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Do YOU want to 
Learn to Drive an 

Automolaile, 
and Make Money—See the World 

If you are master of this&profession you are independent 
anywhere. It is the best profession in the world—it pays more 
money and the occupation is a pleasant one—the opportunities for a 
young man is far greater in this line than any other. 
My system of teaching by mail is a NEW IDEA—it's different from others. I will 
so thoroughly train you that you will not only be able to drive a car but you can 

repair motors, overhaul cars, repair tires, repair launch engines, repair station-
ary gasoline engines. You could go into the repair business if you wished to. 

READ THESE TESTIMONIALS—YOU CAN DO AS WELL 
"I have been driving • car now for a month,, and I owe it all to your Course."—Ramsey 

Stewart, Jansen, Utah. 
"I am working in a repair shop. Have increased my income $20 more per month so far 

and expect to get as high as $50 more per month."—Jno. C. DeKoster, Lynden. Wash. 
"I am now working in the American Auto Co., was 

formerly in the jewelry business."—James Tronto, Provi-
dence. R.I. 

"I am now driving a Packard 30. Your Course helped 
me wonderfully."—Edw. Hauler, New Orleans, La. 

"I am driving a 'Winton Six.' I do all my own repair 
work."—Edw. Sawyer, Montclair, N.J. 

"Your Course enabled me to get a good position which 
bas increased my income."—Geo. E Davelarr. E'rosser, Wash 

"I was formerly farming but am now in the auto repair 
business."—Geo. Milholke, Reinbeck, Iowa. 

The illustration shows a picture of a repair 
shop opened by one of our students and his bank 
book with his first deposit—this, not so long ago— 
today he employs several men and has the agency 
for a car and is MAKING MONEY—his name is 
A. C. W ALKER, Vandalia, Ills. 

If you will send for our FREE 24 PAGE 
CATALOG—we will tell you how to get into the 
Auto business—we will also show you TESTI-

MONIAL LETTERS from students everywhere who are now driving cars, 
working in ,Auto Repair Shops, who have gone into the Auto Repair business 
and who are making money. 

We will do more—we will show you actual repro-
duced letters from BARNEY OLDFIELD, CHAS. 
DURYEA (the man who built the first Auto in 
America) and other leading Motor authorities—who 
endorse this system. 

Surely this system must be something wonderful— 
and it is—let me tell you all about it. 

SEE'_THIS WORKING MODEL 
r There are othera Models: one of a Magneto, Engine and 

Carbureter; also a Manikin of an Automobile. The Manikin 
can betaken apart and the models actually work. All moving 
parts on the models made of real metal. (Patents applied for.) 

me of the Models—It actually works. The Course consists of 29 Instructions. 3 Models, and a 
with this model you learn the principle Manikin, and examinations, diploma. etc. It costs but $10.00, 

of a gasoline engine, how to get eightenoW--PriCsi advances soon. If you paid $1.000 on you 
••Ives, time the ien it , et , couldn't get a better Course—nor as good a course 

Send Now for this FREE Book gor 
It will tell you all about the great Auto industry and the oppor-

tunities. It will show you how others got their start. It is interest-
ing and instructive. 

DYKE'S CORRESPONDENCE SCHOOL OF MOTORING 

mom 

0.1 jeer" 

BOX 7, ROE BLDG. 

I ST. LOUIS, MO. 
A. L. DYKE is the man who originated the first Auto Supply Co. in America (1897), and wrote the first book 

on Autos ( sqoo). 
When other schools tell you they supply working models—make them Prove it—we can Prove all statements we make. 
NOTE.—My system teaches you ELECTRIC,' IGNITION—you will learn the entire system of Electric Ignition 

'or all types of enginef—from the battery to the magneto. You will learn how to time and set magnetos. Girt' include a 
working model of a magneto with Course. This subjact alone is worth the pri..e. 
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Helping 
Hand 

r eef 

The I. C. S. 
actually takes 

the workingman by 
the hand and helps him 

to prosperity. 

You may be working un-
der such circumstances that 

advancement seems impossible, 
but the I. C. S. will show you how 

to GO UP. You may now have a 
fairly good position, but you can go still 

higher. Just follow the example set by 
thousands of I. C. S. men who have made good 
and are making good. 

Every month over 400 students of the Inter-
national Correspondence Schools voluntarily 

report an increase in their earnings. 

Think of a man who a short time ago was earning but $10 a week and is 
now earning five times that amount. Think of a day laborer being qualified 
as superintendent as the result of I. C. S. training. 

These are not exceptional cases. Theré   
are thousands of them. The I. C. S. will International Correspondence Schools . 
tell you who they are. • Box 930. Scranton, Pa. • 

ill 

Architects, Engineers, Electricians, De-
signers, Draftsmen, Inventors, have been 
and are students of the I. C. S. Large 
employers of labor regard I. C. S. training 
as proof of ability. 

Do you doubt its power to help you? 
If you do, here is an offer to prove it. 
Mark and mail the coupon at once, and 
the I. C. S. will send you more evidence. 
If you are not perfectly satisfied you are 
under no obligation to proceed further. 

Mark and Mail the Coupon Today 

• Please explain, without further obligation on my part, bow I 
• can qualify for a larger salary and advancement to the posi 
• lion, trade, or profession before which I have marked X. 
• • 

Electrical Engineering 
Electric Lighting 
Electric Railways 
Electrician 
Electric Car Running 
Dynamo Foreman 
Wireman 
Mining Engineer 
Telephone Expert 
Civil Engineer 
Automobile Running 
Agriculture 

Mechanical Engineer 
Mechanical Draftsman 
R. R. Constructing 
Concrete Construction 
Architect 
Contracting de Building 
Architectural Draftsman 
Plumbing dt Heating 
Chemist 
Bookkeeper 
Advertising Man 
Civil Service Exams. 

• Name • 
• 
• Si. and No.   
• 

City 
• 
• Present Occupation 

Stale_ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 
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WE HAVE 
"Are you interested in the carpenters 

after you have 

rer2r 

e   

HIS is a question easily answered. Do you suppose for an instant that we 
could have retained our regular trade, constantly increased it, built up and 
maintained the largest and greatest works of its kind in the world, over a 
period of seventy-one years, had we not seen to it that the articles we sent 
out were " making good" and satisfying the user? 

Largest Plant in the World 
We want to force home to you the important fact that our plant is by far the largest 

of its kind in the world, consisting of 58 buildings, covering 50 acres. We employ 
3,500 men, and during almost three-quarters of a century—the period we have been in 
business—very little time has been lost by the employees. You must realize that it 
requires "some orders" to keep an establishment of this magnitude going. 

There surely must be more than ordinary merit in that brand of goods 
which creates and satisfies the demand over a long period of time. 

Protects the User 
We certainly do want to know if any DISSTON BRAND SAW, TOOL OR FILE does not 

stand up to our guarantee. That guarantee is sufficiently broad to protect the user on 
every reasonable point. If you have a Disston Saw, Tool or File that has failed you 
through any cause of ours, let us know, and we will see that you bear no loss on our 
account. 

Each and every article bearing the name DISSTON carries a full warranty 
as to material and workmanship. 

And this guarantee has been in force since the first Disston Saw was made. 
There are millions and millions of DISSTON BRAND SAWS, TOOLS AND FILES lfl 

practical use all over the world, which are giving the highest satisfaction. Of course 
you will appreciate that almost every individual has his own ideas and opinions and it 
is impossible to cater to each, particularly in cases where there may be prejudice; so 
our only recourse is to satisfy the majority. And this we have been doing for¡over 
seventy-one years—making the goods of superior quality and after designs whicir have 
been demonstrated by practical use to be best adapted for the purpose. 

It is noteworthy, however, that where we have one complaint, we receive thousands 
of letters voluntarily testifying to the superior worth and durability of DISSTON BRAND 
GOODS. This speaks for itself. 

Nevertheless, we are always open to conviction, and if a man has complaint to 
make about any of the DISSTON GOODS, it is but fair and just to us that he enter the 
complaint; for it is by considering, fully digesting and going into the cause of the 

HENRY DISSTON & SONS, 
INCORPORATED 

V 

4é— 
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EEN ASKED: 
and the Disston Saws they buy, even 
their money?" 
trouble, in addition to our constant experimenting and investigations which enable 
us to so improve and perfect DISSTON Goons as to bring them up to the highest point 
of efficiency. When a man has occasion to find fault with any of our goods we do not 
consider it "a complaint," but a stimulation and a reason for increased vigilance in 
looking to the safeguarding of the high prestige we have achieved for the name DISSTON. 

Most Practical Experience 
We have the experience—and broad experience at that—extending over seventy-

one years, not only in the making, but in the using of tools. Think of the enormous 
size of our plant; think of its many, diversified departments and their ramifications— 
Steel making, Saw making, the making of various Tools, File making, Woodworking 
departments, Machine Knife making, Machine Shop. Think of the enormous quantities 
of tools and materials we buy from the outside, and think of the great quantity of tools 
of our own make that we use. When you consider all these points, it will give you 
some idea of our experience in the manufacturing and use of tools. And that experience 
we make COUNT in the perfecting of our manufacturing facilities and the increased effi-
ciency of our own brand of goods. 

Made for Efficiency 
In the DISSTON BRAND Saws, Tools and Files you have the advantages of the 

product of a progressive, up-to-date factory, the LARGEST IN THE W ORLD. Where 
the goods are made throughout, from the making of the steel itself—the superiority 
of which has been demonstrated for the past fifty-six years—to the finishing operation; 
and each process is performed by mechanics of long experience and highest order of skill. 

We want to say to you, and say it positively, that DI”TON Goons are made not 
• merely to sell, BUT FOR PRACTICAL USE. All materials used are of highest grade; 

the steel is properly hardened, tempered and ground under the DISSTON exclusive 
4 processes; each article carefully inspected at various stages of the work, and finished 

in a workmanlike manner. 

We Fully Guarantee them to be of Highest Efficiency and Unequaled. 

We are Interested 
Reverting to the question :—Yes, we are interested in the carpenters and all other 

users of our tools, as well as the tools themselves after they have been bought and put 
to use. For we take great pride in the successful results they have achieved in the 
working, and fully realize—have realized for years—that the world-wide reputation 
we have earned can only be maintained by furnishing goods of the highest efficiency. 

KEYSTONE SAW, TOOL, PHILADELPHIA STEEL and FILE WORKS, 
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ONE SCREW-DRIVER 
instead of four 

ii‘ r 
Y ankee 

RATCHET No. 65 

Four slip blades, 
carried in the 
handle, change it 
instantly to fit 
most any 
screw. 

STRONG 
and com-
pact. 

A 
very 

handy 
driver for 

any me-
chanic. 

Saves the price 

of several tools. 
But we can't tell 

all here. 

SEND FOR OUR 
BOOK OF LABOR 

SAVERS. 

A postal brings it. 

YOUR DEALER SELLS THE 
"YANKEE" 

NORTII BROS. MFG. CO. 
Dept. E. Philadelphia, Pa. 

"NORTON" Water Motors 
LEAD THEM ALL 

The "Nou-rox" IMPROVED with protected genrs, very 
powerful, uses either round or flat belt. Motor complete 
with emery wheel, buffing wheel, pulleys, etc., - 86.50 

Patent 
March 28, 1911 

J. B. 

Norton 

"MODEL 13." Highly effi-
cient, runs sewing machines, jig 
saws, bottle washers, grinds cut-
lery, polishes metals, and does a 
hundred other things. 
Motor complete with emery 

wheel, buffing wheel, pulley, etc., 
63.50. 

Express charges varies,accord-
ing to distance, from 25c to $1.00. 
Catalogue sent upon request 

NORTON WATER MOTOR CO., Inc. 
- ROSLINDA I.E. MASS 

Do YOU Experiment? 
L ET u8 supply von with .11. materials for your work. Our 

workshop outtlts are in great we have them from 42.110 
to moi. Write for circular. 

Steel pliers, $0.17 and 40.2.1 each, postpaid. 
Steel scriber mounted in tellos handle. very handy in laying out 

work. $0.13, postpaid. 
SPECIAL OFFER: One doxen brass contact buttons with nuts. 

two binding poste and latest improved rheostat arm all complete for 
only, $0.50, postpaid. 

Enamel, Gold Lacquer, Shellac, Japan, Varnish. etc. 
Metal Alloys for Wirelesa and experimental work. 
Binding posts, wire connectors, brass posts, keys for instruments, 

rheostat buttons, knurled nuta, rheostat arms, tapered brace plugsand 
block., detector springs. adjusting screws and hundreds of small 
parts for building your own instrumenta and apparatus. Let us know 
your requirements. 

Rough stock, hard rubber, fiber, brass, copper, tin, zinc, alumi-
num, German silver, platinum. 1.et us quote you our best prices on 
your requirements. Experimental work a specialty. 

vt %in Woodside Electrical Shop , 

Blower Catalog. No. 82 
Catalog No.83 

Will drill Iron, Steel or 
Bock with Bit Brace 

"Red Devil" 
Self-Feeding Chain Drill 
Send this to us with $1.50 and we will d.. 

liver to your nearest c :ores! office. 4.,1 
about., 3,000 R. D. Tools. 

SMITH & HEMENWAY CO. 
148 Chambers Street, New York City, N.Y., U. S. A 

LEIMAN BROS . 

BLOWERS 
VACUUM 

PUMPS 
for all Ga.:0111 1,11 .\ piollanreS, band 
Blasts, Boat Calliopro. 
Producers, Gas Boosting. Testir,, 

VACUUM CLEANING 
Take up own wear. Small Piston. 
Big Air Space. No Springs. Power-
ful. Noiseless. Can't get out of order. 

LEIMAN BROS 62 AC John St. 
. NEW Y011( 

SMART 

Screw Plate No. B3 
CUTS SEVEN SIZES 

436 - 632 - 832 - 1024 - 1221 - 142" - 1618 

Stock 634 inches long Tap Wrench 
Plug Taps 

Round, Adjustable Dies 
18 in. diameter 

All complete in hardwood case with velvet-lined cover 

.teezisicire an.yadd.ress. $3.50 
CATALOG FREE 

A. J. SMART MANUFACTURING CO. 
Greenfield . . Mus. 
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Partly Finished 

Sets of Material 
For building apparatus de-

scribed in this magazine. Let 
us do the difficult part for you. 
Our charges are moderate. 

Technical Advice to 
Non-Technical Men 

on any electrical or mechanical subject  

We build complete secondary coils 
for transformers, spark coils, X-Ray 
coils, etc., at practically the usual 
price of wire per pound. Tell us 
what you need. 
DISC for ROTARY SPARK GAP 

in this issue, machined and mounted 
on fiber bushing, - - $1.50 

High Tension Tranformer Parts 
With Secondaries Wound 

Complete Sets for 
100 Watt Closed Core Transformer, 
'4 K.W. " 4t 

34 K.W. " .« 
100 Watt Qpen Core 'Transformer, 
3( K.W. " " 
34 K.W. " " ‘‘ 

High-Frequency X-Ray Outfits 
With Self-Regulating Tube 

Finished closed core 100 Watt trans-
former for 110 v. 60 cycle current, $12.00 

Unbreakable condenser for above 
transformer, . . . . . 5.00 

Tesla coil, air-insulated, good 5-inch 
spark, .... 7.50 

Best quality self-regulating X .-Ray 
tube, .. . . 10.00 

Tube stand .. . . 2.50 
Special spark gap . . . . 2.00 
Discount of 10% if complete outfit is purchased at 

one time. Any article sold separately or parts as 
follows: 
Glass and tinfoil for condenser, $2.00 
Parts for making Tesla coil, wood 
turning done . . . . . 4.00 

Transformer parts, $0.00; with second-
ary wound . 7.50 

$7.50 
12.00 
20.00 
10.00 
15.00 
22.50 

Houghton & Curtis 
Technical Advisers 

WALTHAM, MASS. 

BRANDES, 109-111 
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ND RECEIVING CONDENSER 

THE above cut illustrates our new fixed 
receiving condenser. Enclosed in 

polished brass case. Has sufficient capa-
city for any station and a greater capacity 
than any other at the same price or less. 

Price, 75 cents 

Our Manual of Wireless Telegraphy and 
Catalog No. 1 M will be sent upon request. 

MIINHIIJJilN HICIRICili SUPPLY CO. 
NEW YORK 

17 Park Place 
CHICAGO 

112-114 So. Fifth Ave. 

BRANDES LONG DISTANCE RECEIVERS 
W H Y 

everybody prefers 
B R.A NDES Wirelesa 
Receiver,. 

BECAUSE 
lightest receivers made. 
No more head or ear ache 
from comitant wear. Clear 
long distance reading. 
Made of beat material ob-
tainable. 

GUARANTEED 
Sent on trial. Money 
refunded if not eatisfied. 
Send for pamphlet giving 
full deacription of all Re-
ceivers from 01.50 each 
up to 513» per act. 
Pne ..... atie Rubber Ear 

Cushions to tit all types. 
00c each. 

BROADWAY, NEW YORK 

04 Most Valuable Book 

How to Run and Install  

GASOLINE ENGINES  
By C. VON CULIS 

Trouble Saver 

Postpaid, 25 cts. Money refunded if not satisfactory. 

C. VON CULIS, 705 W. 178 Street, New York, N.Y. 
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THE 

"Blitzen" Transformer 
Closed Core Self-Controlling 

High Efficiency High Power Factor 
Magnetic Leakage Type A Year's Guarantee 

Usual Clapp-Eastham Quality 

AN instrument of the "Better" kind 
mounted in a mahogany cabinet 

with nickel-plated binding posts for 
primary and secondary connections. 

An unusual transformer at an unusual 
price built by a company with an un-
usual reputation. 

3‘ K.W. $15.00 34 K.W. $22.00 

Complete catalog of apparatus for 
commercial and private installation sent 
for 4c stamps. 
We are desirous of establishing 

several additional sales agencies. 

CLAPP-EASTHAM CO. 
139 MAIN STREET, CAMBRIDGE, MASS. 
AYI.SWORTH AKNCIES CO. 145 Second Street 

West,cli Sale« San FnLnei nv.r, Cal. 

"W-M" High Power 
Wireless Apparatus 

Listed in new catalog 
',LOSE D core 

transformers 
robe connected 
directly to the A.C. 
line wires without 
interrupter or 
resistance of any 
kind. Exception-
ally high spark 
quality. Y. to2k.w.. 
$15.00 to $60.00. 
An entirely new 

type of transmit-
ting condenser for 

or 1 kw, sets. 
Flih efficiency. 
Variable capacity, 
$14.00. 

k.w, glass plate condensers for high or low 
voltage transformers, spark coils, or "Y, kw, trans-
former coils." Ample capacity—variable. $6.50. 

Solid mahogany helices wound with Y. inch 
aluminum wire, $7.50. 

Italian marble, zinc spark gaps with radiators, 
$3.50 to $10.00. 

3 point compound commercial ring-type anchor 
gaps, $1.50. 

Hot wire ammeters, $7.50; "1500 mile receivers," 
$7.50; lead in insulators, $4.00*, hard rubber tuners, 
$4.00, instructions for connecting, etc. Send stamp for 
copy of Catalog"I)." Please mention this magazine. 

WORTS-McKISSON MFG. CO. 
Toledo - - - Ohio 

AND MECHANIC IWhich position do You Want? t  
We teach you to become more than a mere chauffeur 

We give you the necessary instruction in Automobile Engineer-
ing and Aviation. We gbe not only technical instruction by mail. 
I it practical experience right here in Washington with real 
illa, hines, in the factory. And we put you in a profitable bind-
imam right from the start with no investment necessary. We ap• 
point you agent for the cars mantilactured at factory where our stu-
ti,115 are trained and pay you St 7',.00 on each sale you make. We 
help you start in the garage business f  which profits of from 
$10.00 to $15.00 a day are made  If you want to 
get ahead In the world and be somebody. send 'or our 
Man No. C a nil handsome catalogue. It shows you Just Mr.,- tu 

get started. 
kilo College of Washington, Inc. 

Washington, D. C. 

ttet.„, • 

•tee  

Located at the &Moro Capital-

REECE CO. efflekmea 
 r 

Ws Want You to Become Familiar With 

The Reece Threading Tools 
Including SCREW PLATES, TAPS, DIES, etc. 

Special Trial Offer 
"Reece Premier" No.1 T Tap 
Wrench and one each No. 2-56, 
3-48, 4-36, 6-32, 8-32, 10-24, 12-24 
and 14-20 "Hercules" Machine 
Screw Taps. Sent postpaid to 
any address on receipt of $1.25 

116-Page Catalogue Free 

E. F. REECE CO. Greenfield, Mass.  

LEARN One These Trades 
THAT PAY HIGHEST WAGES 

Electricity, Plumbing,Bricklaying, 
Mechanical Drawing, Painting 

and Decorating 

XTOU can 
I learn these 

trades easily 
and quickly by 
the Coyne 
( Practical) 
Method. B i g 
demand for men 
in these trades 
all over the 
country. Hun-
dreds of our 

OUR HOME graduates are 
now earning 

from $5.00 to $8 00 per day. Many are in business for 
themselves, making big money. 

All instruction is individual and given by experts in 
these trades. Only a few months required and small cost. 
Living expenses can be earned while attending school. 
Actual work takes place of books. Tools and materials 
furnished FARE. 

We have finest equipment of any trade school in the 
world—exclusively occupying a $100,000.00 building. 

Write me today for FREE illustrated catalog giving 
full particulars. L. L. COOKE, DIRECTOR 

COYNE NATIONAL TRADE SCHOOLS 
70 E. ILLINOIS ST. CHICAGO, ILL. 
"Come to Chicago, the Bu.‘iest City in the World." 
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Murdock Moulded 
TRANSMITTING CONDENSERS 

$2.00—per section 

eA radical departure from former condenser 
construction. Conducting foil imbedded in 
solid dielectric under pressure. Moulded in 

sections of .0015 mf. capacity, approximately. 

Suited for hard, continuous, satisfactory 
service in any wireless station, experimental 
or commercial. 

WM. J. MURDOCH. CO. 

30 Carter Street, Chelsea, Mass. 

162 Minna Street 221 S. Clinton Street 
SAN FRANCISCO CHICAGO 

MOTORS 

Motion Picture Machines 
Viz and 1/8 H.P. Direct and 
Alternating Current Motors 

VARIABLE SPEED SINGLE PHASE 

Motors that absolutely will not heat 

Ç These motors 
are the Opera-
tor's ideal for 
Picture Ma-
chines, as the 
Speed is under 
instant control. 

They are equally well adapted for 
Washing Machines, Vacuum Cleaners, Air Purifiers, Ventilating 

Devices. Coffee Mills, Meat Choppers. Printing Presses. etc., etc. 
Dental and Medical work a specialty. Positively the hest motor for use 

where motor.driven work is necessary—greatest power— 
highest efficiency. 

Write at once for prices and catalog 
Let us figure on your requirements. 

BARNES MFG. CO. 
96 Belmont Street, :: Susquehanna, Pa. 

THE KIND THAT SATISFY 

Wireless Receivers 

Send 

for 

Special 

Club 

Offer 

Send 

for 

Folder 

Number 

1400 

Have Hard Rubber Shells 
Aluminum Inner Shells 

Wound with best grade of copper wire, silk-covered 

EXTREMELY SENSITIVE 

The Holtzer-Cabot Electric Co. 
BROOKLINE, MASS., AND CHICAGO, ILL. 

ANY ELECTRICIAN 
or MECHANIC 

Can Make Good Money in 
Spare hours 

As local representative to demonstrate 
most successful electrical instrument for 
the deaf. 

Also Installing Ear-Phone 
Outfits in Churches, 
Halls and Theatres. 
Write or call with references. 

GLOBE EAR-PHONE CO. 
88 TREMONT ST. BOSTON, MASS. 

LET US GIVE YOU THIS 
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A LABORATORY ELECTRIC FURNACE—Part I 

How It Can be Made by the Amateur 
GEORGE F. HALLER 

No amateur's laboratory can be con-
sidered complete without some sort of 
a high-temperature furnace, in which 
experiments can be carried on in reduc-
ing the metallic oxides, forming small 
quantities of calcium carbide, and mak-
ing aluminum. The furnace described 
in the present article can be put to the 
above uses, and in addition can be used 
for making solder or spelter, and even 
for melting brass or iron for small cast-
ings. In fact, the uses to which this 
furnace may be put are innumerable. 
To the metallurgist a furnace of this 
type ought to prove of practical value, 
since it will produce a higher tempera-
ture in a shorter period of time than 
any gas furnace obtainable. 
The furnace is of the well-known 

resistor type, which is undoubtedly 
better suited for general laboratory work 
than an arc furnace, in that there is no 
danger of carbon contamination. It 
is particularly well suited for reduction 
work, since the resistor material gives 
off sufficient CO to maintain a rich atmos-
phere of this gas within the furnace 
without the addition of any coke to the 
material which is being reduced. 
A temperature of 1800°C is easily 

maintained. This is sufficient to melt 
steel, nickel and gold. Under extreme 
conditions a temperature of 2200°C. 
may be obtained. The power used to 
produce a temperature sufficient to 
melt nickel is about 1200 watts; so 
that the furnace can be run continu-
ously for from ten to fifteen cents per 
hour. The heat is produced in a mass 
of coke or carbon granules through which 
the current passes. The resistance 
offered by this resistor material is suffi-
cient to cause it to become white hot. 

The melting crucible is located in the 
center of this mass of glowing carbon, so 
that it is heated to the highest tempera-
ture in the furnace. 

This furnace is very simple to con-
struct—well within the ability of the 
average experimenter. The cost of 
materials for making the furnace proper 
should not exceed $3.50. 
The present article also takes up the 

construction of a step-down transformer 
for use with the furnace on alternating 
current. It is advisable to construct 
this transformer, but it is not essential, 
as a water rheostat can be used in its 
stead. The use of a water rheostat, 
however, necessitates drawing 75 am-
peres from the service, which would 
not be practical in all places. With the 
transformer the maximum current drawn 
from the line should not exceed 20 am-
peres. The power lost in a water rheo-
stat would soon pay for the cost of con-
struction of a transformer or an induc-
tive impedance. 

Fig. 1 shows a sectional view of the 
furnace through the center. The outer 
walls and the bottom B are composed 
of fire brick slabs. They are held in 
place by a sheet iron shell entirely sur-
rounding the furnace. Within the fire-
brick shell is a heat insulating wall, com-
posed of magnesia oxide and asbestos, 
represented by the section marked C 
in:the drawing. D is a refractory lining, 
consisting of molded fire-clay made co-
hesive by the addition of Portland 
cement. A represents the resistor 
material. E is a graphite crucible 
setting on a fire-clay block F. H and I 
are turned graphite rings which serve 
as electrodes to distribute the current 
around the whole area of the resistor 
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material. J is a movable fire-clay ring 
which serves to concentrate the heat 
along the sides of the crucible. If it 
were not for this ring the current would 
not flow in the resistor material near 
the crucible, because the carbon near 
the crucible, being colder, has a higher 
resistance than the more heated portions 
in the interior of the mass. The ring 
concentrates the flow of current along 
the sides of the crucible where it is 
needed. The ring' also serves as a means 
of regulating the amount of current 
which the furnace uses. If the ring is 

Fig. 1. Section of Furnace 

set lower down, or the crucible higher up, 
there is less constriction in the area of 
the resistor material, and more power is 
used, resulting in a higher temperature. 
On the other hand, if the ring is moved 
up or the crucible lowered, thereby re-
ducing the area of the resistor material, 
the current is materially lessened. For 
ordinary use the position of the ring and 
crucible shown in Fig. 1 will give the 
best results. 

The sheet iron outer shell should first 
be made by bending a piece of No. 20 
gauge sheet iron 403≤ in. long and 8 in. 
wide into a box 10 in. square. The 
overlapping edges are drilled and the 
sheet is riveted. Procure five fire-clay 
slabs. They vary considerably in size, 
but it will generally be possible to pro-
cure them about 10 in. long, 8 in. wide 
and 2 in. thick. If slabs of this size 
are not obtainable, the outside dimen-
sions of the furnace can be modified to 
suit the size of the slabs that are ob-
tainable. Two of the five slabs should 

be cut across, making them 6 in. long 
by 8 in. wide, with a cold chisel and a 
hammer, working slowly and cutting 
uniformly all around the slab. These 
two pieces form the ends of the lining, 
and a third piece, cut 6 in. square, con-
stitutes the bottom. The two sides are 
made from 10 x 8 in. slabs (see Fig. 2). 
A shallow wooden box or tray, as 

shown, forms the base of the furnace. 
The iron shell, with the fire-clay slabs, 
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is set up in the center of the tray, and 
a mixture of 1 part Portland cement 
and 3 parts sand with sufficient water 
to form a moderately thick mortar is 
poured around the shell so as com-
pletely to fill the tray. The lower edges 
of the sheet iron can be cut with shears 
and lips bent out at right angles so as 
to hold firmly to the cement. A number 
of nails can be driven through the sides 
of the tray before the cement is poured 
in. 

While the cement is drying, the two 
pieces shown in Fig. 3 are turned and 
sa„wed to shape. They are cut from 
graphite blocks and must be machined 
true to size in order that the graphite 
current distributing rings, H—I, may 
make good electrical contact. The 
brass terminals are made as shown, of 

in. rod, and are pressed into the 
graphite pieces so as to make good 
electrical contact. 

Next, a circular wooden core must be 
made in order to cast the insulating 
lining. It is best done by turning up a 
circular block 5 in. in diameter, 6 in. 
long, with a bevel flange at the upper 
end, in order to form the beveled seat 
for the cover, as shown in Fig. 1. A 
recess I in. wide, extending 134 in. from 
the bottom is cut in the core as shown 
in Fig. 4. The graphite electrode with 
the long brass terminal is inserted in the 
recess so that it goes into the core just 
X in. A wooden block is cut to fit into 
the recess in the core below the electrode 
so as to hold the latter X in. above the 
fire-brick bottom of the furnace. This 
block should make a loose fit so that 
the core can be removed when the cast 
has set. The brass terminal sets in 
the back corner of the fire-clay slab, as 
shown in Fig. 2., 
The space between the core and the 

slab is filled with a mortar composed 
of 2 parts of magnesia oxide, 2 parts 
asbestos, and 1 part Portland cement, 
moistened with sufficient water to make 
a thick paste. It should be tamped 
down during the pouring, being careful, 
however, not to disturb the electrode 
or the brass terminal. The latter can 
be held perpendicularly in its place by 
laying a piece of wood under the bent 
portion across the corner of the fire-
brick slab, and driving several nails on 
either side of the bricks through the 
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Fig. 2. 2. Plan of Furnace 
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wood to prevent side motion. The 
other graphite electrode must be held 
in place in the opposite back corner 
134 in. from the top of the furnace, by a 
similar piece of wood laid under the 
curved portion of the terminal and rest-
ing on the fire-clay in such a way as to 
hold the curved arc firmly against the 
core during the pouring. It is essential 
that the upper graphite electrode press 
against the core in order that the dis-
tributing ring will make good contact 
when the furnace is in operation. 
When the insulating lining has set, 

the wooden core should be carefully 
removed by lifting straight upward by 
means of two screw-eyes r,which can be 
screwed in the upper end of the core. 
Avoid twisting the core, in order to avoid 
disturbing the lower graphite electrode 
which projects into the core. The piece 
of wood under the electrode should be 
removed. 

Everything is now ready for casting 
the refractory lining. The wooden core 
previously used should be turned down 
to 4 in. in diameter and cut off to 4e1 in. 
in length. The lining is cast from a 
mixture of 6 parts carborundum sand 
and 1 part Portland cement, mixed with 
enough water to make a thick paste. 
A sufficient quantity of this is poured 
in the bottom of the furnace to make a 
layer X in. thick. The core is then 
carefully centered so as to press against 
the projecting lower graphite electrode, 
and the side walls are cast. When this 
lining has set the core can be removed. 
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Fig. 3 
Graphite Electrodes and Terminals 

The inside should be smooth, with the 
lower graphite electrode just flush with 
the surface. The refractory lining 
should extend to the bottom of the upper 
electrode, the latter is just flush with the 
magnesia lining. 
The two graphite distributing rings 

should next be turned to the dimensions 
shown in Fig. 1. The smaller rings 
should fit into the bottom of the furnace 
and make good electrical contact with 
the electrode. If the contact is not 
good, the space between the two can 
be filled with powdered flake graphite 
wet with a thin solution of molasses 
and water. This paste should be 
tamped into the joint as firmly as pos-
sible. The larger ring rests on the upper 
edge of the refractory lining, and must 
make good electrical contact with the 
upper electrode in the same manner as 
the lower ring. 
The fire-clay block F, upon which the 

crucible sets, is cast separately out of 
the same material as the refractory 
lining. A small mold can be made of 6ff 
light wood 134 in. square and 1 in. deep. 
It is well to cast several blocks of differ-
ent heights by not filling the mold full, 
so that the crucible can be raised or 
lowered at will. 
A wooden mold must also be made to 

cast a number of the insulating rings J. 
It can be turned in the face of an inch 
board. The outer diameter should be 
4 in. and the inner diameter should be 
such that a space of about 34 in. will be 
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left between the crucible and the ring 
when set in the position shown in the 
drawing. The rings are X in. thick. 
As the rings do not last long, since they 
are subjected to the most intense heat 
of the furnace, it is well to make a gen-
erous supply and to keep the mold for 
future use. The same mixture as was 
used for making the refractory lining is 
satisfactory for casting the rings. 
The cover is also cast separately in a 

turned wooden mold from the same 
material. The screw-eyes shown in the 
figure can be set in while the mixture is 
- still soft. They will be found very 
useful in lifting off the cover of the fur-
nace. The taper plug in the center of 
the cover is turned from a graphite ro d, 
and serves to close the hole left in the 
cover through which the progress of 
the melt can be watched through a 
smoked glass while the furnace is in 
operation. 
The resistor material is made by grind-

ing up old electric light carbons and coke. 
The grinding should be continued until 
there are no lumps more than X in. in 
diameter; then the mass can be sifted, 
and the dust rejected. 
The crucible is a standard graphite 

crucible, holding about 120 grams. If 
possible one of the new alundum lined 
graphite crucibles, on sale by the Norton 
Co., at Worcester, Mass., should be used, 
as it will be found more satisfactory than 
the standard graphite crucible. 

(Continued on page 293) 
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Fig. 4 

Core for Casting Magnesia Lining 
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THE ELECTRICAL TREATMENT OF HIGH BLOOD PRESSURE AND 
HARDENING OF THE ARTERIES 

JOHN H. BURCH, M.D. 

(Electro Therapist to St. Joseph's Hospital and The Hospital for Women and Children) 

That a man is as old as his arteries, 
is a trite but true medical aphorism. 
Arterial degenerations are the most 
frequent cause of death. In fact, it is 
estimated that over 50 per cent of the 
mortalities after fifty years of age result 
from diseased conditions involving the 
blood vessels. 
Old age and premature decay is, in 

the great majority of cases, preceded by 
hard inelastic arteries. The walls of 
the blood vessels become thickened 
and brittle, the circulation of the blood 
is interfered with, the tissues of the 
body not being properly nourished 
shrink and degenerate, the store of 
energy lessens and the mental faculties 
deteriorate. 
Most of the sudden deaths reported 

result from diseased arteries. The mem-
branes lining the blood vessels become 
inflamed and at times ulcerate, their 
walls become inelastic and brittle, so 
that any sudden shock or emotion that 
unduly stimulates the heart may be 
sufficient to rupture the smaller vessels 

in the brain causing paralysis or death 
from apoplexy. 
The great problem, then, in preventing 

premature old age and senile decaylis 
to keep the arteries soft and elastic 
and free from disease. To accomplish 
this would mean the discovery of the 
true elixir of life. Normal old age can-
not be prevented, as man was born to 
grow old and die. The present genera-
tion, however, become aged and decrepit 
long before their allotted time, and it is 
the duty of the physician to warn his 
patients of the cause and insidious nature 
of arterial disease, that methods of pre-
vention and treatment may be instituted 
to prevent it. 
To prevent or arrest the onspread of 

these degenerative processes within the 
walls of the blood vessels it is necessary 
to study their cause. Gout, alcoholism, 
excessive use of tobacco, overindulgence 
in eating, too little exercise and excesses 
of all kinds have always been considered 
the chief cause of hardening of the 
arteries. A careful analysis of these 

Method of Measuring the Blood Pressure 
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cases, however, will disclose the fact 
that mental anxiety, worry, the strenu-
ous life, the monotonous tread mill 
existence, associated with excess in 
eating and too little exercise and recrea-
tion are responsible for the great major-
ity of these cases. Most of my cases 
have been successful business men of 
the most exemplary habits who have 
achieved financial success by strenuous 
effort and constant application. 

Recently an instrument has been 
devised called the blood pressure appara-
tus, or sphygmometer, that makes it 
possible to determine the approach or 
existence of arterial disease. Nearly 
every case of hardening of the arteries 
is accompanied or preceded by a high 
arterial tension. That is, the artery 
becomes hard, inelastic and incompres-
sible beneath the examiner's finger, or 
the blood pressure apparatus instead of 
registering from 120 to 135 mm., as it 
should in a healthy adult, will be found 
to be much higher. This instrument 
is of inestimable value, as it enables 
the physician not only to determine the 
true condition of the arteries but at the 
same time, by its use, he is able to ob-
serve the effect of his treatment. 
The treatment of this dreaded disease 

has been, until recently, very unsatis-
factory. The drugs that were employed 
produced but temporary effects and 
had but little influence in arresting the 
degenerative changes within the walls 
of the arteries. Dietetic and hygienic 
measures have arrested the progress in 
some few cases, but the results as a rule 
have been far from satisfactory. 

Several years ago d'Arsonval, while 
experimenting with the effects of elec-
trical currents of very high voltage and 
frequency, upon the human body, found 
that by employing a special apparatus 
and technique, that it was possible 
safely to employ from 10,000 to 100,000 
volts of electrical energy with a fre-
quency of from 100,000,to 100,000,000 
vibrations per second. A person sub-
jected to this tremendous voltage experi-
ences no sensation whatever; yet suffi-
cient current is passing through his 
body to light an incandescent lamp and 
cause vacuum tubes to fluoresce held at 
some distance from his body. D'Arson-
val found that, when properly applied, 
these electrical currents of high voltage 
and frequency caused a distinct lowering 

of the arterial tension that persisted for 
a considerable period of time after the 
application. This has been verified by 
many subsequent observers. D'Arson-
val's method of auto-condensation has 
a most appreciable effect upon the inter-
change of waste and repair taking place 
within the body. The amount of, waste 
material excreted from the body is 
greatly increased, more oxygen is ab-
sorbed and utilized in the construction 
of healthy tissues, while a larger volume 
of poisonous carbonic acid is liberated. 
By increasing the elimination of waste 
products the blood stream is freed from 
irritating poisons that cause inflamma-
tion and finally degeneration and thick-
ening of the walls of the blood vessels. 

In applying this method the patient 
sits or reclines upon a suitable chair 
protected by properly insulated cushions. 
Beneath the cushion is a large condensing 
plate of metal that is connected with 
the extremity of a small spiral of thick 
copper wire. The patient holds in his 
hands metallic electrodes that are also 
connected to one of the spirals of this 
small solenoid. The two extremities 
of this small spiral, or solenoid, are con-
nected with the outer coating of con-
densers that are attached by their inner 
coatings to the secondary terminals of 
a powerful high voltage transformer. 
The patient receives, therefore, what is 
known as a shunt current from the con-
densers, that is further augmented by 
the self-inductance of the small solenoid. 
The patient may receive from 100 to 
1,000 milliamperes of current with per-
fect safety, and many times this amount 
of energy is necessary to overcome high 
blood pressure. As a rule, the arterial 
tension will drop from 10 to 30 mm. after 
a séance of from ten to fifteen minutes. 
In simple high arterial tension the lower-
ing of the blood pressure will be marked, 
while in true arterial disease it will be 
less after each treatment. During the 
interval between the treatments the 
blood pressure will again rise, but not 
to its original height. Each treatment 
will cause an appreciable lowering of the 
arterial tension until a point will be 
reached below which it cannot be low-
ered. When this point is reached, the 
index of the patient's blood vessels is 
determined. 
One of my patients, a man sixty-five 

years of age, came to me complaining 
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Method of Treating Hardening of the Arteries by means of Electricity 

of pain and numbness in his extremities. 
His memory that had previously been 
excellent became impaired. His face 
was flabby, the lower eyelids were 
swollen and the veins of the forehead 
distended. He suffered from insomnia, 
became very nervous and irritable and 
was prone to worry over trifles. He was 
a very successful business man who had 
led a strenuous life. His habits were 
most exemplary, and until recently his 
health had been apparently perfect. 
His arteries were hard and inelastic 
and the blood pressure apparatus regis-
tered 220 mm. After the first treatment 
by means of auto-condensation the 
arterial tension was reduced to 200 mm. 
At the expiration of two months he had 
received twenty treatments. His blood 
pressure at that time registered 160 mm. 
His condition was in every respect 
greatly improved. He discontinued his 
treatments for a month, at the end of 
which time his arterial tension was again 
taken and found to be but 165 mm. 
Several months later it remained about 
the same. This is a typical example 
of what can usually be accomplished 
by means of electrical treatment in these 
conditions. 
Another patient had been told by her 

physician that she had organic heart 
disease and hardening of the arteries. 
The effect of this opinion was most 
disastrous. She became greatly alarmed 
and rapidly developed a morbid fear 
of impending danger. She dared not 
walk any distance, as she feared that her 
arteries would break; and she did not 
allow herself the requisite amount of 
sleep, as she feared that her heart would 
stop beating. An examination of this 
patient confirmed the statement of her 
physician. There was a valvular lesion 
of the heart, but nature had compen-
sated for it by an over-development of 
the heart muscle, and it would possibly 
never cause her trouble. Her arterial 
tension was, however, very high. It 
registered 210 mm. After the first 
treatment the blood pressure registered 
160 mm.: a reduction of 50 mm. This 
proved that the high arterial tension 
was of nervous origin. It required but 
a few treatments to re-establish a normal 
blood pressure and successfully relieve 
the patient of her morbid fear. This 
case demonstrates the value of exact 
methods for the determination of the 
arterial tension and the value of electri-
cal currents of high.% voltage and fre-
quency in lowering high blood pressure. 
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A MULTIPLYING AND DIVIDING INSTRUMENT 
FREDERICK B. GILBERT 

An instrument which will mechanic-
ally perform the processes of multiply-
ing and dividing can be easily made for 
a few cents, and will not only be an 
interesting but a useful piece of appara-
tus. It is in reality a simplified dide 
rule, which is a tool used by engineer..; 
and merchants (chiefly in foreign coun-
tries), for doing rapid calculations in 
arithmetic and trigonometry by means 
of divided scales which can move back 
and forth across each other on sliding 
parts. This instrument will merely 
have two identical scales, one of which 
may move across the other. 
The construction is exceedingly simple. 

Procure a piece of logarithmic cross-
section paper which may be had from 
any dealer in draftsman's supplies. 
This sheet will be observed to be a square 
divided into different sized little rect-
angles. Heavy lines divide the square 
into large rectangles and these lines are 
numbered from 1 to 10 along each side 
of the square. Hold the sheet so that 
the numbers read right side up and cut 
off the margin on the edge nearest you 
just below the numbers. Now cut off 
a strip equal in width to one of the small 
divisions made by the lines running 
from left to right. Then cut off a strip 
equal in width to two of the next small 
divisions. You will now have two strips 
of paper about 9et in. long and X in. 
wide, both divided by a scale. These 
two strips comprise our sliding scales. 
The next thing is to make the sliding 
arrangement. Its construction with the 
proper dimensions will readily be seen 
from the figure. The easiest way to 
make it is to procure two slips of hard 
wood, 11 x 1 x X in. Saw out the slide 
from the middle of one of these by a bias 
cut so that when the two outside pieces 
are screwed to the other piece of wood 
the slide will work closely but freely 
between them. The paper strips are 
next glued on; the numbered one to the 
base, so that the numbers read from left 
to right, and the other one to the slide, 
so that its graduations can be made to 
coincide exactly with those on the num-
bered strip. Now,. with india ink num-
ber the upper strip exactly like the lower 
one. Then number the other strip be-

tween the numbers 1 and 2 from 1 to 9, 
that is divide the space between 1 and 2 
into 10 parts, as in the figure. It will 
greatly aid in reading the rule if the 
half-way divisions between all the num-
bers are slightly produced so as easily to 
distinguish them (see figure). For ref-
erence, letter the sliding scale A and 
the stationary scale B. The rule is 
now complete. 
The operation of the instrument is 

based upon the principles of logarithms, 
i.e., to multiply numbers add their 
logarithms, and to divide numbers sub-
tract their logarithms. A knowledge 
of logarithms, however, is not necessary 
for a successful operation of the rule. 

Let us first examine a scale and learn 
how to read numbers on it. We see 
that the whole scale is divided into 10 
parts, and these parts into 10 other parts. 
We have numbered the large divisions 
with the numerals 1, 2, 3, 4, 5, etc. This 
marking, however, is purely arbitrary, 
for each number can just as well repre-
sent a decimal part or multiple of itself. 
Thus 5 can be called .005, .05, .5, 5, 50, 
500, etc. The small divisions give the 
numbers between any two successive 
powers of 10. Thus 3.5 or 35 or 350 is 
represented by the long mark between 
the 3 and the 4 on the scale, 2 .5, 25, 
250, by the long mark between the 2 and 
the 3 on the scale and 1.3, 13, 130, is 
represented by the third graduation 
just following the 1 at the extreme left 
of the scale. In numbers like 455 the 
third figure can readily be estimated 
by the eye as half way between the 450 
and 460 marks. The reading of the 
rule requires a little practice, but it soon 
becomes as easy as reading numbers 
that are written out in figures. 

Multiplication.—The left-hand l's on 
both scales are called the " left indices," 
and the right-hand l's the "right in-
dices." Without going into the theory, 
the following rule may be followed for 
multiplying two numbers together. 
Place the left index of the A scale over 
one of the numbers read on the B scale, 
then on the B scale, just under the other 
number read on the A scale, find the 
product. If the other number falls off 
the scale (i.e., lies on the part of the 
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slide projecting out), place the right 
index over the first number and proceed 
as before. 

Example. 23 x 30= 690. 
Place the left index of the A scale over 
23 on the B scale, and on the B scale, 
just below 30 on the A scale, read the 
answer, 690. 

Example. 45 x 50=2250. 
In this example it will be discovered 

that by placing either 45 or 50 on the 
B scale under the left index on the A 
scale causes the other number to fall 
off the scale. Hence, place the right 
index of the A scale over say 45 on the 
B scale, and on the B scale under 50 
on the A scale read 225, the answer. 

Multiplying more than two numbers 
together simply means proceeding with 

the product of the first two and the 
third number as with two numbers. 

Division.—The following is the rule 
for division. Place the divisor read on 
the A scale over the dividend read on 
the B scale and under either index of 
the A scale (whichever lands on the rule) 
read the quotient on the B scale. 

Example. 750+15=50. 
Place 15 read on the A scale over 750 
read on the B scale, and under the left 
index of the A scale read the quotient 
50 on the B scale. 

Position of the Decimal Point.—In 
any number all the figures to the left 
of the decimal point are known as the 
characteristic of the number, and the 
characteristic of a number is expressed 
by the number of figures which make it 
up. Thus, in the number 643.57 the 
characteristic is 643 and it is expressed 
as 3, i.e., there are three figures to the 
left of the decimal point; the charac-
teristic of 6435.7 is 4, etc. In multi-
plying, the characteristic of the product 
is—(1) if the slide projects to the left, 
equal to the sum of the characteristics 
of the two factors; (2), if the slide pro-
jects to the right, equal to the sum of 
the characteristics of the two factors 
less 1. 

Example. 4,500 x 2,000=9,000,000. 
The slide projects to the left so we have 

MECHANIC 293 

the sum of the characteristics of 4,500 
and 2,000, i.e., 4 + 4=8, for the charac-
teristic of the product. 
Example. 320 x 3,000— 960,000. 

The slide projects to the right, so we 
have the sum of the characteristics less 
one, or 3 + 4— 1=6 for the characteristic 
of the product. 

In dividing on the slide rule, if the 
slide projects to the left the character-
istic of the quotient is equal to the char-
acteristic of the dividend less the char-
acteristic of the divisor, and if the slide 
projects to the right the characteristic 
of the quotient is equal to the charac-
teristic of the dividend less the char-
acteristic of the divisor plus one. 
Of course there are limitations to this 

instrument as to the number of figures 

evo wz-H/ 
that can be read on it other than zeros, 
because of the inability of the eye to 
judge distances between graduations; 
but this slide rule may be a stepping-
stone to one of the finer instruments 
that are more closely divided, and on 
which not only multiplying and dividing, 
but squares, square roots, cubes, cube 
roots, trignometric functions, logarithms, 
etc., may be rapidly and accurately read. 

A Laboratory Electric Furnace 
(Continued from page 288) 

In melting small quantities of ma-
terials where the maximum temperature 
of the furnace is not required, it will be 
found more convenient to use a smaller 
crucible for the actual melting placed 
inside the one shown, thereby not dis-
turbing the resistor material in lifting 
out the main crucible. 

This concludes the building of the 
furnace. In the next paper the con-
struction of a transformer to be used 
with the furnace and the operation of 
the furnace will be taken up. 

(To be continued) 
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FOR THE 

I ITO MIN r.4I  
EXPERIMENTAL HIGH-FREQUENCY APPARATUS—Part V 

STANLEY CURTIS 

. By no means the least important ad-
junct to the set of high-frequency ap-
paratus is the spark gap across which 
the condenser discharges. It is a 
notorious fact that many a well-con-
structed and correctly-designed wireless 
telegraph station has been rendered 
inefficient and ridiculously low in power 
through inattention to the spark gap. 
That the same condition holds true in 
the case of high-frequency apparatus 
for exhibition purposes is very quickly 
made apparent while the outfit is in use. 
The builder has a choice of many types, 

each type having its own peculiar ad-
vantages and drawbacks, and it will be 
the aim of the author in the present 
instalment to point out the distinctive 
features of each form of gap, after which 
the builder may form his own conclu-
sions as to which is most suited to his 
particular requirements. 
The simplest form of gap and the one 

which has been most universally adopted 
on apparatus of comparatively low power 
is the form illustrated in Fig. 23. This 
gap is made in various forms, but it 
consists essentially• of two plugs or 
electrodes of zinc, silver or aluminum, 
so mounted that one or both may be 
moved by means of their supporting 
rods which are in turn supported in 
pillars of insulating material or in metal 
pillars insulated one from the other, so 
that the distance or gap between the 
electrodes may be varied at will. The 
form illustrated in Fig. 23 has several 
points of superiority over the pillar 
type of mounting, and the construction 
of this mounting will be considered first 
of all. 
The discharge of the condenser from 

even a small transformer is decidedly 
loud and unpleasant, particularly in 
the case of exhibition apparatus, and 

for this reason some means for muffling 
the noise of the discharge is highly 
desirable. This may be accomplished 
in several ways, but the plan suggested 
in the drawing will be found very effect-
ive. The construction of the gap will 
no doubt be readily understood on 
reference to Fig. 23, which shows a part 
sectional view. The electrodes, 1 and 2 
in the drawing, are preferably of zinc. 
Several very successful alloys have been 
tried from time to time, and in the 
author's opinion, a mixture of one part 
of aluminum with two of zinc is very 
good. If the alloy cannot readily be 
made, the builder is advised to use zinc 
alone in preference to aluminum. Silver 
is said to be superior to either of the 
two other metals, but the author has 
found no decided advantage in its use. 
The electrodes may be cast roughly, 
after which they should be held in the 
lathe chuck, drilled, tapped and then 
mounted on an arbor for the facing off 
of the ends and the turning of the out-
side. It is imperative that the opposite 
faces should be quite true. The dimen-
sions of the parts may be found by means 
of the scale to be found at the lower 
right-hand corner of the plate. 
One of the electrodes is mounted per-

manently on a bar of brass, 3 in the 
figure, while the second electrode is 
carried on the end of a threaded brass 
rod, 6, which passes through a collar, 7, 
in the cover of the muffler case. An 
adjusting knob of fiber or hard rubber 
is fitted to the end of the rod and secured 
in place by means of the pin, 8, which is 
inserted in a hole drilled through fiber 
and brass. The fit between threads 
of the rod and collar should be a good 
one as it is perferable to use no setscrew 
to retain the rod in a given position. 

If it is found necessary to use some 
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means for stiffening the action of the 
rod through the collar, the latter may 
be slotted with a hacksaw and the two 
halves slightly compressed. 
The cover of the muffler or case, 9, 

should be of heavy fiber. The bar which 
carries the lower electrode is fitted to 
the cover in an obvious manner by 
means of the long sleeves, 4 and 5, which 
are drilled through and fitted with 
lengths of threaded brass rod. To the 
end of one rod is fitted a knurl to serve 
as a binding post. The fiber rods, 10 
and 11, of which there should be four, are 
a convenience when the gap is lifted out 
of the muffler, as they furnish a support 
for the gap, so that it may be used without 
its case when desired. The case should 
be constructed of well-seasoned wood 
and lined with asbestos. The connections 
are shown in the plan view, Fig. 24. 

This gap is simple in construction, 
and it serves very well for short periods 
of operation, but its disadvantages 
must not be overlooked. In operation 
a vapor is liberated inside the case and 
the tendency of the gap under such 
circumstances is to arc badly. One of 
the simplest and at the same time most 
effective methods of eliminating this 
bad feature is to use the arrangement 
shown in Fig. 25. This plan is adopted 
by one of the best-known makers of 
high-grade wireless apparatus in the 
field today, and it has been found highly 
satisfactory. The permanently-located 
electrode, 1, is carried on the end of a 
piece of brass tubing which may be 
connected to some source of compressed 
air supply, such as a small blower, and 
when the discharge takes place across 
the gap, the arc is immediately wiped 
out by the current of air which strikes 
the opposing surface at the center and 
clears the gap equally on all sides. The 
second electrode is made adjustable, as 
shown in the drawing. 

Still a third form of gap is illustrated 
.in Fig. 26. A muffler may be readily 
fitted to this gap, although the case must 
obviously have openings in it for the 
air to escape through. The compressed 
air is forced through a jet, 1, in a fine 
stream, and the arc is very effectively 
blown out thereby. The jet should be 
of glass, and for the amateur worker, 
a medicine dropper will be found satis-
factory. 

The magnetic blowout gap is a most 
excellent one, although some builders 
may find it a "poser" to construct. 
It is a well-known fact that a powerful 
and highly concentrated magnetic field 
will immediately quench an electric 
arc, and this principle is applied in the 
gap shown in Figs. 27 and 28. The 
discharge takes place between the conical 
points of the gap 1 and 2. Placed at 
right angles with the gap are the pole 
pieces of an electromagnet 3 and 4. 
Over these pole pieces are placed two 
shields of heavy mica, 5 and 6, which 
prevent the spark jumping to the magnet 
instead of across the gap. The drawings 
clearly show the construction of this 
device, and the dimensions may be 
taken from the scale. The magnets 
may be excited by means of current 
from a battery, and the winding will 
depend upon the voltage to be used. 
The author highly recommends this 
form of gap for its efficiency, compact-
ness and general reliability. 
Of all the gaps described, none can 

combine the points of superiority to be 
found in the revolving gap, illustrated 
in Figs. 30 and 31. This discharger not 
only quenches the arc and remains 
remarkably cool, but it produces a high-
pitched spark, which has a distinct and 
very pleasing musical tone. The gap is 
no doubt quite familiar to most readers, 
and several excellent articles on its 
construction have appeared. As many 
readers have complained of the diffi-
culty of obtaining the desired results 
through lack of proper material, and 
inability to follow the suggested con-
struction, the author offers a few sug-
gestions on the building of a simple .but 
highly successful rotary gap which 
should be within reach of most readers, 
as the materials can be obtained at 
reasonable prices from firms advertising 
in this magazine. 
One of the most important points to 

consider in the construction of this gap 
is the rotating disc, 1, of Xt in. alumi-
num. It is imperative that this disc 
should run very truly on the motor 
shaft, as the length of the gap may be 
quite short. The plan suggested for 
working up the disc will be found prac-
ticable and effective. 

Referring to Fig. 32, the reader will 
note that a square of aluminum is cen-
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tered by means of its diagonals, and a 
circle having a diameter of 6 in. is struck 
off. The circumference of this circle 
is then divided into twelve parts and 
each point marked with a center punch. 
A hole is drilled in each corner of the 
plate so that it may be fastened to a 
wooden faceplate by means of heavy 
screws. A 1 in. counterbore will be 
required for cutting the holes which 
form the teeth of the gap. Each of the 
twelve divisions on the plate is to be 
drilled through with a suitable size of 
drill to take the tongue of the counter-
bore, after which the holes may be bored 
to their finished size. In drilling, or 
otherwise working aluminum, the metal 
should be generously lubricated with 
kerosene oil. After the holes have been 
cleared, the work should be mounted 
on the lathe faceplate and the center 
hole cut to 134 in. in diameter by means 
of a very small parting tool. After 
clearing any burr which may be on the 
edge of the central hole, the disc may 
be cut from the square plate on the 6 in. 
circle. In taking this cut, the feed must 
be very slow and the greatest of care 
be taken so that the tool will not catch 
on the teeth of the disc. 
The aluminum disc is mounted in an 

insulating bushing as shown in the 
sectional drawing, Fig. 35. The bush-
ing may be of heavy fiber made up in 
the form of washers, ag shown, or prefer-
ably turned up from two thick pieces 
of stock, thereby doing away with the 
central washer. The aluminum plate 
is riveted between the fiber discs by 
means of brass escutcheon pins, and the 
whole is mounted on a brass bushing 
which fits the shaft of the driving motor. 
The final cut on the edge of the alumi-
num disc should be taken while the brass 
bushing is mounted on an arbor. This 
will insure the disc running truly when 
it is in position on the motor shaft. 
The motor may be of the induction 

type and any of the small power motors 
on the market will answer. A small 
fan motor is very satisfactory. The 
speed of the motor will depend upon the 
tone it is .desired to produce. The 
average induction motor runs at about 
1,800 revolutions per minute on 60-cycle 
current, and this speed is sufficient unless 
a very high tone is desired. 
The electrodes of the gap may be of 
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round stock if extreme simplicity of 
construction is demanded, but the flat 
aluminum electrodes, as shown in the 
drawings, will be found more efficient. 
The holders illustrated may present 
some difficulty in construction, but they 
represent time and labor well spent. 
The electrode slides in a brass holder 
and its movement is controlled by the 
screw 5, Fig. 30, while a couple of spiral 
springs secured to pins in the electrodes 
and to the stock which holds the screw, 
keep the aluminum back against the 
screw. 
The construction of the holders will 

be understood more clearly on reference 
to Figs. 33 and 34, which are drawn to 
double size. The stock is yg in. brass 
bar and the upper and lower pieces are 
made identical with each other. They 
are joined, either by means of small 
rivets or by sweat soldering, to the 
pieces of 34 in. square rod, which serve 
to form a nicely-fitted opening through 
which the electrodes pass. 
The holders are mounted on short 

pieces of brass rod, 2, in Fig. 30, which 
are in turn supported by the fiber 
pillars, 3. 
While the present article concludes 

the constructional features of the high-
frequency apparatus, the author hopes 
to present a few suggestions in the next 
number on the adjustment and use of 
the apparatus, together with some hints 
on the possibilities of the outfit from the 
lecturer's standpoint. 

Cutting Square Threads 
Here, according to a writer in Popular 

Mechanics, is a trick in cutting square 
threads in a lathe that is worth knowing. 
With an ordinary V-shaped tool cut 
first a thread of the proper lead that will 
be equal in depth and width to the cut 
of the finished square thread. Then 
follow down with the regular square 
tool. This relieves the square tool of a 
considerable part of the work, and makes 
it cut a divided or broken chip, which is 
easy both on the tool and the work. In 
any thread-cutting, use a roughing tool 
first. If more than one piece is to be 
threaded, rough first and then finish. 
This keeps the good tool sharp and gives 
a nice finish. Speed up the roughing 
tool and let it dig out the metal, dis-
regarding the finish. 
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THE EQUIPMENT OF A MODEL ENGINEERING WORKSHOP 
W . S. PARREN 

In equipping his workshop, the model 
engineer of today has many advantages 
over his fellow of ten years ago. He also 
labors under one disadvantage. Where-
as it is now an easy matter to get prac-
tically anything that is likely to be 
required in his work simply by producing 
the necessary money, then many things, 
now quite common, were absolutely 
unobtainable. In fact, then it was a 
case of making things serve purposes 
for which they were not expressly de-
signed, for lack of the proper articles, 
which was good training, although at 
times wearisome and discouraging. 
Nowadays, the beginner is apt to be 
discouraged by the very simplicity of 
everything. His path is, in fact, too 
easy. If he is not particularly hampered 
in the matter of money he is much 
tempted on starting his hobby to get an 
array of catalogues (generally with a 
preference for the gratis variety), and 
from them to make such a selection as 
he deems necessary to put him in a fair 
way of being a model engineer. This 
seems to me (and I am sure it must seem 
so to many other readers) a very poor 
and tame way of doing things. Most 
of us look back with pleasure to those 
days when we struggled along on a 
corner of the kitchen table with a few 
files and drills. We remember with 
amusement our pride in our first home-
made lathe; not for worlds would we 
now have started in any other way; then, 
perhaps, if we had had the chance, we 
might have done so. Accordingly we 
bless Providence that gave us little 
money, but much patience. This is a 
digression. It will serve, however, to 
impress on the beginner—for whose 
benefit this is written—to be careful at 
first not to overdo things. Tools will 
be bought of the use of which he has 
but a hazy notion, and ten to one spoilt 

in the process of finding out. In the 
old days one had to make one's tools, 
and by making them one learned to 
know and respect them. 

In this respect the beginner of today, 
whose purse is limited, is better placed 
than his more fortunate confrere. The 
very nearness of the things, which, on 
account of their price, are inaccessible 
to him, is but another encouragement 
to him to make them. I am aware that 
what I have said is by no means new, 
but I have thought it well to say it in 

FIG I.-ARR A NGEMENI OF A TYPICAL WORKSHOP. 

order to make it plain that if I were 
asked by a friend who, say, had occa-
sionally visited me in my workshop, 
and had been attracted by the evident 
charms of model engineering, what was 
the best way to start on his own account, 
I should not say, "Take this list to So 
and So's, write out a cheque (even if this 
were possible), and then fire away;" 
but rather I should advise him to do as 
I and many others did, or had to do, 
and start humbly, gradually adding to 
his stock of tools as he added to his 
stock of knowledge. 
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In order to guide him, the following 
hints may serve; but in no way do I 
advise getting all, or, indeed, anything 
like all, of the tools enumerated in a 
block at the beginning. Rather let him 
accumulate gradually on the lines indi-
cated, never getting an inferior tool 
with the intent to replace it later when 
worn out, but either one of the best 
quality at first, or one which lends itself 
to improvement as he acquires the ability 
to effect it. 

In the first place we will suppose he 
has secured a room or shed to himself. 
If a room, it will probably have gas 
laid on (if in a town). If not, it will pay 
to have it done by a gas-fitter (unless he 
feels capable of doing it himself), as it 
will save much annoyance later on. He 
should carefully plan where his various 
tools are going to be placed, paying 
especial attention to the bench-vise 
and the lathe. 

Fig. 1 shows a very ordinary room, 
with the positions of the various parts 
of the outfit suggested. Here, of course, 
each one must suit his own convenience, 
according to the resources at his • com-
mand. If in the country, or at the end 
of a long garden, gas will probably be 
inaccessible, in which case oil lamps 
must be used, unless petrol gas is in-
stalled, a system which from experience 
I strongly recommend as cheap, safe, 
and convenient. If he does have gas, 
he should make provision for a branch 
tap over the bench for fixing blowpipe 
or gas stove. 
The first consideration is the bench. 

It is absolutely unnecessary to have a 
very thick top, as is used on a carpenter's 
bench. It merely adds to the expense, 
and for metal work, especially light 
metal work, is not essential. If fixed 
to the wall securely (practically made 
a part of the building) a very suitable 
material is planed floor-boarding, 7 in. 
wide by Xt in. thick. I have tested this 
by experience. Only do not stint for 
legs, for which 3 x 2 in. is ample, with a 
3 43 in. at the corner where the vise is 
mounted. If, as is probable, the be-
ginner has had some experience in car-
pentry, there is ample scope for him to 
show his ability in the drawers, which 
should be deep, with shallow sliding 
trays for small work. He should also 
put up shelves in convenient places, 

and not in general above the level of his 
chin, unless to be kept for boxes and 
other large and easily seen articles. 
Lower shelves for small articles should 
have edging put on 34 in. above the 
surface to stop things rolling off. While 
installing this part of his equipment he 
should be careful to repair any places 
in the wall where rain-water might leak 
in,bas it is fatal to keep good tools in a 
damp place. Time spent thus will be 
well repaid later on. 
The first tool to be bought should be 

a vise, which should be of the parallel 
jaw variety. If he has not much space 
he will probably content himself with 
one, in which case 336 in. jaws will be 
found suitable. If he can afford the 
space and money for two, let one be 
5 in. jaws for heavy work, and one 2. in. 
jaws for light work. Copper jaws should 
be made for both, and later on lead ones. 
When he becomes very luxurious he 
may add a leg vise, which, for really 
heavy work, such as forging, etc., cannot 
be beaten. Much, however, can be done 
without it; it must be classed as very 
optional. I advise mounting the vises 
so that one can work at the light vise 
sitting down, and at the heavy one 
standing up. 
We next come to hand tools in general. 

Hammers are important, and should 
always be seen before purchasing, as 
it is important to get those which suit 
the user. Two are sufficient—one about 
4 oz., with a cross-pane; and one (136 
to 2 lbs.), with the ball pane. If these 
are not bought together, the smaller 
one may be got first, as much can be 
done with it alone. As an optional 
accessory may be mentioned a brass or 
copper hammer for use on finished work. 
The 4 oz. size is sufficiently heavy. 
On the quality and suitability of one's 

files depends the pleasure of one's work. 
They should therefore be carefully 
chosen. For a start the following is a 
good selection: 

(a) For heavy work.—One 12 in. hand, 
second cut; one 12 in. half-round, second 
cut. 

These will be found invaluable in tak-
ing off a lot of metal, as a good sweep 
can be got without fear of knocking 
one's knuckles. 

(b) For medium work.—One 7 in. 
hand, second cut; one 7 in. hand, smooth; 
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one 7 in. half-round, second cut; one 
7 in. half-round, smooth; one 7 in. three-
square, second cut. 

(c) For very light work.—One or two 
sets of six 334 in. files of various shapes 
(round, square, knife, etc.) on card. 
A file card for cleaning files is neces-

sary, and the third variety is the best. 
The medium files should be purchased 
first, as they are the most useful, then 
the fine ones, and finally the heavy ones. 

For cutting sheet metal and chipping 
castings, etc., chisels are used. They 
are really best made at home, as one can 
then suit one's fancy as to length and 
size. A useful selection is: One 6 in. x 
X in. flat, and a set of four on a card 
4 x e4 in. (half-round, diamond, cross-
cut and flat). 

Center punches come in the same cate-
gory. Two are sufficient, 4 in. long, one 
large (about 346 in. at the end), and one 
small (about %2 in.). 
A hacksaw is a necessity. Beware of 

the cheap variety, as they are a snare 
and a delusion. A first-class one of 
American make to take blades of any 
size from 6 to 12 in. costs from 75 cents 
to $1.50, and will last forever. The ten-
sion is adjusted by the handle, which 
does not come off at the critical moment. 
The blades should always have fine teeth 
(23 per inch), and 9 in. is a convenient 
length. It is as well to find a good make 
by experience and keep to it, as nothing 
is more annoying than to break one's last 
hacksaw (when all the shops are shut), 
simply because it was a waster. As op-
tional may be mentioned a piercing saw, 
which is handy for small work, though a 
fret-saw can be made to do most of its 
work. 
The important question of stocks and 

dies now arises. For a start I advise 
getting the following sizes: 2-56; 3-48; 
4-36; 6-32; 8-32; 10-24; 12-24 and 
14-20. 
I find that one seldom requires to go 

above Me in. Later on the intermediate 
sizes up to X in. can be added, but above 
X in. is entirely unnecessary. These 
sets include« taper and plug taps, which 
are generally sufficient. Those below 
34 in. will be found very fragile, and when 
replaced only the very best quality 
should be bought. For the smallest 
sizes, squared taps have the advantage 
of greater strength, but, with careful 

use the grooved type will be found 
superior. A "tap-die" should be in-
cluded for each set, which makes the 
stock into an adjustable tap wrench. 

Before the screwing tackle can be 
used, some drills must be procured. 
These should be of the twist variety, 
and for a start the following set is 
recommended: Nos. 48, 44, 41, 33, 28, 
23, 15 and 10 for tap drills; Nos. 42, 
37, 31, 27, 18, 9, 1 and 34 in. for body 
drills. As time goes on the intermediate 
sizes may be added: but the first set 
will do most of the work required for a 
long time. Stands for the drills should 
be made of g in. polished hardwood, 
each drill standing in a hole X in. deep, 
the sizes being marked plainly. It 
will be found that the hole drilled at 
first in the wood block will fit the drill 
that made it tightly; it may be loosened 
by working the drill backwards and 
forwards. The holes must be drilled 
vertically, otherwise the whole thing 
will be an eyesore. If made before the 
lathe is purchased, it is best to get a 
friend who has either a lathe or a vertical 
drill to do it, as it is almost impossible 
to make sure of them being vertical if 
drilled with a breast drill. The latter 
is a necessity. The choice lies between 
one taking up to 146 in. at about $1.50, 
or one taking up to 34 in., with mush-
room head and two-speed gear, at about 
$2.50. The latter is much the better. 
A couple of combined center drills should 
be procured when the lathe is ready, one 
small (size E) and one large (size A). 
Among the hand tools not yet men-

tioned are pliers and snips. For the 
former I recommend the well-known 
make with parallel jaws. These are 
but little more expensive, and are in-
finitely above the ordinary kind. A 
selection which will fill most require-
ments is as follows: Heavy flat-nose, 
434 in.; heavy round-nose, 434 in.; 
toggle-jointed cutting nippers, 5 in.; to 
which may be added at a later date: 
Light flat-nose, 434 in.; and gas pliers, 
5 in. 
The snips should not be less than 10 in. 

in length, as they should be able to cut 
;46 in. sheet brass. 
Among the sundry hand tools to be 

found in every workshop may be men-
tioned hand vises, of which two sizes 
are sufficient, and broaches and reamers, 



302 ELECTRICIAN AND MECHANIC 

which are best accumulated gradually, 
as wanted for specific purposes. A 
handy accessory is a magazine screw-
driver, with a set of four blades. For 
small work this is invaluable. 
We now have a very good assortment 

of hand tools, which will start a model 
engineer well on his way, until he finds 
the need of a lathe. And here there are 
three courses open to him, depending 
both on his inclination and on his means. 

Gouge Chisel 
ri(7 2. 

W OOD-TURNING TOOLS. 

He may either decide to start with a 
plain lathe of good quality, so con-
structed as to admit of conversion to 
screw-cutting at a later time (such are 
readily obtainable), or he may get one 
of the several makes of low-priced screw-
cutting lathe now on the market, or he 
may " go the whole hog" and spend, say, 
from $75.00 to $200.00 on a really first-
class lathe. Some words of guidance 
may be of use. It is necessary in the 
first place to decide what form of motive 
power is to be used. I advise that for at 
least a year he rely entirely on foot drive. 
This is safer, both for him and for the 
tool, and is in many ways handier. Per-
sonally, I never feel so at home with a 
power drive as I do with a foot drive; 
but, like everyone else, I appreciate its 
advantages when a heavy job is being 
done. When he has become thoroughly 
accustomed to foot drive, and is complete 
master of his lathe, he may then aspire 
to power. For this I recommend a well-
known X h.p. two-stroke vertical gas 
or gasoline engine as being amply suffi-
cient, and very easy to start (I know of 
one which will start with one pull over). 
This may be used later on to drive an 
emery wheel, vertical drill and shaper, 
if required (not, of course, all at the 
same time). 
We will suppose, then, that it is de-

cided to use the treadle at first, at any 

rate. The question now arises: Shall 
the lathe be complete in itself, or a bench 
lathe with separate treadle? After 
experience of both kinds, I recommend 
for ordinary model work a bench lathe 
for the following reasons: 

(1) It is slightly cheaper (inclusive 
of treadle). 

(2) The bench being fixed to the wall, 
the lathe is firmer than if on its own legs, 
whiCh are seldom quite steady longi-
tudinally. 

(3) The bench is all round the lathe, 
which is infinitely better than the usual 
tray at the back, or 'small iron tray 
underneath the bed. 

Let us then decide on a bench lathe. 
If the "gradual building up" scheme is 
adopted, a lathe (back-geared, with a 
gap bed) may be obtained (without 
treadle) at a low figure. To this may 
be added, as time goes on and experi-
ence accumulates, saddle, slide-rest 
and screw-cutting gear—all of which are 
stock things—until a complete screw-
cutting lathe is attained of excellent 
make and ready for anything within 
its capacity. The treadle should be 
as heavy as possible. 

If this process appears less desirable 
than the acquiring of a complete lathe, 
one's mind turns to the $25.00 variety. 
Of these there is one which, by reason 
of its novelty, workmanship, and ma-
terial stands head and shoulders above 
the others, and the beginner need have 
no hesitation in investing in one, if 
unable to afford more money. Its great 
disadvantage is the absence of a back 
gear, but there are many ways of over-
coming this difficulty. 
To those who can afford the higher-

priced lathe, the 3X in. model by the 
same makers may be recommended as 
the model-maker's lathe. Description 
is needless, as it must be familiar to all 
readers. It has lately been improved, 
and may be said to represent the maxi-
mum value for its price. A larger lathe 
than this is unnecessary for model work, 
and this will work to its full capacity 
(perhaps I ought to add that I have no 
interest in these, or, indeed, in any other 
lathes, beyond the fact that I own one 
of the $25.00 ones). 
A very good way for a beginner who 

can afford one of the last-mentioned 
lathes is to invest first of all in a fairly 
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cheap single-geared lathe of good quality, 
and for some months to spend his time 
in acquiring facility in using hand-
turning tools, both wood and metal. 
He will then be in a better position to 
manage his more complicated lathe, 
and he will never regret the time spent. 
If space is scarce, he may sell it on 
getting the screw-cutter, but if not it is 
an excellent plan to keep it for wood-
turning and odd jobs, thus saving the 
other lathe from getting messed up with 
wood shavings. I strongly advise some 
preliminary experience before the novice 
tries his hand with a really first-class 
lathe. 
The lathe as purchased will include 

a faceplate, driver-plate and two centers. 
These, with the addition of a dozen Y4 in. 
bolts and nuts, and one or two clamping 
plates, and two carriers—one taking 
up to in., and the other to 1 in.—will 
enable him to do a great deal of turning, 
but he will very soon find the need of a 
grip-chuck of some kind. In spite of 
much that is said against them, I think 
the very popularity of the self-centering 
chucks shows that they are a real help. 
Personally, I should feel lost without one, 
though before I had one I got on very 
well with a bell chuck. The best size 
of self-centering chuck for model work 
is 3 in.; and two sets of jaws should be 
included. It must be used with great 
care. Straining at the key to put on 
extra grip is bound to force it out of 
truth, as is knocking work held in the 
jaws. If used properly it will last for 
years. 
We now come to the question of 

turning tools. A certain amount of 
wood-turning will be done, for which 
two gouges (3% in. and 1 in.) and two 
chisels in. and 1 in.) will be found 
suitable (see Fig. 2). For hand metal 
work, those shown in Fig. 3 will be all 
that the beginner will require. Most of 
the work will be done with the graver. 
This is not an easy tool to learn to use, 
but once the knack is found, practically 
anything can be done with it. The 
parting tool is best left alone until the 
others have been mastered. It is a very 
tricky one, and it is advisable to get 
some practical help from an expert. 
Slide-rest tools are practically innumer-
able, but most ordinary model work can 
be done with those shown in Fig. 4. The 

first four are for brass and cast iron only. 
No. 5 is a boring tool, Nos. 6 and 7 ex-
ternal and internal screw-cutting tools 
respectively, and No. 8 a parting tool 
(as dangerous as the hand one, or per-
haps rather more so!). For turning 
mild steel I never use anything but a 
tool-holder. Mine (home-made, as, in-
deed, are all my tools) is shown in Fig. 5, 
together with the most frequently used 
cutters. These are made from 146 in. 
square self-hardening steel, and can be 
made by filing only in a very few minutes. 
Heated to cherry red, and left to cool, 
they are ready for work at once. My 
experience is that this is much more 
suitable for mild steel than the ordinary 
tool steel, and in addition the expense 
is very small compared with the latter. 
As optional accessories may here be 

mentioned hand-chasers. The finer 
ones are generally the most useful, say 
40, 30, 26, 24, 22 and 20 t.p.i. Also one 
to suit the lathe mandrel thread (internal 
only). Knurling tools are also useful. 
By far the best is the slide-rest held 
variety, with double knurls, but this is 
expensive. For knurling such articles 
as terminals, and thumb-screws, hand 
knurls may be bought to fit into a simple 
handle. Two each, flat and concave, 
of different degrees of fineness, will 
suffice (the concave knurl will, of course 
fit convex work, which is the most com-
mon). 

This completes the equipment of the 
lathe, and the beginner will find the 
tools enumerated sufficient for most 
model-making. Later on he may add 
a 4-jaw independent chuck, but the 
faceplate will be found to act as a good 

Fi q 3. 
METAL-TURNING TOOLS (HAND.) 

substitute. Such accessories as mill ng 
attachments must be mentioned as 
desirable, but expensive. They really 
come under the heading of advanced 
apparatus, and in such an article as this, 
intended primarily for a beginner, are 
out of place. In the same category may 
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,404, 

Tools For Br-ass 
and Cast Iron Only Fig. 4, 

METAL-TURNING TOOLS (SLIDE-REST). 

be placed shaping machines and vertical 
drills. 
A good supply of tools is handy, but 

unless kept in good order they are an 
annoyance to their owner. For this a 
corundum wheel is required. This is 
superior to emery. I recommend the 
self-contained variety, driven by a 
treadle acting on the free-wheel principle. 
This costs about $6.25 complete, with a 
wheel 6 x es in. The beginner is in-
clined to think this expenditure unneces-
sary, and to be content with a wheel 
mounted on a spindle in the lathe. But 
once let him get an important job set 
up in the lathe and his tool get blunt! 
He will then appreciate the separate 
affair. In addition, it is very bad prac-
tice to have anything in the shape of 
emery near a good lathe. Another con-
sideration is that on the lathe it is im-
possible to get up sufficient speed really 
to grind tools. An oilstone is also a 
necessity, more especially for wood-
cutting tools. For putting a finish on 
metal-cutting tools a carborundum hone 
is recommended as being quicker and 
giving a sufficiently fine finish for metal 
work. 

Too/ Cutler•sU tÉ 
nIg 1-/o/der e] 

JLJJ 

TOOL HOLDER AND CUTTERS 

An important part of the equipment 
is the apparatus for measuring. A 6 in. 
steel rule graduated in 32ds and 16ths 
is required for setting dividers and other 
general measuring work. The well-
known American type of slide gauge, 
with vernier, micrometer adjustment, 
inside and outside jaws, and depth 
gauge, may be classed as a necessity. 

It will be found to fulfil most of the 
uses of ordinary calipers, and is much 
quicker to use. A pair each of inside 
and outside calipers may also be pro-
vided, being much used for testing 
parallelism in turned and bored work 
in the lathe. In addition, for scribing 
and setting out work a pair of spring 
dividers is required. Four-inch is a 
convenient size for calipers, etc. It is a 
mistake to have these too big, as they 
become clumsy to use. 
Under this head may be mentioned 

surface-plate, scribing block, and v ee-
blocks. For accurate work of even the 
most elementary kind these are abso-
lutely invaluable. The surface-plate 
should be as large as possible. It is 
better to have a large one planed only, 
than a fiddling little one—which is 
always just too small—fully finished; 
8 in. square is the very least it should 
be, and for lining up bedplates, field-
magnets, etc., 12 x 10 in. will be found 
better. (The oblong shape is more 
useful for its size than the square.) 
A very good substitute for a surface-
plate is a piece of plate-glass. Two 
pieces should be obtained and rubbed 
together with carborundum and oil until 
a matt surface is obtained. This pre-
vents the work from slipping. The 
scribing block may be of the ordinary 
type; in fact, it is best home-made. 
The elaborate ones are unnecessary for 
model work. 8 in. high is the best size 
for the spindle. A very good form of 
vee-block is obtainable with four vees. 
They are sold in pairs, together with 
a clamp for holding round rod to be 
drilled transversely. The price is very 
moderate. 
Upon the availability or otherwise 

of gas depends the form of heating ap-
paratus to be used for soldering and 
forging. If gas is on the spot nothing 
can excel a blowpipe and foot-bellows. 
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Various forms of blowpipe are sold, the 
one with separate gas and air controls 
being much used. In my opinion the 
"automatic" type, in which one tap 
controls both gas and air, thus keeping 
the mixture constant, is better, but it 
is much a matter of taste. Bellows are 
of two stypes—one having an India 
rubber bag, and the other having double 
bellows. The latter are better, but 
more expensive. A convenient size is 
12 x 10 in. A piece of firebrick on a 
sheet of iron makes a simple forge. For 
soft soldering two irons are required— 
one about 34 lbs and one 2 oz. The 
hatchet-shaped kind will be found the 
handiest. An ordinary gas ring may 
be adapted for heating. 

If no gas is available a blow-lamp is 
required. It is best to get a fairly large 
one, say, the 234 size, burning kerosene 
or gasoline. Later on a small self-
blowing lamp may be added for light 
work. These cost about $1.00, and 
are quicker to light than the larger 
ones. 

Before concluding I should like to 
impress once more on the reader the 
necessity for going slowly, and not 
getting too many tools at once, but 
thoroughly to master one before getting 
the next. When his equipment has 
reached the extent indicated in these 
notes, he may fairly deem himself a 
full-fledged model engineer.—Model 
Engineer and Electrician. 

MR. A. V. ROE'S MODEL BIPLANE 

Winner of London "Daily Mail" $375 Prize 

Mr. A. V. Roe, whose early prize 
model we are describing, may well be 
counted among the British pioneers of 
aviation. He holds the proud position 
of being the first British aviator to pilot 
a machine in England, and this machine 
an original one of his own design and 
construction. The Roe triplane, or as 
it is known the aeroplane, flew with a 
lower horse-power than any other ma-
chine, and although the particular design 
is not used much now, some of the essen-
tial features are retained in the Roe 
biplane. 
From early years Mr. Roe has been 

interested in the problem of artificial 
flight, and while at sea made a model 
fashioned on the lines of an albatross. 
For a time he was unsuccessful, and his 
interest flagged until hearing of the 
experiments of the Wright brothers in 
this country, he renewed his efforts, and 
built paper models of all sorts and 
descriptions. 
About this time the Daily Mail, 

London, always a generous supporter 
of artificial flight, offered a prize for a 
successful flying model; this stimulated 
Mr. Roe to still further efforts. As 
paper models were easily and cheaply 
made, he tried almost every conceivable 
shape and form of aeroplane, and one 
of the most successful types had the 
main planes or plane (if a monoplane) 
in front with a non-lifting tail; in fact, 

the tail had a slight negative angle, so 
that the air beat on the upper side. 
The result of these experiments was seen 
in the biplane model, which won for its 
designer and constructor the prize of 
$375. 

Mr. Roe was encouraged by this to 
commence on a full-size machine, and 
after a long and expensive series of ex-
periments his well-known triplan e, 
engined only by a 10 h.p. J.A.P. air-
cooled engine, weighing only 250 lbs. 
and driven by a flour-bladed propeller 
of 7 ft. diameter, was the first English-
built and driven aeroplane to leave the 
ground, and still remains the only suc-
cessful triplane. 
There is no doubt that Mr. Roe owes 

his success as a designer of aeroplanes 
to his early experiments with models, 
and every aero-model maker has a good 
example in front of him. It is yet pos-
sible to invent a new type of flying ma-
chine, and what one inventor, or, one 
may say, several inventors have done 
by experiments with models, others 
may do as well. 
The framework, 8 ft. long, is of tri-

angular shape, the main spars being 
either ash, spruce, or bamboo; the struts 
which occur at every 6 in. along the 
frame are made of bamboo, an old 
Japanese curtain providing struts about 
4 in. long and 4e in. diameter. These 
pieces are strung together with string as 
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Length of main planes, 8 ft. Width of main planes, 12 in. Depth between planes. 12 in. Size of elevating plane, 
6 ft. by 9 in. Length of frame, 8 ft. 6 in. Width of frame, 6 in. Propeller, 18 in. diameter. Motive power, 3 h. 
to h. square. square. Weight, 5 lbs. 

2. Plan of model. 3. Side elevation (with dotted lines, showing position of elastic motor.) 4. Section in front of 
main planes. 5. Method of attaching ribs and struts to main spar. 6. Section of the lower main plane 7. Method 
of protecting the ends of lower main plane. 8. Method of attaching triangular fusilage to main planes. 9. Method 
of joining triangular struts. 10. Enlarged detail of above joint. 11. The hammered steel-end of fusilage. 12. Section 
of propeller shaft. 13. One-half of propeller, showing method of fixing blade. 14. The type of glider, which led up to 
the design of model. 15. Scale of feet. 
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shown at Figs. 9 and 10, the three pieces 
being tightly drawn together, the string 
tied up, and the knot pushed down one 
of the tubes. The long spars were kept 
in place by tin joints, as shown at Fig. 5A, 
and the whole fusilage strengthened by 
mild steel wire placed diagonally in each 
opening. The wire is lashed around 
each point about three times in screw-
like fashion, left and right-hand alter-
nately, until finished. 
The main planes, 8 ft. x 1 ft., are 

built up of spruce, a front main spar, 
34 in. by %2 in., carrying most of the 
strain. Ribs ,46 in. by %6 in. are at-
tached every 4 in., and are secured by 
tin clips, the ends being pressed into 
the wood by pliers. The tin for these 
clips is cut into an elongated diamond 
shape, the two sharp ends are bent up at 
right angles, and then the point twisted 
round so as to run the same way as the 
grain of the wood. The method is 
illustrated at A and B. (Fig. 5). The 
rear spar is attached about one-third 
of the width from the back, and the 
whole of the under surface of each plane 
is covered with tracing paper, glued to 
the ribs and the front spar. Upright 
struts 12 in. long are attached with bent 
tin clips to the long spars at intervals 
and the triangular frame is fixed to a 
cross bar by elastic, and this crossbar 
is then attached also by elastic to the 
vertical struts; thus the triangular 
body can be moved and adjusted in both 
directions immediately. 
The elevating plane, 6 ft. by 9 in., is 

built up in similar fashion to the main 
planes, and is attached by means of 
rubber bands to the end of spars fixed 
to the main plane. The front edge of 
the elevator is exactly 3 ft. 6 in. from 
the front edge of the main planes. Ad-
justment is arranged for in a very simple 
manner, the normal angle of incidence' 
being that shown in the side elevation. 

There is no rudder or means of obtaining 
directional control in the model, but in 
his full-size machine Mr. Roe relies on 
wing warping, for which he has a novel 
method. 
A pair of semi-circular skids are at-

tached to the triangular framing, and 
to the end of the lower main plane a 
round cane of X in. diameter is attached 
by rubber bands to a crossbar, fixed in 
the same way to the upright struts and 
shown at Fig. 7. 
The propeller, 18 in. diameter with an 

effective pitch of 234 times the diameter, 
is made in two pieces, and attached to a 
brass rod X in. diameter. Fig. 13 shows 
the shape of one blade, which is made 
of No. 18 gauge aluminum riveted to 
the flattened end of the X in. brass rod. 
The hook for attaching the elastic is 
formed, as shown at Fig. 12, by a stout 
split pin bound with wire and soldered 
to the el in. rod. A ball thrust taken 
from the pedals of a bicycle runs against 
a steel plate, about No. 18 gauge, ham-
mered out to give great compression 
strength. The plate is attached to the 
end of the fusilage, as shown at Fig. 11, 
a similar plate being fixed, the other end 
to take the other end of the elastic. 

For the motive power, from X to et in. 
to yg in. square finest quality rubber was 
used for the propeller. 

Mr. A. V. Roe's model contains many 
original and novel methods of construc-
tion, and for a model of such large 
dimensions the weight of 534 lbs. showed 
that a lot of attention must have been 
devoted to details. The average dis-
tance attained by this model is between 
150 and 200 ft., and when one considers 
the perfection to which models have 
reached at the present time, and the 
distances they are capable of, the utmost 
credit must be given to Mr. Roe for his 
efforts in producing a practical flying 
model as far back as April, 1907. 

AUTO CHICKEN FEEDER 

The diagrams printed on the following 
page indicate clearly the nature of this 
automatic feeding arrangement. By its 
aid chickens may be fed at any time 
according to the setting of the clock. 
It stands to reason that the clock must 
be re-wound and the box re-filled with 
food each time. 

It may be asked by some why such 
an arrangement is necessary. It is 
within our knowledge that amateur 
poultry keepers occasionally find it 
necessary to go out in the early morning, 
after the chickens have received their 
first feed, and do not return until too 
late at night for their evening meal. 
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This arrangement in such cases comes 
to their rescue. 
The whole is fixed upon a back board, 

which is to be made 12 in. wide by 15 in. 
long. A circular hole, 4el in. in diame-
ter, is to be cut in its right-hand top 
corner, in order to receive the small 
alarm clock, which is a necessary part 
of the arrangement. 
The receptacle for the food is a rect-

angular wooden box, constructed at 
the left-hand top side, with an overall 
measurement of 6 in. wide by 9 in. high 
and 3el in. from back to front. A false 
bottom is inserted inside the box in order 
to guide the grain to the slot marked A, 
through which it is released. The top 
of the box is merely a lid which lifts off. 
A plain wooden slide, which must run 
smoothly, is arranged to cover the slot 
underneath the box. This slide works 
in the fillets shown at B and C (Fig. 2). 
A staple, F, is driven into the forward 
end of the slide. 
The clock has to be fixed in a casing, 

which is shown in Figs. 1 and 3. The 
handle for winding the alarm is taken 
off, and a small piece of “ in. brass 
tubing is brazed or pinned on to the 
shank of the winder, from which the 
handle has been removed, and a small 
deeply-cut cotton reel is made to fit 
tightly over the brass tube. A simple 
pulley is thus formed, which will revolve 
when the alarm goes off. A pulley 
spindle, indicated in Fig. 3, has to be 
fixed securely in the back board. This 
must be of metal, possibly a large wire 
nail would answer the purpose, provided 
it was supplemented by washers. Care 
must be taken in fixing this spindle to 
see that it is fixed in the back board 
exactly level with the staple in the slide, 
and in such a position that there will be 
room for the slide to be withdrawn. A 
strong piece of thoroughly flexible cord 
must be fixed to the pulley at the back 
of the clock, while its free end is fixed 
to the staple on the slide. It must be 
tight when the clock is in its position, 
and the slide is right home. 
Two fillets, the full width of the back 

board, 1Y$ in. square, must be fixed top 
and bottom of the board to get clearance 
for the clock. These are shown in Fig. 3. 
A small sloping shelf should be fixed as 
shown at Figs. 3 and 4, in order that 
when the grain is released it may fall 
upon this and be well scattered. 
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MODEL ELECTRIC SMELTING PLANT 

J. W. EVANS 

(Editor's Note.—We take pleasure in reprinting Mr. Evans' description of 
his admirable piece of model-making from the Model Engineer, London, in order 
to give our readers an idea of the development which this fascinating hobby has 
received in the hands of our English cousins. No doubt many of our readers will 
share our feeling of admiration for the ability and patience displayed by this 
enthusiastic model maker.) 

Reproduced herewith are two prints 
of a working model of a 5-ton electric 
steel smelting plant for making high-
grade tool steel directly from iron ores. 
All the machinery had to be designed 
and built up from solid metal. The 
only casting used was the main part of 
the mixing machine, which was cast 
from a pattern. It is interesting to 
note that in this electric smelting plant 
the writer has made 7-113. bars of high 
quality tool steel from 14 lbs. of 51 per 
cent ore in an hour from the time the 
crude ore has been placed in the fur-
nace. On one occasion a lathe tool, 
134 x 34 x 6 in. long, was cast direct, 
and the mold chilled, the tool taken out, 
tempered and ground, and was in use 
in a 16 in. lathe two hours after the 
crude ore was placed in the furnace. 
This is a record. The model smelting 
plant is on a scale of 34 in. to 1 ft. 
Everything connected with it is exactly 
to scale. 
The process of operation is as follows: 

The side dump car shown on top of the 
trestle conveys ground ore, limestone, 
charcoal and fluorspar from the grinding 
building to their respective bins, there 
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being openings in the floor through 
which the materials are dumped. These 
four bins have openings operated by 
levers, the openings being all at one 
point, so that a car can be placed under 
these openings on the weigh-scales and 
the respective quantity of each material 
for the charge can be weighed out with-
out moving the car. This car is then 
run along the track to the mixing ma-
chine, into which the contents are 
dumped, and the mixing machine is 
started. When thoroughly mixed, lime-
water is added for a binder, and the 
movable blades on the mixing machine 
shaft are turned so that the material is 
moved towards the outside of the ma-
chine, which is circular, and a door in the 
side of the machine is opened and the 
material emptied upon a belt conveyer, 
where it is carried up to the briquetting 
machine. From the briquetting ma-
chine the briquets are taken to the dry-
ing shelves above the furnace, and when 
dry are dumped into the pre-heater 
stacks. The steel is tapped out from 
the furnace into molds in the usual 
manner. 
An adjustable feeding device is at-
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tached to the back of the furnaces, 
which is run by power, and feeds the 
pre-heated and partially reduced 
briquets gradually into the furnace. 
The building is lighted by fourteen in-
candescent lamps, also to scale, as they 
are metal filament lamps less than Y$ in. 
in diameter. All the machinery is run 
by a small enclosed type motor, 2 in. in 
diameter. There are two slate switch-
boards with measuring instruments, 
switches, etc., all exactly to scale, with 
shaded lights on brackets above the 
instruments, and the necessary cut-out, 
etc. The electrodes in the furnaces 
are operated by hand wheels, being 
provided with rack and pinion move-
ment. Every bolt and nut was made 
by hand on a small lathe, and every nut 
and bolt have hexagon heads. The 

belt conveyer is 12 in. long, representing 
24 ft.,rand has sixty rollers, ten bearings 
above and ten bearings below the frame, 
with three rollers between each. The 
top bearings have studs placed at the 
proper angle to hold the angle rollers 
for supporting the edge of the belt. 
The belt is made of kid from ladies' long 
sleeve gloves, the flat belt used being 
also of the same material. All pulleys 
are slightly convex, and flat belting is 
used throughout. No trouble has been 
experienced from the belt running off. 
The briquetting machine is of the hori-
zontal cylinder type, is self-feeding, 
and the cylinder is contracted from 
y$ in. to in., which represents a 6 in. 

cylinder contracted to 3 in., which com-
presses the briquets sufficiently. The 
furnaces are the double electrode type, 
being the Evans' patent steel furnace, 
having both horizontal and vertical 
electrodes. When the furnace is started 
the horizontal electrodes are first used 
until the bath is fluid and some slag has 
been formed; then the horizontal elec-
trodes are withdrawn and the vertical 
electrodes are used, an arc being formed 
between each electrode and the charge. 
The furnaces are built of fire-clay, 
banded with iron and lined to represent 
firebrick. The frame work of the build-
ing is entirely of maple, with the posts, 
caps and bracing, etc., all pinned and 
glued. One side of the building is 
framed ready for the corrugated iron, 
the rest is left open to facilitate handling 

the cars, etc. Sheets of corrugated 
galvanized iron were made by stamping 
out in a pair of dies, the corrugations 
being cut in a shaping machine, using 
the coarsest feed, i.e., Me in. center-to-
center of corrugations. This gave 32 
corrugations in each sheet of 2 x 3 in., 
representing sheets 4 x 6 ft. long. A 
portion of the roof is covered with this 
material, the balance being left open 
for better inspection of the shafting and 
machinery. All the machines have 
brass bearings, and are adjustable with 
movable caps, held down with hexagon 
studs. The connecting rod of the bri-
quetting machine has studs made from an 
ordinary sewing needle, 3128 in. diameter. 
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The model was begun on January 4th, 
that is, the drawings were begun. Then 
all the machines had to be designed, 
the building planned and framed, and the 
whole was completed in running order by 
the 25th of February, in time for exhibit 
at our Canadian Mining Institute meet-

ing in Quebec on March 1st, 2d and 3d. 
That is, in 51 days it was completed. 
Needless to say, it was a case of night 
and day work continuously, with an aver-
age of less than six hours' sleep. The 
Geological Survey have purchased this 
model for their new museum at Ottawa. 

MEASURING HIGH FLIGHTS 

How Science Comes to the Aid of Aviation 

FRANK WALDO, PH.D. 

It is interesting to see how older 
methods of working out problems are 
adaptable to new problems. Thus when 
aviation became an assured fact, and 
it became a practical necessity to deter-
mine the elevations reached by the 
flying machines, and also the velocities 
attained by them, a number of methods 
were taken almost bodily from other 
applied sciences. In all the new appli-
cations of old methods to aviation 
there are, however, certain new features 
which have to be dealt with and new 
difficulties to be overcome. 
We have before this had the problem 

to solve of finding the height of some 
object above the sea level or above some 
level of the ground which has been 
assumed as a base or plane of reference. 

Lofty mountains rear their heads 
proudly above the lowlands and science 
has determined in feet or meters the 
. elevation of the summits up to nearly 
six miles. The clouds fly at all various 
elevations above the ground up td 
heights of perhaps ten miles; and these 
altitudes have been measured. 

The length of auroral streamers have 
been measured up to altitudes of many 
miles. 
The elevation of meteor "smoke" 

or mist has been measured up to alti-
tudes of thirty, forty, and fifty miles. 

Kites have been sent up to elevations 
of over two miles and these distances 
aloft have been measured. 

Balloons have carried men aloft to 
elevations of six miles and upwards, 
and the altitude has been measured. 

Smaller balloons without passengers 
have been sent up to altitudes of eleven 
miles. 

All these measurements have been 
made with scientific accuracy—that is, 

have been made by means of methods 
and apparatus that permit of definite 
quantitative results and furnish also 
an idea of the limits within which this 
result may be relied upon as to accuracy. 

There are two methods, totally inde-
pendent of each other, by which the 
elevation of the flying machine is deter-
mined. First, the method of triangula-
tion in which the observations are made 
from the ground by observers who work 
totally independently of the aviator. 

Second, the method of barometry, in 
which an aneroid barometer is carried 
along in the flying machine, and the 
instrument shows automatically, the 
pressure of the air at the flying machine, 
and from this the altitude is calculated. 
When a common aneroid barometer 
is used the aviator has to read the instru-
ment when he wishes to observe the 
elevation of the flying machine; but 
when a self-recording aneroid barometer 
is used the reading of the aneroid is 
registered automatically on a sheet of 
paper. 

HOW PROFESSOR WILLSON OF HARVARD 

WORKED IT OUT 

It is a very pretty practical problem 
to determine the elevation and speed of 
a flying machine, and the interest of 
Professor Robert W. Willson of Harvard 
was enlisted in this matter. It is one 
thing to say how the problem should 
be worked out, but it is quite another 
thing to carry out the detailed work 
with satisfying success. The school-
boy glibly describes a method of obtain-
ing the solar parallax, but it requires 
the skilled astronomer to determine 
its amount. Those who know the skill 
and experience of Professor Willson 
in solving somewhat analogous problems, 
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know that he is probably the best person 
in the country for this task. 

Professor Willson has worked out in 
detail two separate methods of triangu-
lation for the Atlantic meet. In one 
method he used the theodolite transit 
instruments at the end of a base line 
extending nearly east and west, as 
described in this article. In the other 
method he used two specially mounted 
sextants located at the ends of a base 
line extending north and south. This 
sextant method appealed strongly to 
Professor Willson at the outset (perhaps 
because he is the best authority that we 
have in this country on sextant obser-
vations), but as a result of his experiences 
last year at Atlantic he seems to find that 
the theodolite transit method has supe-
rior advantages. 

Regarding this sextant method as 
applied at Atlantic, Professor Willson 
says in a report made by him to the 
American Academy of Arts and Sciences: 
"A measured base of 5,000 ft. was es-
tablished on the line HS, reaching from 
the extreme northern limit of the course, 
across the field, passing above the center 
of the grandstand, and terminating at a 
poinfjust beyond the boulevard recently 
built by the Metropolitan Park Com-
mission. The north and south direction 
was chosen in order that the observa-
tions might not be interfered with by 
the sun at the time of day most favorable 
for flight. It was expected that the 
aviators would cross this line near its 
center on each coil of the ascending 
spiral, and that the greatest height 
attained at such crossing would be taken 
as the height of record." 

Regarding the practicability of this 
matter from the aviator's point of view, 
Professor Willson says: "It may be 
remarked that the use of (the other) 
method seems preferable to any that 
requires the aviator to attain his maxi-
mum height at a given point or line. 
If thus restricted, the Bleriot monoplane 
especially is at a disadvantage, as its 
construction makes it extremely difficult 
for the operator to see the ground at 
points anywhere near directly beneath 
him.. This discussion of his ascending 
spiral, checked by observations of his 
descent, fixes his highest point quite 
accurately without placing any burden 
upon the aviator himself." 

In this sextant method Professor 
Willson made a most ingenious arrange-
ment of an artificial horizon which is 
too technical for description here. Two 
observers manipulated the two sextants, 
and were in telephonic communication 
(by private wire) with each other, as 
well as with t he committee-room at the 
grandstand. A chart was constructed 
on which could be read off at once the 
height of the flying machine correspond-
ing to simultaneous observations of its 
altitude as made at the sextants at the 
ends of the base line. From this chart 
altitudes up to 15,000 ft. could be read 
off. 

THE THEODOLITE-TRANSIT 

The first method of triangulation is 
carried out in detail as follows: The line 
of reference, or base line as it is called, 
is measured along the ground; at each 
end of the line there is an unobstructed 
view of the flying machine. At the two 
ends of this line are mounted instruments 
which measure both the vertical and 
horizontal angles over which a small 
telescope is moved. An observer placed 
at each telescope can, by means of the 
horizontal and vertical motion, keep 
the telescope pointed at the flying ma-
chine in the air. There are placed in 
the telescope two cross lines, of the 
apparent thickness of a fine hair, and 
these intersect each other at right angles 
at the center of the circular field of view 
when the eye looks through the telescope. 
Such an instrument is what the astrono-
mers call an " alt-azimuth" instrument. 
Special forms of a surveyor's theodolite 
or a mining transit instrument are well 
suited for this work. 
As a matter of fact, a special theodo-

lite by Berger and a mining transit by 
Buff were used by Professor Willson 
in his application of this method to the 
aviation met at Atlantic. It is needless 
to say that these instruments must be 
of the very best construction, as the 
accuracy of the results depends largely 
on this exactness of construction. 

But when the base line has been 
measured, and the theodolites carefully 
set up there still remain accessories to 
be prepared. Observations of the posi-
tion of the flying machine must be made 
at exactly the same instant by the two 
observers at the end of the base line. 
The general procedure in making an 
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observation is about as follows: A tele-
phone line between the two observers 
permits them to decide upon just what 
part of the flying machine the telescope 
is to be pointed (namely, the intersec-
tion the cross wires shall cover). Hav-
ing decided this, an observer says to 
the other, " ready," and this means that 
both the observers are keeping the inter-
section of the wires directly covering 
that particular point of the flying ma-
chine. Then a few seconds later the 
first observer says to the other " set ;" 
and each theodolite is left in just the 
position that it was when the signal 
"set" was given. The observers at 
the two theodolites are provided with 
timepieces which have been compared 
with the standard timepiece of the avia-
tion meet. 
Each of these observers notes the 

time on his own timepiece when the 
word " set " is spoken over the telephone. 
So that the time when the flying machine 
was at the place of observation by the 
theodolites, is known to a second. The 
watches of the theodolite observers are 
compared with the standard timepiece 
by means of telephonic signals. Some 
person counts off into the telephone the 
seconds on the standard timepiece and 
the two observers hear this and note 
the time by their own watches. Time 
comparison of this nature can be made 
between two good watches with an 
accuracy of about a quarter of a second, 
when some facility in this sort of pro-
cedure has been acquired through prac-
tice. There is probably not more than 
a difference of a single second of time 
in the actual making of the obseryation 
on the two theodolites. It has been 
found by practical experience that when 
the two observers are working quickly, 
complete observations could be made 
by this method at intervals of from 
30 to 40 seconds. This may be further 
reduced. 

This is the general method by use 
of theodolites that was carried out by 
Professor Willson and his assistants 
last year in the first Atlantic meet. 

This year what may be termed an 
extension of this method has been made, 
which expedites the whole process and 
permits observation for definite alti-
tudes. 

THEODOLITE OBSERVATION 

A third apparatus is called into play 
in connection with the theodolite ob-
servation. A horizontal table (called 
a " plane table") is set up and provided 
with two ruler arms. These arms are 
separated at. one end by a distance pro-
portional to the length of the base line. 
When the angles or the horizontal circles 
of the two theodolites are read off, after 
the telescopes have been "set" on the 
flying machine in making an observation, 
these angles are telephoned to the " plane 
table" operator and each ruler is set 
at the angle shown by the respective 
theodolite which it represents. The 
free ends of the rulers therefore intersect 
at a point representing on the paper the 
point on the ground directly beneath 
the flying machine. A calculated numer-
ical table now shows just what vertical 
angle has to be observed on the theo-
dolites in order to determine when the 
flying machine is at a certain height 
above the aviation field, so that by the 
plane table operator forewarning the 
observers at the two theodolites at 
what vertical angle the theodolite must 
be when a certain elevation of the flying 
machine is reached, an accurate obser-
vation may be obtained at that eleva-
tion. By this means the actual altitude 
of the flying machine in feet is known 
within a few seconds after the observa-
tion has been made. 

This theodolite method of triangula-
tion was given a second place in the 
preparation for the measurement of 
last year. Since, however, this year 
this method of observation has been 
given the preference, some specific men-
tion of the base line will be of interest. 
It extends nearly east and west for a 
distance of 6,236 ft., and lies about 
234 miles south of the Aviation Field. 
One end of the base line is on Forbe's 
Hill, in Quincy, and has an elevation 
of 128 ft. above the Aviation Field. 
The other end of the base line is on the 
estate of Mrs. E. M. Carey, in Milton, 
and has an elevation of 71 ft. above the 
Aviation Field. The observers at the 
end of the base line could see each other, 
but they could not see the grandstand, 
and could not see the aeroplanes until 
they had risen to a height of from 50 to 
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75 ft. Concerning this choice of location 
Professor Willson says: 
" The position of the base was selected 

so that observations could not at any 
time be interfered with by the sun, and 
that the angle of elevation could be 
measured without an eye prism (i.e., 
by looking straight through the tele-
scope) up to an altitude of more than 
15,000 ft. above the center of the field. 
The distance from the field was not so 
great that it was necessary to read the 
angles with great accuracy (from an 
astronomical standpoint), while it was 
sufficiently great to reduce materially 
the difficulty in following the rapidly 
moving aeroplanes, so that it was pos-
sible to observe quickly and accurately 
both horizontal and vertical angles 
without a finding device." 

This theodolite method of observing 
the height of aeroplanes is very accurate, 
and the error is not more than 10 ft., 
and is probably even less than that 
amount. During an hour's flight up-
ward of séventy-five observations may 
be taken, and this permits the heights 
and the times to be plotted on cross-
section paper and a curve drawn show-
ing the upward and downward course 
of the aeroplane. 

If the aviator happens to turn from 
the ascent to the descent in between 
two observations this gap in the curve 
may be filled in with considerable cer-
tainty unless some accident has sud-
denly changed the course of the aero-
plane. 
The accuracy with which an aeroplane 

can be observed varies with the rapidity 
of movement. When the motion is very 
rapid, as that in descent, which may be 
from eight to ten times as rapid as the 
ascent, the making of an observation 
becomes very difficult, since the inter-
section of the cross wires in the telescópe 
of the theodolite have to be set on the 
rapidly moving object in both instru-
ments simultaneously. 
The theodolite method, while of great 

accuracy, has certain limitations. Only 
one aeroplane can be conveniently 
observed during its flight. It would 
be possible, certainly, to have three or 
four machines in the air at once and 
observe them in succession, but this 
would leave each one too long' without 
an observation, and there would un-

doubtedly arise many errors due to con-
fusion of the aeroplanes. Thus this 
method is distinctively a single-flight 
method. 

If it is desired to observe several 
flights simultaneously, then a pair of 
theodolites and two observers must be 
provided at the end of a base line for 
each machine. 
A more serious drawback is the inter-

ruption of observations by the aeroplane 
passing out of sight of one or both of 
the theodolite observers owing to fog, 
cloud or a sudden shower. 
The skill required on the part of the 

observers in making ac-curate observa-
tions is much greater than would be 
imagined, and a long preliminary train-
ing in this particular work is undoubt-
edly necessary. Probably good training 
with the sextant such as Professor 
Willson gives his pupils in his college 
instruction is the best preparatory 
training offered by any of the usual 
processes of scientific observation. The 
work requires much concentration and 
rapidity of manipulation on the part 
of the observer—a combination of the 
accuracy of geodetic work, the co-ordina-
tion of astronomical work and the facility 
of field surveying. 

THE BAROMETER 

The only rival and the supplement 
of the theodolite at the end of a meas-
ured base line, in observing the height 
of aeroplanes, is the aneroid barometer. 
This comes in two forms. The instru-
ment has the form of a watch or small 
round clock, and in which the reading 
is made from a hand moving around 
over a clock-face or dial. This hand 
shows the atmospheric pressure on a 
scale of inches (or centimeters), which 
takes the place of the hour and minute 
divisions on a watch dial. Such a 
barometer, if well made and in good 
condition, may be read to hundredths 
of an inch (or tenths of a millimeter). 
The position of the hand on the dial 
must be read by the person using it just 
as a watch must be read to tell the time. 
The barometer works on the principle 

that the pressure of the air is the weight 
of the air pressing down from above, 
and with ascent above the ground there 
is less air above and consequently a 
reduced air pressure. This air pressure 
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at sea level is about the same as the 
weight of a layer of mercury about 30 in. 
deep, but the air pressure decreases with 
ascent above the ground at the rate of 
about one-thirtieth for each 1,000 ft. 
of ascent. So that for each 1,000 ft. 
of ascent (in the lower part of the atmos-
phere) the weight equivalent to one inch 
of mercury would be taken off the air 
and the pressure of the air be reduced 
accordingly. The aneroid barometer 
is a little metal box from which the air 
inside has been removed. The outside 
air presses on the sides of the box and 
causes them to spring in slightly. The 
amount of this springing, which varies 
with change of outside air pressure, is 
measured by the hand moving over the 
division on the dial. 
The hand of the aneroid barometer 

reads lower and lower as the instrument 
is carried aloft by the aeroplane. A 
good aneroid ought to show a noticeable 
shifting of the hand for each 10 or 20 ft. 
of ascent or descent—about %o in. change 
on the dial for each 100 ft. of rise or fall. 

Self-recording aneroid barometers are 
also made in which the movement of 
the hand is registered on a piece of paper 
which is drawn under the hand by means 
of a little clockwork. The barometer 
hand carries a little pen which traces the 
movement of the hand on the piece of 
paper. By this means a continuous 
record is made of the movement of the 
hand, and consequently of the elevation 
of the aeroplane which carries the in-
strument. 

These little self-registering aneroid 
barometers are now sent up in the aero-
plane on each important ascent where 
a sure, unbiased record is desired. The 
aviator has nothing to do with the in-
strument which is put on the machine 
by the "committee" and at the end of 
the flight is removed by them. It 
furnishes an independent and fairly 
accurate record of the whole flight. 

It must always be remembered, how-
ever, that an aneriod barometer is a very 
fragile mechanism and very liable to get 
out of order—a self-registering aneroid 
being particularly liable to disturbance. 
The best form of self-registering 

aneroid barometer is that constructed 
by Richard of Paris, but several modi-
fications have been effected for special 
uses. A very light form of Richard 

barograph was designed by M. Du Bort 
of Paris for use in small balloons which 
have carried these instruments up to a 
height of about 11 miles above the sea. 
Such instruments have been made to 
register elevations of 15 miles. 
A very small pocket-registering ane-

roid was noticed recently in an opti-
cian's window in Boston which was 
designed to register continuously up to 
altitudes of 15,000 ft. above sea level. 
Aneroid barometers, whether self-

registering or not, must be compared 
with a standard barometer just before 
and just after a flight, in order to see that 
they have undergone no change during 
the flight. 
But before an aneroid is used in avia-

tion at all, it must be placed in the 
receiver of an air pump and a comparison 
made with a standard barometer at such 
low air pressures as will be encountered 
during the flight. These air-pump com-
parisons should be made at frequent 
intervals during a meet; and an air-
pump outfit should form part of the 
equipment of any aviation grounds. 
Even under the best conditions of 

using an aneroid barograph possible 
errors of from 5 per cent at low altitudes 
to 1 per cent at high altitudes may enter 
into the records and not be detected. 
An error of 100 ft., or even 200 ft., might 
be possible. 

It is probable that at low altitudes 
the theodolite is much more accurate 
than the barometer (it certainly is more 
certain) in determining heights of aero-
planes; but at very great heights the 
barometer would probably be more 
accurate. Still with such good instru-
ments as Professor Willson would use 
for measuring angles the method of 
triangulation is undoubtedly more ac-
curate than the barometer at the low 
altitudes of the Atlantic meet. 
One great advantage of the recording 

aneroid barometer is that there is a 
continuous record of the flight through 
cloud as well as through clear sky. 

Aneroid barometers which are not 
self-recording are also used by aviators. 
A large one as big as a small dollar clock 
may be attached to the frame of the 
aeroplane, convenient for the aviator's 
observation; or a small one the size of 
a medium-sized watch may be worn on 
a strap encircling the wrist. 
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A SIMPLE BATTERY TELEPHONE 

HOWARD S. MILLER 

Fig. 1 

The short-line battery telephone, as 
commonly wired, comprises transmitter, 
receiver, induction coil, autornatic 
switch hook, double contact push 
button, and a call bell or buzzer. All 
of this apparatus, however, is not needed 
to secure efficient service, and where 
one desires to assemble the parts for 
his own telephone instruments, there 
is a simpler system available which gives 
excellent results. 

A SIMPLE PHONE 

Fig. 1 is a photograph of one of a set 
of instruments made by the author, 
in which the number of working parts 
has been reduced to four, without sacri-
ficing either the talking or operating 

2 
3 
4 

qualities of the instrument. It consists 
a suitable backboard on which are 

mounted tYansmitter, pony receiver, 
watch-case buzzer and a three-point 
battery switch for controlling the cir-
cuits. 

ITS OPERATION 

The operation of this instrument is 
is follows: To make or to answer a call: 
Move the lever of the switch from the 
lowest contact to the uppermost contact. 
The other party has then been rung up, 
and the circuits are connected for talk-
ing. If the party called does not answer 
on the first call, make another call by 
moving the lever down to the middle 
contact for a second, and then returning 
it again to the upper contact. When 
t he conversation has. been finished, re-
turn the switch lever to the bottom 
contact. There is but one system whose 
iperation is simpler than this, and that 
system will be mentioned in the para-
graph titled "An Automatic Phone." 

ITS WIRING 

The wiring of the instrument illus-
trated in Fig. 1 is shown in Fig. 2, and 
from this figure the circuits brought into 
operation as the switch is moved can 
be traced. In this figure R is the re-
ceiver, T the transmitter, S the three-
point switch, B the bell or buzzer, C the 
battery, and L, L' the line terminals 
connecting with the distant station 

It is seen that when the switch lever 
is on the lower contact, the bell is con-
nected across the line wires, ready to 
receive a signal if one is made. As the 
lever is moved upwards to make a call, 
it touches the middle contact, connect-
ing the battery across the line and send-
ing the signaling current to the other 

COMMON n ETUR11. 
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station. When the lever reaches the 
upper contact, the transmitter and 
receiver, in series with the battery are 
across the line ready for talking. 
One cell of battery at each station is 

sufficient for short lines. For longer 
lines enough cells are added to make the 
call bell or buzzer work clearly. 

It will be noticed that, from the 
arrangement of the switch contacts, 
the party who, after a conversation, 
last returns his switch to the lower posi-
tion, will ring the bell at the other sta-
tion. This is to be considered a " ring-
off," and not a recall. 

AN AUTOMATIC PHONE 

If the operation of moving the switch 
lever across the contacts were performed 
by a switch controlled by a receiver 
hook instead of by hand, we would have 
an automatic phone which would merely 
require the removal of the receiver from 
the hook to ring up a distant station 
and establish talking connections. Such 
a system would make the operation of 
the instrument the simplest possible. 

Fig. 3 gives a sketch (side view) of a 
hook which can be substituted for the 
three-point switch of Figs. 1 and 2 to 
make an automatic phone. This is 
offered as a suggestion which the experi-
menter may work out. The lever may 
be made from a piece of brass tubing, 
or from a flat piece with a short piece 
of tubing soldered on one end to contain 
the spring and ball. This ball in the 
end of the lever, rolling along the con-
tacts causes the switch to operate very 
easily and smoothly. 

INTERCOMMUNICATION 

À number of the simple instruments 
described above may be wired up for 
intercommunication, according to the 
usual method; or they may be connected 
as shown in Fig. 4, which shows a system 
with four stations wired in. The termi-
nals N, N' at each station in Fig. 4 
connect to the terminals L, L' respect-
ively, of the instrument shown in Fig. 2. 
An ordinary battery switch is required 

at each station, having one less points 
than the number of stations to be accom-
modated. There is no "home" point, 
and when not in use, the intercommuni-
cating switch lever does not rest on any 
point at all. The battery is retained 
at each station, and may be placed on 

SCALE, /" 

/ STOPS 

2 NOON LEVER 

P/BRE BLOCK 

4 BRASS CONTACT P/ECES 

ei STEEL !SALL 
6 « nd 7 - SPR/N6S 
8 TENS/ON AD3CIS 7/NG SCR E VV 

F/G. 3. 

317 

8 

the floor under the instrument or in a 
nearby closet. 
For information concerning line wires, 

cables, testing, etc., the reader is re-
ferred to page 110, Volume XXII of 
Electrician and Mechanic. 

Origin of Artesian Water 

Whence comes artesian water? It is 
believed by many persons that artesian 
water is stored up in the depths of the 
earth in great reservoirs or exists as 
mysterious underground rivers which 
eventually find their way to the surface. 
It is true that the water is stored up in 
underground reservoirs, but not as pop-
ularly supposed. With the exception of 
a few caverns of comparatively small 
extent such reservoirs bear no relation 
to open basins of the surface type, but 
are as a rule rock strata or masses in 
which the only openings are spaces be-
tween the grains or along lines of solu-
tion, planes of jointing, cleavage, or 
bedding, or other fissures. 
The probable source of underground 

waters has been widely discussed, and 
while every one would doubtless agree 
that by far the greater part is derived 
from rainfall, there is considerable varia-
tion of opinion as to the relative impor-
tance of the other sources, such as seep-
age or absorption of water from the 
ocean, or the release of otherwise una-
vailable waters in the earth's crust 
which have been set free by physical or 
chemical exclusion. 

Bulletin 319 of the United States Geo-
logical Survey, entitled "Summary of 
the Controlling Factors of the Artesian 
Flows," by Myron L. Fuller, discusses 
the subject of the theory and behavior 
of artesian wells. A copy may be ob-
tained on application to the Director 
of the Survey at Washington. 
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DESK SET 

LIME CRIIFTSMA 
.F ;Vii—vriaz•.s.)  

The desk set, comprising a number of 
small articles, forms one of the most 
interesting as well as one of the most 
useful problems which the craftsman 
has the opportunity of working out. 
A large number of shapes and designs 
can be originated for each piece, but 
the general outline, design and finish 
must be the same on all. The set we 
here illustrate offers about as simple a 
problem of this kind as we are capable 
of producing. It consists in a blotting 
pad with metal corners, a pen tray, a 
rocking blotter, a stationery rack, an 
ink well and a paper knife. There is 
no etching upon any of the pieces and 
the finish is simply a high polish, after 
which it has been lacquered. 
The copper or brass needed to con-

struct these pieces consists in the follow-
ing: 

Corners:-2 pieces »g x ilkg in. No. 
18 gauge. 
Tray:-1 piece 3 x 12 in. No. 18 gauge. 
Blotter:-1 piece 334 x 534 in. No. 18 

gauge; 1 piece spring brass 234 x 5 in. 
Stationery rack :-1 piece 534 x 634 

in. •, 1 piece 534 x 534 in., No. 18 gauge. 
Ink Well:-1 piece 3Y0c3Y4 in.; 

1 piece les x 5et in.; 1 piece 23'x23/ 
in., No. 18 gauge. 

Paper Knife:-1 piece 1 x 7 in., No. 18 
gauge. 

PAD CORNERS 

Considerable time and material can 
be saved by working the corners up in 
pairs. The drawing shows very clearly 
how each should be laid out. The cut-
ting is done along the solid lines and 
the bending along the dotted. Sharp 
bends must be obtained if the work is to 
look well. The right angle bends may 
be made sharp by placing the metal 
between two strips of hardwood held 
in the vise, and pounding it over with 
the hammer. Next a piece of metal, 

about %6 in. thick and with sharp edges, 
should be placed so that the return bend 
can be made over it. The edges should 
show the hammer marks of the ball pein, 
as this breaks up the monotony of a 
plain edge. 
The cross section shows a piece of felt 

glued on the under side of each corner, 
so that the metal will not scratch the 
desk upon which it is placed. It also 
shows the pad and the blotter in position. 
The pad may be purchased or it may 
be made by the craftsman. It is com-
posed of a piece of heavy cardboard 
around the edges of which is fastened a 
strip of gummed cloth. 

PIN TRAY 

Directions for the forming of a tray 
have already been given in this course, so 
that few instructions are here deemed 
necessary. Notice that the edges of 
this tray run out straight and are not 
curved over as in the case of the former 
one. The bottom of this tray should 
be covered with felt the same as the 
corners, and for the same reason. 

BLOTTER 

The blotter is very easily formed, the 
drawing showing but four bends to make. 
The cross section shows a strip of spring 
brass holding the blotter in position. 
Remember to order spring brass for 
this, as the ordinary soft metal will not 
do. 

STATIONERY RACK 

This rack shows two pieces of metal 
bent at right angles and riveted together 
with about six rivets; the edges being 
hammered before the riveting was begun. 
A piece of felt should be glued on the 
bottom of this rack as explained before. 

INK WELL 

The ink well offers the most difficult 
problem of this set, but it suggests noth-
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ing that the craftsman is not capable of 
performing. The glass bottle for this 
well is let in. square. 
The tray is the first part to construct. 

It is exactly like the pen tray except 
in size. 

Next comes the holder. It is pat-
terned as shown, the bending coming 
on the dotted lines. The flange left on 
one side is for riveting the piece together, 
and the flanges left along the bottom 
are for riveting the holder onto the tray, 
as shown in the photograph. 

The cover is formed as illustrated by 
return bends on the edges. Great care 
must be taken to obtain the correct 
dimensions, or it will not fit in place. 
The paper knife is made exactly like 

the one explained in a former article, 
and for the sake of brevity, it has not 
been repeated here. 
Each artiçle should be polished, and 

it should receive a coat of lacquer to 
retain this polish. 

(To be continued) 

SOME UNEXPLORED FIELDS IN ELECTRICAL ENGINEERING* 

C. P. STEINMETZ 

Suitimary.—The author suggests a number of electrical phenomena 
which require further investigation. Among these are: the current 
distribution in a conductor conveying alternating current, lightning 
discharges, the conduction of gases and vapors, the loss of energy by a 
cyclic change of magnetism, magnetic alloys. Two vast fields in which 
increased knowledge is of immediate industrial importance are: the prop-
erities of materials beyond the elastic limit and transient phenomena 
resulting from the readjustment of the stored energy of systems. 

A lot of work has been done along 
many lines since the early days of elec-
trical engineering, and a lot of different 
fields have been uncovered; but there 
are larger fields still unexplored and 
there are regions that are still unknown. 
For example, there is no simpler and 
apparently better known phenomenon 
than the resistance of a conductor. A 
conductor has a definite resistance which 
varies with the temperature, etc. With 
alternating current the resistance ap-
parently increases in large conductors, 
because the current flowing in the con-
ductor is not uniform throughout the 
entire section. We can calculate the 
phenomena of the lack of uniformity of 
the current density in the conductor for 
the case where the current density is 
not yet very un-uniform (the current 
density at the center being only 5 to 10 
per cent lower than at the periphery) 
and get an approximation which is satis-
factory for all purposes of electrical 
engineering. There is also the other 
extreme, where the current density in 
the middle of the conductor is practically 
zero, and the current is limited to a thin 

shell on the outer surface, as in the rai1 
return of the single-phase railway, or in 
ordinary conductors at very high fre-
quencies, as with lightning discharges. 
This case we can also calculate, deter-
mine the current distribution in the 
conductor, the apparent penetration and 
the effective resistance of the conductor, 
with an approximation as close as our 
knowledge of the constants of the ma-
terial, the conductivity and permeability 
permits. But when you come to the 
intermediate and probably most inter-
esting case, where there is current even 
in the center of the conductor, but a 
material difference in the current density 
between the outside and the center of 
the conductor, we find as solution an 
infinite series, which in this case con-
verges so slowly as to be practically 
useless, and this case thus is still prac-
tically unexplored. 
Another unexplored phenomenon of 

every-day occurrence: there are many 
thousands of trolley cars running all 
over the country with a direct-current 
supply of about 500 volts, and rail 
return. While the car passes along the 

*Abstract of a Paper presented at a joint meeting of the electrical section of the Franklin Institute and the 
Philadelphia Section of the American Institute of Electrical Engineers. 
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track, the current flows from the wheels 
down into the rails, and then in the rails 
to the station, as sketched diagram-
matically in Fig. 1. At the point A. the 
current enters the rail from the wheel. 
To the left of this point, it flows towards 
the left, as indicated by the arrow a. 
To the right of A., it is supposed to flow 
towards the right, as indicated by b, 
and at the point A. the current in the 
rail thus is supposed to reverse. How-
ever, the current cannot instantly reverse 
in the entire rail section, but the same 
screening effect of the magnetic field 
in the conductor, which causes unequal 
current distribution with an alternating 
current, makes it impossible for the 
current inside of the conductor to reverse 
instantly, and in the first moment, the 
reverse current b thus flows only on the 
very top surface of the conductor and 
only gradually penetrates deeper into 
the conductor, and before the current 
flows uniformly throughout the entire 
rail section in the new direction b the 
car has moved hundreds or even thou-
sands of feet. Thus, the current dis-
tribution in the rail behind the moving 
car, in the successive sections A,, A„ 
. . .. is as indicated approximately in 

lip Al A, A1.3 

F. 1. 

Fig. 2, where the black or shaded portion 
of the rail shows the section in which the 
current has already reversed, the un-
shaded portion, the unreversed part, that 
is, that part in which the current still 
flows in opposition to the resultant cur-
rent flow, is running forwards instead 
of backwards. The obvious result is 
an increase of the effective resistance 
of the rail return, which immediately 
behind a high-speed car may be very 
considerable. Still this phenomenon, 

which occurs daily all over the country, 
has never been investigated, not even 
been recognized in its existence. 

In some fields of electrical engineering 
or of electrical science we might almost 
say that we know less now than we knew, 
or rather believed we knew, a quarter 
of a century ago. There are things 
which had been investigated a quarter 
of a century ago and which were ex-
plained in a satisfactory manner to our 
limited knowledge in the early days, 
but this explanation does not seem satis-
factory now, with our greater knowledge. 
A curious example we might cite from 
the text-books on natural history. 
There are supposed to be some fishes 
which are capable of giving electric 
shocks, fishes which have an organ which 
generates electricity; it has been de-
scribed as being constituted like a Volta-
pile. That theory was quite acceptable 
twenty-five years ago, but is not satis-
factory now. To give a severe shock 
would require about 500 to 1,000 volts, 
and it is not intelligible how such voltage 
could be generated in the conducting 
animal tissue, without being short-
circuited. Furthermore, the fish is 
immersed in water, which is a fair con-
ductor, especially sea water, and 500 
volts or more would produce hundreds 
of amperes in the surrounding water, 
representing hundreds of kilowatts, and 
it is not intelligible how such a large 
power could be generated even momen-
tarily. Just why that phenomenon 
has not been investigated by electrical 
engineers we do not know; especially 
when considering that one of the electric 
fishes, raja torpedo, lives in the Mediter-
ranean and is frequently caught on the 
Italian shores, that is, within easy reach 
of engineers. 
But we do not need to go so far from 

home; right at hand we have some of the 
most important uninvestigated phe-
nomena of electricity. The thunder-
storm, the lightning, and so forth. Spec-
ulations were made in the early days as 
to how the clouds became charged, and 
as then the only method of producing 
electricity was by friction, it was said 
it might be the friction of the vapor 
through the air, or the rain drops 
through the air, or some other form of 
friction. That explanation used to 
appear satisfactory, but with our present 
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knowledge of dielectric phenomena, it 
is not satisfactory any more. It was 
thought that lightning was the discharge 
from the cloud to the ground. That 
means that the electric field between 
the cloud and the ground must be be-
yond the breakdown strength of air. 
In a uniform field, the breakdown 
strength of air is about 75,000 volts per 
inch, or nearly a million volts per foot. 
Even if the cloud is only 1,000 ft. above 
ground, this would require a thousand 
million volts. If there were an electro-
static field between the cloud and the 
ground of a thousand million volts 
extending over the whole area of the 
thunder cloud, this would represent 
such an immense amount of electric 
energy that it is inconceivable how any 
reasonable source of energy can produce 
it; how it can exist without having a 
destructive effect far beyond anything 
known of lightning. Furthermore, a 
uniform field cannot well exist between 
clouds and ground, on account of the 
unevenness of the ground surface. 

Let us look into another conception, 
not a uniform electrostatic field, but 
an un-uniform field, like that of the 
discharge between points. With long 
striking distances between points, the 
average gradient is about 170,000 volts 
per foot. This would require only 170 
million volts between a cloud 1,000 ft. 
high, and the ground. This would be 
more reasonable. It would not require 
such an unreasonably vast amount of 
stored electric energy. But we know 
that in such an un-uniform field the 
spark is preceded by a brush discharge 
covering more than half the distance. 
Thus, lightning should be preceded by 
a brush reaching down from the cloud 
and up from the ground, for several 
hundred feet. Now such an enormous 
brush has never been observed, and is 
inconceivable; the brush discharges 
occasionally observed at points during 
storms are only a few inches long. 
Furthermore, a 300 ft. brush is incon-
ceivable, because the resistance of the 
ground is not low enough to conduct 
the energy necessary to maintain such 
a brush discharge. Furthermore, most 
of the lightning discharges are not be-
tween the cloud and the ground, but 
are internally in the clouds, frequently 
reaching the length of several miles. 

With our present knowledge we must 
consider as the most probable explana-
tion—although not certain by any 
means—that the lightning discharge is 
the phenomenon of the equalization of 
internal electric stresses in the cloud, 
and is analogous to the splintering or 
breaking of an unevenly stressed brittle 
material, like glass. But how do those 
uneven electrostatic stresses originate 
in the cloud, and how do they reach 
such values as to cause internal equaliza-
tion by rupture? 

It is not so difficult to make a pre-
liminary estimate of the building up to 
very high and uneven voltage distribu-
tion in the cloud as soon as you have 
assumed some initial voltage. We do 
not know where the initial voltage comes 
from, but we must accept the fact that 
there is normally a voltage gradient 
in the air, a potential difference between 
different altitudes which may amount 
to a hundred volts or more per foot. 
In the air 100 ft. above the ground there 
may be a potential difference against 
ground amounting to thousands of volts. 
Possibly, this potential gradient in the 
atmosphere may even be of cosmic 
origin: the earth having a high negative 
potential against our solar system, 
against the universe, which would 
mean that there must be a positive 
voltage gradient from the surface of the 
ground into space. 

If condensation takes place in the 
higher regions of the atmosphere, rain 
drops form, minute drops at first, which 
necessarily must be at the potential of 
the air in which they form. That 
means they have a potential difference 
against the ground, and therefore an 
electrostatic charge against the ground 
corresponding to this potential differ-
ence. Assuming now that many of 
these minute rain drops conglomerate 
to larger drops, it means that many 
small condensers conglomerate to one 
condenser, which is somewhat larger 
in capacity than each component, but 
very much smaller in capacity than the 
sum of the capacities of its components. 
But it contains all the electrostatic 
charges of the rain drops, and at the 
much smaller capacity the same charge 
gives a higher potential difference. 
Conglomeration of minute drops into 
larger ones thus must give a great 
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increase of potential difference against 
ground. We know the clouds are not 
uniform in density, and where the den-
sity is greatest conglomeration of con-
densed dres takes place to a much 
greater extent, building up to a much 
higher voltage, and thereby between 
the parts of the cloud of different den-
sity, the light and the dark portions, 
potential differences must appear and 
increase with increasing condensation, 
until somewhere the disruptive gradient 
is passed, equalization occurs by a light-
ning discharge, and then the same play 
repeats again and again. Lightning 
discharges, then, are the result of the 
voltage inequalities produced in the 
clouds by the unequal rate of conglom-
eration of rain particles due to the un-
equal cloud density. In agreement with 
this is that heavy lightning strokes are 
usually followed by a heavy downpour 
of rain; in reality they are preceded and 
caused by it, but it takes time for the 
rain drops to come down. 

Let us assume now that the process 
is reversed, and after conglomerating 
to high voltages the rain drops evaporate 
again. Since gases apparently do not 
carry electrostatic charges, the rapidly 
dwindling rain drop retains its entire 
charge, hence must rise in potential, 
and finally must discharge, and this 
progressive evaporation of the rain drops 
must also result in the building up of 
potential differences and therefore the 
formation of lightning, and this may 
explain the two forms of lightning—that 
accompanying rain-storms and thunder-
storms, and the so-called "heat" light-
ning. The former is the result of con-
densation and conglomeration, the latter 
the result of evaporation of rain drops. 

Again, we must abandon the concep-
tion of the theory of electrostatics of the 
early days—which still largely is used 
in theoretical text-books—as incorrect 
and useless. Capacity is not the capa-
bility of the conductor to store electric 
quantity, but is the ratio of the number 
of lines of dielectric force to the e.m.f. 
which produces them; "charging cur-
rent" is no more a current charging the 
conductor with electricity than the 
"inductance voltage" is a voltage 
charging the conductor with magnetism; 
the former, as "capacity current," 
supplies the energy stored in the dielec-

tric field, just as the inductance voltage 
supplies the energy stored in the mag-
netic field, and dielectric and magnetic 
phenomena are very largely analogous 
and treated in the same manner and 
with the same simplicity. 

Next, as to the conduction of gases 
and vapors, it is a field in which an 
enormous amount of investigation has 
been carried on in late years by the 
physicists, so that it may almost be 
called the best explored branch of 
modern physics. Unfortunately, there 
has been very little, if any, benefit from 
all this work to the electrical engineer. 
If you ask some simple engineering 
questions, as, for instance, you have a 
Geissler tube, 4 cm. diameter and 10 m. 
long, filled with nitrogen gas under 
0.1 mm. pressure. What will be the 
voltage required to pass a current 
through the tube; what will be the 
amount of light given by it; and how 
will the voltage vary with the current 
and with the gas pressure ? The answer 
is unknown. 
We now have some data on the elec-

trical constants of gas conduction, and 
our knowledge is rapidly increasing by 
the work of engineers, who finally, as 
in other fields of research, despairing 
of ever getting the scientific investigators 
to drop metaphysical speculations long 
enough to determine physical facts, have 
started to investigate the engineering 
facts themselves. 
The same applies to arc conduction, 

though arc conduction has been investi-
gated by the engineers for a much longer 
time, and more is known about it. Much 
of the work done on arc conduction is 
worse than useless, by unjustified gen-
eralisation. Too often investigators 
have taken a pair of carbon terminals— • 
since carbon terminals are mostly used 
in arc lamps—have put various things 
on them, and then written a treatise 
on "the arc," without ever realizing 
that whatever applies to the carbon 
arc does not necessarily apply to any 
other arc. 
The conductor in the Geissler tube 

is the gas which fills the space between 
the electrodes, and the material of the 
latter is therefore of secondary im-
portance; but the phenomena, as the 
voltage, the color and the spectrum of 
the light, etc., essentially depend on 
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the nature of the gas in the space be-
tween the electrodes, and on its pressure. 
In the arc, however, the conductor is 
a stream of electrode vapor; the ma-
terial of the electrode, therefore, is of 
fundamental importance on the voltage, 
luminosity, color and spectrum of the 
arc stream, while the surrounding gas 
is of secondary importance only. The 
conducting vapor stream, or " arc 
stream," usually is at the boiling point 
of the electrode material. The carbon 
arc thus is the hottest arc. The di-
electric strength of gases decreases with 
increase of temperature, and at the 
temperature of the carbon arc stream 
has fallen below the voltage drop in the 
arc stream, so that in the carbon arc 
all the phenomena resulting from the 
dielectric strength of the vapor stream 
are absent, since the surrounding air 
has a disruptive strength less than the 
supply voltage of the arc. Nearly the 
same is the case with a few other very 
hot arcs. The carbon arc thus is not 
a typical arc, but is one of the extremes 
in a series of arc conductors, of which the 
other extreme probably is the mercury 
arc, as the coldest arc. The latter thus 
gives the phenomena of the dielectric 
strength of the arc stream most pro-
nounced. 
As the phenomena of arc conduction 

essentially depend on the temperature 
of the arc stream, that is, the boiling 
point of the electrode material, typical 
conditions we can expect only from 
electrode materials having boiling points 
intermediate between the extremes, 
carbon and mercury. Such are many 
metals, as iron, copper, etc. The iron 
arc thus is a typical' arc, but not so the 
carbon arc. In the study of a typical 
arc we find that the vapor stream, which 
conducts the current, issues from the 
negative terminal, as shown by its 
spectrum, and by the character of the 
arc; the latter depends on the material 
of the negative terminal, but is un-
affected by any change of the positive 
terminal. The vapor conductor of the 
arc is moving rapidly from the negative 
terminal towards the positive, and is a 
conductor in the direction from the 
negative terminal to any point reached 
by the arc stream, which is positive 
towards the negative arc terminal, but 
is non-conducting with regard to any 

body negative towards the negative arc 
terminal. The arc stream is a uni-
directional conductor, and is exten-
sively used for rectification. 
The voltage range, within which an 

arc stream is non-conducting towards a 
negative body, or, as usually called, the 
"rectifying voltage range of the arc 
stream," is determined by the disruptive 
strength, and thus is a function of the 
temperature. It is many thousand 
volts with the low temperature mercury 
arc, is still several hundred volts with 
the iron or copper arc, but vanishes 
below the temperature of the carbon 
arc, and the latter thus does not show 
any More the uni-directional conductiv-
ity of the arc stream to any marked 
extent. It is, therefore, an exception, 
and is not a typical arc. 
As in arc conduction the conductor 

is the unidirectionally moving electrode 
vapor stream, this stream has first to 
be produced, by the expenditure of 
energy, before arc conduction can begin. 
In an alternating current arc at every 
half wave a new arc stream has to be 
started, in opposite direction from that 
of the preceding half wave of current, 
and the supply voltage thus must be 
high enough to jump a static spark across 
the arc terminals through the residual 
hot vapor of the preceding half wave. 
This voltage is low with the carbon arc, 
but becomes very high with a lower 
temperature arc. 

Entirely different from arc conduction 
apparently is the conduction of the 
Geissler tube and of the electrostatic 
spark. Geissler tube conduction and 
the electrostatic spark, however, ap-
parently are the same phenomena, 
differing only by the difference of gas 
pressure. Thus we can pass gradually 
from the noisy and brilliant short-
circuiting spark to the streamer, brush 
discharge, corona and to the silent dis-
charge or steady glow. But while a 
gradual transition from Geissler tube 
conduction to spark conduction exists, 
I have never been able to get any gradual 
transition from Geissler tube conduction 
to arc conduction. Under conditions 
where both can occur, the one always 
changes abruptly into the other, and 
these two classes of conduction thus 
seem to be different in their nature: the 
one conduction by the gas in the space 
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between the electrodes, the other con-
duction by a stream of electrode vapor. 
Thus, if we have a Geissler discharge 
through mercury vapor, of limited cur-
rent and high voltage, and gradually 
cut the resistance or reactance out of 
the circuit, or increase the supply vol-
tage, the Geissler discharge suddenly, 
with a "flash," changes to arc conduc-
tion; the current rises and the voltage 
drops. Cutting resistance in again, 
just as suddenly the arc drops, and is 
superseded by the Geissler discharge. 
Here, then, we have a very interesting 
and very important field, in the con-
duction of gases and vapors, in which 
still very much is unknown. 
"Permanent magnetism" is still an 

unexplained and mysterious phenome-
non. The question is, What is perma-
nent in the permanent magnet? The 
magnetic flux, or the magnetomotive 
force, or the flux density or flux dis-
tribution, or the magnetic energy ? 
Another interesting and important 

phenomenon of magnetism is the loss 
of eriergy by a cyclic change of mag-
netism, as occurs in an alternating mag-
netic field. Twenty years ago I found 
this loss to be expressed empirically by 
the 16th power of the magnetic flux den-
sity, with sufficient approximation over 
a wide range of magnetic densities. 
Since that time, some observers have 
found that for very high magnetic den-
sities the loss is less than that given by 
this law of the 1 • 6th, and other observers 
find that it is more. Considering the 
great difficulty of getting exact results 
at high densities, it appears probable 
herefrom that even at high densities 
the law of the 1. 6th power still applies 
at least approximately. For very low 
densities I have shown that it finally 
cannot continue to hold, but the coeffi-
cient must increase to 2.0. However, 
with all the work done on magnetism, 
we still are entirely in the dark regarding 
the cause of this strange coefficient 1. 6. 
The only other instance of such a frac-
tional exponent is the exponent of the 
adiabatic expansion curve of gases, 1.4. 
Only recently another instance has 

been found, where the coefficient 1.6 
appears. The resistance of pure metals, 
as the tungsten filament, is proportional 
to the absolute temperature: 
The black-body radiation, however, is 

proportional to the fourth power of the 
absolute temperature, and if no other 
loss of power occurs, as when the radia-
tor is enclosed in a high vacuum, as in 
the tungsten filament incandescent 
lamp, the power input equals the radia-
tion power, and thus also is proportional 
to the fourth power 'of the absolute 
temperature, p=b 7-4. Substituting r— 
e / i and p=ei, and eliminating T, gives 
e= ci". 
That is, in a perfect metal, which gives 

black-body radiation, in a high vacuum 
at high temperatures the impressed 
voltage varies with the 1. 6th power of 
the current. This is the only other 
instance of a 16th power law which 
I found. It may be a mere coincidence, 
but it is interesting to reflect that here 
as well as in the hysteresis law, a con-
version of electric energy into heat takes 
place. 
Even in fields where very much is 

known, there are numerous trails leading 
into unexplored regions. Magnetism, 
for instance, is one of the most explored 
branches of electrical science. It was 
known many years ago that manganese 
has some curious magnetic properties: 
a few per cent added to iron makes it 
practically non-magnetic. 'However, it 
is non-magnetic only in its virgin state, 
and by heat treatment it is brought into 
a magnetic state, where it has about the 
same characteristics as other steels. 
Here, then, you find a material which 
may be magnetic or unmagnetic. This 
trail was never followed up until a few 
years ago, when a strongly magnetic 
alloy of manganese, copper and alumi-
num was discovered. It seemed to 
overthrow all our conceptions on the 
nature of magnetism as an elementary 
property. Even then, however, most 
investigators followed the same trail, 
making various alloys of these three 
metals, and speculating on the cause 
of the magnetic property of the alloy 
of three unmagnetic metals, without 
following the trail further, to the study 
of other alloys of these metals. Such 
study shows that copper and aluminum 
are immaterial for the magnetic prop-
erty, but that manganese is essential, 
and is indeed a magnetic metal. Pure 
manganese has never been produced in 
the magnetic state, but numerous alloys 
of manganese, as those with antimony, 
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-tin, zinc, etc., are magnetic or may be 
brought to a magnetic state. Most 
interesting is the manganese-antimoriy 
alloy, as it can be produced much easier 
than • the Heussler alloy of manganese, 
copper and aluminum. Mixing coarsely 
powdered manganese and antimony, in 
the proportion, for instance, of 1:3, by 
moderate heating—in a test-tube over 
the bunsen burner—the mass becomes 
strongly magnetic and can be used to 
show the lines of force of a magnet, just 
like iron filings. When I tried the mag-
netic properties of a collection of various 
alloys, which I had for a considerable 
number of years, I found quite a number 
of manganese alloys which showed mag-
netic properties. Thus after all we do 
not have to change our conception of 
magnetizibility as a property of the 
element, but it merely means that man-
ganese—and possibly chromium—have 
to be added to the list of magnetic 
metals. 
Oxygen also is magnetic, and now 

should be easily available, but I do not 
know that its magnetic characteristics 
have ever been investigated, except 
very roughly and qualitatively. While 
it may not be of industrial importance, 
it certainly is of great scientific interest, 
as the only magnetic non-metal and 
non-conductor. We do not know its 
magnetization curve, whether magnetic 
saturation occurs, and what the satura-
tion value is, whether there is a hysteresis 
loss, etc., whether and how far ozone 
shows the magnetic properties, etc. 
A curious oxide of chromium has been 

mentioned for years which has strongly 
magnetic properties. It is formed by 
the reduction of chromylchlorid, within 
narrow temperature limits. 
With manganese, a lower oxide of 

the metal seems to exist, which has 
much greater magnetic properties than 
any of the manganese alloys investigated 
and even on the old and well-known 
magnetic oxide of iron, the only data 
which we have are investigations made 
twenty years ago, but which apparently 
have never been continued further. 
You see, there is really no lack of 

unexplored phenomena in the realm of 
electrical science and engineering. But 
the two vast fields in which an increased 
knowledge is of immediate industrial 
importance, and in which, indeed, ener-
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getic investigating work is going on, 
are the study of the properties of ma-
terials beyond the elastic limit and the 
study of transient phenomena resulting 
from the readjustment of the stored 
energy of systems. 

Most investigations of physicists have 
dealt with the properties of materials 
below the elastic limit, where the pro-
cesses are reversible. But of almost 
greater interest is the range beyond 
the elastic limit, where the action of 
forces is not reversible, where mechanic-
ally the materials are deformed, such 
as where steel is rolled into rails, or wire 
is drawn. So with electrical forces, in 
the electrostatic field, irreversible phe-
nomena occur at high voltage, in the 
corona; energy is stored into the di-
electric field, but is not returned, but 
dissipated as heat, if the dielectric flux 
density reaches beyond the disruptive 
strength of the material, and in our 
modern high voltage transmission lines 
we have closely approached this limit. 
In the field of magnetism, the phenom-
ena of hysteresis represent such an 
irreversible process. So also the aging 
of many kinds of magnetic materials, etc. 
The second important field of investi-

gation is the study of the transients. 
Transients are the phenomena by which 
stored energy adjusts itself to changed 
conditions of the system. Most of our 
electrical engineering theory deals with 
the steady flow of electric power, by 
direct or by alternating current. But 
accompanying the flow of electric power 
is a storage of electric energy in the 
magnetic and in the dielectric field of 
the conductor, and any change of the 
circuit conditions, any change of current 
and of voltage, thus usually involves a 
change of the stored magnetic and di-
electric energy. Since a change of 
stored energy cannot occur instantly— 
as this would represent infinite power— 
a transition period thus must intervene 
after every change of circuit condition, 
that is, an electrical transient occurs. 
When the electric systems were small, 
these transients usually were of negli-
gible energy; but with our modern huge 
systems, the stored energy is such that 
the transients frequently may reach 
destructive powers, and therefore their 
study has become of great industrial 
importance. 
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In this department will be published original, practical articles pertaining to 

Wireless Telegraphy and Wireless Telephony 

RADIO-TELEGRAPHY* 
GUGLIELMO MARCONI 

The practical application of electric 
waves to the purposes of wireless tele-
graph transmission over long distances 
has continued to extend to a remarkable 
degree during the last few years, and 
many of the difficulties which at the 
outset appeared almost insurmountable 
have been gradually overcome—chiefly 
through the improved knowledge which 
we have obtained in regard to the sub-
ject generally and to the principles in-
volved. Although we have all the data 
necessary for the satisfactory production 
and reception of electric waves, we are 
yet far from possessing any very exact 
knowledge concerning the conditions 
governing the transmission of these 
waves through space—especially over 
long distances. Although it is now per-
fectly easy to design, construct and oper-
ate stations capable of satisfactory com-
mercial working over distances up to 
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2,500 miles, no really clear explanation 
has yet been given of many absolutely 
authenticated facts concerning these 
waves. Why is it that when using short 
waves the distances covered at night are 
as a rule enormously greater than those 
traversed in the daytime, while when 
using much longer waves the range of 
transmission by day and night is about 
equal and sometimes even greater by 
day ? What explanation has been given 
of the fact that the night distances ob-
tainable in a north-southerly direction 
are so much greater than those which 
can be effected in an east-westerly one? 
Why is it that mountains and land gen-
erally should greatly obstruct the prop-
agation of short waves when sunlight 
is present and not during the hours of 
darkness ? 

After referring to the general prin-
ciples on which practical radio-teleg-
raphy is based'and the various systems 
which had been used by him to obtain 
wireless transmission, Mr. Marconi con-
tinued: At the long distance station 
situated at Clifden in Ireland, the 
arrangement which has given the best 
results is based substantially upon my 
syntonic system of 1900, to which have 
been added numerous improvements. 
An important innovation from a prac-
tical point of view was the adoption 
at Clifden and Glace Bay of air con-
densers composed of insulated metallic 
plates suspended in air at ordinary 
pressure. In this manner we greatly 
reduce the loss of energy which would 
take place in consequence of dielectric 
hysteresis were a glass or solid dielectric 
employed. A very considerable econ-
omy in working also results from the 
absence of dielectric breakages, for, 

*Abstract of a Discourse delivered at the Royal Institution. 
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should the potential be so raised as to 
produce even a discharge from plate 
to plate across the condenser, this does 
not permanently affect the value of the 
dielectric, as air is self-healing, and one 
of the few commodities which can be 
replaced at a minimum of cost. 

Various arrangements have been tried 
and tested for obtaining continuous or 
very prolonged trains of waves, but it 
has been my experience that, when 
utilizing the best receivers at present 
available, it is neither economical nor 
efficient to attempt to make the waves 
too continuous. Much better results 
are obtained when groups of waves 
(Fig. 1) are emitted at regular intervals 
in such manner that their cumulative 
effect produces a clear musical note in 
the receiver, which is tuned not only 
to the periodicity of the electric waves 
transmitted, but also to their group 
frequency. In this manner the receiver 
may be doubly tuned, with the result 
that a far greater selectivity can be 
obtained than by the employment of 
wave-tuning alone. In fact, it is quite 
easy to pick up simultaneously different 
messages transmitted on the same wave-
length, but syntonized to different group 
frequencies. As far as wave-tuning 
goes, very good results—almost as good 
as are obtainable by means of continu-
ous oscillations—can be achieved with 
groups of waves, the decrement of which 
is in each group 0.03 or 0.04, which 
means that about 30 or 40 useful oscilla-
tions are radiated before their amplitude 
has become too small perceptibly to 
affect the receiver. The condenser 
circuit at Clifden has a decrement of 
from 0.015 to 0.03 for fairly long waves. 
The lecturer then gave a description 

of his well-known disc discharger, a 
patent for which was taken out in 1907. 
In this apparatus, with the frequency 
employed at Clifden, namely, 45,000, 
when a potential of 15,000 volts is used 
on the condenser, the spark gap is prac-
tically closed during the time in which 
one complete oscillation only is taking 
place, when the peripherical speed of 
the disc is about 600 ft. a second. The 
result is that the primary circuit can 
continue oscillating without material 
loss by resistance in the spark gap. Of 
course, the number of oscillations which 
can take place is governed by the breadth 

Fig. 2. Disc Discharger. (Continuous Current.) 

3:29 

Aerial 

or thickness of the side discs, the primary 
circuit being abruptly opened as soon',as 
the studs attached to the middle disc 
leave the side discs. 

This sudden opening of the primary 
circuit tends immediately to quench 
any oscillations which may still persist 
in the condenser circuit; and this fact 
carries with it a further and not incon-
siderable advantage; for, if the coupling 
of the condenser circuit to the aerial 
is of a suitable value, the energy of the 
primary will have practically all passed 
to the aerial circuit during the period 
of time in which the primary condenser 
circuit is closed by the stud filling the 
gap between the side discs; but, after 
this, the opening of the gap at the discs 
prevents the energy returning to the 
condenser circuit from the aerial, as 
would happen were the ordinary spark 
gap employed. In this manner the 
usual reaction which would take place 
between the aerial and the condenser 
circuit can be obviated, with the result 
that with this type of discharger and 
with a suitable degree of coupling the 
energy is radiated from the aerial in the 
form of a pure wave, the loss from the 
spark gap resistance being reduced to a 
minimum. 
An interesting feature of the Clifden 

plant, especially from a practical and 
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engineering point of view, is the regular 
employment of high-tension direct cur-
rent for charging the condenser. Con-
tinuous current at a potential which is 
capable of being raised to 20,000 volts 
is obtained by means of special direct-
current generators; these machines 
charge a storage battery consisting of 
6,000 cells all connected in series, and 
it may be pointed out that this battery 
is the largest of its kind in existence. 
The capacity of each cell is 40 ampere-
hours. When employing the cells alone 
the working voltage is from 11,000 to 
12;000 volts, and when both the direct-
current generators and the battery are 
used together the potential may be 
raised to 15,000 volts through utilizing 
the gassing voltage of the storage cells. 
For a considerable portion of the day 
the storage battery alone is employed, 
with a result that for 16 hours out of the 
24 no running machinery need be used 
for operating the station, with the single 
exception of the small motor revolving 
the disc. The potential to which the 
condenser is charged reaches 18,000 
volts when that of the battery or gen-
erators is 12,000. This potential is 
obtained in consequence of the rise of 
potential at the condenser plates, 
brought about by the rush of current 
through the choking coils at each charge. 
These coils are placed between the bat-
tery or generator and the condenser c, 
Fig. 2. No practical difficulty has been 
encountered, either at Clifden or Glace 
Bay, in regard to the insulation and 
maintenance of these high-tension stor-
age batteries. Satisfactory insulation 
has been obtained by dividing the bat-
tery into small sets of cells placed on 
separate stands. These stands are sus-
pended on insulators attached to girders 
fixed in the ceiling of the battery room. 
A system of switches, which can all be 
operated electrically and simultaneously, 
divides the battery into sections, the 
potential of each section being low 
enough to enable the cells to be handled 
without inconvenience or risk. 

Pia. 3. 
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The arrangement of aerial adopted 
at Clifden and Glace Bay is shown in 
Fig. 3. This system, which is based on 
the result of tests that I first described 
before the Royal Society, in June, 1906,* 
not only makes it possible efficiently to 
radiate and receive waves of any desired 
length, but it also tends to confine the 
main portion of the radiation to any 
desired direction. The limitation of 
transmission to one direction is not very 
sharply defined, but nevertheless the 
results obtained are exceedingly useful 
for practical working. In a similar 
manner by means of these horizontal 
wires it is possible to define the bearing 
or direction of a sending station and also 
limit the receptivity of the receiver to 
waves arriving from a given direction. 
Turning to the detrimental effect 

produced by daylight on the propagation 
of electric waves over great distance, 
the lecturer dealt with the generally 
accepted hypothesis of the cause of this, 
and stated that recent observations 
revealed the interesting fact that the 
effects varied greatly with the direction 
in which transmission was taking place; 
the results obtained when transmitting 
in a northerly and southerly direction 
being often altogether different from 
those observed in the easterly and 
westerly one. In regard to moderate 
power stations, such as are employed 
on ships and which in compliance with 
the International Convention use wave 
lengths of 300 and 600 meters, the dis-
tance over which communication can 
be effected during day-time is generally 
about the same whatever the bearing 
of the ships to each other or to the land 
stations, while at night interesting and 
apparently curious results are obtained. 
Ships, over 1,000 miles away, off the 
south of Spain or round the coast of 
Italy, can almost always communicate 
during the hours of darkness with the 
Post Office stations situated on the 
coasts of England and Ireland, while 
the same ships, when at a similar dis-
tance on the Atlantic to the westward 
of these islands and on the usual track 
between England and America, can 
hardly ever communicate with these 
shore stations unless by means of spe-
cially powerful instruments. It is also 

* "On Methods whereby the Radiation of Electric Waves may be Mainly Confined, etc ," "Proceedings" of the 
Royal Society, A., Vol. LXXVII, 190G. 
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very sensibly exceed that of the longer 
wave. Fig. 5 shows the curve for the 
first day of each month for one year from 

  May, 1910, to April, 1911. 
4 I carried out a series of tests over 

longer distances than had ever been 
previously attempted in September and 
October of last year between the stations 
at Clifden and Glace Bay, and a receiving 
station placed on the Italian S.S. Prin-
cipessa Mafalda, in the course of a 
voyage from Italy to the Argentine 
(Fig. 6). During these tests the receiv-
ing wire was supported by means of a 
kite, as was made in my early trans-
Atlantic tests of 1901, the height of the 
kite varying from about 1,000 ft. to 
3,000 ft. Signals and messages were 
obtained without difficulty by day as 
well as by night up to a distance of 4,000 
statute miles from Clifden. Beyond 
that distance reception could only be 
carried out during night-time. At 
• Buenos Ayres, over 6,000 miles from 
Clifden, the night signals from both 
Clifden and Glace Bay were generally 

g 1°, 

to be noticed that in order to reach ships 
in the Mediterranean the electric waves 
have to pass over a large portion of 
Europe and, in many cases, over the 
Alps. Such long stretches of land, 
especially when including very high 
mountains, constitute, as is well known, 
an insurmountable barrier to the prop-
agation of short waves during day-time. 
Although no such obstacles lie between 
the English and Irish stations and ships 
in the North Atlantic en route for North 
America, a night transmission of 1,000 
miles is there of exceptionally rare 
occurrence. The same effects generally 
are noticeable when ships are communi-
cating with stations situated on the 
Atlantic coast of America. 
The diagrams (Figs. 4 and 5) show 

the average daily variation of the signals 
received at Clifden from Glace Bay. 
The curves shown in Fig. 4 show the 
usual variation in the strength of these 
trans-Atlantic signals on two wave-
lengths—one of 7,000 meters and the 
other of 5,000 meters. The strength 
of the received waves remains as a rule 
steady during day-time. Shortly after 
sunset at Clifden they become gradually 
weaker, and about two hours later they 
are at their weakest. They then begin 
to strengthen again and reach a very 
high maximum at about the time of 
sunset at Glace Bay. They then gradu-
ally return to about normal strength, 
but through the night they are very vari-
able. Shortly before sunrise at Clifden 
the signals commence to strengthen 
steadily and reach another high maxi-
mum shortly after sunrise at Clif den. 
The received energy then steadily de-
creases again until it reaches a very 
marked minimum a short time before 
sunrise at Glace Bay. After that the 
signals gradually come back to normal 
day strength. It can be noticed that, 
although the shorter wave gives on the 
average weaker signals, its maximum 
and minimum variations of strength 
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good, but their strength suffered some 
variations. It is rather remarkable 
that the radiations from Clifden should 
have been detected at Buenos Ayres so 
clearly at night-time and not at all 
during the day, while in Canada the 
signals coming from Clifden (2,400 miles 
distant) are no stronger during the night 
than they are by day. 

Further tests have been carried out 
recently for the Italian Government 
between a station situated at Massaua 
in East Africa and Coltano in Italy. 
Considerable interest attached to these i 
experiments in view of the fact that the 
line connecting the two stations passes e 
over exceedingly dry country and across t 
vast stretches of desert, including parts 
of Abyssinia, the Soudan and the Libyan o 
desert. The distance between the two r 
stations is about 2,600 m iles. The wave- n 
length of the sending station in Africa p 
was too small to allow of transmission e 
being effected during day-time, but the o 
results obtained during the hours of 
darkness were exceedingly good, the lo 
received signals being quite steady and s 
readable. The improvements intro- h 
duced at Clifden and Glace Bay have it 
had the result of greatly minim izing o 
the interference to w hich wireless trans- c 
mission over long distances was particu- p 
larly exposed in the early days. The ti 
signals arriving at Clifden from Canada b 
are as a rule easily read through any of 
ordinary electrical atmospheric disturb- in 
ance. This strengthening of the re- co 
ceived signals has, moreover, made to 
possible the use of recording instruments or 
which not only give a fixed record of the fo 
received messages, but are also capable m  
of being operated at a much higher rate or 
of speed than could ever be obtained by eq 
means of an operator reading by sound to 
or sight. The record of the signals is pe 
obtained by means of photography in if 
the following manner: A sensitive pa 
Einthoven string galvanometer is con- an 
nected to the magnetic detector or valve cal 
receiver, and the deflections of its fila- an 
ment caused by the incoming signals co 
are projected and photographically ion 
fixed on a sensitive strip which is moved tio 
along at a suitable speed. On some bee 
of these records there are characteristic con 
marks and signs produced among pro 
the signals by natural electric waves or 
other electrical disturbances of the tha 

atmosphere, which, on account of their 
doubtful origin, have been called " X's." 
Although the mathematical theory 

of electric wave propagation through 
space was worked out by Clerk Maxwell 
more than fifty years ago, and notwith-
standing all the experimental evidence 
obtained in laboratories concerning the 
nature of these waves, yet so far we 
understand but incompletely the true 
fundamental principles concerning the 
manner of propagation of the waves 
on which wireless telegraph transmission 
s based. For example, in the early 
days of wireless telegraphy it was gen-
rally believed that the curvature of 
he earth would constitute an insur-
mountable obstacle to the transmission 
f electric waves between w idely sepa-
ated points. For a considerable time 
ot sufficient account was taken of the 
robable effect of the earth connection, 
specially in regard to the transmission 
f oscillations over long distances. 
Physicists seemed to consider for a 
ng time that wireless telegraphy was 

olely dependent on the effects of free 
ertzian radiation through space, and 
was years before the probable effect 
f the conductivity of the earth was 
onsidered and discussed. The im-
ortance or utility of the earth connec-
on has been sometimes questioned, 
ut in my opinion no practical system 
wireless telegraphy exists where the 

strtunents are not in some manner 
nnected to earth. By connection 
earth I do not necessarily mean an 
dinary metallic connection as used 
r wire telegraphs. The earth wire 
ay have a condenser in series with it, 
it may be connected to what is really 
uivalent, a capacity area placed close 
the surface of the ground. It is now 
rfectly well known that a condenser, 
large enough, does not prevent the 
ssage of high-frequency oscillations, 
d, therefore, in this case, when a so-
led balancing capacity is used, the 
tenna is for all practical purposes 
nnected to earth. I am also of opin-
that there is absolutely no founda-
n in the statement which has recently 
n repeated to the effect that an earth 
nection is detrimental to good tuning, 
vided of course that the earth is good. 
n conclusion, the lecturer remarked 
t wireless telegraphy was tending 
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to revolutionize our means of communi-
cation from place to place on the earth's 
surface. For example, commercial mes-
sages containing a total of 812,200 words 
were sent and received between Clifden 
and Glace Bay from May 1, 1910, to 
the end of April, 1911. Wireless teleg-
raphy has already furnished means of 
communication between ships and the 
shore where communication was before 
practically impossible. The fact that 
a system of Imperial Wireless Teleg-
raphy is to be discussed by the Imperial 
Conference now holding its meetings in 
London, shows the supremely important 
position which radio-telegraphy over 
long distances has assumed in the short 
space of one decade. Its importance 
from a commercial, naval and military 
point of view has increased very greatly 
during the last few years as a conse-
quence of the innumerable stations 
which have been erected or are now in 
course of construction on various coasts, 
in inland regions and on board ships in all 
parts of the world. Notwithstanding 
this multiplicity of stations and their 
almost constant operation, mutual inter-
ference between properly equipped and 

efficiently tuned instruments has so far 
been almost entirely absent, and in 
regard to the high power traps-Atlantic 
stations the facility with which inter-
ference has been prevented has to some 
extent exceeded my expectations. The 
extended use of wireless telegraphy is 
principally dependent on the ease with 
which a number of stations can be 
efficiently worked in the vicinity of each 
other. Apart from long distance work, 
the practical value of wireless telegraphy 
perhaps may be divided into two parts: 
(1) when used for transmission over sea; 
(2) when used over land. Its chief 
benefit, however, lies in the facility 
which it affords to ships in distress of 
communicating their plight to neigh-
boring vessels or coast stations; that 
it is now considered indispensable for 
this reason is shown by the fact that 
several governments have passed a 
law making a wireless telegraph installa-
tion a compulsory part of the equipment 
of all passenger boats entering their 
ports. 

An Electric Burglar Catcher 

FELIX J. KOCH 

Pending in the Patent Bureau, at 
Washington, are application papers for 
one of the most novel inventions ever 
conceived, and one which, if as much a 
success as the inventor claims it will be, 
will almost revolutionize the work of 
police departments in discovering burg-
lars. 
The invention, the work of a Cincin-

natian, is an arrangement; whereby, if a 
window, door or screen be opened, or 
even slightly disturbed, after the time 
at which the apparatus has been set, 
the disturbance induces an electric 
current, which sets a bell in motion, 
as in other burglar alarm appliances, 
and also generates a light, by which an 
instantaneous photograph of the burglar 
is secured. 
The photograph is taken in such short 

space of time that the intruder has no 
chance to avoid it, the flash-light accom-
panying the ringing of the alarm. The 
patent rights will be followed by a series 
of practical tests by police the country 
over. 
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WOOD-CARVING 

CHARLES GODFREY LELAND, M.A., F.R.S.L., ETC. 

Revised by 
FRANK H. BALL 

Director of Manual Training and Wood-Carving in the Elementary Affiliated Schools of the University of Chicago 
and 

GEORGE J. FOWLER, B.A. 
Instructor of Manual Training, Chicago Public Schools 

Lignum tortum haud unquam rectum— 
" a crooked stick can never be made 
straight "—said the ancient physician 
Galen; but that would be a stubborn 
stick indeed which steam and machinery 
could not soften and straighten now. 
And, in fact, there is no art whatever 
which is not easy to any person of ordi-
nary capacity who will "go the right 
way to work." This right way is to 
master perfectly the first easy lesson, 
and practice what it teaches until the 
pupil is quite at home in it—which is 
not done in one case in a hundred. 

Fig. 1. Stamped Carving 

THE FIRST STEP 

If the first easy lesson is thoroughly 
learned, the second will invariably prove 
easier than the first, and so on. This, 
though it taxes the impatient, who are 
always in a hurry to produce something 
to show, instead of learning how to do 
it well, is by far the most rapid course 
in the end. 

Wood-carving, which is generally ad-
mired as "so very difficult" and "so 
ingenious," is, on the contrary, very 
easy even for children, when this simple 
rule of learning one thing at a time very 

thoroughly is observed. It should, 
however, be noted that beginners are 
generally put too far ahead at once. 
Also, that it is too generally forgotten 
that the simple first easy lessons, thor-
oughly mastered, may enable the student 
to make handsome and profitable things. 
One thing should be emphasized, "What 
is worth doing at all is worth doing well." 

It will be the aim of this article not 
to deal too largely with the different 
kinds of wood-carving,' but, by the illus-
trations and designs, offer to the begin-
ner in this most fascinating of the useful 
arts suggestions that will lead him on 
to the more difficult styles that are really 
sculpture in wood. 
The photographs and drawings shown 

here have been gathered from a variety 
of sources, and in a great many instances 
the designer or author is not known, so 
that credit can not be given to whom it 
is due. We have endeavored to select 
the best examples of the different styles 
in each case. 
The first kind of wood-carving usually 

taught in American schools is what is 
known as flat carving, stamped carving 
or tracing. 

Fig. 1 shows one of the simplest of 
geometric designs for stamped carving. 
If made of wood, in. thickness, it can 
be used as a tea or coffee pot tile, and is 
a useful example of beginners' work. 
The same design, or a leaf or trefoil, 
could be used for the center of the top of 
a simple box. 
The design is drawn with a compass 

or sketched in free-hand. As the work 
progresses and the designs grow larger 
and more complicated, the design is 
transferred by the use of carbon paper 
to the object to be carved. 

Generally a border line of Ye in. to 1 in. 
is left around the design. 
Taking a flat chisel and holding as 

illustrated, a line is cut around the inside 
of the border 3/46 in. deep, or if greater 



Fig. 2 
rapidity is desired, the line may be cut 
with a knife placed against a rule or 
straight stick, cutting with the point of 
the knife. Following the same general 
directions, cut all around the design 
itself. 

After a few lessons the beginner should 
have gained strength and skill, so that 
the line may be cut with a veiner 'or 
V-shaped tool. 

Fig. 4 shows two views of a veining 
tool without the handle. It is advisable 
to get a yi in. veiner to start with, and 
it should be " handled and sharpened," 
as it is a difficult tool for the novice to 
sharpen at first. 

It is implied that the wood is fastened 
to the table or bench by one of the 
methods shown in Figs. 2, 5 and 6. 

In Figs. 5 and 6 we show cuts of the 
iron clamp, which is made in various 
sizes and ranging in price from a few 
cents up to a dollar, and in Fig. 7 of the 
wooden hand screws. 

If the first lesson is on thin soft wood 
a carvers' punch may be next used to 
indent or "stipple" 
the background. 

After a few pieces 
have been made this 
way the worker will 
be ready for the next 
step, which is to cut 
panels, circles or al-
most any shape that 
may appeal to the 
taste, with a flat 
back-ground. Mark 
out the pattern on the 
piece to be carved by 
any of the methods 
spoken of. Then 
with the veiner, knife 
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or chisel cut all around the border and 
pattern. In this case the cut will be 
deeper, for the background is to be cut 
away with a gouge that is almost flat, 
or a el in. flat carvers' chisel may be 
used. This flat gouge will be found a 
most useful tool, and one or more widths 
should be obtained. We suggest a 
X1 in. or Xt in. to start with. As the 
work grows more difficult more tools will 
be needed, but we want to emphasize 
this: only the best makes of tools should 
be bought, and only one or two kinds 
at a time. Learn to do several kinds 
of cuts with one tool. The wood should 
not be cut away more than XI in. deep. 
This brings the pattern into slight relief. 
There will be a tendency on the part of 
the young carver to make this cutting 
or "grounding-out" too deep unless 
care is used. 

It is advisable to cut across the grain 
as much as possible, to avoid accidental 
cutting of the design, as in such a case 
the glue pot must be resorted to and 
that never improves the looks of a 
carving. 

If the background has been cut fairly 
even it can now be stippled with the 
punch and stained or varnished if the 
piece is only a practice piece. 
The work should be done as far as 

possible standing at the bench. The 
beginner should avoid large pieces or 
difficult patterns for someitime, because 
one's patience may give out before the 
completion of a large article, whereas 
several small articles might have been 
made giving greater satisfaction and 
more variety of work, as well as practice, 
to the beginner. 

Fig. 3 
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The pupil should be ready by this 
time to try some slight modeling, such 
as a leaf, a scroll or interlaced geometric 
pattern. This adds much to the effect 
and gives " feeling." Get a good plaster-
of-paris cast of a simple leaf and model 
it in clay or wax. After a satisfactory 
model has been made, draw the leaf 
on the board to be cut and very carefully 
imitate whatever curves and lines there 
are in it by cutting away all the stock 

V   
Fig. 4 

outside of the leaf to the depth of in. 
As soon as the general form of the leaf 
is complete, finish or smooth the leaf 
with shallow gouges. A very effective 
way of leaving the background is called 
"egg-shell." This consists of a series 
of short cuts or chips with the gouge. 

Fig. 5 

BOLD CARVING 

By making the leaves rounder and 
higher, lesson after lesson, we come to 
bold carving. This is very nearly 
sculpture. Now the pupil may begin 
to venture on deep and long cuts, but 
he must continually practise these with 
the utmost care on waste wood. 

Boldness in cutting is a matter of 
very great importance, since no one can 
carve really well till he gets beyond 
"chipping" or " wasting." To carve 

'set, 

4. le 

FIG. 6. 

boldly we must use the sweep-cut. It 
may be observed that in modeling in 
clay there are certain methods of shaping 
the material which are quite peculiar, 
as, for instance, when we press the 
modeling tool up or down, and at the 
same time turn it to the left or right. 
This makes an inclination upward or a 
depression downward, yet sloping to 
one side or the other. It is made by 
two movements in one; so, in cutting 

with a sword or 
long knife, if we 
chop, yet at the 
same time draw the 
blade, the result is 
a much deeper 
incision.. 
Very much like 

this is the double 
motion of the hand 
in the sweep-cut, 
which must be ac-
quired by all who 
would learn to 
carve leaves well. 
It is not quite 
true—as more than 
one writer has 
declared—that all 
work must go 
through the three 
stages of blocking 
out, bosting, or 
r ough sketching 

and finishing; for when leaves are carved 
with the sweep-cut, they are generally 
finished at one operation with this cut, 
which is generally performed with a flat 
gouge, the wood is removed so as to give 
a peculiar form or curve—as when a 
leaf slopes down or sideways—by a 
single, yet compound movement. That 
is, we must, while pressing the edge, 
also move it or give it a slight lateral 
motion. This sweep or side-cut is 
developed more fully in sloping larger 
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4;1 -1•.-•:-I:mo--
Fig. 8 

Carvers' punches or "stippling" tools 

and especially rounded surfaces like 
whole leaves, which rise and fall or 
undulate. 

This cut, by means of which one can 
carve with confidence the most brittle 
and delicate wood, requires a tool of 
very good quality, which must be kept 
scrupulously sharp. 

DESIGNS 

The pupil is often at a loss to know 
" what to make next," and is constantly 
asking the teacher that question. The 
designs offered in this article, we hope, 
will act as suggestions for work. 

Nearly all the art magazines give 
designs and suggestions for work. The 
same may be said of almost any maga-
zine. Since advertising has become 
such a study and art in this country, 
one will find some suggestions for a 
border or panel in any current number. 
The suggestion should be the first help. 
Then the arrangement or 
combining of the leaf, flower, 
curve or geometric figure 
should be the work of the 
student. The more we do 
the easier it becomes. Our 
powers of observation are 
broadened and we see designs 
everywhere. 

WOOD 

For the amateur the best 
wood for practice work is 
sweet gum. It cuts easily, and 
has an even grain. Mahog-
any, walnut, pearwood, and 

oak are all suitable for different purposes. 
For the small useful articles suggested here 
and by many books on manual training, 
the softer woods are the best. For 

'1.1111.11111"...0 

Fig. 9. Flat gouge 

larger pieces, such as heavy picture 
frames, book racks, bellows, footstools, 
photograph boxes, chairs, settees, etc., 
oak or maple will serve the purpose best. 

All of these different woods can be 
obtained at a lumber yard or 
wood-working shop at a few 
cents per foot. The wood 
should be "kiln-dried," and 
planed or "surfaced two sides." 
It can be obtained in any 

thickness desired, and in long or short 
length. Nearly all lumber is sold by 
board foot, which is 12 in. long, 12 in. 
wide and 1 in. or less thick. 
The wood of the tulip tree is considered 

an ideal wood for the catver. White 
holly is hard, strong, of firm texture, 
works well, and also stains well. It is 
a fine wood for carving or for fret-saw 
work. Another wood but little known 
to the carver is the osage orange. The 
heart wood turns a beautiful brown on 
becoming dry and being exposed to the 
action of the light. Pine, whitewood 
and basswood are apt to be too soft and 
spongy to make clean, sharp cuts, unless 
great care is used to keep the tools very 
sharp. 

TOOLS 

The first essential is tools of the best 
quality. They are always the cheapest, 
even though used for a short time. 

Fig. 10 
Manner of holding the flat gouge for "grounding-out" 
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Fig. 11. Fig. 12 

Some of the cheap, trashy sets of tools 
put on the market, and supposed to be 
good enough for a boy, are positively 
criminal. The chisels won't sharpen or 
hold an edge. The saws bend and won't 
cut, and many a bright boy looks on 

Fig. 13 
The carved front of a bellows. A fine example of the 

Viking style, with its free curves in low relief. 

life's shams for the first time through 
a set of poor tools, and never forgives 
the hardware man who sold them. 
Far better a very few tools of the best 
than a lot of poor ones. 
The child that asked her papa for a 

knife that would "stay sharp," hit the 
keynote. 
The best carvers' chisels and gouges 

are Addis', of London, or Buck Brothers', 
of Milbury, Mass. The punches for 
stippling are made by the latter firm. 
The well-known D. R. Barton tools, 
made by the Mack Co., 18 Brown's Race, 
Rochester, N.Y., are also of the highest 
quality. 
A bench or kitchen table will be 

needed, on top of which some of the 
articles shown can be clamped or screwed 
to hold the work in position while carv-
ing. The vise shown can be made at 
home, and will be found useful for hold-
ing work of different widths and thick-
nesses, which is to be sawed, planed or 
carved. 
A %8 in. veining tool, and a 34 in. 

skew chisel, a Yt in. flat chisel, a 34 in. 

Fig. 14 
Design of paper-knife, made of cherry, walnut or gum 

An example of interlaced carving. 

No. 3 Buck Brothers gouge, and a 3% in. 
No. 4 gouge, a medium hard pencil, a 
rubber and a good compass, are the tools 
needed most. Here again the cheap 
tool is a snare and a delusion; buy the 
best. For the chip-carving in the soft 
wood, the special knife (Fig. 18) will be 
found best. It cuts well, but can not be 
used to pry 'chips out or the point will 
break. Among other necessary tools 
will be a try-square and a 12 in. rule. 

Since the placing on the market of 
the India oil stones, made by the Norton 
Emery Wheel Co., of Worcester, Mass., 
a circular grindstone is not necessary 
to the home worker. Their No. 29, 
which has one side of the stone coarse 
and the other side medium, will do all 
the rough work, and the chisels, etc., 
can be finished on a No. 2 fine and a 
leather strop that has a little oil on it. 
A piece of ,46 in. leather belting, glued 
face side out on a 5 x 234 x in. block 
of wood, makes a good strop. These 
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Fig. 15 
Coarse and medium oilstone 

stones are made in shapes and grades 
of fineness suitable for all tools. The 
carvers' slips shown here can be bought 
at any hardware store. 
Wooden hand-screws or iron quilting 

clamps that can be purchased for a few 
cents each will be very useful in holding 
work if one has no vise. 

In buying carvers' tools it is best to 
specify " handled and sharpened;" then 
they are ready for immediate use and 
can be kept in condition easily. There 
are for sale at hardware stores special 
carvers' clamps for holding the work to 
the bench or table, but with a little work 
on the part of the pupil much extra ex-
pense can be avoided. 
The small coping or fret-saw shown 

can be bought for 25 cents, and will be 
found useful about much of the home 
work. 

Fig 18. Carvers' slips 

A light carvers' mallet of wood or a 
rawhide mallet will be found a necessity 
at times. Be sure it is not too heavy 
and do not get a carpenters' mallet. 
It is not advisable to use it until the 
beginner can carve well, for too often 
the mallet is an excuse for using dull or 
blunt tools. The tools should be ground 
to a bevel on both sides to prevent nicks 
and breaks. This differs from the car-
penter's way of grinding his chisels. 
One side of his chisels is straight, entirely 
unground, for cutting square holes like 
mortise and tenon work. The carver 

Fig. 17 

has to make a variety of cuts with the 
same tool and must be able to work 
the tool without turning it around. 

First, last and always have the tools 
sharp. A few moments spent in putting 
a cutting edge on the tools always pays 
in the greater satisfaction it gives to the 
worker. 

CHIP-CARVING 

Chip-carving has the greatest prac-
tical value in training the hand deftly to 

er. 

Fig. 18. Knife for chip-carving 

use a simple tool, and it also shows what 
artistic effects may be obtained by the 
use of geometrical drawing. Chip-
carving, from the fact that it requires 
so few tools, is primarily a home craft, 
and can be done on any kind of a table 
or lap-board. It makes no litter and 
offers greater combinations of designs 
to one who has not a talent for designing 
or has not studied it. The work requires 
no mental or bodily strain and is not 
fatiguing. At the same time, a practical 
knowledge of geometry is obtained and a 
familiarity with the grains of the wood 
that will be of value to the carver in 
more advanced work. Neatness of 
fingers and accuracy, two most valuable 
qualifications whatever one's calling 
may be, are sure to follow. 

For small work in soft woods, such as 
sweet gum, white wood or in black 
walnut, the special knife shown here 
is the best tool. 

Fig. 19. 19. Skew Chisel 

If the student wishes to work in 
harder woods, such as maple, oak, etc., 
a 3≤ in. skew chisel will answer the pur-
pose better. 
The antiquity of this style of decora-

tion is admitted, but perhaps it is to the 
Scandinavian countries that we owe 
its more recent adaptation to our work, 
their teachers having brought to us in 
the last few years so many fine examples 
of the work; boxes of various kinds, 
footstools, drinking horns, chairs, book 
covers, pen trays and a great variety 
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Fig. 20 Fig. 21 Fig. 22 
Fig. 20 shows position of hand for making the first two cuts of chip-carving. Fig. 21 shows position 

for removing the chip. Fig. 22 shows position to hold the knife for curved and circular cuts shown in Fig. 25. 

of picture frames. Our own ideas sug-
gest stamp boxes, blotters, match boxes 
and an endless number of useful articles. 
One of the most effective the writer 
has seen was an oak chair of odd design, 
decorated in chip-carving stained a 
Flemish oak, with the incision stained 
a bright red. 

Full sets of desk furnishings can be 
made and carved in this style. The 

Fig. 23 
A library or tea table made of oak or maple, having a 

low-relief border carved on the top. The background is 
to be punched and the design interlaced to give some 
modeling. 

best wood for it is, perhaps, the heart 
wood of sweet gum. Its markings are 
handsome, besides being a close-grained, 
even-textured wood. The only objec-
tion to it is that large pieces are sure to 
warp. 
Another way of treating wood for 

chip-carving is to glue a piece of %e in. 
white holly on a piece of sweet gum; 
then cut the design through the holly, 
showing the brown of the gum through 
the white of the latter. 

STAINS, COLORS AND VARNISHES 

Very attractive effects may be ob-
tained by the use of aniline stains, or 
inks and certain combinations of Dia-
mond Dyes will give a most excellent old 
mahogany stain. 
A nice finish is found in the use of 

beeswax and turpentine mixed to the 
consistency of soft putty. Apply with 

Fig. 24 

a cloth and let it stand for a few hours. 
Brush the object with a stiff clean brush, 
as one would polish shoes. This can 
be applied to the bare wood or after it 
has been stained. 
A very good dull finish may be ob-

tained by taking one part shellac and 
two parts alcohol and applying with a 
brush. The alcohol soaks into the wood 
and draws part of the shellac with it. 
This requires no other finishing. 
Redwood dust or red sanders stain 

can be bought at a drug store or at any 
paint store; the color is easily extracted 
by using alcohol. The longer it stánds 
the more color the alcohol extracts 
from it. By mixing this with other 
stains, various colors and shades may be 
produced. 
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Fig. 25 Fig. 26 

Some low-relief rosettes, to be used on box covers, corners of picture frames. These conventionalized 
flowers should bring out considerable "feeling." 

Fig. 27 

Two examples of interlaced geometric designs carved 
in oak, suitable for wood boxes, large picture frames, 
backs of plate racks, etc. Low-relief carving. 

Fig. 28 

Photographs of borders suitable for table tops and 
other articles. The first one shows some modeling of 
the leaves. 
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Fig. 29 

So many paint stores and department 
stores keep ready for use stains and 
colors of all kinds that it may not be 
worth the time to mix many. 

Fig. 30 

Shellac or varnish of a standard make 
can be used on many things if one wishes 
a glossy effect. Often a coat of raw 
linseed oil, applied with a cloth or the 
fingers and, after drying, polished with 
the bare hand, gives a pleasing finish. 
It turns darker with time and exposure 

Fig. 31 

to light. Walnut and sweet gum are 
much improved by it. Wood exposed 
to the fumes of strong ammonia enclosed 
in an air-tight box takes on a. rich dark 
color that is permanent. All stains, 
dyes or colors may be treated to one or 
more coats of varnish or shellac, which 
will help to preserve the wood. To 
produce the " Flemish Oak" effect which 
is so much in vogue at the present, the 
stains may be obtained from well-
known varnish firms throughout the 
country. 

It is not the mission of this article to 
speak of the more elaborate styles of 
wood-carving, like the Gothic and the 
Florentine, the Renaissance and the 
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Fig. 32 

Memorandum or shopping list. One box to contain 
blank cards, the other notes. 

Rococo, the Viking, with its pure curves 
in low relief, or the flat Byzantine, in 
which there is a little modeling. We feel 
that enough has been said to start the 
beginner and lead him toward personal 
investigation along the lines spoken of 
and illustrated herein. 

Sound not Transmitted 
Many people think that when they 

speak over the telephone the trans-
 ' mitter, battery, and wire in some way 

carry,the voice to the ear of the listener. 
This is not the case. The transmitter 
and the battery are a sort of miniature 

• transforming station in which the vibra-
tions of the air caused by the sound of 
the voice are caught upon the diaphragm 
and turned into electrical energy. As 
the diaphragm vibrator in front of the 
pole-piece of the transmitter it may 
assume many shapes. The vibrating 
areas and the nodes or non-vibrating 
lines are at one time star-shaped, at 
another like the spokes of a wheel, they 
are generally geometric figures, but the 
various forms of vibration cause varying 
pulses of electrical current flow to trav-
erse the wire. At the receiving end 
the varying electrical flow attracts the 
diaphragm so as to cause, in similar 
sequence, the geometric figures to be 
formed by it, and thus give out the very 
tones of the speaker's voice. What 
traversed the wire was not sound, but 
current, and the ear-piece or sounder 
re-transformed this energy back into 
the form of sound. 
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CABLE SPLICING 
GEO. M. PETERSON 

A telephone cable consists of paper-
insulated wires wound together and 
placed within a lead jacket or sheath. 
The insulation on one-half of the wires 
being one color, usually red, while the 
other half are usually white. Two 
wires, one red and one white, are twisted 
together and called a pair. These pairs 
must be kept together and carried 
straight through, being spliced up color 
for color, white to white and red to red. 
Having explained that the telephone 
cable consists of pairs of wires instead 
of "conductors," or single wires, we 
will see how the various kinds of cable 
are designated. A 300 pair No. 22 
gauge cable is written or spoken of as 
a "300-22" while a 200 pair No. 19 
gauge cable is called a 200-19. Then 

there is the " combination" cable. This 
indicates that the cable has wires of 
two or more gauges, for example: 200-19 
and 200-22. In this case the 22 gauge 
wires would be used for local subscribers, 
while the 19 gauge would be used for 
" Toll " wires between neighboring towns, 
or "Trunk" wires between distant 
exchanges. 

Cables, for telephone and telegraph 
uses, came into popularity about thirty-
five years ago and in the one size of 
50-22. These wires were insulated with 
two layers of cotton tape, boiled in 
paraffin, twisted into pairs, insulated 
with two more wrappings of paraffined 
cotton, and placed in the sheath. The 
sheath was then filled with paraffin. 
Although these cables were not so easily 

effected by moisture, and were a great 
deal better than our present-day cables 
in every respect, their size was against 
them and the "cotton insulated cable" 
was doomed. In this day, when the 
idea does not seem to be "how good," 
but "how cheap," can this cable be 
made up and still do its work, we shall 
undoubtedly see a 1,000 pair cable before 
the year is gone. Of course all the sub-
way is built with 3 gl in. ducts, that being 
standard size, and the 600 pair, 22 gauge 
cable of today just fills it up, so that 
any larger cable which may be put on 
the market must have smaller gauge 
wires so as not to bring the diameter 
of the cable over the 3 in. limit. 

PLACING THE CABLE 

71.1pon the completion of the under-
ground conduit, the next operation is 
the placing of the cable. This is accom-
plished by first "rodding" the ducts, 
the rods drawing in the "pulling line," 
and the line pulling in the cable. The 
operation of" rodding" consists of push-
ing short wooden rods, 3 ft. in length, 
with a screw connection on each end, 
into the ducts, one after another. When 
the first one is in the duct another rod 
is screwed into it and pushed in. The 
rods are attached until the first one 
appears in the manhole at the opposite 
end of the section. A 3/4  in. stranded 
wire pulling rope is attached to the last 
rod and thereby drawn through the 
ducts as the rods are drawn ahead and 
uncoupled. An iron bar is then placed 
through the center hole of the cable 
reel, a jack is placed at each end of the 
bar and the reel elevated clear of the 
ground, and in the location shown in 
Fig. 1. The pulling rope is then passed 
around the drum of some sort of a cap-
stan, winch or windlass, which is then 
turned by hand or by mechanical means 
until all of the line is pulled through 
and the cable is placed in position in 
the ducts. 
When the cable has been pulled into 

the ducts or "placed," it is usually 
tested for trouble. The various kinds 
of cable troubles are shown in Fig. 2. 
The only tests which are made on dead 
sections are the tests for "opens," 
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" crosses" and " grounds." These tests 
are all made with the aid of a headphone 
and battery. The first operation in 
making any of these tests is to strip 
the armor off of the cable for about 8 in. 
at each end, being extremely careful 
that the wires are not cut or broken 
off or the insulation broken at the edge 
of the sheath. The former will cause 
" opens" and the latter " grounds." 

TESTING FOR OPENS 

In testing for "opens" the head-
phone and battery are connected in 
series, as in Fig. 4, and this arrangement 
is maintained throughout the test. 
The receiver lead B is grounded to the 
cable sheath. The wires at the far end 
of the section are "bunched" by strip-
ping off about 2 in. of the insulation 
and tying all the bare ends together 
with a piece of copper wire. This wire 
is then fastened to the sheath, thereby 
grounding all of the wires in the cable 
and making our test possible. The 
individual wires in the manhole from 
which we intend to make our test, are 
then cleaned or kept separate from one 
another while we touch each individual 
wire with our " search." A click in the 
receiver should be heard if the wire is 
O.K. and if no click is obtained we 
know that the wire is open. 
The circuit of this test is shown in 

Fig. 4, the current passing through the 
receiver, the sheath, the strap wire to 
the bunch and thus to our individual 
wire, the circuit being finally closed 
when contact is made between the 
"search" and the cable wires. 

CROSS TEST 

This test is very similar to the "open" 
test, but, instead of "grounding" the 
bunched cable wires, at the far end of 
the section, the strap is attached to 
lead B, as shown in Fig. 5, and the section 
is tested from this end. The lead A 
is then touched to the cable wires, one 
at a time, as they are removed from the 
bench. No sound should be heard in 
the receiver when these wires are touched, 
although the induction is often respon-
sible for a pretty stiff tap on the dia-
phragm of the receiver and the amateur 
splicer should not be mislead by it. 
If the click in the receiver is really 
caused by the closing of the test circuit 
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it is proof that the wire is "crossed," 
and it should be kept apart until the 
test is completed. Upon the completion 
of the " cross test" these marked wires 
should be tested against each other, 
against the ground and against the bunch 
of cable wires until the other side of the 
cross is located. Tests are then made 
from the other end of the section and 
in this way the trouble is located at 
both ends of the section and tagged. 

GROUND TEST 

The "ground test," as shown in Fig. 
6, is practically identical with the 
"cross" test, but the lead wire is at-
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tached to the cable sheath instead of to 
the bunch, and the individual wires >re 
tested against the sheath instead of 
each other. 

If any amount of trouble appears it 
is always advisable to await instruction 
from the splicing or supervising fore-
man before splicing the cable up, as 
it is often considered good practice to 
draw in a new section of cable instead 
of splicing up the bad section and there-
by losing several pair of wires for the 
total length of the cable, or going to 
the expense of clearing the trouble in 
the section. 

SETTING UP 

After the sections of cable have been 
tested for trouble the ends, in the man-
hole, are placed in position for splicing 
or "set up." An idea of the proper 
manner of setting up a cable may be 
obtained from Fig. 7, which shows one 
end only. 

SPLICING 

AUpon completion of the "set up," 
the actual operation-of splicing is begun, 
the sheath being first removed back 
as far as it is desired to work upon the 
wires. A strip of cotton tape is forced 
between the cable wires and the sheath 
to prevent the rough edge from:injuring 
the insulation of the wires. Fig. S 
shows a completed splice and will give 
a pretty good idea of the work needed 
to accomplish a good-looking job. 
The insulation of the cable wires 

consists of a single wrapping of thin 
paper around each wire for telephone 
work, while a rubber and cotton braid 
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is used for telegraph, fire alarm, light 
and power cables. 

After the tape is placed under the 
sheath the cable is "boiled out" with 

boiling paraffin, which is poured on at 
the end nearest the sheath and mn out 
toward the end. The paraffin is used 
to drive out any moisture which may 
have collected; to keep out, to a large 
extent, any moisture which may be in 
the vicinity of the cable while open; to 
make the insulation "peel" off of the 
wires easier; to prevent, or at least 
check, the paper insulation from un-
furling. From the foregoing statement 
it may be readily seen that if the paraffin 
were poured on from the outer end 
toward the sheath it would drive the 
moisture ahead of it under the sheath 
and thereby spoil the entire section of 
cable by throwing in a moisture ground. 
After the ends are dried out, a lead 
sleeve, of the dimensions given in the 
table, Fig. 11, is then slipped over one 
end of the cable and allowed to hang on 
the' sheath, the ends first being filed, or 
scraped, bright and rubbed with stearine 
or tallow. 
The cable wires are next laid back as 

shown in Fig. 9. 

TYING THE WIRES 

The cable wires are now ready to be 
tied, only one pair at a time being re-
moved from the bunch and tied together, 
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color for color, allowing enough fullness 
at the rear and bottom of the splice 
so that the finished splice will be sym-
metrical. A shows the back of the 

proposed splice, B the center, and AC 
the completed outline. The method 
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of tying and slipping on the cotton 
sleeves is shown in Fig. 10. 

After all of the wires are tied, or 
spliced, the splice is again boiled out, 
wrapped with heavy muslin, which has 
previously been rolled into rolls about 
30 ft. long and 3 in. wide, boiled out 
again, and then the lead sleeve is slipped 
over the splice and dressed in to meet 
the cable, as shown in Fig. 12, which 
also illustrates the position in which 
the pasters are placed before wiping 
the joint. The pasters are intended to 
make a square end to the wipe and also 

serve as a marker to the man who is 
wiping. Great care must be taken to 
get the wiping solder hot enough, and 
extreme caution must be exercised so 
that the sleeve or sheath is not melted 
from the heat of the solder. A " frozen " 
or " plastered" joint is considered enough 
justification for a splicer's dismissal 
from any up-to-date telephone com-
pany's employ, as the joint is likely to 
be submerged in water at any moment, 
and if it is not absolutely tight and 
perfect, a few drops of water are liable to 
enter the splice, necessitating a hurried 
call for the galvanometer man, and maybe 
the calling out of the cable gang in the 
middle of the night to pull in a new 
section of cable; and then a couple of 
good splicers are more than likely to 
get stuck for a twenty-four, thirty-six 
or forty-eight hour trick, thus causing 
a considerable expense, which is in-
excusable. Therefore, learn to wipe. 
The only way to learn is to get some 
short piece of cable and sleeving, a 
solder pot, furnace, ladle, some metal, 
make a wiping and catching cloth and 
go to it. 

2- 5P. 13 
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BRANCH SPLICE 

A branch splice is one which has at 
least three cables coming out of one 
sleeve and is used anywhere where 
stubs are to be taken out of a cable 
or where terminals are to be cut into 
the cable. 

DUCT SPLICE 

A duct splice is one which must be 
made of such a size that it may be pulled 
right into the ducts upon completion. 
This, naturally, requires a long sleeve, 
sometimes as long as 4 ft. The duct 
splice is generally used when a section 
of cable is not long enough and two 
pieces must be spliced together. 

BLOCK CABLE CONSTRUCTION 

The latest practice in underground 

Caes/e Box on Po/¢ 
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cable construction is shown in Fig. 13, 
in the plan of which each block in the 
city is given a number and is known 
by that number on all records, etc. 

These blocks are fed by a main under-' 
ground cable, a 600 pair, 22 gauge, 
being used for illustration, and from 
which the various taps or branches are 
run into each block as shown, the sub-
sidiary cables usually being 30, 50 or 
75 pair. The style of box to be placed 
on the pole is designated by the circle, 
one line meaning a straight-connected, 
or solid box, while two lines denotes 

a cross box, one which is equipped for 
an aerial cable as in Fig. 14. Fig. 15 
shows a cross connected box on a pole. 
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The Turning of Tapers 
F. M. T. REILLY 

I found it necessary to turn out a 
mandrel to fit the socket of my lathe, 
during which I wished to test the angle 
of taper to see whether it coincided with 
that of the centers. The rougF sketch 

illustrates the quick and simple method 
used. If the two tapers are exactly 
alike the distance shown between the 
calipers is the same at all points. 
This will doubtless prove a useful hint, 
since it is not usually known.—Model 
Engineer. 

Sparks from an Emery Wheel 
J. F. RALLI 

It is a well-known fact that the color 
of the sparks from a piece of metal, 
whether produced by electrical or 
mechanical means, is in a great measure 
characteristic of the metal in question. 
The fact is of service to the mechanic: 
it enables him to judge the kind of iron 
or steel of which his tools are made as 
they are being ground on an emery 
wheel. 
The sparks from cast iron are dull red 

in color, and remain close to the wheel. 

Tungsten steel and self-hardening tool 
steel also produce dull red sparks, bear-
ing a close resemblance to those of cast 
iron in point of color, but formed in 
thick showers. Mild steel gives a bright 
yellow spark, in striking contrast to the 
preceding; it also flies off much further 
from the wheel. Wrought-iron sparks 
behave in a similar manner and are 
thrown off some considerable distance. 
They are dull red like cast-iron. The 
observation of these sparks is always a 
simple—and sometimes the handiest— 
method of distinguishing between tool 
steels. 

Belt Lacing 
WILLIAM DOWNES 

I am engineer at a large coffin and 
casket factory where a great many fast-
running woodworking machines are in 
use, and where the belts have very severe 
usage and all of the belts are laced with 
wire lacing, which practically makes an 
endless belt and makes the machines 
run as smooth as possible. 

There are three grades of wire for 
belt lacing, No. 1 for wide, heavy belts; 
No. 2 for medium width double, and 
No. 3 for small and single belts. The 
holes in the belts should be only suffi-
ciently large for the wire to pass through 
nicely. The holes for light belts should 
be punched about Ys in. from the end 

PIG. 1. METHOD OF LACING WITH WI.1 

and about X in. apart; for heavy belts 
the holes should be punched about H in. 
from the ends and about 10 holes to 
4 in. width of belt. 

In cutting the wire so as not to have 
any waste, for single belts, use seven 
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times the width of the belt for the lacing. 
Thus, if the belt is 7 in. wide, 49 in. of 
wire would be required. For double 
belts, the length of wire required is eight 
timenthe width of the belt. In com-
mencing to lace a belt see that the holes 
come/opposite each other. If the belt 
is very wide, requiring, say, 40 holes, 
cut the wire in two parts and commence 
at thetenth hole and work both ways, 
pulling the wire tight with a pair of 
pliers from the end of the wire, being 
careful that the wire does not get crossed. 
To fasten the wire, all that has to be done 
is to cross over on the top side and pass 
through hole to the pulley side, pull up 
tight and cut off within j' 1 in. of the 
belt and turn down. When the lacing 
is finished, get a smooth hammer and 
pound down the lacing until it is im-
bedded into the leather and you will have 
as fine an endless belt as anyone would 
wish to see. 
On my main belt there are two joints, 

all laced with wire lacing and two of the 
joints have been running for upwards of 
five years. The other joint is the one 
that I cut when I want to take up the 
slack. It is a very heavy double leather 
belt, 18 in. wide, 65 ft. long, running 
from a 96 in. pulley to one of 32 in. 
diameter.—Practical Engineer. 

Removing an Obstinate Timing Wheel 
C. R. E. POPE 

A "jig" which may be of use to other 
motor cyclists in similar circumstances 
is herewith described. I had to remove 
a pinion on the crankshaft of my engine 
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that was particularly tightly fixed in 
place, and also very inaccessible, being 
at the;bottom of timing case, as shown. 
It will be seen that the metal behind 
the pinion is very thin, thus preventing 
the use of this part as an "anvil" to 
hold the pinion against while driving 
out the shaft. I had not a "wheel 
drawer," or any like appliance at hand, 
but on looking around I found the handle 
of a pipe wrench, with a very convenient 
number of holes in line. Three %6 in. 
bolts and nuts, two taper pins, with the 
ends filed flat—to prevent the bolts 
" splaying "—and a small piece of brass 
completed the outfit, and on slipping 
the two outer bolts' heads under the 
edge of the pinion, and screwing down 
the center one, meanwhile holding its 
nut with a spanner, the pinion came off 
quite nicely. I might add that the 
pinion shaft had been riveted over, and 
was very tight in consequence, even 
after removing the burr. 

The chemist has saved Paris from a 
water famine. The experiments of 
filtration and chemical sterilization of 
the water of the river Marne have yielded 
excellent results. By means of filtration 
and treatment with hypochloride of 
soda 30,000 cu.m. of potable water have 
been turned on for the use of Parisians, 
and this supply, added to 300,000 cu.m. 
of spring water, and 60,000 cu.m. of Seine 
water, filtered at the Ivry reservoir, will 
suffice for the present needs of the 
French capital. 

A newly-made magistrate was gravely 
absorbed in a formidable document. 
Raising his keen eyes, he said to the 
man who stood patiently awaiting the 
award of justice 

"Officer, what is this man charged 
with ?" 

"Bigotry, your worship. He's got 
three wives." 
The new J.P. rested his elbows on the 

desk and placed his finger tips together. 
"Officer," he said, somewhat sternly, 
"what is the use of all this education, 
all these evening schools, all the tech-
nical classes, and what not? Please 
remember, in any future like case, that 
a man who has married three wives has 
not committed bigotry, but trigonom-
etry. Proceed."—St. Paul Dispatch. 
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QUESTIONS AND ANSWERS 
Questions on electrical and mechanical subjects of general interest will be answered, as far as possible, in 

this department, free of charge. The writer must give his name and address, and the answer will be published 
under his initials and town; but, if he so requests, anything which may identify him will be withheld. Ques-
tions must be written only on one side of the sheet, on a sheet of paper separate from all other contents of the 
letter, and only three questions may be sent at one time. No attention will be given to questions which do not 
follow these rules. 

Owing to the large number of questions received, it is rarely that a reply can be given in the first issue 
after receipt. Questions for which a speedy reply is desired will be answered by mail if fifty cents is enclosed. 
This amount is not to be considered as payment for reply, but is simply to cover clerical expenses, postage, 
and cost of letter writing. As the time required to get a question satisfactorily answered varies, we cannot 
guarantee to answer within a definite time. 

If a question entails an inordinate amount of research or calculation, a special charge of one dollar or 
more will be made, depending on the amount of labor required. Readers will, in every case, be notified if 
such a charge must be made, and the work will not be done unless desired and paid for. 

1672. Small Dynamo. R. A. L., U.S.S. 
Minnesota, asks for data for small shunt 
dynamo generating 5 amperes at 5 volts 
while running at a speed of 500 revolutions 
per minute. Ans.—Your machine will neces-
sarily be expensive for its output, as you desire 
so low a speed. We can do no better than to 
refer you to Mr. Houghton's articles in the 
February and March, 1911, numbers for 
the description of an excellent little machine 
which may meet with your requirements 
if you substitute No. 20 enameled wire for 
the No. 18 d.c.c. as specified for the armature. 
The field winding may remain the same. 
Some difficulty may be experienced in making 
the machine build up at such low speed, and 
in such an event, we would suggest the usual 
"coaxing" method with a few cells of battery, 
or it may be necessary separately to excite 
the fields. 

1673. Wavemeter. J. G. A., Honolulu, 
H.I., asks if we can mention publications 
covering the Siebert wavemeter. Ans.— 
We can find no accurate data on this type of 
wavemeter, and would refer you to the Patent 
Office as the only probable place where a 
description of same may be obtained if it is 
patented. 

1674. Bites for Aerial. E. H. K., Rich-
mond, Va., asks: (1) The sending range of a 
1 in. coil. (2) How to amalgamate battery 
zincs. (3) What kind of kites to use to 
suspend an aerial and how made. (4) Are 
ferron and silicon deprived of their sensitive-
ness by holding with solder in a cup ? Ans.— 
(1) We must decline to give such an estimate 
as it would be a mere guess. (2) Dip the 
zincs in dilute sulphuric acid to clean them; 
then scrub mercury over surface with a tooth-
brush. (3) Box or cellular tetrahedral kites. 
The publishers of this magazine can furnish 
you with suitable publications covering the 
construction of these. (4) Yes, too much heat 
injures it. 

1675. Armature Winding. S. G., Trini-
dad, Col., asks: (1) If there is not an error 
in the description of the armature winding 
of the 75-watt dynamo given in the last 
March issue. (2) What is the size of wire, 
of which a sample is sent? (3) Would this 
wire serve as the secondary of an induction 
coil for giving X in. to 1 in. sparks, and if so, 
what should be some of the general dimensions 
of the structure? Ans.—(1) Yes, and you 
have been a very careful reader to detect the 

mistake. On page 184, column 2, 21st line 
from bottom, it should read "terminals in 8." 
(2) The size is No. 27 B.& S., and this is too 
large for an induction coil. However, general 
dimensions for a coil of the output you pro-
pose would be: Length of core, 7 in. diameter, 
3( in. primary winding, two layers of No. 16; 
secondary, lb. of No. 36; condenser, 60 
sheets, 4 x 4 in. (3) You can do no better than 
to follow many of the 'directions given in the 
February and March issues of the magazine, 
in regard to the 6 in. coil. For a coil of your 
size, you would not need to divide the second-
ary into more than four sections. A dynamo 
does not operate an induction coil as well as 
batteries. The reason is that the former has 
considerable self-induction in its armature 
winding. This quality prevents the current 
building up as quickly as desirable when the 
contact is made. A battery is free from such 
hindrances, and can supply its current as 
determined by the conditions of the exterior 
circuit only. You could use storage cells 
charged by a dynamo. 

1676. Wireless Connections. L. C. P., 
West Newbury, Mass., sends us a diagram of 
connections used in his receiving set and asks 
our opinion on the hookup. Ans.—You are 
using a very poor diagram, and it is doubtful 
if it will work properly at all. The battery 
rheostat is of no use with the silicon detector, 
and both this and the battery should be dis-
carded and your set connected as follows: 
Connect aerial lead to one sliding contact of 
your tuner; to the other slide of the tuner 
connect one terminal of your detector; the 
other terminal of your detector goes to the 
fixed condenser, and from the opposite side 
of the fixed condenser to the binding post 
at one end of the winding on the tuner. This 
post also connects with ground. The tele-
phones are bridged around the fixed condenser 
as shown. 

1677. Alternating Currents. I. H. S., 
Siegfried, Pa., asks: (1) What is meant by 
"single phase," "two-phase," and "three-
phase" currents? (2) What is the advantage 
derived from the use of such currents ? (3) Is 
it possible to operate motors by wireless elec-
tricity? (4) In making the 75-watt rotary 
converter described in the April and May, 
1910, issues of Electrician and Mechanic, 
could a smaller number of armature slots be 
used? (5) What is the difference between 
"magnet" and "annunciator" wire? Ans.— 

• 
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(1) The idea can be clearly obtained by con-
ceiving an ordinary ring-wound armature, 
as adapted for direct currents; if the winding 
be tapped at two opposite points and led to 
two insulated rings, and the armature be 
rotated under the influence of a two-pole 
field magnet, single-phase alternating currents 
will flow in the external circuit that may be 
provided. If two other taps be provided, 
equidistant from these first, and two more 
rings be added, a second single-phase circuit 
will be available. The combination of these 
two circuits, involving the use of the four 
wires, will give two-phase currents. Because 
these connection points are a quarter-circum-
ference apart, the scheme is also often denoted 
as "quarter-phase." With three equidistant 
points connected to three rings, and three 
external wires, three-phase currents will flow. 
Of course the external circuits, or apparatus, 
must be properly designed and wired to 
utilize the .successive alternating currents in 
a symmetrical manner. (2) The principal ad-
vantages of alternating currents over direct lie 
in the fact that the voltage can be much higher 
than any commutator could withstand, there-
fore much greater distances can be reached in 
the transmission system. (3) No. (4) Not well, 
—it would be better to have more rather than 
less. (5) "Magnet" wire has a thin covering 
of cotton threads, in single, double or triple 
layers. It is the sort of wire to use on dynamo 
armatures and field magnets, in which it is 
important to get the largest amount of copper 
in a given space. "Annunciator" wire has 
a heavy covering of threads, soaked in paraf-
fin, and is intended for bell wiring and the 
like. Magnet wire is annealed, and therefore 
more easily bent than the other. 

1678. Thermo-Generators. R. B. T., 
Jamestown, N.Y., asks several questions 
regarding the sort and permanency of the 
connections between the different parts. 
Ans.—The questions expose the weak points 
inherent in this sort of electric generators. 
Joints that are soldered have less electrical 
resistance than those that merely are clamped 
together. In order to get an appreciable 
electromotive force a very large number of 
elements must be connected in series, and 
the accumulated resistance of the numerous 
connections is considerable. Besides requir-
ing some skill in the soldering, the result of 
one's work is not entirely satisfactory in the 
end, for the influence of the current and the 
heat at the one end destroys the intimacy of 
the bond. Occasionally there is mention 
in the magazines of the day of some new or 
large thermo-generator, but the reader is 
advised to regard them as highly expensive 
and meagre sources of electrical energy. A 
single dry cell will often outdo quite a ponder-
ous construction of the thermo sort. 

1679. Voltmeter and Ammeter. C. P. H., 
Linwood, N.J., asks: (1) How to change a 
0.95 volt instrument to one having a scale 
0.125, and a 0.250 ammeter to one of 0.50 
extent. (2) Can a voltmeter and ammeter 
be left permanently in a wireless telegraph 
set, or should they be switched into circuit 
only when a reading is desired? (3) Will 
18 x 24 in. window glass, with thin sheet 

copper plates, answer for a condenser for a 
3 kw. wireless installation, provided trans-
former oil is used for extra insulation ? Ans.— 
(1) A 125-volt instrument should have the 
scale extend to 150 division on the scale. 
For this purpose, the total resistance of the 
instrument must be increased in the propor-
tion of 150 to 95. If there is a card somewhere 
in the case stating what the present resistance 
is, you can readily order a suitable resistance, 
or "multiplier," as it is often called, from 
almost any instrument maker, that will have 
the desired extra number of ohms. With a 
Wheatstone bridge, you could measure the 
resistance yourself. For the ammeter, you 
would need to increase the resistance of the 
"shunt" five times. If this part of the instru-
ment is external, and happens to be so made 
as to allow four-fifths of the cross-section to 
be disconnecÉed—cut or filed away—you will 
get approximately the right resistance, but 
the final adjustment should be made in com-
parison with some correct instrument. The 
Weston Electrical Instrument Company is 
located in Newark, and we would advise you 
to correspond with them in reference to both 
meters. (2) If they are of the "switchboard". 
type, they can be left in circuit, but if of the 
"laboratory" pattern, it is preferable to have 
the voltmeter open-circuited and the ammeter 
short-circuited except when taking readings. 
If you have in mind the antenna current, 
only an instrument of the "hot-wire" type is 
appropriate, and for economy of power, this 
may well usually be short-circuited. (3) If 
you have sufficient margin of glass beyond 
the copper, the insulation should suffice. 
Can you not use tin-foil in place of copper? 

1680. Wireless Station. H. C. T., Lud-
low, Vt., writes as follows: (1) I hear a cer-
tain wireless station both at night and in the 
daytime whose name I can't make out. It has 
a very high-pitched spark and takes about 
twice as much more tuning coil as Cape Cod. 
I use Continental code and do not make sense 
of its messages. What station is it (2) 
What are some of the other high-pitched 
stations on this coast aside from Brant Rock? 
Ans.—(1) It would be impossible for us to 
say what this station might be, unless you 
could determine the approximate wave length. 
(2) See list of Wireless Stations of World 
given in this magazine several issues back. 

1681. Tuning. Rev. G. D., Nicolet, P.Q., 
Canada, writes us as follows: I am puzzled 
with the tuning of my sending wirelesdstation. 
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I am using two helices for loose coupling, 
each one having 20 turns of No. 8 wire and a 
diameter of 18 in., connected as per above 
diagram. The best tuning I can obtain is 
when I introduce only one turn of inductance 
of the helix B, using all the 20 turns of the 
helix A, in the antenna circuit. And it looks 
as if the tuning would be better if I could use 
more than 20 turns on the helix A. So I think 
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that I cannot tune properly. The power used 
is about 1 X kw.; antennœ, four wires 160 ft. 
long; capacity of condenser, about 0.04 m.f. 
Will you kindly advise me through the col-
umns of Electrician and Mechanic what 
change " is to be made, if any? Ans.—You 
are following the proper method of tuning, 
and it is evident that you require more in-
ductance in your open oscillating circuit 
besides the helix A. It frequently happens 
that a very small amount of inductance in 
the closed oscillating circuit, such as one turn 
or even one-half a turn is all that is needed. 
You may also increase your efficiency by 
varying your coupling to a greater or less 
extent as described by Mr. Getz in his article 
on the use of the Wavemeter. 

1682. Transformer. F. W. M., Kala-
mazoo, Mich., asks: (1) How far he can send 
with the X kw. transformer described in the 
September issue of this magazine. (2) If 
he can wind the transformer with No. 30 
enameled wire instead of the No. 33 wire as 
specified. Ans.—(1) The sending distance 
would depend to a large extent upon your 
skill in tuning the instruments, the efficiency 
of the component parts of your set, the insula-
tion of your aerial, the quality of your ground 
and the system you use, quite as much as 
upon the transformer itself. Why ask us 
•'how far you can send with such and such a 
transformer," when we should have to guess 
at the values of the other important factors 
in the case in order to give you any estimate 
at all? The transformer is an efficient one 
and it will "send" as far as any other similarly 
rated one of equal efficiency. (2) If you will be 
content with a lower voltage from the second-
ary of the transformer, you may certainly 
use No. 30 wire. 

1683. Vibrator; Relay. F. G., Howell, 
Mich., asks: 41) How he can make a relay 
from a pair of 2,000 ohm ringer magnets. 
(2) Where he can get a good vibrator for a 
large Ruhmkorff coil. (3) How many 8 c.p. 
lamps he can light in parallel on 4 volts of 
current, and how many 6-volt, 10 c.p. lamps 
can be lighted by means of a 6-volt storage 
battery. Ans.—(1) There are a number of 
ways and means to this end, and we believe 
that by merely explaining the principle of 
the relay, your own ingenuity will enable you 
to use the magnets as you wish. Briefly, the 
principle of operation is this: A freely moving 
armature, having a platinum contact point on 
one side of an extending arm, is pivoted in front 
of the magnets. An upright having an in-
verted "U" bend in its upper extremity carries 
two adjusting screws, one screw being tipped 
with platinum and the other with some insu-
lating substance. The upright is so arranged 
on the base of the relay that its two adjusting 
screws control the amplitude of the armature, 
the extension of which plays between the 
adjusting screws of the upright. The screw 
with the platinum tip is usually placed on 
the magnet side of the armature, while the 
insulating tip is on the opposite side. From 
this you will see that when an exciting current 
is sent through the coils of the magnets, the 
armature will be drawn forward and contact 

will be made between the platinum on arma-
ture extension and that on the screw. As 
soon as the circuit is broken through the 
magnets, the armature will be drawn back 
against the insulating tip of the other screw 
(by means of a light spring) and the secondary 
contact is broken. (2) We would suggest that 
you write to Houghton & Curtis, Waltham, 
Mass., stating the size of your coil and the 
current you use. (3) This will depend upon 
the efficiency of the lamps and upon the source 
of current supply. What is the ampere-hour 
rating of your storage battery? 

1684. Transformer Rating. H. C. McE., 
Ada, Ohio, asks our opinion on the efficiency 
and rating of an open core transformer of the 
following dimensions: rated at 134 kw.; sec-
ondary, 10 lbs. No. 28 d.c.c. wound in es in. 
pies 8 in. in diameter; primary, one layer 
No. 12 d.c.c. wire 30 in. long on core 36 in. 
long, 2 in. diameter; primary insulated by 
fiber tube from core, and secondary , insulated 
from primary by 34 in. of empire cloth. Ans. 
—We would suggest that you either increase 
the diameter of the core to 3 in., having it 
36 in. long, or else reduce the length to 24 in., 
making core 234 in. in diameter. Unless the 
coil is to be used on direct current with an 
electrolytic interrupter it is a mistake to make 
the core too thin and long. Increase the 
number of layers in primary to 3 or 4 and use 
No. 10 wire in place of No. 12. We should 
say that you would need from 15 to 20 lbs. 
of No. 28, not necessarily double-covered 
wire, and advise you to keep the diameter of 
the pies down to not more than three times 
diameter of core. For insulation between 
primary and secondary use at least X in. of 
empire cloth or a micanite tube 34 in. thick, 
which would be much better. We strongly 
recommend the immersion of the complete 
coil in transil oil. 

1685. Induction Coil Difficulties. K. J. B., 
Torrington, Conn., writes us that he is having 
trouble with a coil of his own construction, 
and asks us to offer suggestions. Ans.— 
While you carefully stated dimensions and 
specifications of the coil proper in your letter, 
you omitted that which is probably the most 
important part in cases of amateur construc-
tion, i.e., the interrupter and condenser. 
Your coil appears to be quite well designed, 
and with the exception of the insulation 
between primary and secondary, we can sug-
gest no radical improvements. We suggest 
a few layers of empire cloth between the tube 
on which secondary is wound and the primary. 
We presume your secondary sections are 
wound in even layers with a layer of paraf-
fined paper between each two layers of wire, 
and if such is not the case we suggest that you 
rewind the coil. We are inclined to think 
that your trouble may rest in the condenser 
and interrupter, as you state that you can 
obtain only a %e in. spark with 10 cells of dry 
battery. If you will write us more fully in 
regard to this adjunct to your coil we will 
endeavor to assist you. Show us by rough 
sketch your connections, state number and 
size of sheets of tin-foil in condenser and the 
type of interrupter you are using. 
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TRADE NOTES 

A New Sending Condenser 

A distinctively novel type of transmitting 
condenser is arousing much attention and 
comment among all classes of wireless workers. 
We refer to the molded condenser which is 
the subject of a patent application of Mr. 
Wm. J. Murdock, of Chelsea, Mass. So much 
has been written of the Leyden jar and glass-
plate types of high potential condensers, that 
the average worker is not only acquainted 
with their good qualities, but in the majority 
of recent articles, he is informed of their in-
herent defects, and their lack of efficiency. 
Of all the faults which are laid at the door of 
the above-mentioned condensers, probably 
the most familiar are the effects of brushing 
and heating. 
The molded condenser resembles the glass-

plate type in so far as the metallic sheets are 
considered. That is to say, in its construction, 
the conductors are in sheet form, placed in 
the dielectric in precisely the same manner 
as in the case of the glass-plate condenser, 
with leads brought out for connections in 
the same way. But, of course, the dielectric 
being of a complex nature, and containing 
materials of high normal dielectric strength, 
the resulting electrical capacities are higher 
than would be the case with similar sizes of 
glass plates. 

The plates of the molded condenser are 
prepared in somewhat the same fashion as 
the commonly-known method of building up 
a glass-plate condenser, but, when they are all 
assembled, the entire mass, slightly increased 
above normal temperature, is introduced into 
a properly shaped mold, wherein it is sub-
jected to a tremendous pressure, which in 
itself serves not only to give a definite form 
to the finished condenser, but is also valuable 
from the electrical standpoint, since the great 
pressure forces the molecular structure into a 
most intimate association and increases the 
electrical value of the dielectric. 
The finished condenser presents itself as a 

smooth, almost polished, tough, rectangular 
solid, measuring 1 in, in thickness, by 534 in. 
in width, by 63.4 in. in length. The capacity 
of the finished section is roughly estimated:at 
.00146 rnf. 
The condenser may be seen tepossess, 

apart from its special electrical qualities, the 
advantages of practical unbreakability, of 
extreme compactness, and of certain dura-
bility. By unbreakability is suggested the 
physical strength. For example, the dropping 
of a section of the condenser upon a floor, 
means no damage to the condenser. Some 
idea of the compactness of condenser equip-
ment possible with it may be obtained by the 
brief suggestion that 28 sections, used in a 
3 kw. station, occupy but one-fourth of the 
space required for a glass-plate set. The 
durability is certain, since through the lack 
of brush, which with the sheet imbedded 
construction is practically impossible, the 
heating is minimized and a long life is assured. 

It will be seen, therefore, that there are 
intrinsic qualities which are commendable. 
The original condensers, subject to severe 
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$1.50 will reach you by return post. prepaid. 

Theo. Audel & Co., 63 Fifth Ave., New York 
Kindly mail me copy of Audels Answers on Automobiles, 

and, if found satisfactory, I will immediately remit you 
$1.50, or return the book to you. 

NAME 

OCCUPATION 

ADDRESS  E.&M. 



356 ELECTRICIAN 

tests, have safely withstood voltages ranging 
from 15,000 to 50,000 from transformers of all 
sizes and types from X to 5 kw., without 
puncturing. They have been worked for 
long periods without showing an appreciable 
heat increase. They have been worked in 
small capacity combinations without showing 
a brush. 

As we go to press, we receive notification 
that the Brookline factory of the Holtzer-
Cabot Electric Co. was partly destroyed by 
fire on the evening of October 6th. While 
there will doubtless be some delays in filling 
orders now on hand, the company advises 
us that a considerable proportion of the 
machinery has remained intact, the prin-
cipal damage having been done by water, 
and that an immediate return to regular 
work by the full force of employees is antici-
pated. 

ELECTRICAL ASSISTANT 
November 22, 1911 

The United States Civil Service Commission 
announces an examination on November 22, 
1911, to secure eligibles from which to make 
certification to fill vacancies as they may occur 
in the position of electrical assistant in the 
Signal Service at Large, War Department, 
and vacancies requiring similar qualifications 
as they may occur in any branch of the ser-
vice, unless it shall be decided in the interest 
of the service to fill such vacancies by rein-
statement, transfer, or promotion. 
The salary of electrical assistants in the 

Signal Service at Large, is $1,080 per annum. 
The examination will consist of the subjects 

mentioned below, weighted as indicated: 
Subjects Weights 

1. Practical questions in electrical science 20 
2. Practical questions in construction and 

installation of electrical instruments. 30 
3. Training, experience and fitness  50 

Total   100 
Applicants should be familiar with the prac-

tical side of electricity as applied to telegraph, 
• telephone and kindred engineering, and should 
be familiar with the equipment and methods 
of installation of telephones, storage batteries, 
motor generators, auxiliary power switch-
boards, telephone switchboards, wire and 
wireless telegraph apparatus. 

Persons who have had power experience 
only are not qualified for this position and 
will not be admitted to the examination. 

Electrical assistants in the Signal Service 
at Large have no permanent location, but are 
transferred from place to place as the needs 
of the service require. 

Applicants who fail to show that they have 
had sufficient training and experience to 
entitle them to a rating of at least 70 in that 
subject will not be admitted to the examina-
tion. 

All statements relating to training, experi-
ence, and fitness are subject to verification. 
Age limit, twenty years or over on the date 

of the examination. 
Applicants may be examined at any place 

at which this examination is held, regardless 
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of their place of residence; but under a recent 
act of Congress only those who are examined 
in the state or territory in which they reside 
and show that they have been actually domi-
ciled in such state or territory for at least one 
year previous to the examination, will be 
eligible for appointment to a position in the 
apportioned service in Washington, D.C. 

This examination is open to all citizens of 
the United States who comply with the re-
quirements. 

This announcement contains all information 
which is communicated to applicants regarding 
the scope of the examination, the vacancy or 
vacancies to be filled, and the qualifications 
required. 

Applicants should at once apply to the United 
States Civil Service Commission, Washington, 
D.C., for Form 1312. No application will be 
accepted unless properly executed and filed 
with the Commission at Washington. In • 
applying for this examination the exact title 
as given at the head of this announcement 
should be used in the application. 
As examination papers are shipped direct 

from the Commission to the places of examina-
tion, it is necessary that applications be re-
ceived in ample time to arrange for the exami-
nation desired at the place indicated by the 
applicant. The Commission will therefore 
arrange to examine any applicant whose 
application is received in time to permit the 
shipment of the necessary papers. 

Issued October 3, 1911. 

BOOK REVIEWS 

The Slide Rule. By Frank C. Hinckley and 
William W. Ramsay, State Inspectors of 
Boilers and Examiners of Engineers for 
the Commonwealth of Massachusetts. 
Boston, New England Engineer, 1910. 
Price, $1.25. 
A really useful contribution on a highly 

important subject. This book is a simple 
but extremely comprehensive treatise in-
tended primarily for those who have hereto-
fore been unable to use the slide rule. It has 
been designed with particular reference to 
the needs of boiler inspectors, engineers and 
mechanics, and contains some illustrative 
examples showing the adaptability of the 
slide rule to problems in steam engineering. 
The book explains in simple language how 

the person of ordinary intelligence may make 
use of this valuable mathematical instrument 
without being obliged to know anything what-
ever of arithmetical or geometrical progres-
sions or of the principle of logarithms. 
The latter part of the book contains a 

treatise on logarithms and also an explanation 
of the principle of the slide rule. The method 
of finding sines and cosines, tangents and co-
tangents is fully covered, but no attempt is 
made to explain trigonometry. A distinctive 
feature of the book is that its contents apply 
to any of the well-known slide rules now on 
the market without reference to any particular 
make. In our opinion, this work should fill 
a long-felt want in the field of non-technical 
literature. 
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LARGEST and BEST WAY= 

SCHOOL IN AMENICA 
We teach Watch Work. Jewelry, 
Engraving, Clock Work, Optic.. 
Tuition reasonable. Board and 
roome near school at moxertte rates. 
Send le- Catalogue sr ' 

250-p CATALOG JUST OUT 
ELECTRICAL and Mailed for 6 Oa., 
WIRELESS GOODS stamps or coin. 

which may be deducted from first onler of $1.00. Largest 
and Moot Artistic Electrical Catalog Published. 
85 pages WIRELESS Instrument. for commercial and ex-
perimental nee. 30 pages Motors and Dynamos of all sizes. 

35 pago Miniature Train.. 2Npages Telegraph Instruments. 30 
pages Electrical Novelties. etc. 50 pages General Electrical Supplies. 

J. J. DUCK, 423-5 St. Clair Street, TOLEDO, OHIO 

Telegraphy Taught 
zen the shortest lossible time 
The Omnigraph Automatic Trans-

mitter combined with standard key and 
sounder. Sends your telegraph mes-

sages at any speed, just as an expert operator would. 
Five st} les 182.00 up; circular free. 

OMNIGRAPII MFG. CO., 41 Cortlandt St., New York 

Electrical and Mechanical Problems SOLVED 
Wirelesa and High Frequency work a specialty. Let me do your 

engineering work for you. 8 years ex perience. What I ran do for 
others. I can do for von. Why not w me today? Consultation. 
$1.00-6 questions—tine Mc. 'II. WINFIELD SECOlt. Con-
sulting Engineer, - 206 W. MI Street, New York City 

Foot and Power Lathes, .legreical pli)ariver: 
Shapers, Drills Milling Attachments lalachsinists' geups 
plies, Chucks, fools, Dogs. Best arid cheapest made. 
SHEPARD LATHE CO., 133 W. Second, Cincinnati, O. 
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''.--SPECIALIZE IN ELECTRICITYE 
Big demand for SPECIALISTS in Instrument and Meter work. This is one 

of the most important branches in the great electrical industry. Instruments 
and Meters are used wherever ELECTRICITY is used. 

POSITIONS PAY $900-$1800 A YEAR. 
The work is pleasant and healthful. Easily learned from our Complete Course. We will 

qualify YOU for a splendid paying position and assist you in getting it. Your services will al-
ways be in demand. Our booklet, "Instruments and Meters," tells all about this fascinating and 
profitable work. Send for it. It's FREE. 

FORT WAYNE CORRESPONDENCE SCHOOL, 
1112 Shoaff Bldg., Fort Wayne, Indiana. 

BUILD YOUR GASOLINE ENGINE IN YOUR • • SPARE TIME 
OWN . • • 

2 h.p. water-cooled marine or stationary type; 3 h.p. air-cooled auto, motor cycle, aeroplane type 
E sell a complete set of castings and blue-prints, so you can make your own 
' engine. Each set has four working blue-print drawings, showing each simple de-

tail, and how to wire the motor. 
Send for a set of blue-prints of either engine, four in number, of the size of 12 in. by 

is in.. for 50e. If not satisfied we will return your money. 
A photo of either engine for 10c, both 15e. We finish parts extra. 
If you purchase. we will credit you the above. 

VIGNEAU MACHINE di MFG. CO., nor< f, Biddle Bldg., 2fal E. Jefferson Ave.. Detroit, Mich. 

Before designing 

tlie ELECTRICAL APPARATUS 
363 Send ven Ftio 

two t np f u or or eiroular ut 
Castings, Armature 1)1,4-ss., Commutators, 
1;rue:holders, etc.. for Motors and Dynomos, 
1.20 to 2 kw. Electrical mhect steel for Trans-
i ormers. Arlrlat aresilelds etc. eut to shape. 
GAS ENGINES finished or castings only 
to 2 h.p. We design bu ildafill small motors 

tor machine drive and special requirements 
F. E. AVERILL. ,b ,,  Buffalo,N. Y• 

Mount Animals and Birds 

N.W 

Game heads, fish, tan skin and make rugs. 
LLr.:.,,, the o.didertul rot of tanul,-ro, On, 
a few hi,. w this cru-al profmsum. You are sure to 
make. is big income as a arotexatonal taxidermist. ,t. 

work than xou ran do and all nt • handsome 
fist, '' We g to make you a success-
ful taxidermist by mall or no tuition. Thew 
sands have Luca nueressf al. Wo Ito t.nlay our 
(rust FREE la **Hoy/ to Learn to Mount 
Birds and Animals." tt rite at one° — new. 
.Sehool of Taladerm,j;, ,.. Eluoml 1,1g.timaha, 5..b. 

remarkableA NEW CREATION For 
reference 

set of books 
ever Electrical Worker's Standard Library and 
published Practical Authoritative Comprehensive And up-to-date home study 

Especially made Pocket Size Volumes. Books that you can 
carry on the job. A worker's series of practical, everyday 
helps for installing the work according to the safety rules of 
the National Board of Fire Underwriters 

By applying the practical problems contained in the books to any job, you may 
be sure that the work will bear the mark of the Electrical Inspector's "0 K." The 

purpose of this library is to provide the beginner or the 
working electrician a complete treatise on Electrical Con-
struction Work as a reliable, practical guide; one that tells 
him exactly how to install his work in accordance with the 
latest improved methods. 

SEVEN Handy Pocket Size Volumes. size 4!.; x7. bound In full 
American Morocco. stamped In genuine gold leaf, 2.500 pages, 1.500 
illustrations, including full page plates, uorking diagrams, etc. 
Hundreds of tables and formulas. Fully indexed for quick and 
easy reference. 

WILL YOU EXAMINE THESE BOOKS 

FREE OF CHARGE? 

If you are interested in Electri-
city, we know these books are 
just what you want. To con-

vince you of this, we will send a complete set to you by prepaid express; keep them 
five days; examine them thoroughly and carefully; test them; apply the knowledge 
they contain to your every-day work. If you desire to keep them, send us $2.00 
after five days and $2.00 a month until you have paid the special price of 
$21.00. The regular list price is $28.00. Just fill in the coupon below 
and mail it to us. The books will be sent you at once. 

SOLD ONLY BY SUBSCRIPTION 

For further information address 

National Institute of Practical Mechanics 
1325 Michigan Ave., Chicago, U.S.A. 

National In-
stitute of Practical 

Mechanics. E.M. 

Please send Electrical 
Worker's Standard Library 

for FREE examination. I min 
send $2.00 within five days and $2.00 

a month until i have paid $21.00; or 
notify you and hold the books subject to 

your order. Title not to pass until fully paid. 

NAME  

ADDRESS  

OCCUPATION EMPLOYER  
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PATENTS 

OSCAR E. PERRIGO, M.E. 
EXPERT PATENT ATTORNEY 
Registered in the United States Patent Office 

6 BEACON ST., BOSTON, MASS. 

Long Experience Expert Work Moderate Charges 
Consultation personally or by letter, FREE 

Reference by permission to Electrician and Mechanic 

A patent attorney can get SOME KIND OF A PATENT on almost any 
kind of a device. But the question is, WHAT IS ITS COMMERCIAL 
VALUE ? Why should an honest inventor be induced to spend his hard-earned 
money for a Patent that has little or no REAL VALUE ? 

Our way is to first carefully examine the device to ascertain its commercial 
value. If this result is favorable the Inventor is advised to make an application for 
a Patent. If unfavorable the Inventor is advised not to spend money upon it but to 
turn his attention in some more promising direction. 

Mr. Perrigo, being a well-known Consulting Mechanical Engineer, with years 
of experience in the manufacturing business, is peculiarly well qualified to examine 
Inventions as to their commercial value. WE MAKE NO CHARGE FOR 
THIS SERVICE. 

If you have invented something which you think should be patented, fill out 
the coupon below and mail it to us TODAY. It costs but a 2-cent stamp and may 
bring you thousands of dollars. 

INVENTOR'S NAME (in full)  

RESIDENCE (Street and No.)  

TOWN OR CITY STATE 

Attach this to a description and sketch of your Invention, 
and mail it TODAY to 

OSCAR E. PERRIGO, 6 BEACON STREET, BOSTON, MASS. 
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CASSEIne CeirMEMMIRECHANIM 
000 INDEXED ARTICLES 

Edited by 
PAUL N. 1lASLUCK 

24* 
For the Mechanical and 
Eledrleal Engineer 

for the Handy Man 

For the Boy Who 
Likes to Make Things 

You Want to Make Anything 
Consult These Volumes 

CAS,t CASS' CASS! CAS CAS 

1 Milli CIU.0 XLCICYCI CITA. 
Of 

NI' r•ILl I 1E111 

1101 ,,f. 

Assisted by 
100 Practical Experts 

About the House 

an 

For the Practical 
Shop Mechanic 

For the Searcher 
After Scientific Knowledge 

E
VERY Mechanic, Engineer. Scientist. Farmer, Handyman and Man with a Hobby should own a set of these books. The work is not only of 
priceless value to Mechanics, Electricians and Scientists, but contains thousands of articles written for the Handyman about the house. (rpm and 
shop; for anyone who likes to make things, from a match•holder to a suite of furniture—from a wheelbarrow to a carriage or motor body. The 

1,0,, oho is learning how to use his brains and hands will find these volumes a never ending inspiration. Read the description below; then let us 
send you the set fur examination belore you purchase. . 

This Famous Mechanical Library Sent You for Examination on Receipt of $1.00 
Sign your name to the coupon below and let us send you this complete five volume work at once on approval. It you don't keep the books, the 
set is returnable AT OUR EXPENSE, and we will refund your $1.00, plus any expenses. Cassell's Cyclopaedia of Mechanics is an authoritative work. w ell printed and handso dmely bound in five volumes. Written 

by a staff of skilful and telented mechanical an technical writers. unT er the direct 

editorship of Paul N. liasitick, the foremost living writer on mechanical subjects. every item the pad l contribution of an expert. The complete work 
contains over 6500 illustrations and 30.000 separately indexed articles; over 2.500,000 words. The five volumes number 1760 pages in all: each 
volume measuring 714.104 inches: strongly bound in stout extra durable cloth binding, with lettering in gohl. We know you will le amazed by the 
scope and completeness of this work. A leisurely examination is the only method of sale that will do it justice. That is why we make you this 
out-and.out offer to place the five volumes in your honte at our expense. without obligatlon to keep them unless you are satisfied. 
For the Practical Mechanic ti;„11:illp:apcotearl,mcerachn,apnsicuses.glinfizlidinngtheul:•so;rkciLhcoatnrdshooUrntzicl:ms sale toaosts: In lathe, 

molder for 

m otor connections; boiler covering compound; forging swivels; reducing high pressure of electric circuit: tail vice for wood•worker's 
bench ; truing emery wheels: regulating speed of electric motors; tool for cutting round holes in sheet metal; tube Ignition for small 
oil engine: °ay-acetylene blow pipe or torch for welding and cutting metals; rustless coating for iron patterns; uses of shunt coils: 
spacing dynamo brushes: heat gauge for use in hardening steel: fitting electro ignition to gas engine; grinding and polishing 

metals for a high finish: calculating weighe of rolled metal, etc.. etc. Sampson Some General Subject-Headings vewohà‘hininciduiZe ;,hc:t.,eir,,ef_tioAn,a,ld,ranyltg.nc: comAt=ente,on.es,s,:rfsthe Pub. Cd  
—Boat Building—Bookbindintz—Building—Cements—Chemicals and Chemistry — Cleaning and Renovating — Coach. 221 Columbus Ave  
building—Concrete—Cycles—Drawing Instruments —  Dyeing — Electricity—Embossing —  Enameling—Engineering Boston. Ma«. 
— Engraving—Entomology—Etching— Explosives — Filters and Filtering — Fireproofing — Floors — Furnaces— G FINTL FM RN :— I en. lose 
Gas—Gauges —Gilding— Glass— Granite —Guns and Eirearms—Ileating-Apparatus— Illuminating— Inlaving herewith $1.00 for which 
—Ivory—jewelers' Work — Lamps— Lantern Slides — Leather Working — Lenses—Lithography- 1,1 rd. kindly send me carriage pre-
cating—Machinery—Marble—Metal Working—Metals and Metallurgy—Modelling — Motors—Moulding paid, for free examination. one 
Machines — Paints — Paper— Paving— Photography — Pipes— Piaster—Plumbing—Pottery—Poultry complete set of Cassell 's CYcloP,Rdia 
Appliances — Presses — Printing —  Pumps — Refining — Refrigeration — Roofing—Ropes—Sand—  of Mechanics, in five volumes. It Is 
Sanitat ion — Saws — Screws — Surveying— Sign Writing — Soaps —Soldem—Staircasing— Stone — understood that I may examine the work 
—Sloves—Tanning—Taxidermy—Terracotta—Tiling—Timber—Tools — Upholstery — Valves five days, and if t do not wish to keep it. 
— Veneering—Water—Wireworking—Woodworking. . I agree to notify you and hold subject to your 

Examine This Great Set of CZ:et roú eiirr ee...fewt.hrts:b',.7—erpke' fi.''''' order. If I keep it. I agree to pay you 81.00 within 
Books at 0 U R Expense printing. an'i the wonderful fund of info'rmnd onPit corty.na five days and the balance of $ 16.00 in instalments of 82.00 
mi., We want you to exannne it thoroughly for we know you will be quickly im- per month until paid. It is further understood that you 
pressed with itapractica/ value. The price of th'is complete work in flve volumes. trill refund the doll. paid if 1 decide not to keep the books. 
above deacribed. its $18.00. Just man us the emir.. opposite with $1.00 and you 
will receive the set. carriage paid. Examine it five days. If at the end of that 
time you do not want it. notify tie and hold 'subject to our order. and wa agree NAME  
to return the dollar you have aent us. If you keep the books, lay Ill $1.00 
within live day., and the balance $2.00 a month until paid. ADDRESS  

SAMPSON PUBLISHING CO. OCCUPATION OR EMPLOYER  
121 Columbus Ave., :: Boston, Mass. Send this coupon or copy of It 
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PRACTICAL 25e BOOKS 
Telephones and Microphones. Making and 

using simple forms of telephones and microphones, 
with 29 illustrations. 
Model Steam Engine Design. A handbook for 

the Designer of small Model Steam Engines, including 
original tables and calculations for speed, power, pro-
portions of pumps, compound engines, and valve 
diagrams. By ROBERT M. DE VIGNIER. Contents 
of Chapters: 1. Various Types. Speed of Model En-
gines. 2. Power Calculations. Materials. 3. Feed 
Pumps. 4. Compound Engines. 5. The Valve Dia-
gram. 6. Engine Layout. Patterns. 102 pages, 34 
illustrations. 
Model Steam Engines. How to Understand 

Them and How to Run Them. By H. GREENLY. In-
cluding examples of stationary, locomotive, portable 
and marine engines. With different kinds of boilers 
and methods of getting up steam, as well as engine 
details and valve mechanisms, etc. 87 pages and 55 
illustrations. 
Model Railways, by W. J. BASSETT-LOWKE. 

Contents: Choice of size and gauge; clockwork, steam 
and electric locomotives; miniature railways; the 
model locomotive; tin rail formations; scale model 
permanent way; model railway signals and signalling; 
model stations, rolling stock, etc. 
Brass and Iron Founding. By Joseph E. Dan-

gerfield. The leading operations are described 
step by step in connection with casting from patterns 
made as in" Pattern Making," for the construction of 
a lathe as in " Building a Lathe," with a few other 
examples. 
Pattern Making. By Joseph E. Dangerfield. 

Methods explained step by step in connection with 
the actual patterns. 
Building a Lathe. By A. W. Burford, A.M.I.C.E. 

The minutiœ of preparing, assembling and finishing 
the casting as per " Brass and Iron rounding " from 
patterns built as per " Pattern Making," to form a 
workmanlike lathe for a mechanic. 
How to Build a Gasolene Motor. By James 

F. Gill, B. Sc. Mechanical and electrical details made 
clear, and the steps in building a motor cycle fully 
given. 
How to Build a Bicycle. By H. R. S. Williams. 

Step by step in the building of a machine for foot 
power, and of one for use with a petrol motor as de-
scribed in " How to Build a Gasoline Motor." 

Mechanics for Young America, How to build, 
boats, water motors, wind mills, searchlight, burglar - 
alarm, ice boat, water bicycle, cabins, camps, clocks, 
fishing tackle, kites, model railway, etc. 
The Beenner's Guide to the Lathe. An 

elementary instruction book on turning in wood and 
metal, by P. MARSHALL, 76 pages, 75 illustrations. 
Metal Working Tools and Their Uses. A 

handbook for young mechanics and apprentices. 
Shows how to use simple tools required in metal work-
ing and model making. Illustrated. 
Tools and Their Uses. Describes the more com-

mon tools for wood and metal-working, with instruc-
tions how to keep in order, to sharpen, and to use 
them, with a number of hints on home-made tools. 
Illustrated 
Standard Screw Threads. A Guide to Stand-

ard Screw Threads and Twist Drills. (Small sizes.) 
Illustrated. 
Threads and Thread Cutting, by COLvIN-

STAHEL. This clears up many of the mysteries of 
thread-cutting, such as double and triple threads, in-
ternal threads, catching threads, use of hobs, etc. 
Contains a lot of useful hints and several tables. 
Turning and Boring Tapers, by FRED H. 

COLVIN. A plainly written explanation of a subject 
that puzzles manya mechanic. This explains the dif-
ferent ways of designating tapers, gives tables, shows 
how to use the compound rest and gives the tapers 
mostly used. 

Drafting of Cams, by LOUIS Rotnu.ioN. The 
laying out of cams is a serious problem unless you 
know how to go at it right. This puts you on the 
right road for practically any kind of cam you are 
likely to run up against. It's plain English, too. 
Mechanical Drawing, simply explained. Use 

of instruments, reading and setting out drawings, ink-
ing in and finishing, drawings for reproduction, letter-
ing, with 44 illustrations. 
How to Read a Workshop Drawing. By W. 

Longland. The methods and conventions of mechan. 
ical drawings explained and illustrated for students, 
young draughtsmen and machinists. 
Domestic Electrical Work, by W. A. WITT-

RECKER. Concise and practical directions for plumb-
ers, tinners and hardware dealers on how to w ire 
buildings for bells, alarms, annunciators, and for gas 
lighting from batteries. With 22 diagrams. Demands 
no previous knowledge of electricity. 
The Slide Rule and Bow to Use It, by FRED 

T. HODGSON. This is a compilation of explanations, 
rules and instructions su itable for mechanics and 
others interested who wish to master the use of this 
time-saving, calculating instrument. 
The Engineer's Slide Rule and Its Applica. 

tions, by WILLIAM TONKES. A complete investiga-
tion of the principles and uses of the Engineer's Slide 
Rule. 
Practical Electrics. A universal handy book on 

everyday electrical matters, including connections, 
alarms, batteries, bells, carbons, induction and resist-
ance coils, dynamos, measuring, microphones, motors, 
telephones, phonographs, photophones, etc. 135 pages, 
126 illustrations. 
Gas and Oil Engines. A practical handbook on, 

with instructions for care and running. Illustrated. 
A full explanation of the parts and working of these 
popular motive powers. 
Soldering, Brazing, and the Joining of 

Metals. By Thos. Bolas, F.C.S., F.I.C. Full in-
structions for making and using soft and hard solders, 
and for joining many kinds of metal under varying 
conditions. With illustrations of the tools, various 
methods of soldering, brazing, etc. 
Brazing and Soldering, by JAMES F. HOBART. 

A complete course of instruction in all kinds of hard 
and soft soldering. Shows just what tools to use, how 
to make them and how to use them. 
How a Steam Engine Works. By W. E. M. 

Curnock. The principles, terms, and calculations 
that underlie the designing and working of steam en-
gines are clearly explained, with diagrams. 
The Locomotive, simply explained. A first intro-

duction to the study of locomotive engines, their 
designs, construction and erection, with a short cate-
chism, and 26 illustrations. 
Simple Scientific Experiments. How to per-

form entertaining and instructive experiments with 
simple home-made apparatus, with 59 illustrations. 
Simple Chemical Experimente. A series of 

instructive experiments in inorganic chemistry. By 
T. THORNE BAKER. Describes how to fit up a labo-
ratory and appara tus cheaply, and how to make numer-
ous interesting and instructive experiments. 
Simple Photographic Experiments. A series 

of instructive experiments in Practical Photography. 
By T. T. BAKER. 68 pages, 14 illustrations. 
The Slide Valve, simply explained, by W. J. TEN-

NANT. Revised edition, considerably enlarged. A 
first-rate little book fo  locomotive and stationary en-
gineers, firemen and all interested iu the slide valve. 
83 pages. 41 illustrations. 
The Fireman's Guide to the Care and Manage-

ment of Boilers, by KARL P. DAHLSTROM, M. E., 
covering the followmg_subjects: Firing and Economy 
of Fuel; Feed and Water Line;. Low Water and 
Priming; Steam Pressure; Cleaning and Blowing 
Out; General Directions. A thoroughly practical 
book. 

SAMPSON PUBLISHING COMPANY 
221 COLUMBUS AVE. 

BOSTON, MASS. 
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ORDER YOUR MAGAZINES 
FROM THIS PAGE 

For the convenience of readers who wish to subscribe to more titan one magazine we have arranged 
this page, which contains a list of the leading general, photographic, and mechanical magazines of the 
United States. It saves you time, money, and trouble to order all your magazines at one time from a 
reputable house, which can always be reached to adjust complaints. Do not pay your money to unknown 
solicitors, but send your orders to us. Subscriptions may begin at any time, need not all be sent to one 
address or begin at the same time, and may be either new or renewal, unless otherwise specified. Remit 
by postal money-order. If personal check is used, add to cents for collection. Periodicals sent to Canada 
and foreign countries cost more to cover the postage. Always ascertain from us the proper rates for 

such subscriptions. 
If you do not find the periodicals you want listed on this sheet, write to us for terms. \Ve will dupli-

cate the prices quoted by any reliable agency on any periodical or combination. 

DIRECTIONS 

From the list below select your magazines, add their class numbers and multiply by five — the 
result is the cost in dollars and cents. For instance: — 

Class Number: ELECTRICIAN AND MECHANIC 24 
AMERICAN PHOTOGRAPHY   24 
EVERYBODY'S   23 

Cost 
71x5 = $3.55 

PUBLICATIoN 

30 Abel's Photographic 
Weekly 

:to Adventure 
Aeronautics 

27 Ainslee's 
20 All Story Magazine 
17 American Boy 
55 American Homes & 

Gardens 
50 American Homes & 

Gardens (new) 
.41 Amer. Machinist (w) 
21) Amer. Machinist (m) 
23 American Magazine 
2.1 AMER. PHOTTMHAPHY 
21) American Motherhood 
21) Argosy 
15 Automobile 
17 Auto. Dealer & Rep'r 
Id Black Cat 
27 Blue Book 
17 Boys' Magazine 
21) Building Age 
30 Bulletin of Photog. 
17 Camera (Until Jan. 1, 

1912) 
22 Camera (After Jan. 1, 

1912) 
20 Camera Craft 
17 Camera ('ra ft (new) 
I 70Camera ,,rk 
20 Cavalier 

Ci.Ass 
N „. PritticATIoN 

$O Century 
20 cosmopolitan 
70 Country Lae in 

America 
53 Craftsman 
35 Current Literature 
21 Delineator 
12 Designer 
:17 Dress 
20 Electrical World (m) 
60 Electrical World (w) 
24 ELECTRICIAN AND 

MECIIANIC 
25 Electric Journal 
17 Electrocmft 
23 Etude (For music 

lovers) 
23 Everybody's 
12 Everyday Housekpg 
23 Field and Stream 
47 Forest and Stream 
20 Foundry 
23 Garden Magazine 
16 Gas Engine 
16 Gas Power 
8 Gas Review 

20 Good Housekeeping 
23 Hampton-Columbian 
20 Harper's Bazar 
70 Harper's Magazine 
70 !tamer's Weekly 
12 Home Needlework 

PuilLicATioN 
C1.1,s 
N „. III.IcATIoN 

50 House & Garden 
23 Housekeeper 
It) Housewife 
35 Independent 
100Iron Age (w) 
40 Iron Age-Hardware 
S Ladies' World 

90 Life 
35 Lippincott's 
re Literary Digest 
17 Little Folks (new) 
30 Manual Training Mag. 
9 McCall's Magazine 
23 McClure's Magazine 
40 Metal Worker 
23 Metropolitan 
60 Model Engineer ég 

Electrician 
17 Modern Elect tics 
12 Modern Priscilla 
10 Mothers' Magazine 
60 Motor 
41) Motor Boat 
60 Motor Boating 
IS Motor Cycle Illusteed 
15 Motor Print 
23 Musician 
17 National Sportsman 
70 North Amer. Review 
24 Outdoor Life 
50 Outing 
60 Out look 

25 Overland Monthly 
22 Pacific Monthly 
23 Pearson's Magazine 
24 Photo Era 
20 Photographic News 
27 Photographic Times 
50 Photo Miniature 
23 Physical Culture 
17 Pictorial Review 
23 Pictorial Rev. (2 yrs.) 
17 Popular Electricity 

(Until Jan. I, 1912) 
25 Popular Electricity 

(After Jan. 1, 1912) 
60 Popular Magazine 
9 Poultry Herald 
9 Poultry Keeper 
7 Poultry Stlecelet 
17 Practical Engineer 
33 Printers' Ink 
20 Railroad Man's Mag. 
40 Recreation 
23 Red Book 
35 Review of Reviews 
re St. Nicholas 
40 St. Nicholas (new) 
55 Scientific American 
50 Scientific Amer. (new) 
20 Scrap Book 
60 Seribner's 
23 Short Stories 
45 Smart Set 

CLASS PuBLIcATION 
No. 

30 Strand 
50 suburban Life 
17 Success 
22 Sunset 
40 System 
23 Technical World 
:15 Travel 
27 Violinist 
9 Violin World 
70 Vogue 
47 Wilson's Photo. Matt. 
23 Woman's Home Com. 
:17 World's Work 
35 World To-day 
23 Yachting 

The following magazines 
are sold only at the full 
subscription price and 
are never clubbed. 

Ladles' Home JO. $1.50 
NIunsey's   1.30 
Popular Mechanics 1.50 
Saturday Ev, Post 1.50 
Youth's Companion 1.75 

(Until Jan. 1, 1912) 
Youth's Companion 2.00 

(After Jan. 1, 1912) 

THESE RATES ARE VALID UNTIL OCTOBER 1. 1912 

SEND THIS COUPON TO US WITH A MONEY ORDER FOR THE AMOUNT 

Date 

SAMPSON PUBLISHING CO., 
221 Columbus Ave., Boston, Mass. 

Enclosed find $ in payment of my subscriptions to 

the magazines indicated. Begin with  

Name   

Address   

24 Electrician & Mechanic 

X 5 
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The Book You Have Been Waiting For Now Ready 

PRACTICAL APPLIED ELECTRICITY 

Piri:1;:r tre Oc aS. 2 .00 ls  

By DAVID PENN MORETON, B. S.E. E. 

Associate Professor of Electrical Engineering at Armour Insti-
tute of Technology, Associate Member of the American Institute 

of Electrical Engineers; Member of the Society for 
the Promotion of Engineering Education. etc.. etc. 

450 Pages. Illustrated with 273 Line 
Drawings, 50 Halftones, numerous 

Diagrams and Descrip-
tions, 20 Full Pages of 
Tables. Black Flexible 
Leather. 
This book for which thous-

ands of electrical workers have 
been waiting, is known to be 
the "last word" on applied 
electricity up - to - the - present 
minute. A book that tells HOW 
and WHY, and with its dia-
grams, descriptions and tables 
SHOWS the reader everything. 
The language is so plain, and 
the mathematics so simple that 
no one can fail to understand. 
All interested in electricity— 
old or young—artisan or ama-
teur—expert or experimenter— 
should own this absolute au-
thority. This is a practical 
book by a practical man for 
practical men. The index of 
this volume is most complete, 
making it easy to refer quickly 
to any desired topic. 

Practical Applied Electricity is 
in all senses an Electrical Ency-
clopedia—concise. comprehensive. 
easy of understanding and covering 
every line of electrical work as 
taught in the Armour Institute of 
Technology,an institution of world-
wide fame. Each subject is classi - 
fled and treated exhaustively. It 
covers the progress of electricity 
and its application up to the present 
hour. Without its counsel the 
student cannot feel himself to be 
abreast of the times. 

CONTENTS: The Electrical Circuit and Electrical Terms Explained by Means of the Water Analogy; 
Ohm's Law: Series and Divided Circuits; Calculation of the Resistance of Various Circuits and Con-
ductors; Primary Batteries; Dry and Wet Cells; Voltage; Internal Resistance and Polarization; How 
to Renew; Series and Parallel Connections; Tables of Data of Commercial Types of Cells; Magnetism: 
Permanent Magnets; Electromagnets; The Magnetic Circuit and Quantities Involved; Magnetic Proper-
ties of Various Materials: Magnetic Calculations; Instruments; Construction of Various Types of Am-
meters. Voltmeters, Wattmeters, Galvonmeters, etc.; Calibration of Instruments: The Dynamo; Fun-
damental Principle; The Magnetic Field; Commutation; Armature Reaction; Characteristics of the 
Series, Shunt and Compound Types of Generators; Motors, Fundamental Principle; Various Types and 
Their Application to Different Kinds of Work; Motor Speed Control: Variable Speed Motors; Railway 
Motors, Elevator Motors, etc.; Storage Battery; Fundamental Principle; Commercial Types; Applica-
tion; Care of; Systems of Power Distribution; Two and Three Wires; Balancers: Motor Generator 
Sets. etc.; Practical Operation of Electrical Machinery; Connections in Series and Parallel; Motor and 
Generator Troubles. How to Locate and Remedy Them; Electrical Lighting; Various Types of Incan-
descent and Arc Lamps; Application of Various Types; Photometry of Lamps; The Nernst Lamp; 
Moore Tube; Mercury Vapor Lamp: Electrical Wiring; Calculation of Conductors; How to do Exposed 
Moulding and Conduit Work; How to Install and Connect Heaters, Motors, Generators, Fixtures, Arc 
Lamps, etc.; Wiring Tables for Different Classes of Work; Alternating Current Circuit; Comparison of 
the Direct and Alternating Current Circuits: Quantities Involved; Series and Divided Circuits; Meas-
urements of Power; Alternating Current Generators and Motors; Resuscitation: Numerous Miscel-
laneous Reference Tables. 

SAMPSON PUBLISHING CO., 221 Columbus Ave., Boston, Mass. 
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y T TAUOI-IT QUICKLY 
Day and Evening Sessions 

Boston School of Telegraphy 
18 Boylston St., Boston, Mass. 

Classes in Wireless both day and evening 

Largest and Most Successful School of Telegraphy 
in New England 

We teach thoroughly Railway. Commercial, Brokerage and Wireless 
Telegraphy. Students placed in desirable positions. Call or writ* for 

our new 1211 illustrated catalog gi. nag full information. 

Telephone 140 Oxford 

ELEGRAPI1 

WIRELESS OPERATORS 
As a Fall inducement we offer the following specials 

for this month only: 
Black enameled wire, sizes from 18 to 22, per lb., 46c. 
Black enameled wire, sizes from 24 to 28, per lb., 60c. 
All orders at the above prices received before December 

1st, will be shipped same day as received. Do not fail to 
receive our new catalog which is just off the press. Send 
two (2) cent stamp for catalog. (No postals answered.) 

The I. W. T. WIRELESS CO., 1042. Broadway. Brnoklyn, New York 

Storage Batteries  

not a cheap make but a 
RELIABLE PRODUCT 

sold cheap 
2 volts 40 Atop. hour, 
4 volte 4C1 Amp. holm 
I; volts 40 Amp. hour. 
It volts IS/ Amp. hour. 7 t. 
I; colin /4) Amp. hour. 

..t/es quoted 011 reitt.-..t. 

it , S1 (ts ELF:Critic CO. 
;...vrtt L. Nt.w York 

The Slide Rule 
By FRANK C. HINCKLEY 

and WILLIAM W. RAMSAY 
Massachusetts State Inspectors of Boilers 

Price, $1.25 POSTAGE PREPAID 

THE SLIDE RULE 
%dap 

goo 

ABOOK of instruction 
for any who wish to 
learn how to use a 

slide rule. Especially pre-
pared for practical men who 
have not had the advan-
tages of higher mathematics. 
It is the only book of its kind 
on the market. Instruction 
in the use of the Slide 
Rule—not an arithmetic — 
ordinary mathematics are 
all that a student of "The 
Slide Rule" is required to 
know. 

New England Engineer 
12 PEARL STREET :: BOSTON 

xxi 

, 

IELOPED11 CITLOPEDIA CRILOPEDI1CRiOPEDIA 

APPLIED 1PPL1ED APPLIED APPLIED APPLIED APPLIED APPLIED 
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sou mu your 401-tv votv %Run VOLVO 
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ItAtsmu-
Meets 
orziostov 

The new seven-volume edition of 

Electrical Knowledge  
This is the greatest electrical reference 

library, for the expert and student. These 
books are published especially for the am-
bitious man who is training himself for ad-
vancement—for the wide-awake man who is 
likely to be called upon for work outside of 
his regular line—for the man who needs at 
his elbow, for ready reference, an accurate 
down-to-date work on Electricity. Seven 
volumes, 2,9% pages with over 2,000 full 
pzge illustrations, diagrams, formulas, etc., 
printed in large, clear type on special quality 
paper. 

Read What This Great 

 Cyclopedia of Applied Electricity Contains— 
Theory Calculation, Design and Construction of Generators and Motors 
Electrical Measurements — Electric Wiring -- Electric Welding Types .t 
Generators and Motors— Management of Generators and Motors - 
Storage Batteries— Electric Lighting—Alternating-Current Machinery 
Station Appliances — Power Stations — Power Transmission --- Central 
Station Engineering Electric Railways, including SinlIc-Phase --- The 
Electric Telegraph — Telephone Equipment, Systems and Operation — 
Wireless Telegraph and Telephone — Telautograph, Telegraphone, etc. 

We Want You to Examine This 

Great Cyclopedia Free of Charge 

The complete seven volumes, not a sample volume. 
will be sent, express prepaid. for seven days' free ex-
amination: returnable at our expense if the books do 
not contain the information you want. If you keep 
the books. pay $1.80 seven days after receipt and then 
82.00 a month until you have paid the special in-
troductory price of $19.80. The Table of Con-
tents above will give you some idea of the * 
tremendous scope of this work—but only an * 
,•xamination of the books will reveal their e 
ull value to you. e 
Just fill in and mail the coupon. It EM 

won't cost you a cent to examine the 1 0 
books. We know they'll be worth A. 8.1.1.11c. 

many times their cost to you. Ap• 
Mail the coupon now before Ai! cd Please send me 
the busy season begins and Aer Cyclopedia of Am 
you will receive your books 4,""\,. plied Electricity lor 
proni ptly. seven days' free exam. e N. motion. I will send ji.eo 0 
American School of e ir e 4. within seven days and 22 

a month ,.ntil I have paid 

Correspondence .e, ,e _ St9.80 t otherwise loi ill notay 

to vour order. Title nut to pass 
pct. and hold the books subject 

Chicago, U. S. A. „ir , Ir until fully paid. _. ,:-.1-
ir -iv 

NAME  

ADDRESS  

OCCUPATION  
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SALE AND EXCHANGE 
Advertisements under this heading, without display, 
3 cents per word, cash with order' minimum, 76 cents. 
Black-faced type, cents per word; minimum. $1.00. 

WIRELESS TELEGRAPHY 

PACIFIC COAST WIRELESS CALL LIST. Cor-
rected and enlarged. 266 Commercial and govern-
ment ships and shorellstations. Send 10 cents today. 
FORD KING, 623 Balboa Building, San Francisco, 
Cal. (11) 

CUT OUT INTERFERENCE and obtain exact tuning 
by means of the selective revolving variable condenser; 
price, $5.00. FRANK O. DROWNE, IM.16 Broad St., 
Edgewood, R.I. (11) 

ELECTRICAL 

WANTED—Second-hand 1 J4 kw. generator; also castings 
for a 2 h.p. gasoline engine. GEORGE L. GRONEMEYER, 
2954 Clark Ave.. St. Louis, Mo. (s) 

ELECTRIC WIRING AND LIGHTING—Knox-Shad, 
192 pages; 150 illustrations. A working guide in all matters 
relating to electric wiring and lighting. Includes wiring 
for direct and alternating current by all methods approved 
by the fire underwriters; and the selection and installation 
of electric lamps for the lighting of buildings and streets. 
The utmost care has been used to bring the treatment of 
each subject within the range of common understanding. 
making the book especially suitable for the self-taught, prac-
tical man. Published by AMERICAN SCHOOL OF COR-
RESPONDENCE, Chicago. Ill. 

35' INCH SPARK COIL with 12 pieces apparatus, $1.50. 
We will send prepaid our 55 in. spark coil with 12 pieces of 
experimental apparatus and full instructions for over 50 of 
the most interesting experiments known, for $1.85. Satis-
faction guaranteed or money back. Hours of pleasure in 
this outfit. Coil sends wireless signals over 55 mile. THOMAS 
M. St. JOHN, 848a Ninth Ave., New York. 

HALF MILE wireless station guaranteed to send 55 mile, 
receive 500 on wood-base, in. spark coil, spark gap, 2 Ley-
den jars. DPDT aerial switch, insulators, diagram 500-mile 
receiving set, combination mineral and electrolytic detector, 
65 feet aerial wire, 90-ohm receiver, receiver cord, enamel 
wound TUNER. Price complete, $3.10. Sending set 
only. $1.75. Receiving set, $1.65. Stamp for catalogue. 
WARNING: This company is not connected with any 
company in New York City. The HERTZIAN ELECTRIC 
CO., 876 E. 35th Street, Brooklyn, N.Y. 

AERONAUTICS 

AEROPLANE PROPELLERS, from 6 to 12 ft., any 
pitch; laminated mahogany, highest quality, lowest prices. 
Small propellers for models. Send stamp for price list. 
HARRIS--GASSNER CO., 1207 West End Trust Bldg., 
Philadelphia, Pa. (11) 

COMPLETE PLAN DRAWN TO SCALE with full in-
structions for building the only Wright 3 ft. biplane model 
that positively flies. 25 cents postpaid. Drawing and 
directions for 3 ft. model Bleriot monoplane, 15 cents. Stamp 
brings most complete. interesting and instructive catalog 
published. IDEAL AERO SUPPLY CO., 84-86 West 
Broadway, New York City. 

HELP WANTED 

LOCAL REPRESENTATIVE WANTED. Splendid 
income assured right man to act as our representative after 
learning our business thoroughly by mail. Former experi-
ence unnecessary. All we require is honesty, ability, ambi-
tion and willingness to learn a lucrative business. No 
soliciting or traveling. This is an exceptional opportunity 
for a man in your section to get into a big-paying business 
without capital and become independent for life. Write at 
once for full particulars. Address E. R. MARDEN, Pres. 
The National Co-Operative Real Estate Company, L453 
Marden Building, Washington. D.C. 

HELP WANTED 

FREE ILLUSTRATED BOOK tells about over 360,000 
protected positions in U.S. service. More than 40,000 
vacancies every year. There is a big chance here for you. 
sure and generous pay, lifetime employment. Easy to get. 
Just ask for booklet AU. No obligation. EARL HOP-
ICINS, Washington, D.C. 

WANTED—A man or woman to act as our information 
reporter. All or spare time. No experience necessary. 
$50.00 to $300.00 per month. Nothing to sell. Send stamps 
for particulars. Address SALES ASSOCIATION. 784 
Association Building, Indianapolis, Ind. (8) 

AGENTS—To sell the newest electric appliance on the 
market; sold everywhere there is electricity, in the home 
and office; liberal profit; sales-driving sample, weighs a 
pound, no experience or knowledge of electricity required; 
it shows how to use one light instead of two and get the same 
results; sells for $3.50 and saves the purchaser an investment 
of $25. Write for particulars. THE HANDY LIGHT CO., 
Opera Place, Cincinnati, Ohio. (11) 

BIG MONEY WRITING SONGS. Thousands of dollars 
for anyone who can write successful words or music. Past 
experience unnecessary. Send us your song poems, with 
or without music, or write for free particulars. Acceptance 
guaranteed if available. Washington only place to secure 
copyright. H. KIRKUS DUGDALE CO., Dept. 77, Wash-
ington, D.C. (11) 

ESTABLISH YOUR OWN TIRE REPAIR PLANT: 
Vulco will enable you to do first-class repairing of Automobile 
Tubes and Cases at very small expense. This will enable you 
to do repairing for a reduced price over the regular vulcaniz-
ing process and give your customers better success, or you 
can keep the original prices and make a still handsomer 
profit. Vulco is a self-vulcanizing process which requires 
no heat, no acid; and the process is simple, thorough and 
results guaranteed. $2.00 worth of material will net you 
$12.00 to $25.00, according to the price you charge for repairs. 
We will furnish one outfit of Vulco, consisting of can of 
"Softener," can of "Repairer" and can of "Vulco," sufficient 
for fifty repairs for $2.00, with directions for using; and if 
you will establish a repair business, or use it in your regular 
repair business, we will make you a 50 per cent reduction 
on the same amount of material on future orders. This is a 
great money-making proposition, something that can be 
done at home or in a small shop, and requires only the above-
mentioned capital. Write today enclosing $2.00 and we will 
start you off at once. RICHARDSON TIRE COMPANY, 
Hartford, Conn. 

BUSINESS OPPORTUNITIES 

ENCYCLOPEDIA BUSINESS OPPORTUNITIES and 
trade secrets, two volumes, containing 2,716 rare formulas. 
365 valuable schemes, etc.; price, $3.00. Yours for $1.00. 
Further information free. SMITH SUPPLY CO., Wauke-
gan, Ill. (11) 

PHOTOGRAPHY 

KODAKS, CAMERAS, LENSES—EVERYTHING PHO-
TOGRAPHIC. We sell and exchange. Get our latest bar-
gain list; save money. C. G. WILLOUGHBY, 814 Broad-
way, New York. (tf) 

WE BUY, SELL AND EXCHANGE. Bargainsin micro-
scopes, telescopes, field glasses, cameras, etc. Catalog and 
bargain list free. KAHN & CO., established 1850. 26 
John St., New York. (s) 

BOOKS 

I.C.S. AND A.S.C. SETS and odd volumes of 
books on engineering, wireless, mechanics, shop 
work, etc., new and second hand. Few I. C. S. 
scholarships for sale. Bargain. GEORGE F. 
WILLIAMS, Box 408, New Orleans, La. 

"TELEPHONE TROUBLES AND HOW TO FIND 
THEM," and construction cost-units; new 1911 edition; 
price, 25 cents. HYDE BOOK CO., Telephone Bldg., 183 
Fifth St., Milwaukee, Wis. (11) 
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FOR SALE AND EXCHANGE 

FOR SALE—Savage 22 repeater. Perfect condition. 
Hand checked. First money order for S7.75 gets it. LOUIS 
A. WATERS, 421 Westcott St., Syracuse, N.Y. (s) 

SALE OR EXCHANGE—One g h.p. horizontal steam 
engine exchange for hull of 20 ft.boat, or first check for $10.00. 
In first class order. D. GROSS, 1849 North Sawyer Ave., 
Chicago, Ill. (s) 

FOR SALE—One $8.50 home vacuum cleaner in good 
order, for $5.00, to go by express c.o.d. J. H. LEAKIN, 
Millersville, A. A. Co., Md. (s) 

FOR SALE-254 h.p. Shaw attachment on new bicycle, 
clincher tires, spring fork. Runs about 40 miles. Excellent 
condition; price. $65.00. CHAS. BLACKETER, Ayrshire, 
Ind. (s) 

MACHINERY AND TOOLS 

SAW BLADES FOR WOOD AND METAL-5 34 •in. 
long, fine to coarse, 10 cents per dozen; 75 cents per gross; 
10 gross at 60 cents. WINSHIP & COMPANY, 705 Masonic 
Temple, Chicago, III. ( I I) 

PATENTS 

C. L. PARKER, Patent Attorney, ex-examiner, U.S. patent 
office, 952 G St., Washington, D.C. Inventor's handbook 
"Protecting. Exploiting and Selling Inventions" sent free 
upon request. (4) 

PATENT YOUR IDEAS. No unnecessary delays; 
reasonable rates; best references. Send for FREE book. 
"Mechanical Encyclopedia." WILLIAMSON & WIL-
LIAMSON. 1325 Arch St., Philadelphia, Pa. 

PATENTS. How to Get Every Dollar Your Invention 
is Worth. Send 8e for our new 128-page book. R. S. & 
A. B. LACEY, Dept. 94, Washington, D.C. 

MISCELLANEOUS 

PERFECTION POCKET ADDING MACHINE—Light-
ning seller. Agents wanted. CINCINNATI SPECIALTY 
MFG. CO., Dept. 0, Cincinnati. Ohio. (12) 

FREE TUITION BY MAIL—Civil service, mechanical 
drawing, stationary engineering, electric wiring, agriculture. 
poultry, normal, bookkeeping, shorthand and typewriting 
courses. For free tuition, apply CARNEGIE COLLEGE, 
Rogers. Ohio. (tf) 

FREE—"Investing for Profit" magazine. Send me your 
name. and I will mail you this magazine absolutely free. 
Before you invest a dollar anywhere, get this magazine. It 
is worth $10.00 a copy to any man who intends to invest 
$5.00 or more per month. Tells you how $1,000 can grow 
to $22,000. How to judge different classes of investments. 
the real power of your money. This magazine six months 
free if you write today. H. L. BARBER, Publisher, Room 
448, 20 W. Jackson Boulevard, Chicago. Ill. (12) 

3 SHIRTS TO MEASURE, $5.00. Express prepaid. 
Better grades. $2.50 and $3.00 each Superior quality. 
High grade Workmanship. Faultless laundry work and 
perfect fit assured. Send for samples with measuring in-
structions and booklet, "Shirt Tales." Money returned if 
not satisfied. FRANK W. HADLEY, Mfr., Dept. E., 
Norwalk, Conn. 

e MY NEW 50-PAGE COIN SELLING CATALOG just 
out. Buying catalog sent on receipt of 10 cents in stamps. 
WILLIAM HESSLEIN, Malley Bldg., New Haven, Conn. 

SHORTHAND IN SEVEN LESSONS, 35 cents. Most 
rapid readable system. Quickly learned. Send 10 cents 
now, and 25 cents later or return book. UNIGRAPH CO., 
Omaha, Neb. (11) 

MISCELLANEOUS 

PRINTING-100 noteheads, 100 envelopes and 100 cards 
neatly printed to your order, prepaid, $1.00. Samples free. 
UNION PUB. CO., Dept. EM, Uniondale, Ind. (11) 

ALL MAGAZINES at lowest rates. Tell me what you 
want and I will give you best prices. Send your list. H. W. 
PHENICIE, Longview, Ill. (s) 

WANTED—Will pay 25 cents for a copy of Popular 
Electricity for August. 1908, in good condition. G F. 
SCHLOTZ, 1217 Poplar St. Allegheny, Pa. (s) 

ONE 25 FT. SPEED LAUNCH, cypress planking, oak 
finish, constructed to one-half of planking. All material 
to finish, hardware included. Will sell cheap on account of 
leaving town. J. ZEM1S COLE, 1612 Main St., Niagara 
Falls. N.Y. (s) 

This Electric Flashlight 
WITH A 

TUNGSTEN LAMP 85c 
Throw., a very power( ul ray of light 

nod ie eu e pact that you hardly notice 
it in your pocket. Beautifully finished. 
nickel-tri mm ed. and ready for use the 

minute you receive it. Write to us at once about our won-
derful agents' proposition, full particulars and territory. 
We carry a full line of Electrical Novelties. 

FOR Lit.N ELECTRICAL EXCHANGE 
110 N. Withenh As e. Dept. 7 Chicago. Ill. 

:1, ere AZ •te Rel".13 

....icogs 

=en • 
1, 

Would You 
Like to Own 
A GOOD RELIABLE.' 

Reece Screw Plate 
Genuine Revi.e 
Cutting Machine - a 
Sizes, Nos 4 30, 0-32,8-12, 
10-24, 12 24,. with 5 adiust 

able dies 13-16 diam., 5 Taps, i Die Stock, 7 in long sum' 
Tap Wrench Die complete in polished case with vevet-ilat, 
cover. Sent post-yaid to in-, address en .e.:eipr 

 $2.95  
E. F REECE CO., Greenfield, Mass. 

DYNAMO BUILDING for AMATEURS 
or How to Construct a 
Fifty Watt Dynamo 
By ARTHUR J. WEED 

Member of N.Y. Electrical Society 

This book is a practical treatise showing in detail the 
construction of. a small dynamo or motor, the entire 
machine work of which can be done on a small foot lathe. 

Dimensioned working drawings are given for each 
piece of machine work and each operation is clearly 
described. 

Paper 60 cents Cloth 161.00 

SAMPSON PUBLISHING CO. 
221 Columbus Ave., Boston 
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F2i 

OXALBITOL 
An Antiseptic Dressing 

that is better than any other preparation for 
healing cuts, ulcers or wounds of any sort. 

(;,t it from your druggist, or a bottle sent by mail for ne. 

OXALBITOL CO., • Honesdale, Pa. 

Prof. A. E. Watson's new booli on 
"Storage Batteries," 81.50 

SAMPSON PUBLISHING COMPANY 
121 Columbus Ave., - - Boston, Mass. 

WIRELESS TELEGRAPHY 
Expert Instruction—Full. Equipment—Low Fes. 

Meets U.S. Government requirements—Grants Certifi-
cate—Prepares for position with Postal. Western Union, 
United Wireless, Marconi Wireless, or U.S. Government. 

Booklet "L" FR EE to any address. 

East Side Y.M.C.A. TELEGRAPH SCHOOL 
153 E. 86th Street - - New York 

MOTORS FROM IA:, 
TO 1 ILO. 

State size wanted and we shall 
quote attractively. Wireless Instru-
ments. Storage Batt.ries, Primary 
Batteries. Magnet Wire. 

COSMOS ELECTRIC CO. 
132-136 Liberty- Street 

NEW YORK 

Back Numbers 
AMATEUR WORK 

AND 

ELECTRICIAN and MECHANIC 

We can supply a few of the following vol. 
tunes at prices given below: 

AMATEUR WORK 

VOLUME CLOTH BOUND 
1 Nov. '01 to Oct. '02 $5.00 
2 Nov. '02 to Oct. '03 2.00 
3 Nov. '03 to Oct. '04 2.00 
4 Nov.'Otto Oct. '05 2.50 
5 Nov. '05 to Oct. '06 2.00 
6 Nov. '06 to Apr. '07, 6 mos. 1.50 

UNBOUND 
(None) 

$1.50 
1.50 
2.00 
1.50 
1.00 

ELECTRICIAN AND MECHANIC 
VOLUME BOUND UNBOUND 
1 17 uly '06 to une'07 $10.00 (None) no single copies 

18 uly '07 to June '08 3.00 $2.10 " 
19 uly '08 to June '09 9.00 1.50 
20 uly '09 to une '10 2.00 1.60 
21 uly '10 to Dec. '10 1.25 .50 (6 numbers) 
22 an. '11 to June'11 1.25 .50 ("" ) 

All single numbers previous to January, 1909, are out 
of print, but we can sell for a limited time a few copies 
at 25c per copy to meet the demand for early numbers. 

Sampson Publishing Co. 
221 Columbus Ave., Boston, Mass. 

For 
the Young Draftsman 
ELEMENTARY PRINCIPLES 
OF INDUSTRIAL DRAWING 
Presenting the subject of Industrial Drawing in 
simple and concise form. Especially adapted to 
the use of the student who has not had time to take 
an extended course. - - Price, $1.00 

CAMS and the PRINCIPLES 
of their CONSTRUCTION 
A comprehensive treatise on the planning, design-
ing and drafting of this highly important adjunct 
to modern machinery. - - Price, $1.50 

These two contributions to the field of literature 
on drafting by George Jepson, Instructor in 
Mechanical Drawing in the Massachusetts Nor-
mal Art School, Master of Columbus Avenue 
Evening Drawing School, Boston, and Medallist 
Science and Art Department (Great Britain) 
should prove a welcome addition to the student's 
library. 

Sampson Publishing Co. 
221 Columbus Avenue :: Boston, Mass. 

ARE YOU INTERESTED IN THE 

EDUCATIONAL PROBLEMS OF THE DAY 

Vocational Education 
CHARLES A. BENNETT, Editor 

Wm. T. BAwDEN, Mao. Editor ARTHUR D. DEAN, As,oc. Editor 

FRANK Id. LEAVITT, Ass.. Editor WM. E. ROBERTS. Assoc. Editor 

Assisted by an Advisory Board of 
Thirty-three men of the highest standing including 
representatives of the manufacturing interests, organized 
labor, as well as all phases of industrial education and the 
progressive movement in general education. 

The first volume will contain articles-on 

Different types of vocational schools. 
47, Courses of instruction, content, organization 

and methods of teaching. 
C, Discussions of vocational education from many 

points of view. 
El Editorials. 
IQ News items and reviews. 

Published in the months of September, 
November, January, March sad May 

SUBSCRIBE NOW 
and receive the first number, $1.50 per year. 

Manual Training Magazine and Vocational 
Education to one address, $2.75 per year. 

THE MANUAL ARTS PRESS 
605 Y.M.C.A. Bldg., - PEORIA, ILLINOIS 
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Blue Process Paper 
Blue Printing 

Drawing Materials 

Chas. E. Moss 38 Bing 

WATSON'S NEW BOOli ON 

Storage Batteries 
Their Theory, Construction and Use  

PRICE $1.50 Cloth 

SAMPSON PUBLISHING CO. 
221 Columbus Ave. Boston. Mass. 

PATENTS 
THAT PROTECT AND PAY 

BOOKS, ADVICE, SEARCH AND 1 FRE'E 
LIST OF INVENTIONS WANTED 

Send sketch or model for free search Highest References 
Best Resol t, Promptness Assured 

WATSON E. COLEMAN, Patent Lawyer 
622 F Street, N.W. Washington, D.C. 

PATENTS SECURED 
OR FEE RETURNED. Send Sketch for FREE RE-
PORT as to Patentability. GUIDE BOOK and WHAT 
TO INVENT with valuable List of Inventions Wanted. 
SENT FREE. One Million Dollars offered for one 
invention; $16,000 for others. Patents secured by us ad-
vertised free in World's Progress; Sample Free. 

VICTOR J. EVANS & CO. 
734-726 Ninth Street Washington, D.C. 

XXV 

Patent Crider the law are granted for novel in-S ventions. but are worthless sinless protected. 
I will safeguard your invention, 

arid make it salable. Highest references. I eon prove it. 

HERMAN A. PHILLIPS, 800 li. St., WASHINGTON, D.C. 

PATENTS SECURED 
Or Prosecution Fee Returned. 

Call. Write. Phone 

ELMER C. RICHARDSON, 37 Tremont Street, Boston 
Associated with Washington Patent Attorneys 

The Most Wonderful and Fascinating Study of the Age 
IDEAL CHRISTMAS GIFTS 

-LIVERYBODV should have a copy of the new "Voltatup 
trleal Products," our 112-hace Catalog,—now ready. The 

most complete and interesting book ever issued. Full of illustrations 
and descriptions of YOLTAMP Novelties,—Motons, Dynamos, 
Telegraph and "Wireless" Instruments. Spark Coils. Lamm's, Flash-
lights. Transformers, etc. Everything Electrical for the experi-
menter. The greatest line of MINIATURE ELECTRIC RAIL-
WAYS ever shown. Catalog with valuable coupon sent only for 6 
cents in stamps or coin. (No Postals answered.) 

VOLFAMP ELECTRIC MFG. CO., Wits Bldg., BALTIMORE, MO. 

A STORY BOOK FREE 

Very interesting and instructive to those wanting the very best edge 
tools made. A postal addressed to slack Co.. 18 Etrowni•g 
Rage, Rochester. N. I ..sole maker, for more than thirty years 
of the famous D. It Radon tools, will bring it with their catalogue. 
!In writing mention this magazine 

Get Your Electrical Information Direct 
From those who are every day in close touch 
with the latee engineering developments 

THE ELECTRIC JOURNAL 
Has on its staff of contributors over 300 practicing engineers, 
many of whom are among the leaders in their respective lines 
of work. No other general publication has such a means- of 
putting its readers in close touch with up-to-date electrical 
progress. 4:1,If you wish to keep up with the latest progress 
in engineering work you should have every issue of the 
JOURNAL. We will be glad to send you a sample copy 
so that you can get a definite idea of the high-grade material 
which we are continually publishing. 

Subscription Price $1.50 per year in U.S. and Mexico. 

THE ELECTRIC JOURNAL, Pittsburgh, Pa. 
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Get One of These Wonderful Books 

F E E 
The seven books listed below are the most popular we 
have ever sold. We are selling them by the hundred 
at $1.00 each. For a limited time we will give any 
one of these books free with a year's subscription to 
ELECTRICIAN & MECHANIC at $1.50 and 25 cents 
extra for postage. Use the coupon below and order 

the book you want by number 

1 M OTOR BOATS: Construction and Operation 
By Thomas H. Russell, M.E., LL.B. 

Pocket size, 292 pages, fully illustrated, round corners, red 
edges. A manual for motor boat and yacht owners and all users 
of marine gasoline engines. 

2 A B C OF THE M OTOR CYCLE 

By W. J. Jackman, M.E. • 
Pocket size, 250 pages, fully illustrated, round corners, red 

edges. A "Show How" book for owners and operators of 
Motorcycles. 

3 IGNITION, TIMING AND VALVE SETTING 
By Thomas H. Russell, M.E., LL.B. 

Pocket size, 225 pages, fully illustrated, round corners, red 
edges. A comprehensive illustrated manual of self-instruction 
for automobile owners, operators and repair men. 

4 AUTOMOBILE DRIVING SELF-TAUGHT 
By Thomas H. Russell, M.E., LL.B. 

An exhaustive treatise on the management, care and 
operation of motor cars. Pocket size, 230 pages, liberally illus-
trated, round corners, red edges. 

5 AUTOMOBILE TROUBLES and How to Remedy Them 
By Charles P. Root. 

Pocket size, 225 pages, illustrated, round corners, red edges. 
The only book of its kind published. It not only tells you how to 
locate troubles and make repairs, but shows you. 

6 AUTOMOBILE M OTORS AND M ECHANISM 
By Thomas H. Russell, M.E., LL.B. 

Pocket size, 265 pages, fully illustrated, round corners, red 
edges. 

7FLYING M ACHINES: Construction and Operation 
By W. J. Jackman, M.E. Thomas H. Russell, A.M., M.E. 

and Octave Chanute, C.E. 
Pocket size, 250 pages, fully illustrated, round corners, red 

edges. A "Show How" book for those who wish to build and 
operate flying machines. 

UTOMOBILE TROUBLE:, 
AND 

TO REMEDY TFIE 

HARLES P. ROOT 

flYIN6MACtlitif5 
CONSTRUETION&ODERM1011 

JWOUII-RUSSELL:EllICIUTE 
r)e," 
" 

Sampson Publishing Co., 

221 Columbus "Ave., 'Boston, Wass. 

I enclose $1.75. Please send me Electrician and Mechanic 

year, beginning 

and your dollar book 0\ro.  

U\rame   

Street or Box  

Town State  

for one 

I. 
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Latee Books on Aviation 
Flying Machines: Coustruction and Operation. By 
W. J Jackman, Thos. H Russell and Octave 
Shanute. Pocket size, 22 pages, fully illustrated; 
practical and thorough. Describes construction 
of a glider to cost S20.P0, ano also a biplane. 
Working plans, descriptions and photographs of all 
successful macnines. Cloth. $1.00; leather, $1.50. 

Monoplanes an Biplanes: Their Design. Construc-
tion and Operation. The application of aerody-
namis theory, with a complete description and 
comparison of the notable types. By Grover 
Cleveland Loening, B.Sc., A.M. 12 mo. (6 s 854 
in.), 340 pages. 273 illustrations. There is a wide 
demand for a practical book treating of the theory 
only in its direct relation to actual aeroplane design, 
and completely setting forth and discussing the 
prevailing practices in the construction and opera-
tion of these machines. "Monoplanes and Bi-
planes" is a new and authoritative work that deals 
with the subject in precisely this manner, and is 
invaluable to anyone interested in aviation. Price, 
$2.50 net. 

The New Art of Flying. By Waldemar Kaempffert, 
Managing Editor of 7 h. Scientific American. 
With about 80 illustrations 8 vo. The new art 
of flying has opened a whole vast and hitherto 
unexplored field to civilization. If you want to 
understand it, and be abreast of the times, read 
"The New Art of Flying." It is new and up-to-
date, and while it is scientifically accurate, it is 
written in a manner which the unscientific reader 
will find perfectly clear and absorbingly interesting. 
Price, $1.50 net. 

The Aeroplane: Past, Present and Future. By 
Claude Grahame-White and Harry Ilarper. This 
book will undoubtedly be the standard reference 
work on aviation for some time to come. The 
work of pioneers is first described by one who 
actually witnessed the early flights. The story 
of the application of the petrol motor to aeroplanes 
is told—how it was that a suitable propulsive 
force made flying possible. This leads to the fas-
cination of men's first flights—it is explained how 
the duration of aerial journeys was lengthened. 
All the most notable flights of the world's famous 
airmen are described. Records are concisely 
tabulated. A special section is devoted to an 
analysis of aeroplane accidents. A list alpha-
betically arranged gives the aviators of the world 
with the aeroplanes they pilot, and notes concern-
ing their flights. The building of aeroplanes is 
exhaustively dealt with, and finally come impor-
tant articles supplied by the most famous author-
ities upon aviation. Price, $3.50 net. 

Model Balloons and Flying Machines. With a short 
account of the progress of aviation. By J. H. 
Alexander. With numerous illustrations and 
five sheets of working drawings. Describes how to 
construct both models and full-sized machines 
of all types One of the most practical books for 
the experimenter. Price, cloth, $1.50. 

Aerial Navigation of Today. A Popular Account of 
the Evolution of Aeronautics. By Charles C. 
Turner. Contains a history ot ballooning; ard 
aviation a description of the eleme-its of the aerial 
ocean, and as untechnical as possible an explana-
tion of the principles and working of the dirigible 
balloons and aeroplanes now being successfully 
demonstrated, including the Wright machine, 
Cody's biplane, McCurdy's biplane the Esnault 
Pelterie monoplane, and other craft; the Gross 
airship for dirigible balloons, the Zeppelin. the 
United States "Dirigible No. 1" (Capt Baldwin's) 
and others less conspicuous. 70 illustrations and 
diagrams. Crown 8vo. 327 pages. Cloth. $1.50 net. 

How It Flies. or The Conquest of the Air. The Story 
of Man's Endeavors to fly, and of the inventions 
by which he has succeeded. By Richard Ferris, 
N S.. C.E. Illustrated by over 150 half-tone and 
line drawings, showing the stages of development 
from the earliest balloon to the latest monoplane 
and biplane, details.of the various types of flying 
machines, and gives instructions for building and 
operating them, accompanied by many detail 
drawings and photographs. Chapters on balloons, 
both•free and dirigible, are equally full; and the 
book closes with a chronicle of aviation achieve-
ments and a dictionary of aeronautical terms. 
Price, $1 20 net. 

The Boys' Book of Model Aeroplanes. How to build 
and fly them; with the story of the evolution of 
the flying machine..,_ By Francis A. Collins. 
Illustrated with many photographs and diagrams 
by the author While the instruction is so 
simple as to be within the comprehension of every 
intelligent boy, it is thorough enough to be valu-
able to the scientific investigator. The illustra-
tions clearly show the good and bad features of 
various models, and the working directions are 
most thorough and complete. Price, $1.20 net. 

Principles and Design of Aeroplanes. By Herbert 
Chatley. The author has treated in a simple 
manner the elementary principles which lie at the 
basis of the current design and construction of 
aeroplanes. Without confining his consideration 
to any particular type of plane. he covers., the 
features of the development as well as present 
conditions. Price, $0.50 net. 

The Problem of Flight. A text-book of aerial en-
ginee,ing. By Herbert Chatley, B Sc. The 
author in this work submits to the engineering 
profession an epitome of.,knowledge at present 
available on the subject. While intended espe-
cially for the engineering"- profession, the book 
should be of value to anyone interested in a topic 
that is receiving so much study and attention at 
the present time. 61 illustrations. Octavo. 
Price, cloth. $3.50 net. 

The Force of the Wind. By Herbert Chatley, B.Sc. 
A little volume esvecially valuable to the aviator 
as showing the action of the wind on obstacles 
and its force Many diagrams. 12mo. Price. 
cloth, $1.25 net. 

FOR SALE B3  

SAMPSON PUBLISHING COMPANY 
221 COLUMBUS AVENUE - - BOSTON, MASS. 
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lectricians' Pocket Screw-Driver 
FOUR BLADES IN MAGAZINE HANDLE 

INSULATED HANDLE 

Actual Size 

CZ Removable blades held in magazine handle by spring — prevents rattling. 
Blades quickly inserted and taken out—automatically lock. Hard rubber insulated 
handle is ribbed to give firm grip. 411 Width of blades %2 in. to % in. 

Price Complete, $1.50 Extra Blades, each 10 cents 
ASK FOR FREE CATALOG 10W OF STARRETT FINE MECHANICAL TOOLS 

THE L. S. STARRETT COMPANY 
ATHOL, MASSACHUSETTS U. S. A. 

A New Battery Motor—Reversible 
LIGHT-WEIGHT HIGH-GRADE POWERFUL 

REVERSING LEVER NO. 36 K. & D. MOTOR, with starting, stop-
ping and reversing switch contained within 

the motor casing. 

This motor is one of a new line just brought out 
by KENDRICK & DAVIS—a guarantee of qual-
ity. The field pieces are of wrought metal; arma-
ture of best charcoal iron, laminated, slot wound 
and perfectly balanced. Standard K. & D. mica-
insulated commutator, and dependable sell-adjust-
ing brushes. The pulley is ji inch in diameter and 
fastened to the steel shaft by a screw. 

It runs to full efficiency on two or three dry, or 
other cells of similar capacity. Height 33.( inches; 
weight 15 ounces. Finished in black enamel and 
nickeled trimmings Price $3.00 

No. 35A K. & D. MOTOR. A plain motor with-
out switch; otherwise like No. 35. Price $2.25 

N.B.—These motors will not be wound for lighting 
circuits. For the other motors of this line, and 

other up to date types, see the Kendrick & Davis Book of Electrical Goods, No. 9. 
MANUFACTURED BY 

Kendrick 8c Davis, Lebanon, New Hampshire 


