in exacthy the
manner illustrated. It is not believed that
any unduoe trouble will he
the construetion of these itews: although,
if you can buy them ready-made, this is
preferable.

A detail illustration of one of the LF.
induetances, La, serves to illustrate the gen-
cral construction of all three LI trans-
formers.  (Fig, 3).

It will he noticed atso that the filtering
system for cach stage is included in all
hart the first radio-frequeney coill Sercen-
grid tubes are used for both first and sec-
and detectors. In Fig. 4 are given the
specifications for the three plug-in coilss;
these should be made with extreme eare,
since upon them depends to a great extent
the frequency coverage possible with  this
type of set. In the regular factory model,

expericneed in
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the shields for these coils are made of 12-
ounce copper, snitably bent and seamed,
and heavily coated with erystalline Taequer.
The top (over-adl) cover is made of steel,
036-inch thick; it measures, inside, 63 x
101, x 200 inches long (added to which is
a mounting  flange  1;-inch wide).  Iloles
are drilled in one end for the antenna and
ground hinding posts. 1t is heavily covered
with black erystalline laequer; dull black
Lacquer is wsed on the inside of the over-
all shicld, which is bent to shape. Al wir-
ing should he made as direet as possible.

Adjustment and Operation

Now a few words us to the adjustment
of the receiver; turn all the LY. adjusting
condensers (which can be reached through
the top of the LI% transforner cans) ail
the way down. Dut the tubes into their re-
speetive sockets. If everything has been
wired correctly, it will be found that, on
placing the hand on the first LIF. screen-
gridd tube and bringing the volume and re-
generation controls on, loud “static” will he
heard; it may be that a regular long-wave
broadeast station will also be beard. Turn
all the intermediate condensers out, about
half & turn ecach, and ping in the lavgest
coil.  On tuning the main controls over
their entire rvange. a point where a station
is heard rather weakly will probably be
reached.  With the station tuned to the
loudest possible volume, adjust all the in-
termediate condensers with a bakelite serew-
driver wntil the station is as Joud as you
can get it (Do not have the regeneration
control all the way on: but leave it at
some poiut helow oscillation.)  Tune very
carefully, as the intermediate tunes sharply,
If you have had any experience in tuning
such receivers, you will find that you will
be able to make a rather good job of lining
up the intermediades, by merely adjusting
for the static level.

The adjustment of the vegeneration econ-
trol should be left at some point which gives
maxinmun - response for one  station;  and

(Continued on page 691)

YrypE LK |
40-95
METERS

b

CONNECTIONS SAMEAS TYPE LH. 1 45 werers

—F T

T™PE LL

CONNECTIONS SAME AS TVYPE LH. 13-22 METERS

Fig. 4
Winding data for the shortzvave oscillator and
first-deteetor inductanees, that are combined in
ane shiclded coil unit, L1; this plugs into a
front-of-pancl rcecptacle, as shown in Fig., A.
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Operating a “Radiola 28" with Two-Uolt Tubes

Slight alterations are necessary to convert these favorite old supers
to use modern tubes, and give improved output, inexpensively

11F, practicability of operating the
older series of Radiola superhetero-
dynes with two-volt tubes has heen
debated among radio men for some
time. It was contended that the mmutual
conductance of the 30 and 31 type tubes
is so high that it would be impossible to
use these tubes, hecause of cirenit oscilla-
tion and distorted audio output. The ques-
tion then arose, whether these faults could
be overcome? With these two requirements
in mind—the control of oscillation and a
proper ontput tube—the writer started ex-
perimenting  with, first, a Iladiola “28";
seeond, a *“257; and, last, an “AR-812.”

Initial Experiments
Upon cxamining the battery cable of the
“28” it was decided to remove some of
the leads (intended for six dry-cells in series-
parallel) : retaining only two leads for the
fitament eireuit operating from a G-volt stor-
age “A™ battery.

By F. L. SPRAYBERRY

Seven of the new 36 type general pur-
puse 2-volt tubes and a type '31 2-volt power
tube  were inserted in  the sockets after
proper connections to the batteries.  Al-
though only the Joop was used as a pickup,
tremendous volnme was obtained.  Of course,
the power tube became overloaded; and it
could not he determined whether the greater
part of the distortion was due to oscilla-
tion of the intermediate amplifier or to the
power tube’s overloading.

it was elear that a power tnbe of greater
capacity must be used.  Upon examination
of tube characteristics, it was found that,
with a plate potential of 135 volts, a single
*7T1A or two '32's would give the greatest
outputy a "TIA gives 370 undistorted milli-
watts and two 31's 300 undistorted milli-
watts. A C7TLA was first tried, and nmost of
the distortion disappeared; however, there
were traees of oscillation when the volume
control wits advanced,

This presented a real problem though, of
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Fig. 1
Schematic circutt of the “Rudiola 28" (sec also page 653), showing needed changes. 4 “Tape
934" Conncctorald may be used cxternally, instcod of opening the catacomb to introduce K1,
The numbers of the “whisker” connections, 1-19, are stamped on the under side of the bokdite panel.

course, it could be overcome in several ways
by the use of faboratory equipment.  Dut
it was realized that, whatever was done must
he simple, if thousands of owners of "28's"
who have not proper equipment are to be
enabled to make the adjustment with little

trouble.

Suppressing Circuit Oscillation

It was finally decided to nse a series re-
sistor, or grid suppressor (R1, Fig 1) in
the grid cireuit of one of the intermediate
tubes. This was done, und with gratifying
results. After reconnecting the sect, it was
found that, with both volume control and
filament control rheostats turned on  full,
there was not even a trace of oscillation.
Next, it was decided to try two '31-type
tubes in the output stage, connecting them
in puraliel; (prid to grid, plate to plate, and
filament to filament); in order to obviate
extra wiring, a Lynch “Tubadapta” was
nsed.  No reduction in the output was no-
ticed (in fact, none was expected) s for
the two ’31s give approximately the same
output as one ‘Tl.A—providing the same
plate voltage is used.

The exact procedure for changing the
Radiola “28" will now be given; these in-
structions should be followed as closely as
possible—especially if the constructor has
not had previous experience with these re-
ceivers.

The ¢hassis of the “28” is first freed
from the cabinet, by removing four large
puts from the under side of the cabinet
housing the chassis.  These are between the
battery compartment and the chassis cabi-
net: they are not the nuts which hold the
chassis eabinet to the battery compartment.

Remove the four serews and poll the
ehassis forward: then take a small screw-
driver and loosen the clump which  hold
the battery cable to the ecabinet,  Loosen
the two long serews that hold two fixed eon-
densers to the cabinets then lift up the
clunp and il the battery eable up through
the large hale in the cabinet.  The chassis
and battery cable, with its attached bypass
condensers, can now he lifted free of the
cabinet.

Remove the wooden slanting panel by
unserewing  four wood-serews at the right
end, and three at the left, underneath the
frame.  The panel can now be lifted off the
chassis; its removal will give plenty of
room to work,

The next thing to do is to straighten out
the hattery cables the first step being to
cnt oft all “A 4" or positive leads exeept
the vetlow-with-red-tracer: and remove all
“A—" negative leads exeept the black-with-
vellow-tracer. Next, et apart all leads
that are fastened together; so that you have
a maroon, a red-and-maroon, a red, a blaek-
with red-tracer, and a green wire marked
“'4-  Cut this green lead off short, and
tape it up.

The eable will now be as follows: yellow-
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Fig. 2
To remove the assembix from the catacomb,
this Is placed in hot zeater wntil the twax is
sufFiciently softened (not wmelted).

with-red-tracer, “A4B—C4": black-with-
vellow-tracer, *A—"3 green-and-black, “C—
4.57:  hlack-with-blue-teacer,  power  tube
"3 maroon, “B4-45"; red-and-maroon,
“B4-90":  red, “B4135; Dack-with-red-
tracer, “B—" connection for fixed condens-
ers attached to battery ealle.  (The tech-
nician may prefer to keep the original Ra-
diola hattery eable intacet, substituting there-
for a standard 7- or 8-conductor cable.—
Editor.)
Removing Catacomb

Now remove the eatacomh cover, by tak-
ing out two machine-serews at each end and
three on cach side. With @ punch, knock
out the leaden seals at each end; the cata-
comb cover ean now be removed, revealing
a bakelite pancl (P, Fig. 3). Pull cata-
comb unit over towards the rear so that it
is upside down,

Remove  the  battery  cable's  connecting
steip, to get it ont of your way: this is
done by loosening the serews holding it to
the tertninal strip.  There are seven of these
serews: three at the left end, three at ahout
the center, and one at the extreme right.

Next, turen the eatacomb unit over, sct
it in place, and unsolder the nineteen wires
(ealled  *“whiskers,™)  connecting  the  eata-
comub to the terminal strip.

There are twenty-three conneeting higs on
the tevminal strip, to which the 19 whiskers
from the catacomb conneect as munbered,
vespeetively, in Fig. 1. These leads are hehd
in pliace on the eatacomb by means of holes
through the bhakelite panel; do not remove
theme from the holes,  If they are kept in
that order, there will not be any ditficulty
in petting them vesoldered properly,
the 3-bus  Afiloment  conneeting
strip, by loosening the 19 holding serews.

The next is the most difficalts the cata-
comb umit st be removed from its con-
tainer. ‘This is done by plicing it in a pan
of boiling water for about five minutes.
Do not allow the water to cover the unit
move than half-way (See Fig, 2} Watch
it carcfully and do not allow it to stay in
the water longer than is necessary,  After
it has been in the water about two or three
wminutes, insert a serewdriver under the
bakelite panel and lift upward; if the anit
slips, try the other end the same way,  1f
both ends slip upward, have somcone hold
the catacomb anit for von (with a cloth
at cach end, to protect the hands) and puh
upward until the unit is free of the con-
tainer.  Turn it over, with the bakelite
panel down, and let the beeswax harden.

Remove

‘RADIO-CRAFT

Then examine the wunit: on one side, at
the rear, you may find a strip of insulating
muterial, about Yi-ineh wide, held in place
by the serews which secure the unit to the
panel; it is woven under and over these
screws,  Work it loose with a screwdriver,
and pall it free of the wnit with a small
pair of pliers; this will expose thin copper
strips making connection to the socket ter-
minals.

We are interested in the two strips mak-
ing contact to the fourth socket; particu-
larly the grid terminal; the plate terminal
merely helping to identify the fourth socket.
Sixteen of these copper strips are exposeds
we are interested in the Tth from socket
No. 1, which is the grid terminal of the
second  intermedinte  tube.  Reference  to
Fig. 1 will allow you to identify it; he sure
of it hefove proceeding further.  After vou
are certain You have identificd the grid ter-
minal of the second intermediate tube, take

WHISKERS

SOCKET-NEB

SOCKET Ne2
4

Fig. 5
Introduce R1 between socket No. 4 and grid
lead,  NC5 will wswally yequire no attention,
The assembly must be handied twith great care,
to break no conncctious, (Caution: To arvoid
tnjury to the cves, remove the whiskers care-
fully, to prevent the solder's spattering.)

a small pair of seissors or snips and cut the
thin copper strip.

Now cheek, with a continuity meter be-
tween grid of tube and copper strip, to
see if you are right.  If vou are right, solder
two 2-inch wires to the two picees of cop-
per strip, then a Looo-ohin resistor (181,
Fig. 1) to the two wires conneeted to the
copper strips. Be sure the  resistor  lies
flat, and insulate it from any  possibility
of contact with the container when the wnit

671

is replaced in it. This can be done hy wrap-
ping the resistor with insulating paper; or
seraping some of the beeswax from the bot-
tona of the container, heating it and pour-
ing over the resistor until this is covered.

Tone and Volume Control

A tone control can he used to advantapge
on this reeciver; it may he one of the types
desceribed in the article, “T'one Controls in
Commmercial  Radio Sets,” in the January
and February, 1930 issues of Ranio-Crarr.
The type vecounuended by the writer is
shown in IFig. 1 of the January 1930 issue,
and consists of a varinble resistor, R1, con-
nectedd from the grid of the tube, to *C—"
the can, or the filament cirenit.

This is easily applied to the “Radiola 28"
anct it will act not only as a tone control,
but also as a volume control.

Since this receiver will, in many cases
he operated with an external power am-
plifier connected to the first audio-frequency
Juek, it is desirable to connect the tone con-
trol across the grid eireuit of the first audio
tube. It will be just as effective here as if
it were used in the last audio stage; and
vou wilt find that it does not give that
peculiar “harrel” distortion effect, as do
so many forms of tone control.

After making connections to the grid cir-
cnit of tube Noo 4, by inserting the 1,000~
ohm resistor in the grid circuit, solder a
wire to the grid connection of socket No. 7.
The terminals of the latter ave in the same
relative position as those of socket No. 4;
in case of donbt, vou can, of course, check
between the thin copper strips and the grid
terminal.

The wire soldered to the grid terminal
of socket No. 7 should be approximately 15
to i6 inches long; and a hole just large
enough to accommodate it, should be dritled
in the bakelite panel of the eatacoml unit.
The wire is then drawn up through the
hakelite panet and pulled tight,

To complete the tene control, mount a
variable resistor at o convenient point on
the panel. The writer nsed a 0-50,000 olun
“Clarostat™ for this purpose; although any
good grade of resistance unit, with a value
between 0 and 500,000 ohins, will  serve,
The other side of the variable resistor is
connected to any convenient point of the

(Continued on page 688)

= .

TOP OF BAKELITE PANEL

WIRE X ON CATACOMB (IN FI6.3)

~ 7y
<] ®, o

N

\

. supporr & '@
l ® posTs @
L 7

®

TUBE FILAMENT A~

NEW LEAD
X2 TO
. RESISTOR
* R2
R2
“"4 OHMS
OPTIONAL

FILAMENT
BALLAST ™

6-VOLT _ -
FIG.4 STORAGE BATTERY
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from a G-volt storage battery, with 9 tubes.
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This cirenit adds two stages of screcu-grid R.F. amplification to the imtermediate amplificr of the
is employed. Conuections for a G-tolt battery are shozen.

A Home-Made Super for 2-Uolt Tubes

IIE writer had originally in mind to

adapt  the “Roll-Your-Own™ super
(deseribed in the November, 1930,
and  Marceh, 1931, issues of Raplo-

Crarr) to the new two-volt tulws, as he
promised in his last article; but, after nany
experiments, he decided to dismuantle the set
and rebuild it.  The results thus obtained
have been very gratifving.

Reeeption is limited by the noise level
only, which depends upon location.  Sta-
tions have been tuned in from coast to coast,
inchuding two in Mexico and one in Cuba.
In fact, it was possible to get California
nearly every night during the past winter,
through the blast of about twenty-five ra-
div stations in this vieinity (Ook Foresi,
{1, « suburh of Chicago); high-power sta-
tions like WELW, KMON, WILAS and WO
are received at midday on the Joud speaker.

By W. E. SMITH

Rearrangement of Components

The scehematic cirenit  (Fig. 1)  differs
somewhat from that <hown in the November
issues after quite a few experiments with
the Alynatron oscillator, it was decided to
use an inductively-conpled oscillator of the
usual type, with a ‘80 tube.  As will be
seen from the baschoard layout (Mg 2).
the arrangement of the receiver has been
chunged  considerably,  The oscillator eoil
1.6 and the medulater eoil 1.2 are placed in
one compartment shield, 3175 x 5 x 5 inches,
one inel apart, with their axes parallel.
It may be stated here that the degree of
coupling has mueh to do with the londness
of signals obtained.  With a primary of 35
turns, abont 2217 volts on the plate of the
oscillator is sufficient; 15 volts will increase
signal strength, but may not be desirable.

The first R, tube V1, the antenna coidl
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Fig
The layout used by Mr. Smith; the oscillator co
coils 1.2 and L6. The tubes 1°2, 1°3 and }'7 have

. 2

upling is obtained betsocen the ficlds of the two
individual shiclds, as wecll as the coils L4 and LS.

‘Roll-Yeur-thwen

a different frequencey-changer

I.1 and its tuning condenser Cl ave con-
tained in one shield, nieasuring 314, x 8 x 6
inches: it is essential that this stage, as well
as the mothilator stage V2, he well isolated,
if cross-talk is to be avoided. V1 s a 32
type sereen-gyid tube, with 135 volts on the
plate and 6371, on the sereen-grid; the Jat-
ter electrode is fed throngh an 1. choke
and hy-passedd to ground by an 0I-mf. con-
denser. A Dbias of 3 volts for the control-
grid is obtained through the drop in the
Gilient resistor, if a storage battery is nsed,
Otherwise, biasing batteries are used.

The modutator V2 is alse a "32, with sim-
ilar plite and sereen-grid voltages, but a
control-grid bias of 4 volts,

Details of Coils

The antenna coil 1.1 has o secondary of
100 turns of No.o 30 enanelled copper wire,
spatce-wound on o 135 x 2-inell form, with
12 turns of the smne wire, st the tow-poten-
tial end, for a primary; it is tuned by a
00035-mt. variable condenser.

The nmadnlator coil 1.2 has a seeondary
of 105 hirns of the same wire, space-wound
also, and tuned by o similar eapacity s its
primioy is 30 turns of No, 35 enaelled,
bunch-wound, as close to the low-potential
end ot the secondary as possible without
touching. .\ slot for the purpose was miade
with o hacksaw ancd a small file.

The interinediate-frequeney  transformers
and the audio end remain as deseribed in
the previons articles mentioned above.  The
second  detector Vi has a O0E25-mf. grid
condenser C8 with a leak R7 of 50,000 ohins
The bypass condenser C7 in the
plate circuit is a .001-mf. capacity, and the
tickler is shunted by o 3,000-olim variable
resistor R8, of the same value as the vohunne
control R1 in the antenna cirenit.

The output tube V6 is o type *31, which
should feed into a high impedance load, such
as a magnetic or inductor-dynamie repro-
ducer. It was thought wnnecessary to in-
clude a tone control; as the writer believes

(Continued on page 693)

resisfance.
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REPAIRING SCREEN-GRID TUBES
By Frank C. Atkinson
ON'T throw away a sercen-grid tube if
the control-grid tip should poll off the
top, leaving only  the lead sticking up.
Clean out the cap, and aronnd the top of
the bulb; clean the end of the control-grid
wire, and solder to it a short length of fine
wire.

CLEAN -— ——\ADLDE:;ORT
THORQUGHLY ™,

=T
VI

/ | CLEAN ouT
SCREEN- | CAP AND

RID FILL wiTH
TUBE | LITHARGE

Fig. 1
The lovscned cap of a screcu-grid tube may
be comented back inte  place, quite satisface
torily, (n the manner shoicu.

Then, procure from a paint store o small
amount of litharge (vellow oxide of lead)
and a small quantity of glveerine,  Mix a
small guantity of the litharge into the glyeer-
ine, until a stiff paste is formed; pack the
grid cap with this, and run the control-grid
lead of the tuhe throngh the paste and ont
trom the small hole in the eap. DPress the
cap down upon the glass, elean awayv the
exeess paste; and allow this cement to st
for twenty-four honrs, Then elean the eap,
and solder the end of the wire to ity and the
job s Ainished,  You will find the tube as
rood and as strong as news 1 have nsed this
tmethael for sowe time and it has never faited
me,

GANGING AN OLD SET
By E, E. Meeker
ULTI-DIAL receivers may he con-
verted to single-dial control in the
manner shown.  1faur  hard-rubber  dises
(cut from an old puanel) ave turned I
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L4

' FRONT VIEW - ]

Fig. 2
Au old, three-dial set may be converted to
single control in this mauncr. The dial is
then replaced on the couter shuft,

inches in diameter, with a 15/64-inch hole in
the center. so that they anay be  driven
tightly npon the ti-inch shafts of the con-
Then two dises are fitted to the
central condenser’s shatt; and each is fast-
ched to a dise, on one of the outside con-
densers, hy a strong fish line, which will
grip the dises where they have been grooved
in the centers of their rims,  The condensers
may then he aligned, by slipping the helts
until o good adjnstient is abtained

densers,

AN IMPROVED VOLUME CONTROL
By Russell I.. Woolley
OTOMOTIVYE  radio  receivers  have,
usnally,  a 504KK-olnn potentiomceter,
shanted across the 6715-volt section of the
“BT supply, to vary the sercen-grid voltage,
This is a good method of volunie control;
bt the usetul range is Hinited to ahont half
the are of the slider’s nrovement,  The re-
sult is that the change in volmoe from “soft™
to “loud™ is very abrupt.
This ethod of volmne conteol may he
improved by using a fixed mesistor of, sy,
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Fig. 3
ot ws tuning is spremd by adding  auother
coudenser. so colume control max be made less
critical by a sevies nred  resistor,
25,0000 ohims valne, conneeted in o series with
a variable  potentiometer of 25,000 ohmsg
the nseful range is theveby spread over the
entire are.

These particnlar vatues do not, of course,
hold true in every cases conditions, such as
the sensitivity of the recciving set, the field
strength of loeal stations, the nunher of
sereen-grid R stages, and the sereen-grid
voltage, determine the value of the potentio-
meter, The totid resistance, however, should
be 50,0080 ahmns,

Inasmineh s o volume control of this type
is shunted directly across the *B™ supply,
i switeh shonld be incloded, to disconnect
it fromr one terminal of the “B" battery
when it is not being used; for otherwise
it wastes current,

KEEPING THE IRON CLEAN
By Luther C. Welden
EIPING the soldering iron clean s
half the job of doing a solder job; so
it is a good idea to keep two handy acces-
sories on the work beneh for this purpose,

AN VA
( sowen\ ¢ S,

PASTE
!

can/

’
SANDPAPER - AlB
Fig. 4
The two accessorics shown make it more con-
venlent to do a good job of solderiug.

First, a small sheet of rather fine-grade
sandpaper: on which flow a small bit of
vesin or solder paste and a sumll amount
Next, procure a small round tin
cimathowt 215 inches in diaieter and 2
nches deep, Take a strip of canvas 217
inches wide, or 1j-inch wider than the can
is deep. Roll the canvas in a tight voll
untib it will fit snugly into the ean, with
about  1-inch  extending  above the edpe;
“fuzz™ this onter edge,

When the iron s hot clean the tip by
rubbing on the sandpaper; it will he well
“tinned™ at the same time, because of the
paste ane solder on the paper. Then clean
off the surplus paste by passing it over the
Cans s ]l:l(',

An iron holder made of a strip of tin
vy he tastened to the can,

of solder,

PUNCH AND JIG FOR METAL WORK
By Eugene Douglass
VERY  set-builder and  experimenter
knows of the difficulty enconntered in
drilling or entting holes of large dizmeter
(Caontinued on page 692)

SHEET METAL s
A

Fig. §
By mcans of u set of jigs and punches of this
kind, large. clean holes max be punched in
fairly stout sheet metal.
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The Hows and Whys of the Push-Pull Circuit

HIS discussion of the eccentricities of

the push-pull ecirenit has already devel-
oped that wnmatehed tubes are not such a
bugahoo as the public has heen led to be-
lieve. ‘The next possible cause of unbalance
is an unequaly-tapped input transformer.

Before going into this discussion it may
e pertinent to know what center taps are,
‘The audio transformer, (which the power en-
gineer regards with infinite scorn for its
gualities as a transformer) is usually of
what is called the “shell® type, illustrated
in Fig. 13, The windings are placed around
the middle leg, as shown, with the primary
nearest the core and the secondary right
over it. If the sccondary is to be center-
tapped, this tap is made at the center of
the winding as determined by the number of
turns,

This mieans that the sccond half of the
secondary, while comprising one-half of the
number of turns, will he longer in total
feet of wire than the first. It will, there-
fore, have a higher ohmic resistance,  More
important vet, because it is further from
the primary, some of the primary flux will
not reach all of the turns; sinee it is this
flux which produces the ontput voltage, the
second half of the secondary will produce a
lower voltage than its companion half. We,
therefore, have an unbalanced transforer,
so far as the voltages and impedances of
the secondary halves are concerned.

FPhis will ean thut one tube will get a
greater part of the voltage across the see-
ondary of the input coupling device. For
the sake of convenicnee, suppose the posi-
tion of the center tap to be such that a-e
(IYig. 1) ecomprises more cffective turns than
b-r: and therefore tube VI has a greater
potential on its grid than tube V2, Assue
further that the tubes have the same mutual
conductance, that the output transforier
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Tio types of transformer, the second more
common. The outer part of a winding wses
more wire for the samc uxmber of turns,

(PART IV)
By EDGAR MESSING

is correetly eenter-tapped; and that the po-
larities on eaeh grid are negative on V1 and
posilive on V2. Sinee we have assunied
that the tubes aplify equally, V1, hecause
it has the greater voltage on its grid, will
produce the greater voltage in its plate cir-
cuit; just as in the case of a higher wutual
conductance, disenssed in the previons in-
stallment (Marely 1931, issue, page 518). As
hefore, it will be found that the effect of
unbalaneed voltages in the plate cirenit is
very neatly taken eare of by the stronger
tubie; which graciously “degenerates™ when
reguired  and  sociably  regencrates when
necessary, The net effeet, again, is to de-
crease the grid voltage on V1 and inerease
it on V2, ‘Thus the inequality is again over-
come. The push-pull stage has again pr