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TANLE

BAILEY ADJUSTABLE IRON PLANES

These Planes have had many important changes, some of *
which are here shown:

The cutter rests on the Iron Frog, be-
ing supported clear down to the heel of
the Bevel, and very close to the cutting
edge. :

The front support being close to the
mouth makes a solid bedding for frog
and cutter.

The rear support being deep, greatly
strengthens the sides and bottom of the
Plane.

The frog screws, being located between the two supports,
correctly distribute the pressure between them.

The screw bosses being deep, enable a great number of
screw threads to engage, thus securely holding the frog in
place and preventing any possibility of the Plane being drawn
out of true when face of frog is screwed up hard.

No. Each

1 Smooth, 5% inchesin Length, 1% inch Cutter, $1.65
2 Smooth, 7 inchesin Length, 154 inch Cutter, 2.05
< 3 Smooth, 8 inchesiu Length, 134 inch Cutter, 2.20
4 Smooth, 9 inchesin Length,2 inch Cutter, 240
4, Smooth, 10 inchesin Length, 234 inch Cutter, 2.75
S Jack, 14 inchesin Length,2 inch Cutter, 2.75
5% Jack, 15 inchesin Length, 2¥% inch Cutter, 3.15
6 Fore, 18 inchesin Length, 234inch Culter, 3.50
7 Jointer, 22 inches in Length, 294 inch Cutter, 4.00
8 Jointer, 24 inches in Length, 254 inch Cutter, 4.80

Write for Catalogue

N mMZ =

THE

STANLEY RULE AND LEVEL

NEW BRITAIN, CONN., U.S.A.

CO.
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Technical Boolks

AT POPULAR PRICES

A Gomplete These ten books by E. J. Houston and A. E. Kennelly, uniformly bound
Electrical l.ihrary in red cloth, at $1.00 each, or $10.00 the set (delivered) as follows:

1. ALTERNATING ELECTRIC CURRENTS.

Fourth edition, 359 pages, 115 illustrations.
2. MAGNETISM.

Second edition, 314 pages, 97 illustrations.
3. THE ELECTRIC MOTSR.

Second edition, 377 pages, 112 illustrations.
4. THE ELECTRIC TELI-?GRAPH.

Second edition, 480 pages, 172 illustrations.
5. THE ELECTRIC TELEPHONE. §

Second edition, 454 pages, 151 illustrations.

6. ELECTRIC HEATING.
Second edition, 298 pages, 89 illustrations.
7. ELECTRIC ARC LIGﬁTING.
Third edition, 464 pages, 173 illustrations.
8. ELECTRIC INCANDESCENT LIGHTING. .
Third edition, 514 pages, 164 illustrations.
9. ELECTRIC STREET RAILWAYS.
Second edition, 373 pages, 162 illustrations.
10. ELECTRICITY IN ELECTRO-THERAPEUTICS
Third edition, 467 pages, 147 illustrations.

Wireless Telegraphy

MAXWELL’S THEORY AND WIRELESS TELEGRAPHY. Part I. —*‘ Maxwell’s Theory and Hertzian
Oscillations.” By H. Poincaré; translated by Fred’k K. Vreeland. Part II. —‘“ The Principles of

Wireless Telegraphy.” By Fred’k K. Vreeland.

250 pages, 145 illustrations. Price, $2 net.

WIRELESS TELEGRAPHY. A book embodying a short history of Wireless *Telegraphy, — its theory,
experiments, and results attained. By A. Frederick Collins. 300 pages and 332 illustrations. Price, $3 net.

We can also supply any of the remaining 25 or more books now in print on this subject

Practical 25¢ Books

These are Monographs, in which thoroughly prac-
tical men give definite information about the par-
ticular subject with which he is familiar., They are
full of just the practical points you want to know;
they are well printed and bound in handsome paper
covers.

Turning and Boring Tapers. By Ired. H. Colvin,
Associate Editor American Machinist. There are
two ways to turn tapers. This treatise has to do
with the right way; it tells you how to start the
work properly, how to set the lathe, what tools to
use, and how to use them. Fourth edition. Price,
25 cents.

Drafting of Cams. By Louis Rouillion. Every me-
chanic is interested in Cams, and this shows just
how to lay them out for any kind of work you may
have. Third edition. Price, 25 cents.

Threads and Thread Cutting. By Colvin-Stabel.
This clears up many of the mysterics of thread
cutting, such as double and triple threads, internal
threads, catching threads, use of hobs, etc. Third
edition. Price, 25 cents.

Commutator Construction. By Williarh Baxter, Jr.
This book goes into the designing, building, and
maintenance of commutators; shows how to locate
troubles and how to remedy them. Price, 25 cents.

Brazing and Soldering. By James F. Hobart. The,
only book that shows you just how to handle any
job of brazing or soldering that comes along.
Fourth edition. Price, 25 cents.

Wiring a House. By Herbert Pratt. Shows a house
already built; tells just how to start about wiring
it; where to begin; what wire to use; how to run
it according to insurance rules. Price, 25 cents.

SPECIAL OFFER: We will send you any five of
these books, if ordered at one time, on receipt of

One Dollar.
At $1.00

Drawing Instruments: Their Use and Abuse. A
manual for engincers and engineering students.
By Walter G. Stephan, M.E. 112 pages, 74 illus-
trations.

Catechism on Producer Gas. By Samuel S. Wyer,
M.E. Author of ‘Producer Gas and Gas Pro-
ducers.” An elementary treatise in question and
answer form, containing 287 questions and an-
swers. 50 pages, pocket size, illustrated.

At $1.50
Electricity made Easy by Simple Language and
Copious Illustration. By Edwin J. Houston and
A. E. Kennelly. 348 pages, 207 illustrations.

At $1-50

The Motorman and His Duties. A Handbook of
the Theory and Practice of Electric Railway Car
Operation. By Ludwig Gutmann. Sixth edition,
revised and enlarged by Lawrence E. Gould. 200
pages, 138 illustrations, 3 folding plates.

Electrical Engineering Leaflets, containing the Under-
lying Principles of Electricity and Magnetism. By
Edwin J. Houston and A. E. XKennelly. In Three
Grades, as follows: —

ELEMENTARY GRADE, suited to the study of Electrical
Artisans, Wiremen, and to Elementary Students.
296 pages, 121 illustrations.

INTERMEDIATE GRADE, suited to students in High
Schools or Colleges, and those beginning the study
of Electrical Engineering. 300 pages, 140 illus-
trations.

ADVANCED GRADE, suited to students taking Tech-
nical Courses in Electrical Engineering. 296 pages,
121 illustrations.

At $2.00

Diagrams of Electrical Connections. A collection of
130 diagrams of the most practical connections
for electricians, with full explanation of each dia-
gram. By Cecil P. Poole. 113 pages.

Induction Coils: Their Theory, Design, and Con-
struction. By H. Armagnat; translated by Otis
Allen Kenyon. 221 pages, 109 illustrations.

Keys for the Practical Electrical Worker. Electric
light, power, street railway, telephone and the tele-
graph explained and illustrated by drawings and
diagrams of connections from the latest practice.
By F. J. Robinson. 193 pages, folding plates.

The Screw-cutting Lathe. How to select, set up, and
operate. By James F. Hobart, M.E. 162 pages,
90 illustrations.

Electrical Catechism. A book putting into concise
and accessible form reliable answers to many of
the questions asked concerning the theory and
application of electricity. By Geo. D. Shepardson.
422 pages, 325 illustrations. (Second edition.)

The lists mentioned on this page have been selected
from our catalogue of engineering books, and are
intended only to illustrate the high class of technical
literature 'we can place before you at prices within
reach of your pocketbook. If the works you want
are not given space here, write us. We keep in stock
the books of all publishers, and can fill orders the
same day received. Catalogues and descriptive cir=
culars sent free on request.

PUBLISHING 232 WEST 39th STREET
McGRAW company NEW YORK
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DISCARD YOUR BATTERIES WITH ALL THEIR ANNOYANCE AND ADOPT THE

BEACON TRANSFORMER Fer™ANENTomfiaete

ECONOMICAL

It Operates Bells, Annunciators, Gas Lxghhng. Engine-Ignition, etc., and is unequaled for running
electric toys and miniature lamps used to illuminate Christmas trees

Send for Circular 30 DAYS FREE TRIAL
THE ELECTRIC NOVELTY CO., 6 BEACON STREET, ROOM 622, BOSTON, MASS.

There are XX chapters in nll XD( carrying you from
the fundamental principles of electricity on lgrough the
C OO l ln Se vanmn bran a toa pomt where the careful student

care, and operation

of a dynamo or motor, and I ch on electric biles, outlining their construction, care. and operation, and all about storage

batteries and how to handle them. Each sub)ect is carefully written and to the point. After a student studies a subject, he is ques-

tioned on that subject in such a mznner as to bring clearly to his mind the points he

needs to know regarding same. A DICTIONARY in back of book will enable him

to learn the meaning of any electri Avozd term, or f ase used in this book, as well as
bles

hundreds of others in use. y in the study are in it.
TABLE OF SUBJECTS
Chapter Chapter
I. Wiring XII. Armature Reaction
II. Electric Batteries, Elec- XIII. Sparking
tro-Plating XI1V. Winding of Dynamos

IIl. Magnetism
IV. The Magnetic Circuit XV. Proper Method of Con-
V. Magnetic Traction necting Dynamos and Motors
S VII: Entidyin FlectoloCircalt  XVI. Disesas of Domeon
Ewom(s . Energyin Electric Circu - seases of Dynamos
'EVEL‘(‘D ARMATUR . VIII. Calculation of Size of and Motors, their Symptoms
5 ere for Mndnetlzlnd Colls and How to Cure Them
IX. Calculationof E.M.F.’s XVII. Arc and Incandescent

in Electric Mnchlnes Lamps
X. Counter E. M. F. XVIII. Measuring Instruments
XI. Hysteresis and Eddy XIX. Alternating Current
. Automobiles

Currents
$2.00 PER COPY —FOURTH EDITION — 20,000 COPIES SOLD

The offer we make of refunding money if book is not satisfactory upon examination is
AN UNUSUAL ONE in connection with the sale of a book. But we have no fear of its
return. Your decision will be what thousands of others has been. Money would not
buy it if it could not be duplicated. We could print testimonials by the hundreds. Itis
best to order and be your own judge of its merits.

Cleveland Armature Works, Cleveland, Ohio  AMERICAS.SRFATESE. MERATRIOHES

Armatures and Fields wound—Commutators filled

and Motors

PRAGTICAL
ELECTR\CITY

ELegtrical Supplies

This Battery is guaranteed

THIS

BOOK COSTS

to give satisfaction for Ignition
Work. 10 Cents
H 1Z P
d:’}k"@gr:::? 1 3 S ES Lo and should be theseed to afor-
A 22 X 6% m. . . $0.26 tune to the man or woman with

Ernciency Guanavte
FoR [aniTion WorR

B 30 Thin. o 2 . .60 brains and earnestness of pur-
C 31 x 83; in. .60 pose. More individuals owe

their financial success to the
Send for our Catalogue 24M

laws contained in this book
“SOMETHING I:LEL‘I‘RICAL FOR than toanyother known source
EvVERYBODY,” 168 pages with

net prices. Money is the

FOR saLE oY
rETIA ELECTRICHL S5
PN YORK-Crachsd

The following are a few of them

Red Seal Dry Battery, “A” 2 1-2 x 6 34 'in,, all

kinds open circuit work...................... 0.20
Mesco Dry Battery, 2 1-2 x 6 3-4 in., Call Bells,
Telephones,setc ST Fut  F R L 2w .15
Elite Battery Ammeter ............... .. 2.00
Marine Weatherproof Primary Coil...... oe 1525
Marine Weatherproof Jump Spa.rk Coil . .. 4,00
Ignition Switch, Removable Lever....... srear 250
Electric Call Bell Outfit ........................ .60
Burglar AlRTMUTIAD . .« oo woive cove nos Cobninss s 13
Floor Tread for Servant SlCall . e .75
Pony Telephone Receiver ...........ccccvvun....
Battery Call Telephone............... each 2.50
Eureka Telegraph Instrument.................. 1.15
. Battery Rheostat, 20 ohms resistance.........., 65
Sta There Battery Connectors......... per dozen .36

* Mesco Curreat Tap and Socket ................. .25
Electnc Vlbrators (3 styles) $5.00, $10.00, and $15.00

Manhattan ‘Electrical Supply Co.

«wi "NEW YORK, 17 Park Place -
CHICAGO, 188 Fifth Avenue

Best Partner

amancan haveand the bestfriendawoman can have.

This Book is Plainly Written and Tells You
How to accumulate money.
How to earn more than savings bank interest.
How to develop the quality essential to success.
How to distinguish between good and bad investments
How to improve your financial and general welfare.
How to make money safely and judiciously, etc

You cannot afford to be without this book, as it places within
your own hands the means of starting you on the road to a broader :
career, clean prosperity and financial independence.

Regular edition, limp leather bound, silk lined, $1.00 per copy!

Fifth special pocket paper bound edition of a dollar book, 16
chapters, 104 pages, published in response to popular demandy
70,000 sold, mailed on receipt of 10 Cents, (or $1.0v furlenlher
bound copy) stamps or silver, SEND FOR IT NOW.

THE FIDUCIARY CO. 787 Tacoma au.ldmé
Publishers CHICAGO, ILL. !

N. B.: If you prefer, the book will be sent on 3 days approval.
You can remit the 10 cents or retarn the book at your own discre-
tion. The publishers know the sterling value of the book and have
faith in the judgment and honesty of the average American.
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Wireless Telegraphy
and Telephony

Popularly Explained

By WALTER W. MASSIE

(President and General Manager
Massie Wireless Telegraph Co.)

and CHARLES R. UNDERHILL
With Special Article by Nikola Tesla

[ In this book the authors use simple ex-
pressions, so that all may obtain a clear
idea of the inception and development
of this much-talked-of art.

@ They describe the substance through
which signals are sent, the theory of the
propagation of waves, method of generat-
ing and receiving the waves, the apparatus
used, and, finally, the uses, limitations,
and possibilities of wireless telegraphy,
both commercially and financially.

Sent post-paid on receipt of One Dollar

WILLIAM R. ARNOLD, Jr.
4 MARKET SQUARE  PROVIDENCE, R. I

Holtzer -Cabot

Wireless Operator’s
Head Receivers

Double head band,
leather covered and
padded — pneumatic
air cushions, complete
with cord, $10.00.
Sendfor our Bulletin No. 20 B2

Gse Holtzer-Cabot
Electric Company
Brookline, Mass.
Western Office: CHICAGO, ILL.

Litholin

Waterproofed

Collars and \ : # soil, wear, and
Cuffs bring 3 . tear. To first
comfort, style cost add 2c.
and cconomy. daily.

Cover one half of the above face and then the other, and
Yyou see illustrated the real comfort of LI'THOILIN
‘Waterproofed Linen Collars and Cuffs as compared with
others. LITHOLIN is linen and looks it,— never wilts,
cracks nor frays, and is wiped white as new with a
damp cloth. Newest shapes and sizes.

COLLARS, 25c. CUFFS, 50c.
Always sold in RED boxes —avoid substitution. If not
at your dealer’s,send, giving styles, size, number wanted,
with remittance, and we will mail, post-paid.

Booklet of styles free on request.
THE FIBERLOID COMPANY
Dept. 56, 7 Waverly Place NEW YO

WATERPROOFED LINEN

HOL]

QWithin ten years there will be more Flying
Machines built than any other vehicle.
QLearn the business while it is young and
you will have the best positions when itis old.
@Y ou can learn more about Flying Machines
in one year by reading the National Aero-
nautic Magazine

FLY

than from any other source.
Send $1.00 for a year's subscription to

AERO PUB. C0., Betz Building, Philadelphia, Pa.

No. 40

LY

EVERY reader of ELECTRICAN AND MECHANIC
should own one of our superior Home Work
Benches. _You are of a mechanical turn of mind and
“handy with tools” or you would not take this maga-
zine. A home work bench can be made a means of
saving many dollars a year, by providing a place where
you can do jobs for the house that otherwise must
be sent out. It provides healthy amusements for the
boys, keeps them at home, and stimulates a desire to
create and make good use of their spare hours.
@ We are the largest manufacturers of Home Benches
in the world, and our catalogue contains much of
interest for you. It shows our full line with descriptive
matter. Send to-day. It’s worth while.

'GRAND RAPIDS HAND SCREW CO.

930 JEFFERSON AVENUE
GRAND RAPIDS S MICHIGAN
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AreFineToolsYour Hobby?

GET OUR NEW “YANKEE” TOOL BOOK

~YANKEE"

\ RAL SRR Ca
= bt

that interest every man who ever has occasion. to use tools of any kind.

RS e ——
A book full of new time and labor-saving ** YANKEE"™ TOOLS for all classes of mechanics. Tools

The book is the embodiment of Yan-

kee ingenuity, illustrated with photographic reproductions of the tools in use. It’s worth having. Sénd to-day.

A postal brings it if you mention ** Elect. & Mech.’*

NORTH BROS. MFG. CO.

Ask your dealer for ** YANKEE ** TOOLS.

Philadelphia, Pa.

'.l‘elophone, 2689 Oxford
. E. ROGERS’ BRASS FOUNDRY

Brass, Bronze, Alummum & cnmposmon Castings
EVERY DESCRIPTI
‘We make Parson’s \/Ianzanese Bronze, W hite Brass for Auto
Castings, and White Nickel Bronze. Special High-spead
Bearing Metal. Special attention given to Fine Castings.
34 BEACH STREET

BOSTON MASSACHUSETTS
Patents Secured grrotemess

CALL OR WRITE
ELMER C. RICHARDSON
Room 6, 37 Tremont Street BOSTON, MASS.

Associated with a Reliable Washington
Patent Attorney

THE VALUE OF A HICH
RESISTANCE TELEPHONE

RECEIVER MAY BE DOUBLED

if the New Gold Diaphragm is used. Being ex-
tremely thin (.0055 inch), yet stiff and rigid in

{ construction, they respond to the weakest impulses,

and can be adjusted nearer to the Pole-Pieces than
the ordinary diaphragm without danger of touching.
Standard Size—2 Inch Diameter—Each 50c. Fits
Nos. 107 and 108 Receivers, “Solid Back,”’ and
other Types, increasing Efficiency from 50 to 100%.

Special Receiver Cords for Wireless Work, 6 ft.
Double Conductor—Each 40c.

W. C. GETZ

645 N. Fulton Avenue Baltimore, Md.

ELECTRIC

SUPPLIES—TELEPHONES —NOVELTIES

Catalogue of 200 Free
If it’s Electric we have it. Big Catalogue 4 cents

OHIO ELECTRIC WORKS
CLEVELAND, OHIO

The World’s Headquarters for Dynamos, Motors,
Fauns, Toys, Batteries, Belts, Bells, Lamps, Books

We undersell all Want Agents

WIRELESS
RECEIVERS

Adjustable head band with
ball and socket fittings give
a comfortable and snug fit-
ting effect. W eight, complete
with cord, only 15 ounces.
Cords juin at the breast.

PRrior List
Complete with 7 foot Cord
1500 vhms - -
43 - - 9.50
8000 ¢ - - 10.00
4000 ¢« - - 10.50

Special prices in quantities.
Soft Rubber Ear Cushions
supplied at50 cents per pair.
S.H.COUCH CcoO.,Inc.
Telephone Manuf's
156 PURCHASE STREET
(Wirelcss Dept. )
BOSTO - MAS

Our Vest Pocket Slide Rule complete with in-

structions specially prepared for students. Sent

by mail post-paid —

Catalogue of Drawing Materials, etc., on appli-
cation.

KOLESCH & CO.

138 Fulfon Street (Est. 1885) New York

We Want You to Become Familiar With

The Reece Threading Tools

Including SCREW PLATES, TAPS, DlES
Jlsse=d SPECIAL TRIAL OFFER

“ Reece Premier” No. 1 T Ta
Wrench and one each No. 2- 5
3-13, 4-36, 6-32, 8-32, 10-24, 12-2
and 14-20 “Hercules ” Machine
Screw Taps. Sent post-paid to
any address on receipt of $1.25
84-Fage Catalogue Free

E. F. REECE CO. - Greenfield, Mass.

etc.
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rvs Rockford L

Made in two sizes, 9" and 11" swing,
and for either foot or power drive.

We know these machines are right
because satisfied users say they are.
A catalogue will tell more about
them.

ROCKFORD
DRILLING MACHINE CO.

ROCKFORD, ILL., U. S. A.

HOW TO RUN AN AUTO

“Homans’ Self Propelled
Vehicles” gives full details
on successful care, handling
and how to locate trouble.

Beginning at the first prin-
ciples necessary to be known,
and then forward to the prin-
ciples used In every part of a
Motor Car.

It is a thorough course in
the Science of Automoblles,
highly approved by manu-
facturers, owners, operators
and repairmen. Contains
over 4C0 {llustrations and dia~
grams, making every detail
clear, written in plain lan-
guage. Handsomely bound.

PRICE $2 POSTPAID

SPECIAL OFFER

The only way the practical
merit of this MANUAL can
be given is by an examina-
tion of the book itself, which
we will submit for examing-
tion, to be paid for or returned,
after looking it over.

Upon receipt of the following agree=
ment, the book will be forwarded.

No money in advance required, sign and return.

NAME
ADDRESS

Theo. Audel & Co.; 63 Fifth Ave., New York

Kindly mail me copy of Homans® Automobiles, and, if found satisface

tory, I will immediately remit yoa $2.00, or returdthe book to you.

HOFFMAN ‘& LAUER, Inc:
9?6 State Life Bidg. Indianapolis, Ind.

Manufacturers and Importers of
Tools for Hand-made Jewelry

See C. B. Dyer’s Articles

VENTRILOGUISM

Learned by any Man or Boy at Home. Small cost. Bend
today 2-cent stamp for particulars and p
0.A.SMITH,RO0M 1028 —"040 ENOXVILLE AV.. PEOB[A. ILL.

VOLTS, AMPERES,
RESISTANCES

Measured by our 3-in-1 volt-ammeter.
Just what you want. Send for com-
plete catalog of our accurate,compact
and inexpensive volt-meters, am-
meters, and volt-a.mmeters

L. PICNOLE
g4 COrtlandt Street

T
New York

Cycle Engine, or Workshop.
Our IRemarkable Offer !

to $160.00. Send stamp for Catalogue.
GEBHARDT MOTOR CO.

BUILD YOUR OWN MOTOR!

Complete sets of Castings, with blueprint work-
ing drawings, for your ~Auto, Launch, Motor-

6-Actual Brake Horse Power—2 Cy Llo_.i Port
Ln ine. 8100 complete with accessories. 1T'S

ARANTEED! We sell Blue Print Working:
Drn\vin s—2 or4 Cycle. We have Motors com~
plete with spark plug, from $41.50 to 3535.50.
Complete Castings for building same, from £8.00

THE
27th Street, above Dauphin, Philadelphia,Pa.

Do you want to open a
Moving Picture Parlor or
are you interested in one ?

All particulars are published in the #ov-
ing Picture News, America’s Leading cine-
matograph weekly. Alfred H. Saunders,
Editor. $2.00 per year, 10 cents per copy.
To readers of the ELECTRICIAN AND
MECHANIC who send tlns coupon, one
month’s trial subscription is offered Free.

Cinematograph Publishing Co.

30 West 13th Street NEW YORK

LOOK HEREKE

Miniature sockets, 7 cents
Miniature 4 1-2 volt lamps, 14 cents
Alcohol blow torch, 55 cents

SEND STAMP FOR LARGE CATALOGUES

Dept. 9
KETTEMAN ELECTRIC CO., Toledo, Ohio, U. S. A.

Induction Goils and Wireless Receivers
WOUND TO SPECIFICATION

Anything appertaining to high frequency
apparatus is our specialty
Write for our prices

AJAX ELECTRIC MFG. CO.
96 ESSEX STREET, BOSTON, MASS.
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Faucet Water
Motors, $1.2

These Motors have emery-wheel and
pulley to run sewing-machines. fans,
etc. Sample Motor free to Agents
in sections where we have no repre-
sentative.

ENGINE INDICATORS
Reducing Wheels, and Planimeters for Engineers
ALCOHOL Stoves, Lamps, Flat-irons
Send for Catalogue
Lippincott M. & A. U. Dept., Newark, N.J.

Would You
Like toOwn

A GOOD RELIABLE
Reece Screw Plate

SET NP A2 FoR swiitas

MODEL MAKEAS

Genuine Reece Screw Plate
Cutting Machine Screw
Sizes, Nos. 4-36, 6-32, 8-32,

> 10-24, 12-24, with 5 adjust-
able dies 13-16 diam., 5 Taps, 1 Die Stock, 7 in. long and
Tap Wrench Dic complete in polished case with velvet-lined
cover. Sent post-paid to any address on receipt of

$2.95

E. F. REECE CO., Greenfield, Mass.

STURTEVANT
—FORGES—

Require a minimum of repairs.

Made in ten styles and all sizes, for bench
work, manual-training schools, locomotive-shop
and shipyard service.

SEND FOR BULLETIN 158

B. F. STURTEVANT CO.

GENERAL OFFICE AND WORKS

HYDE PARK MASSACHUSETTS
705

Wireless Apparatus

SOME THINGS WE DO, AND
SOME WE DON’T DO

We don’t make the most extravagant claims.

We prefer results not words.

We do not try to make the cheapest.

We believe we build the best. 4

We do not claim to be the largest manu-
facturers in the world. -

We do claim our apparatus to be unexcelled
in quality.

We do not use enameled wire on our tuners;
we have found it inferior.

We use bare copper wire wound by a unique
method giving superior results.

We might also add, that we don’t imitate, but
have originated many novel and exclusive
features.

Our transformers for use on alternating current are self-
controlling in sizes of 4, 4, 1 and 14 K. W., requiring no
Emlfed.““c" coil or rheostat. They are more efficient than
induction coils, will send from fifty miles upwards, and
come as low as $30.

If you wish to improve your station, send for descriptive
folder of

Transformers Telephone Head Receivers
Condensers  Tuning Coils Spark Gaps Detectors
Oscillation Transformers Potentiometers

CLAPP-EASTHAM CO.
729 Boylston Street BOSTON, MASS-

WIRELESS TELEGRAPHY EASILY MASTERED

graph Station of your own.

By our method of instruction we make you a skilled, practical Wireless Operator in a few months, so
that you will be able to fill a good position as Wireless Telegraph Operator, or conduct a Wireless Tele-

Write to-day for our 72-page ‘‘Book of Information.’”’” It contains the Morse and Continental Wireless
Telegraph Codes and tells how the Wireless Telegraph is operated. Mailed to any address on receipt of 25 cts.

BOSTON SCHOOL OF TELEGRAPHY, 18 Boylston Street, Boston, Mass.

ABERNATHY RAPID ACTING VISES

ARE PARTICULARLY RECOMMENDED FOR

MANUAL TRAINING SCHOOL EQUIPMENTS and for all
classes of wood-workers. Seven Sizes, Styles, and Prices
to select from. .

Please state your requirements and write for particulars.

THE ABERNATHY VISE & TOOL CO.
329 Englewood Avenue

CHICAGO, ILL.
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DYNAMO AND MOTOR DESIGN
CALCULATIONS FOR ONE-QUARTER H. P. MOTOR GENERATOR
LOUIS M. SCHMIDT, PH.B.

TEHERE is no feature of electrical engineer-
ing that is more valuable or helpful to the
student than a knowledge of the methods
and principles involved in the calculations
for the design of electrical apparatus. First
and foremost among such apparatus stands
the electric generator and motor. Accord-
ingly, we believe that a set of calculations
for a generator-or motor will be duly appre-
ciated. It is our intention, in the present
case, to cover clearly and concisely the fun-
damental principles involved, without an
attempt to condense within a few pages the
large amount of information on the subject
which is contained in many volumes.

As a motor and generator are generally
reversible, the principles involved in both
are essentially the same. We have selected
for our problem a %-h. p. generator or motor.
To be more precise, we will state that the
design is for a %-h. p. generator to operate
on a 11o-volt direct current circuit.

Standard practice indicates that the field
should be bi-polar, that the armature should
have a toothed core, and that a suitable
speed is about twenty-five hundred revolu-
tions per minute.

ARMATURE

About the first feature to be worked out
is the diameter of the armature. This is
determined from the speed and the practice
as to peripheral speed. This latter ranges
from 1500 feet per minute for small sizes to
more than double this for large sizes. Using
a value of 2000 feet per minute, the diam-
eter of the armature would be determined
from the following: —

'

= 2000 =3.06 inches.

_7r><2500

The final value to be used will be deter-

‘mined after consideration’ of the feature of

the slots in the armature core.

A suitable width of slot for the size under
consideration seems to be -about % inch.
The number of slots corresponds to the
number of commutator segments, and the
latter is determined from the voltage and
current. We shall need to determine the
current.

% h. p.=—7:£=186.'5 watts.

Current= il =1.69 amperes.
110
For this current it would be possible to run
as high as 25 to 30 volts between commutator
segments. It is well to use a large number
of segments, if possible. At 12.5 volts be-
tween segments, the number of segments

between brushes would bef}%=8.& On this

basis, on both sides of the commutator there
would be 8.8X2=14.6. Allowing for over-
lapping of brushes, it looks as if a good
number to use would be 20 commutator seg-
ments.

With a corresponding number of slots
% inch wide in the armature core, there would
be cut away }Xz20=j5 inches of the circum-
ference. Allowing an equal amount for the
width of the teeth between the slots, the
circumference of the armature before cutting
the slots should be 5+ 5=10 inches.
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The diameter corresponding to a circum-
ference of 10 inches is 3 3-16ths inches,
which is somewhat larger than the value
given above. We will make the value an
even 3% inches, without change in the slots,
causing a slight increase in the width of
the faces of the teeth over the } inch orig-
inally allowed.

The armature conductor will next be con-
sidered. The total armature current, based
on the % h.p. rating, was 1.69 amperes.
Allowing for current for field excitation, it
will be well to allow about 1 ampere for the
current in each wire of the armature. Al-
lowing a density of about 3200 amperes per
square inch of armature conductor, the

. i
cross-section of the same would beT—=

.000313 square inch. Accordingly, a suitable
conductor is No. 24 B. & S. (.ozo inch),
with a cross-section of .coo317 square inch.

Allowing 1-16th inch for insulation of
slots, and .oo4 inch for s.c.c. insulation of

17
the wire, there will be room for fnirabih
.024
.1875
- 6;4—=7.8 conductors per layer. Therefore

it will be safe to allow for seven turns per
layer, with some space to spare for insulation.

The depth of slot depends upon the num-
ber of wires, and the latter on features of
length of armature, air-gap dimensions, and
flux density, which we will now consider.

The length of armature may be made
from 1 to 1.5 times the diameter. We will
use the 1:1 ratio, so that the length of the
armature will be 3% inches.

The polar span might be from seventy to
ninety per cent of the total. For our cal-
culations we will assume that the poles each
embrace an arc of about 120°. We will
allow that one half of this is cut away at
the armature surface -by slotting. Accord-
ingly, the air-gap area at the outer armature
surface equals— -

31}X7T><3£X—;%;X%=3.5 square inches.

Allowing full value for the surface at the
pole piece would give 11 square inches.
Taking the average of these two for the
mean area of the air-gap would give

S5TRIT o 5 square inches.

SEI=
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The flux density for the air-gap might be
taken from 20,000 to 40,000 lines of force
per square inch. On a basis of 25,000 lines
per square inch, the total flux would be
8.25 X 25,000 =206,250 lines.

The number of conductors is obtained
from the formula: —

(] o
_Il:i'_S, in which

E =electromotive force at brushes.

@ =total flux of lines of force.

N =total number of armature conductors on
outside of armature.

S =speed of armature in revolutions per

revolutions per minute

second 5o
8
Accordingly, IV =E>; I;
_110X60X 108
" 206,000 X 2500

=1280 conductors.

-~

8o
Number of conductors per slot=%5—=64.

Number of layers =6—74 =9+.

As there are two coils per slot, it will be
well to use thirty-five wires per coil for
each slot,—a total of seventy wires in ten
layers. Accordingly, there will be twenty
coils of thirty-five turns each.

The wire will occupy 10X.024=.24 inches
depth of slot. As not less than 1-16th inch
should be allowed for insulation, it would
be well to make the depth of slot § inch.
Accordingly, the slot will be % inch wide
and £ inch deep.

- We can now take up the feature of resist-
ance and weight of armature conductor.
What is wanted first is the mean length of
turn for the armature winding. The mini-
mum possible length would be for the bottom
of the slots. Without any allowance for
insulation and thickness of wire, this value
would be (33—(§X2)+3}) Xz2=(2}X31)
X2=r11.5 inches. For the top of slots, and
assuming the piling up at ends' to be equal
to the depth of slot, we have: —

Length of sides=3}+3+#=4 inches.
“ across ends 3% inches.
“  of one side and end 7% inches.

Total length of turn = 14.5 inches.
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|

Average of the two values given
_ I1.5+14.5

= 13 inches.
2

As some insulation will be needed at ends,
and there will be some allowance to be made
for unavoidable losses, we may expect that
a length of 15 inches per turn will be a safe
value to use.

On this basis’

The total length = Eiiz—xﬁ =875 feet.
Weight of wire = st 2z, =1.0695 lbs:
1000
Resistance = w=zz. 5 ohms.
I000
The resistance between brushes for the

closed circuit armature =%i§ =35.625 ohms.

As a check on the armature capacity, we
may use what is called the circumferential
current density, which is the ratio of the
total current rating for all the armature
conductors around the whole surface of the
armature and the core circumference.

For the total current rating we have
70X 1X20=1400 amperes. The circumfer-
ence, based on the full diameter of 3%
inches, is 10.2 inches. Accordingly, the ratio

would be %OZ =&37 amperes per inch.

As with a density of 3oo the rise in tem-
perature would be about 40° C., it is evident
that the rating for our armature is quite low.

FIELD
We can now give attention to the field.
In this connection we have to determine the
field excitation for the armature, the air-
gaps, and the field itself.

For the air-gaps we have an area of 8.23
square inches. The depth we will take to
correspond to the clearance between the
outer faces of the teeth and the field bore.
This we will make 1-32d inch, giving a
total depth for both gaps of 1-32d+1-32d=
1-16th inch. The density of magnetic flux
we have taken at 25,000 lines of force per
square inch for the air-gaps. Accordingly,
we have to provide field excitation for air-
gaps of 8.25 square inches in area, 1-16th
inch in length, and 25,000 lines density.
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The formula for the ampere turns is as
follows: —

Ampere turns per inch=.3133XB, in
which B=density per square inch. There-

.3133 X 25,000

fore the ampere turns = 2

=490

ampere turns.

For the armature, we have to consider the
teeth and the body of the core.

The diameter at the bottom of the teeth=
31— (#X2)=2% inches. The circumference
for this diameter=%.85 inches. Of this,
}X20=73 inches is cut away, leaving for the
total section at the base of the teeth 7.85—5
=2.85 inches. On the basis of 120° polar
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span for the pole pieces, the total section
for the flux at the base of the teeth =

£ '385 X3%=3.0875 square inches. The area

at the outer faces of the teeth=g.5 square
inches. The mean area for the teeth will be

3'<>8—752+—5'—5-=4.298 square inches. The den-
206,000

sity = 4208

=48,000 lines per square inch.

The maximum density may well be

206,000

checked here. This will be
3.0875

=66,300

lines per square inch for the base of the
teeth. As this value might be run up to
80,000 Or 100,000, it is evident that we are
safe for this feature.

The total length of the armature teeth=
$+%=1 inch.

We must provide for excitation for the
teeth for an area of 4.298 square inches and
length of % inch of sheet iron.

Before working this out, we will consider
the body of the armature. For the area we
will take double that for the teeth, or
4.298X2=8.596 square inches. On this

206,000
8.596

basis the density=

For length we will take the diameter at
the base of the teeth, or 33— (§X2)=2.5
inches.

We have, then, in this case, to provide for
a section of 8.506 square inches and length
of 2.5 inches of sheet iron at a density of
24,000 lines per square inch.

We need now to consider the characteris-
tics of sheet iron.

An inspection of the table shows that the
armature density is low for the material
used, and that the excitation required is
approximately 10.3 ampere turns per inch
for the teeth and 3 ampere turns per inch
for the body of the core. The total for
these will be as follows: —

10.3X 3= 7.82
3X2§= 8.25
Total=16.07 ampere turns.

DATA ON MAGNETIZATION, INDUCTION, AND
PERMEABILITY FOR SHEET IRON

Induction or

Magnetization.  Density. Permeability.
Ampere turns Lines per .

per inch. square inch,

5 45,000 2820

7-5 57,000 2380

I0 65,000 2035

12.5 70,000 1750

I5 74,000 1540

" 20 80,000 1250

30 87,500 913

40 92,500 725

50 95,000 597

6o . 99,000 516

70 'I01,000 450

We will now consider the excitation for
the field itself. For the material we will
use cast iron. The limiting density for this
material is about 40,000 lines per square
inch. On a basis of 35,000, we shall require
206,000
35,000
' As the length is 3} inches, corresponding
to the height of the laminations of the arma-

ture, the depth should be at least 35;2%:1.82

an area of =s5.9 square inches.

inches, or about 1% inches.
We shall now consult the table for cast

‘iron to determine the ampere turns required.

DATA ON MAGNETIZATION, INDUCTION, AND
PERMEABILITY FOR CAST IRON

Induction or

Magnetization. Density. Permeability.
Ampere turns Lines per
per inch, square inch.
2076 * 10,000 398
15 14,000 292
20 18,000 284
30 25,000 260
40 30,000 & ooy
50 33,000 206
6o 35,000 183
70 37,500 168
8o 39,000 153
90 40,000 139

An inspection of the table shows that for
a density of 35,000 an excitation of 6o am-
pere turns per inch will be required. We
do not, however, know the total ampere
turns required. We shall need to do a little
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trial work before we can know this. We
have already accounted for the following: —

Ampere turns for air-gaps........ 490 .
Ampere turns for armature core... 16
Total for air—gapé and core....... 506
Trial value for field.............. 494
Total trial value................. 1000

On the basis of twelve per cent of the
total armature current used for excitation,
the field current would be 2;212

=.24 am-

_peres, or about ¥ ampere.
The total turns on this basis to give rooo
ampere turns would be m%)=40°° turns.

At a current density one half that for the

3200

armature, or S 1600 amperes per square
: -25
inch, the conductor area should be o

.0oo1565 square inch. Evidently No. 27
B.& S. (.o14 inch) D.c.c. conductor would be
suitable, which has an area of .coo158 square
inch.

The spread of the legs as worked out on
the diagram corresponds in this case to the
radius for the field bore, or 1 19-32ds inches.
Allowing 19-32ds inch for the insulations and
extra space between the coils, will leave
I inch for wire, or % inch for each leg. Al-
lowing (.008 inch) for the p.c.c. insulation,

there will be space for %=22.8 layers of

wire. For the turns per layer we would
then have o0 =g1. This would require
2X22

91 X.022=2 inches, length of leg as a mini-
mum. Add twenty-five per cent for spread
of wire, makes 2.5 inches. Add 3% inch for
insulation and clearance for armature,
makes a total of 3} inches. Adding the
radius of the armature, or 1 19-32ds inches,
would give 4 27-32ds inches for the approxi-
mate distance from the base of the field core
tojthe center of axis of the armature. In
the diagram this is given as 5 inches, which
ought to be a safe value. The yoke is given
a depth of an even 2 inches.

We can now obtain a value for the length
of the magnetic circuit for the field. Across
the top this would be the spread of the
legs less the diameter of the field bore, or

367

1§+ 1 19-32ds — 3 5-16ths inches = 5-32ds
inch. At the yoke it will equal the
spread +% depth X2, or 1§+1 19-32ds+1+41
=s5 15-32ds. Along the legs the length=
5X2=10. Accordingly, the total length =
5-32ds+5 15-32ds+10=15§ inches. At 6o
ampere turns per inch, this would call for
60X 15¢=036 ampere turns. The value is
close to our approximation of roco ampere
turns. Actually a larger amount would be
required by about twenty-five per cent to
make up for leakage losses. This would
make a total of 936-4twenty-five per cent=

1170 ampere turns, or a total of 1—127?0=47oo

turns. .

At 23 layers and 2350 turns per leg, there
would be 102 turns per layer, requiring 2:25 °
inches space for minimum. It is evident
that by encroaching on the extra allowances
we made for insulation and clearances, that
there is ample room for this wire with the
dimensions we have used.

We will now consider how our field wind-
ing fits with our voltage. To do this we
must first obtain the resistance of the field
winding. The minimum length around the
leg is (1§+3%) X2=10} inches. The maxi-
mum, 10} 4 (1 19-32ds X 2) =12 27-32ds
inches. The average, with some allowance
for losses, would be about 1 foot per turn.
The total length of wire would be 1 X4700=
4700 feet.

The weight would be M=2 .86
1000
4700XKI.5
1000

pounds. The resistance would be

=240 ohms.

At 110 vVOlts, the current would be g=
.46 ampere, or nearly double the required
value. :

On this basis the ampere turns would be
.46 X4700=2160, and the current density =

=2020.
.000158

These values are beyond the limits, so
that it will be well to try the next smaller
wire, No. 28 (.o126 inch): —

= = 5 =
No. of layers g 24.2
— 2 - 5 —
No. of turns per layer= e

Total turns =24 X120X2=5760
Length of wire = 1X5760 =5760
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, A 5760X64.9 The matter of brushes is another elec-
Resistance of wire = 000 374 trical feature. Data used for these are an
A 110 allowance of from 25 to 40 ampéres per
Maximum current T =.204 square inch for carbon brushes and 150 to
; 3729 4 200 amperes per square ixach fqr copper
Current density i =2340 brushes. For ordinary service, with direc-

Maximum ampere turns=.294 X 5760=1690
On the basis of 1170 ampere turns, the

density would bﬁ%
per square inch. Accordingly, under nor-
mal conditions this winding would seem to

=1620 amperes

- be about right. The reduction of the cur-

rent from maximum to normal is effected
by means of a rheostat inserted in the field
circuit. By means of such a rheostat, the
voltage may be adjusted to allow for slight
deviations in speed and other features from
the assumed values.

tion of rotation unchanged and load condi-
tions fairly constant, copper brushes will
give good results. Otherwise it may be
best to use carbon brushes.

It is believed that in the above the prin-
cipal features of electrical design have been
covered, so that all that is necessary to make
the design complete is to take care of the
strictly mechanical features. While the im-
portance of good mechanical design and
construction are duly recognized, it is the
electrical features that we have taken care

of in the present case, that come first of
all.

ENAMELED WIRE
H. M. NICHOLS

THERE has lately come into quite extensive
use a new kind of magnet wire, known as
enamel-covered wire. This wire is not cov-
ered with enamel, as one might suppose
from its name, but with cellulose acetate, a
substance which closely resembles enamel in
its appearance. It differs from enamel, in
that it is much more flexible and tougher,
and that it will not stand nearly as high a
temperature, it being charred by the flame
of a match.

Numerous other substances have been
tried to-take the place of the cotton covering
on magnet wire. Among these are collo-
dion, albumen, glue, rubber, enamel, silk
solutions, and casein. None of these sub-
stances has proved satisfactory, as they
have all had some grave defect, such as brit-
tleness, lack of mechanical strength, poor
dielectric strength, etc. Out of all these
substances cellulose acetate is the only one
that has given satisfaction when put to the
test of actual use.

The principal advantage of enameled wire
over cotton-covered wire lies in the saving in
weight and space. Since the covering on
enameled wire is much thinner than it is on
cotton-covered wire, a certain number of
turns of enameled wire will go in a smaller
space than will the same number of turns
of cotton-covered wire. This gain is greater
with the smaller sizes of wire, as the ratio

of thickness of insulation to the diameter of
wire increases with the decrease in size of
the wire. The accompanying illustration
shows two magnet spools, one wound with
8400 turns of No. 28 B. & S. single cotton-
covered magnet wire, and 