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A SIMPLIFIED METHOD OF TEACHING EXPERIMENTAL
PHYSICS. i
BY JACQUES BOYER.

Until recently, experimental physics has been taught
by rather superannuated methods in the lycées and
colleges of France. The teachers lacked simple ap-
paratus suitable for the initiation of their pupils into
the mysteries of

Scientific American

in explaining the laws of the compound pendulum and
the graphical method of recording movements in gen-
eral. A bicycle wheel is mounted with its axle hori-
zontal in a flat wooden frame. The rim of the wheel
carries a wide band of sheet brass, forming a sort of
drum, which can be covered with a band of smoked
paper, arnd one end of the axle bears a small grooved
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performed, {llustrating the static equilibrium of mo-
ments, inertia, the action of constant forces, the law
of velocities, proportionality of force to acceleration,
resistance of the air, friction, isochronism of small
oscillations, the graphic method of registering move-
ments, etc

In demonstrating the principle of inertia the needle
is brought into

acoustics, optics,
electricity a n d
magnetism; al-
though some of
the schools pos-
sessed magnifi-
cent instruments,
copies. of those of
half - a century
ago, which,  in
the language of
M. Chassagny, the
inventor of the
apparatus de
scribed. below,
“were a Jjoy to
their makers”
but of little use
to their possess-

contact with the
band of smoked
paper carried by

the drum, and
the. - drum- is
turned. The

pendulum being
in the position
o f equilibrium,
the needle traces
a line which,
when the paper
is removed and
laid flat, will be
straight and will
constitute a base
line. This line
having been trac-
ed, the pendulum

ors. There were
costly "Hiero’s
fountains and
Morin’s machines

Fig. 1.—The mechanical recorder.

Fig. 6.—Chassagny’s apparatus for electromagnetic

is drawn to one
side, a rotary im-
pulse is given to
the drum with

induction.

which were used
only once a year.
The pumps and
hydraulic presses
were equally ex-
pensive and they
gave the pupils a
totally false con-
ception of the
pumps and hy-
draulic presses
employed for
practical pur-
poses. Babinet’s
improved pneu-
matic apparatus
is remarkable
chiefly for its
great display of
polished copper.
The Gay-Lussac
e udiometers,
Ramsden electric
machines, ¢ o n-
densers of Aepi-
nus, Watts’s ma-
chines and many

= the hand, the
' pendulum is re-
leased by moving
the lever which
holds it, and "the
needle traces an
undulating line.
The distances be-
tween consecu-
tive intersections
of this line with
the base line rep-
resent equal in-
tervals of time,
corresponding to
equal vibrations
of - the %sochro-
nous pendulum,
and as these -dis-
tances are also
found to be sen-
sibly’ equal in
length, the ex-
periment proves
that the drum,
set in motion by
a momeptary im-

others have now
only historical in-
terest. For several years French teachers of physics
have been trying to modernize their cabinets of appar-
atus and to modify their instruments in order to sim-
plify experimental observations. Prominent among
these progressive teachers is M. Chassagny, inspector
of the. Academy of Paris, who has invgnted & number
of efficient instruments of neat @nd~substantial, though
inexpensive, construction, with each of which various
instructive experiments can be performed.

The cpomplicated machines of Atwood and Morin for
the study of the laws of falling bodies are replaced by
the mechanical recorder (Fig. 1), which is useful also

Fig. 2.—Apparatus for combining vibrations in the same plane.

driving pulley. The center of gravity can be brought
accurately to the axis of rotation by means of sliding
‘weights attached to two of the spokes. At one side
of the drum a short pendulum, formed of a heavy cast-
iron cylinder, is mounted on an axis perpendicular to
that of the drum, on the blackened surface of which a
record I8 traced by a flexible needle attached to the
pendulum. The drum and the .pendulum can be sto,
ped, together or separately, by means of an adjustable
lever, and the driver is also provided with an emer-
gency brake.

With this apparatus some fifteen experiments can be

pulse, continues
to rotate with
practically uniform velocity (the effect of friction be-
ing negligible).

In studying the action of a constant force, the base
line is traced as before. A cord is themn wound round
the drum and a weight of about one-quarter pound is
attached to its free end, as shown in Fig. 1. The zero
point is marked by allowing the pendulum with its
needle to swing across the base line while the drum
is held at rest. The pendulum is then drawn aside
and, by a proper adjustment and manipulation of the
lever, the pendulum and the drum are released simul-
(Continued on page 304.)

Fige 2. —CUhassugny’s eleetroscop:

Fig. 8.—Apparatus for combining vibrations in mutually perpendicalar planes.

Fig, 6—Chassugny’s galvanometer.
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Lamp, aseptic deflector, G. C. Werner...... 936,499
Lamp attachment, vehicle, A. G.- Thomson.. 936,831
Lamp, blast, L. Schemnitz ...... ceeee. 936,816
Lamp bracket, adjustable, C. E. Stevens ... 936,379
Lamp, electric, G. L. Van Wart............ 936,747
Lamp, incandescent gas, A. Rector......... 936,476
Lamp, incandescent gas, O. Wlederhgld.... 936,601
Lamp socket, cluster, H. J. 8. Lewis...... 936,463

Lamp socket, cluster, R. B. Benjamin......
Lamp working apparatus, Luce & Silvernail 937,005
Lamps, making filaments for electric incan-
descent, W. von Bolton................ 936,403
Lathes, turret tool holder for, J. Baurt.....
Laundry iron, electric, H. C. Newman....
Lead pipe, reinforced, E. P. Wanlwell
Lens holder, J. B._ Schro
Leveling instrument,
Bunting i
Lids or covers having beaded rims, device

936, 368
936,407

for drawing and pressing, K. Christian. 936,603
Life saving apparatus, P. Kotlar...... ... 936,646
Lifting jack, J. BE. Crowle........cco0uune 936,309
Light fixtures, turnkey for, R. M. Bryce.... 936,518

Liguid dispensing device, M. M. Marcuse.. 936,334

Liquids, concentrating, G. W. Childs....... 936.760
Locomotive, O. N. Terry............ .. 936.582
Locomotive boiler, G. Cook ...... ... 936,607
Locomotive engine, Cole & Scoville ......... 936.413

Log skidding machine, J. R.. McGiffert....

Logs, machine for making heel, W. P. Bos-

worth .......ciiieiennnen cireeiaiaeess . 936.868
Loom dobby, B. H, Ryon .......... ... 936479
Loom, shattle changing, E. H. Ryon .. 936949
Loom temple, W. H. Kynett ....... . 936.469
Loom terry motion. J. L. Davidson......... 936.310

Loem, weft replenishing, H. N. Arthnr ... 936,610
Looms, bobbin for filllng replenishing, F.

Diod ..... e BB TaTofTle e ofo)s oY <27 T 936,524
Looms, center selvage mechanism or attach-

ment for, A. A. Gordon, Jr............ 936,446
Looms, thread changing apparat tor, L.

Jorrand .......eiiinann cenaenne ......93&324
Looping machine, C. Holly ....... . 936,898

Malil bag crane, A. H. Stone............%.
Mail box holder, J. H. Fisher............. 936,527
Mail pouch catching and delivering means.

Gurwitch & Ralney 936.716

Malt drying apparatus, W. H. Prinz. 937 011, 937.012
Malt kila, R. Roth ...........cccivuunnnnn. 936,947
Manifolding pad, E. K. Bottle........... +. 936,697
Mat. See Door mat. ]
Match box, automatic, W. A. Carter....... 936,302
Mattress and furniture spring, F. J. Mau-

DOLGIE .vevecensovasioonssoioesesesaenn 936,649
Measnring instrument, A. H. Lucas........ 936,731
Measuring or indicating lnstrument C. H.

Veeder .......cciiieiieniiiariaiaaa... 937.015
Melting apparatus, Carr & Speer ........... 936,769

Melting tumace and using the same, Carr &
2115 S SOOI o 6 80 0 0000 TR o Gt

Metal, hlulng, H. B. Sheldon ..

Metal, composite, J. G. Mellen

Metal, permanent magnetic, S. BE. Gertler..

936 530
Metal plate bending machine, T. C. Scheld 936,481

Metal rod cutting machize, G. H. Scott.... 936,672
Metal, treating, F. L. 0. Wadsworth...... 936.389
Metals, plating, W. Griffith ....... R Palalerele 936,713
Metals, treating,- H. D. Miller............. 936,650
Meter. seal, Burgest.& Londick............. 936,862
Microscope gage for fine measure:

Reynalds
Milking machine, G. BE. 3
Milking machine adjusting devic:

Gandil
Milling double helical toothed wheels, m
chine for, C. Wust-Kunz..
Mine firing device, T. C. Hallam........
Minerals, device for preventing waste o
Smith & Kongsll
Mining drill, J. R. Place..:
Miterinlg machlne attnchmen

936,973
936,885

936,377
. 936,937

.................. 936,355

Mixing apparatus, lr chkson L 937,025
Molding machine, E. H. Ryon..... 936.569
Monogram bolder, J. L. Des Lauries. 936,766
Mop, J. F. McLaughlin............. 93 37,
Mortise marking device, C. Sturtz..... 936,679
Motor controller, electric, O. F. Shepard 936,962
Mower, J. T. Fritsche ....... 936,88
Nozzle, spraying, A. B. Hul 936,637
Nut lock, F. Braune .. 936.299
Nut lock, J. B. Lambe 936,331
Nut lock, 'F. Moser ... 936,663
Nut lock, D. E: McDonel 936.929
Oar lock, T. C. Luce ... 937,004
Ofl and air, apparatus tor supply

ing, and burning crude, H. 936.688
Oil burner, W. Scrimgeour ... 936,743
Oil burper, H. 8. Milks ... 936.922
Oil waste cleaning apparatus, Or 936.657
Ofler, road, C. M. Haeske ........... Le... 936,716
1-para-dialkylaminoary1-2-4-dialkyl-3-oxyme-

thyl-5-pyrarolone, Stolz & Streitwolf... 936,380
Ore pulverizing and amalgamating appa-

ratus, R. Luckenbach ................ 936,646
Ores. amalgamating and separating metallic,

R. Luckenbach ............ccc00euuann 937.033
Outlet or junction box, C. T..Pratt.. 936.809
Oven. continuous baking, 8. Jacobson. .

Packing, D. 8. Paterson .....
Packing machine, J. Merritt .
Packing, piston, J. J. Hampson........
Paddle wheel, feathering J. Rourke..
Padlock, L. A B C. B

Wilson

Pamphlet coverer, G. Sague ,.............. 936,480
Paper, apparatus for protecting commerclal

B. B Angell ......cciiiiviiiinnnnaian 936.398
Paper bag, M. Vierengel .................. 936,588
Paper box machines, paste applying mech-

anism for, A. W. Mitchell............. 936.796
Paper feeding machine. T. C. Dexter.. 937.024
Paper, marked, L. J. Trounstine.. . 936.959

Paper, protecting commercial, BE. E Angell 936,399
Pavement and making the same, .T.

TTAVIIIA .o PR « Jele)oies olelele shsiefelelelelo 1 936,493
Pedal action, player grand Hattemer &

Kuhle' " o Bl Sl ool Rk roafetelo o epsne 934. Mlﬂ
Pedal mechanism. A. G. Gulbransen........ 936.44

‘P. Randall 936941
936,722

Pen and nencil holder, pocket, J.
Pencil making machine. R. H. Howard.
Pencils and the like, thumb rest for, S. ‘o.

Donovan ......cceiiiiiiiiieiiiiiiaaans . 936.R68
Percussive machine and tool. W. Mauss. ... 936.550
Phonograph attachment, L. H. Hays ....... 936.534
Phonographic reproducer. R. B. Smith...... 936.826
Photographer’s light refractor, W. C. Far-

L | B O P 00 0G0 000 0 D000 0500 00 o 938.707
Photographic apparatus, H. B. Jordan..... 924 323
Plano pedal, automatic, J. W. Darly, Jr... 936763
Plano, self playing, Long & Tappe......... 936 788
Plano, self playing, . B. Bartlett.. .. 936.861
Plano sounding board, F. B. Long...... . 936.789
Piling, sheet, A. A. PFriestedt....... .. 936.529
Pipe, cigar holder. etc., J. R. Perry. «e. 928724
Pipe coupling, traln, W. M. Hiler..... ..., 936.894
Pipe expanding tool. E. . Wardwell...... 93R.838
Pipe slip joint, C. D. Milne,.........~.... 938469
Plpe tapping machine. W. B. Ford... ... 936.618
Pipe wrench. A. A. Patton ......... . 936 R04
Pitcher, P. Pollard ...................... . 936938
Planers  and other machines. electrlcal con-

trolling means for, A. P. Steckel...... 936577
Planers, feed roll controlllng mechanism

for wood, H. A. Perklns............... 936.659
Planers, lathes, etc., cutting tool for, C. R.

Middleton ...................0c000u... 936 792
Plant pmtector W. L. Baldrldge 5 .. 9328.401
Plant support, W. 8. Beasley ....... . %] 402
Planter, onlon eeed, B. V. Garwood....... 936.883
Planters, differential dropper mechanism for

corn, F. P, Mnrp P

Plow, J. W. New ey
Plow, J. Brey ..occeeueiieiivruiaieaasannas
Plow and e‘anber, combdined lister, Shearer
& Eirlin oo oo e < 0 20 e o L)
Plow attachment, K R. Van Winkle..
Plow draft attachment, C. F. Strnad.
Plow, gang, J. O. PJarll .................
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A SIMPLE METHOD OF TEACHING EX-
PERIMENTAL PHYSICS,
(Continued from page 293.)
taneously. The needle traces an undulat-
ing line which cuts the base line in a
series of points whose distances from the
zero point are proportional to 1, 4, 9, 25,
etc., .that is, to the squares of the times.
In this way the laws of falling bodies can
be verified to within 1 pér cent. This is
a much closer approximation than can
be obtained with Atwood’s or Morin’s ap-
paratus, with which the beginning and
end of the fall cannot be determined

very accurately.

In other experiments the drum is
driven by a cord, passing over the pulley
and a grooved ‘wheel 6 inches in diam-
eter, attached to a simple driving clock,
such as is used to turn a spit. With
this arrangement the gradual diminu-
tion of the amplitude of succesive oscilla-
tions of the pendulum, and the more
rapid diminution br(gfght about by at-
taching to the pendulum a paddle dip-
ping into water, can be studied. The
isochromism of small oscillations can be
shown by giving the drum a uniform
velocity of rotation, by means of the
driving clock or of a weight which is
stopned after it has fallen a certain dis-
tance. Then the base line and the undu-
lations having been traced as before, the
wave length, or distance between con-
secutive intersections of the two lines, is
found to be constant, no matter what the
amplitude or height of the wave may be,
provided that it is small.

Chassagny’s apparatus for compound-
ing vibrations in the same plane (Fig. 2)
comprises two wheels mounted on paral-
lel shafts. The first wheel is turned by
a crank and drives  the other by means
of a belt. The ends of a fine violin string
-are attached to pegs inserted in the faces
of the wheels at unequal distances from
their centers, and the middle part of the
violin string, which is kept taut by a
spring, passes round a pulley, which
turns freely on a vertical rod, attached
rigidly to the horizontal axle of the nave
of a bicycle wheel mounted in bearings.
When the.crank is turned both wheels
revolve, and the horizontal displacement
of the pulley, at any instant, is equal to
the algebraic sum of the horizontal dis-
placements of the two pegs. - The move-
ment of the pulley is followed accurately
by a writing point which is attached to
the other end of the bicycle nave. ‘Bhis
point presses against a strip of smoked
paper wrapped round a drum, which is
turned by the engagement of a toothed
wheel on its shaft with an endless screw
on the crankshaft. The amplitudes of
the two vibrations whose combined effect
is sought are varied by varying the dis-
tances of the pegs from the axes of the
two wheels; the phases are varied by set-
ting one wheel, at the start, more or less
in advance of the other by means of
pointers attached to the wheels and fixed
graduated circles behind them; the
periods are varied by employing wheels
of diameters proportional to the periods
desired. For example, two wheels of
nearly equal diameters give a graphical
record of the phenomena of “beats.”

Vibrations in mutually perpendicular
planes are combined by means of an ap-
paratus based on the same principle
(Fig. 3). The resultant curves are traced
on smoked glass so arranged before a
lantern that the curves can be immediate-
'y projected on a screen and explained
and -studied at leisure, with a thorough-
ness that is.not possible with the evanes-
cent projections of Lissajous’s figures
made in the usual way, by reflecting a
pencil of light from mirrors attached to
tuning forks.

Chassagny’s apparatus for the study of
refraction consists of a glass globe sup-
ported by fixing ‘its horizontal neck in a
copper sleeve. If the neck is regarded as
one pole of the globe, the opposite “pole
is indicated by an interruption in a cop-
per meridian, and the equator is gradu-
ated in intervals of five degrees. Water
is poured into a funnel attached to the
upper side of the neck until its surface

(Concluded on page 305.)
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Home-Made
Experimental Apparatus

In addision to the following articles, the
Scientific -American Supplement has published
innumerable papers of immense practical value.
of which over 17,000 are listed in a carefully
prepared catalogue, which will be sent free of
charge to any address. Copies of the Beientific
American Supplement cost 10 cents each.

If there is any scientific, mechanical, or en-
gineering subject on which special information
is desired, some papers will be found in this
catalogue, in which it is fully discussed by
competent authority.

A few of the many valuable articles on the
making of experimental apparatus at home are
given in the following list:

ELECTRIC LIGHTING FOR AMATEURS,
The article tells how a small and simple ex-
gerimeutal lnstallatiou can be set up at home.

c Ath 1 t 1551,

AN ELECTRIC CHIME AND HOW IT MAY
BE CONSTRUCTED AT HOME, is described in
Scientific American Supplement 1566.

THE CONSTRUCTION OF AN ELECTBIC

can Supplement 15686.

HOW TO MAEKE A 100-MILE WIBELESS
TELEGRAPH OUTFIT is told by A. Frederick
Collins in Bcientifilc American Supplement 1605.

A SIMPLE TRANSFORMER FOR AMA.
TEUR'S UBE is so plainly described in Soien-
hﬂg A.:xtxeﬂm Supplement 1573 that anyone can
make

A Y.H..P. ALTERNATING OURB.ENT DY-
NAMO. Scientific American Supplement 1558.

THE CONSTRUCTION OF A SIMPLE PHO-
TOGRAPHIC AND MICRO-PHOTOGRAPHIC
APPARATTUS is slmplg explained in Bcientific
American Supplement 1574.

A SIMPLE CAMERA-SHUTTER MADE OUT
OF A - PASTEBOARD BOX, PINS, AND A
RUBBER BAND is the subject of an article in
Scientific American Supplement 1578,

HOW TO MAKE AN AEROPLANE OR GLID-
ING MACHINE is explained in Scientific Ameri-
can Supplement 1582, with working drawings.

EXPERIMENTS WITH A LAMP CHIMNEY.
In this article it is shown how a lamp chimney
may serve to indicate the pressure in the in-
terior of a liquid; to explain the meaning of
capillary elevation and depression; to serve as a
hydraulic tournique, an aspirator, and intermit-
tent siphon; to demonstrate the ascent of liquids
in exhaustive tubes; to -‘illustrate the phenomena
of the bursting bladder and of the expansive
force of gases. Scientific American Supplement

HOW A TANGENT GALVANOMETER CAN

BE USED FOR MAKING ELECTRICAL MEAS-

MENTS is deacribed in Bcientific Amegicap
Bupplement 1584.

THE CONSTRUCTION OF AN INDEPEN-
DENT INTERRUPTER. Clear diagrams giving
actual dimensions are published. Smentlﬂo
American Supplement 1615,

AN EASILY MADE HIGH FREQUENCY AP-
PARATUS WHICH CAN BE USED TO OB-
TAIN EITHER D’ARSONVAL OR OUDIN CUR-
RENTS is described in 8cientific American
Supplement 1618. A plunge battery of six cells,
a two-inch spark induction coil, a pair of one-
pint Leyden jars, and an lnductance coil, and all
thed apptargtus required, most of whlch can be
made a

SIMPLE WIRELESS TELEGRAPH SYSTEMS
are described in Scientific American Supple-
ments 1363 and 1381.

THE LOCATION AND ERECTION OF A 100-
MILE WIRELESS TELEGRAPH STATION is
clearly exflained. with the help of diagrams,
in SBcientific A i 1622

n Su

THE INSTALLATION AND ADJUSTMENT
OF A 100- E WIRELESS TELEGRAPH OUT-
FIT, illustrated with diagrams, Scientific Ameri-
can Supplement 1623.

THE MAKING AND THE USING OF A
WIRELESS TELEGRAPH TUNING DEVICE,
illustrated with diagrams, S8cientific American
Supplement 1624.

HOW TO MAEKE A MAGIC LANTERN, Scien-
tific American Supplement 1546.

THE CONSTRUCTION OF AN EDDY KITE.
Scientific American Supplement 1555,

THE DEMAGNETIZATION OF A WATCH is
thoroughl{ described in Scientific American Sup-
plement 1561,

HOW A CAI.ORIC OR HOT AIR ENGINE
CAN BE MADE AT HOME is well explained,
with the _hel, of lllustrations, in Bo:entlﬂo
American Supplement 1573

THE MAEKING OF A RHEOSTAT is outlined
in Bcientific American Supplement 1594,

Good articles on SMALL WATER MOTORS
are contained in Scientific American Supplement
1494, 1049, and 1406.

HOW AN ELECTRIC OVEN CAN BE MADE
is“g'xplained in Boientific American Supplement

THE BUILDING OF A STORAGE BATTERY
lls 48g.escrlbed in Bcientific American Supplement

A SEWING-MACHINE MOTOR OF SIMPLE
DESIGN is described in Scientific American Sup-
plement 1210.

A WHEATSTONE BRIDGE, Scientific Ameri-
can Supplement 1595.

Good articles on INDUCTION COILS are con-
tained in Scientific American Supplements 1514,
1622, and 1527. Full details are given so that
the coﬂs can readily be made by anyone.

HOW TO MAKE A TELEPHONE is described
in Scientific American Supplement 866.

A MODEL STEAM ENGINE is thoroughly de-
scribed in Scientific American Supplement, 1587,

HOW TO MAKE A THERMOSTAT is ex-
plained in Scientific American Supplements 1661,
1568, and 1566.

ANEROID BAROMETERS, Bcientific American
Supplements 1500 and 1554.

A WATER BATEH, Scientific American Supple-
ment: 1464,

A CHEAP LATHE UPON WHICH MUCH
VALUABLE WORK CAN BE DONE forms the
subject of an_ article contained in- -Bcien:
American Supplement 1563,

Each number of the Scientific Amerioan 8up-
plement costs 10 cents by malil.

Order from your newsdealer or from
MUNN & CO., Inc., 361 Broadway, New York

\

THERMOSTAT is explained in Somnhﬂo Ameri- |

>

!thus virtually sink her.
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attains the level of the break in the meri-
dian. The laws of refraction and total
reflection can then be studied by direct-
ing luminous pencils toward the center
of the globe, in the equatorial plane, and
viewing them with the eye placed in the
same plane.

In his electroscope (Fig. 4) Chassagny
has made use of the fact that platinized
glass is sufficiently_transparent to allow
objects to be seen clearly through it and
yet reflects bright images of objects
nearer the eye. A vertical and rigid
strip of copper and a flexible strip of
aluminium foil are suspended from a cop-
per rod and inclosed in a case of which
two opposite sides are of glass and the
rest of metal. The rod cagries a charg-
ing disk at its upper end and is inmsu-
lated by passing through a block of paraf-
fin, which rests on the top of the case.
One of the glass sides is platinized, and
outside it is placed a graduated quadrant
which is seen by reflection, while the de-
flected strip of aluminium is seen through
the glass. -

Chassagny’s galvanometer (Fig. .5) is
inclosed in a wooden case, which is at-
tached to the wall. In a strong magnetic
field, formed by placing the like poles
of two horizontal horseshoe magnets al-
most in contact with each other, is sus-

' pended a coil of wire of electrolytic cop-

per. The intensity of the fleld is further
increased by a soft iron, cylinder, sup-
ported independently inside the coil. A
large mirror, attached to the coil, reflects
the image of a lamp to a screen, where'
the movements of the spot of light can be
followed by the whole class. The gal-
vanometer is provided with three shunts.

In Chassagny’s apparatus for the study
of electromagnetic induction (Fig. 6), a
coil of wire is attached, with its plane
vertical, to one end of a lever which can
turn round a horizontal axis, and is bal-
anced by a counterpoise on the other end.
A vertical horseshoe- magnet, with its
poles directed upward, is placed so that
the coil can be brought between the poles,
or raised above them, by .turning the
lever on its axis. ~ The positive and nega-
tive currents produced by these move-
ments are indicated by a galvanometer
connected with. the coil. An alternating
current is produced by allowing the lever
to oscillate freely. Other experiments in
induction may be made by sending
through the coil a current from a battery.

M. Chassagny has devised a number of

| other -ingenious instruments, including a

very practical rheostat, a eudiometer, a
baroscope etc.
e ——

THE LATES)' SUBMARINES OF THE
UNITED STATES NAVY.
(Continued from page 296.)
merged condition, certain valves in the
interior of the boat are opemed. This
allows the water from the sea to run into
great tanks built within the boat, and
These tanks are
closely gaged, so that just the required
amount of water is takem in. TUnder
normal conditions, when the boat is at
rest with the ballast tanks fllled, she will
have a few hundred pounds reserve
buoyancy, which is represented by the
top of her conning tower protruding
above the water. If desired, this buoy-
ancy may be entirely .destroyed by ad-
mitting a small additional amount of
water, equal in volume to the volume of
that part of the conning tower above
water. While in the submerged condi-
tion, all communication with the outside
atmosphere is necessarily cut off. The
crew, usually about fifteen men, then
breathes the air contained in the body
of the boat. The amount of air origi-
nally contained within the hull is suffi-
cient to support life with.comfort for at
least twenty-four hours. But, in addition
to the air thus contained, the boat car-
ries a large supply of compressed air in
steel flasks, which, if used for breathing
purposes, would be sufficient for a num-

ber of days.
After having brought the boat to the
submerged condition in the manner
(Continued on page 306.)
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THE MIDDLE WEST NUMBER

To most Americans the Mississippi Valley and therich country that spreads outward from either of its
sbores is farmland—a country wbhich may well be regarded not only as the sruury of the United States,
but of a large portion of the world as well.

The Middle West is more than this. Itis a country of wonderful i ing devel t and
ment, wonderful because of the enormous scale on which its industrial works have been planned.

n December 11th, 1909, the SCIENYIFIC issue a number devoted entirely to this
Middle West region, a number whlch will set forth ho‘db and lucidly not only the agricultural interests of
thatregion, but those larger engineering und which are destined to traneform the Middle
est, in part at lent, mto a manufacturing Iemlorier
With that object in view the Middle West N will puhlish articles on the following subjects:

10c
If your stationer
not supply you—write to us,

e

I. THE CHICAGO AND GULF WATERWAY.—An illustrated description of Chicago’s drainage
canal, an engineering work which stands without a parallel in the world.
II. CHICAGO AS A RAILBOAD CENTER.—Very few Americans realize that Chicago is the

greatest railroad center in the world, and that it may be likened to a great hub from which radiate
the spokes of American transportation.

IO. THE WONDERFUL GRAIN TRADE OF CHICAGO.—Chicaga is an enormous wheat bin, into
which much of the grain raised in the middle West is poured. The conveying and handling of that
huge amount of grain has necessitated the erecting and coastructing of ingenious machinery and
elevators.

IV. SHIPPING ON THE GREAT LAKES.—Most of the iron ore that is now smelted in Penn-
gylvania is mined in the middle West. To transport it to the blast furnaces of the East at a cost
wktich will enable American steel makers to compete with foreign steel makers, it has been necessary
to devise a new kind of lake transportation. Ships of 10,000 and 12,000 tons burden have been con-
structed which convey ore at small cost through the Great Lakes, and which are without a counterpart
anywhere in the world.

" V. THE HANDLING AND SHIPMENT OF IRON ORE—The above-mentioned fact that iron ore
is mined in the middle West and smelted in the East has necessitated not only the construction of
special freight-carrying steamers, but also the designing of special machinery for loading and unload-
ing the ore from the steamers.

V1. FREIGHTING ON THE MISSISSIPPl.—The Mississippi is the great natural waterway of
the middle West. It places the cities slong its banks in direct water-communication with every port
in the world. That is why freighting on the Mississippi is & more important industry than most of
us may realize.

VII. THE STEEL INDUSTRY.—Although the steel industry is still centered in Pennsylvania,
the scene of its activity is gradually shifting. One of the greatest steel plants in the world is that
wbich has been built at Gary. It is safe to say that nowhere elee in the world will be found a
plant so remarkably equipped and so efficient.

VIO. THE FREIGHT SUBWAY SYSTEM OF CHICAGO.—Chicago can boast of a rational sys-
tem of handling freight by means of subways. Freight is carried from the railway car directly to
the warehouse by means of tunnels aggregating sixty miles in length.

IX. THE WATER SUPPLY OF CHICAGO,—Chicago’s source of water is Lake Michigan. The
city is supplied with water by means of a tunnel which extends two miles out into the lake.

X, RECLAIMING ARID LANDS.—The United States Government has under way many irrigation
projects for the purpose of reclaiming lands which are arid, but which will blossom if properly
watered.

XI. HARVESTING THE GRAIN OF THE MIDDLE WEST.—Farms that cover not acres bat
squarg miles, crops that aggregate not simply bushels, but car-loads, have rendered it necessary to
plant and harvest on an unprecedented scale in the middle West. The ingenious agricultural ma-
chinery which has been designed to cope with these peculiar conditions is described and illustrated.

The Middle West Number will be more than wice the size of the regular SCIENTIFIC AMER]CAN
It will be lavisbly illustrated. It will be contained in a colored cover which icts Chi
grain elevators at work. Order from your newsdealer or

MUNN & COMPANY, Inc., 361 Broadway, New York City
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