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BORDEN QUALITY

Purity
at the

Dairy

Borden's Milk products are
mfansufat.:turedRuncller. a sysrt‘er;)l :
ita tions whic 1
EAGLE BRAND  are 5o rigidly observed that PEERLESS BRAND
CONDENSED Purity is assured. Thissystem  EVAPORATED
MILK does not only obtain during the MILK

" " process of manufacture, but it
THE ORIGINAL goes back to the Dairy Farm (UNSWEETENED)

where the raw milk is pro-

duced, embracing the care
and feeding of cattle, proper construction, lighting and ventilation of bamns and location
of milk houses, and minute details governing the handling of the milk at every stage.
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rich in cream and meets
every requirement for rich
milk or cream. [t has all

EAGLE BRAND

Condensed Milk
as an infant food has no
equal. " Experience has
established the fact that
Eagle Brand Condensed
Milk is acted upon by the
infant stomach substan-
tially the same as mother’s
milk, which makes it a
superior food for infants.

PEERLESS BRAND
Evaporated Milk
(unsweetened) is simply
pure cow’s milk reduced
in vacuo to a creamy con-
sistency by the Borden
Process and preserved by
sterilization only. It is

disadvantages.

BORDEN'S
MALTED MILK

is valuable not only for
children and the aged but
also for invalids and dys-
peptics as well as those
in normal health. Easily
prepared and quickly as-

and affords proper nourish-
ment with minimum tax

MALTED MILK Malted Milk Book.

EN'S CONDENSED MIL,

BOl{D = “Leaders of Quality’

The Foundation of | i a

the advantages of fresh [ilg
Auid milk and none of its [

similated, it restores energy [ES

BORDEN'S on digesion. Write for || .

U. S. War College, Washington, D. C. One of a mup> ;’f United States Government Buildings con=
structed throughout by the Kahn System of Reinforced Concrete

Better Buildings, Fire-Proof Buildings
at Lower Cost

HE KAHN SYSTEM of Reinforced Concrete Construction appeals to conservative
and progressive men because of permanency and low cost of maintenance. All
buildings so constructed are as absolutely fire-proof as human skill can make them,

and this without sacrificing architectural beauty or practical utility.
The United States Government in the construction of public buildings adopts only
established and successfully tested methods.

The United States Government has adopted KAHN SYSTEM in the following buildings (and other
Government construction work KAHN SYSTEM is continually going on): Academic Group for United
States Navy, Annapolis, Md., 8 buildings, Cadet, Artillery and Cavalry Barracks and Officers’
Quarters, West Point, N. Y., 10 buildings. Army Barracks, War College, Agricultural Building, Naval
Hospital, Municipal Building and Government Hospital for Insane, Washington, D.C. Government
Hospitals, Ellis Island, N. Y. Storehouse, Charleston, 8. C. Arsenal, Frankford, Pa. Post Offices at
Mitchell, s. D, St. Char‘es, Mo. and Battle Creek, Mich.

KAHN SYSTEM assures the utmost speed in erection. This is important because
it insures quick returns on the capital invested in buildings. It eliminates expense of
repairs, reduces insurance.

KAHN SYSTEM is adapted to every type of building. ducts; (8) Record of Results; (9) Rib.Lath for Homes.
We mail, free, on request, seperate catalogs, describing: (lg Preliminary designs and free of charge. We co-
Reinforced Concrete in General; (2) Mills and Factories; (3 operate with your architect or contractor if desired.

Warchouse ‘and Storage Buildings; (4) Hotels, Apartment Behind the KAHN SYSTEM is a $1,250,000 organiza-
Hous 8, Schools, Residences, (5) Office Buildings; (6‘) Hos- tion, with the equipment to handle every detail in building
pitals, Libraries and Public Buildings; (7) Bridges and Via- with maximum engineering skill, speed and economy.

If you are going to build it is only good business that you should inform yourself of
the superior merits of the KAHN SYSTEM. We promptly supply you with complete
information free of costt When you build, build KAHN SYSTEM, and thereby insure
the permanence and profitableness of your investment.

TRUSSED CONCRETE STEEL CO.
502 Trussed Concrete Building DETROIT, MICH.

A Definite Plan

best for you, you will realize that the Navy affords an opening

NOW and, moreover, a definite plan for your FUTURE.
These great battleships, cruisers and torpedo boats, with their
splendid machinery (under electrical, pneumatic and hydraulic
control) require hundreds of expert mechanics and artificers.
The new vessels building will give chances for advancement for
years to come to the young men who enter the Navy this winter.

IF you get right down to the practical and consider what is

{ A young man who has a talent for mechanics may be given
instruction he needs at a Navy training station; and be assigned
to duty on board a vessel after a few mionths. He will work
with other ambitious men who started as he ‘did, under men
who have themselves worked up, and, therefore, encourage
conscientious work. :

{ Promotions and increased pay, when earned; opportunities to
learn and to save money; leisure for study, reading and recreation;
frequent shore leave when in port; the free use of libraries and
gymnasium at the training stations—these are a few of many
inducements you can learn about if you will call at a Navy
recruiting station. Write to-day for booklet and address of nearest
recruiting office to Box 39, Bureau of Navigation, Navy Depart-
ment, Washington, D. C.

The Development of the

- Remington

is the History of the
Writing Machine

NEW MODELS, 10 and 11---NOW READ

MODEL 10
With Column Selector

MODEL 11
With Built-in Tabulator

REMINGTON TYPEWRITER COMPANY

(Incorporated)
NEW YORK AND EVERYWHERE
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-Civil ‘Engineers’ and Surveyors’
'.Instrlir"ricnts, Current Meters,
Leveling Rods, Chains, Tape-
lines and Draughtsman’s Supplies.

-Write for Catalogue ‘G’

Standard Weights and Meas-
ures, Sealers’ Apparatus

Write for catalogue “S”’

Physical and Scientific Apparatus for schools, colleges and
private laboratories. Electrical Test Instruments.
Write for catalogue “P”’

Accurate Mercurial Thermormeters.
) Write for catalogue ‘W’
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The Very Newest Idea in

PRUDENTIA

Life Insurance

A Statement by the President:

HERE is no other business which bears so important a relation to the welfare
of the family as that of Life Insurance. The Prudential’s.object is to provide
for the men and women of the United States the most practical form of Life

Insurance Protection —that which will contribute most completely to the welfare of
those for whose benefit Life Insurance is taken.

With this sincere purpose in mind, The Prudential is issuing a Life Insurance
Policy which, it is believed, meets more closely the necessities of the family—those
g as e who are left behind when the breadwinner dies—than any other form of Life
[ GIBRALTAR | 7 ; Insurance before the American people to-day.
2 i It is called the Monthly Income Policy, from the fact that the proceeds,
instead of being payable in one sum, are paid to the family in a series of checks
on the first of each month—and continue for a period of 20 years or for the lifetime
of the Beneficiary if it has been so selected.

The great advantages of this plan are apparent. Think of being able to leave
your. wife a Monthly Income—a guaranteed sum which nothing can disturb—
not affected by hard times, bad judgment in investments—which cannot be lost, de-
preciated or stolen—but which will come to her regularly every month for
twenty years, or her lifetime—thus enabling her to adjust the family ex-
penditures, relieving her from all worry and putting poverty out of reach.

This is just what the new Monthly Imcome Policy accomplishes—it pays the rent, the household bills, provides
food, clothing, education for the children—perpetuates your salary in fact —all by a monthly Income which cannot fail.

THE COST of this policy is low. For example, if you should be 30 years old you could, by paying the
Prudential $167.35 per year (which means a saving of only $13.95 per month, or about $3.50 per week), assure to your
family after your death-—-$50 Every Month for 20 years, or $12,000 in all ! * At slightly higher cost, you could
make this Income payable to your wife or daughter for her entire lifetime. This is called the Whole Life Plan.

You can also arrange to confine all your payments to the Company to the first 20 years after taking out the Policy.
This is called the 20 Paymegnt Life Plan.

Now suppose you would like to arrange to protect your own old age—to assure youirse]f of an Income which
would start 20 years from tp-day, if lwmg, and last for 20 years longer, or—for you as long' as you live and your wife as
long as she lives if she survives you. - This can be done too, under the Endowment Plan.

Suppose you and your wife were both 40 years of age: $214.20 per year (a saving of $4.12 weekly) paid to the
Company for 20 years would provide a guaranteed . Income of $25 per month, beginning at age 60 and continu-
ing as long as either you or your wife should live—and in any event for not less than 20 years.

Every rate and value in this Policy is absolutely guaranteed—in the Policy 1tself—Wh1Le back of it are the great
resources of The Prudential.

The success already atIendmg this new Mosthly Income Policy prowes that it is stnklng the keynote of popular
demand. You cannot afford to ignore a method of providing for your family or for your own old age a protection so
sensible, so sure, so convenient, and so mcxponswc We wish to tell you “what The Prudéntial can do for You in this
matter. Write now while' the subject is fresh in your mind. We will furnish’ you full Information—just adapted to
Y our particular case.

Remember, we believe this to be the greatest plan for the protection of your family ever devised—marking an epoch
in Life Insurance. You should take advantage of it, for your family’s sake. Write Now to

The Prudential Insurance Co.
OF AMERICA

Incorporated as a Stock Compgpy by the State of New Jersey.
President.

|
Home Office: ! Newark, N. J.

In order that we shall know where you read this we would appreciate it if you would mention this publication in your letter.
| ; - -
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The problem df'transportation in the city of New York is rendered extremely difficult and costly by the fact thiat 2,000;000 of the people live. nﬁoﬁ,“_ijhd as many
" more daily enter or leave, a long, narrow island, which is separated from the mainland by broad and dee)) rivers. To overcome this isolation public and
private enterprise has built, during the past decade, no less than fourteen tunnels and three of the greatest long-span bridges of the: world.

BIRD'S EYE VIEW OF MANHATTAN 1SLAND, SHOWING NEW YORK'S ELABORATE SYSTEM OF BRIDGES AND TUNNELS,
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THE ETHICS OF CRITICISM

Honest cr1t1c1sm is one of the most_ healthy tonics
that can be given to an 1nst1tutlon during the perlod of
its development and growth’; but cr1t1clsm that is dis-
honest may work an unlimited amount of injury. We
have always believed that the attack upon the designs
of our battleships and upon thé responsible Bureaus
was prompted ‘at its 'inCeption by a sincere desire on
the part of some of the younger mren of our navy to
improve condltlons in certain partlculars where they
believed" they could be’ bettered but we noted with
cons1derable regret that when the charges were, taken
up by the Bureaus, and proved to be either absolutely
wrong, -or true only in a limited degree, the critics
and their advocates in the press began to resort
to the expedient of throwing dust into the eyes of the
public, by quotirig those half truths, which frequently
convey an impression entirely at variance with the
actual facts. One leading daily journal in this city,
indeed, seems to have deliberately set’ itself the task
of so manipulating official ° and sémi- -official reports of
naval proceedings, as to glve the public a false im-
pression of what has taken place

In proof of what we have said, it ‘will be, sufficient to
mention ne of the most glarmg mstances of this per-
sistent misleading of the public.’ "We refer to that
part of the findings of the Newport Conference (which,
it will be remembered, was called by the President
for the purpose of thoroughly thrashmg out the whole
question of battleship defects) in which, by an over-
whelming majority, it was decided that in future bat-
tleships the lower edge'of the armor belt should be
placed twelve inthes lower than it is on existing ships,
and that the top edge of the belt should be placed four
inches higher. Now, any SChoolbOy can see that the
total effect of addlng four inches above the waterline
and twelve inches below the waterlme is to move the
whole body of the plate four inches lower with re-
gard to the waterline than it was before. This means
that it was the’ op1n1on of the Naval Conference, not
that the’ armor belt' in our existing ShlpS was too low
(whlch‘was the contention of the cr1t1cs) but that, if
anything, it was too high. Had they considered that
the armor belt was too low, several féet too low, as
the critics contend the" Conference would have added
the wHole 1ncrease m the wulth of the belt” to  the
upper edge and raised it, not four mches but sxxteen
inches higher. Yet, in splte “of’ th1s obvious intention
on the part of the C nference the da1ly paper in
question came out with a headline announcement to
the effect that the Newport’ Conference 1ndorsed the
naval critics by deciding that the upper edge of the
belt should be raised four inches hlgher ‘This is but
one glaring instance out of many, of the way in which
our contemporary is endeavoring to mxslead the pub-
lic upon a highly technical subject, in ‘the mazes of
which the average layman may only too readlly be-
come confused. )

The SCIENTIFIC AMERICAN w111 probably have some-

. thing” more to say on this subJect in a later issue;
but for the present ‘we beg to, assure our readers that
the findings of the Newport Conference constitute a
strong indorsement of the ships of the United States
navy. At the same time, it is only fair to the critics
to state that the Conference approved of several valu-
able suggestions regarding the emplacement and pro-
tection of the battery of torpedo guns and the pro-
tection of the uptakes to the smokestacks.

" splendid yacht- “Germania,”

lost the race to Wagners Fiat.

Scientific American

SOME EARLY LIGHT-WEIGHT MOTORS.

Langley was told by steam engineers that he could
not produce an engine and boiler that would weigh
less than 100 pounds to the horse-power. He knew
nothing about the subject of steam engineering, and
was obliged to study the thing up and work it out for
himself. He made many experimental engines, very
tiny affairs, and eventually he produced one that,
with the boiler, weighed only 7 pounds to the horse-
power without water. The engine alone weighed 26
ounces, and developed 114 horse-power. The gasoline
engines used on the models, and also on the full-sized
machine, were made by Charles M. Manly. The model
was air-cooled, with five cylinders, developed three
horse-power, and weighed 10 potads. The aeroplane was
one-quarter the size of the man-carrying aeroplane.

The engine of the latter was identical,- except that it

had water-cooled cylinders. The engine itself weighed
125 pounds, and with 25 pounds of water, radiator,
batteries, spark coils, and all accessories, weighed just
under 200 pounds. It developed 52 horse-power for
ten hours continuous running at 930 revolutions per
minute. The bore was 5 inches, and stroke 514 inches.
This engine was produced in 1901. There are very
few motors at the present time that can equal it.

SCHOONERS FOR INTERNATIONAL YACHT RACING.

. It begins to look as though future interest in in-.
" ternational yachting would be transferred . from the

large sin'gle-sticke_rs of the type “of .“Reliance” and
“Shamrock” to the schooners. The revival of in-
terest'in this noble type is due to the success of that
which our esteemed con-
temporary, the Yachtsman of England, designates
as “the grandest schooner that ever sailed in British
waters.” . The “Germama is. owned by a German
yachtsman and was _built at the Krupp yards from
plans of a German . deslgner Durlng last year’s rac-

. ing season in. the Solent .the new yacht made prac-

tically a cléan sweep of Aall the schooner_s opposed to
her, among which were included the best of the Eng-
lish yachts and the German Emperor s yacht' ““Meteor.”

.The success of “Germanla’”naturally aroused great

enthus1asm and 1t has led’ to. the placmg of an order

by the Emperor for the constructlon of a large schooner _

to Tace against the neW craft next year. This, in its
turn, has stlmulated a leadlng Engllsh yachtsman to
place an order for a schooner whlch 1s to be bullt

durlng the comlng wxnter and be ready in tlme for .

the opemng gun ‘of the’ yacht season of . 1909 There
was a time when schooner racmg was the favorlte
sport of British yachtsmen, and We understand that
every effort will be’ made to. regam the supremacy
which once was theirs.

It -now remams for one of

our yachtsmen to build a crack racmg schooner and .

send her to the Solent, to insure that ‘the summer‘ .
of 1909 will see some of the most brilllant and ex-

citing international racmg of the present century

. y P
L <

THE GRAND PRIZE AUTOHOBILE ROAD - EAGEAND rrs .
. The American public is waiting and eager to see flying

PROBABLE SUCCESSOB )

The Grand Prize race of the Automoblle Club of‘

Amerlca which was held upon. a specmlly prepared

25.13-mile circuit at Savannah Georgla on - Tﬁanks- ;

giving Day, was the second great lnternatlonal road
race to be held in America this year Agalnst the

six foreign firms that were represented by .. one, two, .

or three cars eaeh, America had but six entries of as
many different machines., Three of these machmes——

_ the Acme, Chadwick, and Natlonal—-were fitted w1th 6- .
cylinder engines, while the Lozier, Simplex, and Buick -

had the usual 4-cylinder type of motor used upon all
the foreign cars.

Twenty machines started in .this 402 8-mile race,
which consisted of sixteen circuits of the course.
France was represented by a De Dietrich, two Clement
and two Renault cars; Germany by three Benz; and
Italy by three Fiat and three Itala machines. From

" the start the Fiat and Benz cars led, and at the end

of the tenth round the first ﬁve places were held by
these two makes, the former belng second and third.
During the next lap a tire came off of one of the Ger-
man machines and struck the drlvers head causing
him to lose control and strike a tree Fortunately
neither Erle nor his mechanic was ser1ouslyt injured.
Nazzaro’s Fiat, after leading from the twelfth round,
was delayed by tire trouble in the last one, and thus

second, it being beaten by but 56 seconds, and Henrlot’
Benz fourth. Eighth and ninth places went to ltala
and Fiat cars, while Clement, Renault,.»and Clement
machines were fifth, sixth, and seventh respectively.

. The French De Dietrich and American Simplex were

making their fifteenth- rounds and the National and

" Lozier their twelfth and eleventh, when the race was

called off.

The time of the winner was 6 hours, 10 minutes, and
31 seconds, which corresponds to an average speed of
65.11 miles an hour. De Palma’s Fiat twice covered
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: vary, with the character of the soil and rocks.
. compact rocks it often leayes a blackish incrustation,
; in sand. h111s it produces ful urites.
- vertlcal :
L. branched which are lined with vitrifled silica.

Hemerys Benz was .
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the course in 21:36—an average speed of 7014 miles
an hour. On a measured mile on one of the 3-mile
straightaway stretches, several of the cars made over
100 miles an hour. Considering the number of turns
in the course (thirty-seven), the average speed was
even more remarkable than that of 7014 miles an
hour averaged two months ago by Nazzaro in the
Florio cup race in Italy, which had only four turns
per circuit. The road was oiled and in excellent con-
dition, the seven sharp turns being well banked. The
course was rigidly policed by soldiers, and there was
not the crowding upon it of spectators that took place
in the recent Vanderbilt cup race on Long Island.
In the latter race, despite the fact that nearly half
the course was formed by the cement motor parkway,
an average of but 64.39 miles an hour was made by the
winning Locomobile.

This recent great road race has again caused the
question to be raised whether or not such races are
not a thing of the past. They have served a useful
purpose in developing and improving the machines;
but now there is little chance for improyvement in
cars for touring purposes, and huge racing machines
are not in favor. '

In view of the flights made by the Wright brothers
with their aeroplanes, and especially of the long-dis-
tance flights across country made in France by Far-
man and Bleriot, we believe that the Automobile Club
of America should take up the subject of mechanical
flight, as it has done recently in the case of motor
boating; and, if possible, that it should organize a
long-distance_aeroplane race, to be held next summer
above Long Island. Prizes of sufficient amount should

" be offered to attract the foreign aviators and to make

it worth the while of the many American inventors
now working on the problem to complete machines for

‘the event.

By making such a move, the club would give the
cause of aviation in America-an impulse that is greatly
needed and that it.seems impossible to impart in any
other way. With the Wrights to show us, we have a
great advantage over the foreigners, and there is no
reason why we should not at once take the lead in
every respect in this new form of locomotion.

As a result of the numerous cash prizes for aero-
plane flights abroad—prizes which aggregate now over
$250,000—there is a very great amount of experiment-
ing. going on there at the present time, and a new
industry has been created. Nurtured by the French
government and by the new prizes that are constantly
being offered, this industry is rapidly growing and
assuming a commercial aspect. All that is needed in
order to:duplicate this new industry in America is
the.interest and support of those moneyed men who,
ten years ago, gave the initial impulse here to the de-
velopment of the automobile.

That a race such as we suggest would be popular

> can be- seen from -the crowds that have traveled by

special trains and automobiles from Paris to Le Mans

-, to-see Wllbur ‘Wright fly, and also from the crowd

that v1slted Morris Park race track on Election Day
to¢w1tness .the exhibition of the Aeronautic Society.

machlnes in ‘action, and no more popular event could
be. orga.mzed than a point-to-point race of aeroplanes.

——

nghtnmg striking the earth leaves traces which
On

These are nearly
simple but sometimes
The
outs1de of the tube is crumbly and usually blackened.
Fulgurltes are found in all countries, but most abund-
antly in:regions .of frequent thunderstorms. ‘They
are. - part1cularly abundant in 'some districts of the
Pyrenees. The:- electrlcal origin - of fulgurites has

channels, usually

- been put, beyond question by-the production of arti-

ficial fulgurites by -the discharge  of highly-charged

.condensers of great capacity through heaps of sand.

Artificial fulgurites may also be  produced by’ acci-
dent. In December, 1907, one of the wires of a tri-
phase electrical circuit in- Catalonia, Spain, broke a
few miles from its terminus at Girone. The accident
occurred at night and the passengers of a passing dili-
gence were terrified by fiames which appeared at many
points of the ground. The two parts of the broken
wection of wire had fallen in a fleld of lucerne; where
each pa.rt lay in contact with the ground over a length
of about 45 paces. Throughout this distance and to
four inches on each side of the wire the lucerne ‘was
killed. Scattered along this furrow in the vegetation

- were.found many spongy, black, vitreous objects, re-

sembling scoriz. Some of these objects ended in pol-
ished balls and nearly all were hollowed out length-
wise and crumbled between the fingers. They were
found most abundantly near the ends of the broken
wire where some of the balls were two inches in diam-
eter. A rough analysis of the soil showed that it was
composed chiefly of sand with a little clay and lime-
stone and traces of iron.
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ENGINEERING.

It is probable that the four tunnels of the Pennsyl-
vania Railroad Company between Manhattan and Long
Island will adopt a track system consisting of treated
red oak blocks, set in the concrete lining, on 20-inch
centers. The blocks will be anchored to the concrete
by expansion ‘bolts; and the 100-pound rails, 60 feet in
length, will be laid on 7-inch by 12-inch plates, 5% of
an inch in thickness. The plates will be fastened to
the blocks by two lag screws and the rails will be held
down by clips and screw spikes.

The recent declaration of Prime Minister Asquith
that in the future the British government will accept
the two-power standard of naval strength as implying
a preponderance by ten per cent over the two next
strongest navies, has aroused no little interest in naval
circles:- If the “two next strongest navies” is intended
to iuclfiide that of the United States, which stands sec-
ond in power to the British navy, the government is
committed to a very large increase over its normal
rate of construction, involving an additional outlay
of from $25,000,000 to $30,000,000 annually.

A statement recently issued by the Pennsylvania
Railréad Company shows that over $25,000,000 has
been paid out by the employees’ relief funds of the

Pennsylvania Railroad system since their -organiza- °

tion. Since July, 1889, on the lines west of Pittsburg,
and since February, 1886, on the lines east of that
city, over $15,000,000 has been paid to members who,
because of illness or accidents, have been incapacitated
for work. The remaining $10,250,000 has been paid to
the families of members who have died.

Recognizing that the steel beams used in grl]lage

foundations for tall buildings, because of their being .

concealed from examination, should be absolutely pro-
tected’ from corrosion, the firm of Milliken Brothers
have been conducting experiments in the galvanizing
of the beams after the shopwork upon them has been
completed. By using the hot process in a large bath,
_ they have succeeded in galvanizing not only I-beams,
but a complete riveted-up steel column. Experimental
grillages, containing galvanized steel, were broken
open after they had been in the ground for six months,
and the concrete was found to be in close and firm
contact at every point.

The proposal to improve the efficiency of the steam-
turbine propelled vessel by interposing electric gen-
erators and motors between the turbine and the pro-
pellers; is being made the target for much spirited
criticism. Although it must be admitted that the
higher speed of rotation which is necessary when a
steam turbine drive is used causes some loss of effi-
ciency, it has yet to be proved that the conversion of
mechanical into electrical energy, and of the electrical
energy back into mechanical energy, will not involve
losses greater than those which it is sought to avoid.

The new Washington Street subway, Boston, which
passes through the heart of the shopping district, is
considered to be the most costly mile of underground
railway in the world. Its construction and equipment
has cost $10,000,000, or about $2,000 per lineal foot.
The first section of Boston’s modern system of rapid
transit, consisting -of subway tunnels, was opened
about fourteen years ago. This was followed by the
erection a few years later of the. elevated road; and
subsequently to that, the system was extended by the
construction of the East Boston tunnel under the
harbor. The opening of the Washington Street tunnel
marks the latest, and.- one of the most important, ex-
tensions.

The next Congress will be asked to appropriate
$11,341,730 for work in the navy yards during the
coming year. Rear Admiral Holliday, Chief of the
Bureau of Yards and Docks of the Navy, dwells, in
his annual report, upon the pressing need for more
drydocks, and for the construction of barracks at
Philadelphia and Mare Island, capable of housing
large numbers of men. The sum needed for the
League Island navy yard is $721,500, and for the New
York navy yard, $693,830, of which $300,000 is for
work on the new granite and concrete drydock, which
is to be one of the largest in the world. . Admiral
Holliday* calls attention to the need for a drydock at
Guantanamo, Cuba, to cost $2,250,000, and one at Pearl
Harbor, Hawalii,. to cost $2,000,000.

Speaking at the recent meeting of the Society of
Naval Architects and Marine Engineers in New York
city on the subject of the relation of the merchant
marine to the navy, J. C. Butler, president of the
Merchant Marine League, said: ‘“To my mind, it is a
disgrace to all of us that our huge battleship fieet,
the pride of the nation, is convoyed and nursed around
the world by a crowd of slow and shabby commercial
hoboes, well named ‘“tramps”’—foreign colliers fiying
half a dozen foreign fiags, cheaply built, with crazy
hulls and rattletrap engines, and manned by the re-
fuse of humanity. It is no wonder that these tramps
have failed again and again to arrive on time, and to
deliver their coal where it was expected and where it
was required.”

metric’ mercury column.

_ its life is from, 600 to 1,000 hours.
. is perfectly whlte contaming none of the blue-green
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_ ELECTRICITY.

The use of electricity in construction work is largely
increasing in this city. The current is utilized for the
operation of electric hoists, pumps, and the like. The
caisson work of a large new building is to be done
with air compressors operated by electricity. Natu-
rally, there is some apprehension of serious conse-

- quences, in case the current should fail while the work

in the caisson is in progress, but special precautions
will doubtless be taken to prevent any such accident.

A table - giving statistics of single-phase eleetric
railways in this country and in Europe has recently
been prepared by the Westinghouse Electric and Manu-
facturing Company. According to this table, there
are 28 roads (two still under construction) in America

with line voltages ranging from 1,200 volts to 1000,
- volts.

Thlrteen of the roads are equipped to use either
direct-current or single-phase alternating current. The
total number of locomotives used on these lines is 64.
In Europe there are 34 single-phase roads using line
vclta.g'es ranging from 500 to 20,000 volts, and they are
equipped with 44 ldcomotives.

In order to determlne whether electricity will con-
vey any materlal partlcles with
through a conductor, Mr. J. Kinsky, writing in London
Engineering, has made the following experiment: He
took a cylinder of aluminium and placed it between
two copper cylinders, subjecting the three cylinders
axially to a considerable pressure. For an entire year
current was passed through the series of cylinders,
to see whether any particles of copper would be car-
ried into the aluminium, or wvice wversa; 958 ampere
hours were passed through the cylinders without the
slightest evidence of any transfer of the metals.

Some interesting conclusions have been arrived at
by the Swiss comimission for studying electric opera-
tion of railways. According to this report, the maxi-

mum acceleration at starting should be 0.2 meter per

second per second for express trains, 0.3. meter for
passenger trams and 0.1 meter for freight trains. The
retardation should be 0.5 meter per second per second

for passenger and express trains. The maximum speed -

of the electric train should be no greater than that
now allowed, namely, 90 kilometers per hour (about
60 miles per hour) on' trains with automatic brakes,
and 45 kilometers per. hour (about 30 mlles per hour)
on' other -trains. k

An electric barometer has - recently been invented,
which dependsrfor' its operation upon the short-circuit-
ing of a U-shaped carbon filament by means of a baro-
"The filament dips into the
top of the column and as the’ atmospherlc pressure
mcreases the mercury rises in the tube cutting down
the length of the exposed part of .the filament, and
thus reducing the reslstance As the mercury is also
affected by temperature a second filament and mer-
cury column jis provided. In this column the tube is
sealed, so that the mercury will not be affected by
atmospheric conditions. As the filament is more or

less covered by the thermometric column, the resist- -

ance correspondingly varies, and this variation in re-
sistance is introduced in the circuit of the barometric
filament, so as to counteract the temperature varia-
tions in the latter.

A combined carbon-filament and mercury-vapor lamp
is being introduced in Germany. The filament is in-

~closed in a U-shaped tube in which is a drop of mer-

cury. The air in- the tube is exhausted, and in its
place an inert gas is introduced, to permit the con-
duction of heat from the filament to the mercury.
The U-shaped tube is inclosed in a bulb similar to the
ordinary incandescent electric lamp bulb. When the
current is turned on, the carbon filament is immedi-
ately rendered incandescent and the mercury gradually
vaporizes, increasing the light intensity to more than
double the value of that of the filament. A maximum
lntensny is obtained in about five minutes. The. lamp
consumes from 1.5 to 1.6 watts per candle—power, and
The light it yields

rays of the ordinary mercury-vapor lamp

The ﬁrst popular application of electrlc heating for
household use was in connection with_ the elect‘rlc sad-
iron. Now there are a large number of heating appa-
ratus in use, which are proving very successful for
occasional use or in certain special circumstances,
although not in the least competing with coal for ordi-
nary heating purposes. In a paper presented at the

. recent meeting of the American Institute of Electrical

Engineers by Mr. W. S. Hadaway, Jr., on electric heat-
ing, he estimates that one watt will heat one square
foot of common radiator surface through 1.26 deg. F.
The cost of a kilowatt-hour he places at 6.7 cents, and
the cost of one steam-heating unit at 40 cents. On
this basis, electric heating would be fifty times as
expensive as steam heating. No doubt the time will
come, however, when the current which is generated
from heat at the power station can be reconverted into
heat at the house with sufficient economy to compete
with the coal furmace,
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it when fiowing

_of twenty circuits of a 9.8-mile course.

.
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AERONAUTICAL AND AUTOMOBILE.

The Automobile Club of France has taken up the
subject of aviation and announced $40,000 in prizes for
aeroplane races next year. The French government
has also appropriated $20,000 for aeronautics.

On November 18 Wilbur Wright, while teaching
Capt. Gerardville how to-operate the aeroplane, had
an accident that might have resulted as seriously as
did that experienced by his brother two months be-
fore, had it not been for the celerity. and coolness of
the famous American aviator. In the third flight of
that day, the aeroplane had been aloft for 19 min-
utes, when the right propeller driving chain parted,
and the propeller stopped. Mr. Wright shut off the
motor immediately, and glided safely to earth. It is
probable that the chain had. bec'ome_worn through
constant rubbing in the guiding tube, until one of’the
rivets gave way.

The Aero Club of America is soliciting subscriptions
from its members for the two gold medals which were
voted recently to Wilbur and Orville Wright. These
medals will be worth about $1,000 each, and will be
commemorative of the flights executed both here and
abroad this year. As Mr. Wilbur Wright has ar-
ranged to continue._his experlments for some tlme in
the South of France, it is probable that only his
brother Orville will be able to attend the banquet of
the Aero Club to be given the first part of next year,
when the medals will be presented. The Wright
brothers have also been awarded gold medals by the
Aero Clubs of both France and Great Britain.

Dr. Alexander Graham Bell’s Aerial Experiment As-
sociation is busily engaged conducting a test of Dr.
Bell’s tetrahedral-cell aeroplane, which he has con-
structed at his summer home near Baddeck, C. B. A
year ago the late Lieut. Selfridge made a successful
ascent in the former aeroplane of this type, which
had 3,392 tetrahedral cells. The present aeroplane
has 5,000 cells and a spread of 42.65 feet at the top
and of 32.8 feet at the bottom. Its height is 9.84 feet,
and its fore-and-aft length at the bottom is the same.
There is an open space about 6 feet square in the cen-
ter for the aviator and the motor. The machine will
first be tested .by towing as a kite above the Bras d’Or
Lake by means of two powerful ra,cmg motor boats.
The association is also experimenting at Hammondas-
port, N. Y., with a new aeroplane mounted upon two
light canoes. . It is believed that it will be possible to
attain sufficient speed to rise from the water, which
would be required of an aeroplane for naval use. -

Two 'atteniptu have been made recently to beat the
record for long-distance ballooning, but neither of
theni was successful. On the 15th ultimo a trans-
continental race was to start from Los Angeles, but
on account of adverse winds only one balloon, the
“America,” ascended. This came down a few hours
later on the coast some miles south of Los Angeles,
after having gone out a considerable distance over the
ocean. The second balloon, the “United States,” start-
ed the next day, and remained up one night in a vain
attempt to get over the mountains. A descent was
made the following day at Corona. On November 23
the “United States” aseended at 10 A. M. and suc-
ceeded in crossing the mountains and traveling a dis-
tance of 312 miles to within 15 miles of Ehrenburg, :
Arizona. The balloon passed high above San'Jacinto
Peak, which is a mountain more than 11,000 feet high.
The trip was made at a speed of more than 50 r‘gi’iles
an hour, and by it Capt. Mueller demonstrated that a
transcontinental trip .is a possibility. The second at-
tempt at beating the long-distance record was made
by the huge balloon owned by the London Dal]y Gra-
phic. Carrying. three men, this aerostat ascended from
London on November 17, and descended in a ga.le
near Novoalexanderovsk, Russia, the evening of the

following day, after havmg traveled a distance of about

1,150 miles. The long-dlstance record of Count De la
Vaulx 1, 193 miles), therefere, was ‘not broken.

The day before the Grand Prize race of the Automo-
bile Club of America, at Savannah, a 198-mile race for
small cars was run successfully. This race consisted
There were
12 American cars, consisting of 1 Cameron, 3 Chal-
mers, 4. Ma.xwells and 4 Buicks, while the Italians were
represented by a Lancia and Isotta, and the French by
an S.P.0. The 8. P. O. dropped out of the race after
completing four rounds, but the Italian machines ran
fast and consistently, the Lancia finally winning in 3
hours, 43 minutes, and 33 seconds, an average rate of
52.6 miles an hour. Burman, in a Buick, was second
some six minutes later, and a Chalmers-Detroit, driven
by L. B. Lorimer, was third. A seeond Buick took
fourth place, and Poole, on the Isotta, secured fifth.
Two 2-cylinder Maxwells were six and seventh. Twe

. other Maxwell runabouts were running in the eighth

and ninth places when the race was ca'lled off. This
race demonstrated very thoroughly the speed capabili-
ties of the small.car. It is remarkable that machines
of one-fourth the power of the huge racers were able
to maintain a speed but 12 miles an hour less than
that maintained by the latter in a long-distance raee.
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WATER SUPPLY |

~ DEVELOPMENT OF THE CROTON WATERSHED,

It was not until the middle.of the last century that
New York city undertook the construction of a sys-
tem of water supply on a scale of any magnitude.
After an investigation of the available watersheds, it
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to the city, where it was delivered to a distributing
basin known as the Murray Hill reservoir, located
on Fifth Avenue, between 40th and 42d Streets, which
had a capacity of 24 million gallons.

the Harlem River at Highbridge, which forms one of
the most interesting engineering monuments in this
city to-day. In its 1,450 feet of length are fifteen

80-foot and seven 50-foot arches, the under side of

which is 100 feet above tide level. The new works

This work in-
cluded the construction of a noble aqueduct across
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passed the water consumption - had increased to a
point where the authorities were confronted with the -
necessity for constructing another aqueduct. It was
decided to build the new conduit of such a size that
in conjunction with the old aqueduct it would be
capable of delivering an amount of water about equal

_ to the annual average daily flow of the Croton River.
. The New Aqueduct, as it was henceforth to be known,

is built of brick. It is of a horseshoe section, meas-
ures 13 teet 6 inches in height by 13 feet 3 inches in

The line of the 1,000-fodt spi.llway is seen on the far side of the lake,

This panorama was taken with & Cirkut camera.

CROTON RESERVOIR FROM THE HILLS TO THE SOUTH OF THE DAM,
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_‘ Width at base, 216 feet. Depth of- base below bottom of reservoiz, 140 feet. Height from bottom of foundation to crest, 207 feet. Water imf)onnded, 80,000,000,000 gallons,

was decided to develop a system of reserveoirs in the
valley of the Croton River, which flows into the Hudson
from the east at a point about 35 miles distant from
the City Hall. ‘A .dam 50 feet in height was built across
the Croton River at a distance of about-four and a half

miles from its mouth, and the fresh-water lake about -

four miles in length thus formed, provided a supply of
about two billion gallons of water.” From the lake
an aqueduct 8 feet 514 inches high by 7 feet 5 inches
wide and 38 miles long was huilt to carry the water

were formally opened June 27, 1842. At that time the
population of the city was only 350,000, and the con-
sumption was 12 million gallons a day. As the aque-
duct had a capacity of 90 million gallons, it must have

Tooked to the good citizens of those days as though

provision had been mad® for a future far removed.
New York city, however, ‘grew apace; and to meet
the increased demands new reservoirs were built
from time to time farther up the valley of the Croton
and its tributaries. Before another half century had
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VIEW OF THE CROTON DAM AND LAKE FROM DOWNSTREAM,

width, and it is capable of delivering 300 million gal-
lons of water daily. It was opened in June, 1890.
At this stage of development of the water supply
the capacity of the aqueduct was, of course, greatly
in.excess of the capacity of the reservoirs imn the Cro-
ton watershed; -although these were continually in-
creased in number to meet the growing demands of
the city. About twenty years ago, however, it was
realized that a large addition must be made to the
existing reservoirs to meet the growth of population,
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which was advancing at a rapidly increasing rate.
After a thorough investigation of the problem, it was
decided to build an enormous dam of unprecedented
height across the lower Croton valley, at a point
about two miles from the mouth of the river, and
create a large arti-
ficial lake about 20,
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bed. When the dam is full the depth of the water at "

the upstream face of the dam is 160 feet. The gap
between the masonry dam proper and the side of the
valley, forming the spillway channel discharge, is
spanned by a handsome steel arch bridge, which serves

395

hewn steps in the rock, the water falling in a great
cascade, 140 feet in’ height and issuing into the lower
valley beneath the steel arch above referred to.

At the point in the main dam where it begins to
curve .into the splllway is located a gate house, in
which are three 48-
inch pipes controlled

miles in length, .capa-
ble of impounding 30
billion gallons of wa-
ter. Ground was bro-
ken in 1902, and after
thirteen years of
work, in which sev-
eral years’ delay was
caused by a revision
of the plans when
the dam was par-
tially completed, this
great structure was
opened (or, to speak
more strictly, the

gates were closed)
and the dam began to
fill on January °28,
1905.

The construction of
the dam necessitated
an enormous amount
of excavation be-
fore rock bottom of a
sufficiently solid char-
acter to support -a
structure of this size,
and preclude the pos-
gibility of seepage be-
low the dam, could
be found. A huge
trench was dug across
the valley and carried
down to-a maximum
depth of 131 feet be-
low the original bed
of the river, the width

by gates which, dur-
ing the construction
of the dam, were left
open to permit the
Croton River to flow
through, and in. fu-
ture will be used to
draw off the waters of
the dam for purposes
of inspecti on and
cleaning.

It will readily be
understood that the
work of building the
enormous mass of ma-
sonry represented by’
this mammoth struec-
ture was a slow and
costly work. An ex-
cellent quality of rock
was.found a few miles
up. the valley, from
which the quarried
rock was brought
down on cars and de-
livered along the
whole site of the dam
either by overhead ca-
/Bleways or by means
of derricks distributed
in large numbers over
the whole face of the
work. The greater
part of the dam was
built of large rock

~ weighing up to five

of the trench at the
lowest point being
about 250 feet. The
work of excavating
was commenced in 1892 and completed in 1896, and
during this period 1,175,000 cubic yards of material
was taken out. The dam as originally designed con-
sisted of three portions. The first 400. feet on the
southern side of the valley was to be an earth dam

with a masonry -core wall; then was to follow 650 feet.
of masonry which was to be continued upstream paral-

lel with the side of the valley to form 1,000 feet of
spillway. Subsequently,

. This huge conduit, 17 feet 6 inchee high by 17 feet wide and 90 miles long, wlll convoy Hn.mo,ob&gallons of mountain water per day from the Catekills m

~ New York City: - 772-
GOKSTBUGTION 01' m GATm AQUEDUG!.

to carry one branch of the system ot roads whlch has

heen built around the reservoir, an-importint link in -

which is the driveway which extends across the val-

~ ley along the crest of the dam. ! Thie overflow: from the
. reservoir fiows into a channel which:has been blasted

"out between the masonry of the spillway and the rock
of the hillside, and is conducted down to the old bed

‘of the river below the dam over a series of roughly

.tons apiece, the inter-
stices between ‘which
were filled in with
smaller rock and ce-
ment  laid by hand.
The southerly end of the dam, which replaced the
earthen core-wall dam first proposed, was built by a
new method, in which the large masses of rock are
dropped into a bed of liquid concrete, the concrete
taking the place of the hand-laid smaller rock as used
in constructing the earlier portion of the dam. The
total amount of masonry in the finished dam is-850,000
cubic yards; and-as the preliminary -excavation of the
trench involved taking out

when the dam was ap-
proaching ‘completion, it
was decided to substitute
Solid masonty for the
earth-and-core- ¢'1 section, -
and make the dam a
homogeneous structure of
masonry throughout its
whole length. As finally
constructed and shown in
the accompanying engrav-
ings, the dam proper ex-
tends across the valley for
a distance measured on its
crest of 1,168 feet, until it
is within about 200 feet of
the southern side of the
valley. Here it swings
around and is continued
up the valley for a further
distance of 1,000 feet;
‘finally turning in to a
junction with the native:
rock of the hillside.

It is when we come to
examine the cross section
- of the dam that its colossal
proportions are manifest.
Its foundations, at the wid-
est part, are 216 feet in
width, and the height from
the foundation rock: to
crest is just under. 100
yards, or, to be exact, 297
feet. The upstream face
has a slight batter. The
downstream - face curves
upwardly from the bottom
width of 216 feet to a
width at the top of 18 feet.
The lowest point of the
foundation is 131 feet be-

750,000 cubic yards - of
earth and -425,000 ‘ cubic
yards of rock, the magni-
tude of the work will bz
appreciated. A& the ma-
sonry rose in thé trench,
the better quality of earth
which had been excavated
was brought back and
filled in against the dam
on both upstream and
downstream faces, the
downstream side being fin-
ished off in broad, easy
slopes, and an attempt at
landscape gardening being
made by the erection of
“a fountain and the con-
struction of winding roads.
This last work, however,
is somewhat crude, and it
is to be hoped that at some
future day the city will.
take this matter -in hand,
smooth down the unsightly
banks of excavated mate-
rial, - plant the hillsides
-, with trees and shrubbery,
and render the approach
to this truly magnificent
structure worthy of its
dignity. and importance.
At high water level the
crest of the old Croton
dam, built in 1843, is bu:-
ied 30 feet deep by the
reservoir formed by the
new dam; and at this
point is located the prin-
cipal . gate house through
. which the water is led

low the bed of the river,
and the top of the dam is
166 feet above the river

:

During constraction the flow of the river is eondncued across the site of the dam in two 8-foot steel pipes, .
PREPARING THE FOUNDATIONS FOR '.I.‘HE Asnom DAK WHICH WILL IMPOUND

170,000,000,000 GALLONS OF WATEB.
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into the old and the new
aqueducts. The creation of
a lake that backs 20 miles
up the Croton Valley
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necessitated an entire relocation of the systems of
roads and the construction of a large number of. costly
bridges to carry these roads over various arms of the
lake. These crossings include a 12414-foot bridge; two
spans of 217 feet; one of 310 feet, one of 396 feet, and
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a handsome cantilever structure with a central span
of 384 feet. The system of new roads extends for
50 miles around the lake. These supplemental works,
together with the cost of the real estate, etc., brought
the - total cost of the whole scheme up to a round
sum of about $12,000,000.

During the construction of the new Croton dam the
city undertook the building of the Jerome Park reser-
voir, lying near the northerly limits of New York city,

which is designed to act as a storage and distributing .

reservoir within the city limits. The reservmr‘ as
designed has an area of 239 acres and a depth’ of 26%

feet. The excavation involved the taklng out of about‘

11 million cubic yards of material, most of it rock
It is divided by-a wall that runs through it in a north
and south direction; and the easterly half, which has

been completed and entirely lined of concrete, has a

maximum full capacity of 773,400,000 gallons.

Subsequently to the completion of the Croton" dam’

a large reservoir known as Cross River, holding 10,308
million gallons, has been completed, and another, the:

. Croton Falls reservoir, with a- capacity of over 14

billion gallons, is under construction. When the last-

named is completed there will be ten separate dams
in the Croton watershed, with an aggregate capamtyi

of 104,530 million gallons. ;

During last winter, from November 6 to March 15,
all the reservoirs on the watershed were full and over-
flowing, and during this period over 80 billion gallons
of water ran to waste over the spillway of the new
.Croton dam. With a view to storing a portion of such
waters as would overflow in the future, it is proposed
to build one more dam in the upper reaches of the
watershed, which will have a capacity of 20 billion
gallons and will be known as the Patterson reser-

. voir.

From what has been said it will be seen that the
limit of the storage. capacity of the Croton watershed
has about been- reached. The daily average flow of
the Croton River during the past forty years has been
402,330,000 gallons. The present daily consumption
of water in New York city is about 325,000,000 gallons.
Taking into consideration the increasing rate of
growth of population of the city, and the fact that
the annual increase in water consumption is at pres-

_brought into service by the
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ent at the rate of 15 million gallons daily per year,
it can be seen that within a few years’ time the con-
sumption of the city will have exceeded the daily river
flow ahd the capacity of 380 million gallons of the
two aqueducts leading from Croton reservoir to New
York. As the result of an exhaustive exammatxon
by varlous boards of engineers, it was found that
the nearest available source for a new water supply
was to be found in the region of the Catskill Moun-
tains; and a gigafxtic scheme has been approved and is
now being carried through for bringing a supply of
fresh mountain-water into New York city from the
Catskills, to the extent of 500 million gallons daily, at
a total cost of $161,000,000.

THE CATSKILL WATER SUPPLY.

In selecting.a new. source of water supply the engi-
neers of the board realized that the conditions sur-
rounding New York city were unusually perplexing.
To the east the cxty is .shut in by the Atlantic Ocean
and to the west it is excluded by the laws of New
Jersey from tapping any of the water sources of the
State. A most éXCellenf supply might have been drawn

. from the sources of i the Housatonic River, had the

district not been excluded from consideration because
of its location in the State ‘of Connectlcut Hence the
city has been driven by its’ geographxcal and legal
restrictions to go far afleld in its search, even to the
regions of the Catskill Mountains. The disadvantages
of distance, however, are compensated by the 'fact
that the watersheds are spa,rsely’ inhabited, and that
the water supply is not only abundant but is of excel-
lent quality. By reference to the accompanying map,
it ‘will be seen that when the whole scheme has been
developed water will be taken from four separate dis-
tricts. The first of these the Esopus Creek water-
shed, has an area of 255 square miles. Its waters will
be impounded by the ’
construction of a

tures of its kind in existence.
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lons daily already available in the Croton watershed.
The Ashokan dam, like the Croton dam above de-
scribed, will take rank as one of the greatest struc-
It . will be built partly
of solid masonry and partly of earth. The masonry
portion, which will extend for about 1,000 feet and
occupy the center of the dam, will be built of the gen-
eral cross section shown in the accompanying engrav-
ing. The width of the base will, of course, vary with
the depth of the foundations; but at the center it
will .be not far from 200 feet. Its height taken at
the same point will be 220 feet. The earth-and-core-
wall portions of the dam will extend from the' ma-
sonry middle section to a junction with the valley on
one side, and some high ground on the other. The
total length of the dam will be 5,650 feet. In addi-
tion to the dam there will be a series of dikes which
will be built across depressions in the country and
serve to hold the water at the desired level. Beyond
the dikes will be a large waste weir. The dikes will
constitute a very important work, for together with
the waste weir they will have a total length of 3.8
miles. One of our.illustrations shows the preliminary
excavation work for the dam and the means adopted
for by-passing the flow of ‘the Esopus Creek during
construction, which is being done by means of two
8-foot steel pipes which will be sufficient to accommo-
date the creek at its ordinary level. Subsequently,
as the excavation is carried further down, the water
will be diverted through a channel formed along the
side of the valley. Ultimately, during the erection of
the,masenry of the dam, the water will flow through
a tunnel, which will be left open for that purpose and
closed when the dam is completed.
~ From the dam the water will flow by gravity through
a huge steel-and-concrete aqueduct 17 feet in the clear
(Continued on page 414.)

huge dam .220 feet
in maximum height
and 5,650 feet in
length, which will be
built across the val-
ley ;of the Esopus at
what is  known as
the Olive Bridge
gite. The dam will
create what will be
known as the Asho-
kan reservoir, which
will be 215 miles in
width, with a full
level capacity of 170
billion gallons, and
will be capable of

supplying the city,
with 250 million gal-
lons of water a day.

The rate of growth
of Greater New York

1, Cross-section of masonry portion of dam. 2. Cross-section of earth-and-corewall dam, 3, tlorizontal section-
through an expansjon joint in dam, *

PLAN AND DETAILS OF THE ASHOKAN RESERVOIR AND DAM,

is so rapid that it cannot be m—
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EQYDS CORNERS
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many decades before the wa-
tersheds of the Rondout, the
Schoharie, and ultimately of
the Catskill rivers will in’
turn be brought into serv-
ice. The Rondout water-
shed covers 176 square
miles, and would be capa-
ble of yielding 130 million

ST BRANCH,
. F £.417.
'

gallons daily. This water
will be stored in what will
be known as the Na.pan()chi

reservoir, from which its
waters will be led by an
aqueduct into the main Cats-
kill”’ aqueduct a couple of
mlles below the Ashokan
reserv01r " Later, the Scho-
harie watershed will be

construction” of the Pratts-
ville reserv01r its waters
being brought mto Esopus
Creek by means of a. tun-
nel through the divide.
Lastly, the Catskill water
will be impounded in sev-
eral reservoirs located along
that stream, and brought in-
to the Ashokan reservoir by
an aqueduct whose location
is shown on the aceompany-
ing map. Altogether, when
the whole scheme is com-
pleted, New York city will
have at command over 700 NOTE.
million gallons daily water AR SN HY2
supply from the Catskill
Mountain watershed in ad-
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THE CITY’S GIANT
| BRIDGES

Although the famous Brooklyn suspension bridge
was built a quarter .of a century ago, and, therefore,
cannot legitimately be included in a ‘review of the
engineering work of the past decade, we have given it
a place among our illustrations, first because of its
great historical interest, and second-

-Scientific American

THE WILLIAMSBURG SUSPENSION BRIDGE.

In the closing:years of the last century the city
undertook the constructlon of another wire cable sus-
pension brldge The location of the crossing was laid
from Delancey,. Street, Manhattan, to Broadway, in
Brooklyn. The main span is slightly longer than that
of the Brooklyn :Bridge, the clear width from tower to
tower being’ 1600 feet. The shore spans, however,
are only 5961;4_, feet, as agaipst 930 feet, which is the
length of the ghore spans of the older structure. In
point of welght and carrying capacity, the Williams-

397

their ends to heavy cast steel shoes which are pinned
to a series of steel anchorage eye-bars imbedded in the
masonry of the anchorages. The steel used in con-

‘structing these cables is of unusuaIly high tensile

strength, the best specimens showing a breaking
strength, in some cases, as high as 210,000 pounds to
the square inch.. The cables for supporting the road-
way are attached to the main cables by means of heavy
cast-iron saddles, and at their lower ends they are
looped around cast-steel shoes, from which the floor
beams of thé bridge are hung by four heavy. steel

bolts. It will be noticed from our

ly because it forms such an impor-
tant member of the quartette of
giant bridges which span the broad
waters of the East River, and afford
the principal means of communica-
tion between New York and Brook-
lyn.
‘The wire suspension bridge is es-
sentially an American production;
for although chain suspension
bridges, in which the main support-
ing members- consisted of flat iron
bars linked together by pins, had
been built in some numbers in Eng-
land and on the Continent, the use
of wire cables is one of the original
and distinguishing characteristics
of American long-span bridges.
When Col. Roebling first promulgat-
ed his plans for spanning the broad
expanse of the East River with a
wire. cable suspension bridge of the
enormous span of 1,595 feet, the
scheme was regarded with no little
_apprehension. The longest exist-
ing bridges were of less than 1,000.

illustration that there are no _sus-
pender cables for the shore spa.ns
of the bridge, the main cables serv-
ing to carry the welght of the cen-
tral 1 600-foot spans only. The shore
,spans consist of extensions of the
tlffemng trusses and the load of
each of these spans is carried by
the tower, the anchorage, and a
steel pier located at the center of
the  truss.” The total cost of the
bridge, 1nc1uding the approaches
and purchase of real estate, was
about $22, 000 000. b

THE MANHATTAN SUSPENSION
BRIDGE.

The third of the great crossings
of the East.River, known as the
Manhattan Bridge, which is located
about a quarter of a mile to the
east of the old Brooklyn Bridge, is
now in ‘process of erection, and will
"probably be opened in 1909-10.
Originally designed as a stiffened
chain-cable bridge, the plans were
subsequently changed by the substi-

feet span; and it was considered
that - there were insufficient re-
liable data available to guarantee
an advance to proportions of the
unusual magnitude proposed. Great
honor, therefore, is due to Mr. Roeb-
ling for the courage with which he staked his reputa-
tion upon the venture, and -the indomitable pluck with
which he and his associates carried it through to suc-

cessful completion. The foundations for the towers

were prepared by sinking two huge timber caissons

to the rock underlying the river mud and sand. Upon

these were erected two massive masonry towers which
were carried up to an extreme height of 272 feet above
the river. Meanwhile the anchorages, consisting each
of a mass of solid masonry, were constructed on either
shore, at a distance of 930 feet from the towers, and
deep within this masonry were im-

bedded the huge anchor plates and

This view shows the cables in course of construction. One end of the wire from aresl 18 passed around:
the sheave shown near left-hand corner of engraving, which is drawn acrogs the brldge, thus stringing

two lengths of wire at each journey.
ONE OF THE MANHATTAN BRIDGE AKGHOB.AGF;B.

burg Bridge, as it is called, is a vastly greater struc-
ture; for whereas the floor of the Brooklyn Bridge is
only 80 feet wide, with provision for two elevated
tracks, two trolley tracks, two 18-foot roadways with
two trelley tracks upon them, and a footwalk, the
Williamsburg Bridge is 120 feet wide and carries two
elevated tracks, four trolley tracks, two 18-foot pas-
senger footwalks between the trusses and two 20-foot
roadways on the outside of the trusses, carried on
cantilever extensions of the floor beams. The lack
of stiffness ¢f the floor of the Brooklyn Bridge is due

tution ot‘ wire for chain cables..
Upon, its completion the bridge, in
respect of its carrying . capacity,
will be the largest suspension
Jbridge in existence, provision ha.v-
ing been made for eight rallroad
and surface tracks a 35-foot roadway, and two passen-
ger footwalks each 11 feet in .width.

No smalI part of the cost of building a bridge of
this character is due to the difficult nature of the
foundations. . The caissons for the Williamsburg
Bridge were four in number, there being two for each
tower; an arrangement which was necessitated by the
rather steep slope of the underlying rock at the site
of the towers on each side of the river. The borings
for the Manhattan Bridge piers showed the surface of

. the underlying rock to be fairly level, and hence it was

decided to construct a single huge
caisson for the foundations of. each

anchor bars to which the wire
cables were attached. ~Originally
it was planned to make these cables
of iron wire; but by the time the
bridge was ready for their erection,
the advance in the manufacture of
steel had been such that it was
found possible to use steel in place
of iron, and thus secure much
stronger cables without any in-
crease of weight. It is to the wis-
dom shown in the adoption of this
stronger material that the city is
indebted for the ability shown by
the bridge, in the later years of its
life, to carry loads greatly in ex-
cess of those for which it was orig-
inally designed. . There . is no
foundation for the popular belief
that the bridge is to-day “greatly
overloaded.” As a matter of fact,
the steel wire cables are perfectly
well able to carry their present bur-
den. The so-called weakness of the
bridge is due to the comparative
weakness of the floor system, and
" particularly of the stiffening
trusses, which on several occasions
have been buckled or broken. Of

tower. The dimensions of the.cais-
sons were necessarily large. They
measured 78 feet in the direction of
the axis of the bridge by 144 feet
transversely to the axis. The caig-
son proper on the. Brooklyn side
was 55 feet 6 inches in depth and
ahove this was built a temporary
ccfferdam, which was erected - to
prevent the water from flowing into
the work during the process of sink-
ing. The total depth of this huge
box, when it finally reached: bed-
_rock, was about 100 feet. The walis
of the caisson were built of two
layers of 12 x 12-inch timbers, " the
outer one laid horizontally, and the
inner vertlcally, while on the out
side of this was a double. layer,‘qf
2-inch planking, the inner ome laid
diagonally, and the other vertically.
Six feet from the bottom cutting
edge, which was shod with steel,
there. was built over the whole cais-
son a solid roof of timber 2 feet 9
inches in thlckness stlﬁened by
heavy . trusses The space beneath
. this watertight roof known as the
'working chamber was divided into

late years, however, the bridge has -
been subjected to careful and con-
“ tinued scrutiny by competent engi-
neers; and, so long as this is done,
no fears need be entertained for
the safety of the structure. Plans have been prepared
by the Bridge Department, moreover, for the recon-

struction and stiffening of the bridge, which include ‘

the erection of deeper and stronger stiffening trusses
and a complete rebuilding of the floor system. This
work will be undertaken as soon as the adjoining Man-
hattan Bridge has been completed, and when it is com-
pleted, the bridge will be good for many centuries of
" useful service, and will last just as long as it is safe-
guarded against rusting and decay by frequent paint-
ing and careful all-round maintenance.

Each cable consists of 37 strands in each of which is 250 wires.,

THE CONNECTION OF THE WIRE STRANDS TO THE ANCHOR BARS,

to the light construction and shallow depth of the
trusses, two of which are 8 feet 9 inches and four 17
feet in depth. This was remedied in the Williams-
burg Bridge by the provision of two unusually heavy
trusses, each 40 feet in depth, extending continuously
from anchorage to anchorage.

rock. The ‘steel towers are carried.to a totalﬂheight
of 335 feet al),ove the river. The four cables, each of
which is 183 Inehes in diameter, are connected at
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The steel towers are -
erected upon'heavy masonry piers beneath which are .
huge caissons which were sunk to the underlying bed:

three longitudinal sections, and in
this chamber the excavation was
done by a large army of “ground
hogs,” as the men who perform
v _ the work of excavation are called.
From the working chamber there extended to the
surface | of the cofferdam nine steel shafts for ma-
terial, and one, elevator shaft. The material at the
river bottom was found to be almost pure sand; and
it proved possible to blow out the excavated material
by means of compressed air which was forced into the
working caisson ‘for the workmen. This was done by

:means of tourteen 4-inch wrought-iron pipes, which

extended from the roof of the working chamber to the
surface. At the bottom of each of the 4-inch pipes
was a length of hose, which reached from the roof of
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Length of mm jpan 1,595% feet side. spans, 980 feet. , Total Jength, including approachesy 6,016 feet. Wldth of bridg-e, 85 feet. Helght of towers, 272 feet above the water. Dxameter of cables, 153 inches. 'Capacity : Two rapid
transit tracks; two smface tracks on two 18-foot rondways ; one l5-foot footwalk. '.l‘otal oost, 316,000,000

RROOKLYN BRIDGE. CONSTRUCTION mnnmmwn 1870. OPENED lﬂﬂﬂ

Eength ‘ot,'nifuin si)ah, 1,600 feet. Side spuns, 5961¢ feet. Total length, includmg approaches, 7,279 feet. Width, 1 14 feet. Height of towers above high water, 385 feet. Diameter of cables, 18/ inches. Capacity ¢ Two rapid transit
’ traeks ; four surface tracks ; two 20-foot roadways ; two 1714-foot footwalks. Total cost, $22,000,000. ’

WILLIAMSBURG BRIDGE. CONSTRUCTION COMMENCED 1896. OPENED 1903.
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Two channel spans, 1,182 feet and 984 feet ; one island span, 630 feet ; two anchor spans, 4691 feet and 459 feet. Total length, ineluding approaches, 8,600 feet. Maximum depth of trusses, 185 feet. Width of bridge, 88 feet. Capacity
as planned : Four rapid transit tracks ; four surface tracks ; one 84-foot roadway ; two 14-foot footwalks. Because this bridge 1s overstressed it is under consideration to remove all or part of the rapid transit tracks. Cost $20,000,000.

QUEENSBOROUGH (BLAGKWELI.’B ISLAND) BRIDGE. CONSTRUCTION BEGUN 1901. TO BE OPENED 1909,

Length of main span, 1,470 feet. Side spans, 725 feet. '.l‘ota.l length, including approaches, 6,855 feet. Width, 120 feet. ‘Height of towers above high water, 822 feet. Dlameter of cables, 21X inches. Onpaclty ¢. Four rapid trnslt
traoks 3 four surface tracks ; one 85-foot roadway ; two 11-foot footwalks. Total cost, $26,000,000.

' MANHATTAN BEIDGE. CONSTRUCTION COMMENCED 1901. TO BE OPENED 1009-1010.
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the working chamber to the bottom of the excavation.
A 4-inch water pipe also passed through the caissons,
and supplied water at 100 pounds pressure to six jets.
One of thesé jets was directed at the sand around the
bottom of each b_low-pipe, and served to loosen it so
thoroughly that the air pressure in the caisson proved
sufficient to. blow the sahd up through the pipe and
out over the edge of the calsson When the calsson
reached solid rock; the whole 1nter1or of the worklng
chamber was filled in w1th tightly rammed concrete,
the interior of the caissons above the roof being also
filled with the same material,- thus providing a solid
concrete and timber mass from the rock below the
bed of the river to the top of the caisson, which stands
at a level of 37 feet belowtniean high water. Above the
caissons was built a solid masonry pier whose coping
is 23 feet above mean hlgh Water the total depth from
coping to the caissons being 60 feet. The construction
of the foundation and piers on the Manhattan side was
practically identical; the 'ohly difference in dimensions
being that due to the diﬁerence in depth to rock bot-
tom.

Upon the top of each of the masonry piers were built
four massive steel footmgs and upon these were erect-
ed the plate-steel legs or columns of the steel towers.
Each tower consists of four apparently slender but
actually exceedingly heavy and stiff columns that rise
322 feet above the water level: BEach pair of columns
is braced together by a truss system, which extends
continuously from base to top, except where it is omit-
ted in two panels to prgylde for the passage of the
lines of railway track:. Each pair of columns, as thus
connected is braced together by transverse trusses,
one below the floor of the bridge, another at the level
of the upper, deck and a th1rd at the top of the tower.

In prevmus suspensmn bridges it was customary to
cradle the; Pmam cables but in the Manhattan Bridge
the cablestlie in the same vertlcal planes as the re-
spective legs of the towers over which they pass. In
respect of its carrymg capac1ty the Manhattan Bridge
is the largest of the four great bridges across the East
River. The suspended roadways are carried on two
decks. Upon the lower deck provision is made for
four surfacc tracks, a 35- foot roadway, and two 11-foot
passenger walks; while upon the upper deck there will
be four elevated railway tracks. To carry so great
a load, the dimensions of the'cables and anchorages
are necessarily very large. The anchorages measure
175 feet in width by 225 feet in length, and the cables
reach the unprecedented diameter of 214 mches, as

compared w1th the diameter of 1834 inches on the-

Wilhamsburg Bridge and 1534 inches on the Brooklyn
Bridge. Tbe necessary stiffness will be given to the
suspended roadway by four heavy riveted nickel-steel
trusses, lying in the planes of the four cables and sus-
pended from them. L '

For the construction of the cables four temporary

cables, each consxstmg of four 134 ‘inch diameter steel.

ropes, were strung. from anchorage to anchorage over
the towers. Upon them. were laid four working plat-
forms for the accommodation of the workmen. The
stringing of the wires in each cable is accomplished
by means of two traveling sheaves, carried on opposite
legs of an endless steel rope reaching from anchorage
to anchorage. Each sheave consists of a 3-foot groov-
ed’ wheel, attached to the haullng rope by brackets.
The hauling rope runs on heavy rollers supported on
uprights on the temporary foot-brldges The wire is
delivered to the br1dge on enormous réels weighing
3 tons each, half of them being placed on each anchor-
age. The end of the wire from a reel at each end of
the bridge is put over the hauling sheave at that end
and fastened to the anchorage and each hauling rope
is driven by a 50- horse-power 220-volt Crocker-
Wheeler form W. motor The hauling machlnery is
then started, and, as the sheaves move across the
bridge, they unwind one wire from each reel, and two
wires are thus strung by each gheave every time it
makes the trip across the bridge. There are 256 wires
in each strand, and as the strands are completed they
are lifted from the témporary saddles in which they
rest and placed in the permanent saddle. Each cable
contains 37 strands of 256 WiTes each, so that there is
a total of 9,472 wires in each cable. The total length
of single wire in all four cables will be 23,100 miles.
The wire has a breaking strength of 215,000 pounds to
the square inch. The weight of the four cables in
their completed condition will be 8,600 tons. The side
spans of the bridge are 725 feet and the central span
is 1,470 feet in length. When the bridge is completed
the total weight of steel in the structure will be 42,000
tons.

THE QUEENSBOBOUGH CANTILEVER BRIDGE.

The Queensborough cantllever ‘bridge, formerly
known as the Blackwell’s Island Bridge is the latest
of the four great brldges across ‘the East River. Com-
mencing from the Manhattan shore the dimensions
and positions of the successive spans of the bridge are
as follows: First there is an anchor span 469 feet
long; then a channel span 1,182 feet long, fellowed
by what is known as the Island span crossing Black-
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well’s Island, which is 630 feet long. Then comes a
984-foot span over the east channel of the river, and a
459-foot anchor span extending over the Long Island
shore.
approaches, is 8,600 feet. The maximum depth of the
trusses at the towers is 185 feet, and the extreme width
of the bridge is 88 feet. As originally planned, the
bridge was designed to carry a maximum congested
live loading of 12,600 pounds per lineal foot, on four
surface trolley tracks, two elevated railway tracks, a
roadway, and two footwalks. Following a change of
administration and engineers, it was decided to add
two additional elevated railroad tracks on the upper
deck of the structure, and a heavier congested loading
was adopted of 16,000 pounds to the lineal foot. When
the bridge was nearing completion, the engineering
world was startled by the fall of that other great
cantilever structure, the Quebec Bridge; and it was
natural that considerable anxiety should be aroused
regarding the Queensborough Bridge, since it was
not only designed on the same general principles, but
was a heavier structure in itself and was to be sub-
jected to a heavier load than the bridge that went
down. Two separate investigations of the strength
of the bridge were made for the Bridge Department;
and in both cases it was found that not only was the
bridge over weight, but that if it were loaded accord-
ing to the requirements of the speciﬁ\cations\' the
stresses in some of the members would exceed the
specified stresses by from 25 to 47 per cent. One of
the consulting engineers recommends the taking of
considerable dead load from the bridge and the re-
moval of two of the. elevated railway tracks. The
other report advises the removal of all elevated tracks.

The fall of the Queb_ec Bridge and the conditions
existing in the Queensborough Bridge cannot fail to
raise a doubt in the minds of engineers as to the suit-
ability of the cantilever system to the construction
of heavily-loaded bridges of over 1,000 feet in length
of span; and this, in spite of the fact that troubles in
both cases were due chiefly to faulty design. The
Queensborough Bridge is an enormously heavy struc-
ture, the weight of the whole mass from abutment to
abutment of the cantilevers being 52,000 tons. The
630-foot span across the Island alone weighs 10,400
tons, or 161 tons to the lineal foot. The trusses are
built partly of a special nickel steel and partly of the
ordinary comimercial structural steel, the latter being
used generally for the compression members and fioor
system and nickel steel for the eye-bars or tension
members. In the structural steel the specifications
called for an elastic limit of 28,000 pounds, and an
ultimate strength of 56,000 pounds. The requirement
of the nickel-steel eye-bars are an elastic limit of
48,000 pounds and an ultimate strength of 85,000
pounds, from which it will be seen that the nickel-
steel bars are from 40 to 50 per cent stronger than
ordinary structural bars of the same weight.

The erection of the bridge was done by the overhang
method. First the anchor arms on the Manhattan
and Long Island shores and the span across the island
were erected on steel falsework. Then the four river
arms of the cantilevers were built out by overhang to
a junction in midstream by means of two.massive
travelers each 120 feet in height. This traveler was
in itself a huge and costly affair weighing 500 tons
and capable of handling a load of 70 tons. It is prob-
able that the bridge will be opened during the year
1909: In closing our article on the long-span bridges
of New York, mention should be made of the fact that
the plans have been drawn for a massive 1,000-foot steel
arch bridge which is to carry a four-track railroad
across the East River at Hell Gate, and form part of
an important link connecting tracks of the New Haven
Railway with those of the Pennsylvania Railway on
Long Island.

_— ..t ——

In a remarkable paper read at the meeting of the
American Philosophical Society in Philadelphia, Dr.
Alexis Carrel of the Rockefeller Institute showed how
the kneejoint of a dead man has replaced the injured
joint of a living person; how the arteries of husband
and wife have been successfully joined, so that the
wife might endure the shock of a surgical operation;
how an infant’s blood has been revitalized by the blood
of its parent; how a human artery and jugular vein
have been . interchanged and are fulﬁlling each the
other’s function; how the kidneys of ome cat were
substituted for the corresponding organs of another,

"and how a living fox terrier now frisks about upon

the leg of a dead companion. “In my experiments to
preserve arteries,” states Dr. Carrel, “I found that
desiccation would not do, but produced a state of abso-
lute death. Then I put the arteries iy refrigerators
and kept them inclosed in heérmetically sealed tubes,
at a temperature a little above freezing. I found that
an artery could be kept alive for sixty days and sub-
stituted for the artery of a living animal.” Clearly,
the day is not far off when the perfect organs of a
man who in life had been free from disease may be
kept in cold storage after his death and used to Teplace
diseased organs in living men. .

© 1908 SCIENTIFIC AMERICAN, INC

The total length of the bridge, including the-
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TALL BUILDINGS
OF NEW YORK

Although New York city was not the first to possess
a mammoth office huilding of the modern “skyscraper”
type, the growth of such buildings in number and size
during the past few years has been so rapid as to ren-
der lower New York distinctively a city of towers.
To the wonderful skyward growth of this city, several
causes have contributed. Chief among these, and
closely related, are the circumscribed limits of the site
on which the city is built, and the high cost of the
land. The high price of real estate and the restricted
area of desirable sites, it is true, have served to
promote the construction of lofty buildings in other
cities besides New York; but nowhere have these proved
such powerful and impelling motives as here. The
desire on the part of large business interests to be
located a8 closely as possible to the financial center,
moreover, has helped to produce that huge pile of
lofty buildings which makes lower New York, in the
neighborhood of Wall Street, look from a distance as
though it were a city built upon a hill. Below Cham-
bers Street the prices of real estate will run from $30
to $40 per square foot, near the water, to $200 and
$300 per square foot in the Wall Street district. The
highest price éver realized was that paid for a small
corner plot at the southeast corner of Wall Street and
Broadway, which recently sold for $700,000 or at the
rate of $600 per square foot. This is the highest price
ever paid for real estate in any city of the world. it
is not at all unusual for the cost of the site of a
buildmg m thls city to exceed the cost of the struc-
ture itself: Thls was the caseé with the Fuller Build-
ing, popularly known as the Flatiron Building, whose
triangular gite cost $2 500,000.. Where such vast sums
are paid for the buildlng site, it becomes necessary to
add story to story until sufficient rentable floor space
has been secured to guarantee a reasonable profit upon
the cost both of the site and the building. -

The development of the lofty office building is one
of those modern engineering achievements which were
rendered possible by the introduction of Bessemer steel.
The limit of height for an ordinary brick or stone
building of the older kind, is reached when the thick-
ness of the lower walls becomes such as to seriously
encroach on the usable floor space of the building.
The tallest structures of this kind have stopped at a
height of twelve 'toﬁfourteen stories; this last being
thé height of the Singer Building, before its recent
reconstruction. The walls of this structure in the
lower 'sto.ries‘ are nearly three feet in thickness. With
the introduction of steel columns, girders, and stringers
in building construction, it became possible to trans-
fer the loads of each story of a building directly to
vertical columns, by which they were carried direct
to the foundations; and the intermediate spaces be-
tween the columns required only a sufficient thick-
ness of wall to serve the purposes of inclosure. The
introduction of steel thus served the double advan-
tage of reducing the thickness and weight of the walls
and of enabling the loads to. be concentrated on a
specified number of vertical members, whose support-
ing power it was possible accurately to determine.
Not only was a great reduction made .in the weight,
but there was a corresponding increase in the elements
of safety and durability. The stresses in a tall build-
ing can be calculated with accuracy; and by intro-
ducing the proper amount of wind bracing, these struc-
tures may be made absolutely secure against being
overthrown by storm, and reasonably secure against
earthquake. Furthermo{é, the skeléton steel building
is a form of construction that lends itself admirably
to fireproofing; and, if the columns and beams be
thoroughly protected by good terra cotta or concrete,
and metal be used for the construction of doors, win-
dow sashes, frames, and, as far as possible, for the -
furniture, a modern office building may be rendered
practically proof against fire—so far proof, indeed,
that if a fire starts among the contents of an office, it
will be localized for want of any combustible material
upon which to seize in the building itself. The San
Francisco fire proved that, where the most modern
methods of ﬁreprooﬁng were used, a tall building
could go through even such a fierce conflagration as
that, and yet remajn so far intact as to be capable of
speedy repair. The question has often been asked,

-particularly since the San Francisco disaster, as to

how the tall huildings in this city would be affected
by earthquake shock. Judging from the results at
San Francisco, they would pass ‘through an earth-
quake with surprisingly little damage. This is ex-
plained by the fact that the shock is taken care of
by the elastic properties of the steel frame; and where
the walls and panel work have been attached to the
frame by the most approved methods, the worst that
can happen is a slight cracking of the masonry.
The steady increase in height of tall buildings has
raised the question in the minds of many people as to
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how . high it would be possible to go in safety. In
an investigation of the problem made by Mr. O. F.
Semsch, who was responsible for the design of the
steel work of the Singer tower, it was found that
under the restrictions of the building code as to load
on foundations, it would be possible to put up a struc-
ture 2,000 feet in height on a lot 200 feet square. The
building would weigh over 500,000 tons, and its weight
would be so great that, in spite of the vast height,
there would be a factor of safety of 8 against over-
turning by wind pressure, even in a stiff gale. If the
tower were constructed and equipped, similarly to the
Singer Building, the cost would be $60,000,000. As a
matter of fact, the limit upon the height of tall build-
ings is to be found neither in the inherent weakness
of the structure, nor in the danger of upsetting in a
gale of wind. The limit is determined by a clause
in the Building Code of the city of New York, which
says that the maximum pressure on the rock below
the foundations, if caisson foundations are used, must
not exceed 15 tons per square foot. As a matter
of fact, the practidal limitations upon height would
come from the increasing thickness of the lower walls;
for the Building Code states that the walls of the
steel and masonry type of building must be 12 inches
thick for the uppermost 75 feet of their height, and
must be increased 4 inches in thickness for every 60
feet below that. Structurally considered, this pro-
vision of the Building Code is unnecessary, since the
weight of the walls at each story is carried directly
upon the steel framework at the base of that story;
and there is, iherefore, no structural necessity for
making the walls at the base of a 20-story building
more than 12 to 18 inches thick.

" There is a movement among our architects to limit
the height of buildings in such a way as to permit the
erection of tall buildings omly under restrictions
which will insure that they do not unduly exclude
the light from the streets or from one another. This

Scientific American

desirable object is to be secured by a law making it
necessary, after a building has been run up so many
stories on the building line, to step back a specified
distance before erecting the next series of stories, the
offsetting being repeated as often as is mecessary to
admit the desired amount of light to the adjoining
street. The center of the building plot is to be re-
served for the main, tower-like, portion of the build-
ing, which may be carried up as high as the owner may
wish. The question of the architectural treatment of
tall buildings 'is one of the most difficult problems
that has ever. presented itself to the profession. In
the earlier structures the architects made the mis-
take of trying to mitigate the appearance of -height
by introducing heavy horizontal elements in the way
of cornices and offsets; but the results were not pleas-
ing . architecturally. The modern office building is
first -and last a tower, and as a tower it should be
treated. Those architects who have recognized this
fact, and have emphasize@ the vertical as against the
horizontal lines, have produced the most successful
buildings. - Our illustrationg include two buildings,
the Singer and the Metropolitan Life, whose capacity
has recently been enlarged by the erection of addi-
tions, in the form of towers of unprecedented pro-
portions.

Although the Singer tower measures only 65 feet on
each side, the top of the dome stands 612 feet above the
sidewalk. It is erected upon thirty-four caissons sunk
to bedrock, which, in some cases, lay 90 feet below
the street level. From an eéngineering point of view,
the most interesting feature is the method of framing
the steel skeleton to enable it to resist the heavy wind
pressure, when the thunder squalls of summer and
the heavy gales of winter sweep over Manhattan. It
was impossible to run continuous diagonal truss mem-
bers across the building from wall to wall, because
such an arrangement would have encroached upon the
window space. Therefore it. was decided to consider
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the structure as being built up of four square corner
towers, and a central tower forming the elevator well,
with wind bracing running continuously through each
wall of -each tower from top to bottom, the five tow-
ers being tied together in lateral planes at the various
fioors. The corner towers are 12 feet square from cen-
ter to center of columns. This arrangement provides
an open-space 36 feet in width, free from diagonal
bracing, extending down the center of each.face of the
building, and these faces are occupied by large bays
filled in with glass, as shown in the accompanying
illustration. This method of bracing involved high
stresses in the chords of the trusses which, in this
case, are the vertical columns of the tower, and the
latter are of unusually heavy construction. The wind
pressure at 30 pounds per square foot exercises a total
overturning moment on the whole tower of 128,000
foot tons. Although the total weight of the tower is
23,000 tons, the wind pressure would have a tendency
to lift the windward side of the building, the tetal
uplift on a single column amounting, for maximum
wind pressure, to 470 tons. To provide against this
the columns are anchored to the caissons, and the mar-
gin of safety against lifting i8 in no case less than 50
tons--to the column. The ‘effect of the wind pressure
on the leeward side of the building also affords some
interesting figures. Thus, the total dead load at the
foot, of one of the leeward columns is 289.2 tons, which
represents the weight of the steel work and masonry.
The live load, which includes furniture, fittings, and
the maximum crowd of occupants, totals, at the foot
of this column, 131.6 tons. The downward pressure
on the leeward side of the building due to wind pres-
sure is 758.8 tons, and this, added to the dead and
live loads, brings the total load on these columns up
to 1,179.6 tons. The architectural treatment of the
building is decidedly pleasing, and Mr. Ernest Flagg,
the architect, is to be congratulég.ted in having done
so well in a field for which there was no precedent.
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Showing the diagonal wind bracing at each corner.
: The tower is 612 feet high ; its tota}
weight is 23,000 tons,

CONSTRUCTION OF THE SINGER TOWER,

Rises 363 feet above a triangular base. There are
23 stories in‘the tower. Total floor space,
117,000 square feet, .
Copyrighted 1905 by Irving Underhill,

THE TIMES BUILDING

© 1908 SCIENTIFIC AMERICAN, INC

Popularly known as the * Flatiron.” This building, ‘310 feet high, stands
on & triangular base rtheasuring 215 feet on Broadway, 198 feet on: Fifth
« Avenue, and 86 feet on 22d Street. The site cost $2,500,000,
Copyrighted 1903 by Irving Underhiil, i

THE FULLER BUTLDING.
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Copyright 1908 by Munn & C:.
Tower measures 75 feet by 86 feet,extends 700 feet above sidewalk, contains 50 stories,includes 8,100 tons of steel in its framework, and weighs 38,022 tons,
’ In the building and tower combined there are over 25 acres of floor space.

THE METROPOLITAN LIFE TOWER, 700 FEET IN HEIGHT; THE LOFTIEST BUILDING IN THE WORLD,

© 1908 SCIENTIFIC AMERICAN, INC
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The City Investing Building, 435 feet high, contains 81 rentable stories. It covers a lot 124 feet by 308 feet_

and its total floor area is 670,000 feet.

THE CITY INVESTING BUILDING AND THE SINGER TOWER.

The combination of red brick and buff stone with the
bronze and copper finish of the windows and dome is
decidedly pleasing, and the disposition of the windows
throughout the vast reach of forty-two stories proves
that it is possible to get away from that pepper-box
appearance’ which is one of the unsightly features of
the facade of the average tall building.

Unquestionably the most striking of the lofty build-
ings of New York city is the stupendous steel-and-
marble ¢campanile which is being erected at the north-
west corner of the Metropolitan Life Insurance Com-
pany Building, between Fourth and Madison Avenues
and Twenty-third and Twenty-fourth Streets. The
present building, which is ten stories in height, has
a frontage: of 200 feet by 425 feet. The tower has a
base measurement of 75 feet by 85 feet, and extends a
clear 700 feet above the sidewalk. The whole build-
* ing is treated in the pure early Italian Renaissance
style, which has been used also in the tower; and
both tower and building  are finished in Tuckahoe
-marble.

It takes but a glance at our illustration of this stu-
pendous marble shaft to feel assured that when it is
completed, it will be an object of decided architectural
grandeur and beauty. Its height is so great that fully
one-half of its bulk will rise absolutely clear of the
cornice lines of New York city’s 20-story buildings.
The highest point of the tower will overtop the high-
est point of the Montclair Hills in New Jersey by
about 30 feet; and when the shadows of evening are
falling upon the street below, the summit of the tower
will be crimsoned with the rays of the sun that has
already set behind the Orange Mountains. The most
lofty rentable offices will be those of the forty-first

story, whose floor will be 526 feet above the sidewalk.

The windows of these offices will be at the same eleva-
tion as the lookout windows at the top of the Wash-
ington Monument. The table of dimensions and weights
as obtained from the architects, Messrs. M. Lebrun &
Sons, runs into large figures. In the tower there will

~.have seen, over 25 acres of floor space.

be fifty stories, and in the  tower and the main
building combined there will be a total floor space of
25 acres. The steel framework of the tower alone
weighs about 8,100 tons, and the weight of the steel
work, masonry, etc., combined is 38,022 tons:
the building is occupied, the estimated live load will
be 5,591 tons, bringing up the total weight of the
whole building to 43,613 tons.

‘We have seen that in the Singer tower the wind
stresses are resisted by means of continvuous trusses
extending throughout the whole height of the build-
ing.
against distortion by means of heavy knee braces at
the intersection of the vertical célumns and the hori-
zontal floor beams. The stresses due to wind pressure

reach a very high figure, and call for a large increase in.

the sections of the columns, etc, to provide for them.
In the principal columns on the leeward side of the
tower, the load due to dead and live loads combined
is 7,500,000 pounds; and the load due to wind pressure
is 2,900,000 pounds, which brings the total load up
to 10,400,000 pounds. Similarly, the corresponding col-
umns on the windward side are relieved of pressure,
the maximum load being reduced from 7,500,000 pounds
"to 4,600,000. This shows that even under the heaviest
storms that may blow against it, there will at no
time be any tendency on the part of the building to
turn over on its foundations.

Limitations of space prevent our pursuing this sub-
_ject any further. than to givé some particulars of a
few of the most recent and notable baildings. The
Metropdlitan Building just described is the largest
single office building in the world, containing, as we
The next to
that is the City Investing Building, with thirty-three
stories and a total height of 485 feet.. The total floor
space is 670,000 square feet, and it can accommodate
6,000 people. The Terminal Building is in two sections,
" on of which has 26,000 square feet of available area on
each floor, and the other 18,000 square feet. This huge
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‘When -

In the Metropolitan tower the frame is stiffened

One of the first steel-and-masonry buildings ; erected 1897. Height, 817 féct. . 'Washington was a frequent

worshiper in the old church.

8T, PAUL BUILDING AND THE OLD ST, PAUL 8 CHURCH.,

building is erected upon a coffer dam of concrete,
whose 8-foot-thick-walls extend down 75 feet to bed-
rock. The basement is occupied by the terminal sta-
tion of the Hudson Companies’ tunnels. The two
buildings together form the largest combined office
buildinjz in the world. Probably the most expensively
finished office buildings in the city are the combined
Trinity Building and United States Realty Building,
whose total floor space is over 550,000 square feet.
The land for these buildings cost $6,500,000, and the
buildings themselves cost $10,000,000. The main roof
is 300 feet above the street, and the tower 360 feet.
There are twenty-two floors, with five in the tower,
and 5,000 people can be accommodated in the two
buildings. For the particulars of other notable build-
ings, reference may be made to the, descriptive mat-
ter given beneath the cuts on pages 401-3.

In closing this chapter, emphasis must be laid upon
the fact that, had it not been for the development of
that distinctively American device, the high-speed ele-
vator, the present skyward growth of our modern
cities could never have taken place. In one single
building, thg City Investing Building, there is a row of
no less than twenty-one elevators for passenger serv-
ice alone. The speed of travel has risen to 400 feet a
minute for the local and 700 feet a minute. for the
express elevators. - o ry

O

The necessity of increasing the number of docks
continues to be felt at Hamburg no less than-at other
ports abroad, in spite of the already extensive accom-
modation for shipping existing there. . Singe:the last
considerable extension. took place, - viz., - in- .1897-8—
though two new docks have been omned since then—
the aggregate tonnage of sea-going .vessels visiting
this port has increased from about.7;500;000.to 12,040;- :
000 register.tons in 1907. In consequence.of this re-
markable development, and although two new docks
were opened in 1903, the want,lpf sufficient room for
quay berths has been acutely felt.
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TUNNELS AND SUBWAYS

The fact that the most important section of New
York city is located on a long and narrow island,

flanked by broad and deep rivers and waterways, is’

largely .responsible for the present. activity in the
construction of subways and tunnels. In the earlier
days of the history of the city, passenger traffic was
taken care of by lines of surface cars and ferries.
These were supplemented, about thirty years
ago, by the construction of four lines of elevated
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25 and 30 miles an hour, the average depending upon
the delay at stations. Express trains are made up of
eight cars, of which five are motor cars. Local trains,
which have a speed of about 16 miles an hour, includ-
ing stops, are made up of six cars, four of which
are motors. Before the opening of the line, it was
hoped by the most optimistic that the system would
develop a maximum capacity of from 375,000 to 400,000
passengers a day. As a matter of fact, on holidays
and other special occasions, over 600,000 have been
carried. The opening of the Brooklyn tunnel afforded
greatly needed relief to the Brooklyn Bridge. It be-
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came immediately popular, and the city, as soon as
funds are available, will build a branch line through
southern Brooklyn to Coney Island. At present, there
is under construction a loop-line which will connect
the Manhattan terminals of the Williamsburg and
Brooklyn bridges. In the first section to be completed
the tunnels were built chiefly by the cut-and-cover
method, and, except where they pass through rock,
they are built of steel I-beams and structural shapes
imbedded in concrete. For the later construction re-
inforced concrete was used. In view of the speed and
rapidity of the service and the enormous volume of
traffic handled, the New York Subway must be

~ regarded as the most successful, as it is the

railways running the entire length of Manhattan
Island. The Brooklyn Bridge, opened some five
years later, afforded a greatly needed relief to
the rapidly growing travel between New- York
and Brooklyn. The next step in the develop-
ment of facilities was the ‘electrification of the
surface roads, which was followed in its turn
by a change from steam to electric traction on
the elevated system. Concurrently with these
last developments, the construction of three addi-
tional bridges of unusually large capacity was
commenced across the East River. One of these,
the Williamsburg Bridge, was opened some four
or five years ago; the Blackwell’s Island Bridge
will be opened -as soon as the necessary changes
to render it usable have been made; and the
Manhattan Bridge should be thrown: open to the
public within the next two years.

In -spite of the greatly increased accommoda-
tions provided by these enterprises, -it became
evident, even before they were completed, that
the rapid growth of the city, and the ‘even ‘more
rapid growth of travel, would mnecessitate the
provision of additional means of transportation;
and that any future roads which might be ‘built
must be placed below street level. It was re-
alized, moreover, that the construction of bridges
across the Hudson River was too difficult and
costly for the city to depend upon any relief
in this direction. After a protracted discussion
of its feasibility, the question of constructing a
subway system was submitted to the public vote,
and a decision was given in its favor. A Rapid
Transit Commission, consisting of leading men
of affairs in the city, was formed and under

their very able direction a comprehensive scheme
of subways was laid out, and the portion of it
which is now in operation constructed. The first
section to be completed extends from the :City
Hall, New York, to Kings-

largest and most important underground rail-
way in the world. It is operated on the third-
rail system.

To provide the necessary power for operating
the Subway, which, as we have noted, has car-
ried over 600,000 passengers in a single day, has
called for the construction of what is to-day the
largest power station -of its kind in the world.
The plant, which is located at Fifty-ninth Street,
is housed in a building 200 feet in width by 690
feet in length, which is divided centrally by a
wall separating the engine .room from the boiler
room and coal bins. These coal bins, which are
locatéd immediately below the roof ‘and above
the boiler room, have the enormous capacity of
25,000 tons of coal. The coal is fed by gravity
to the hoppers of the mechanical stokers, from
which it is automatically fed to the furnaces.

One who has never visited a plant of this
character can have no idea of the imposing
appearance presented by the long line of engines
and generators in the engine room. In the
present case the equipment consists of nine re-
ciprocating engines, the largest of their type
ever built, ‘and three steam turbines. The re-
ciprocating engines are of the well-known ‘type
developed by the Allis-Chalmers Company of
Milwaukee, Wis.,, and they are superb speci-
mens of the engine builder’s art. Because of
the advent of the steam turbine with its pecu-
liar fitness as a drive for large generator units,
it is probable that these engines will stand as
the “last word” in the history of the develop-
ment of the reciprocating engine. When stand-
ing in the gallery at the power station and look-

Showing projecting roof for protecting workmen while blasting out a projecting

reef of rocks.
SECTIONAL VIEW OF HUDSON RIVER SHIELD.

ing down the long perspective of the engine
room, one cannot but feel that, whatever advan-
tages of an economical kind the steam turbine
has introduced, it has robbed the engine room

of much of its spectacular

bridge beyond the Harlem
River, with a branch run-
ning from Ninety-sixth
Street northeasterly to the
Bronx. From City Hall
Park to Ninety-sixth
Street there are four
tracks, the two outer
tracks for local service,
and the two inner tracks
for express trains. North
of Ninety-sixth Street, on
the westerly branch of the
road, the Subway contains,
first three tracks and then
two; the easterly branch
from Ninety-sixth Street
contains two tracks. Sub-
sequently, a two-track Sub-
way was constructed from
City Hall Park to Flatbush
Avenue, Brooklyn, the
route lying below Broad-
way to the Battery and
then under the East River
in two tube tunnels. The
section of the road from
City Hall northward was
opened in 1904, and the
section from City Hall to
Flatbush Avenue in Brook-
lyn, in 1907. The contract
for the first section was
let for $35,000,000; the
equipment, power station,
purchase of the real estate,
etc., cost an additional
$12,000,000, bringing the
total cost up to $47,000,000.
From the very first the
Subway has proved an un-

qualified success. The ex-
press trains on certain

gk e

features. New York city
was already familiar with
the Allis-Chalmers engines
of this type because of
their installation in that
other great power plant,
at -Seventy-fourth Street
and the East River, which
provides power for the
operation of the elevated
roads. The Fifty-ninth
Street engines are gener-
ally similar to these; but
they include certain im-
provements in valve gear
and in some minor details.
The engines are rated -at
8,000 horse-power, with ‘a
maximum overload of 12,
000. Each consists of two
compound condensing en-
gines, one at each end of
the crankshaft, with the
alternator carried at the
center of the shaft between
the engines. The 44-inch
" high-pressure cylinder ‘is
. placed horizontally, -and
" the 88-inch .low-pressure
" cylinder vertically, with
the two connecting rods of
each engine taking hold of
a common crankpin. The
stroke is 60 inches. The
two cranks are set at an
angle of 135 degrees to
each other, an arrange-
ment which gives eight
impulses to the shaft at
equal intervals in each rev-
olution. The crankshaft
has a diameter of 37
inches at the center and

sections of the line reach
a- speed of 45 miles an
hour between stations, and
run at an average speed,
including stops, of between

These caissons, 45 feet wide, 45 feet deep, and 10614 feet long, the largest ever constructed, are built of reinforced concrete. They i)rovide a
double-deck system which eliminates dangerous crossovers between trains running /n opposite directions,

HUGE DOUBLE-DECK CAISSONS AT JUNCTIONS OF HUDSON RIVER TUBES WITH

THOSE ALONG THE JERSEY SHORE.

© 1908 SCIENTIFIC AMERICAN, INC

34 inches at the bearings.
The crankpins measure 18
inches by 18 inches, and
the crosshead pins are 12x
12 ‘inches. The weight .of
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each pair of engines is 720 tons. The steam pressure
is 175 pounds, and the steam consumption at the rating
of 8,000 horse-power is about 13 pounds per horse-
power per hour.
Westinghouse turbines of 1,250 kilowatts rating. The
maximum horse-
power of this sta-

At the far end of the station are three .
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in New Jersey, and enables passengers to transfer,

under cover, to trains which carry them direct to the -

shopping, hotel, and financial districts on Manhattan
Island.
The system consists in Jersey City of a two-track

405

at Ninth Street to connect with the Rapid Transit Sub-
way. Below the Pennsylvania station, at a depth of
80 feet, there has been constructed a large station,
access .to which will be had by elevators from the
Pennsylvania terminal. From this station twin tubes

extend below the

* tion, under over-
load, is about 130,-
000 horse-power.

Next in impor-
tance to the Rap-

.id Transit -Sub-
way, which, it
should be men-
tioned, . is owned
by the city, is an
elaborate system
of subways and
tunnels, construct-
ed by an inde-
pendent concern
known as the -~
Hudson Compan-
ies, to afford di-
rect rail commu-
nication between
Jersey City and
New York. For
the beginnings of
this enterprise we
have to go back
twenty-five years,
to the time when
Mr. De Witt Clin-
ton Haskin, one
of the active spir-
its in the build-
ing of the Union
Pacific Railway,

Hudson River
and Manhattan
Island to a large
terminal station
‘between Cort-
landt and Fulton
streets, above
which has been
.constructed the
large terminal ‘of-
fice building to
which  reference
is made elsewhere
in this issue.
Because of the
difficulties encoun-,
tered .in passing
beneath the Hud-
son River, and
the novel meth-
ods which were
adopted to meet
them, the engi-
neering features
of this system are
particularly inter-
esting. All four
tunnels were
driven by the
shield method,
which is too well
known to call for
any description at

commenced the
comstruction of a
tunnel for the use . -
of steam trains.
The scheme met
with many difficulties and disasters. It was abandoned
in 1882; started again in 1890 by an English com-
pany; and ultimately was taken in hand by a corpora-
tion known as the New York and New Jersey Railroad
Company; which, ultimately, under the successive
rames of the Hudson Companies and the Hudson and
Manhattan Railway Company, succeeded in pushing
the great scheme through to completion. The credit
for this enterprise is chiefly due to President McAdoo.
The great value of the road lies in the fact that it
intersects the trunk roads which have their termini

This power station, the largest for traction purposes in the world, i 200 feet wl?le by 790 feet long It containsnine reciprocat.ng TAllistc‘halxqers engines of 12,000

overload horse-power and three steam turbines of 1,800 horse-powez.

THE NEW YORK BAPID TRANSIT éUBWAY POWER STATION AT FIFTY-NINTH STREET.

road, placed in two separate 15-foot tubes, which ex-
tends from the Delaware, Lackawanna & Western Rail-
road terminal south to the terminal station of the
Pennsylvania Railroad. Ultimately, it will be carried
down to connect with the ferminal of the Central Rail-
road of New Jersey. At Fifteenth Street it is inter-
sected by twin tunnels which pass beneath the Hud-
son, and are carried up Sixth Avenue to Twenty-third
Street, and ultimately will be extended to Thirty-third,
where they will be im touch with the Pennsylvania
Railroad terminal. A branch line will be constructed

the present time.
The tunnels are
156 feet in diam-
eter internally,
and it was origi-
- nally intended to
line them entirely with concrete. After they had been
driven, however, it was found that they presented
such absolute stability as to render the.use of concrete
unnecessary. Instrumental observations have failed
to show any signs of settlement; and, as far as their
stability is concerned, the tubes may be pronounced
a decided success. Records for rapidity in driving
were broken during the prosecution ‘of the work, the.
rapid advance being due to the adoption of a method
altogether novel and bold. In previous work with
(Continued on page 414.)

f wo fnclade the footwalk across the elevated tracks, there are six separate levels for travel shown in the
above view of conditions as they will ultimately exist at 33d Street.

SECTIONAL VIEW SHOWING HOW NEW YORK USES BOTH ELEVATED, SURFACE,

AND TUNKEL ROADS IN PROVIDING FOR ITS EVEBFGBOWING TRAFFIC.
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Kxternal diameter, 23 feet ; internal diameter, 19 feet. Drl‘ven by the shield method. Maximum rate of ~ )
advance through mud and silt, 3714 feet per day.

THE PENNSYLVANIA RAILROAD TUNNEL TUBES BELOW THE HUDSON

RIVER.,
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From Q. photograph owned by the Otis Elevator Co.

LOWER NEW YORK AS IT APPEARED IN 13875, REPRODUCED FROM A PHOTOGRAPH TAKEN FROM

—

Copyright 1908 by George P. Hadl & Son, .

SKYLINE OF LOWER NEW YORK AS IT APPEARS TO-DAY WHEN VIEWED FROM
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THE TOP OF THE BROOKLYN TOWER DURING THE CONSTRUCTION OF THE BROOKLYN BRIDGE.

THE TOP OF THE BROOKLYN TOWER OF THE NEW MANHATTAN BRIDGE.
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HARBOR AND DOCK
IMPROVEMENTS

The commanding position held by the port of New
York on the seaboard of the United States is shown

by the fact that out of a total foreign commerce of °

the United States of $3,581,000,000, $1,613,000,000 repre-
sents the foreign trade of the port of New York alone.
These are the figures for the
year 1907; and the money
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disparity ‘between -the magnificent scale upon which
the office buildings, bridges, tunnels, and waterworks
of this city have been built, and the fiimsiness and
generally - disreputable appearance of many of the
docks and pier sheds, is something which astonishes
every observant engineer who visits this city from
abroad.

In making this criticism, however, we hasten to

_ pay tribute to the excellent character of the work

done on the new docks and pier sheds, which have
been built of late years by the Department of Docks
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armered concrete, and above thig a finishing layer of
asphalt. The pier-sh'ed‘building is of thoroughly fire-
proof construction, the framework of the walls, fioors,
and roofs being of steel, and the fioors and the roof cov-
ered with armored concrete. This armored concrete
is of what is known as the Clinton welded-wire type,
in which the necessary tensile.strength is afforded by
embedding in the concrete a heavy wire mesh, made
of steel wire drawn under a tensile strain of 60,000
pounds per square inch. Of late years it has come to
be recognized that the value of steel wire reinforce-

ment in concrete depends

upon the quality of the bond

value of New York’s foreign -
commerce translated into ton-
nage means that no less than
13,000,000 tons of freight
passed in or out of the har-
bor entrance at Sandy Hook,
and was handled at the mul-
titudinous docks which line
the far-reaching shore line of
the city.

The proud commercial posi-
tion held by New York, as
shown by the fact that the
city handles nearly one-half
of the nation’s foreign com-
merce, is due to its command-
ing geographlcal position and
to the unusual extent and ex-

betwéen the wires at their
intersections, and between
the surface of the steel and
concrete. Where the bond is
imperfect, there would be a -
-tendency to -movement be-
tween the adjacent materials
and, of course, such move-
ment means an enormous loss
of strength. In the ideal
armored concrete, there
should be no movement of
the steel in the concrete, nor
of the separate members of
the steel reinforcement in re-
gard to one another, and this
is particularly true of wire-
mesh reinforcement as used

.

cellent character of its harbor
facilities. The total frontage
of the city on the water is
44480 miles, and of this
125.10 miles is available for shipping. The available
frontage is divided as follows: 5.33 miles is used by
the various steam railroads; 3.61 miles is devoted to
foreign steamship service; 3.11 miles to domestic
steam service; 23 miles of frontage is owned by the
United States government; the various parks of the
city have a frontage of 23 miles; and 47.28 miles of
frontage miay be described as miscellaneous.

In an analysis of the accommodations of the port
of New York for water carriers in relation to rail-
roads, warehouses, and the active business of the city,
dealing ‘With the North River south of Seventy-second
Street, and the East River south of Forty-fourth
Street, it was recently shown by Mr. W. G. Wilgus
that fourteen of the piers are devoted .to railroads,
exclusive of ferries; thirteen piers to the accommoda-

WELDED WIRE CLOTH AND CONCRETE SYSTEM OF FLOORING USED IN THE FLOOBB OF THE NEW

CITY DOCKS,

and by some of the leading steamship companies.
Particular credit is due to the German and other for-
eign steamship companies for the handsome docks
which they have built during the last decade along
the Jersey shore of the Hudson River at Hoboken.
The Department of Docks also has reason to be proud
of -the long; stretch of new docks and pier houses ex-
tending north from Christopher Street. The size of
these last-named piers, and the excellent character of
the double-deck sheds erected upomn them, are fully
commensurate with the dignity of the great port of
New York.

‘We present illustrations of Pier 56, one of several
now being built by the Department. It is 100 feet wide,

825 feet long, and is covered for its whole width by a

two-deck steel-frame pier shed of absolutely first-class

in slab flooring. To guard
against such movement, the
Clinton wire cloth is welded
at every. intersection. This
has the double advantage of preventing movement of"
the wires upon one another, or movement of the whole
mesh within the mass of inclosing concrete. The
combination of concrete deck, floor, and roof with
walls of struqtufal steel covered with corrugated iron,
provides an absolutely fireproof construction, and this
fact, taken with the broad dimensions and lofty head-
room of these piers and sheds, renders them compara-
ble with the best construction at the first foreign
seaports.

The last repori: of the Bureau of Construction and
Repair, dated September 10, 1908, shows the vessels
building for the United States navy to be in the fol-
lowing state of completion: Of the new battleships,
the “South Carolina,” building by William Cramp &
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‘This view represents one of several new piers built.by the:Dock Department. :They are 100 feet wide by 800 feet long. The pler_sheti‘g, constructéd of steel and armored. concrete, are thoroughly fireproof.

NEW PIER SHED OF PIER 57, BUILT AND OWNED BY THE CITY.

tion of foreign steamships; twenty-three piers are
used for coastwise, river, and Sound lines; twenty-
two for ferry purposes; and fifteen for mumclpal pur-
poses.

It must be confessed that - much of the-pier-and dock
construction of the city falls lamentably ‘below the
standard for a port of the vast importance of New
York. This is particularly true of the older docks,
ferry houses, pier sheds, etc., bujlt at a time when
capital was not so plentiful, and ‘engineering construc-
tion was hampered by considerations of economy. The

construction. "The substructure of the pier is of the
prevailing type in New York harbor, bemg carried
-upon piling driven into the silt of the river bottom
to a firm foundation the piling being heavily cross-
braced in both directions. The lines of piles down
the sides of the dock are cut sufficiently lower than
the piles under the body of the dock to allow, of the
placing of a side cap. Above the piles are placed the
cross caps, and above these again are the rangers, or
stringers. On .the stringers are laid two thicknesses
of creosoted 'planking. This is followed by a layer of
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Sons, was 58.1 per cent completed, and the sister ship
“Michigan,” building by the New York Shipbuilding
Company, was 65.1 per .cent completed. Of the two

" 20,000-ton. “Dreadnoughts, ”"the “North Dakota,” build-

ing by .the Fore River Shlp and Engine Building Com-

.pany, maintains its long lead over .the ‘“Delaware,”

building ‘by the Newport News Company, the “North
Dakota” being 50.1 per cent, and the “Delaware” 40.5
per cent completed. The five new destroyers are from

"20 to 49 per cent completed, and the seven new

submarines -from 46.8 to 55.7 per cent complef:ed.
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RAILWAY TERMINALS

It is a curious anomaly that the leading city in the -
United States should, at the present time, have but
a single trunk line terminal station within its bor-
ders; yet it is a fact that of -all the great systems, the
New York Central & Hudson River Railroad Company,
alone, is in a position to run its trains directly into

Scientific American

dertakes work of the kind, the total estimated cost
of the approaches, tunnels, and station, etc., being
between ninety and one hundred millions of dollars.
The tunnel section of the scheme has been handled
in a previous chapter on Tunnels and Subways, and
the present article will be given up mainly to a de-
scription of the great terminal yard and station.

The excavation for the new Pennsylvania terminal
station as originally planned had a total width of
about 500 feet and an extreme length of slightly over
2,000 feet. Roughly, it included four large city blocks.

409

ture which forms the subject of our engravings
is being erected, It has a frontage on the avenues
of 433 feet, and on the streets of 774 feet, the
sides of the building forming a perfect parallelogram.
Below the surface of the street, and within the area
covered by the building, the station will be divided
into three levels, on the lowest of which will be the
tracks at a depth of 40 feet below street grade.

The question of the architectural treatment of a
building of this magnitude, and to be used for this
special purpose, was one that called for the most care-
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the city itself, the trains of the New York, New Haven
& Hartford Railroad entering the same terminal under
a rental agreement over the New York Central’s
tracks. The insular position of the major portion of
New York city is responsible for this condition of
affairs, the broad waters of the Hudson River having
served, up to the present time, as an effectual barrier
to prevent the other trunk roads from building their
terminal stations on Manhattan Island. The most
important of these, the Pennsylvania Railroad Com-
pany, after seriously considering the construction of
a large railroad bridge across the Hudson with such

VIEW OF THE STATION ON A LINE RUNNING EAST
Much additional space was subsequently included for
the accommodation of a power plant and the tunnel
approaches to the station. The present site, which
has reached the total area of 28 acres, is bounded by
Seventh Avenue on the east, Tenth Avenue on the
west, and on the north and south respectively by
Thirty-third and Thirty-first Streets. The whole of
this area will be covered at the lower level by the
station tracks. At the easterly end, the tracks con-
-verge from twenty-one to four, and they extend be-
neath New York city, two of the tracks below Thirty-
second and two below Thirty-first Street, ultimately

AND WEST.

ful consideration, and New York city is to be con-
gratulated on the fact that the Pennsylvania Railroad
~Company were ‘willing to forego the opportunity to
erect a huge office building above the station site, and
preferred to memorialize its entrance into New York
city by the erection of a magnificent and purely’ classic
structure, commensurate with the importance of the
company and the dignity of the-great city in which
it has at length found a fitting terminal.
The architectural design of the entire exterior is a
Doric colonnade 35 feet in height, surmounted by a
low attic, the average height of the elevation being
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‘Length of stationbuilding, 774 feet ; width, 433 feet ; 69-feet in height. “The handsome fagade is faced with granite.

VIEW OF THE

agsistance as it might be able to get from its smaller
rivals, .finally decided to carry its lines into Manhat-
tan Island by tunnel instead of by bridge, and to
build a large terminal station of sufficient capacity
to handle the present traffic of the road and allow a
.considerable margin for future development.

PENNSYLVANIA RATLROAD TERMINAL STATION.
The work of building a Manhattan termipal station
and the necessary connections was planned on the in-
variably generous scale with which this railroad un-

NEW. PENNSYLVANIA TERMINAL STATION FROM SEVENTH 'AVENUE.

passing in four separate tubes under the East River
to Long Island City. At the westerly end, the tracks
converge to two tracks, which pass beneath the North
River in two-separate steel-aind-concrete'tubes.

From what has been said above, it will be seen that
the site of the station and yard is intersected by two
important thoroughfares, namely, Eighth Avenue and
Ninth Avenue. Eighth Avénue divides the site into
two equal portions, the westerly half constituting the
station yard, while the easterly half constitutes the
station proper; and here it is that the imposing struc-
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69 feet. In the center -of the building, however, in
order to accommodate the great waiting room, the roof
of the structure reaches a height of 153 feet.
unusual extent of the building in area and its general
type are suggestive of the great baths of ancient
Rome; in fact, the architects of the building, McKim,
Meade & White, took the baths of Caracalla, which,
are still magnificent in their ruins, as the inspiration
of this architectural plan. The dignity and beauty
of the building are enhanced by the contrast of the
lofty ‘“‘skyscraper” buildings \of the vicinity; and when

"The -
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the structure is completed, the eye will turn with a
sense of relief from the exaggerated perpendicular
lines of the modern office building to the long, low
perspective of this station, relieved at its mid-length
by the lofty walls and roof of the waiting room. The
exterior construction is of pink Milford granite, simi-
lar to the building stone of the Boston Public Library
and the Uni-’
versity Club in

Scientific American.

enth and Eighth avenues. From the baggage room
trunks will be taken to the tracks below by motor
trucks and elevators. Cab-stands will also occupy
this level.

The passenger, after securing his ticket,' checking
his baggage, etc.,, passes through between the smaller
waiting room entrances onto the great station con-
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also be made, in due time, with the proposed subway
station of the Hudson Companies’ subway running up
Sixth Avenue from the North River tunnels of that
company. The northern: side of the station, parallel-
ing Thirty-third Street, will be assigned to the sub-
urban service of the Long 1sland Railroad. The third
level, which will be at a depth below the surface of

the street cor-

New York. This
is a partic-
ularly effective
structural
stone, and its
soft shades of
color are de-
cidedly pleas-
ing to the eye.

The main en-
trance to the
station for foot
passengers will
be at the cen-
ter of the Sev-
enth Avenue
facade and op-
posite the in-
tersected end
of Thirty - sec-
ond Street.
Once inside the
building the

responding to
the height of
an ordinary
four-story
building, will
be entirely cov-
ered below the
station build-
ing with twen-
ty-one parallel
tracks and
their respec-
- tive ‘platforms.
Within the sta-
tion area, cov-
ering 28 acres
of ground
space, there
- will be 16 miles
of .tracks. A
trackage area
of this amount
will afford am-
ple facilities

passenger will
find himself in
a noble arcade, .
45 feet in width and 225 feet in length. On either
side will be shops where will be displayed wares suit-
able to the needs of the traveler. At the further end
of the arcade the intending traveler will pass the
entrance to two large restaurants, one to the left, the
other .to the right, and will then find himself at the
head of a broad flight of stairs leading down to the
floor of the general waiting room. This vast hall will
be 103 feet in width, 277 feet in length, and will have
a clear height from floor to ceiling of 150 feet. Within
its spacious walls will be located ticket oﬂices,’p_arcel
rooms, telegraph and telephone offices, and baggage
checking windows, all so disposed that a passenger
may proceed from one to the other jn their logical
order. Adjoin-

ing the gen-

VIEW OF THE NEW GRAND CENTRAL STATION FROM -FORTY.SECOND STREET.

course, an iron-and-steel-covered area over 100 feet
wide, which extends across the entire width of the
building. Crossing the concourse he will be confronted
by a series of gates, bearing signs announcing the
destination and time of departure of the trains on the
various platforms below at the track level.. The con-
course and the adjacent areas are open to the tracks,
and together they form a great courtyard 340 feet in
width by 210 feet broé.d, roofed in by a lofty trainshed
of iron and glass similar in design to the famous train-
sheds of the new stations in Frankfort and Dresden,
Germany. In addition to the entrances to the con-
course from the waiting room, there are also direct
approaches from Thirty-first Street, Thirty-third

. for the -easy
movement by
electric power

of the many hundreds of trains per day that

will use this station. Through trains from the

West, after discharging passengers, will proceed at

once to Long Island City, where the main train yard

and terminals will be located, thus leaving the station
tracks clear 'of any idle equipment. In like manner,
the westbound through trains, which will be ‘'made up
at the Long "Island City terminal, will pass through
the station, stopping only to take up their quota of
i)assengers. The suburban service of the Long Island
Railroad will be operated on the “shuttle” plan., The
planning of the station, with its numerous entrances
and exits independent of each other, and separating
the incoming from the outgoing throng, was worked
out to facili-
tate, in "great-

eral waiting
room on-the
west will be
two subsidiary
waiting rooms,
corresponding
in their rela-
tion to the
main hall to
the two restau-
rants. Each
waiting room
will measure -
58 x 100 feet.
One of these is
reserved for
men, the other
fcr women, and
each will bs
provided with
every conveni-
ence for com-
fort. The en-
trances for car-
riages will ba
by way of pa-
vilions located
at the corners
of Thirty - first
and Thirty-
third Streets
and Seventh
Avenue. The
carriages will
descend on a
slight gradient -
untii they
reach the level

est measure,
the prompt and
uninterrupted

" movement of
the traffic. The
exposure. of the
building on all
four of its
sides to main’
arteries of
street traffic
gives the plan
a flexibility
which is rarely
obtainable and
also insures
easy connec-
tions by under-
ground sub-
ways. with the
future exten-
sions of the
city’s rapid
transit system.

_ The station
will probably
be opened for
service early
in 1910.

NEW GRAND
CENTRAL
TERMINAL
STATION.
Of equal im-
portance to the
Pennsyl-
vania terminal

of the station
proper. En-
trance will be
had by the
Thirty - first
Street incline,
and the carriages will leave by the Thirty-third Street
ascent as an exit,

To the east of the general waiting room is the main
baggage room with its 450 feet of frontage. The bag-
gage will be delivered and taken away by a special
subway, 30 feet wide, which will ‘extegd under and
along the entire length of Thirty-first Street and Sev-

The grand concourse on the upper floor will be 160 feet wide, 470 feet long, and 150 feet from floor to roof. To the right will be the entrance gates to the express tracks.
On the lower floors will be waiting rooms, ticket booths, etc , and the loop and stub tracks for the local trains.

SECTIONAL VIEW OF THE NEW CRAND CENTRAL TERMINAL STATION,

Street, and Eighth Avenue. Below. the main con-
course, and located between it and the traclis below,
is a sub-concourse, 60 feet in width, which .wiil he
used for exit purposes only. From the sub-concourse
staircases' and inclines will lead to the streets and
avenues and to future rapid transit stations under
Seventh or Eighth Avenue. Direct connection may
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above described
is the recon-
struction of the
terminal sta-
tion of the New
York Central
& Hudson River Railroad Company at Forty-second_
Street, familiarly known as the Grand Central.. Briefly
summarized, this work includes the removal of the
old train shed .(which was done a few months &ago);
the pulling down of the present terminal and office
huilding; a great enlargement of the present station
yard. and its excavation to an average depth of about
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“40 feet below the old level, the

American

Scientific
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work involving the removal of over
2,000,000 yards of material; the
erection of new terminal buildings
and offices on a greatly enlarged
scale; and the electrification of
this terminal and the main line of
the road for thirty-five miles out
from the city. Incidentally, this -
work has also imvolved the elec-
trification of thé main line of the
New York, New Haven & Hartford
Company, whose trains enter the
Grand Central station, from Stam-
ford, thirty-five miles-distant, to
the junction of that company’s
lines with the New York Central
system, at WoodTawn.

The station building proper, to- -
gether with - the general offices of
the company and the post office and
express buildings, will cover the
blocks lying between Vanderbilt
and Lexington avenues from Forty-
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arched and domed roof of the con-
course will extend entirely across
the full width of the station build-
ing, a distance of 300 feet, or from
Vanderbilt Avenue to Depew Place;
"but the concourse fioor will be car-
ried < westerly under Vanderbilt
Avenue for a distance of 170 feet.
Back of the concourse, and located
under the broad approach on Forty-
second Street, will be the ticket
booths and main waiting room,
which will have twice the area of
the present one. Surrounding it
will be several retiring rooms,
telephone and telegraph booths, and
the various other conveniences of
a modern station. Back of the
waiting room will be a large res-
taurant. "Across the northerly end
of the concourse will extend the
customary line of gates admitting
to the express platforms. -Beyond
the gates will be located no less

fifth to Forty-third Street, inclu-
sive, and the -block fronting on
Forty-second Street between Van-

This view shows on the rlght the present level of the 0ld etation yard ; on the left the lower and upper levals of

the new yard, and the new Post Office building, whose architecture corifosrms to .
that of the new station buillding.

than thirty-four stub tracks, with
broad platforms between them, the
average width being about 16 feet,

“:

The completed portion of new yard.

The new Post Office,

Site of the train sheds

GENERAL VIEW OF THE NEW YORK CENTRAL YARD, SHOWING PRESENT CONDITION OF WORK.,

derbilt Avenue and Depew Place. The main archi-
tectural features are govermed strictly by the ground
plan, the dominant architectural elements being deter-
mined im every case by the structural engineering
necessities of the station. The southerly facade will
stretch for 300 feet on Forty-second Street, and the
westerly facade, imcluding the broad approach on
Forty-second Street, will reach for 680 feet on Van-
derbilt Avenue.
Fdrfy—ﬁfth Street, 400 feet on Lexington Avenue, 275
feet.om Forty-fourth Street, and 260 feet on Depew
Place. The southerly half of the building incloses. the
station proper, this portion extending as far morth as
the northerly side of the great arched roof, seem in
our sectional view. The northerly part of the building
is given up to the offices of the company.

The imposing main entrance to the. station om
Forty-second Street is composed architecturally of
three massive arches, each 33 feet wide and 60 feet im
height. QOn entering, the passenger will find himself
oR a broad gallery, which runs around three sides of
the grand concourse. .From the gallery, passengers
will .descend by broad staircases to the floor of the
grand concourse, which, by the way, is considerably

The building will extend 625 feet on .

the largest of its kind in the world. Its width is 160
feet, its length 470 feet, and the height from the floor
to the top of the domed roof is 150 feet. The moble

extra space belng provided, in order to avoid the
excessive crowding which is such a troublesome
feature under existing conditions. Of these thirty- .

eronAs peed
|RON WORNS

VIEW OF PORTION OF THE HUGE EXCAVATION FOR THE PENNSYLVANIA TERMINAL, SHOWING
BAGGAGE SUBWAYS.
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VIEW OF THE SUBSTRUCTURE OF NEW PENNSYLVANIA TER-
MINAL STATION, SHOWING THE CONVERGENCE OF THE
YARD TO THE TUNNELS LEADING TO LONG ISLAND.

four tracks, the westerly eight or ten will be reserved
preferably for incoming trains, and the arriving pas-
senger, on passing through the gates onto the con-
course, will find himself opposite a large cab stand,
and with conveniences right at hand for securing his
trunk and driving away with it with as little delay as
possible. In addition’ to leaving directly by cab, he
has the choice of four other means of exit from the
station; for he may pass by a covered walk directly
to the Subway, ‘or by a 25-foot stairway to the con-

“course gallery and so to the street, or he can pass out
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to Madison Avenue and Forty-third Street by a covered
subway, or.crossing the concourse, he may leave by
another covered subway to Lexington Avenue. It will
be understood, of course, that the thirty-four tracks
extend the full width of the concourse, the most east-
erly track abutting on Depew Place and the most
westerly on Vanderbilt Avenue, and this, of course,
necessitated some careful
engineering work in sup-

Scientific American

at least one hundred per cent by the great enlargement
of the station yard. One of the most serious obstacles
to a further increase in the number of passenger
trains under existing conditions, is the fact that the
storage yard for express trains is at present located
at Mott Haven, and every express -train that enters
New York has to make the trip through the tunnel

‘on the top and sides of the rail.

DrecemMBER 5, 1008.

third-rail direct-current system. The third rail is car- -
ried on brackets supported on extensions of the ties,
the contact rail being under-hung, and the shoes on
the électric locomotive bearing against the under side
of the rail, which is protected by wooden sheathing
This sheathing has
been found to afford not only a most excellent safe-
guard to employees and
foot passengers, but has

porting above these tracks
the immense weight of the
northerly kalf of the sta-
tion building, containing -
the company’s offices. Care
has been taken to so ar-
range the supporting col-
umns that none of them
shall interfere with the
passenger platforms.

The plans for the new
station involved, as an -ab-
solute prerequisite to suc-
cess, that the suburban
travel should be entirely
separated from the ex-
press; and it was consid-
ered that the best way to
insure this was to place
the suburban tracks below
the express tracks and
provide a suburban con-
course, waiting rooms, and
other conveniences on this
lower level. Moreover, it
was decided that, with a
view to further separating

proved to be an excellent
construction for prevent-
ing clogging of the rail by
snow and ice in the win-
ter time. The long Qis-
tance trains are operated
by electric locomotives of
about 2,300 rated horse-
power which weigh 100
tons. They have proved
to be capable of handling
the heaviest express trains
of the system with a con-
siderable margin of power
to spare. The local trains,
operated by the multiple-
unit system, have shown
in actual service a great
advance on the old steam-
operated trains on every.
point of comparison. Cur-
rent is generated in two
identical power stations,
one at Yonkers, and. the'
other at Port Morris.
When the complete plant
has been installed each

i

the two classes of travel,
separate entrances and
exits should be provided,
so that the suburban pas-
sengers could enter or leave the lower Ievel from
the street or the Subway without meeting the long-
distance travel. Access to the suburban tracks and
station is obtained by gradually depressing the two

outside tracks in the entramce tunnel below Park Ave-

nue until they reach the lower level. In the rush
hours the suburban trains will pass into the station
and around a loop which will extend beneath the res-
taurant on the express level, the trains passing out
again without breaking bulk. - Toward the close of
the rush hours, alternate trains will discharge their

passengers from the series of seven stub tracks, which -

occupy the train space within the loop and in front of
the suburban concourse. Trains will be stored here
and in the station yard until the evening rush hour,

The locomotive, which weighs 100 tons, can develop & maximum of over 8,000 horse-power.

STARf OF THE FIiB.S'.l‘ ELECTRIC TRAIN FROM THE NEW YORK CENTRAL STATION.

four times, twice in entering and leaving the station
with passengers, and twice in making the round trip
to the yard for cleaning purposes. With the enlarged
area of yard provided in the new arrangement, the
storage of express trains will take place at Forty-
second Street, and the tunnel will be relieved propor-
tionately. The excavation of the yard involves, as we
have noted above, the removal of over 2,000,000 cubic
yards of material. The express and local service will
be separated, the former using the upper and the
local the lower deck of the station. The upper level
will be depressed some 15 feet below the present yard
level, and Park Avenue and the various cross streets
will be carried over the yard on steel viaducts.

The New York Central lines are operated on the
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station will have a ca-
pacity of 40,000 horse-
power, and each has suffi-
cient capacity to qperate
the whole system The plant was built in duplicate,
with a view to having a complete reserve plant at
command in case of breakdowns. The whole of the

-equipment of New York Central lines was built by the -

General Electric Company; and they are to be con-

.gratulated on the fact that from the very inception

of the service it has been operated with a remarkable
freedom from breakdowns or interruptions of any
kind.

The equipment of the four-track road of the New
York, New Haven & Hartford Railroad Company from
Stamford to Woodlawn possesses unusual interest
from the fact that this represents the first attempt
to operate a heavy trunk railroad by the alternating
current. Among the theoretical advantages of this

system over the direct-current system, is the fact

that sub-stations are done away with, and their
heavy expenses due to initial cost and the mainte-
nance of skilled staffs of operators are saved. The
current is generated at a power station located at

" Cos Cob, and is delivered to the overhead line at

11,000 volts. Each locomotive carries its own trans-

formers, of which there are two to each locomo-

tive. This adds greatly to the weight, which reach-

es the high figure of 95 tons for a rated horse-power

of about- 1,000. An interesting feature of these

machines is that they are arranged to take either

single-phase current from the overhead lines or

direct current from the third rail. The overhead
(Continued on page 417.)

THE OVERHEAD LINE OF THE NEW YOR , NEW HAVEN AND
HARTFORD RAILROAD, WHICH CABBIES 'CURRENT

AT 11,000 VOLTS.

when they will be switched out into service again.
Provision is made at the inner end of the loop for
connection direct to the tracks of the Rapid Transit
Subway below Fourth Avenue; and it is a. fortunate
circumstance.that the Chief Engineer of the Subway,
by moving the two tunnels below Park Avenue over
toward the curb line, made provision for this con-
nection with the New York Central system, although,
at that time, the New York Central Company was not
disposed to consider any such connection. :
In conclusion, it should be mentioned that the.ca-
pacity of the Park Avenue tunnel has been increased

Weight, 95 tons. Horse-power, rnted. 1,000. Two locomotives ate coupled up for the opetatioxi of express trains,

THE NEW HAVEN RAILROAD ELECTRIC LOCOMOTIVES,

© 1908 SCIENTIFIC AMERICAN, INC
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FREIGHT DISTRIBUTION
' BY SUBWAY

The city of New York contains within its cramped
. area 5 per cent of the nation’s population, produces
11 per cent of the manufactured products, and serves
as an outlet for nearly one-half of the country’s for-
eign commerce. Stated more in detail, this means
that the imports and exports alone, which in 1907
passed through the city, amounted to 13,000,000 tons,
valued at $1,600,000,000. According to testimony given
before the New York Commerce Commission in 1900,
the annual tonnage of all kinds exceeds 100,000,000.
One would suppose that for the handling of this huge
amount of freight the most efficient and splendidly
equipped transportation system would be found in the
metropolis of the western hemisphere. As a matter
of fact, probahly no large city of the world handles
its freight so clumsily and expensively as this same
metropolis. At present the New York Central and
Hudson River Railroad is the only line that has direct
rail access to Manhattan Island, and there have been
repeated attempts
in recent years to

Scientific American

thoroughfares laid out for five-story buildings and
gorged with the outpourings of twenty-story structures.
Anyone who has ever seen West Street, South Street,
and Broadway on a week day can realize that the
conditions pictured are not exaggerated.

The cost of handiing the 23,200,000 tons of freight
brought into and shipped out of New York city by
railways and steamships is enormous. With the ex-
ception of that portion of the New York Central’s
tonnage which is drayed to and from its terminals, all
railroad freight requires lighterage and break of bulk
at the waterfront. The cost of lighterage varies from
83 to 88 cents per ton. The cost of cartage.on city
streets varies from 60 cents to $1.25 a ton, depend-
ing on the haul and the character of the freight. 1t
is not astonishing that in a single year the merchants
of the city of New York pay $33,570,000 for hauling
23.200,000 tons of freight through the streets.

With the available water frontage on the commercial
portion of Manhattan Island incapable of enlarge-

.ment, and with an urgent demand by the water car-

riers for more room, some method of land cartage
must obviously be devised that will decrease rather
than increase the need for railroad space on the water-
front.” Mr. William J. Wilgus, an engineer whose wide
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shipment of freight is to be made at remote points
where space is less congested and costly than along
the waterfront. The subways are to be of such dimen-
sions that they will.be able to handle at least 90 per
cent of the commerce of lower Manhattan Island,
and that, moreover, with but one change of bulk at
points remote from the congested portions of the city.
A special type of standard-gage car is to be used for
steep grades, curves, and for elevators in the shipping
and commercial districts. The type of car to be used
is to have sufficient capacity to accommodate the larg-

. est package of merchandise and still economize space,

80 as to permit the delivery of cars directly to the.
water carrier, merchant, and manufacturer, free from
contact with the surface of the city streets and re-
moved from the expenses, uncertainties, and delays of

- harbor navigation. Such a car can run on the tracks

of connecting trunk lines, over which it can be sent
to points at a considerable distance from New York.
Elaborate as such a system of subways must neces-
sarily. be, Mr. Wilgus claims that it will not prevent
the construction of future subways nor interfere seri-
ously with sewers. The streets will be cleared of the
boxes and bales that obstruct the sidewalks. As the
accompanying illustration -shows, the relief of the
marginal way
from trucking

abolish the termi-
nals of that roa¢
within the city
and to compel it
to devise other
means of han-
dling the 5,000,-
000 tons of freight
that now enter
New York at
Spuyten Duyvil,
Because the New
York Commerce
Commission and
the New York
Chamber of Com-
merce have laid
down a policy
which forbids an
increased use of
waterfront space,
any attempt to
utilize the waters
around New York
ingstead of the
railway men-
tioned would be

frustrated.
Freight is now
brought to New

York city by the
transatlantic and
coast steamship
lines, by several
railways which
terminate on the
New Jersey bank
of the Hudson
River, by the
New York Cen-
tral freight line
with yards lying

will render the
thoroughfare
along the water-

_ front available
for an elevated
passenger railway
and for light
vehicular traffic
betwéen the busi-
ness and residen-
tial sections of
the island.

Mr. Wilgus
places the approx-
imate cost of such
a system between
a minimum of
$80,000,000 and a
maximum of
$100,000,000. If
the plan is carried
out, he believes
that it will solve
the West Side
problem; that it
will . relieve the
streets of their
present dense
traffic; that it
will render Man-
hattan Island di-
rectly accessible

" to all shippers
who use the rail-
roads; and that
it will release
docks and piers
from railroad
uses and permit
the expansion of
legitimate water-
carrier ‘traffic.

s
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within the city
and in the Bor-

ough of the
Bronx.
The steamship

lines loaded and
unloaded 9,400,000
tons of freight on
New York or New Jersey docks in 1906-1907. A por-
tion landed in New Jersey and intended for New York
had to be brought across the Hudson River and
carted off; another portion, landed in New York and
intended for other cities, was unloaded and ferried
across the Hudson to the railway terminals on the
Jersey shore; and a third: portion was carted to the
New York Central freight yards for further shipment.

The reverse process was earried out when goods were

shipped out of the city by steamer.

The freight which arrives at the railway terminals
on the Jersey and Long Island shores and which is
"intended for New York must be brought across the
river in car?feri'yboats and eventually distributed by
drays. :

- All the freight which is brought to the city by the
New York Central lines terminating in the Borough
of Manhattan is cumbrously and expensively conveyed
in trucks. There is also a large amount of merchan-
dise “which is similarly carted to the steamship lines
and to the New York Central freight yards for ship-
ment to other points. All this unloading, carting, and
loading again has resulted in packing the business
streets of New York with a dense mass of vehicles,
¢ach crawling to its destination as best it may in

be nsed more or less exclusively for legitimate purposes.

experiénce in adapting the New York Central’s pas-
senger terminals to the ever-growing needs of the city
has admirably equipped him for the task, has made
a painstaking study of this peculiar problem, and
offered to the Public Service Commission, on behalf
of the Amsterdam Corporation, a solution which appar-
ently secures the benefits of rail connection not only
with the New York Central’s freight terminals, but
also with all the other railroads now terminating on

New York spent in the year 1906 to 1907 about $37,000,000 for carting freight through its streets to and from steamship docks and railroad terminals. This system
of subterfanean cartage subways, with a railway belt tunnel extending around the city and communicating with the steamship docks and with
the railway terminals lying both within the city and along the New Jersey shore, is designed to handle 90 per cent of
this freight at a small cost, 80 as to leave the streets clear and allow the waterfront to

" PROPOSED SYSTEM OF FREIGHT SUBWAYS FOR NEW YORK CITY,

the New Jersey side of the Hudson River and in-the -

Borough o\t the Bronx. Moreover, he has devised an
improved method of distributing freight, whereby

mo ~

the time for delivery is lessened, the present high

terminal charges reduced, and the harbor and the
city streets relieved of congestion. Briefly stated,

‘Mr. Wilgus proposes the construction of a system of

cartage subways which will tap both sides of the
principal business streets below Forty-second Street,
and which will be surrounded by a high-speed belt line

connected with railroads terminating on the west side
of the North River, with the Sixtieth Street yard of

the New York Central on Manhattan Island, and with:

the railroad terminals in the Bronx. Provision is also
made for tunnel extensions to Long Island City and"

Brooklyn and along the Jersey waterfront. The trans-

© 1908 SCIENTIFIC AMERICAN, INC

The present
congestion is
causing a grad-
ual decrease of
the city’s.rate of
growth, and we
are undoubtedly
confronted with
the necessity of improving transportation facilities if
New York is to hold its pre-eminent position. In 1899
the foreign commerce of the port of New York was
50 per cent of the total for the United States; last
year it was but 45 per cent. Similarly, the value of
production has fallen from.12 to 11 per cent of the
national total. From these data it must be concluded
that any improved method of freight transit is worthy -
of serious consideration, particularly since the first
requirement of this great port is ample space for the
accommodation of water carriers in close relation to
railroads, warehouses, and the active business dis-
trict of the city.

s s

The Abrasive-Resisting Qualities of Conveyer Belts.
—Strips of seven materials, mounted on a board and
subjected to the uniform action of a sand blast for 45
minutes, show the following relative abrasive-resisting
qualities, rubber belting being taken as the standard:
Rubber belt, 1; rolled steel bar, 0.66; cast iron, 0.28;
balata belt, including gum cover, 0.2; woven cotton
belt, high grade, 0.16; stitched duck, high grade, 0.13;
woven cotton belt, low grade, 0.06 to 0.11.—T. A. Ben-
nett, in the discussion of papers on Conveying of Ma-
terials, read at the Detroit meeting of the A. S. M.. E.
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THE CATSKILL WATER SUPPLY.
(Continued from page 396.)

in height and 1714 feet wide, which will
be built partly by the cut-and-cover
method and partly in tunnel. It will ex-
tend to the westerly bank of the Hudson
River, which will be reached at a point
between Cornwall and West Point. Origi-
nally it was the intention to carry the
aqueduct below the Hudson River at New
Hamburg; but the preliminary borings
at this and other sites proved that it
would be difficult to find a rock suffi-]
ciently clean from fissures and other im-
perfections. An examination of various
sites by geologists led to the ultimate
selection of the crossing near Cornwall,
where it was believed that a thoroughly
sound and suitable rock would be found
at a depth not too prohibitive. The aque-
duct passes through the mountains and
reaches the westerly shore of the Hudson
River at an elevation of 400 feet above
tide level. Here a vertical shaft will be
sunk to a depth of probably not less than
700 feet below the river surface, or 1,100
feet below the level of the aqueduct. In
the bottom of the shaft a tunnel will be
driven horizontally beneath the river to
connect with another vertical shaft of
practically equal depth on the easterly
bank of the river. From this point it
will be constructed through the moun-
tains until it reaches the new Croton
reservoir. Here connections will be made
to enable the water to be drawn directly
from the Ashokan reservoir into the
Croton reservoir, with a view to aug-
menting the Croton supply until such
time as the aqueduct from Ashokan to
New York city shall have been completed.

From the Croton reservoir the -aque-
duct will be continued south to Kensico
reservoir, which will be enlarged to in-
clude Rye Pond and will form an auxili-
ary storage reservoir at an elevation of
355 feet above mean tide, capable of con-
taining 25 billion gallons, or sufficient to
supply the city at the rate of 500 million
gallons per day for a period of fifty days.
About four miles south of Kensico, at
Scarsdale, there will be built a large fil-
tering plant, and at Hillview, six miles
to the south of this, will be another
storage reservoir. With these two auxili-
aries or emergency reservoirs provided,
the city will be secured against any sud-
den interruption of its supply through
failure of the 69 miles of aqueduct lying
to the north of them. By the construc-
tion of a tunnel of 200 million gallons
daily capacity below the East River,
Brooklyn and Staten Island will be pro-
vided with a supply of 100 million gal-
lons daily, and this aqueduct will termi-
nate in a large reservoir to be constructed
in Forest Park. From the point where
this tunnel reaches the shores of Long
Island, a line of 20 million gallons capac-
ity will be built through Brooklyn and
below the Narrows for the supply of
Staten Island.

-
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TUNNELS AND SUBWAYS.

(Continued from page 405.)
the shield it was customary to allow the
silt, etc., to pass into the interior of the
tunnel as the shield was advanced, and
take it away in cars. The Hudson Com-
panies’ engineers decided, however, to
try the plan of pushing the shield ahead
by displacement; that is to say, they
closed the doors in the front face of the
shield, and tried the experiment of push-
ing the shield bodily through the silt,
causing the latter_ to flow over and
around the tube by displacement. The
plan succeeded beyond expectations, and
the later work was all done by this
method.

One of our illustrations shows the way
in which the engineers overcame a seri-
ous obstacle, in the shape of a ledge of
rock, which projected from the river bot-
tom and covered the lower half of the
path through which the tunnel was to
be driven. To meet the emergency, a
heavy iron working roof was built in
front of the shield, and under this the

&
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125 E. 23d St., New York City

workmen were enabled to set up their
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drills and blast out the obstruction. At
the point of connection of the tunnel
tubes with the Subway tubes running
along- the Jersey shore, it became neces-
sary to work out the difficult problem of
operating the trains to their various des-
tinations without incurring dangerous
crossovers on tracks running in opposite
directions. The difficulty was solved by
running the pairs of tunnels at such
junction one above the other, and arrang-
ing the crossovers within huge double-
deck caissons of the type shown in the
illustration of this work. These caissons,
which are truly mammoth affairs, 45 feet
wide, 45 feet deep, and 1061 feet long,
bigger than anything of the kind here-
tofore constructed, are built of reinforced
concrete. The walls were first sunk to
the desired depth, the necessary openings
being left for connection with the tunnel
tubes. Then the floor, the intermediate
deck, and the roof were built, leavmg the
huge box-like structure ready for connec-
tion with the tubes and the laying of the
tracks. The construction is clearly shown
in our sectional view of the same.

The plans of the Pennsylvama Rail-
road Company for estabhshing a large

terminal station for their systen; in thel |

center of Manhattan Island, and connect-
ing it with their trunk line to the West

American
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and the extensive system of roads of the
Long Island Railroad Company to the
East, hag involved the construction of
subaqueous tunnels of even greater im-
portance than those of the Hudson Com-
, panies above referred to. Access to Man-
't hattan Island is obtained by two single-
:track tubes, and to Long Island by four
such tubes. As compared with the Hud-
@aon Companies’ tunnels, those of the
Pennsylvania Company are much larger,!
heavier, and more expensive to build. It
iwas considered at the very outset that
special strength and solidity would be
necessary to safely carry the heavy trans-
continental . traing of Pullman cars. "Ac-
cordingly, the tubes were made of an ex-
‘ternal diameter of 23 feet; and the seg-
ments were cast with an unusually heavy
shell and deep flanges amply provided
with bracing. The interior of the tube
.is lined with no less than two feet of
concrete; and, in addition to this, the con-
crete is carried up parallel with the sides
of the cars to the height of the window
sills, where a broad shelf, wide enough
to permit the passengers to walk in case
of a breakdown, is provided. This shelf
is formed integrally with the concrete
lining of the tunnel. In the preliminary
investigation of the problem, it was con-
sidered possible that the impact of the
heavy trains upon the floor of the tunnel
would tend to cause some settlement of
the tubes in the gilt in which they had

ThjeAHistor“y of EleVators

Tells the story of the phenomenal development of Manhattan Island.
"The upper section of the double page picture in the center of this maga-
zine shows the types of buildings used before commercial architecture.
had been appreciably affected by the elevator, there being then, with less
than 1,000 elevators in the city, no high speed lifts for both the passen-
ger and freight service such as characterize the elevator plants of today,
with over 21,000 elevators in service in the borough. The contrast be-
tween the four and five story buildings of the earlier period with the
skyscrapers of today is striking, both architecturally and as an example
of the remarkable results that have been accomplished, for modern
commercialism, in one line of engineering smce the pioneer efforts of
Elisha G. Otis towards the present end.

OTIS ELEVATOR COMPANY

Character of The lndependeﬂt

THE INDEPENDENT is an illustrated WEEKLY magazine,
Every issue contains an eight-page summary of the news of the -
week thruout the world, followed by illustrated articles and
editorials on subjects of current interest.
addition to tbose whose pictures here appear, include, among
others, Luther.Burbank, Alfred Austin, Bernard Shaw, Charles
‘M. Sheldon, Andrew Carnegie and Edward Everett Hale. To
read THE INDEPENDENT is to- keep mformed of the best that
is thought and done the world over ! :

Paradox Gias Engine |

Arealgasenginefor $2.50;

delivered prepaid in U. S.

or Canada $3.00, Attach
rubber tube to ordinary
gas burner and Yight at D.
Not for naturalgas.

% A Creat Yoy
&/ Asktoydealers. ersend for
circular to
Paradox Gas Engine Co.
Hartford, Conn.

The contributors, in

ERNEST L. RANSOME

CONSULTING CONCRETE
ENGINEER

New York City

Special Offer to New Subscribers

On receipt of two dollars, the regular yearly subscription
price, we will enter your name.on our list fourteen months
from the time your.order is received. Remember that THE
INDEPENDENT comes ﬁfty-two ﬁmes a year, and in this way.
you will get over sixty copies for about three cents each.

11 Broadway

Mason's New ’!'ateiit Whip Hoists

Faster than elevators; also hoist direct from teams,
saving handling, also electrio and power elevamrs.
age hand power elevators. Mason’s patent
friction pulleys and frlctlon clutch couplings, Manu--
factured by

VOLNEY W. MASON & COMPANY, Inc.
dence, R. I, U.8. A.
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130’FU‘LTON'STREET, NEW YORK

Hon, James Bryce

Copyright 1504
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soug and trim.
\ FExplanatory Booklet
\ and Samples Free.
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New-York, 306 Fifth Ave., 22 Maiden Lane;

Brooklyn, 504 Ful n St.; Boston, 228

Phila,, 1616 (.hectnnt St Chicago, 82

Agentsinall Prim:(pal Citdes.

Bo Iston St.;
te St.

ELEGTRIG ENGINE

With Battery
allreadytorun

Thisisa wondm-ml engine. It runs e!t.her baca-
ward or forward. 3,000 revolutions a minute-or as
slow as you wish. ill run all sorts of m cal
toys. Every boy wants one of these electric engines
and I will give you one if you will do a few minutes
easy work for me. Write me today and I will send
Yyou full particulars.

A. M. Piper, C, 64 Popular Bldg., Des Moines,la

SEXTANT

POCKET SIZE
Not a toy. Gives ac-
curate results in Sur-
veying, Navigation, etc.
Invaluable to those in-
terested in engineering.
Price $1.00

L. DUERDEN, = Port Washington, L. L., N. Y.
BABBITT METALS.—SIX IMPORTANT

formulas. BCIENTIFIC AMERICAN SUPPLEMENT 1123
Price 10 cents, For sale by Munn & Co. and all news.
dealers. Send for catalogue.

”” :
“Porox”” Ignitor Storage
BATTERIES
High Capacity. Light Weight.
Proved as tbe best for both igni-
tion and light. No loss of current.
Ir.atores and returns the power to
your machine. You can.see and
examine the interior without ex-
posure and d g. because it is
Np in transparent celluloid
0 danger of breakage like
nrd rubber. Pla.tes and jars are
guaranteed for one year.
Send for catalog.

Albert Muller, 145 West 48th St., New York

Wanted,ASpecialty

Wanted to manufacture a_specialty *
that can be cast in Brass or
Aluminum—either on a royalty
;4 basis or will purchase patent.
THE IDEAL BRONZE €O, Cleveland, Ohio

EECEEE
GASOL]NE ENGINES

Stationary-and marine; pumping engines com-
plete; electric light engines complete; ‘gaso-
line locomotives. Send for catalogs.

Oshkosh - - -  Wisconsin

TERMAAT @ MONAHAN CO.|

Is

Your
Patent

For Sale?

or do you wnb to enlist capital ot obtain a

partner? If so, we have something inter-
emngto say to you whereby you should

- be able to reach the proper parties at
small expense. For full information

Business Dept. Scientific American
* 361 Breadway, New York City

been driven; and, as a provision against
this, the original plans provided for sink-
ing hollow cast-iron piles through the
floor:of the tunnel to bedrock, and laying
the tracks upon a system of longitudinal
girders within the tumnel, which would
serve to transfer the trainloads directly
to the piles, and so relieve the tubes
themselves from all stresses due to live
loads. These piles were to be 27 inches
in outside diameter, with a shell 114
inches in thickness. After the tubes
had been driven, the satisfactory behavior
of the Hudson Companies’ tubes, which

‘| were built without any pile supports and
| bhave failed to show any settlement after

many months of operation, convinced
the engineers that the Penngylvania
tubes would be sufficiently stable without
the supporting piles; and, consequently,
this feature has been omitted. The tubes
were driven by the shield method, and
the work was pushed through without
developing any problems of a serious or
unusual character. The same may be said
of the building of the tunnels across
Manhattan Island, where the work con-
sisted for the most part of straight rock
excavation. - With a view to accommo-
dating the heavy future increase in sub-
urban traffic to Long Island, the com-
pany determined to build four separate
tubes beneath the East River. Because
of the difficult character of the material
encountered, the work on these tunnels

has been somewhat protracted, many|

blowouts having developed, necessitating
the construction of a false bottom to the
river above the heading of the tubes by
dumping in many thousand cubic yards
of material from scows. All obstacles,
however, have been overcome, and the
whole of this vast tunnel system will
have been completed before another
twelvemonth has gone by. The total
length of the run in tunnel from the por-
tal in Jersey City to the portal on Long
Island is 5.3 miles. The total length of

single-track tube tunnels under the two|

rivers is 6.8 miles, and the total length
of single-track tunnel under the land is
also 6.8 miles. The total length of track
in tunnels exclusive of the yard tracks
and the station will be 1614 miles.
Contemporaneously with the execution

of the above work, the financial interests

‘which are responsible for the operation
of New York city’s subways were engaged
in constructing a twin-tube tunnel below
Forty-second Street and the East River
from the Grand Central Station, Manhat-

tan, to Long Island City. The tubes are| -

similar in - dimensions and general con-
struction to those which form the con-
necting link at the Battery between the
Manhattan and Brooklyn Subway : sys-
tems: The tunnel was built under an old
franchise granted many years ago, and
it has been offered for purchase by the
city at a price of $7,000,000.

NEW GRAND CENTRAL TERMINAL
- STATION.

(Continued from page 412.)
trolley system consists, for each track,
of two steel messenger wires below which
is carried, by means of triangles of steel
tubing, the 384-inch copper trolley wire.

J|In the early days of the operation of the

system, difficulties developed, due to the
hammering of the collector shoes as they
passed the points of suspension of the
wire at the apex of the triangles. This
was cleverly overcome by suspending a
second wire below the first by means of
clips attached to the upper wire midway
between its points of suspension from the
triangle. The arrangement has provided
a system which combines great stiffness
with uniform ' flexibility of the trolley
wires; and the troubles of sparking,

| wear, and breakage have been practically

eliminated. - The electric locomotives,
which because of their short wheel base
were found to sway heavily at high

speed, have later been provided with end |

trucks of ingenious design, which have
completely eliminated thestrouble, and
rendered these locomotives as steady in
their running as a Pullman car. The
whole of this work was done by the

the broadest experience of its kind existing in a single
{ organization—twenty years of the actual running of electri-
cal utilities. i

L: * B I “HE Stone & Webster Engineering Corporation draws upon

< IE Forty properties, serving important communities with light, heat,

Its work is backed by the experience accumulated in the opera-
tion and development of these forty properties.

’;
"j4 power and transportation, are managed by the organization devel- i,
| oped by Stone & Webster. The Engineering, Constructing .
#£1 and Purchasing Arms of this organization constitute the Stone e
-, ; & Webster Engineering Corporation. ¥
| 3
‘ ;
f

We are prepared to design and to construct Water
Powers, Transmissions, Steam Electric Plants, Electric
Railways and Buildings, and to Electrify Steam Railroads.

Herring-Hall-Marvin Safe Co.
400 BROADWAY, N. Y.

Chicago, Ill.; Cincinnati, Ohio; St. Louis.
Mo.; San Francisco, Cal.; Seattle,
Wash.; Portland Oregon

Agencies in all principal cities
of America and foreign countries

America's Greatest Safe and
Vault Builders

Our large Engineering Depart—
‘ment 18 at your disposal for
special designs and specifications
“free of cost.

70 YEARS IN BUSINESS

Buildersofover 470,000 Fireproof Safes
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‘Westinghouse Company; and both they

and the New Haven Railroad Company

lare to be congratulated on having over-

come, in spite of many initial discourage-
ments, the inevitable -difficulties attend-
ing the execution of pioneer work, on
such a vast scale and under the stress
of traffic of one-of the busiest four-track
systems in the world.

In closing it should be mentioned that

' the results of operation of these two syé—

tems are claimed by the companies to
have been highly satisfactory. The num-
ber of train movements in the yard has

been greatly reduced, the Park Avenué| -

tunnel has been robbed of its terrors,
and even to-day, while the work of ex-
cavating the yard is in progresni the
trains ‘are being operated at this termma’i
with & regularity and. dlspatch whlch
has never been surpassed in the early
history of.the road.

PATENT CAUSES

INVENPORS are invited to communicate with |
Munn & Co., 361 Broadway, New York, or |
625 F Street, Washington, D. C., in regard
to securing valid patent protection for tbeir ine
ventions. Trade-Marks and Copyrights :
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Copyright Practice, both before the Patent
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Federal and State jurisdictions. :

A Free Opinion as to the prohable patenta- |
bility of an invention will be readily given to any
inventor furnishing us'with a model or sketch, and
& brief description of the devicé in question. All
communicatious are Strictly confidential. Our |
Hand-Book on Patents will be sent free on:
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Agit%ting and aerating apparatus,
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’ Air brake system angle cock W. Bernerd. . 305"5%2
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MOTORS FOE SALE.—Two 40 H, P. variable
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Animal trap, W. Sebelin..... eereeeasa s 906,008
Armor ex loding projectile, A. Wratzke.... 905 042
Ash handling apparatus, C. G. Armstrong.. 904,916
Atomizer, H. H. Mallory....coooeececcccnss 9050&1
Atomizer, invertible, T. A. De Vilbiss... 904,51
Auger, J. Moore......... . 904,79
Automobile canopy, E. T. Boblnson. cessesse 905,001
Antomobile transmisslon gear and casing, E. i
CGulick ceieiiieiien. ceeeseenss 904,774
Automobile transmisslon mec ism, M. O. Ny
Reeves' .i..... cenenea ... 904,728

Automobiles and like vehicles, generation,
control, and transmission of electric en-
' ergy, 'particnlarly for use on, A. H.
Midgley .....
Autosleigh, C<+ W,
Axle, B. W. Ber
Bag holder, W. L He! rric
Band, adjustable, H. Julich
Bandages, putting up antisept Lee.
Barrel packing machine, Vogt & Storck....
Battery grid, . Post & Morley...oceeeceaees. 904
Bed, invalid’s, E. A. Wible......
Bedstead corner fastening, G. A. Carlson...
Belt fastener, J. H. Woolliscroft........... 9
Belt thrower, D. A. Roderick:......... . 904,648
Beverages, making féermented, M. Waller- :

Binder, loose leaf, b Kellner, Jr ceeee 904,618
Bit brace, J. P. Bartholomew. ............. 904,501
Blower, H. E. Parsom.............0....... 904,804
Blowing engine‘and the like, C. N. Scott.. 905,108
Book, loose leaf, H. E. Hawkin ......... .. 904,777
Bottle case or trate, S. Becker............ 04,820

. 9
Bottle corking nachine, chlosser & Fisher.
el

Bottle or other receptable and stopper or :
cover for such receftacles, . Marles... 904,705
Bottle stoppering machine, W. S. Dorman.. 904,768
Box, E. A. G. Bierwith............... eie.. 904,67
Box saw guide, miter, C. H. Fox. ee.. 905,08
Brake, Mullen & Brennan........... .ee. 904,711

Brake, S. J. OakeS....ccccvueensn. . ,983
Brake indicator, air, 0. R. Snyder. . :
Brake mechanism, . H. Osborn........ ,890
Brake setting mechanism, W. A. Rideout,

Bread cutter, R. Andérson......
Brick kiln, 'W. Rennie...........
Brick yari dump, C. J. Anderson
Brush, J. Nelson....
Buckle, C. Meinhardt.
Buckle, back band; R. C.
Buckle, " eross line, E.. M. Bry
Building block and wall constructed
Ww. ghtman...
Building block mold, .
Building construction, ﬁreproof G. Escher
Burnishing machine, heel,”J.- O’Connell.....

Button fasténer, M. S.- Mason
Button, tufting, F. Colgan
Buttonhole finishing- machine, F. A. Read...
Cabinet, bin, C. ¥. -Kurz.....
Cabinet, lace, R. W, Irish..
Cable connector, J. D. Firmin
Clrclgatlng m;chine operating device, )
| 2

Caliper .gage, inside, Starrett & Adell.. 905,110
Camera stand, J., A. H. Hatt ....... .. 904,613
Candle, sulfur, Stoddart...... 904,733
Candlestick, W. ltephens ...... e 1 904,732
Candy machine, G, H. Laughl in............ 904,

Canned goods, apparatus for processing, R. ods
Car, 8. Otis, reissue. . . 12,889
Car and other-axles, for journal bearing, J’. :

B. Muhlfeld .....ccvococnvvnnnnnn 904,634
Car and other axles, tor journal bearing,

Mines & Mublfeld........ccceeveeceee.. 905,
Car .coupling, W. McConway 00000000 .. 904,712
Car cougiing, E. L. Janney, et al. oo ,078
Car dpof seal, F. Wing, reissue.......... 12,883
Car- fender, C.. Kleymeier................... 904,965
Car indicator, street, J. E. Anger.

Car, passenger, W. S. Twining.... 904

Car, passenger, L. T. Pyott..... .
Cdr pedestal, mine, J.. R. Roberts.
Car, push, G. C. Wartman

Car stake, logging, J. B. Dodge.. sevreseres

Free

Our new 48-page catalogue of books,
just published, in which will be found
complete descriptions of the following

ValuableandImportant Scientific Books

AGBIG'UI.TUBE;—The New Lgﬂcnlturo.
By T. Byard Collins. 12mé.; 374 pages‘
106 1llu$trations. ceeens .$2.00

LA popular outline of the many changes which
are revolutionizing the methods of farming, and the
habits of farm life. It is one of the most prac-
iﬁcn{ dtreatises on the- subject which has ever been
ssued.

ALCOHOL.—Industrial Alcohol. Its Manu-
facture and Uses By John K. Brach-
viogel . 8vo.; 528 pages; 107 illustra-
tions. ....... . viiiiii. oo B4

A practical treatise based on Dr. Max -Maercker’s
“‘Introduction to Distillation,’’ as revised -by Drs.
Delb uck and Lange, comprising raw material,
mashing and yeast preparation;, fermentation, dis-
tillation, rectification and 3nriﬂcation of alcohol,
alcoholometry, the value and significance of a tax-
free. alcohol, methods of denaturing, its utilization
for light, heat -and -power product: on, a statistical
review, ¢nd _the United States Jaw.

AMATEUR MECHANICS.—Home Mechan-
_ 'lcs for Amateurs. By George M. Hop-
kins. 12meo.;' 370 pages; 326 illustra-
tions. .
This is a ‘thoroughly practical book by the most
noted amateur -experimenter in America. It ap-
peals to the boy as well as the more mature ama-
teur. Holidays and evenings ‘can. be
ied by, making useful articles for t
ghe huilding of small engines or motors or scien-
tific. instruments. . -

msnu:ums.—'rno Scientific American
Boy. 'By A. Russell Bond. 12mo.; 317
pages; 310 illustrations.......... $2.00
This is a story of outdoor boy life, suggesting a
large ‘number of diversions which, aside from af-
fording entertainment, will stimulate in boys the
creative spirit. .In éach - instance complete prac-
tict:;llinptructions are given for building the various
articles.

DIES.—Their Construction and Use for the
Modern Working of Sheet Metals. By
Joseph V. Woodworth. ~8vo.; 384 pages;
505 illustrations. .00

A most usefu]l book, and one which should be in
the hands of all engaged in the press working of
metals; treating on’ the designing, constructing, and
use of topls, fixtures and devices, together with
the manner in which they should be used in the
power press, for the cheap and rapid production of
sheet nietal articles.

n:.zcm:rcn'! —Electrician’s Handy Book.
By T. O’Conor_Sloane. 761 pages; 556
illustrations. 'Hansomely bound in red
leather, pocket-book style.........$3.50
This work is intended for the practising elec-
trician who has to make things go. Although the
principles of electricity and magnetism are treated
the greater part of the book is devoted to prac-
tical handling of machinery, details of construc-
tion, and computations such as will be encountered
in every-day practice.

GAS ENGINES.—Modern Gas E: es and

. Producer Gas Plants. By R. Mathot
8vo.; 314 pages; 152 illustrations. .$2.50

A practlcal treatise setting forth the principles

fiesscccsseeae

-of gas engines and producer design, the selection

and installation of an engine, conditions of per-
fect operation, producer gas engines and their possi-
bilities, the care of gas engines and producer gas
plants, with a chapter on volatile hydrocarbon, and
oil engines.

GAS ENGINES.—G@as, Gasoline, and Oil
Engines. Including _ Producer Gas
Plants. By Gardner D. Hiscox. 8vo.;

442 pages; 351 illustrations.......$2.60

A complete book on the subject for gas engine
owners, gas engineers, and intending purchasers of
gas engines, treating fully- on the construction, in-
stallation, operation, and maintenance of gas,
gasoline, kerosene, and c¢rude petroleum _engines,
with. special information on producer and - suction
gases. ;

| GAS ERGII'EB.—GAI Engine constrnctlon.

V. A. Parsell and A. J. Weed.

8vo 304 pages; 145 illustrations. .$2.50

A practical treatise describing' the theory and

grinciples of the action of gas engines of various

ypes, and the design and. construction of a half-

horse-power gas engine, with illustrations of the

work in actual.progress, together with the dimen-

sioned working drewings giving clearly the sizes
of the various details.

HEATING.—Practical Steam and Hot

Water neati:ng and Ventilation. By -

Alfred G.-King.
(illustrations."
An original and exhaustive treatise, prepared tor
thé use of all engaged in the business of steam,
hot water heating, and ventilation. The standard
and latest” book published. Describes all of the
principal systems of steam, hot water, vacuum,
vapor, and vaeuum-vapor heating, tegether with the
new accelerated systems of het water circulation,
including chapters on up-to-date methods of venti-
lation. -

mmumcs.—n{anunc Engineering. By
Gardner D. Hscox. 8vo.; 315 pages;
306 illustrations.. $4.00
A practical work treating on the properties,
power, and resources of water for all purposes
including the measurement of streams, the fiow of
water in pipes or conduits; the horse-power of
falling water; turbine and impact water wheels;
wdve  motors; centrifugal, reciprocating, and air-
lift pumps, ete.

ntnuc-r:on' COILS.—The Desi and Con-
-struction of Induction Co By A.
Frederick Collins. 8vo.; 290 pages 140
illustrations. .................... .00
This work gives in minute details full practical
directions for making eight different sizes of coils,
varying from a small one giving a 3%-inch spark
to a large one giving 12-inc] sparks The dimen-
sions of each and every part down to the smallest
screw are given, and the -descriptions are written
in language easily comprehended.

LATHE.—Modern American Lathe Practice.
Oscar E. Perrigo. 8vo.; 424 pages;

8vo.; 402 pages; 304

By
314 illustrations................. .$2.60 pej

A new book describing and illustrating the very
latest practice in lathe and boring mill operations,
‘as well as the construction of and latest develop-
ments in ‘the manufacture of these important
classes of machine tools.

MAGIC—Magic, Stage Illusions, and Seci-

‘entific’ versions. Including . Trick
Photography. Compiled and edited by
Albert A. Hopkins. 8vo.; 568 pages;
420 illustrations..................$2.50

This very interesting volume is acknowledged to
be the standard work on magic. It appeals to the
professional and amateur alike, The {illusions are

rofitably occu--.
ge home or in-

all explained in detail, showing exactly how ‘the
tricks are performed. .

MECHANICAL IO‘V! 'MENTS.—Mechanical
Movements, Bowers,.and Devices.

By
Gardner D. Hiscox.. ..8vo.; 403 pages;
1,800 illustratjons,...rseceeeec... .00 .

This is a collection of ' different mechanical mo-
tions and. appliances, "accompanied by appropriate
text, making it a book of gredt value to the in-
ventor, the draftsman, and to - all readers with
mechanical tastes. -

00 ncmzcu APP’I-!AKGES.—WMI

Appliances, Mechanical Movements, and
Novelties of Construction. By Gardner
D. Hiscox. 8vo.;, 396 pages; 970 illus-
trations. cEee ... . $3.00
This book, while complete in itself, is in fact a
continuation. of the author 8. .*‘Mechanical Move-
ments, Powers, and Devices.’ The author presents
to” the reader information regnardlng nearly all con-
ceivable devices for. producing motion or accom-- -
plishing mechanical results. -
SPECIAL OFFER: These two volumes sell for $3 °
each, but when they are ordered at one time fiom

50 us, we send them prepaid to any address in the

world, on receipt of $5.
rAst.—rr%cticai Pointers for Paten-

tees. By A. ‘Cresee. 12mo.; 144
PABES. .viivtiertenetenrananannnn $1.00
Containing <aluable information and advice on

the sale of patents and elucidation of the best
methods employed by the most successtul inven-
tors in handling their inventions, ﬁives exactly
that information and advice about han ling patents
that should be possessed by every inventor who
would achieve success.

PHYSBICS.— erimental Sclence. Ele-
mentary, ractical, and Experimental
Physics.- By George M. Hopkins. In
two volumes. 8vo.; 1,105 pages; 918
illustrations. Cloth, $5.00. ~ Half no-
rocco, ..... S eeeeeeeeeeeneanaaaaann $7.00

This book treats on the various.topics of physies
in a popular way and describes with rare clearnees
and in detail the apparatus used, and explains the
experiments in l'u? g0 that teachers, students,
and others interested in physics may readily make
the apparatus without great expense and pertorm
the experiments without difficulty.

rnmme.—-uodem Plumbing Illustrat-
R. M. Starbuck. 392 pages;
101/4 x 71/,; 55 full-page engravinsi

A comprehensive and up-to-date wdrk illustrating
and describing the drainage and ventilation of dwell-
ings, apartments, and public buildings, etc. The
very latest and most approved method in - all
branches of sanitarv installation are given.

mcnn‘g.—rucne‘:; Dies, and Tools for

Presses. By Joseph
V. Woodworth. 8vo.; 483 pages; 702
illustrations. ..........,.........84.00 -

This work is a companion volume to the author’s
other work entitled ‘‘Dies, Their Construction and
Use.”” It might .well be termed an .encyclopedia
on die making, punch making, die sinking, and
sheet metal working.

Cyclo-

RECEIPTS.—The Scientific American
pedia of Receipts, Notes and Queries.
Edited by Albert A. - -Hopkins. Con-
‘taining 15,000 selected formulas. 8vo.;
734 pages. Cloth, $5.00. -Sheep, oe.oo.
Half morocco,...........

Over 15,000 selected receipts are here collected
nearly every branch of the useful ‘arts being. repre-
sented. The alphabetical arrangement with abun-
dant cross reterences makes it an ‘easy work to.
consult. It has been used with equal success by
chemists, technologists, and those unfamiliar with
the arts, and is a book which is useful in the
laboratory, factory, or home.

REFERENCE BOOK.—S8cientific American
Reference Book. Compiled by Albert
A. Hopkins and A. Russell Bond. Con-
taining 50,000 facts. 12mo.; 516 pages;
illustrated. ........... ; .50

This book deals with matters of {interest to
everybody. t contains 50, facts, and is much
more complete and more exhaustive than anything
of the kind which has ever been attempted. It is
indispensable to every family and business man.

It is a book for every-day reference—more useful

than an encyclopedia, because you will find what

you want in an instant in a more condensed form.

STEAM Smnl'z.—lodern Steam zngl-
née. in an l’ruitsi7
pa

Gardner D. Hiscox. 8vo.;
406 illustrations.........
This is a complete and tpracticai work issued for
stationary engineers and firemen, dealing with the
care and menagement of boilers, engines, pumps,
superheated steam, refrigerating machinery, dyna-
mos, motors, elevators, air compressors, and all
other branches with which the modern engineer

must be familiar.
TELEPHONE.—Telephone Construction, Ih-

stallatio: Wi , Operation, and
o . Radcliire and
16mo.; 171 pages;

es

A practical book intended for electricians, wire-
men, engineers, contractors, architects, and others
interested iIn the installation of telephone ex-
changes in accordance with standard practice. In--
tricate mathematics are avoided, and all a paratus,
circuits, - and systems are thoroughly escribed.
Selected wiring tables, ‘which are very helpful, are
also included.

TOOLS.—American Tool Making and Inter-
changeable Manuf By Joseph
V. Woodworth. 8vo pages; 601
illustrations. .................... $4.00

A complete practical treatise containing a valu-
able collection of drawings ‘and descriptions of - de-

. vices, the results of the author’s own experience.

'.l'oor.s.—ﬁodern Machine Shop Tools.

H. Vandervoort. 8vo.;

673 illustrations...........

A new and fully {illustrated work describing in

every detail the construction, operation, and

manipuldation of both hand- and machine tools;

ng a work of practical instrdction in all classes
of machine shop practice.

WIRING.—Electric Wiring, and

Diagrams
Switchboards. By Newton Harrison.
12mo.; 272 pages; 1’05 illustratlons.

562 o
pages;
$4.00

This work is a thoroughly practical treatise on
electric wiring in all its branches, beginning with
the simple circuit and working up to the practical
every-day ptoblems, all being presented in a simple
and intelligent manner. It is in every respect a
handy, well written, {nstructive, comprehensive
volume on wiring for the wireman, toreman, con-
tracto r,or electriclan.

] ,-Any of the above books will be sent by mail or express prepaid on veceipt of price.
" - A special circular describing them seint on application.

MUNN & CO., Publishers, 361 Broadway, New York

© 1908 SCIENTIFIC AMERICAN, INC



DR. SIMON NEWCOMB.

PRESID! . S. WOODWARD
(Department of Astronomy.) ESIDENT - R ’

OF CARNEGIE INSTITUTION.

PRESIDENT ARTHUR T. HADLEY,
OF YALE.

PRESIDENT DAVID S. JORDAN,
OF STANFORD.

FREDERICK CONVERSE BEACH.

: GEORGE EDWIN RINES.
(Editor in Chief.)

(Managing Editor.)

The Most Magnificent, Scholarly, Original, Practical
System of Reference in Existence

EDWARD EVERETT HALE.

Published Under the Editorial Supervision of

The SCIENTIFIC AMERICAN

The AMERICANA., while American in its con-

struction, 1s international and world-wide in 1ts scope.
Copyright, 1963, by J. E. Purdy

e eroman, The AMERICANA 1s the on/y one which presents
a development of every department of knowledge.
The AMERICANA contains thousands of strik-

ingly beautiful colored plates and photogravures which
embellish and illustrate the text.

CARDINAL GIBBONS.

“ TAKEN all in all we have no hesitation in saying

that this great American production, in the extent and
usefulness of its contents, in its technical arrangement, 1n
1ts original conception and brilliant performance, 1s with-~
out a peer. —Review of Reviews.

PROF. CASSIUS J. KEYSER,
OF COLUMBIA,

PROF. J. E. CREIGHTON,
(Department of Mathematics.)

OF CORNELL.
(Department of Philosophy.)

Some idea of the magnitude of this work may be gained from the fact that it
required an investment of more than $1,500,000 to produce it.

Over Two Thousand Special Contributors
Comprising the greatest living American and European scholars and authorities.

ANDREW S. DRAPER.
NEW YORK STATE COMMIS-
SIONER OF EDUCATION.

Copyright, 1902, by J. E. Purdy
(Department of Education.)

THOMAS W. HIGGINSON.

REQUEST BLANK

SCIENTIFIC AMERICAN COMPILING DEPT.
225 FIFTH AVENUE, NEW YORK CITY
Without obligating myself to purchase I would like
to receive FREE, your 120-page Book of Specimen Pages,
Maps, Duotones, Color Plates, Portraits, etc., of the
NEW AMERICANA, with particulars of your special
advertising proposition :

No mere advertisement
can convey an adequate
idea of the vast interest

and immense utility of the
AMERICANA, or of its exceptional value and sumptuous appearance. Let us send you therefore
a handsome 120-page book containing specimen pages, maps, full-page plates, duo-
tones, color plates, and text illustrations, with portraits of celebrities, full page photo-
graphic plates of the most interesting and up-to-date subjects—The Americana being

N T s e
the best illustrated of all reference works. With the object of making the AMERICANA OCCUDBEON .+ orvvvose oo eeoe oo oo
quickly and widely known, before placing the work in the hands of dealers for general distri-
bution, we will accept orders direct at a large reduction from the established price. Those in- S

terested are requested to make application immediately. The work is sold exclusively in con- Town and State

nection with the SCIENTIFIC AMERICAN, and cannot be otherwise obtained.

CUT OUT AND MAIL TO-DAY

© 1908 SCIENTIFIC AMERICAN, INC



LA

Roofs

b DR S T S o S e B AL B e SRR R ) e

Illustrating Various Uses of Clinton Electrically
Welded Wire as a Reinforcing

The above cut shows Pier No. 56, Chel

N Improv
North River, New York

Stable for Acker, Merrall & Condit Co., West 46th Street
New York City

This pier will be occupied by the Cunard Clinton Fireproofing System used throughout

Steamship Company. Illustration shows method for floors and roofs.

of securing Continuous Reinforcing across the The Continuous Bond of Clinton Electrically
entire building. The safest, surest and easiest Welded Wire is the ONE best Remforcmg
way to make a reinforced floor foolproof is to for Concrete.

use the continuous Bond of Clinton Electrically

Welded Wire as a Reinforcing.

RN T e R

=)

AR )

Aqueduct under course of construction for the Water Department, City of Montreal, Can.

The above cut displays the method for using Clinton Electrically
Welded Wire as a Remforcmg for the Aqueduct under course of con-

struction. The Aqueduct is in general 9 feet in diameter, and is 27,000
feet in length.

CLINTON WIRE CLOTH CO. C(linton, Mass.

,
2o

g

: FIREPROOFING DEPARTMENTS
Ceilings F¥ ALBERT OLIVER, 1 MADISON AVENUE, NEW YORK Partitions

WASHINGTON : ROSSLYN SUPPLY CO., Colorado Bidg. ST. LOUIS: HUNKINS-WILLIS LIME & CEMENT co.
CHICAGO: CLINTON WIRE CLOTH CO., 30-32 River St. SAN FRANCISCO: L. A. NORRIS, 835 Monadnock Bldg.
e SYR/\CUSE, N. Y.. PARAGON PLASTER CO. SEATTLE: L. A. NORRIS, 909 Alaska Building

© 1908 SCIENTIFIC AMERICAN, INC
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-Welds Cast Iron

and nearly all other
metals perfectly,
pairs broken machm-
ery quickly.

Welds boilers and
water and steam mains
in place. :

Fills blow-holes and
other defects in cast-
ings.

Reduces cost and
improves metal con-
struction in many in-
stances.

Deaionstration Plant
Jersey City,

““A PUTTING-ON TOOL"’

Oxy-Acetylene Cutting and Welding Torch

Repairing an Aluminum Automobile Gear Case

DAVlS BOURNONVILLE COMPANY’

GENERAL OFFICE, ROOM 1572 WEST STREET BUILDING 90 WEST STREET, NEW YORK, U. S. A.

Cuts Steel

rapidly in almost any
form with the Oxy-
Acetylene flame. »
Valuable for rough-
ing out. dies, -cutting
.Steel gearing an
structural work.
~ Cuts ‘15 inch I
'beams in three min-
utes. . ‘
“In use by U.s. Navy
‘and a number of the
largest industrial con-
cerns.

‘Write for Information
Send for Catalogue

Car supplemental wheel, motor, M. D. Stock-
ing teieesissscssssssscenessss 904,670
Car trolley, J. Kaufman....ececeeeecoaccnns
Car underframe, J. M. Ames.......
Cars and the like, apparatus for indicating
the level of petrol in the petrol con-

tainer of motor, F. Huttenlocher........ 904,874
Cers, truck for replucing derailed street, E.
3 8 g ) + JL S 905,050

Caramel tray, F. P. Vavra.
Carbureter, W M. Carlin....
Carbureter, E. J. Thompson..
Carbureter, P. Spranger........ .
Carbu-eter and_mixer, O. R. Hukle. .
Carrier system, automatic, S. H. L%}y,

Cartridge trimming machine, H. J. Hurd ..
Casing perforator, E. Stephens..
Cash register, W. R Heinitz
Casting soil, water, and gas pipe direct from
the hlast furrace in permanent molds,

. A. Custer....

Chain, J. V. Costello.......
Chair and fan attachment,

Circui’t closing - r&lay, '{l F. Webb, Ji

Clamp, rail, J. . Vailo.oo.ooeenn, 5
Clasgi for purses and the like, saiety, W.

CIIroy ....cecceennenns ceteesseeeses. 904,981
Clock case, W. J. Walker..... .......... y
Clock with alarm and music attachment, V.

M. A Bogaert .........cciceiieenncnans 904,929
Closet ﬂushing and ventilating means, J. J.
Shtuchka ......cocenuien. [ N 904,653
Clothes drier, H. W. Lamp........co0eeenn. 904,97
Clothes pin, I. BArmMOre......ccccoeuveeecnns 904,595
Clutch, J. C. & W. J. Pope.. . 905,097
Coal separator, J: H. Walker. . 904,738
Coaster brake, P. w. Toohey.... .. 904,735
Cock, stop, T. BE. DWYyer....ccceoeeeeene.. o %
Coffee pots, etc., attachment tor, ‘T. 'R
Gracie. ....ceecececececcnns veeees 904,949
Coin controlled gasometer, W 3. Hill...... 904,957
Collar, pyroxylin, F. A. Gudger............. 805,068 |
Collar, safety, L. Harlow 904,530
-Concrete building block molding machine,
. De Armon & McKinney..........coe0tne 904,513
Concrete column reinforcement,. =i
ement ...............
Concrete columns, metal re
reinforced, E. McClure.............

Concrete construction, armored, E. Coign.
Concrete constructi’on anf 11z g bar, J.©

904,977
. 904,978
904,900

Sheets

ductor flexible i L. Steinberger 905,014*
© Connector, C. T. CrocKer........ceoeeaeaenen 904,003
Control apparatus for translating devices, £
istance, E. Schattner.................. 904 810
Control system, G. H. Hi ................. . TR0
Controlling device, condition, J. I. Ayer.... 904 ,917
Copper trom coayfulated cellulose, ellminat-
. ing, E. Crumiere....................... 904.684
Core box, B. B. Horne... 904.697
Corset, K. V. Tojettl....z-.-... 904,574

Cotton gin, roller, W. L.

Cotton warper, Payne & Wallace...........
See Car coupling.
Lauster, Sr ......

Couplini'
Cover, G.
Cow milker, J. Ripezinske.......
Crank, adjustable, E. C. Drecoll

Cream separator, E. W. Broomali.

Cross tie, railway, F. N. & H. A. Drane.... 904,944
Crusher and pulverizer, M. F. Williams,
904,907, 904,909
Crusher and pulverizer hammer or beater,
Cuﬂs, ete .y machine for foldlrig blanks for,
J. Dormandy..
Culvert J. F. White

Calvert, J. H. Schlaﬂ
Cup plug, lubricator, A. McDona.l
Curtain fixture, G. Jones...
Curtain stretcher, lace, P. J.
Cutting and raveling machine, carpet
P. Kirkpatrick ....
Cutting machine, coal,
Cylinder, B, Trebilcock.
Cylh(l;ler tyge adjustable lock ‘of " th
Damper regulator. Roherts & Holloway.
Davit operating device, H. B. Firth....
Dental broach and holder, C. ‘R. Powers. ...
Dish washing machine, Singer & Clark..... 904,731
Disinfectant distributer, J. 0. Walker...... 904,739
Display case, O. F. 904,621

Kun...........;,é,.....

A (Great
Protection—
A Great
Saving

Think .what the elimjna-.
tionof the exposure risk in
the cost of fire insurance on
this building would amqunt

% to. . You caneffectthe spme
=, saving and decrease the cost
8 of your own fire insurance

! besidesgain certain fire'pro-
tection by installing -

Mullins

Fire-Proof _ Storm-Proof
Dust-Proof

Windows

‘They last as long as the

building itself and are the
most effective fire-proof win-
dows made. - Entirely lock- d metal; no soldered joints
in frame, sill or.sash. Their perfect construction does not

- admit of .warping or buckling, and heat contraction or ex-
pansion does not dffect them in any way.

Mullins Fire-proof Windows are' manufactared under
supervision of . Underwriters® Lat ies Inc., ding to
the latest spectfications of the National Board of Fire Under-
writers, and every window is inspected. apptoved and labeled
with’ thelr “official label. Send for descmmve catalog,

203 Franklin Street
Olio

Kunn Baildlng, lebaxg Pa.
“oml”ped.n ith’ Mullh
w! ullivs
E‘}"irg -Proof W ind own.n

W.: H. Mullms Company,

5,058 | ELECTRO MOTOR. SIMPLE, HOW TO

make.—By G. M. Hopkins. Description of a small elec-
tric motor devised and constructed with a view to assiste
ing amateurs 10 make a motor which might be driven
with advan by a current derived from a battery, and
which. would have sufficient power to operate a foot
lathe or aniyl machiue requlrlng not over one man pow-
er With I1 figures. Contained in SCIENTIFIC AMER~

N SUPPLEMENT, No. 641. Price 10 cents. To be
'had at this office and from all newsdealers.

GENERATING UNITS
FOR LIGHTING AND
POWER. PURPOSES

10 K. W. TO 500 K. W. DIRECT CURRENT
15 TO 1500 H. P.

Ask. for Bulletin 19

RIDGWAY DYNAMO & ENGINE COMPANY
Ridgway, Pa.

Display stand, H. R. Cropp............ . 904,758
Door operating mechanism, J. G. Bower.... 904,875
Door operating mechanism, G. C Cherbon-

nier .........o00... . 905,123
Doors, cupboards,

Cowell .......... 904,683
Draw bar, E. Rolin.. 904,727

Draw bar, W. Graham.
Drill rest, adjustable, J. F. Parke
Drum controller, H. J. Wigand.

Dust pan, Babbitt & Hanchett .o
Dye and making same, yellow-ollve, E.

Ear protector R. McWilliams........
Egg and other beater, H. P. Wells.....
Elastic webbing, embossing, H. H. Allison
Electric current bathing tub, F. Braun.....
Electric drill controller, Duntley & Kinman.
Electric doat, stream power, W. J. Pattosien
Electric heatlng device, Ayer & Ga]e...
Electric Iighting device, J. Fisk........
Electric ‘'machines, current collecting appa-
ratus for dynamo, J. E. Noeggerath..
'Electric machilne voltage regulator, dynamo,
eley........ 000000
»El.ectr;‘():('l motor control system, A. C. East-

Electric rallway line interrupter, A, Thode.

Electric Mgll;.s'b electric lamp receptacle tor,

UDY...oeeereveoacnvesnacen .

Electric traction elevator, D.C. Suplee.....
Electric welding, L. S. Lachman,

904,540, 904,881,

B:lectHricfr welding rotary converter, A M,

904,728
905,114

904,882

. 904,782
Fountain, J .
Electrical conductor support J. S. Allen... 904,592
Elecik:ll'lcal distribution system, C. Has-

DS eiieeiiettiiiiieeiiasctesenaenas
Electrical distribution system, W. ‘L. Bliss.
Electrical interrupter Sutton & Steele
Electromagnet, G. W. Henry.........
Ellipsograph, C. Schreiber............
Embroidering frame, N. B. Nohle,..
Embroidering machine, R. Loeb
Emergency brake, F. B. Corey........
End gate, wagon, R. L. Templeman.. .....
Engine balance valve, steam F. J. Meanley
Engine governor, marine, A. H. Zientarski.
Engine starting mechanism, lnternal

THE 1909 LINE OF
LAMBERT

FRICTION.DRIVE CARS

WILL INCLUDE

1250R5- Touri C

pascnget ng Car
1750 5-passenger Touring Car

$2000 7-paaseng¢r Touring Car

Everycara bargain in its class.
Al] hatve THE SUPERB FRICTION-
DRIVE, concerning which the
Scientific American said in its
issue of Nov. gth, 1907: “Its
cost of maintenance is extremely
low, while its re11ab111ty is very
great.”

15 Doa’t buy a geardrive car
uontil you investigate the Lambert
Literatare on’ requeat o

Buckcye Mfg. Co., Anderson, Ind.

tion, Holden & Elphinstone..

Engines, carbureter for internal combustion,
G. Enrico ...........

Engines, device for reversing the direction
of rotation of internal cambustion, L.
Le Pontol8 .ecveveeieercnnas ,

Engines, means fors connecting and discon’

necting, S. 8. cecesssssscctaraoas
Envelop, J. Bernthold....... e e.904,7650,
Exercising madhine, 0. K. Slet o. ectepaccene

Explosive motor, compound, S. Reeve
Explosives, apparatus for distllllng oir and
recovering the solvent used in the manu-
X facture of, W. Nikolsky
Eyeleting machine, Glass & Bean. .
Fabric. See Wire bed hottom fabric
Fabric, textile, G. P. Schlemmer.....
Fabrics, manufacture of multlcolored
Bohler .........,
Fan, ceiling, F. Mec
Fanning mill, W. Milhrath
Faucet c. 1. Paulson....

Pen S 4 Wastors |
Fertilizer distrlbuter, C. [0} Morg
File cases, device for handling, Nicholson &

arfle]

Flle, combined temporary “binder and arch
P, MacGregor ..

Filter, W. L. Imlay...........

Filter plate lock, W. J. Ruff..

Filter, water, H..Brunner ...

Finishing machine. silk thread

Pohi. .
Fire _alarm box alarm device, Nicholson &

Big money easily made,  $20 to $107 a
k. Pl t, refined, fascinating
work ® for men
women, boys Anr!

ing, Cartooning
sng taught Ly ‘amsu trained

in American and European Schools. lnstruc-
tion adapted to each student’s needs. Advisory
Board of world’s best artists approves lessons. S

Test Work Sent FREE to ascertain individual *
talents and needs. State cowrse wanted. You as-
sume no obligation, Inh-wd Architectwral and
Shest Metal Puttern Drafting also taught luw_tnl]y.
ACIHE School of Drawing, 1573 South St., Kalamazoo, Mich.

It lnmﬂhd, ask abont The ACME Resident School in Kalamazon.

STEAM TURBINES — THEIR CON-
struction, Operation and Commercial
Scm 'rmlc AMEKRICAN SUPPLEMENTB
422, 1400, 1447, 1370,
ave all been prepared by experts in steam
enaineerlng. Price 10 cen each, by mail. Munn &
Co., 361 Broadway, New York City. a.nd all newsdealers

Warfleld .....c.cvviiiiiiieiieniniianns 904,889
Fire alarm, burglar alarm, and, . teleph

rystem, automatic, Milliken & Cole..... 904,650
Fire alarm circuits, . ¢lrcuit closer for, W. -

W. Katterjohn ............o... ceeeesss 904,786

Firearm, automatic, C. L. H. Prinke......
Firearm sighting apparatus, M. Klingler.... 904,880
Fireproof structure, A. L. A. Himmelwright

Floor et receptacle and plug, F..J. Rus-

Floor scra'per, J. Miotke..... .
Flooring, device tor laylng pul'qnet,
Wellan ..... tecsssasvecnns

Fly catcher, C. A. Arents...... .
Fly catcher, C. A. Arents, ‘reissn .. 12,884
veess 904,571

IFruit box, W. R. Stokely.coc.couens

© 1908 SCIENTIFIC AMERICAN, INC

Leading Law Sechool in
(‘orran ndenaa Instrue-
tion. o

sSTUD

LAW

by the beuch and bar.

: Classes begin each month. Send forcanl:f gl
rules for admission to the bar of the several States,
Ohicago Oorrespondence School of Law

‘v9g 506 Reaper Block, Chicago

maction combines theory
and practice. Approved
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The Perfect Edge

A razor may cut a hair and yet not give
a smooth shave. An edge produced b
few strokes on a Torrey Strop just be ore
shaving not only cuts the beard smoothl
but leaves the skin cool and unroughedy
The secret is in the

Torrey Strops

They are better than others—the Torrey
way gives the quality. Our free catalogue
tells all about them. If not at dealer’s,
sent postpaid for soc, 75¢, $1.00, $1.50, $2.00
and $2.50. If you don’'t like them it’s
money back.

Torrey’s Qil-Edge Dressing keeps any
strop soft. 15cat dealer’s, or by mail.
Torrey Razors are the finest razors made.

J.R. TORREY & CO., Dept. G, Worcester, Mass’

3 B,

lnuu,,v T
I =

The Modern Wall and Ceiling Material
Made of pure wood fibre. Light and strong. Non-conductor of cold.
A sound deadener. Nails direct to studding.

Takes Place of Both Lath and Plaster
Eliminates unsanitary wall paper. Susceptible to artisiic decoration.
Descriptive booklet and sample free. Write today.

The Beaver Manufacturing Co., 238 Perry St., Buifalo, N. Y.

Tobacco Flavor
Not Pipe Odor

Turco-American Glass Pipe

Smokes cool and sweet and clean. It hastwo bowls. An
inner one of fine meerschaum, from which the smoke is
drawn through vents into an outer one of tough, annealed,
non-absorbent glass. Here the moisture and nicotine collect
and remain. ’s why only cool, c'ean smoke reaches
the mouth—why the pipe never bites

Every grain of tobacco burns to a white ash. No wet resi-
due to throw away and the last whiff is as sweet as the first.
Easily cleaned and leaves no offensive smell in rooms or
clothes. Send for one. Smoke it a week and if not sat-
isfied money will be refunded.

Pipe with handsome, durable ease, $2.00. Withont
ense, $1.50. Postpaid. State preference for straight or
curved stem.

Send for FREE Booklet  HisTorY oF Swokixe.”

Turco-American Pipe Co., 372 South Ave., Rochester, N. Y.

**“HOW TO REMEMBER’’
Sent Free to Readers of this Publication

ter Intellectually than

asy, inexpensive. ln-

ives ready memory for

faces, names, business details, studies, con-

versation; develops will, public spaaking, personality,
8end today for Free Booklet. Address
DICKSON MEMORY SCHOOL, 700 Auditorium Bldg., Chieago

BIRDLAND
CALENDAR

(Sequel to the

amous Fencmg
Girl)

FOUR
FLYERS

Graceful poses
from life; in 13
colors. Size 10x15 inches, suitable for framing.

“THE ONLY WAY”

to own one of these gorgeous calendars is to
send 25 cents and the name of this publica-
tion to GEO. J. CHARLTON, General Pas-
senger Agent, Toledo, St.Louis & Western and
Chicago & Alton Railroads, 704 Railway
Exchange, CHICAGO, ILL.

Perfect Passenger Service between
Toledo, Chicago, St. Louis and Kansas City.

‘Mixer, A. E. McNitt...

Fuel feed, automatic, E. G. Ofeld

904,9
Furnace muﬂle, electric, Hammond & Savin. 904,529
H. D. Williams,

Furnaces, charging blast,

\ 300000000

et al
Furnaces, means for attaching stirring.arms

to shafts in mechanical roa;
Troeller

sting,

Ww.

Furniture support, swinging, W. H. Virgie..

Fuse attachment, safety, W.
Fuse plug, electrical H. E.
Gang machine, A. O Thomas. ...
Garment, combined, M:¢ Tartikoff..

Gas box attachment(,;if‘. E: Brickner.

Gas burner, H. A
Gas cut off, J. F. Wells

J. Boemper...
Bradley....... 904

84

05,125

Gas engine, E. A. NelsoD...ooeieeeieeenenns 904,556
Gas producer teeding apparatus, J. A Swin-

L S 86 80600000000000000800000008000 .. 905,117
Gas producer feeding mechanism, W. B.

Hughes .......... 904,873
Gate, E. J. A. Rice.. 904,647
Gate, G. J. Gintert.............. 904,862
Gate opening and closing device, s P. Kin 904,963
Gear-cutting machine cutter head, .'l’g
© Lee8 . iciiieicticcccanne . 905,084
Gearing, E." B. Zook....... .’
Gearing, J. J. Bowes, Jr....... .
Gearing, awning, E. Rosenberg............

Glass case, tourist’s, J. M. Faehrmann..... 905,063
Glass, crate for sheet, H. 0. Hemmick..... 904,694
Glass molding apparatus, automatic, F. J.

). £ T 31 A 8A000800a0008000a00650000000000 04,975
Glassware, manufacturing, F. L. Arbogast.. 905,044
Go-cart, folding, R. G. Ledig....ccc000ueees ,042
Gold from crushed ores, apparatus for the

extraction of, T. E. Beaumont......... 905,048
Governor, centritugal H. C. Clay.. .o y
Grain scourer, T. Grose..ceeeecss .. 904,950
Grapple, C. L. §mmons. . . 905,010
Grinding machine, universal F Stutzman... 904,817
Grinding mill, W. R. Cunningham.......... 904,686
Grinding mill, A. A. Warner..... . 904,905
Gun, air, W. .'I'. Burrows...". . 904,507
Gun chain rammer, O. Knoch... . 904,
Gun fluid brake, recoil, F. Stock.. . 905,112
Gun, trap, J. ROSS....cciveeerencccassense 905,104
Gun trigger mechanism, machine, K. Heine-

mal .. 905,071
Guns, pneumatic recuperator for recoil N.

Hair ribhon holder,” M.-L. Schwab..........
Hame and trace ‘connector, Brents & Gunn.. 904,932
Hammer, power, J. W. " Keeley...c.coovunn. ,701

Hand bag, T. R. Weidemann...
Handle, W. H. Kepple.........
Harmonica,  A. W "Anderson. .
Harness, W. J. Holder........
Harrow, J. M.

& W. J. Glick.....

Harrow attachment, J. F. Brownlee....

Hatchway, E. Wold .................. 905,041
Haulage system, P. A. Degener.. 904,514
Heater, Plank & Fulghum........ , 64
Heating appliance, W. B. Brind............ 904,833
Heating system, vacuum, J. L. Welshans . 905,037
Hinge, door, V. Kiple........

Hinge, gate, G. B. Manlove .........

Hoisting mechanism, C. G. Palmer.. 5
WilliamsS. .. oovvieniieasenenns
Hook. See Molding flask sand hook.

Holder, C.

Horse detacher, D. A. Brunett
Horse detacher, J. Worrell.....
Horse releaser, G. W. Morter.
Horses and other animals,

satety bit tor,

G. Ciammaiclﬁ}la .................... .. 904,682

Hose rack, H
Hose supporter, V.

Hub, spindle, and axle arm, W. E. Baxter..

Hydrocarbon burner, E. J. Achee
Hydrocarbon motor, A. A. Low..

Ice cutting apparatus, plate, P. F. Stein
Igniting device, self, O. M. Muller
Incandescent illuminant 0. M. Thowles!

Incubator, J. A. Britton .
Incubator heater, H. E. Kelle
Index drawer, card, E. M. Olso

Indicating and recording instrument, W

Howe ...........
Ink well, J. I. Woodruff.
Insulating material, G. H. Rupl
Internal combustion
Internal combustion
Internal combustion
Internal combustion rotary engine,
Iron, thill, F. A. Strodel..
Ironing board, H. W. Van
Jewelry component, J. C.

‘reissue ..............
Journal box, L. G. Woods..
Key holder, J. F. Stewart

Keybotﬁd auxiliary transposing, G. G. Scur-
fi

engine, E. Rathbun
engine, J. Hutching:
motor, M. Berliet...
Lee

, H

G'z J A Doran,

Ladder, sectional, H. MS l;A(:kley

Lamp, brazier’s, 'T.A ores. ...

Lamp burner, A. L. Edwards........ccccuu.e

Lamp, electric incandescent, F. W. Erick-
(20 500060000 00055000 000000 0000000000900

Lamp electrode, arc, Hatfield & Lewis.....

Lamp for stereopticons, ete., are,

H. F. Pat

ton
Lamp reducer, C. Wirt
Lamps,

shade roller for incandescent,

Weber
Land roller, H. P. A. Andersen...,

roll,

Lather rubber, R. & R. Sampso:
Leather splitting machine, ﬂexible
Stehling & Brenper........ee.coeeeeees

Ledger plate and knife guard, S I<‘ Martin.

Leveler and scraper, T. W. Cla
Lifting jack, S. B.
Lightning rod,

Linen, appliance for wasning, F. L. Bartelt.
-Liquid yeast mixtures for bread, preparing,

w. J.
Lock, J. R. Fletcher.
Lock, S. Popky
Locomotive exhaust apparatus, G.
Locomotives,

journal boxes of, J.
Log turner, C. D. Scott..........
Logging apparatus, T. W. Tiley
Loom, weft replenishing,

issue -
Lubricator, J. P. Johnson.....
Lubricator, J. J. Costello, Ji..
Machine support, W. Wenzel

Temple...ceeeeeeeiosecasncsasans

J. Hatz..

N. Demers,

adjusting mechanism for the
Conlin..... cesee .

MailJbag cﬁtcilling and delivering apparatus,

Mail l)ag support,
Mail catcher, W. D.

Mail delivery cab%r;e}kand heater, combined

- rural, «J
Match box, O. A. Garland
Match box, J. A. Edes..........
Match box holder, W J Jones.
Match safe, J. E.

Matrix and holder therefor, W. E. Chalfant.
Matrix corner chamfering machine, H. A.

Reynolds .

Matrix notch chamfering machine,

Reynolds ........cccvvvunas

H.

Measuring instrument, F. H. Pierpont R

Measuring instrument, combined,
Chynoweth

Measuring rod, H. Boeck.........

Metal nut, wrought, F. A. Neider

Metal-working machine, F. E. Bocorselski. .

Metals,

making homogeneous bodies from

tantalum metal or other refractory, Ww.

von Bolton ..

Metallic compounds %L;i producing carbids,

smelting, E. F.

Mine roof support, F. C. Keighley......,...
Mirrors and other articles of glass, orna-

mentation of, T. Archer......

Molding flask sand hook, A. Kolvoord...
Molding press, hydraulic, P. Bonvillain, re-.

issue ........

Motor wheel, cycle, ‘3. 'B. Perillard. .

Mud guard, W. D. SDOWINAD. ..eveuvraeenns

Multiply material, apparatus for forming, J.
J. Hinde

Multispindle machine, G. 0 Gridley

Music leaf turner, W. J. Thi] len cvesose )
Billings-

Nailing machine attachment, P. L.
Necktie D. 'C. Mitchell. . .......
Needle, vaccinating, C.
Net, D. H. Saunders ......eceees
Newspaper holding device, J. K.
Nozzle, spray, A. S. Washburn.

tip, W. B. Bideker.....

H. Higgins

Mor!

904,510
904,996

. 904,995
904,560

lL ENGINEER[NG

8 VOLUMES—page size 7x10

inches - nearly

- —3,000 illnstratlons,

gnms, plates, formulas
Bound in HALF Rsui

HIS Cydoper.lm is lheonlycom
plete; comprehensive and au-
thoritative work published,

oovmng the entire field of Civil En-"

2 and all b d with it. It !hor-
ouahly covers every detail from plane surveying, plétting
and topography to the most advanced work in theory.
dulm and construction of bridges.

| FREE FIVE DAY OFFER»

Without deposit, we will send a set to you "by prepmd
express for 5 days’ FREE examination if you mention the
name of your employer and occupation or send ‘business
card. If you wish to keep the books, pay $2. OOVntlnn
5 days and $2.00 a month until you have-paid'thé specia
$24.00 price; otherwise notify us to lendfor thun at our
expense. Regular price is $48.00

If you order promptly, we will mclude FREE for one
year, as a monthly supplement,

TECHNICAL WORLD MAGAZINE
ine with a technical turn ining the
la!mdncuumn on timely topicsin Science, Iavention, Dis-
covery and Industry, also the best Fiction, Biography,
Travel and Humor, in fact, the best of everything. Illus--
trated with scores of interesting photographs.
Brief List of Contents

Plane Surveying—Mechanical Drawing—Plot-
ting and Topography—Railroad Engineering—

Statica—Strength of Materials — Koot Trusses

The trained ear of the experienced auto-
mobilist instantly detects the superiority of
MOBILOIL in the even, contented ' pur-r”
of the engine that tells' the story of perfect

lubrication. No matter what the type of
gasoline engine or season of the year,
MOBILOIL invariably gives perfect lubrica-
tion under all couditions.

VACUUM

MOBILOIL

is made in five different grades, each grade ‘
meeting the particular requirements of
certain automobiles.

A valuable booklet on motor lubrication
will be sent free on application. Lists
eyery automobile made, and shows grade of
MOBILOIL neccessary for its perfect lubrica-
tion. Contains track records and other
useful information.

MOBILOI Lin barrels,and in cans with patent pour-
ing speut, is sold by all dealers. Manufactured by

VACUUM OIL COMPANY

and Mill Building Oonstruction—Cost Analyais

in relation to Engineering — Masonry and Re-
inforced Concrete—Steel Construction—Practiesl,
Problems in Construction—B: Englneeﬂng
— Highway Constructien — Hydraulice — Water .
Supply—Irrigation Englneerlng—Wnter Power
Development—Sewers and Drains—House Drain-”
age and Sanitation — River and Harbor 1m-
provements.

AMERICAN SCHOOL OF CORRESPONDENCE

CHICAGO, U. 8. A.
Mention Sci. Am., 12-5-08

Rochaester, N. Y.
DRILLING

w E L Machines

Over 70 sizes and styles, for drilling either deep cr
shallow wells in any kind of soil or rock. Mounted
on wheels or on sills. With or horse p
Strong, simple and durable. Any mechanic can
oOperate them easily. Send for catalog.

«WILLIAMS BROS., Ithaca, N. Y.

Roth Electric

Special Electric Machinery

You cannot possibly do better than to use ROTH
Electrical Machinery. Ask for information.

ROTH ELECTRIC MOTORS

Motors
Dynamos!

Chicago, IIl.

DO YOU WANT COOD "y

INFORMATION CHEAP

'

Write to us and we Will refer you to a SCIENTIFIC AMERI-
CAN SUPPLEMENT that will give you the very data you need.

SCIENTIFIC AMERICAN SUPPLEMENT articles are written
by men who stand foremost in modern science and industry.

Each SCIENTIFIC AMERICAN SUPPLEMENT costs only 10

cents.
hundreds of dollars.

Write for a catalogue of SUPPLEMENT articles.

nothing.
Act on this suggestion !

But the information it contains may save you

It costs

MUNN & COMPANY
36i Broédway, New York

\ Railroad and Ferry Terminals, Goaling Plaqts, Sieel Piers, Bridges I

[ %2

= =

" ST. CEORCE TERMINAL
BUILT FOR THE DEPARTMENT OF

THE SNARE & TRIEST CO., General Contractors

Main Office: 143 Liberty Street,
La Leal Building,

Cuban Office:

STATEN ISLAND .
DOCKS AND FERRIES BY

New York
Havana
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Nut lock, F. Matoushek ...................
Nut lock, J. E. Dressler....... 50

Nut lock, automatic, J.
Nut or pipe wrench, D. Stewart.
Nuts, bleaching, W. Hills, Jr....
Oar, bow facing, Vessot & Cornu
Ores, treating metalliferous, F. R. Carpenter
Oven, drying, C. P. Bascom ...............
Packaging machine, R. B. Polk... 00
Packing, metallic, G. D. Rollins..........
Pads, composition of matter to be used in

making copying, E. 0. G. Winckler.....
Pail, Berry & Ricker .............coveunn
Paper making machine drive, J. H. Wallace.
Paper music sheet roller, I,. B. Doman......
Pasteurizing and sterilizing apparatus, OC.
E. Hinman .......... ... ciiiieiinnnns
Pasteurizing apparatus, A. A. Pinﬂstofte. 500
Petticoat, E. UITAY ceceveccosocnnans
I'honograph automatic stop attachment, B.
)= 01119 5580008000800300000006000000 000

Phonograph reproducer, Dyer & Lewis.
Phonograph reproducer, F. D. Lewis...
Phonograph reproducer, D. Holden..

904,615
904,986
904, 635

904,875
904,853
904,884
904,959

Phonograph reproducer, P. Weber.......... 905,033
Photographic camera, folding, 5 .
Brownell .........ccc0000uvnns 905,122
Pianoforte action, W. W. Wallac 904,904
Picker stick check, T. Boucher . 904,753
Picture hanging devlce, G. A. Franci 904,690
Pin. See Clothes pin.
Pin board, E. L. Besse....... 5 904,598
Pipe coupling, flexible, J. Henderso 904 534
Planing machine side head jointer, Blood &
Osteman 905,051
Planing machines, boring mills, and the like,
clamping mechanism for, G Ben-
245 006060000000603000000000000000 904,922
Plate casting machine, stereotype,
Bechman .........cceceeeuvnne 904,748
Plate making apparatus, pattern, P. Bonvel-
lain, reissue .... 12,886
Pliers, C.- Hiller 905,074
Plow, T. M. Manning 904,546
Plow, C. Marvin 904 792
Plow and sleigh, .
11T I 58 880000000000030000000 .. 904,637
Plow, wheeled, W. E. Johnson .. . 905,079
Pocket, safety, J. Sanfason.... . 904,565
Polishing Lead, F. Pierce 904,805
Poultry water and grain receptacle, M. L.
© WeldOD ..evnvevracctccccsanncoconnons . 904,584
Power hammer, Hamilton & Pierce... 904,528
Press folder, cotton, R: M. Jordan.... 904.617

Press for paper making, feltless wet, F.
Chapman
Presj_ure gage,

differential, W. J.
Printer’s compesing stick, T Draper
Printer’s implement, W. N. Swain..
Printer’s quoin, C. L. Dingens
Printing apparatus, electrical, M. T. Weston
Prlntinf telegraph receiver, J. Burry......
Propelling gear and other apparatus on

shipboard from air used for facilitating
the propulsion, protecting, G. Quanonne

Pulley, E. W. Cunningham ..........c.0...
Pulley, C. M. SWaDSOD .......ccuvuevennn
Pulley, adjustable guide, E. Croasdale.
Pump, air compressing, S. Dahlberg... 904,940
Pump, centrifugal, G. Hauff ...... .. 904,533
Pump, double suction, F. W. Baines...:..... 905,
Pump. for mine shafts, Heidecke & Lellau.. 904,870
Pump, hydraulic, J. W. Nelson............ 904,557
Pump, pressure, L. C. Trent... .. 905,024
Radiator, C. E. Safford ......ceceveeeeanans 9
Rail bonds, manufacture of, W. H. Williams 904,
Rail fastener, J. A. Widner ............. 904,824
Rail joint, B. Ohnimus .......... 904,802
Rail joint, Schonlau & Heinrich.... .. 904,812
Railway alarm, automatic, N. Lang........ 904,971
Railway, overhead electric, F. M. Frederick,
904,525, 904,526
Railway safety appliance, A. M. Jones.... 905,080
Railway tie, concrete, J. F. Weilep........ 905,035
Railway tie, metal reslllent G. Mackay... 904,629
Razor, J. A. Reams, reissue ........cccee.e
Razor frame, safety, B. Gallinek .

Receptacle, M. Adams .......
Refrigerator, C. Tettenborn ......
Revolvers. pistols, or the like, safety lock
for, J. Tambour ... ....cceceeeeeccenes
Riveting machine, W. T. Sears
Road roller scraper, Henn & Farquhar..
Rock crusher, J. R. Fogg .....cceveee
Rope fastener, J. B. Anderson..
Rope tie, 0. Cooper
Rotary engine, C. A. Bender ..
Rotary engine,
Rotary switch, F. J. Russell
Rubber footwear, E. A. Saunders
Rubbing post, J. W. Coffman
Sash weight mold, S. Dyer
Sash weights, molding, Hoehn & Gross.
Sash, window, Fingal & Fabrin......
Sawhorse, O. Poitras ..
Sawmill dog, A. V. Wineman......:.......
Sawmill power set works, D. C. Prescott
Scoop, ash, R. B. Clement
Scoop board, A. Lombardo .
Screw propeller, C. Steiger
Seal, bottle, C. Winter ...
Seal lock, H. Elmblad
Semaphore mechanism, electrically operated,
J . Webb, Jr.
Sewing machine, F. English
Sewing machine, bale or bag, A. von Has-

Sewing machines, feed point or awl for shoe,
E. E. Currier
Shade and curtain bracket, combination,
H. Bantly
Shade fixture,
errott ..

Shade fixture, window,
Shade holder, J. H. Dale
Shears holder, H. L. Kocher
Sheet metal, rolling, C. B. Cushwa
Ship, aerlal F. Bollhorn .......
Shoe display form, C. F. Partridge........
Shoe heel-and toe beating up machlne,

‘0’Connell ...........
Shoe rack, W. Cartier .........
Shoe tree or form, S. M. Hamblin
Shuttle, 8. Kendrick
Signal. See Train order signal.
Signal apparatus, E. B. Dailey......
Signaling system, G. Babcock
Slgna]ing system, electric railway, Y. But-

gess
Skate tire, roller,
Skirt holder. H.
Slicing machine,
Smoke and dust collector, W. F. Diem
Snap fastener, W. B. H. Dowse
Soap and making soap, C. Ellis .
Sole, ventilating, H. Otterstedt
Speed indicator and recorder, F. F. Uehling.
Speed indicator, synchronous, A. E. Griffin.
Spike, L. L. Sessagrant ......cececeeeeeees
Spoon, cutting, H. L. McCoy .
Sprayer, hand, E. R. Richards..
Stake, supporting, J. O. Ford
Stamp affixing machine, Gilbert & Tabler..
Stamping machine, box, R. Schilling......
Starting device, A. E. Nelson........ 00
Steam heating system, C. T. Ammon..
Stirring mechanism, J. J. Stehling...
Stone, artificial, S. W. Berglund ...
Stove burner, gas, J. T. Scollard
Street. number ° indicator for houses,
Goldbard
Surgeon’s needte holder, A. 'F. Sether.
Surgical appliance, M. Cutting. .
Suspender attachment, J. Hauser......
Table leaf support, Tritch & McCauley.
Tack driver, D. A. Sawyers .
Talking machine sound box, A. Fischer....
Talking machine sound box, A. Junod
Tank seamless lining, Burr & Gibbs.. .
Telegraph repeater, L.
Telegraph system, S. D eld
Telephone annunciator and jack H. Tide-
man .
Telephone system, H. G. Webhster.
Telephone system, F. W. Dunbar
Temperature indicating instrument, A.
Ozia8 ...iccceecccccncacaness :000000050
Temporary binder, H. H. Liscom
Thtengoainishlng machine, silk, D H.
Wi

0000000000000 00000000000 00asssnns

. 904,813

904,773
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Investigate the openings.

General Pass. Agent
CHICACO

PACIFIC COAST EXTENSION—CHICAGO, MILWAUKEE & ST. PAUL RAILWAY
Busi s Ch *
in New 1

Would you make a business investment in a prospefous new territory
if you were sure of success?

There are countless openings at the present time for men with limited

capital in the new towns in the Dakotas, Montana, Idaho and Washington,
along the PACIFIC COAST EXTENSION of the

Chicag

Milwaukee & St. Paul

Railway

This new line is now open as far west as Butte, Montana.

the next year the entire line will be completed and in operation to Seattle
and Tacoma, Washington.

MILLER

The persons who locate in this new country
to engage in commercial or other lines while its development is in its
infancy, will be well repaid.

DESCRIPTIVE BOOKS FREE

e B ) .ml!lllllmm

o

Within

GEO. A BLAIR
General Eastern: Agent
381 Broadway, NEW YORK

MEDAL OF HIGHEST AWARD

JAMESTOWN ‘EXPOSITION

Add TONE to Your Stationery in the
OFFICE, BANK, SCHOOL or HOME by
usmgonl 'y Wasbburne’s Patent

9 PAPER

Made of brass, in Snwnnd put- upm brass
boxes of 100 fasteners each.’
Handsome Compact.-Strong. ‘No Slipping, NEVER !’
Atall Stationers Send 10¢ for sample box
50, assorted sizes. Illustrated booklet free.
Liberal discountto the trade.

MFG: CO. Dept. X Syracuse, N.Y- N0 1B

First and Original Motor Buggy e
$250 *SUCCESS” AUTOMOBILE

Practical, durable, economical
and absolutely safe. light,
strong, eteel-tired Auto-Buggy. [~
Suitable for city or country use.
S8peed from 4 to 40 miles an hour.
Our odel has an_ extra
powerful engine, patent ball-bear-
inu wheels. ):rlce $275. Also 10 h. p., 8400. Rubber Tires,

for delcrlptive literature. Address

rit
SUCGBSS AIITO BUEGY MFG. CO.. Inc., St. Louis; Mo.

! 'I'hey lgg:g gagl:lgs inal Ilz ugenstils—tin
5 iteware,
eco. No solder. cement or nse:. “A:rbm

use them; fit any surface;
in nse Send for um{)l'g mﬂt‘.’wo '5'.}:1]»}3’:
o Tt

Balitortie: ton

A Clean Shave

Your new blades all need str. using.
one in ten comes sh. oo f:tp a cl enllﬁr:ve Not
y scrape your face with dull , or
e the Gavior Rutomatie Samer vl
wi e Gaylor Auto Dper
resharpen yourd des in a few mo-

Tl R

new The mouon

ﬁ can x “orldl:hl: the only PRICE
8 CCess-

e rorid that scces- $1.00

In uss with hmers genuine Horse Hide Strop, $2.00

r deal will send poyud
ﬁap' of mee. E:umre loe:ule for what :lnke tuthde
loney ngl t tir
Write for dacnphve circular, A e: wn’;ﬂe‘; actory.

L. B. GAYLOR, Allston, Mass.

THE INTERNAL WORK OF THE

Wlnd. By 8. P. LANGLEY. A painstaking discussion
b{ e leadmg authority on Aerod&{rnamlcs, of a subject

value to all interested in ships. Scxmnnc
AMERICAN SUPPLEMENTS 946 and 9 ce 10
cents each, by mail. Munn & Company, Broa.dwny,

New York City, and all newsdealers.

Patent and Manufacturing Rights

on invention for clearing
clogged closets, washbowls,
sinks, laundry bowls, etc-
Article retails for $4. One
application prevents tearing
-out expensive plumbing and
more than saves initial cost.
Owner has other large busi-
nesses and cannot push this
exclusively.,

Article now selling. Send
for booklet and full infor-
. mation,

Langer Mfg. Co.

202 Colonial Arcade Cleveland, Ohio

\ Why It Pays to Buy Sea Lion
Leather Belting

First cost and maintenance cost of belts
are two very different things. That’s
why you save money getting Sea Lion
Belting. 1t costs you'a trifle more to b~
gin with, but it lasts enough longer to
more than make up tor the initial cost.

1t you require a belt that will stand live

steam, water conditions such as leaking

roofs, hnmlm%plpes or flooded wheel pha

and the trying humidity of a warm climate

/ —in fact any of the conditions that so
quickly knock out an ordinary belt—

SEA LION

Guaranteed Waterproof

E/ | eather Belting

f Is the only kind you can afford to buy.
We cut hyfruln the choicest oak tanned hldes on the
Every {;rowss in
ness and

market—using only center stock.
the making is done with utmost !homug
care. The laps ure joined by our own process of ce-
ment under 3,000 1bs. hydraulic pressure to the square
inch, so that ycu could tear the leather sooner than

D sepnrnle the joints by any teusile strain. We sell it
under a guarantee equally as hberal to the user as we
g | place on our Oak Tanned Reliance Leather
Iih.lllng and that means every foot is guaranteed
and that we will repair or repl-«ce any belt defective
in stock or workmanship ; and in adilit on to the above
we guarantee the laps against opening up on accouni
of either water or steam,
]  We are also manufacturers of Re]mnc.e, Sterling,
Imperial and Dynamo brands of
belting—which are just as fmd
value for different purposes. Write
us about yvour belt needs. We
will advise you and send
you a book on belting.

\ Chicago Belting Co.
24 So. Green St., Chicago

Branches—New Orleans,
Philadelphia, Portland, Ore.

ROTARY PUMPS AND ENGINES

Their Originand Development.—An important series of
usem giving a bistorical resume of the rotary pump
engine trom 1588 and illustrated with clear draw-
ings showing the construction of various forms of
pumps and engines. ~ 38 illustrations. Contained in
3UPPLEMENTS 1109, 1110, 1111, Price 10 cents
cach. Forsale by Munn & Co. and all newsdealers.

DO YOU LIKE TO DRAW“

That’s all we.want.to k
Now, we will not give you n}y gnn ])l'lle
N —or a lot of free stuff if you an wer this
ad. Nor do we claim to make you rieh
in & week. But if you are anxious to
develop your talent with a successful car-
toonht, 80 you cin make money, send a
cop; ictire, with @ ‘eents in
" stamps g:rpomo fo of eartoons and sample

lesson plate snd let us explaih.

TheW. L. EVANS SCHOOLOF CARTOONING
842 Garfield Bldg., Clev lll!d, Ohie

Arehiteets and Builders should investigate

EVANS ‘‘CRESCENT’’ EXPANSION BOLTS
With Double End Grip Expansion
Constructed onnew
lines. Grip at hoth
ends and on all sides,
Canuot work looge.

Agencies n all large citles. P-unm and sole manufacturer
F. H. EVANS, 506-614 Kelt Ave., Brooklyn, N. Y,

© 1908 SCIENTIFIC AMERICAN, INC

The INVENTOR’S UNIVERSAL EDUCATOR
TELLS ALL ABOUT PATENTS, HOW TO SECURE
. THEM. HAS
600 MECHANICAL MOVEMENTS
alse 50 PERPETUAL MOTIONS
Every inventor shoul%yh:lvﬁl's copy. Price $1.00

F. Dietrich - Ouray Bidg. Washington, D. C.
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c‘ass i'i ed Advenisemenls m}gl.:l:%:yy. No. 8869, Wanted to buy straw making !'TA‘.:;:"tD l P. M o R R " s com PA N Y "‘“.':?":A":o

Advertising in this column is 75 cents a line. No less
than four nor more than ten lines accepted. Count
seven words to the line. All orders must be accom-
panied by a remittance. Further information sent on
request.

READ THIS COLUMN CAREFULLY.—You will ind
inquiries for certain classes of articles numbered in
consecu ive order. If you manufacture these goods
write us at once and we will gend you the name and
address of the party desiring the information. There
18 no charge for this service. In every case it is

necessary to give the number of the inquiry. | ¢

Where manufacturers 'gg‘ not ‘respond promptly the
inquiry . be re
TmaY. D6 teponte MUNN & CO.

BUSINESS OPPORTUNITIES.

‘WANTED.—Man with small capital to take. chnrge of
territory for merchandising business; write for par-
ticulars. Pope Automatic Merchandlslng Company,
Corn Exchange Bank Building, Chicago.

InYyuiry No. 8687.—Wanted to buy motor plows.

BUSINESS BOOK FREE. Tells how you can secure
e actual working plans, the money-making systems,
nchemes and short cuts of 12 great, blgbuslneu men—to
increase 50 r salary—to boost your roﬂts. Book is free.
System, Dept. 1774 Wabash Ave., Chi

Inquiry No. 8785.—For ies mnkimr a still for
the purpose of extracting alcohol from saw-dust.

CAPITAL WANTED to manufacture automobile and
marine engine accessury of established repuhtlon. A
cowmpetent engineer has machinery and co cts pend-
ing to the value of $50,000 subject to posalhmtlea of de-
livery. .Sales Runrmteed Exceptional op ﬁrtumty for
one Or more es havi or less to vest. Ad-
dress C. F. W., Room 308, 1876 Broadway, New York.

PATENTS FOR SALE.

FOR SALE.—Turner fireproof shutter, U.S. Patent
No. 8%6,176. A devlce constructed or two thicknesses
of galvanized sheet steel. corrugated and built over a
tee-iron frame. Lllzht durable, att.racﬂve and cheap,
and envs\'y to manufacture. Eagle Cornice and Sheef
Metal Works, Tampa, Florida.

lnquiry No. 8779 —For parties manufacturing

gasoline, steam engines and boilers; also packing
§ad Hiineral ‘wool, steam supplies, iron and lead pipe

power transmission machinery and'-steam fitters’ tools.

FOR SALE.—Patent No. 8§1.09.—A machine for sepa-
rating ground peas from the vinaa For information
address Wmiam S. Pope, Sneads, Florida.

Inquiry No. 8787.—For partlcs who manufacture

FOB SALE.—Complet-e shipping tag, wire or strlng
fastening ‘'attached, always ready: also roof scaffold
bracket, secure withoutnntln. G. C. Carman, 8t John,N.B.

Inguiry No. 8842.—Wanted to buy annealed glass.

FOREIGN PATENTS for meritorious and valuable
inventions negotiated upon a contingent basis. Ab-
solutely no_fees accepted. References given and re-
quired. L. Heury, 141 Broadway, New York.

Inquiry No. 8844.—Wanted to buy inkstands. .

PATENTS WANTED.

WANTED. — Information regarding good patent
which would be money maker. Only inventor, who
wishes to sell outri, m or on rovalty basis, need answer.
Glve price and f description. . L, Darby shire, Box
300 A, ehester, N. Y. N

Inquiry Ne. 8846.-Wanted to buy an electric
er hand saw. 3

HELP WANTED.

LOCAL REPRESENTATIVE WANTE]) —Splendid
income assured right m 0 act as our representative
after Ieamina our buslneas thorouuhly ‘by mail. Former

we require is houesty,
xqety‘ ambltlou.olld wm ness to learn a lucrative
business. No solicitin, ‘raveling. . This is an ex-
ceptional opportunity for n man in your section to get
lntoa. big paying basiness without capital and beoome
independent for life.” Write at once for -full
ticulars. Address The National Co-operative eal
Estate Company, Dept. 378, Wasbington, 1). C.

Inquiry No. 8847.—Wanted laundry tubs.

MEN WANTED QUICKLY hy big Chicago mail !irder i

house to distribute catalogues, advertise. etc.
nse allowance first month. No experience
required. Manager, Dept. 73, 385 Wabash Ave:, Chicago.

No. 8848, — Wanted to buy rust proof
mmlg}%angof wash tubs. an i L

‘FOR SALE.-

A GRAY IRON FOUNDRY. full ?umped and in
« peration. on account of he es
partoer. is for sale. The foundry is 50 x 150 ft., solid
brlcir walls and iron truss roof, bay on the east side

5 X 24 1., used for core room, an addicion on the west
slde 31 X %0 ft. with brick walls, partitioned off for cupola
room, motor room, cleaning an ship &ing room. A brick
pattern house, 30 x 50 ft., & frame office, 4 acrcs of land
and aside track. located on the Soo Line, Minneapolis,
Mion. . For pm iculars addvess Mr. W. Chapin, at-
torney for ithe administratrix, New York Life Bidg.,
St. Paul, Minn.

Inquiry No. 9.—Wanted addresses of Canadian
makers of rifle sights. -

LISTS OF MANUFACTURERS.

COMPLETE LISTS of manufacturers in all lines sup.
pled at short notice at moderate rates. Small and
Pe-xhl lists compiled to order at various prices. Es-
timates' should be obtained advance. Address
Munn & Co., List Department, Box 773, New York.

Tnquiry No. 88350.—Wanted to buy mnchlIery for
making canvas gloves or mitts.

A LIS'.l‘ OF 1500 mining and consuiting en,
" cards. very valuable list for circul
Price $15.00. Address
Box Ti3, New York.

a-iry No.
ng wooden laf

neers on
ng, etc.
Munn & Co List Department,

1.—Wanted to buy machine tor
and wire together.

MISCELLANEOUS.
UNITARIAN LITERATURE, including sermons and
week.ly ogmbllon.ﬂons. sent free, on Rpllcation to Miss
'eck, 106 George Street, Providence,
Inquiry No. 8852.—Wanted to have made a con-

(t'avte brass or copper reflector with focus of fouror five
ee

Inquiry No. 8856. -Wanted a machine or gﬂnder
for rgdugxyng soft wood refuse to a fine dust.

In&niry No. 8858.—Wanted to buy comb cleaning

Inquiry No. 8859.——Wsnted to buy steel gray
paint suitable for gasoline engines.

inguiry No, 886 0.—Wanted to buy machinery for
mn&ng. washing and drying gum chicle. i

nqu'lerny No. 8862. — Wanted to buy a feather

l‘nqniry No. 8863.—-Wmted to buy machine to

te pecan nuts into sizes and dust the dirt off.
ﬂl‘" No. 8864.—Wanted manufacturers of me-
cal novelties.

lnquiry No. 8863.— Wanted to buy fireless

1-lry No. S867.—Wanted to buy plant for dry
olem

ln

miry No. 8868.—Wanted to buy- nickelold for
- ' ’ I

Inquiry N e o—
'Il ﬂ' 0. 8870.—Wanted tobuy incandescent

Inquiry No.
N,

Inqulry No. 8872.—Wmted to buy a ball noxsle

8871.—Wanted to buy chimneyless

ah{:l:;mlbrnyt No. 8873.—Wanted to buy a portable

.Ilﬂlll? No. 8814.—!01- mnnntmt,nrers or lm-l.

orged

Inqui o. 8876.—me11 to buy wood rolls 13§
inches in eter and 8 inches long, with iron journals
iginch in dumeter, suitable for wringers.

Inquiry No. 8877.—For manufactarers of convex
glass for pictures.

lg&ulry No. 8878.—For factory mnnz paper out

Ilqulry No. 8879.—For the manufacturers of
steam air pumps such as are used on the Conrad steam

Inquiry No. S880.—For manufacturers of portable
shower baths.

Inquiry No.

8881.—Wanted to bny about forty
seeond-hand enclose ampere

arc lamps for direct 6§ am

Inquiry No. S882.—Wanted to buy a second-hand
noElse p’ower, single phase mdnctloz motor 106 volt,
oy

Inquiry No. 8883.- -Wanted to bu
hand complete carbide of calcinum plan

new or second-

Inqulry No. 8875.—For makers of chain, also |

MACHINERY.

BRASS AND BRONZE CASTINGS.

PHILADELPHIA, PA

STEAM AND HYDRAULIC TURBINES OF SPECIAL DISIGN-
SPECIAL HEAVV MACHINERY.

LAND AND MARINE BOILERS

CENTRIFUGAL PUIPINO

IRON CASTINGS UP TO 50 TONS

Superb Holiday Gifts
for Gentlemen:

Prices
Popular zude and brier nickel
mounting $1.50
Special selected brier. solid
silver mounting - -
Virgin brier (cased), solid

FOR HOME USE

Extra cooler to be
interserted between
bowl and stem given

silver mounting - - s.00 frec with each pipe.
Meerschaum (cased), solid )
silver mounting - - 185,

Meerschaum  (cased),
gold mounting - -

No Saliva in Stem
No Poison in Mouth
Burn

t Tongue
Absolutely
Impossible

Free Cool Dry

Dept. A1

ELKIN PlPE

Formerly called “A-C” (Anti-Cancer)

il

e Price $l 50
prepaid

Discounts to Old Custorners

B X vm'dnsen of 1904 - - ' 25per cent
1905 - - .20
. 1506 - - 15
b “ 1907 - 10 *

ELRIN PIPE COMPANY
25 W. 42d St.,, N. Y. City

Inquiry Noi 8884,—Wanted to buy d-hand
‘“Gammeter Multigraph.”
Tie making machlne, wall, J. H. Rau...... 904,563
Tile molding apparatus, glass, E. D. Mooney 904795
Tire tightener, P. & M. J. Rau............ 4993
Tires, composition for preventing leakage
of air through puncture in pneumatic, -
Rogers & Myers ..... 904,895
Tobacco pipe, 7. Monson .... 904,
Tobacco stripper, T. P. Ford .. 904,770
Tobacco substitute, masticable, 904,521
Tool case, hand, adeira 904,
Tool handle Wedge, J. W. Hair 905,069

Tool holder, C, E. Bown ...
Tool holder, H. ~Vogel ...
Tool, lmpact C. B. Richards
Tool, pneumatic impact, G. L. Badger
Tool, punching, T. McGrath ..........
Tool, staking, F. R. Cunningham.........
Tool, stone working, Greve & Richards....
Tooth nrtlﬂcial F. D. Case..ccoveevnennes

Transter, J. W. Hentz
Transom operator, G. H. Lawrence....
Trap, M. Engstrom
Trap, B.. A. MATtINBOT «nvvvsseronnsnees
Trench digger carrier, F. R. Batchelder,

904,596, 904,597
combination,

Trolley and telegraph pole,
J. Hackett ..........

vent, W. O. LADE .......covvvevvnnnnnn 904,641
Truck, car, E. H. Benners . 904,670
Truck, transfer, G. P. Baldwin . 904,919
Tub trap rinse, W. L. Koenig ..... 904,539
Turn table, piano, Sullivan- & Ring... . 905,018
Twine holder, J. M. & R. E. Pinegar...... 904,T.
Typewriting machine, B. 904
Typewriting machine,

Typewriting machine,
Typewriting machine,
Typewriting machine;
Typewriting machine,
Typewriting machine,

904 857 to 904,859
Typewriting machine, L. A. McKeever 904,982
Pypewriting machine, H. H. Steele........ 905,013
Typewriting machine, J. C. McLaughlin.... $05,00:

Umbrella repairing device, E. H. Stoddard.. 905,016
Urinary apparatus, V. D’Incogn!to
Valve, emergency, O. Penn................
Valve for hydrocarbon lightlng systems, M.

We PItIEr . 1covecsosocidnncsssccsasess 904 987
Valve, piston, Christman & Johnson........ 839
Valve stu(ﬂng box, englne, J. J. MacMulkln %;83

Vehicle, J. K. Kendrick ................. 3
Vehicle . cushioning devlce, Carpenter & Kls—

A 55000000k 00E0BH00a000005 000300 0000 904,837
: Vehicle gear, J. Weekes ....... 000 . 904,822
Vehicle, motor, o Donahoe ..... 904,687
Vehicle, self-pro led, C. Richter.. 04,
Vehicle transmiqslon gear, motor, H. T. 904,868

Hansen
Vehlcle trucks, puspension of railway and
tramway, E. Peckham ........... o0
Vehicle wheel, M, Joachimi,
Vending apparatys  for clgarettes and the
like, coin controlled, Sahlin
Vending machine;:
Ventilating device,
Ventilator, H. Sh
Vibratory npparatus for ear treatment E
eyer ...,....
Wagon, dumping, A Maxwell 5
Wall, partition, W. J. Perkins............ 905,
Washlng machine tuba, wringer box or tray
Vos 905 028

Fnrley
Ao

for, W. .
Watch, stem winding “and settlng,

Porter ...... 5 904,9
Water closet bowl C. H. Rollins ceeeaas. 904,896
Water elevator, A. Haas ......cec0nveeee.. 904,951

Water heater, L. D. Lovekln ..... ceeeevees 904,627
Water motor, J. P. & H Shevlin. . 5

Water supply system, J’ ’l‘ Lemon...
Watermobile, P. McDermott

Weed cutter ‘and puller, combined ‘H'S.

Welghlng machlne, T. S B Parnpall........ 0.
Welding machine, electric, W. M. Fulton... 904,771

Wells, grappling bucket for cleaning, A. :
BUITOWB ...c.iceriincacecncasasasanane ,680
Wheel. See Car supplemental wheel.
Wheel grinder, band, P. A. Cazes....... eeee 904,509
‘Wheel guard or fender, C. T. Moss ........ 904,980
Wheels, antifriction thrust bearing for, W.
J. Trevessick .....ccecciiiiiiennnanns . 904,675
Whip snap fastemer, P. B. ‘Goid . .. s 904,610
Whirlpool, artificial, W. W. Devore ........ ,848

Winding, spinning, and twlstlng machines,
bobbin and cop builder for, J. S. Berard 905,049
Wire bed bottom fabric, C. H. Halstead,
,611, 904,612
Wire bracket ‘or holder and insulator, I. L.
Edwards
Wire clamp or grip,
Wire fastener, A. W. Burbury ...
Wire stretcher, W. C. Richardson
Wire stretcher and wagon jack, combined,
E. G. Boyes .......
Wiredrawing block H. B. Hu
Wiredrawing machlne, C. A.
‘Wood, apparatus for use in treatlng, S.
willlams ....
Wrench, T. W. H
Wrench, J. G. Swallow ............
Wrench and tool holder, J.
Yoke center, neck, H. H. Bromley......... 904,934

TRADE MARKS.

Abrasive ‘materials, certain, Marshall-Wells

Hardware Co. 5000000000000900 1,386
Beer and ale, W. "AIBTeCht nvvereeiinnens 71,368
Belting, machlnery, New J’ersey Car Sprmg

& Rubber ..........71,4‘{0
Beltlngs, hose, and packlngs C. Atkin

& 71,464, 71,465

Bib and faucet handles, sel
Mueller Manufacturing Co.......ccc....
Blacking® or_dressing surfaces,
or, G. H. Johnson ........c.ce0uvenee
Boots and shoes, leather, L. J. 8. .
Boots and shoes, leather. Unlted Sboe Mnchln-

ery e stesteseticassnerenans

STEAM
YACHTS

STEAM
BOILERS

STEAM
ENGINES

NAPHTHA
ENGINES

Gas Engine & Power Go. and l}has. L, Seahury & Gu.

(CONSOLIDATED)
MORRIS HEIGHTS, NEW YORK CITY .

DESIGNERS. YACHT BUILDERS and ENGINEERS

SPEEDWAY GASOLENE ENGINES
SHALLOW -DRAUGHT BOATS A SPECIALTY

VESSEL. CONSTRUCTION
’ Send 10c. Stamp for Catalogue

MOTOR
LAUNCHES

STEAM
LAUNCHES

NAPHTHA
LAUNCHES

'SAILING
YACHTS

WG0OD OR STEEL

The National
Aeronautical
Magazine

~

Send a dollar to Lawson & Kelle
on, whkh includes thr‘r
»’ Free of Charge.

Keep In
Touch With
Aeronautic
“Doings”

s SR bk
1ngs up. Tim of inter es
relative to mechI:mcal flight.

Publishers, Betz Building, Philadelphia, for a year's
‘ovember Number and a clcgti: -bound cﬁpy" of the novel,

DO YOU HAVE KNIVES TO GRIND. SILVER
TOPOLISH. SMALL TOOLS TO OPERATE.
WASMING MACHINES OR Y/RINGERS TO RUN’

LET THE RED DEVIL
WATER MOTOR DO YOUR WORK

Attached to any water faucet will develop
up to 3 Horse Power according to size of
pipe and water pressure. On eX rfect
small motor made. - Improv ucket
wheel construction. 6-inch Motor for
Mechamcs,Bulchers,(:rocers, small tools
andW 1% H.P.on%inch
pipe, 80 }bs water pressure.
price $6 with o:
4-inch Motor for grind.in:. polishing,
fans,sewing machine, Doctors, Deatists,
X NetpﬂceMotorw-lmPull

Net

$2.50; withemery. buffing wheel, silver
polish and pulley $8 oug th arder.
mey back for any reason. Send for fllustrated eata-
log. Order your motor befere Xmas fromdealeror from us.

DIVINE WATER MOTOR CoO.
DEPT IZ UTIiCA . N.YVY.

Load your blasts with

Aetna Dynamite

And Fire with
LION FUZES

Manufactured by

The Aetna Powder Co.

143 Dearborn St.
Chicago ':: -

A Homie Made
Alternating
Current Motor

power.

1,456 to 71,458

MUNN & COMPANY, 361

© 1908 SCIENTIFIC AMERICAN, INC

EAD SUPPLEMENT 1688 for a good,
clear article by F. E. WarD, EE,
on the making of a 1§ horse power

alternating current motor. The motor can
be constructed by anyone of ordinary skill
in the use of tools who has access to a

. screw-cutting lathe with a swing of g inches

or more. The motor is designed to run on
the 100 to 120 volt, 6o-cycle, single-phase
alternating current circuit, now in wide-
spread use for the llghtmg of dwellings.
The motor will drive a 16-inch brass fan, a

small lathe, or a So-watt dynamo for generating direct current for charging storage
batteries, and in fact will do almost ahy xind of work that can be dome by one-man
Order from your newsdealer or from

Broadway, New York, N. Y.
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Boots, shoes, and slippers, F. Valdes & Co. 71,459
Butter, Watsonl & AVeD .......cqeeeveeennns 1,417
Cantalcups H. H. Hawkins ................ 71,377

' Carbon paper and typew rltel ribbons, Mittag

& Volger ............ ... 71,447
Cement, alnminium pipe, A. Wilhelm Co. 71,463
 Cigarettes, . cigars, an tobacdo, Maspero

FrereS ....eoeeeiieennnnneeedinnnneaenns 71,493
‘Clgars, P. Alvarez & Ca. ......veeviien vuns 71,494
i Cigars, cheroots, and cigarettes, Cayey- " ' ,
y Caguas Tobacco CO. ....i..vceeeecncens 71,490
‘Cleanlng and renovating apparatus and parts
: l thereof, Electric Reénevator Mam:tactulr- !
! ing Co. .. oo il 71,375
, Cloth, mbber, and leather shoes, National
i SDOCTRAKENS . .euvvrrvreennnnnin.s 71,450, 71,451
, Coffee, blended, Aroma Coffee Co...... el 11,370
Coffee, blended, R. C. Williams & Co........ 71,418

\ s | ‘Collars Hall, ‘Hartwell & Co....... 71,442, 71, 1443 E
! Cotton piece goods, printed. Neuss, Hesslem
¥ 4 & CO. ovvine ciiiii it 71,452, 71,453

} 'Cutlery and tools, certain, Marshall- Wells
Hardware Co. .........c.ciiiiiennnnnnns
§ 9 PY Cutlery, certain, Stephen Richard Co.. S
{ Y g h s o ! Dental cream, Colgate-& Co. ..

S T ‘Dolls, rag, Bach Bros. & Katzenstein.
. MART'NS FERRY. 0. Dys%epsia remedies, mother Seigel’s. Syrup
Owpposite WHEELING, WEST VA. . Earthenware, porcelain, majolica, or clay

-+ articles, Wachtersbacher Steingutfabrik. 71,487-
Foods, certain, Kabn-Beck Co. ............ 71,382 .
'Foods, certain, Richardson & Rebbins Co.... 71,412 # 5 4
'Fruits and vegetables, canned, H. K. Fooks
L o A S 71,376 || |
‘' Frutts, preserved A. A. Kearns 71,383 . T

; Gresse, axle, Belknap Hardware and Manu-
tacturlng L
Gum, chewing, C. H. Stewart ...

Hammers, trip, L. Mayer .................. . WRlTE US

ENGINEERS .Hats tand c:;gsltgf 1;310;111’ wool, Cfelt tur, and 71445 ) ) ) . ] )
MANUFACTURERS Hats, felt, Fay-Gorman Co. ..., s W : VER MEG. Ki ille n.

MANUFACTURERS s Teit, Fay'corman Co. coacll THE WM. J. OLIVER MEG. CO., Knoxville, Tenn..
: Headlights, R. E. Diety :Co. 71477 (L | ' It broc. g : : . s i, 07

Hose, fsbric, Eureka Fire Hose \Immtactm- ' . .

71,448

ing Co. iv.ivineiiiie et 71,467
{ Hoslery, X, B. &udxews Co....ouies 71,421
Hosfery, Bell' Hosiery ' Co. . 71,25
{Hoslery, Burson. Knitting Co 71,420
| Hosléry, Davis Hosiery Mills - 71,433
| Knives and steels, butchers’, ick 7],073
‘Lam&sj, gas  burning vehlole, R. 4. ‘Dg_i‘tZ' 14 4

............................. 71,478, 71,480 | ! 5

' Lamps, ofl burning, R. E. Dietz Co. ........ 71479 [ W I } In SELEGTING itineraries,
' Laxative medicines, Wm. H. Clark ........ 71,431 i 3 ¢ In PROV‘DING a steamer with “nsurpassed‘ .

' Leather and fabri¢. gloves, Ben Strauss Co.. 71,427
Tbe Dean ren:;:;xe?g‘:;l guﬁ::n thetube of a ‘qumr known as- ‘‘Mezcal Tequila,”’ Mezcal
Tequila Distillery Co. ......

| Locks and padlucks. door, Hibbar:
In ELIMINATING everyfeature which offer-

i Bartlett & Co. ........ 7 s :
S THOSE BOlLER Npesehen Saeehe F K ‘ Xt
edicated .sa or .feeding to animals, B. s § . L ; o
R. BONNEY ..vvuviiiiieniiinnennnseives 71,428 £ ‘ed th; shghte‘;t inconveni: B N
T OUB S :Medicines, certain, Dr. Bob Medical Co.... 71,434 3 > ence, nve ma efamous the ¢
' Metal articles, cortasi, Marshall-Wells Hard-. . P : op “M l tk L9 O t C =
. WATE CO0. . yevnvegennnronneeennneennnnns s 3 ) j
Metal, babbitt, G E Soverei n L. ... 71,406 | ; B < 3 ; . o e rlen rulse

Increased ‘fuel bills, loosened and burned-"§ | Milk, condensed, Mohawk Gondensed "Miik

facilities for cruising, - !
In EXTENDIN(: ‘to'oue patrons the'greatest |
comforts' and luxunes, ‘

F X3 LR
out tubes, curtailed boiler capacity are due Non.‘i,g;:gfcéahg'f&;&"ﬁﬁe P e ' T 109, o e B0 oruree, ok Taanact
SO | P N ey AR § §Y7 | MEDITERRANEAN The HOLY LAND

The Dean Boiler Tube Cleaner || it 08, Mg o 8% U84L I} The ORIENT EGYPT, Etc. -

2 : g » A 65 to. 71,307 | B e : 3 he cost is frotn $300 upwanl. :
| removes . scale from. the tubes of water tube lf;zgzsr. ﬂ;‘i s ﬁ;a}leyoutl;:‘ g;v&et Orr & Co.. g'ﬁéf o y N : Also | crutses by the twn’a-serew cruumg S S
the acsle by sapid wibraion. - No.sca oo "%Diz-oﬂ*:;f'e%x:;gc;%“f;f;;.:“C;t".'.‘.d.*.".g. Rl | e SN Indies - - Vemezuela
hard or tenacious for it to. remove. : Cleans §| Pen Fﬂﬂd Delfdl or lead holdér, combined, ’ ; ; Wedl ndies ‘ enczue.

Spanish Main - Panama Canal:-‘

: ! B, WIS r1itvuiniiinnnnisvimiiassss
10 to:30 tubes an hour. - Removes the soot §| pens,  tountdin, able, Todd. & (LT O
in the same operalion. = Operated by steam Pencily, leall an ealored; E. Faber..

: ; E &5 Leaving Jan. 23 and Feb. 27.. 30 days. $150 and up. :

Lor air. It is the one tned, proven and: per- ?ﬁiﬁ%"ﬁiﬁc !:il:zsvoelo l:etrs and accelerators H ’ | » ' Send  for illustrated booklss, ° .
grap. D r E describing these and other cruises..

‘fect scale remover. In usein over 8,000 plants. S, WellCome  vuviesseusiivisioerivnenns 71,460 : N - H 4 .
Reforences in all countries, . Guaraniced to || B maxative. Mother” Kegehs Sy co1 1. 1148 | 2> amburg-American Line
 pay for itself in, six months® use. = Write for }| Pumps, lubricator, : Phenix Lubricator - . 71,307 |7 S0 Hamburg-American Bldg.. 4145 Broadwey. New York
B Razor strops, R. W. Sunasiéck Co.’ 71,4171 o o1 -
 circular No. 130. Romedy for’ diseascs of the. gemerati Boston ﬁdkdalaha Chiouos Lon Sml"rmcisco

A t . Bros. Medi CO.vivnennnns. 71,422 4
THE WM. B. PIERCE co Remagy tor meamatem. a0 Rraiey L.l 1145

Remedy for venereal diseases, Floyd Bro

: : ‘We facture METAL
319 Washington Street,  Byffalo, N. Y. | lgggg&g wooting, - Seinchelmer Paper Co..-; 71451 | PR JNTRNNES \’GUR FACTORY lNVENTOR mc"f&‘i’rf'"as' of all kinds,

G0, ittt ittt . > .*to-order ; largest equipment ;.
ga]mon, dcannegi Ak’mBﬂpt e angd Co.,. .. f . \’tl’ 488 - ?Y‘A::n‘i:Nglt\'M")lU\FlLS\ E:r" R “ | iowest prfces s?d perfect umpj: for. F R E E
|'Saws an achine ves, mends anufac- : : 01 . o ‘ imate  an, e advice
o taring Ooe. v oen. ) u S B Hamiling o Clesdinodiq *fu AGLE ‘To0L ., Dept. A, Cincinati, 0.
i IScrean like sections, certain hlnged B 0._ - —
i POVOL . iiti™enoenaeonocenacasnsonsses 11, S % v 2
i t Shee(t;) and pillow eases, H. 'W. Bnker Linen 71 i MACHEJ ml “Wﬂ%" Brew ER
L RN S W L BT 00, . e et e ) and Botrlers or:;
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EXPANSION BoLTS

MAKE QUICK, SECURE

FASTENINGS TO MASONRY

AR‘EXPANS‘ON

ST A.J.A.A.‘ o

E Tl (gad = =
C OI z PAT.APR.I4.03
o o 15

P | Give Him a Gillette
| @ F MANUFACTURE MOULDED AND | .

| 'SPECIAL RUBBER GOODS OF EVERY § Safety Razor for Christmas
| DESCRIPTION AND CAN FURNISH E will use it, never fear! satisfying shave, no matter how rough

‘ ANY SPECIAL RUBBER ARTICLE § And thank you from his the beard or tender the skin.
TO YOUR SATISFACTION | heart every time he shaves. No stropping, no_honing. ~Any

. man can use it. It is .the one razor
%%‘{\“EL’”NG&I)ACWJ ‘ _Ovetli] tho.“nlilllon men art; ghatth is saf?—canna:hait his fliue_d'amtil(;
— is the only razor that can be adjuste
\ @ i s e Ay for a llghtyor a close shave. :
91 93 CHAMBERS STREET /) them will tell you he would

not be without it for ten times A man is conservative. He takes
NEW YORK : to the Gillette like a duck to water
Its cost. 1 1
e . . once he gets acquainted—but, as with
Shavmg in the old way is the bane  other improvements, it sometimes
of a man’s life. It meanstime wasted  takes a woman to lead him to it.
at the barber-shop—or tedious strop-

For Machme Bolts, 3-16 to 2 inches diameter.
Write for Catalog and Samples

Star Expansion Bolt Co.

BAYONNE, N. J.

COLD GALVANIZING.

AMERICAN PROCESS.” NO ROYALTIES.

DE CA BON l ZE ing and scraping with the old-fash- The Gillette makes a beautiful gift, withitstriple SAMPLESA"”|NF0RMATION gn APPLICATION.
R P g P € 2 silver-plated handle, in velvet lined, full leather N I c K E L
chewically removes carbon from ioned razor, with the certainty of cuts Standard set, as illustrated above, $5.00.

and scratches if he is nervous or ina
hurry. Besides, as you know, he is
not always shaved when he ought tobe. : ) .
The Gillette makes shaving easy The Gillette is on sale at all leading jewelry,
€ 1 5 g MO drug, cutlery, bardware and sporting goods stores,
Takes only five minutes for a smooth, If your dealer cannot supply you write to us.

cylinders, piston rings and vaives.
INCREASES POWER 20 PER CENT

Volatilizes carbon, in which form it passes
out thru exbaust. Injury to meta
impossible. Agents wanted in _certain
locahties. Sample, quart can, $1.50.
Write to-day tor particulars.

Combination sets, $6.50 to $50.00.
Send for illustrated booklet to-day.

Electro Platmg
Apoaratos and Material

THE
Hanson & VanWinkle

Newarli. N. J.
General Accumulator & Battery Co New York GILLETTE SALES CO. Chicago 28 & 30 8. Oanal St.
128 Second Street, Mllwnukee, Wis, _ Cbicago.
Times Building 207 Kimball Building Boston Stock Exchange Building

Factories:

Boston, London, Berlin, Paris, Montreal

Gillette Safety New British Patent Act

the trade-mark emblematic of the WORLD’S NO STROPPING NO HONING azor RE =150 N S Il BLE manufactlgmg fisg
BEST MEASURING TAPES. Notmuchto °peralfmg anges up-to-date brass and
look for, but a great deal to find. Watch for it. copper. rol mng mills in Blrmmgham’ E"g'
land, is open to receive proposals from
owners of American Patents protected in
Great Britain, for the production of any of
the under-noted articles or machines:

Blanking Machines.
Cupping Machines.

“RED GEM "

LAUGHLIN —
DETROIT MICH.U.S.A

An Ideal Xmas Gift for Lady or Gentleman

Our Famous and Popular Non-leakable RED GEM—the Ink Pencil—regular $2.50 value, Drawing Presses.
guaranteed. Hard Rubber Holder, Iridium Point, Spring Feed. On approval to respons- Power Stamping Machines.
ible people for only $1, postpaid. Address - Cartridge Piercing Machines.

LAUGHLIN MFG. CO. 583 Majestic Building DETROIT, MICH. D b T

Bullet Machines of every de=
scription.

Cutting-off Machines.

Automatic Feeds for the whole
of the above.

Machines for the Manufacture
of Explosives.

Paper Tube Rolling Machine for
g?pe{ Tudb% Pitl)lkslhh:lii; Machines.
. vetl an a achines.
String, Tape and Straps take too long to fasten. Detonator Machinery.
Rubber Bands rot—besides they’re useless for Wire Covering Machinery.
securing a bulky package. Apply in first instance to
The ** PULL FASTENER" does all that these old- | J. H. LAU & CO.
fashioned tying appliances do—dbes it quicker, better and P. 0. Box 580, New York City, New Vork
easier.  Yet it costs no more than rubber bands, and lasts
ten times longer.

A bulky parcel, clumsy bundle or dainty package are all the same
to a “PULL FASTENER.” Place around the package and pull—
that's all.  “‘Binds with a grip of steel; tied or loosened in asecond.”’

<
’f/ )
‘7464,7,&‘ W

Send for Catalog and Circular
of our new ‘‘Instantaneous Readings’'—the
greatest improvement ever made in the mark-
ing of measuring tapes. Saves time and
eliminates errors.
THE LUFKIN RULE CO., Saginaw, Mich., U.S. A.
New York London, Eng. Windsor, Can.

GROBET
A, Swiss Files
y _, and other tools shown
in catalog 27. Sent

free if you mention this paper when writing.
MONTGOMERV & CO., 109 Fulton Street, New York City

“PULL FASTENERS"” are made in cord, tape, webbing and
strap form—for every purpose. Over 38 different styles, sizes and
. prices, from three-for-a-cent upwards. Various colors—brown, red,
pink, gray, orange, white. Special sizes or styles made to order.

“PULL FASTENERS" are used and indorsed by Architects,
Engineers, Government Officials, Banks, Attorneys, Prominent Manu-
facturers, Business and Professional men in every walk of life.

Write on your business paper for finely illustrated catalog and free samples.
DRAPER’S Representatives wanted.

Recording Thermometer TH E PULL F A S TENE R C 0 MP A N Y Dunn he past 15 years we have helped over 80,000

Traces automatically a correct and men qualify for better positions and more salary.
continuous record in ink of the tem- 306 COX BUILDIN G- ROCHESTER . NEW YORK Fill in and mail the coupon to-day and we
perature on a graduated weekly chart. : will send you FREE, our handsomely illus-
Made in two sizes, and standardized Strztated 300 patg,e Bulletdmt of1 Engmgeﬂngh;fori

mation describing in detail over 6o practica
:’;gthf:rllfecgf(ﬂ;a“ﬁﬁg;umzfg el ) home study courses including Civil, Electrical,
& i A Stationary, -Locomotive, Railroad, Mechanical,

THE DRAPER MFG. CO. =

Py aud Structural Engmeermg, dMechamcal Draw.

. ing, Ventilation, Heating and Plumbing, Sheet

182 Feant St New Yook Ma Ke your Own C’gare tte.r Metal Pattern Draftmg,Archltecture, Complete
CRESCENT W000 WORKING Carpentry, Mathematics, Textiles, College Pre-
50 Perfectly Formed Pure SmoKes for 5 Cents paratory, etc.

Lxg’htmgSystem

DASGLINE WIRE TTID

Th- most up to-date and complete light-

ing system on the market. Reautiful fix-

tures for the home. Attractive high can.

dle power invefted arcs for stores, ha'ls,
etc. The best proposition goin;

ling agents. Write today for agents’ tern

and territory. Handsome catalog free,
Superior Mig. Co

RS 201 Seeonnt Sto Ann CArbor, Mich.

realized.

No malter what your Yoslhon
may if you are poorly paid
and there is no prospect for
an lhmz better, the American

ool of Correspondence can
help you, We make the way
easy for thc ambitious, earnest man.

rcallze his dreams of the future.

g/

MACHINERY We help men help themselves.
Satisfies Particular Users THE MOST USEFUL MACHINE EVER INVENTED — A USEFUL HOLIDAY GIFT A School of C d
Band Saws, Saw Tables,( . A nh.unnled everywhere Why smoke impure cigarettes when you can merican_School o orrespon ence

Jointers, Shapers, Borers, | 3 CHICAGO, U. S. A.
Swing Saws pmsi: Grind. make them yourself and know their contents? | [} — — — — — - = S
ers, Planers, Planer and Enjoy a smoke that will not injure your health. ~ FREE INFORMATION COUPON
Matcher, Band Saw Blades. A fresh, pure, cigarette made in a few seconds R — C:}Lp"and )lnl.l To-day.
We want you to have our catalog. Gfth th Mad & Kk merican School of espondence :
Send for it today. at one-fifth the cost. Made to fit vest pocket. Please send me FREE illustrated 200-page Bulletin of en-
THE CRESCENT MACIHINE CO. Thousands in use, all giving satisfaction. gineering information. I am interested in the
230 Main St. Leetona, Ohio, U. S. A. Your money back if you want it. o
Nickel or Gunmetal - 50O cents .
UBRI(A SIND Sterling Silver - - - $5.00 }Prepnld I T EB50 000000000000 6600 BO00CaC000aN0T0
'[S EsricH Mra. Co., New York. Oct. 19, 1908. A
SAMI’II Gentlemen—'l'hec&aretle machine received today, and, without ex- DDRESS etieteessssesseronnsnesiossssssescccssscnsnne senonns
N““lN& ception it is thebest little cigarette maker I ever saw—so simple and Oc
15-21 S. c._.“ complete. CanBy StEEL, Pinehurst, N. Car. CUEATION Sci. Am.. 19-5-08, _J
ESRICH MFQ@. CO., Dept. 21, 28 E. 23d Street, New York : 2 -
CHBESLY&CO .‘.’Hﬁ%f?USA ' anept. 2% Ee N i
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