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-:. Bl LEIMAN BROS.

~ BLOWERS
VACUUM

PUMPS

This picture shows the ‘power of the
smallest size vacuum pump we make. The
‘Tank was cross-braced inside and is of
heavy galvanized sheet iron. While we do
not recommend the pumps for more than
20 in. vacuum, this collapse occurred under
test at 22 inches. A quarter horse-power
motor was used.

7 Sizes, $21.22 up

. Examine the illustration showing the
interior of the machine above and you need
not be an ex| mechanic to see why they
are so veryeffective. To see why they take
up their own wear. To see why’they can
maintain a very high vacuum. Noticealso
the comparative size of the piston and the
cylinder and also the large interior capacity
or displacement of the pump. Compare
these features with any other vacuum
?ump or blower you have ever seen and
l:en we are sure of what your decision will

Get Catalog No. 82 for Blowers
Get Catalog No. 83 for

Tanmm Pumna

Forspgrtable
or Stationary
Cleaning Outfits

For Suction
or Blowing

L
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QISSTON

Established 1840

The Brand
that was Best in 1840,
is the Best Brand today

HENRY DISSTON & SONS

Incorporated it
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“RED DEVIL™

Just ask any up-to-date hardware )
dealer to show you this particular

“Red Devil” plier. It's No. 942,

5 inch. It’s one of the scientifically :

pliers. It’s an absolutely perfect too ) A

sold everywhere at 80 cents per pair. Get a sample.

"z, SCIENTIFICALLY MADE

And if you would prefer the standard side cutter that we also build on scientific lines, ask
for “Red Devil” No. 1950, 8 inch. The plier 95% of the linemen are now using. Itis
sold everywhere for $1.25. We say just get samples of either of these pliers, and compare them

PLIERS

“Red Devil” Electrical Tools are

standard with all dealers through-

out the world. There's more than

one reason for it. Ask any user.
If your local dealer cannot supply you, write us direct, mentioning the dealer’s name.

SMITH & HEMENWAY CO. "“\&&' Vork. vsa.

(SMITH HARDWARE CO., Ltd., MONTREAL, CANADA)

General Electric Review

A Monthly Magazine for Electrical Engineers

@ THE REVIEW enjoys a unique advantage in having behind it a
backing of expert contributors, probably greater than that of an
other electrical journal in existence. Some of these are men of world-
wide reputation—of great standing as electrical consultants; others,
not so well known in the industry generally, are men who have for
years specialized in their particular field and are ideally placed for
obtaining all the known data on the subjects upon which they write.
All published matter is subjected to rigid examination; and the informa-
tio(rii, besides being up-to-the-minute and pertinent, is always authentic
and accurate.

“Dr. Charles P. Steinmetz’s article in the December number, ‘Abnormal Strains in
Transformers’ is the eighth contribution of this great author
to the Review during the year 1912.”

Write for sample copy.
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Do YOU want to
Learn to Drive an

Automobile

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
mfargreatermthshnethananﬁother

wzlf system of teaching by mail is a NEW IDEA—it’s different from others.
I so thoroughly train you that you will not only be able to drive a car, but

you can repair m overhaul es, T Taunch engines, r
stationary (uoline es. Youco :igo into the rep:rlj:udnm if you wished to.

READ THESE TESTIMUNIALS—YOU CAN AS WELL
“lhnboo%dﬂvlunmmm-mh.ndlmudlwmm —Ramsey

‘1 votﬂtuln repair shop. Have increased m: more th so far, and
w;l:unhich-:”ompcw Jno.c. Kmf.l? W""' *°
] am now working in the Auto Co., was for-

DYKE'S NEW IDEA OF ﬁy in the jewelry business.”—James Tronto,
L R "7 am now driving & Packard 30. Your Course heiped
gomething new. We

models—not
On these
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epairman’s Instructions !

are, Sgplicly iteelf—sdmple |  Jy you will end.for our FREE 24-PAGE CATA-
LOG, we will tell you how to get into the Auto
business; we will also show you TESTIMO AL LETTERS from students

here who are now dnvm cars, wor in Auto Repair Shops, who
have gone into the Auto Repmr usiness and who are making money.

We will do more—we will show you actual

duced letters from BARNEY OLDFIELD, C S
DURYEA (the man who built the first Automobile in
America) and other leading Motor authorities—who
endorse this system.

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

SEE THIS WORKING MODEL

‘l‘hmmothuModell one of a Magneto, Engine and Car-
also a Manikin of an Automobile. The Manikin can be
nm:d:tugt:‘o odellofmlll,. work. Alldm&vingpuuon
Oue of the Models—It actually works. e °mdmlm n}% ln.m( ‘?m".‘?" ‘
«Mnmﬁi't'-?"mmmd’“wm T o ‘eaid 1000 e i
raBres. time w to L you a
better Course—nor as ¢ood a course.

8end Now for this FREE Book¥F |.

It will tell you all about the great Auto industry and the oppor-
tunities. It wi.ll’:how you how others got their start. It is interesting

ve.

| DYKE'S CORRESPONDENCE SCHOOL OF MOTORING Bz’; 1. ROE BLOG.
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for Something New
ANKEE” Chain Drill

'fve Automatic Feed

he size drill point used, and feeds
can take. The slack in the chain
n up by the automatic friction move
you the quickest operating and biggest
Chain Drill made. No hand feed tu
pinch the fingers. Your dealer cau
ou.

for “YANKEE” TOOL BOUK—FREE

BROS. MFG. CO., °¥* Phila., Pa.

No. 1500
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Free—Six Big Issues of

for Profit

If you will simply send me your name. Special
Introductory FREE Offer. Six fine Monthly
Issues—each worth $10 to $100 to you.

How much do you know about the Science of Invest-
ment? Do you know the Real Earning Power of your money? What is
the difference between the Rental Power and Earning Power of money?
Do you know how $100 grows into $2200?

Why you should get Investing for Profit:
Only one man in a thousand knows the difference
between the rental power and the earning power
of his money. Few men know the underlying
principles of incorporation, Not one wage earner
in 10,000 knows how to invest his savings for
profit, so he accegts a paltry 2% or 3% from his
savings bank, while this same bank earns from
20% to 30% on his money—or he does not know
the science of investing and loses his all.

Russell Sage said: ‘“There is a common fallacy
that, while for legal advice we go to lawyers, and
for medical advice we go to physicians, and for
the construction of a great work, to engineers—
financing is everybody’s business. As a matter
of fact, st is the most profound and complicated
of them all.”

So let me give you just « glimpse of the valu-
able investment information you will get in my
six big issues, ‘‘The Little Schoolmaster of the
Science of Investment,’’ a guide to money-making:

The Science of Investment. Capital Is Looking for a Jeb.
The Rost and Branch of the 'I'h'llAI. Ian‘u";mcl
ree. e
How to Jodge & Basinsss Estor- Investmest Secaritios Are Not
of Intel-

Whers New Capital Put Into a The Actusl Possibi

Wait till you see a ?od thing—but don’t wait
till everyone sees it. You will then be too late.
Never was a time more auspicious for a public
campaign of education on the logic of true invest-
ment. A revoiution in the financial world is now
going on—to the profit of the small investor,

You are now face to face with your oppor-
tunity—if yon have the courage to enter the open
gate to the road of fortune.

1 believe you will find much interest in read-
ing my six issues of Investing for Profit. From
cover to cover it contains the fundamental princi-
ples of investment it has taken a lifetime to gather
—from my own experience and from every avail-
able authoritative original source of information.

If You Can Save $5 a Month or More

. . . —
Don’t invest a dollar in anything anywhere
until you have read my wonderful magazine,
Investing for Profit is for the man who intends
to invest any money, however small, or who can
save $5 or more per month, but who has not
et learned the art of investing for profit. Le:
Kow $100 grows into $2200.

Use this Coupon for the Six Issues
and Financial Advice FREE

If you know how to invest your savings—if
you know all about the ptogo-itlon in which you
are about to invest your hard-earned savings—you
need no advice. But if you don't, if there is a
single.doubt or misgiving in your mind—I shall
be pleased to answer any inquiries you may make,
or rurnish any information I can regarding the
art of saving and making money through wise
investment.

80 sign and mail this coupon now. Get Investing for

for six months. Ask me to put you on my mail-

ing list for Free Financial Advice. Don't put this off. It

means too much to you now and in the future. 8ign and mail
this coupon at once.

H. L. BARBER, PUBLISHER, CHICAGO

/ Il
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EIGHT DOLLARS

expended for this tuning transformer
will produce, dollar for dollar, better
value' than can be secured on the
market at any price under fifteen.
With intelligent use, this instrument
will equal in operating efficiency any
1 815 tuner.: Get one and see.

WM J. MURDOCK CO.
30 Carter Street . e Chelsea, Mass.

680 Howard Street, San Francisco

The Great Wizard’s Knowledge

Simplified for You

We Can't All Be
Edisons, But—
YOU or any
ambitious man
can master the
electrical pro-
fession. You
can equip your-
self etg hl()) d an
honorable posi-
tion at Good
Pay, and can
learn at home in
your spare time.

The Electrical Standard Library

Contains the most Complete Course of Easy
Lessons for Beginners and Expert Knowledge
for Electrical Workers.

Eight volumes (convenient in size) cover every
subject. Hundreds of illustrations and dia-
grams make the explanations clear as dagight.

Three-Year Consultation Service (Easily
Worth $75.00) Free to Every Purchaser.

We will send this express paid upon approval
If satisf d 1. d th until
udmﬁa’? u;ald.“ £2.00 per month until a

National Institute of Practical Mechanics
Desk 14. 1325 Mich. Ave., Chicago, IIL

THE BLITZEN
DUPLEX LOADING COIL

Price $2.00

. A Wireless Stepladder which will cheaply and
simply assist gon to high power, long wave-length
stations which have been yond the reach of your
receiylnf set.

This loader has two coils wound in a slotted
hard rubber disc, each fitted with a pair of binding
nosts for connection in both primaryand secondary

WIRELESS

A
Three months’ course at a
low rate of tuition at the
oldest and largest school
in New England.

TELEGRAPHY

A complete course in Rail-
road or Commercial Work
for summer positions.

Private Instructions

in either wire or wireless telegraphy

A special rate’ 'for ‘our
Summer Schoql,‘and we |
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@re Postal Life Insurance Company
pays you the commissions that
other companies pay their agents

ON entrance into the Company you get the agent’s
average first-year commission less the moderate adver-
tising charge. Other companies give this commission-
money to an ageni: the POSTAL gives it to you.

That’s for the first year: in subsequent
years POSTAL policyholders receive
the Renewal! Commissions other com-
panies pay their agents, namely 7% %,
and they also receive an Office- Expense
Saving of 29, making up the

Annual 9_;_ %

Dividend of

STRONG POSTAL POINTS

First: Old-line legal-reserve
insurance—not fraternal or
assessment.

Secead : Standard policy re-
serves, now $10,000,000.
Insurance in force

Third: Standard policy pro-
X ,approved by the State
Insurance Department.

Feurth: Operates under
strict State requirements and
subject to the United States
postal authorities.

Fifth: High medical stand-
ards in the selection of
risks.

Sixth: Policyholders’ Health
Burean arranges one free
medical examination each
year, if desired.

Guaranteed
in the Policy

And after the first year the POSTAL pays contingent dividends desides—
depending on earnings as in the case of other companies.

Such is the POSTAL way: it is open 10 you. Callat the Company’s
offices if convenient or wrife now and find out the exact sum it will pay

you at your age—the first year and every other.

POSTAL LIFE INSURANCE

WM. R. MALONE, President

COMPANY

35 NASSAU STREET, NEW YORK

See How Easy It Is
In writing simply say: “Mail me insur-
ance-pariieulars for my age as
ELECIRICIAN G MECHA/V]Cfarjyng,
In your letter be sure to give:
1. Your Full Name.
2. Your Occupation.
3. The Exact Date of your Birth.

No agent will be sent to visit you: the Postal

A . 2.

Insurance

aor Frerrs o
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MAKING A JAPANESE PERGOLA
GEORGE F. RHEAD

The pergola shown in our illustration,
Fig. 1, would be suitable for either a
town or country garden. It is such as
an amateur worker with even the most
rudimentary knowledge of joinery could
construct, for outside woodwork does
not call for the absolute exactness of
indoor work, while the method of jointing
chosen is of the simplest, and will be
clearly understood from our diagrams.

The measurements for a small-size
pergola are given in the half front and
side elevations, Figs. 2 and 3, and al-
though for practical purposes the size
of the structure could not be reduced
to any extent, it could be very easily
enlarged in scale to suit one’s require-
ments.

In Fig. 4 is shown the preliminary
framework; the four posts are of 314 in.
square wood and measure 7 ft. 6 in. in
length. The carcass being 6 ft. wide,
and 4 ft. 6 in. from back to front, four
rails are prepared, two of each measure-
ment, but with an allowance of at least
3 in. added for the tenons. The rails
at the top measure 5 ft. in length, for
the joint is cut to extend the whole thick-
ness of the wood at first, a portion being
later cut away to fit the front-board of
roof (see Fig. 4). The best joint to
employ at the top would be the dovetail
tenon shown in Fig. 5a, which is really
quite an easy joint to make, providing
it is marked out carefully at the begin-
ning, and when finally a’couple of nails

1in. board 6 ft. 9 in. in length and 314 in.
wide, and is inserted through slots cut
in the posts at a distance of 6 ft. from the
ground, small slots being cut in the rail
where it projects from the posts on the
outside, for inserting wedges, Fig. 6,
which will allow the uprights to be ad-
justed to a perfectly vertical position

Fig. 1

at will, In fixing, employ a waterproof
glue gt all the joints, and. of course
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use waterproof glue or dowels for joint-
ing. ‘The upper board, it will be observed
in Fig. 8, need only measure 4 ft. 6 in. in
length, and the lower 8 ft. 6 in., and the
curve is shown marked out in our sketch.
Cut away the waste with a keyhole saw,
fixing the work in a bench-screw if pos-
sible, as shown in Fig. 9, or if the worker
is not the lucky possessor of one, a couple
of screws inserted through the waste
portion of the wood into an old kitchen
table, or bench, will afford a fair substi-
tute. Two of these curved pieces will
be required; they are jointed together
by means of struts, which are halved and
inserted through slots cut near their ends
and wedged on the other side; the joint

i

..'*-... ~
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in, Fig. 11, A and B. Both joints are
secured with spike nails. Narrow strips
are now nailed upon each side of the
raking pieces to form an attachment
for the laths of roof, which are then put
in.
The upper and lower parts of structure
may now be put together, the upper
portion being jointed to the posts which
are halved at the top by two 4 in. screws
through each. The upper portion is also
further screwed by the center-board of
front, which is tenoned into the lintel and
curved roof, the latter being for safety
fixed to a strut marked A in Fig. 3, which
will prevent the possibility of its move-
ment during a high wind.
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being made clear by a glance at our per-
spective view, Fig. 1.

The making of the curved pitch roof

uires a little care, but with patience
the initial difficulties may be easily sur-
mounted. The curved raking pieces
marked A in the plan, Fig. 12, are cut
from a board measuring 2 ft. 10 in. x 4 in.
x 114 in., the width of the curved piece
when cut being 2 in., Fig. 10. These
pieces are notched at their upper ends
at an angle, which can be easily found

There is now to be added the circular
piece at the top of arch, which measures
12 in. in diameter. A little of the bottom
of this is cut away so that it may fit the
curve of arch, to which it is secured with
dowels.

The pergola is now quite complete,
with the exception of the lattice-work
panels, which are made separately. The
most inexpensive and convenient ma-
terial to employ for' these are plasterers’
laths, which are procurable in bundles
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will also save the necessity of marking
out the position of each lath. This is
made the same width as the distance
between the laths—in the present case
4 in—and the grooves, which are the
width and depth of a lath, are set apart
the same distance.

A series of laths are laid in the grooves,
and the board is then tenoned with the
grooves downwards. It then forms a
guide for nailing on the upper laths, it

being moved along one, as each lath is
applied, and thus not only saves measur-
ing the positions, but keeps the lower
laths in position during the nailing.

The trellis panels are attached to strips
nailed round the openings where they
are applied. ’

When completed, at least two coats
of paint should be given, and this matter
should also not be neglected at subsequent
intervals.

WORKING OF THE NEW LAW

Secretary of Commerce Redfield is in
receipt of a statement from the Bureau
of Navigation, showing that during the
first four months of the operation of the
act to regulate radio communication,
which took effect on December 13, 1912,
the Department of Commerce, through
the Bureau of Navigation, has issued
3,407 licenses to wireless operators and
stations in the United States. The first
grade commercial operator’s licenses num-
ber 1,279, second grade 186, while 1,185
amateurs have been licensed, although
work with the latter class has been de-
layed to push the licensing of commercial
stations and operators. Eight opera-
tors’ licenses of the experiment and in-
struction grade have been issued.

The Bureau of Standards has designed
special testing instruments for the pur-

pose of measuring wave-length, decre-
ment, etc., to reduce interference and
insure the orderly use of radio-communi-
cation, and these instruments are now
being put into the hands of the ten in-
spectors in the field, who will be fully
equipped by the end of the month. Thus
far forty-six American ship stations and
eighteen coast stations have been li-
censed, and this branch of the work will
now proceed more rapidly. Six hundred
eighty-five amateur stations have been
licensed. The inspections already made
have considerably increased the efficacy
of wireless apparatus on ship and coast
stations. The wireless apparatus on
ocean passenger steamers has been in-
spected before about 1,500 sailings from
the United States during the four
months.
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AN X-RAY SET FOR STUDENTS
EDWARD H. KURTH

A great many experimenters and stu-
dents have wished to own an X-ray outfit
of moderate power, but due to the great
expense if purchased, have been unable
to procure one. An effort will be made
to show how at small expense an outfit
can be made, by which different sections
of the body and small animals can be
photographed by means of the X-ray. -

THE TRANSFORMER

The transformer rightly comes first,
because on this depends the power of the
outfit. The type used is the closed core
magnetic leakage !4 k.w. transformer.
As a very suitable one of this style was
described in the August and September,
1912, issues of this magazine no more

Fig.l.

1sipace will be given to this part of the out-
t.

THE CONDENSER

The condenser consists of 20 glass
plates 8x 10in. covered on both sides
with heavy tin-foil 6 x 8 in. placed 1 in.
apart in the frame. It is made of maple,
stained and polished. The plates are
connected as shown in Fig. 2 in the draw-
ing.

g THE TESLA COIL

The secondary is wound in one layer
of No. 30 enameled wire, spaced about the
width of the wire apart. The tube is
made of cardboard, and is 4 in. in diame-
terand 20 in. long. The primary is wound
on the frame, made as shown in the draw-
ing, and consists of six turns of No. 4

#9pry e
. 'ﬂ Frg. 4
—=<=a_o |7
i J_:g; ® Frg. 3 Y
:I; oF o e G”f. o _L
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B.&S. brass wire. The whole is then
mounted on the base, as shown in the
drawing, and each end of the secondary
connected by means of a small copper
strip to the binding-posts mounted on the
rubber posts. The ends of the primary
wire are connected to binding-posts on
the rings.

D.RST:

//6 'A»C. %
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THE SPARK GAP
The spark gap is next to be considered.
It is of the common wireless type and con-
sists of 214 in. zinc electrodes screwed on
the ends of 2 in. lengths of 14 in. brass
wire. The standards are %e in. brass
rod and mounted on a 14 in. rubber base.

Details may be had from the drawing.

)
gﬁ"‘w‘
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THE TUBE HOLDER

The tube supporter consists of a 14 in.
or %e in. brass rod 16 in. long.

In this

ELECTRICIAN AND MECHANIC

slides the adjusting block; a small block
of brass shown enlarged in the drawing.
The taps are 8-32 thread. The horizontal
arm is made of 4 in. brass rod, on the end
of which is the tube clamp, which consists
of a small bow of brass with felt-lined
jaws and a tightening screw. The
whole is mounted on a 12 in. -square
maple base, which forms a rest for the
object to be radiographed and the plate
holder.

The tube used to secure the best results
should be of the double focus style and
extra fast plates should be used. The
connections aré shown in the drawing. It
is not absolutely necessary to ground
the center terminal of the tube, but
sometimes better results are obtained
in this way. The time for ex
to the rays can be determined only by

experiment.

KNURLS

Please give me some information about
using knurls. I bought a set containing
eighteen assorted patterns with a holder,
and thought all there was to do was to
put your work in a lathe, hold the knurl
against it while it was revolving very
fast and transfer the pattern to the
work, but it does not work at all. The
most I can get is a poor job of ordinary
milling, likethat onacoin. Inmaking tools
for my own use I wanted to have a nice
finish on them, same as on the ones we
buy. A brief description of how to do it
will be highly appreciated. Also please
tell how the finish resembling engine
turning is put on screw-driver handles and
such things; it looks as if it might have
been done by milling with a knurling
tool and my set contains several with
that kind of pattern.

The way to use a knurl is to run the
lathe slowly, and apply the knurl to the
work with heavy pressure. You have
been doing just the opposite, which is
the reason you have not been successful.
Let us remind you that the heavy
pressure which must be used, makes it
necessary to mount the work very
solidly in the lathe. For instance, if
you are making a screw with a brass
head, such as a binding-screw, to have a
knurled or milled edge, you must not
attempt to knurl the head after you have
fastened it to the screw, because the

pressure of knurling will bend or break
the screw, or spoil the threads where
held in the chuck. The knurling should
be done before cutting the piece off of
the rod of stock, so that the knurled
diameter is not much greater than the
metal which connects it with the stock,
so as to avoid all risk of bending or
breaking off the knurled part, which can
afterward be separated from the stock
by turning or sawing. If the knurling
is to be done on a disc which has been
sawed from flat metal, the disc should be
centered and drilled and held on a
strong arbor chuck; or, if drilling is
not permissible, it can be soft-soldered
to a brass plug-chuck, or if not of large
size or width, to a short cement-brass,
or even to a thick piece of brass rod
held in a split-chuck. It sometimes
is advisable to support the free end of
the work with the tailstock.

The kind of knurling which you de-
scribe as sometimes seen on screw-driver
handles, like a continuous engine-turned
surface, is made by a special machine
in which a number of knurls are fastened
to a revolving head, on sliding bars
which are pressed toward a common
center, which, of course, is also the axis
of the rod which is being knurled. This
kind of operation would be impracti-
cable unless very large quantities of work
are to be produced.—The Keystone.
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A HOME-MADE ACETYLENE GENERATOR
CHARLES 1. REID

A rehable and very cheap acetylene
generator may be made from an ordinary
Mason fruit jar, a one-quart size being
large enough for two one-foot (48 candle
power) burners, or a proportionate
amount of other sizes. If more burners
are desired, use a two-quart jar. Having
secured the jar, procure about two feet
of copper tubing with an inside diameter
of 15 in., also a supply of rubber tubing
(in the absence of gas tubing, nursery
tubing will do). Knock the porcelain

out of the cap for the jar, and drill two
holes through the zinc, one in the middle
and one near the side, just large enough to
pass the copper tubing through. Cut a
piece of the copper tubing long enough to
reach about half way to the bottom of
the jar; solder this tube in the hole in
the middle of the cap. Also cut a piece of
the tubing about two inches in length
and solder it in the side hole to let the
gas out of the generator. Both tubes
should be soldered air-tight; but zinc
is treacherous metal for soldering, and a
tinsmith’s help may be useful. Attach

giving a more steady light. Attach
some kind of a spigot to the top of the
long tube to control the water, one with
a needle point being the best.

The water can be supplied from an
ordinary tin fruit or carbide can by
punching a hole in the side near the
bottom and soldering in a piece of tubing,
making connections between the can and
the generator by means of a piece of
rubber tubing.

This completes the generator, which

is now ready for use by simply filling
about one-fourth full of carbide. The
cover should be screwed on tightly, and
it is advisable to use two or three rubber
gaskets to prevent possibility of any
gas escaping.

After connecting the burners by means
of a plece of rubber tubing, turn on the
water just a little, and after waiting a
few seconds, light the burners. If the
flame is scattered do not let the water
drip so fast; but if the flame is not full
size, turn on a little more water.

A safety device is_'a}dvisable. as this
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with a piece of sharpened copper tubing.
Now, cut two pieces of copper tubing, one
about one inch and one three inches in
length, and pass them through the holes
in the cork. Fill the bottle about one-
fourth full of water and insert the cork,
making sure that the long tube passes
into the water. Connect a piece of
the rubber tubing to the generator with
one end and to the long tube of the
safety bottle with the other end. Con-
nect another short piece of the tubing

ELECTRICIAN AND MECHANIC

to the burner and to the other tube of
the safety bottle. If more than one
burner with this device is desired, make
an extra hole in the cork of the safety
bottle for each additional burner and
insert long pieces of the copper tubing.
The luminosity of acetylene can be
greatly increased by adding hydrogen
peroxide to the water used in the gener-
ator. One and a half ounces of twenty-
volume peroxide in ten ounces of water
increases the light seventy per cent.

A SELF-RECORDING DICTOGRAPH

A self-recording dictograph, which
could not only overhear a conversation
in a room where its presence was not
suspected, but could make a full record
of the conversation, whispers and all,
on a phonographic cylinder located some
distance away, is being exhibited in
New York by K. M. Turner, the inventor.
The secret of how to build such a self-
recording dictograph has been sought
diligently ever since the instrument
that made Detective Burns famous
was placed upon the market eight years
ago. In his cases in court Burns has been
forced up to the present to submit steno-

graphic notes, the authenticity of which
he has had to prove.

For eight years Mr. Turner worked on
the invention.” For seven and a half of
them he sought to connect the diaphragm
of the dictograph directly to the needle of
a phonographic roll, but got no results.
Four weeks ago he began experimenting
with an air cushion between the dia-
phragm and the needle, instead of a
direct connection, and at once obtained
a full and natural reproduction of the
voice.

Mr. Turner explained that the new in-
vention, as applied to business, means
that it is now possible for a business man
to sit at his desk and dictate his letters
in his ordinary tone of voice, and have
them taken down an ohonographic rolls

sisted, was that now recognized in the
transmission of conversations by tele-
phone.

‘“There’s a chance here,” said Mr. Tur-
ner, ‘‘for newspapers to eliminate the
time loss between big convention halls
and their offices. It could manufacture
in the office over this wire phonographic
rolls of the speeches just as they were
made. Type-setters, working from these
rolls, could pass the matter almost
directly from the speaker to the printing
presses.’’

In detective work, Mr. Turner said
that the absence of the self-recording
feature had proved an almost insur-
mountable difficulty. It had been neces-
sary to make the instruments so that two
detectives instead of one could listen to
what was being repeated by the dicto-
graph. In some court cases the dicto-
graph’s evidence had been thrown out,
because a single detective’'s trans-
cription of the record was thought to be
hardly reliable enough for a conviction.
“But now the judge can listen to the
phonograph in the courtroom,” said
Mr. Turner, “and he can tell each man’s
natural voice. The dictograph will iden-
tify each man who has spoken ina room
where it has been at work,”

In detective work, sthe ) dictograph
would be equipped both thh hstemng
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When a piece of machinery is to be
designed, a rough lay-out of the machine
is first made, and then the dimensions
and proportions of the various parts are
calculated. In Fig. 1is shown the lay-out
of a cam arrangement consisting of a
plate cam and a cylindrical cam. The
cylindrical cam oscillates a disc through
an angle of 90 degrees. In the periphery
of the disc are two 34 in. holes 90 degrees
apart. The plate cam raises and lowers

a lever arm to which is attached a plunger,
and at certain intervals this plunger
drops into one of the two holes. The
relative motion of the two cams is such
that when the plunger is entering or
leaving one of the holes, the disc remains
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WORKING DRAWINGS AND ASSEMBLIES

necessary in such a drawing to show
sections or indicate dimensions, as such
a lay-out is usually made to a definite
scale, and the dimensions may be scaled
off directly from the drawing.

One of the chief purposes of a lay-out
is to insure the proper arrangement of
the various parts so that there may be
no overlapping of any kind or any inter-
ference of one part with another. It is
not usually necessary to show as complete

a drawing as this one, and as a rule only
the outlines are shown. Where one
portion of the mechanism travels a con-
siderable distance during its cycle of
operation, it s best ‘to (show with full
lmes one of the extreme positions of the
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checking up the proportions and opera-
tions of the various parts, the drawings
are next passed on to a draftsman who
draws out to scale the various parts of
the mechanism. Such a draftsman is
known as a detasler. His duty is to make
separate drawings of each individual
part, giving full dimensions and instruc-
tions on the drawing, so that the pattern-

maker or the machinist may work en-

tirely from these drawings without any
verbal instructions from the designing
room. Detail drawings and sketches
were shown in the April issue of the
ELecTRICIAN AND MECHANIC. These
drawings were made from actual ma-
chines, but where a new machine is
being designed exactly similar drawings

Fig. 2

are made from the lay-out, and these are
the ones which the pattern-maker and
the machinist receive.

After the detail drawings have been
compoleted. an assemblv drawing is made
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information which is necessary to clearly
define both the shape and arrangement
of every part of each piece of the mechan-
ism. Frequently, however, these three
views are not sufficient to give complete
information regarding the construction
and arrangement of the parts, and in such
cases, it is necessary to make a repre-
sentation of the object as it would appear
if cut by a plane, or in some cases a de-
tailed view of one or more parts must be
given. Where a section is taken through
the object, the cross-hatching of the sec-
tion indicates both the materials used
and where the different pieces of the same
material are in contact. The principle
of sectioning was carefully treated in a
previous article and the U.S. Standard
style of sectioning was given. When
possible an assembly drawing should be
made full size, but where this is either
impossible or impractical, the drawing
should be made so many inches to the
foot and the scale used indicated on the
drawing in the following manner: namely,
3 in. = 1 ft., or one-quarter size. The
title of the assembly is always placed in
the lower right-hand corner of the draw-
ing and inside of the margin line. It
includes the name of the machine or
mechanism; the name of the special
part which the assembly shows; the scale
to which the drawing is made; the date
of completion of the drawing; and the
draftsman’s name or initials. With as-
semblies as with other drawings, the
inking of the drawing should never be
begun until the penciling is completed.
Usually, however, the penciling is done
on ordinary detail paper and the tracing
is made from the pencil drawing. Copies.
of the drawing may then be made by the
ordinary blueprint process and the tra-
cing need not leave the drawing room,.
where it is filed away for reference.

If it is desired to make but one view

* + ~r machine, it is often found
- T ~=A
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hatching indicates the material of which
the different parts are made, and as the
drawing is made to scale, no dimensions
are shown. It should be noticed that
when taking a section through such a
piece of machinery, the section is taken
through a diameter, and a cylindrical
surface within may be cut by the section
or not, at the discretion of the draftsman.
Where several similar parts are united
in one assembly, a section taken through
one of these parts may cut all interior
mechanism, a section taken through
another of these parts may cut but a
portion of the object, while the remaining
parts may be shown in full. .This is
exemplified in Fig. 3.
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which covers the cam-shaft is removed.
The drawing shows one of the valves
lifted to its maximum height and the
other valve seated. The fourth cylinder
and its valve mechanism are shown com-
plete. The scale of the original drawing
was 6 in. = 1 ft., but as the drawing had
to be reduced before reproduction, the
scale was omitted.

Blueprints of the assembly drawing are
sent to the assembling department and
are used as a guide in erecting the ma-
chine. They are often used by salesmen
or in catalogs to describe and explain
the workings and construction of the
machine.

Assembly drawings are usually the

Fig. 3

Fig. 3 is the assembly of a gasoline
motor set up ready to run. The first
cylinder and a portion of the crank-case
are cut by a section-plane. This plane
passes directly through the piston, piston-
rings, piston-rods and crank-shaft, and
therefore clearly shows the various ma-
terials used. It should be noticed that
the section is so taken that the entire
valve mechanism for this cylinder is
eliminated from the drawing. The valve
mechanism for the second cylinder is
cut by a section-plane, and the valve
rods and springs are not shown. This
section shows the valves and the interior
of the valve-chamber. The third cylinder
is not cut by a section, but the plate

last things treated under the title of
Mechanical Drawing. It was the original
intention of the authors to include Gear
Design, Cam Design and Perspective
in this course, but as the work progressed
it was realized that these subjects were
worthy of separate attention and it was
not considered advisable to include them.
As a last word to the student in Me-
chanical Drawing we would say that
the only way to learn drawing is by doing
original work. The making of tracings
is but a poor substitute for original work,
and is not worthy of the attention which
itis usually given. Anyone with ordinary
intelligence and some slight experience
(Continued on page 392)
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METALLIC TUNGSTEN AND SOME OF ITS APPLICATIONS:“

Tungsten does not occur as such in
nature; but in the form of compounds
it is pretty well distributed. The most
important ores are sheelite, or calcium
tungstate, and wolframite, or iron-
manganese tungstate. The principal
source of the ore at this time in this
country is Boulder County, Col.

From the ore it is a simple matter to
get the yellow oxide (trioxide) of tung-
sten. And the trioxide may be reduced
in various ways, as with hydrogen, zinc,
and carbon, to metallic tungsten. The
product so obtained is in the shape of a
powder, ranging in color from gray to
black, depending upon the fineness of
its state of subdivision.

Owing to its very high melting-point,
it was for a long time impossible to get
the pure powdered metal into the form
of a dense coherent homogeneous mass.
Two Austrians, Messrs. Just and Hana-
man, working in Vienna, finally succeeded,
however, in producing the pure metal
in this condition and in a filamentary
form, and by using it as an incandescent
filament became the inventors of the
tungsten lamp. .

PHYSICAL PROPERTIES

Wrought tungsten is a bright, steel-
colored metal, having the same density
as gold—19:3. (This varies some-
what with the amount of mechanical
working which the specimen has had.)
The strength and pliability both increase
with the amount of mechanical working.
The fracture may be very coarsely
crystalline, or it may resemble that of a
very fine-grained tool-steel, or it may be
fibrous and silky in appearance, or it
may lie anywhere between these extremes,
the appearance in each case depending
upon the chemical purity and upon the
preceding thermal and mechanical treat-

and quenching. Similarly, tungsten con-
taining carbon is not appreciably affected
by quenching. The hardness imparted
by working may be entirely removed by
carrying the metal to white heat. The
ductility is extreme, as-is shown by
the fact that wire only 0.0006 in. (0.0152
mm.) in diameter is now produced in
large quantity. Tungsten is non-mag-
netic. The electrical resistivity at 25
degrees C., expressed in microhms per
centimeter cube, is 6.2 for the hard-drawn
wire and 5.0 for the same annealed. The
corresponding data for annealed copper
and annealed platinum are 1.87 and 11.1
respectively. The temperature coeffi-
cient of electrical resistivity per degree
between 0 degree and 170 degrees C., is
0.0051. Assuming the Franz-Wiede-
mann law to hold for the relation of heat
to electrical. conductivity, we may cal-
culate the heat conductivity of annealed
wrought tungsten to be 0.37 times that
of copper and 2.2 times that of platinum.
The coefficient of heat expansion per
degree, from 20 degrees to 100 degrees C.,
is 336 x 1088, which is about 0.26 that of
platinum.

CHEMICAL PROPERITIES

Wrought tungsten does not tarnish
upon standing in the air. Upon heating
it to a temperature of 300 or 400 degrees,
however, it oxidizes "superficially and
turns blue just as steel does. At bright
red heat the oxide volatilizes, and the
metal wastes away more or less rapidly,
depending upon the temperature. It
is quite resistant to the action of most
acids, being entirely unaffected at room
temperature by either dilute or concen-
trated hydrofluoric, hydrochloric, nitric,
and sulphuric acids. With aqua regia
at room temperature the action is very
slight. At a higher temperature, 110
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of sulphuric and chromic acids, but the
metal dissolves rapidly in a mixture of
hydrofluoric and nitric acids. An aque-
ous solution of caustic potash has no
effect on wrought tungsten, but the fused
salt does attack the metal slowly. In
aqueous solutions of sodium or potassium
carbonate or mixtures of the two, tung-
sten dissolves slowly, the action being
considerably hastened by the addition
of potassium nitrate.

"ELECTRICAL CONTACTS OF WROUGHT
TUNGSTEN

Under the conditions pertaining in
many electrical make-and-break devices,
as in magnetos, spark-coils, voltage
regulators, railway signal relays, telegraph
and telephone relays, telegraph sending
keys, etc., wrought tungsten has proved
to be far superior to platinum or platinum-
iridium for the contact points.

This was not in any sense an obvious
application, for tungsten is not like
platinum, a difficultly oxidizable metal.
It might well have been assumed that
under the heat of the minute arcs which
form when the contacts are separated,
the tungsten would oxidize at the points
where arcing has taken place, and that
non-conducting layers would thus be
formed which would produce a high and
variable contact resistance. In fact, our
first experiments bore out this theory.
But subsequent work showed that the
difficulty in these early experiments
came from the fact that, at the time, we
were unable to make a good thermal and
electrical joint between the tungsten and
the contact-carrying members. With the
attainment of a good conducting joint,
our results changed completely. The
contacts no longer rose to the same high
temperature, and the oxidization de-
creased to little or nothing. Moreover,
in case there was any oxidization, it was
to the lower and electrically conducting
oxides.

Tungsten contacts wear longer than
those of platinum or platinum-iridium.,
This is doubtless largely to the lower
vapor pressure. At temperatures at
which platinum volatilizes badly, tungsten
has a very low vapor pressure. Besides
this, the heat conductivity of tungsten
is more than twice that of platinum, and
as a result, the contact faces do not rise
to the same high temperature. (In

da7

comparison with platinum-iridium alloys,
the ratio of heat conductivities is still
more favorable to tungsten.) In con-
nection with the life of contacts, another
important consideration is that of hard-
ness. Tungsten is so hard that it does
not batter down at all under the continual
hammering which the contacts get in
service.

Tungsten contacts show less tendency
to stick than do contacts of platinum or
platinum-iridium. This is to be attrib-
uted in part to the higher melting-point of
tungsten. There seems to be another
factor here, however, for while we are
able, by proper manipulation, securely
to weld together two pieces of platinum
at a temperature considerably below the
melting-point, it has not as yet been
possible, except by actual fusion, to pro-
duce anything more than a very weak
adhesion between two pieces of tungsten.

One minor and unexpected advantage
connected with the use of tungsten con-
tacts consists in the fact that they seem
less sensitive to the accidental presence of
oil than do platinum contacts.

Allusion has already been made to the
difficulty at first experienced in producing
satisfactory thermal contact between
tungsten and the metal comprising the
contact-carrying member. This was due
to the fact that tungsten can not be satis-
factorily soldered by any of the ordinary
processes. This difficulty has been over-
come in the following way: The little
disc of tungsten, which is to serve as
contact-point, is attached by means of
copper to the head of an iron tack.
Copper does not alloy with tungsten; but,
under suitable conditions, it wets it, and
then adheres firmly. This gives a joint
of high thermal and electrical con-
ductivity between the tungsten and the
head of the iron tack. The shank of the
tack is then either pressed in, or brazed,
or riveted to the contact-carrying member.

WROUGHT TUNGSTEN IN X-RAY TUBE

This has proved to be, both from the
scientific and practical points of view, an
exceptionally interesting application.

Until recently platinum has been
almost universally regarded as the best
target material, and it has so long held
undisputed sway in this field that the
Roentgen-ray worker has come to look
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upon its limitations as inherent in the
Roentgen tube.

With the advent of dense, forged pieces
of pure malleable tungsten, the possibili-
ties of the Roentgen tube are greatly
extended.

The desiderata in a material to be used
as the anticathode or target are the
following:

1. High specific gravity.

2. High melting point.

3. High heat conductivity.

4. Low vapor pressure at high
temperature.

The reasons why the above qualities
are desirable follow readily from a brief
consideration of the theory of Roentgen
ray production.

From the concave cathode, electrically-
charged particles—the electrons—are
shot out at high velocity in a direction
normal to the surface. The paths of
these particles converge, and the target
is placed at or near the point of strongest
convergence—the focus point. When the
electron meets an obstruction, as the
target, its velocity is reduced, and the
denser the target the more rapid is the
deceleration. The more rapid the de-
celeration, the greater is the amplitude
of the electromagnetic pulse—the Roent-
gen-ray—sent out. Here, then, is a
need for high specific gravity: that of
forged tungsten is but little less than that
of platinum.

In modern Roentgen-ray practice,
powerful apparatus, running sometimes to
a capacity of 10, and even 15 kw., is used
to excite the tube. A considerable part
(perhaps as much as one-third) of the
energy delivered to the tube is trans-
formed into heat at the point where the
cathode rays bombard the target. Where
platinum is used it has been found neces-
sarv. to orevent melting. to olace the target
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tube has been increased by water-cooling
the platinum or by using as a target a
large mass of copper having a very thin
platinum face. But the limit, al-
though raised by these artifices, has still
been the melting-point of the platinum.

Tungsten has a much higher melting-
point (3,000 degrees C., as against 1,755
degrees for platinum), and so, even with
sharp focusing of the cathode rays on the
target, permits the use of more energy
than has hitherto been possible, for the -
high temperature to which it can run
enables it to radiate more heat, and its
better heat conductivity permits a more
rapid flow of heat from the focus-spot to
the surrounding metal.

Stability of vacuum in a Roentgen
tube is of the utmost importance, as the
character of the rays is so largely de-
termined by the vacuum. Metal, which,
under the influence of the high temper-
ature, vaporizes from the target, condenses
on the glass in finely-divided form and
absorbs relatively large amounts of gas,
thus changing the vacuum. At high
temperatures tungsten vaporizes least of
all the metals.

Two distinct types of tungsten targets
are being tried out experimentally in
competition with one another.

The first of these consists of a heavy
copper block with a disc of wrought
tungsten attached to the face. This is
similar to the platinum targets which
have been in use for some years. The

function of the copper is simply to con-

duct heat away from the tungsten and to
act as a heat storage reservoir. In this
latter capacity it is much more effective
than would at first seem possible, owing
to the fact that while the rate of energy
input is high, the time is correspondingly
short, a single excitation of the tube
lastmg for perhaps only ha.lf a second.

Tt i would
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ELECTRICITY AND PURE DRINKING WATER IN THE CITIES
FELIX J. KOCH

Water-works engineers, as well as
students of municipal sanitation, the
world over, are watching with no little
interest the development of a remarkable
application of electricity, obtained with-
out cost, to the municipal filtration
system of what Lincoln Steffens termed
the ‘‘worst-governed city in America”;
materially reducing the cost of such
filtration and thus making it by so much
within the reach of poorer municipalities.

In the winter-time, in order to insure

the purity of the water, chloride of lime
is used. A solution is really made,
consisting as a rule of six-one-hundredths
of a millionth part in the bulk. At
present this chloride of lime, for one
day’s consumption, costs about $10;
multiplying this by the number of days
of the year, and keeping in mind, too,
that with the natural growth of popula-

sum, the engineers have now found a
way of using the electricity generated
here—as at most filter-plants—by the
water, in flowing from the settling-basins
to the coagulating basins. This means
that they will practically get their
electricity free.

In utilizing it they .have a special
“battery’’—as it is called—into which
salted-water flows. The electrical cur-
rent is then passed through that salt
water so as to produce all the chlorine

that need be used to sterilize the city’s
drinking-water.

While to date there have been made
only large-size laboratory tests on the
subject, the city is now to build a new
house devoted to this end, where it will
practically cost Cincinnati nothing to
make her chlorine, except ( for the salt
in the water.
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HALL STAND

The design for a Hall Stand, shown
at Fig. 1, is very simple in construction,
- yet artistic in appearance. There are
no difficult joints to be made, and any-
one with only a little knowledge of wood-
working tools should be able to make a
satisfactory piece of work.

The side and front elevation is given
at Figs. 2 and 3, and it will be seen that
the widest part is 3 ft. 2 in., the height
6 ft. 3in., and the depth or amount of
projection from the wall, 10}gin. There
are six hooks, four screwed underneath
the top, and two in front. A beveled
edge mirror is fitted in front and a
box, 1034 x 914 x 534 in. inside measure-
ments, divides the space for umbrellas, etc.
Tin trays are fitted in the bottom board.

It will be as well to make a commence-
ment with the sides, as shown at Fig. 2,
but it will be necessary first of all to
cut up the wood in the most economical
manner.

We have four 10 ft. lengths, and this
gives us a little over in the event of a
mishap, one length should be divided
up as shown at Fig. 5. This will give
us two 6 ft. 33{ in. lengths, two 3 ft.
9 in. lengths, and leave sufficient to make
the sides, base, etc., of box. Two more
lengths should be cut up into lengths of
6 ft. 334 in. and 3 ft. 2 in., the longer
lengths forming the sides, as shown at
Fig. 6, and waste portion providing
lengths of 3 in. wood for rails, as shown,
the shorter lengths form top and bottom
boards. The remaining length, shown
at Fig. 7, provides the two middle rails
with waste portions, which may be used
up as required.

It will be seen at Fig. 2, that the sides
are cut out to 2 in. wide for a considerable
portion of the length, the widest part
being 934 in. Plane up both pieces to
this width, and $¢ in. thick, and then
mark out the curves to a radius of 734 in.
If a compass or bow-saw is at hand saw
to the curves; if not bore a series of
holes close together, and then use a hand-
saw on the straight part. As the sides
are sloping when in position, it will be
necessary when spokeshaving the curves
smooth, to allow for this, so that the
front corners are horizontal when in
position.

The back, Fig. 4, should now,be made.

A and B are 6 ft. 33/ in. long, C and
D3ft.9in., E3ft.2){in., F 3 ft. 13{in,,
G 21t.9%4in., H 2ft.41in., all 3in. wide
by %4 in. thick, with the exception of
F, which is 6 in. wide. The joints,
without exception, are the ordinary
lapped halving shown at Fig. 8, those at
K being shown at Fig. 9. To avoid
showing the end of the joint an alternative
joint is shown at Fig. 10, this taking a
little more time, but is not at all difficult.
When the back is jointed up, glue all the
joints and screw them from the back
with 14 in. screws, two in each joint,
placed diagonally. The sides may now
be screwed on with 134 in. screws, as
shown by the letter S at Fig. 2; the top
also may be screwed in position, counter-
sinking the heads to avoid having a
projection.

We have now to fix in the shaped
front M, shown at Fig. 7; this should be
carefully fitted, and screwed in from the
sides, as shown. The bottom front
rail may also be fitted in and screwed
in position. The sides of the box may
be fitted, and can be nailed with oval
brads from front and back, the bottom
being fitted and nailed in on all sides.

The top of the box should be 13 in.
long and 84 in. wide, with two 214
x 9% in. lengths of wood screwed on
underneath, as .shown at Fig. 11. It
should be hinged with 114 in. brass
butts to a 13{ in. wide length, and the
top beveled off, as shown at the enlarged
detail, Fig. 12. The bottom board may
be fitted in, and screwed or nailed from
the top, previously cutting out a hole at
each end 114 in. away from edges, and
11 in. long.

The mirror should be fitted in space,
15 in. x 6 in., with a rebate formed by
beading made as shown at Fig. 13, and
fixed on the edges, as shown at Fig. 14.
A thin backing should be tacked in to
prevent damage to the back of mirror.

The trays, Fig. 15, may be easily
made of ordinary tinned iron, cut out at
the corners, as shown at Fig. 16. The
inside dotted oblong should be 11 x 7 in.
the next dotted line should be 1 in.
outside, and the outside the same dis-
tance outside again. A small portion
is allowed for overlapping, and the out-
side inch border is mitered. The corners
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IDEAL HOUSE FURNITURE.
. —— I—HALL STAND. —

1. Completed sund 11. Lid of bux.

2 and s Elevation, 12. Detail of corner of lid

4. Back. 13. Bead.

5, 6,and 7. llethod of plan- 14. Sectlon through mirror.
nlng on lm 15, T

8 and f ln 16. Methcd of setting out

10. Altemt ve lorm of jolnt corpers of tray.

MATEPIALS REQUIRED.

Four 10-ft. lengths of 10 in. by § in. wood.

One piece ol beveued -edge mlrror 15 in. by ¢ io.

One pair of 1§ in. brass butt hing~s.

Two coat and hat hooks.

Four wardrobe hooks.

C'Dnnoploee of tinned iron. No. 22 SW.G., 18in. by

Screws,'nails, stain, &c. .
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may be beaten up with a mallet on the
flat face of an iron, and if just flushed with
solder, they will be quite water-tight.
All holes should be filled in with
stopping made of sawdust and glue
before finishing off, and a good surface
given with glasspaper before staining.

ELECTRICIAN AND MECHANIC

There are several methods of staining
suitable, either water stain, size and
varnish: Spirit stain and varnish com-
bined; or a good walnut, ‘egg-shell,”
finish may be imparted by coating with
turpentine, darkened by means of Bruns-
wick black.— Hobbies.

WIRELESS FOR HOURS, LONGITUDE AND LATITUDE

DR. LEONARD KEENE HIRSHBERG A.B., M.A., M.D. (JOHNS HOPKINS)

Mr. E. A. Fath of the Smith Astro-
nomical Observatory, Beloit College,
Beloit, Wisconsin, endorses the use of
radio-telegraphic signals as an accurate
mode of transmitting seconds, minutes,
hours, and the determinations of longi-
tude. Although Dr. Fath's suggestion
is by no means new, the weight of an
astronomer’s confirmation of this idea,
which has been in use on the Eiffel
Tower station in Paris and other stations
such as the Norddeutch Station in Ger-
many, will hasten the general adoption
of the scheme.

Shipping in the North Sea, the English
Channel, the Atlantic Ocean and else-
where, will be made much more valuable
if this plan is extended. In America
the radio-telegraphic time service is
about to be established for the first time
as an accurate means of setting the time
by electric waves. The plan suggested
by Professor C. A. Culver, of the de-
partment of physics of Beloit college, is
the one that meets with serious approval.
He and -Dr. Fath went over the ground
with great detail and weighed the various
plans before selecting the system they
propose.

A standard time clock is connected
in the office with a system of relays by
wire. These relays are connected with
the wireless apparatus, a radio-trans-
mitting equipment with an induction coil
at the left which was used as an open core
transformer of the high tension type.
The ordinary alternating current from
an electric lighting circuit was used; it
had a frequency of sixty cycles and the
usual voltage of 110. The transformer
changed this voltage to about 30,000,
which charged a high tension condenser
on the right side of the apparatus.

This condenser discharged through the

customary spark gap and the helix in
the center, which should be an oscillation
transformer. This last device changed
the frequency from sixty to several
hundred thousand per second. The
aerial arrangements, from which the
electric waves were radiated into space,
were 400 feet high and of course connected
up with the oscillation transformer.

Thus, the standard time clock in an
office or elsewhere can be made to con-
trol the current which actuates the high
tension transformer and therefore the elec-
tric waves which are shot out. With every
tick of the clock, a series of electric waves
is shot forth into the circumambient
atmosphere, and each train of waves is
received as a single dot at the imparting
station. Dr. Fath sends out each day
these signals. “At 2.55 p.m. the clock
is switched into the circuit and each beat
sends out into space a group of ether
waves. The 59th beat each minute is
omitted up to 2.59:50. There is then an
interval of ten seconds followed by a
single beat. This beat marks 3.00:00
pm. and may be considered the es-
sential signal.”

All of this is so simple that any school-
boy who is in the habit of using a wireless
outfit may put it easily into practice.

Bubbles will last for hours and may
be blown to exceed 2 ft. in diameter with
the following solution: 1 part oleate of
soda, 50 parts distilled or rain water
(parts by weight). Mix thoroughly and
leave one day to clear, using only the
clear solution. The tenacity of the film
is much increased by adding pure glycer-
ine, not exceeding 2 parts glycerine to
3 parts clear solution.
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EDISON TELLS HOW HIS MOTION PICTURES TALK

Thomas A. Edison, whose inventions
have, for more than a third of a century,
held the world breathless and made the
‘““Tales of the Arabian Knights' seem
commonplace by comparison, has passed
his own wonder record of electric light,
phonograph, fluoroscope, kinetescope and
countless other marvels by his latest
magical invention—the kinetephone.

Youngest of all the wonderful children
of that wonderful brain, but requiring
the most of mechanical ingenuity, the
most of long sustained and determined
effort, it seems destined most of all to
preserve for him his title of ‘' The Wizard
of Menlo Park.”

What is a kinetephone anyhow? That
was the question that bothered your
correspondent, hearing vague rumors of
this new Edison wonder. He knew it
had something to do with ‘“‘making the
movies talk,” but he had seen of recent
years many pitiable failures of phono-
graphic and vocal accessories striving
to accomplish this for these same ‘‘mov-
ies.”” He had seen the shot fired and
the girl fall, heard a belated phonograph
crack like a pistol and let out a feminine
shriek. He had seen—

But this kinetephone? This was Edi-
son—and that was different.

So straightway he betook himself to
Mr. Edison for first-hand information.
He found the inventor not the abstracted,
intellectual giant, with head in distant
clouds, as pictured in popular fancy.
The intellectual giant was there—but so
far from being in the distant clouds, he
was a most pleasant and hospitable
human being. His genial countenance,
with the smile of humor ever poised to
spring rippling forth, reminded one much
of Oliver Wendell Holmes, in his best
‘‘Breakfast Table”” mood. His greeting
was most cordial.

‘‘Oh, yes; I've plenty of time to see

you,” was his cheery reply to a request
for information. ‘“What is it you wish
to know?”

‘“About this new invention of yours,
the kinetephone,” replied the visitor.

““Come along with me,” was the wiz-
ard’s hospitable interruption. And leav-
ing his 200 assistants busily delving in all
manner of scientific problems, he led the
way to a large building adjacent, in one

corner of which was a spacious chamber,
proof against both sound and light.

*This is my experimental theatre,”’ he
explained, as he switched on the electric
lights. It was much like the type of
motion-picture theatre known to every
person in the land who is old enough to
walk—about 40 ft. wide and twice as long.
At the far end was the broad white screen;
in the rear was the motion-picture ma-
chine. Folding chairs took the place
of ordinary seats; for in his numberless
experiments Mr. Edison must have
plenty of room.

NOT METALLIC

“But what is the kernel of the inven-
tion?” queried the visitor, too curious
to await developments.

“It is the absolute synchronization of
the movements in the motion pictures
with the appropriate sounds,” replied
the wizard, as the lights went out, ‘“‘and
that, whether it be the human voice or—

Just then there burst tupon the ear the
opening strains of “‘Il Trovatore.” Not
in the harsh metallic timbre of the pho-
nograph, but clean, clear and resonant,
as from an orchestra, many toned and
perfectly balanced. The next instant
there flashed upon the screen the opening
scene of the great opera. From the
crowded stage came the full-throated
voices of the singers, blended in perfect
harmony with the orchestra.

Rising, swelling and sinking in cadence,
all in faultless rhythm with every motion
and gesture of those picture singers, the
mingled music of voice and orchestra
floated forth from that picture stage in
an illusion that held the visitor spell-
bound. Not a false or harsh note! Not
a single ill-timed movement, nor a belated
gesture from a single one of all that life-
like throng, gathered there on the phan-
tom stage; but all in perfect keeping—
perfect beyond perfection—with the
strains of voices and instruments.

“Marvelous?” whispered the visitor
to himself. ‘“‘I'll have to get something
stronger than that weak word to tell this
tale.”

What struck him as strangest as he sat
there trying to collect his scattered wits
while the great opera proceeded to its
tragic end, was the magical modulation
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of the sounds. The absence of any rasp-
ing, phonographic metalism was wonder-
ful enough. The perfect coincidence
of gesture, with the appropriate words,
was marvelous, indeed. But by what
magic was it that the voices of the singers
were trained so deliciously as to be in
keeping with every position they took,
whether up—or down—stage; whether
with backs or faces to the front?

The modulation of melody and har-
mony, of voices and orchestra, so differ-
ent from the screeching of some phono-
graphs, with their dull, flat monotony of
timbre, were reproduced with an exact-
ness and reality worthy of a finished
opera troupe.

THE ALERT INVENTOR

Yes, the illusion was perfect; the
visitor was not listening to a phonograph;
he was not looking at a ‘“‘movie.” He
was hearing and seeing the greatest of
emotional operas, rendered by the living
flesh and blood of singers and musicians
and not some subtle combination of
dead metal and celluloid and dull wax,
galvanized by electricity into phantom
life.

Leonora and Manrico were there alive,
agonizingly alive, sobbing out their woes
in exquisite melody, buoyed by the har-
monies of an orchestra of artists. The
writer’s breath came short, as does that
of any music lover in such case, his fingers
clutched the arms of his chair. And
then—

And then, from the tail of his eye he
caught a glimpse of Mr. Edison and was
back to earth in an instant! The great
inventor was not watching the stage at
all. His gaze was fixed upon his visitor,
observing his every movement, his every
expression of interest and astonishment—
truly, the man of practical science, noting
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far back, remember—the quavering tone
of Manrico, with its piteous “Ah che la
morte,” distant, soft, almost a whispering
sigh of melody.

Then, as the tone swelled, the hearer
could see, in his mind’s eye, the unfortu-
nate lover, groping his way through the
darkness toward the sound of Leonora’s
voice. Louder, nearer it grew until, as
his face appeared at the grating of the
dungeon, it rang forth in all its volume
and filled the theatre with its despairing
farewell—and just then it stopped and
the lights flashed up, and there was
nothing but an innocent white screen,
which none the less seemed to wear a very
human expression of humor on its blank
surface as the visitor caught his breath
with an ejaculatory ‘‘Oh!”’

It was like being jerked headlong into
another world, this sudden transition
from the company of the fourteenth
century ‘‘troubador’” to a seat beside a
twentieth century scientist in one of his
experimental departments!

“Well I declare!"’ exclaimed the visitor;
it was all he could think to say. “It’s
the most wonderful thing I——"'

A SIMPLE DEMONSTRATION

“Ladies and gentlemen,” interrupted
a smooth, trained voice as the lights
blinked out. The visitor turned his gaze
from Mr. Edison to see what newcomer
had broken in upon his rhapsody. There,
on the stage, stood a man in evening
dress, pointing to a machine set upon a
table beside him.

“I desire to explain briefly to you the
mechanism of the kinetephone,” con-
tinued the man on the stage—well, on
the screen then, but it looked just like
a lecture stage. Again the visitor gasped
at the perfect realism of it all. The opera
had been somethmg wonderful but then

-1 dlusory,

~Q.
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There was something uncanny about
this everyday human being, so real, and
yet so unreal; not even a painting, but
just a fleeting will-o’-the-wisp of an image.
Farther over the visitor leaned, rapt—
and then he caught a glimpse of his wizard
host, watching him with that subtle,
quizzical smile—the smile of the ‘‘ Auto-
crat of the Breakfast Table” playing
about his lips and sparkling in his eyes.

As he turned again to the stage, the
lecturer dropped a china plate. “Crash!”
it struck the stage and the fragments
clattered merrily as they danced across
the floor! The visitor jumped. He
couldn’t help it; he'd broken plates
himself!

Then followed the blowing of horns
and whistles, together with piano, violin
and vocal solos, all in perfect coincidence
of movement and sound.

Last of all two collie dogs romped on
the stage and set up a most lugubrious
howling. An hour before these dogs
would have set that visitor’s heart trip-
ping in excited amazement. But he
was beyond that now; he had exhausted
all his stock of astonishment.

*‘Bring on Michael and his archangel!”
he sighed to himself. “I'm ready for
anything now!”

RUN BY A BOY

But here the lights flashed up again
and the marvelous show was over. The
visitor drew a long breath. He looked
at the dead appliances that had produced
such astounding results. He was beyond
rhapsody now.

“It must take a most accomplished
and experienced scientist to operate
this kinetephone,” he remarked to Mr.
Edison, coming back with relief to the
commonplace after his breathless journey
into wonderland.

The smile rippled full-tide over the
features of the wizard.

‘“Here, Bobbie!” he called to a boy
standing by the motion-picture machine.
The boy came up.

“This boy, just turned 16, who is but
a two-weeks’ apprentice at the work,”
remarked Mr. Edison, “operated the kine-
tephone throughout the entire exhibition
you just witnessed. Anyone who can
operate an ordinary motion-picture ma-
chine can operate the kinetephone.”

*“But, tell me this, please, Mr. Edison,”
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explained the visitor, the pent-up ques-
tion now bubbling to the surface as they
gained the open air. ‘‘How do you make
the phonograph sound so unscreeching
and life-like? And how do you make it
coincide so exactly with the motions
and gestures of the persons as they talk
and move in the motion pictures? And
how do you modulate the tones so per-
fectly? And how do you ever manage
to get a phonograph that would take in
a whole opera cast like that, when every-
one knows that when folks sing or talk
into a phonograph, they crowd close
around the receiving horn as if they were
all looking into a hole? And how——"

*‘Come into my office,” said the wizard,
good-naturedly, “and I'll explain it all
to you. Oh, yes, I've plenty of time.”

“‘I've been working on the kinetephone
for twenty-five years,” he resumed, when
they were comfortably seated in his
private office. ‘At least, I began to do
some desultory work upon it that long
ago. For six years I have been at it,
day and night. It was my aim, from the
beginning so to perfect motion pictures—
not ‘moving’ pictures, by the way, for
the picture stays in the same spot, only
the objects within it move—so to perfect
motion pictures that they would exactly
simulate the stage and indeed real life,
in words and sounds as well as action.

“I did not bring out the motion picture
until I was able to show perfectly all
that took place on the stage. I decided
then to give the public the benefit of
what I had accomplished. That I was
right in doing so is evidenced by statis-
tics, which show that 12,000,000 persons
visit the motion pictures daily.

MECHANISM SIMPLE

“I continued, however, to work on
my original problem until I reached my
goal—which I have now done. When
not only the actor’s movements, but also
his words can be reproduced, I believe
the popularity of motion pictures will
increase still more. No, there is no
complicated mechanism added to the
present motion-picture machine to create
the kinetephone. It is merely a perfect
combination of that machine with the
perfected phonograph.

““Now, there were several great diffi-
culties confronting the perfection of the
kinetephone. First, to synchronize both
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motion-picture machine and phonograph
so that each word spoken by the actor
on the screen should be exactly contem-
poraneous with his appropriate action.
This presented several difficulties; ordi-
narily the speaker must talk right into
the horn of the recording phonograph.
But I found that I must have a recording
medium of sufficient sensitiveness to
make an accurate record at a distance
of 40 ft.; otherwise, the recording pho-
nograph would show in the motion pic-
ture.

‘‘After a number of experiments, I
perfected a cylinder which would make
such record. It was of wax; soft wax;
so soft that the slightest sound would
make an impression upon it. It was
almost as soft as butter. Then I placed
the motion-picture machine and the
phonograph with the wax cylinder side
by side, and connected the moving parts
.to the same gearing with identically the
same gearing. This, you see, insured
absolute synchronism of voice or sound,
with the appropriate action.

““When the actors move and talk upon
the stage both machines record what
occurs both as to movement and sound,
at identically the same instant. A'notch
at the starting point of both the recording
film and the wax cylinder shows the be-
ginning of both records.

“Why, that seems very simple, now!”
exclaimed the visitor. Then he paused:
**Columbus and the egg!” he murmured
to himself.

CATCHES FAINTEST SOUNDS

‘““And then,” continued the wizard.
“I found I had to face a still more diffi-
cult problem. That arose from the fact
that the volume of sound, as recorded
by a phonograph, vastly increases or
diminishes with the proximity or distance
of the speaker from the recording instru-
ment. In playing their parts actors
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extreme softness of the wax-recording
cylinder enabled me to catch the faintest
sounds. In order to diminsh the sound,
when the actors were ing nearer
the phonograph, I had the horn attached
to the recording phonograph so made
that its size could be increased or dimin-
ished by the operator. Of course, you
know that the larger the flaring sides
of the horn the greater the number of
sound waves it will receive, and conse-
quently transmit for record on the pho-
nograph; on the other hand, the smaller
the horn, the less sound it receives.

“How did I get a horn that could be
made big oOr little at will? Why, by
making the sides open or close by the
simple movement of a lever. Here is
one.” And Mr. Edison exhibited this
novel adjunct to his success. It was
constructed much on the lines of the old-
fashioned accordion, once much affected
by rural serenaders; its sides opened
out and closed in the same manner.

“Well, I declare,” exclaimed the visitor,
“that’s simple, isn't it! Columbus and
the egg again!”’ he added.

““Next,” went on the wizard, “I real-
ized that in order to perfectly simulate
the human voice, or, indeed, any sound—
it must be reproduced without the harsh,
metallic rasping of the ordinary phono-
graph. This is an entirely separate
invention, but I was stimulated to it by
my desire to perfect the kinetephone.

NEW STYLE NEEDLE

*‘The metallic sound was wholly elimi-
nated by the use of a diamond-shaped
needle; this, you see,”” and here Mr. Edison
held a needle for inspection, ‘‘is broad at
its base, tapering gradually down to a
point. Of course, the greater the volume
of sound the farther the needle was
pushed into the wax cylinder, and hence
the broader the impression made. With
this style of needle it is the hreadth of
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tions of depth in the wax, and not, as
with the old needle, with those of the
breadth. This, I find, does away entirely
with the metallic rasping, as you your-
self have lately witnessed.

“I will mention here that I made a
vast number of experiments before I
succeeded in getting a wax cylinder that
was perfectly satisfactory. The most
difficult sound to catch and reproduce
seemed to be the ‘sh’ sound, as in the
word ‘sugar.’ I spent eighteen days
standing before phonographs containing
wax cylinders of various formulas, gazing
into them, and only saying ‘Sugar!’ At
last I succeeded in getting a perfect cy-
linder that would reproduce it properly,
but I was so tired of the word that it was
a month before I enjoyed anything with
sugar in it again!”

“And that reminds me,” continued
Mr. Edison, in most charming digression,
‘‘that people think it strange that I take
no interest in my perfected inventions.
The incident of ‘sugar’ will explain why.
While engaged in an invention I work at
it so hard and constantly that by the
time it is perfected I am so tired of it
that it is a relief to get away from it.
After I put the motion-pictures before
the public I fairly hated the sight of
them, and felt as though I never wanted
to see one again. I wanted to go at
something else!”

‘ Alexander, sighing for more worlds
to conquer,” thought the visitor.

CYLONITE CYLINDERS

“To return to our kinetephone mo-
tions,” Mr. Edison resumed, ‘‘after the
temporary record is made in the soft
wax cylinder, it is then transferred to a
cylinder made of cylonite. What is
cylonite?” He smiled that quizzical
smile. “That is a secret of our labora-
tory. Enough to say that it will make
a record clearly, and is practically inde-
structible. Here is one. Observe this.”
He took up a cylinder looking much like
the ordinary hard rubber cylinder of the
phonograph, and dashed it down with
all his force to the floor. It was abso-
lutely uninjured.

“These cylonite cylinders,” he con-
tinued, ‘‘are infinitely superior to the
rubber ones in every respect.

“In transferring from the wax to the
cylonite cylinder,” he explained, “two
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phonographs, one containing the record-
bearing wax, the other the blank cylonite
cylinder, are set facing each other, about
two feet apart. Both are geared to
the same shaft, insuring absolute identity
in speed. The machines are set going,
and the cylonite cylinder receives the
record from the wax one. Later it is
hardened, thus making it ready for
practical use.”

*“And that's simple too,” exclaimed the
visitor. ‘“‘Columbus again.”

“One more difficulty I found I had to
overcome,” said Mr. Edison. ‘“That
was to do away with the echo. You
see, the wax cylinder had to be made so
impressionable that it would record the
slightest sound. Now, as the recording
phonograph was sometimes quite a dis-
tance from the voices or sounds to be
recorded, the result was that it recorded
the echoes of these sounds against the
walls of the studio also! They annoyed
me greatly.”

“And how did you get around that?”
asked the visitor eagerly.

“Simply by using a tent of soft,
flexible material. Yes, it was simple,
but I was sorely annoyed before I be-
thought myself of that device.”

“Simple, indeed!” inwardly ejaculated
the visitor, “but, shades of America’s
discoverer, who but Edison would have
thought of it!"”

“Thus, I overcame my difficulties in
the perfection of the kinetephone,” he
said. “The practical operation of the
invention is very simple. The perfected
phonograph with the necessary record
in it is placed behind the motion-picture
screen. It is then geared to the motion-
picture machine containing the appropri-
ate film, so both picture machine and pho-
nograph will run absolutely synchronously
or contemporaneously. That is all.”

WILL BE POPULAR

That the kinetephone will become im-
mensely popular Mr. Edison feels assured.
“Heretofore grand as sung by
the renowned singers of the world has
been only for the wealthy classes,” he
said. “The poor man has not two to
five dollars to expend on an evening's
entertainment, no matter how excellent
it may be. Soon for § cents he may
hear music as well sung, or rather just
as it is sung, by the most noted singers.
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The motion-picture patrons will see and
hear them as though upon the stage,
living, breathing personalities.”

And here, with his whimsical smile,
Mr. Edison dropped into a paraphrase
of Anecreon’s ode, thus:

“And here is one substantial ad-
vantage that the kinetephone will have
over the modern stage,” he continued.
“There will be real houses, real dogs,
real trees, real greensward, real every-
thing, in fact, instead of the papier
mache substitutes of the stage. Scenes
can ‘be reproduced from appropriate
surroundings, unhampered by the limita-
tions of today’s dramas.”

Nor is all this a utopian dream of a
visionary. These kinetephone produc-
tions will be placed before the public in
a very short time. Their first appear-
ance will be as a novelty in vaudeville
houses, a large promoter in that line
having obtained the right for a limited
period. Eight motion-picture houses
are now being fitted up in New York
for their production.

A little later the kinetephone will be
placed in all motion-picture theaters.
As the ordinary motion-picture machine
may be readily fitted at small expense
with a kinetephone, plays will soon
be as cheap as the ordinary motion-
picture plays are now.

The great inventor declares that he
will not sell the rights to make kinete-
phone pictures to other motion-picture
concerns, but will retain them solely
for his own company. With his an-
nounced policy of making only high-grade
productions, he thinks their influence
will be elevating and that they will
generally supplant certain low-priced
vaudeville that at present is more or
less objectionable.

Millions have been refused by Thomas
E. Edison for his new talking pictures and
two other late inventions. which bring
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are a diamond-tipped reproducing needle
that will wear forever, and a process for
making phonograph records of an un-
breakable material called “condensite.”
These inventions were lately heard
officially at a public demonstration of
the talking pictures in New York. The
Cleveland and Chicago capitalists will
endeavor to buy the patents.

Rumor that a wealthy Chicago man
and several Cleveland financiers were
after the talking-picture rights or an
interest in them revealed that an actual
offer had been made and refused.

Mr. Brady would not say who his
clients were. It was learned, however,
that he, in company with at least one
of them, recently visited Mr. Edison

y to investigate the adapta-
bility of the famous Edison storage
battery as motive power for railroad
locomotives and interurban trolley cars.

An incidental demonstration of the
talking pictures by Mr. Edison himself
led to the offer for the invention. The
matter of the storage battery is still
pending. . .

Mr. Brady, after a hurried trip west,
returned to Orange with the certified
check, only to have it pleasantly refused.
Mr. Edison, it was learned, hoped to
control and operate the invention him-
self, and with this in view is training
twelve young men at the factory.

“I not only offered him a million
dollars merely as an evidence of good
faith of the larger offer to come, but
made a proposition for large royalties on
every reel,” said Mr. Brady. ‘“He
doesn’t want money.”’—Industrial Ad-
vocate.

Electricity and Pure Drinking Water
in the Cities
(Continued from page 349)
of reverse currents. The electricity,
‘' ~+ Jhyouph. rather than
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GEAR WHEELS AND GEARING SIMPLY EXPLAINED—Part IV
ALFRED W. MARSHALL, M.LMECH.E., A.M.LE.E.

A kind of gear which is frequently
adopted when the driven wheel is re-
quired to give a much lower number of
revolutions in a given interval of time
than the driver is shown by the sketch,
Fig. 40. The arrangement is called
worm gear. The driving wheel is a
screw S, and is called the worm. The
driven wheel W is provided with teeth,
and iscalled a worm wheel. Imagine the
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wheel W to be fixed so that it cannot
rotate. If the worm S is rotated, and
can move also in a direction along the
line of its axis, it will act as if W was a
nut through which it was being screwed,
because the thread of the worm is en-
gaging with the teeth of the wheel. It
will therefore move in a forward or back-
ward direction, depending upon the
direction in which it was being rotated.
If, on the contrary, the shaft of the worm
is held between thrust bearings so that
it cannot move in an end direction, and
the wheel W is free to rotate, it will do
so if the worm is rotated. As the worm
is unable to screw itself past the wheel,
the latter will rotate, due to the sliding
action of the worm thread upon the
wheel teeth. The rotation of the shaft
S will be thus transmitted to the shaft
upon which W is fixed.

This kind of gearing, though equivalent
to a pair of spur wheels in its action,
differs to some extent. Either wheel
of a pair of spur wheels may be made
to drive the other, but though the worm
can always be made to be the driver, the
wheel cannot be made to drive the worm
under all circumstances of design. As
in the case of spur wheels, the gear is
planned by pitch lines and surfaces.
There is this difference, however—the
pitch surfaces of spur wheels roll to-
gether, and, as already explained, one
would drive the other by contact friction
if the load upon the driven wheel is not
in excess of the grip obtained between
the surfaces. The pitch surface of the
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worm gear, Fig. 40, is represented by
the sketch, Fig. 41; obviously, if S
is rotated, its effort will be expended
entirely in a line parallel to the shaft
of W, and will not produce any rotating
effects at all on W. The surfaces will
merely grind together without producing
any turning effort upon W. Similarly
if W is rotated, the effort will be expended
entirely in a line with the shaft of S,
and no rotating effect will be produced.
Any rotary effort can therefore only be
produced by providing S and W with
teeth which are placed at an angle to the
axes of the shafts and can slide against
one another. This is effected in practice
by means of a screw thread upon S and
teeth upon W, which are placed at an
angle to correspond with the inclination
-of the screw, so that the two will engage
in gear. The amount of rotation which
will be given to W for each complete

revolution of S will therefore depend
upon the pitch of the screw thread.
This pitch divided into the circumference
of the pitch circle of the worm wheel
gives the number of revolutions which
the worm will make to produce one
complete t-'ev'olution of the wheel.
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pitch of a screw is the distance through
which the thread advances whilst making
one complete turn round its axis, S must
make twenty complete revolutions to
drive W through one complete revolution.
If the screw thread is made to have a
pitch of 2 in., the wheel W would then
be made to have ten teeth of 2 in. cir-
cular pitch. The screw would now make
ten revolutions to drive W through one
complete revolution. So far, the number
of teeth on W has been made proportional
to the ratio of the gear, that is, we have
halved the number of teeth whilst
obtaining half the number of revolutions
of S required to obtain one complete
revolution of W. But we need not have
reduced the number of teeth on W. We
could have allowed the screw to gear
into alternate teeth, half of the number
of teeth thus being unused. The ar-
rangement would effect the desired result,
as the screw would move the circumfer-
ence of W through twice the distance each
revolution which it made, than when
its pitch was 1 in. It would thus give
one revolution to. W when its own shaft
had made ten instead of twenty turns.
But it would not be a good arrangement
to permit half of the number of teeth to
be idle. The whole twenty teeth can
be utilized by providing a second thread
upon S, interspaced with the first thread,
so that it gears with the idle teeth.
Each thread will then take a share in
driving the wheel, and the pressure and
wear will be distributed over double the
amount of contact surface. It would
be necessary to re-shape the teeth, so
they properly gear with the altered
curve of the screw due to increasing the
pitch. The wheel W thus retains its
previous number of teeth, namely, twenty,
and yet makes one revolution for ten
instead of twenty revolutions of the
screw. Similarly, the screw may be
made to have three or more threads.



ELECTRICIAN AND MECHANIC

Fig. 44

worm thread in its action with the wheel.
Referring to Fig. 40, if the worm has a
single thread, its pitch will be the dis-
tance D, and this will be equal to the
circular pitch of the teeth on W. But
if the worm has a double thread its
pitch will be the distance E; this will be
twice the length of the circular pitch
of the teeth on W.

‘When preparing the worm blank and
wheel blank for cutting, allowance must
be made for the distance beyond the
pitch line by which both the thread of
the worm and teeth of the wheel will
project. If a section be taken through
the center-line of the worm, the teeth of
the wheel and thread of the worm can be
regarded as a pinion and rack at that
line, the screw thread representing the
rack, and may be designed upon the
method used for determining the shapes
of the teeth of a pinion and rack. They
may be curved upon the cycloidal or
involute principle. If the former method
be used, the teeth and screw thread will
both have curved sides; if the involute
method be adopted, the sides of the
screw thread will be straight lines, as
explained in an earlier part of these
articles. Theinvolute principle is usually
adopted, because it is easier to cut the
worm thread if it has straight sides.
Fig. 42 is a sketch showing such a section
czf' A; worm gear through the center line

If the teeth of the wheel accurately fit
the spaces between the thread of the
worm throughout the entire breadth of
the wheel following the true curve of
the screw, the shape will alter in section,
according as the distance from the center
line LM is increased. A section of any
tooth taken on any line but LM will show
a different shape from that taken on line
LM. In addition to this, the circumfer-
ence of the wheel must be hollowed to fit
the worm at the points of the teeth and
bottoms of the spaces between the teeth,
the curves being arcs of circles of two
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different radii, as indicated by PR, Fig.
42. On this account shaping and cutting
the teeth of a worm wheel correctly is a
difficult matter. The method adopted
in practice, especially for wheels of
small or comparatively small sizes, is to
shape them by means of a cutter which
is a fac-simile of the screw intended to gear
with the wheel. This cutter is called
a “hob,” and consists of a steel worm
of the exact shape of the worm which
is to gear with the wheel; it is provided
with cutting edges and hardened. The
teeth of the wheel are first cut nearly to
size by means of an ordinary circular
cutter; the hob is then geared with the
wheel, and the two are run together
until the hob has cut the teeth to the
true shape. Obviously, if the hob is a
correct representation of the worm it
will remove all irregular places from the
teeth and leave them a perfect fit to
the actual worm. It is sufficient, there-
fore, to plan the thread and teeth upon a
single section LM through the center
line of the worm and wheel.

A correctly shaped worm wheel will
then have the appearance of A, Fig. 43.
On account of the expense of making
a hob, worm gears are frequently made
to a compromise. The circumference
of the wheel is not hollowed at all, but
s#taight, as in the case of an ordinary flat
spur wheel. The teeth are cut upon the
slant, as indicated by B, Fig. 43, at an
angle to correspond to the inclination
of the worm thread. Another method
is to make the circumference of the

Fig. 45
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wheel straight and cut teeth by causing
the edge of a circular milling cutter to
dip down into it, as indicated by C,
Fig. 43, technically called ‘“gashing” it.
If the axis of the worm need not be at
a right angle to that of the wheel, an
ordinary flat spur wheel can be used by
slanting the worm until its thread meshes
with the teeth of the wheel, as indicated
by Fig. 44. Any one of these methods,
Figs. 43 and 44, may be used success-
fully, and for transmission of very small
amount of power or purposes of mechani-
cal adjustment only the worm can be an
ordinary Whitworth or similar screw
thread. In practice the edges of the
wheel are usually beveled off, as in-
dicated at C, Fig. 45, except in the

Fig. 46

case 'of wheels like C, Fig. 43. This
diminishes the inaccurate portion of the
teeth and removes the weak corners. A
blank worm and wheel ready for cutting
a gear such as Fig. 40 would have the
appearance indicated by Fig. 46 if the
eeth were to be of perfect form and
shaped by means of a hob. The dotted
lines show the pitch lines and the allow-
ance of metal to give the part of teeth
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Fig. 47 shows a blank wheel similar to
Fig. 46, but which is to be cut with
straight-through teeth, as B, Fig. 43.
The throat P is now made straight, and
not curved, as in Fig. 46.

The diameter of the worm has no
influence upon the ratio of the gear. As
already explained, this is determined by
the lead of the worm thread, and the
circumference (and therefore the diame-
ter) of the wheel. If the distance be-
tween the shaft centers of worm and
wheel is fixed, you must select a lead for
the worm thread which will give you the
ratio desired. The diameter of the
worm can be made greater or less, to
accommodate the size of wheel found to
be suitable in the particular instance.
For example, suppose the distance be-
tween the centers will admit a wheel
having a circumference of 10 in.; the
pitch circle for this will have a diameter
of 3 3-16 in. If the worm thread is
made with a lead of one turn in 14 in.
(34 in. pitch), the ratio of the gear will
be 1 to 20, because each revolution of
the worm will rotate the wheel by 14 in
As there are twenty half inches in the
circumference of the wheel, twenty rev-
olutions of the worm will be required to
rotate the wheel through a distance of
10 in. If a ratio.of 1 to 10 be required,
it can be obtained by making the worm
thread with a lead of one turn in 1 in.
Ten revolutions of the worm will then
produce one revolution of the wheel.
If a greater ratio than 1 to 20 be required
it can be obtained by decreasing the
lead of the worm thread. For example,
if the lead is one turn in 14 in., the ratio
of the above gear will be 1 to 40, as there
are forty quarter inches in a circumference
of 10 in.; therefore, forty revolutions of
the worm will be required to produce
one revolution of the wheel, and so on.
If the worm thread is made to have a
lea.d of 1 10 in., the ratio of the gear

«an’ Tha lead may be one
7 ens,
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be advisable to cut four or five threads.
The wheel would then have twenty or
twenty-five teeth respectively. Should
the circumference of the wheel pitch
circle, as first determined, prove to be
inconvenient to the number of teeth,
it may be increased or decreased to a
limited extent and the diameter of the
worm altered to accommodate the
difference. 'When the centers are not
fixed, the wheel size is limited only by
convenience of construction. It is ad-
visable to have at least thirty teeth in
the wheel, if convenient. When a
smaller number must be used, the top
edges of the worm thread do not properly
clear the wheel teeth. This interference
can be avoided by a slight rounding off
towards the tops of the thread or by
increasing the diameter of the wheel
so that the teeth project almost entirely
outside the pitch circle. Messrs. Brown
and Sharpe, in their treatise on gearing,
give the following rule for this increase
of diameter. The pitch diameters to
be multiplied by .937; add to the product
four times the addendum, that is, the
part which in the ordinary way would
be outside the pitch circle. The sum
gives the diameter of the blank at the
throat P, Fig. 46. The whole diam-
eter of the wheel is obtained by making a
drawing to this rule and measuring off
the dimension. They say, however, that
it is not practical to finish wheels sized
by this rule with a hob when they have
twelve to eighteen teeth unless the wheel is
driven by separate mechanism; the hob
must not be relied upon to drive the
wheel.

Professor Unwin gives the following
proportions for worm gearing, P being
the circumferential pitch of the wheel
teeth. Thickness of tooth on pitch line,
.48 p; height outside pitch line, .3 p;
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Right hand worm

ANARN i 2w

Fig. 48

Lefl hand worm
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Fig. 49

depth below pitch line, .4 p; length of
worm, 3 to 6 p (usually 4 p); width of
wheel face, 1.5 to 2.5 p. The worm
is frequently made of some different
metal from that used for the wheel. For
example, a steel worm and gun-metal
wheel, a hardened steel worm and a
phosphor-bronze wheel, give good results,
a wrought iron or steel worm and cast-
iron wheel are also used; a cast-iron worm
can be used with a cast-iron wheel.
When the gear is used for continual
running and transmitting power for
driving purposes, the shape and materials
used are of much greater importance
than when the gear serves for adjustment
purposes and occasional use. A hardened
steel worm and phosphor-bronze wheel
is a very good combination for trans-
mitting power, but efficient lubrication
of the surfaces in contact is the most
important factor. The gear should run
in an oil bath, if possible. Worm gear
was at one time regarded as a very in-
efficient means of transmitting power,
but during recent years it has come into
extensive use for this purpose, and, if
well designed and run in oil, is found to
have high efficiency. The loss of power
due to friction between the worm thread
and wheel teeth decreases with increase
of the inclination of the thread that is.
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multiple threads thus give a higher
efficiency than single-threaded worms,
and a small diameter worm gives a
higher efficiency than one of correspond-
ing lead, but larger diameter. In addition
to the friction at the worm thread, there
is friction set up by the end thread of the
worm shaft. This is also of importance,
and some form of thrust bearing is re-
quired if high efficiency is to be main-
tained; a ball thrust bearing is very
good. As previously explained, the
worm must be prevented from moving
end-wise, if it is to exert pressure upon
the wheel teeth and rotate the wheel;
therefore, the wheel teeth will press
against the worm thread with a force
proportional to the load which the
wheel has to drive. The teeth there-
fore thrust the worm shaft against the
bearing in which it runs. The direction
in which the wheel rotates for a given
direction of rotation of the worm de-
pends upon whether the worm thread is

Right hand worm

Lef! hand worm

right- or left-hand. It is possible on this
account to combine two worm gears so that
end thrusts of the worms oppose each
other,. and no thrust comes upon the
bearings. Fig. 48 is a diagram of a
worm and wheel, in which the thread
is right-hand, and Fig. 49 is a similar
design, in which the thread is left-hand.
The arrows indicate the direction of
rotation and thrust. The worm shaft
rotates in the same direction in each
instance, but the wheels rotate in opposite
directions, and the direction of thrust
exerted unon the thread of the worm. and
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worms. The driving force of the wheels
can be combined and transmitted to a
single shaft by means of spur wheels.

A distinctive feature of worm gearing
is that it is not always reciprocal—that is,
the worm will always drive the wheel,
but the wheel may notdrive the worm.
If the lead of the worm is small, and
therefore its angle small, the friction
between the surfaces in contact will be
so great that the worm cannot be rotated
by the wheel. The critical lead of thread
at which the wheel can drive the worm
will depend upon the friction between
the surfaces in any particular instance.
Generally speaking, single-thread worms
cannot be driven by the wheel, but if
the lead required is sufficiently great
to necessitate a multiple thread, the
wheel may drive the worm; the greater
the lead, the more likely is the gear to be
reciprocal.—The Model Engineer and
Electrician.

All About Permanent Magnets

The British Journal of the Institution
of Electrical Engineers contains the
lecture on permanent magnets which Pro-
fessor Silvanus P. Thompson delivered
at the meeting of the institution at
Glasgow last year. It occupies more than
sixty pages, gives a complete account of
present-day knowledge on the subject
and points out directions in which further
research is necessary. The author shows
that the most powerful and permanent
magnets are made of steels with about
6 per cent. of tungsten and 0.5 per cent. of
carbon, and have the ratio of length to
breadth large. After forging at as low a
temperature as possible the magnets
should be heated to 900 degree C, cooled
to 750 degrees C, kept at that for a time,
and then cooled off. Hardening is a
repetition of this process down to 700
degrees C, at which temperature the
magnets are to be plunged into brine
at 20 degrees C. Maturing is done by
boiling the magnets fqr ten or) twelve



ELECTRICIAN AND MECHANIC

365

BOOK RACKS AND DESK TOPS

Variety of Designs—Single and Combination Affairs—Details

of Construction—

Best Woods for the Purpose
GEORGE E. WALSH

Book racks, desk tops and ornamental
tops for old book-cases make suitable
presents for friends as well as desirable
articles for one’s own use. There is
considerable variety in such useful articles,
and one may use ingenuity in designing
them to fit any special need. Sometimes
it is an old desk with merely a flat top
which could be greatly improved by
designing an ornamental book rack with

pigeon-holes on the side for papers, Or Fig. 4—Anots

it may be an entirely new top is needed.
Such a new top was designed and made
for an old desk after the pattern in Fig. 1.
The legs and sides of the desk were in
good condition, but the top had been
split and badly used, and it never was
very pretty or ornamental.

The dimensions of the top of the desk
were taken and the design drawn to fit
snugly on it. When finished sufficient
room was left between the side book-
racks for writing purposes and two
small desk drawers were provided for
pens and papers. The lid of the old
desk lifted up, but this was screwed

Fig. 1—One Style of Desk Top

Fig. 2—A Book Rack and Letter File

Fig. 3—Dimension Diagram for Book Rack and Letter File

Style of Combi Book Rack and Letter File
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down, and a drawer fitted in front to
take the place of the old space. No
space was lost by this operation, and
much was gained in the way of an orna-
mental article of furniture. The book
spaces on either side of the desk top were
found to be of invaluable aid, for in
them were kept all books needed for
ready reference.

Combination book racks, drawers and
letter files are among the most useful of
ornaments for topping off book-cases,
desks and mantel-pieces or side tables.
If artistic in design and execution they
will finish off many old pieces of furniture
better than can be accomplished in any
other way. The two designs shown in
Figs. 2 and 4 will clearly indicate their
purpose. In one we have either side of
the article finished off with small letter
file arrangements, with lids to cover them
and a center space for books, magazines
or other articles. The shallow drawer
furnishes room for small articles such
as paper, pens, letters and envelopes.
Placed on top of an old book-case, it
occupies a conspicuous place and adds
greatly to the ornament of the room.
In Fig. 4 rather more space is given to
books, which are placed on either side
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Fig. 6—A Combination of Drawers and a Book Case
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Fig. 7=Dimension Diagram for Article Shown in Previous Figure

and in the center, but two drawers are
provided for small articles.

In Fig. 6 an attempt ismade to build up
a series of shallow drawers, with a side
space for bills and letters that opens and
closes on hinges, and the top space fin-
ished off as an ordinary book rack.
Such a generally useful article may be
made in almost any suitable height
desired for special purposes. If to fit
on the top of a desk, table, book-case or
mantel-piece it should not exceed 2 ft.
from the base to the book rest on top.
In that case the number of drawers
should be cut down to about three. A
tier of five is more suitable for a case
3 or 4 ft. high and designed to rest on
some low article. This combination
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In Fig. 8 we have another combination
book-rack and a letter file. The top of
the case is devoted entirely to spaces
for letters and papers, divided off in
compartments as one desires. Some of
these spaces are quite shallow and others
quite deep. The doors swing on hinges
from the top center and fall down snugly
on the sides to finish off the top. If one
found it difficult to make doors with
curves in them, the top could be made
flat or sloping with a peak at the top.
That is merely a matter of individual
taste and capacity. The designs are
intended more as a guide than to follow
absolutely in every particular. The
lower part of the case is made entirely
for books which are placed in the four
compartments.

The design can be made on the plan
of the ordinary revolving book-case, or
with the compartments simply divided
by upright posts at the corners. In
the illustration the design has every
alternate space panelled, which can be
done in any way desirable. A design may
be burnt on the panel or it can be finished
off with strips of wood, following some
simple drawing.

The wood for making any of these or-
namental tops should preferably be birch
or maple. There is no better wood for
the work than birch. It should be ob-
tained from the mill in two thicknesses—
one-quarter of an inch and three-quarters.
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The thin boards are used for making the
partitions between letter compartments,
filing arrangements, pigeon-holes and shal-
low drawers. The thick boards are for
the rest of the work. The thin pieces of
wood finished off in the natural colors of
the wood will contrast beautifully with a
mahogany stain given to the outside part.

If the asticles are to be decorated by
burning, the best wood to select is good
basswood. This is nearly grainless and
does not split easily for a soft wood, and
it takes pyrographic work better than
almost any other. Most soft woods when
cut as thin as a quarter of an inch are
too fragile to be of much use and a very
slight pressure will split them. But good
basswood is not so easily ruined. All
inside partitions should be glued in
position and not nailed. If one is deft
enough with tools to fit them together
with groove and tongue all the better,
but it is easier to glue the small pieces
in. Only the best furniture glue should
be used for this purpose, and that means
it must be prepared for the purpose.
Self-prepared glues are hardly strong
enough. Get a pot of glue and keep
it hot while working, and when a piece
is glued in position it must be kept there
under pressure for at least 24 hours.

All the designs, with the exception of
the book-case with a curved top, are
made in simple straight lines, and any
one who can saw out and fit a square
box together accurately should be able to
make any or all of these useful ornaments.
A scroll saw may be necessary for cutting
out some of the pieces to advantage,
but they can all be made without it.
Besides the lumber mentioned above a
few feet of molding should be purchased
at the mill. * This is to finish off the base
of each article. The sides and upper
part can be decorated with a few strips
of beaded mill-work, which can be bought
at a mill or carpenter’s shop

After the different parts have been cut
out and put together, the edges should
all be sandpapered down to a very
smooth finish. Then the surface should
be rubbed with some good filler so that
all the open grain and pores can absorb it.

When the filler has dried properly
the stain should be applied, rubbing it in
and wiping it off carefully. This in
turn must dry before oil or varnish is
applied.—The Building Age.
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New Southern Pacific Ferryboats
with Double Power Plants

W. ZACHERT

- All of the public service corporations
in and around San Francisco are making
great preparations for the enormous in-
crease in travel and the large activity
in trade that is expected when the Pan-
ama Pacific Exposition is opened in 1915.

In line with this, the Southern Pacific
Company has just placed an order with
the New Jersey Shipbuilding Works for
a large steel ferryboat to run between
San Francisco and the Oakland Mole.
It is stated that the hull alone will cost
$98,000.

The name of this new vessel will be the
Santa Clara, and it will be a duplicate
of the Alameda, which is now under con-
struction at the West Oakland Shipyards.

Both of the above ferryboats will be
built of steel throughout, and will be
provided with longitudinal water-tight
bulkheads. They will be of the side-
wheel type, and each wheel will be inde-
pendently operated by its own engine of
2,800 h.p. These boats will be twice as
powerful as any of those now in the ser-
vice of the Southern Pacific Company
on San Francisco Bay. Each vessel will
have two smokestacks and Babcock &
Wilcox water-tube boilers; in fact, on
each side of the boat there will be a
complete and independent power plant.
The cabins will be of mahogany finish.
Each boat is to have seating capacity
for 2,600 passengers; this is 900 more
than that of the Ferryboat Berkeley,
which is at present the largest Southern
Pacific vessel crossing the Bay.

The time required for making each trip
between San Francisco and Oakland is
20 minutes, but when these swift new
steamers are placed in commission, the
time will be cut down to 12 minutes; thus
travel across the Bay will become quicker
and more frequent.

Another contract will soon be let for
a third boat, which will be called the
San Mateo. It will be exactly similar in
every particular to the two mentioned
above. The Alameda will be completed
and placed on the run in about six months.
All three of these ferryboats will be in
full operation by January, 1915, in time
to handle the immense traffic in connec-
tion with the opening of the Exposition.
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A SIMPLIFIED POTENTIOMETER
H. S. MANISTY

As probably most of our readers al-
ready know, with a potentiometer and
its accessories many things can be
done. For example:

Small and also very large voltages can
be measured, though in the present case
the range will only be from 0 to about
30 volts, reading to about .1 per cent.
Small resistances, such as armature
coils and also large ones, can also be
accurately measured. An ammeter is
necessary for this, as a piece of extra
apparatus. Small and large currents
also come within its range with great
accuracy. It is specially useful for
graduating volt and ammeters.

I will now try to make clear the

(about 14 amp.) from two accumulator
cells. This current is regulated (by
cutting out more or less of the last two
wires with a piece of thick flexible wire)
till the drop down 1 meter length is
exactly 1 volt, then the drop down the
3 meters is 3 volts. Thé so-called
setting is done by comparison with a
standard cell.

The first thing to describe will be the
potentiometer proper. The base is a
board 3 ft. 9 in. long and 10 in. broad,
cut from well-dried 14 in. pine. It has
three stiffening pieces at the back, 114
x 34 in. This must be of dry wood,
planed smooth, and then it is given a
couple of coats of shellac varnish and

J >
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Fig. 1.

principle of this apparatus. It is based
on Ohm’s law, which shows that the
fall in potential down a uniform wire
carrying a current varies directly as the
length of the wire, and also that when
two equal and opposite potentials are
present in a circuit no current flows in
that circuit.

The instrument consists of five parallel
wires of No. 30 S.W.G. manganin, and 1
meter long, connected at their ends to
heavy brass bars, slit, as seen in the
plan, Fig. 1. These bars are consid-
ered to have no resistance compared
to the wires, and the arrangement is
virtually one wire 5 meters long. A
constant current is passed through this

Galrwnemelen

Plan of Potentiometer, showing Connections (Scale 214 in. to 1 ft.).

allowed to dry while the other parts are
being got ready. The wires, as men-
tioned, are No. 30 S.W.G. manganin;
five pieces 41 in. long will be wanted.
Cut off two pieces of strip brass 14
x 3-32 in.,, or a little thicker; draw-
file this all over. Drill six countersunk
holes for 14 in. brass screws in the position
shown on plan. On the underside
scratch five shallow slots to fit the wires;
these are to be spaced as drawn. Fix
the two strips down temporarily on a
boa.rd, their inside edges exactly 1 meter

part (1 meter = 39.3708 in., or about
3 ft 334 in.). Solder the ends of the
wires carefully to the brass strips for
the full length of the brass, and then
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Fig. 2. A Calomel Cell

carefully stretch and solder the other
five ends, so that each wire has 1 meter
free length and all are stretched alike.
Trim off the odd ends and unscrew from
the board, and screw down right side up
to the final base, still keeping the brass
exactly 1 meter apart. Three paper
scales 1 meter long and divided into
centimeters are to be fixed under the
first three wires; it would be safer to fix
these scales before the brass, as they
should have a coat of varnish, and the
wires must be left clean. Six terminals
are to be fixed, spaced evenly in pairs
along one side. The connections can be
easily followed from the plan.

A standard cell is the next thing to
make. For all work not requiring very
great accuracy a calomel cell is the best,
as its variation with temperature is
very slight; but for more accurate
work a Clark Standard should be used,
made up to Board of Trade specification,
as described in S. P. Thompson's ‘“Elec-
tricity and Magnetism.” In this case
the temperature must be taken into
account. I will here describe the calomel
cell. All chemicals must be bought as

The cell (Fig. 2) is set up in a wide
test tube about 1 in. diameter and 414
to § in. long. In the bottom of the
test tube is poured about 1 in. of mercury,
and dipping into this is a fine platinum
wire, enclosed till it reaches the mercury
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in a fine glass tube. The tube is drawn
out to a blunt point and the wire passed
through. The tube is then heated till
the glass flows round the wire and seals
it in. A short length of platinum wire,
say 2 in., need only be used, and a
thicker copper wire soldered to the end,
which also forms one terminal. Above
the mercury is 34 in. to 1 in. of mercurous
chleride.

On top of this again is poured a sat-
urated solution of zinc chloride. A
cork is fitted, and passing through this is
a small rod of pure zinc; this forms the
other terminal. The cork is sealed with
paraffin wax, and the whole arranged
in some form of stand to keep it upright.
This cell gives a voltage of very nearly
1 volt; to be exactly 1 volt, the specific
gravity of the zinc chloride must be
1.38. Two or three cells should be made
up, so that they can be checked against
each other.

A galvanometer is essential, but I
will not describe one here, as nearly every
amateur has one, and if not, very good
descriptions will be found in back
numbers. The galvanometer must be
sensitive and also have a high resistance;
if not, some high resistance must be

Fio. 4.—TapriNe KEY.
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inserted in its circuit. The accuracy
of the results depend largely on the
sensitiveness of the galvanometer and
the correctness of the standard cell.
There is one other small thing to be
made before any readings can be taken,
that is, a flexible connection to cut-qut
part of the last two wires.

Cut out from springy copper or brass
four pieces, 1 x )4 x 1-32 in.; file one
edge of each to a slight bevel. Turn
bevels inwards and solder the oppo-
site edge, and also solder one end of a
piece of flexible to each pair, so as to
form a clip. Now each end can nip the
fine wire at any part, and so vary the
resistance. This will give a vanation
of about 12 ohms.

Two switches will be needed—one
a two-way switch to switch from the
standard. cell to the unknown PD, and
a small tapping key to connect up the
galvanometer. The two-way switch
(Fig. 3) consists of a base of well-dried
and varnished wood, 2}4 in. long by
114 in. wide, of about 3 in. or 14 in.
wood. A strip of springy brass 2 in.
long and of a section 14 x 1-16 in.
This must have a hole drilled at one end
and a small knob at the other, so that
one end can be screwed down and still
free to move sideways. Two brass
screws are screwed in, as shown, and
their heads 'left about 1-16 in. above the
level of the base. To these the wires
from “Standard Cell” and ‘“Unknown
Potential Difference’” are fixed on the
under side, and the galvanometer wire
to the fixed end of the brass strip. The
general idea will be seen from the draw-
ing. The strip must have a downward
set, so as to make good contact. The
tapping key (Fig. 4) is made by fixing
two pieces of brass strips (2 x 14 x 1-32
in.) to a small base (214 x 114 in.), so
that when the top one is pressed down
it makes contact on the one beneath.
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time it was re-charged. Connect up
the battery and put the two-way switch
to standard cell. Take the wire from
the galvanometer marked “flexible,”” and
touch the manganin wire at one meter;
with the other hand depress the gal-
vanometer tapping key, and if there is
any deflection alter the double-ended
flexible connection till there is no de-
flection.” Be careful that the standard
cell and battery Potential Difference
oppose each other, or they cannot be
balanced. Then the instrument is said
to be ‘“‘set,” because the drop down 1
meter=1 volt; therefore, the drop down
the 3 meters = 3 volts. Of course, if
a Clark cell is being used, the manganin
wire must be touched at 1.434, the
voltage of a Clark at 15 degree C. Now
put over the two-way switch to unknown
Potential Difference, and find the point
on the manganin wire, where, when it is
touched with the galvanometer flexible,
there is no deflection on depressing the
tapping key. This shows that the drop
Potential Difference and the unknown
Potential Difference are balanced, so read
the distance, say 1.421 meters, and this
corresponds to 1.421 volts, the Potential
Difference of the cell. Again switch back
to standard Potential Difference, and
check the setting of the instrument.
This, of course, should not have altered;
but if it has, the trial must be repeated.
For higher Potential Differences up to,
say, 30 volts, a voltbox must be used.
This consists of two coils of high resist-
ance, and the smaller coil has a resist-
ance of one-tenth the total, so that the
Potential Difference across the smaller is
one-tenth the total Potential Difference.

Make a bobbin 4 in. long between the
cheeks, 2 in. diameter, and 34 in. core,
of hardwood (see Fig. 5), and fix between
the cheeks and a flange, so as to divide
the two parts in the ratio of 10 to 1.
Boil the Wh«?le in paraffin wax, and wind
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the chief thing is to have one nine times
as great as the other. For the final
adjustment of length, apply a Potential
Difference of from 214 to 3 volts over
the two, and measure on the potenti-
ometer the Potential Difference across
the whole and also across the smaller
one. Then the first must equal ten
times the second. To use this the un-
known Potential Difference is applied
across the two coils in series and the
Potential Difference across the smaller
measured; then total = 10 times this
amount. It would make a better job,
but more expensive, if the coils were
wound with cotton-covered resistance
wire, such as iron or manganin of about
No. 36 gauge. .

The next step will be the measurement
of currents, and for this some extra
resistances must be made. A standard
ohm coil must be bought or made to
start with. There is no trouble in the
making, provided there is something to
compare it with, as it must be accurate.
The checking can be done with the po-
tentiometer if the reader has a reliable
ammeter reading to about 2 amps.
Pass a current of about 2 amps. through
the ammeter and coil, and simultaneously
read the potential drop across the coil
and the ammeter; then the resistance=
v
—. This must be adjusted to 1 ohm.

c
On the whole it would be better, if

possible, to buy a standard coil, or at
least get the loan of one for comparison.

Fig. 5. A Bobbin

n

FI1G. 6.—RESISTANCE COILS AND STAND.
(One-third full size.) '

—mnn

a
Fic. 7.—CONNECTONS. (Ome-third full size.)

The reader will now need six such
coils, made of iron or, far better, of
manganin of No. 20 SW.G. These will
enable him to read currents up to 15
amperes. If he requires a larger range,
more resistances will be needed. For
small currents a resistance-box will do
away with all this trouble. For a 1-ohm
coil 10 ft. of manganin will be needed—
No. 20 S.W.G. cotton-covered. Turn
up six bobbins 114 in. long between
cheeks, and the core 14 in. diameter,
and cheeks 1 in. diameter, and boil in
paraffin wax. Double the wire, and
start winding by putting the doubled
end through a hole in one cheek; wind
on the whole length double, and fix the
two ends to two terminals. Now bare
a short length of the doubled end, and
twist this up till the resistance is exactly
1 by comparison with the standard;
solder up this end and tuck it away.
Definite lengths cannot be given, as
manganin varies in composition and
resistance; but.the resistance of a length,
say 10 ft., can be measured, as will be
described, and this will give a good base
to calculate from. To each terminal of
each coil must be soldered a stout piece
of copper wire (No. 12 or 14) bent into
an L, so that each coil can be connected,
with a mercury cup.

A stand must be made for these coils,
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so that they can be connected in series
or parallel, or any other combination, at
will, and have a negligible resistance
at the contacts. Cut out from a board
114 in. thick a piece 8 x 3 in., and
drill in this twelve clean holes 14 in.
diameter and 1 in. deep; the positions
are marked on the drawing (Fig. 6). Cut
also a slot 614 x 14 x11in., as shown.
Then boil the whole in paraffin wax.
Cut from No. 14 copper wire six pieces
as a in the drawing, six as b, and six as
¢, Fig. 7. With these any combingtion
of the six coils can be made. For ex-
ample—for a resistance of % ohm to
carry a current of 9 amperes, connect
up as is done in the drawing of stand for
resistance.

Now the measurement of any current
from 0 to 15 can be made. Suppose the
reader wants to graduate or check an
ammeter, divided into tenths, from 0 to
5. Connect up all the resistance coils
in series, and connect the set and the
ammeter in series, and pass a current
through the whole of about 1-10th
amp.; connect the resistance coils by
fine wires to the unknown Potential
Difference, and read the Potential Differ-
ence, then the actual current flowing =
v v

Gradually increase the current

r
till about .4 is reached, taking reading
at intervals of both unknown Potential
Difference and ammeter scale. At .4 cut
out one coil of resistance then current =
?

—. Keep on in this way, altering the coils
5

so as to keep the Potential Difference
reading about 2 volts to 214 volts, and
never having more than 2}4 amps. to
any one resistance coil. For example—
at 5 amps. two coils must be in parallel.
From this, I think, the reader will
follow the method of manipulating the
resistance coils.

Measurements of resistances can be
done in two ways—by direct comparison,
or by absolute measurement; this second

7 4 —nnacsitates the use of an accurate
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an ammeter is series with the coil, and
pass 5 amps. or 10 amps.—if the armature
will stand it—through the two. Measure
with the potentiometer the Potential
Difference across the armature, and read
the current passing; then the resistance

v
= —, if the Potential Difference =.794 and

c
794

the current = 9.6, resistance = R=.083.

To measure the resistance by com-
parison. Connect five resistance coils
in parallel; this gives .2 watt to pass
about the same current as before through
both, but there is no need to know the
actual current. Measure first the Poten-
tial Difference across the known resist-
ances, and then across the unknown; if
the Potential Difference across known
resistance = 2.014 volts, and that across
unknown = .836 volt, then resistance =

.836x .2

—— = .083. I think this will show
2.014

the great usefulness of this simple appa-

ratus, and the reader will very soon find

how very accurate it is. What always

strikes me is the very large range and

at the same time great accuracy over

that range.—The Model Engineer and

Electrician.

Hot Galvanizing Again

A new hot galvanizing process has
recently been patented by Professor
Charles F. Burgess differing from other
previous processes in that it covers the
use of an alloy of zinc and iron for coat-
ing iron or steel. The alloy is composed
of about 92 per cent. of zinc and 8 per
cent. of iron and is prepared in a powdered
or granulated form. The alloy is ap-
plied to the iron and steel in a similar
manner to the well-known process of
sherardizing.

Arthur D. Little, Inc.,, of Boston,
who touch upon this matter in . their
report as official”chemists’ to the Amer-
ican Institute of . Metals, sav that it
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DANGERS OF THE SEA
LIEUT. ALEC MC NAB

It seems strange that in this wondrous
age of shipbuilding many methods are
employed for the safety and guidance of
a ship that were in vogue hundreds of
years ago. The steady advance in ship-
building and engineering has produced
remarkable changes and luxuries in ocean
travel, combined with great protection
to the traveling public, still many addi-
tional changes must be made to approach
anything like absolute safety. Too much
time and money are spent on interior
decorations and fittings, and too little
on appliances which mean much for the
safety of the vessel.

Shortly after the recent T4tanic disaster
the United States House of Representa-
tives, and the British Parliament sent
up a shout and demanded boats for all,
but it is a sad but true fact, that, although
boats for all have been supplied on many
of our ocean liners, the means for lowering
boats for all has been sadly neglected.
A landsman, to look at the boat deck of
one of the ocean liners today, would feel
that the steamship companies have done
all in their power to assure the safety of
the traveling public by the three tiers
of boats which extend forward and aft
on the port and starboard sides of the
boat deck—but what has been the out-
come? Previous to the Titanic disaster
the boats were placed in such a position
that should disaster befall the vessel, and
it was necessary to lower the boats, the
sailors could, with ease, get at the falls
and guys and swing out the davits for
lowering away. After the Titanic disas-
ter, as I have stated, the cry went up
for boats for all—but what have they
done? They have congested the original
boats so much with the placing of other
boats on the boat deck, with life rafts
under the original boats, that it is im-
possible for the sailors to get at the boats

‘hov farmerly eonld Furthermare

lowering purposes under present condi-
tions, and, although there are boats for
all, the danger is not lessened.

Furthermore, where are the sailors to
man the boats? It was bad enough to
man the scant number of boats on the
ill-fated Tstanic, to say nothing of the
far greater number of boats placed on
ocean liners since that disaster. Stewards,
cooks, and firemen cannot handle an oar
the same as a sailor can; therefore, if any
sea is running, and the boats cannot be
handled properly, they will ““broach to”
in the sea and most assuredly capsize.
Personally, I think that the oars for the
manipulation and handling of the life
boats are way behind the great advance
in shipbuilding; as far behind, in fact,
as the ancient galley was of the present-
day ocean liner. In my opinion, the
time is not far off when the oar-propelled
life-boat will be a thing of the past and
will be superseded by the installation of
the internal combustion engine.

It may seem strange for me to state
that many of our present-day so-called
‘‘sailors’’ are unable proficiently to handle
aboat’s oar. The sailors of today are not
like the good old ‘‘shell-back” of fifty
years ago. Because of the great strides
made in shipbuilding, ships today can be
likened unto a great machine. The
sailors are more mechanical than other-
wise. The days of splicing ropes, bend-
ing sails, holy-stoning the wooden decks
and keeping the ship in trim are past.
Today, owing to the many mechanical
appliances on board ship, the sailor’s
training is not to be compared to that
which he used to receive. The old sailors
are dying out, and while occasionally we
come across them on board ship, their
number is becoming smaller and smaller.
I believe that the time will come when a
sailor will practically (be -an ;eéngineer,

Antriee +n tho many mechaniralannliannac
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or battleship when approaching shoal
water. The is instructed

to cast the lead. This crude way of in-
forming the captain of his approach to
shoal water is not in keeping with the
general makeup of the up-to-date equip-
ment on board ship. The lead consists of
a we1ght fastened to a heaving line, with
pieces of bunting reeved through the
line at each and every fathom—similar
to a flexible scale. Very few sailors are
proficient in the casting of the lead, and
it usually is the quartermaster’s duty to
do this. As the vessel is approaching
shoal water, under reduced speed, the
quartermaster stands on a grating which
overhangs the side of the vessel, and casts
this lead from time to time—informing
the captain of the depth of water during
the progress of the vessel. Now, on our
modern battleship, trans-Atlantic liners,
and other vessels, this would appear,
even to the landsman, to be a very crude
method of determining a ship’s approach
to coast—especially in a dense fog. Cap-
tain Noah, when he sailed the Ark, could
have tied a brick to a piece of grass rope
and obtained exactly the same results as
with the method employed today.

Another feature which also goes back
to the time of Captain Noah is that, until
of late, the only way in which the captain
or officer could obtain the absolute draft
of the ship was by going to the forward
end of the vessel to see how far the water
came up to his mark at that point, then
go aft to the stern of the ship and see
how far the water came up to his marks
at that point also. Now, this was the
only method by which Noah could tell
how far his Ark was submerged.

In loading a vessel today the cargo
is handled by machinery which places
the cargo on board at such a rate that it
is utterly impossible under the existing
circumstances for a shipmaster or officer
to have accurate knowledge of this most
important matter—actual draft of his
vessel. Furthermore, even under the
best of conditions, the method at present
employed is crude, as the agitation at the
surface of the water prevents an accurate
reading’s being obtained in this manner.
Should disaster befall the ship, the cap-
tain must necessarilv command one or
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compartments and ascertain the amount
of water the vessel is making. This in-
formation relative to the various internal
compartments of the ship keeps him
advised of the rate at which his vessel is
being submerged. Now, it would appear,
even to a landsman, that an accurate
instrument placed in front of the captain
to show him the actual draft of the vessel
at all points, as well as informing him of
the rate of submersion, should disaster
occur, would be of invaluable assistance
to him—as he could see at a glance the
rate at which his vessel was being sub-
merged because of damage incurred in
collision or accident of any sort, and sup-
pose he was making two feet or more of
water per hour, he could then figure
his time to the nearest point of land—
knowing his running distances—and
reach land before the vessel was in such
precarious shape as to demand abandon-
ment. Many ships have been abandoned
at sea and later picked up. Why? Be-
cause the information given to the cap-
tain and other officers was false and terri-
fying. Many ships, again, have been
abandoned when the rate of submersion
did not warrant abandonment.

Another crude method in vogue prior
to the Titanic disaster was that of deter-
mining the proximity of ice at sea. Dur-
ing the vessel’s progress a sailor was
commanded by the officer to take sea
temperature. The method in which this
was done was as follows: The sailor
would pick up a leather temperature
bucket, with a piece of line attached, dip
it overboard, get it full of surface water
and insert a thermometer (similar to the
ordinary household thermometer) in the
water contained in the bucket. He would
hold the thermometer there for about two
minutes, take it out, and shout the tem
perature to the officer on the bridge: this
temperature being entered in the log
book as the sea temperature taken at
that time. This is repeated once or twice
every four hours.

The temperature of the surface water
is not the temperature of the sea, as water
on the surface will show a temperature
between the atmospheric temperature
and the temperature of the sea itself.
Owing to the difference in specific gravity,
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surrounding atmosphere—floats like a
blanket over the surface of the ocean.
During the time that ice drifts down
from the Arctic into the path of trans-
Atlantic liners, the atmosphere is of a
far higher temperature. This tempera-
ture causes the icebergs to break away
from the glaciers and drift down towards
the path of the ocean steamships. The
iceberg, during its southerly progress,
creates at a considerable distance below
the surface an enormous body of cold
water which drifts with the iceberg. The
warmer water is on the surface and stays
there, owing to the difference in specific
gravity. The temperature of this sur-
face water is what is taken on board ship,
and, instead of being a help, is very mis-
leading. Still, for years they continued
in this way until the loss of the Titanic,
which, I may state, prompted me to think
about the Frigidometer.

Regarding sea temperatures, I can
plainly show you how crude and mislead-
ing the present method of taking sea
temperatures is. In the first instance,
the bucket which is dropped overboard
is of the temperature of the atmosphere—
owing to its exposure on deck. The water
which is picked up in this bucket absorbs
heat from the bucket itself. The mer-
cury in the thermometer which is used
for taking this temperature, owing to its
previous exposure to the atmosphere, is
considerably higher than the temperature
of the water contained in the bucket, and
the sailor, not being very careful as a
rule in taking the temperature, submerges
it only for a couple of minutes, which
will not under any circumstances give it
time to descend to the actual temperature
of the water obtained therein. I have
known cases myself where supposedly ac-
curate readings have been given me that
were ‘‘taken’’ with a broken thermometer.

It is now time that such crude methods
for a ship’s guidance in the path of ice
should be eliminated. The only way in
which such information can be of assist-
ance to the navigating officer of the vessel
is:
1.—Human fallibility must be en-
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3.—The sea temperature should not
be taken from the surface, but at a con-
siderable distance below the surface.

4.—The atmospheric conditions and
changes, when encountered, should also
be automatically transmitted to the
officer in charge.

It is a well-known fact that sailors
can smell ice. The sailors in the crow’s-
nest of the T4tanic knew that they were
in the vicinity of ice, and they even had
a very great drop in the sea temperature
prior to the vessel's collision with the
berg, but, owing to the temperature
being taken from the surface, sudden drop
was encountered too late to avert the sad
catastrophe.

Having knowledge of the method in
which temperatures were taken aboard
ship, immediately after the loss of the
Titanic I set my mind on a method that
would accurately.determine temperatures
and transmit same to the officer in charge.
Therefore, thirty-six hours after the loss
of the Titanic I paid a visit to Mr. F. W.
Smith’s office, in this city, with the plans
and drawings of my Frigidometer, and
instructed him to push it with all speed
through the patent offices in Washing-
ton and the various European countries.

My first installation of this apparatus
was made on the Mauretania in July of
last year, just about eleven weeks after
the occurrence of the disaster previously
mentioned. My wife and self went over
on the Mauretania to England. On the
way across every temperature encoun-
tered, both atmospheric and sea, was
faithfully recorded and transmitted to
the captain on the bridge.

My apparatus was also the means of
pointing out to me another aid in the
navigation of the ship, apart from its
valuable assistance in locating icebergs
at sea. During the voyage of the Maure-
tania, we found that on approach to
shoal water the difference in sea tempera-
ture was so great from that at considerable
depth that it informed the captain the
moment he was off the Banks of New-
foundland, the moment-he entered and
left the Arcticiccurrent, the moment he
entered and left the Gulf Stream, the
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the Mauretania leaving Liverpool on
the following Saturday. The Adriatic
sighted an iceberg one day at noon in a
certain latitude and longitude. Know-
ing that the Mauretania was coming up
astern of her at the rate of twenty-five
knots per hour, the captain of the Adriatic
flashed a Marconigram advising Captain
Turner, of the Mauretania, that he had
passed a huge iceberg, giving the latitude
and longitude. This Marconigram was
received by the captain of the Mauretania
and acknowledged by wireless—thanking
the captain of the Adriatic. In the early
hours of the next morning the Mauretania
was under reduced speed, as they were
drawing near the vicinity of the iceberg.
The captain of the Mauretania bore to the
south’ard to avoid the berg. The berg
was also bearing south’ard as it seemed
to meet the Mauretania. During the
time the Mauretania was under reduced
speed, about 2.00 a.m., they encountered
a dense white fog. The officers knew that
they were in the vicinity of ice, owing
to this dense fog due to the c<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>