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A SIJ[PLIFIED KETHOD OF TEAcmKG BXPEBIDKTAL 
PHYSICS. 

BY JACQUES BOYBB. 
Until recently, experimental physics has been taught 

by rather superannuated methods in the Iycees and 
colleges of France. The teachers lacked simple ap
paratus suitable for the initiation of their pupils into 

Scientific Americar\ 
in explaining the laws of the compound pendulum and 
the graphical method Qf 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, and one end of the axle bears a small grooved 
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performed, 1l1ustrating the static equilibrium of, m,o
ments, inertia; the action of constant forces, the Jaw 
of 'velocities; proportlonality 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 
the mysteries of 
acoustics, optics, 
electricity a n d  
magnetism; a 1-
though some of 
the schools pos
s e s s e  d magnifi
cent instruments, 
copies, of those of 
half, a century 
ago, which" in 
the language of 
M. Chassagny, the 
inventor of the 
a p p a r  a tus de
s c r i b  e d, below, 
"were a joy to 
t h e i r makers" 
but of littl� use 
to their possess
ors. There were 
c o s  t 1 y 'Hiero'8 
f 0 u n t a ins and 
Morin's machines 
which were used 
only once � 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 f o r  
p r a c t  i c a I, pur
poses. Babinet's 
improved pneu
matic apparatus 
i s remarkable 
chiefly for its 
great display of 
polished copper. 
The Gay-Lussac 
e u d i 0 met ers, 
Ramsden electric 
machines, c 0 n
den sets of Aepi
nus, Watts's ma
chines and many 

Fig. t.-The mechanical recorder. Fig. 6.�ha888gny's apparatus for electromagnetic 
induction. 

others have now ' t'ig. 2.-ApP.l·atus for combining Vibrations in the same plane. only historical in- , 

is brought into 
contact with the 
band of smoked 
paper carried by 
the drum, and 

'the·, drl!m is 
t u r n e d. T h e  
pendulum being 
in the position 
o f equUibrium, 
the needle traces 
a line which, 
when the paper 
is removed and 
laid flat, will be 
straight and will 
constitute a oase 
line. This line 
having been trac· 
ed, the pendulum 
is drawn to one 
side, a rotary im
pulse is given to 
the drum with 
the hand, the 
pendulum is reo 
leased by moving 
the lever which 
holds it, and' the 
needle traces an 
undulating line. 
The distances be· 
t w e e  n consecu· 
tive intersections 
of this line with 
the base line rep· 
resent equal in· 
tervals of time, 
corresponding to 
equal vibrations 
of the 'lSochro· 
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 'momentary lIn· 
pulse, continues 
to rotate with 

(the effect of friction be· terest. For several yellrs French teachers of, physics 
have been trying to modernize their c.abinets of appar-, 
atus and to modify, their instruments in order to sim
plify experbIiental observations. Prominent among 
these progressive teachers is M. Chassagny; inspector 
of the, Academy of Paris, who has inv.,ented « number 
of emcient instruments of neat a:nd-substantial, though 
inexpensive, construction, with each of which various 
instructive experiments can be performed. 

The cpmplicated machJnes 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 

driving pulley. The.center of gravity can be brought 
accurately to the axis of rotation by means of slidipg 

: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 is 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. 

Wit� this' apparatus some flfteen experiments can be 

practically uniform velocity 
ing negligible). 

In studying the action of a constant force, the base 
line is traced as before. A cord Is then 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 SO.t,.) 

.I!'lg. B.-Apparatus for combining vibrations in mutually perpendicnlar planes, 
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Lamp. a""ptic dellector. G. C. Werner ...... 936.499 

,. St " Foot aDd 
Lamp attachment, vehicle. A. G.- Tlwmson .. 936.831 ar s!:':"'0aWDg t::::�. b���:�t.

L�dj"��::,y��z C: • E: 'si�����: : : :=::��� 
A·Iom&tIF�ccd- c Lat hes Lamp. electric. G. L. Van Wart ..• , ; .,' • . . . . • 936.747 �,_ 

Lamp. Incandescent gas. A. Rector .. :.-..... 936.476 
Lamp. Incandescent gas • . O. WiederhOld •••• 936.501 FOR PINE, ACCUlATE WOK 
Lamp socket. cluster. H. J. s. ·LewIs'; ..... 936.46l! .- SmuI fer CaW.gue II. Lamp socket, cluster. R. B. Benjamin •••• , .: 936,512 SENECA FALLS MFo. 00: Lamp working apparatus. Luce & Silvernail 937,005 
Lamps. making lIlaments for electric Inean- " 695W •• Street, 

descent. W. von Bolton ... ............... 936.400 Seneca FaIlL N. Yv U. S. A. 
Lath .... turret tool holder for. J. Burt . . . . •  936.301 
Laundry Iron • .  elect ric. H. C. Newman .... 936.556 · E ng .·ne and Foot Lathes Lead pipe. reinforced. Eo P. Wardwell •.•••• · �.839 ' . . . 

. 
. . Lens holder. J. B. Schrock ... . ....•........ 936.368 . MACHINE &HO� OUTFITS. TOOLS AND 

Leveling Instrument. hydrostatic. J. J. SUPPLIES. BEST M·ATERIALS. BEST 

Veeder counters 
to register reciprocating 
movemen.ta or revolutions. CUt full size. 
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LoDdOD, L c., EngWid. 

FOB Bunting .•••.•••..•••.••••.•.•• • • • •• • •  936,4 07 . WORKMANSHIP. CATALOGUE FREE 
Lids or covers having beaded rims.: device SEBASTIAN l.ATItf: CO .. 120 Co".rt St., Cincinnati. O. for drawing and pressing; K. Ohrlstian . 936.603 
Life 8Ilvlng apparatus. P. Kotlar .......... 936.546 I 
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Lig\lt IIxtnres. turnkey for. R .. M. Bryce •.•. 936.518 
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GUNSMITH�h. TOOL MAKERS, uPERI. MENTAL & REPAIR 
WORK, ETC. · I'romll-In. tol3-In..�. Liquid dispensing devlee. M. M. Marcuse. � 936.334 

Liquids. concentrating. G. W. Child ........ '936.760 'Lawotbe most liberal. Expense tbe least. Hold mectinf" transact Locomotive, . 0 . .. N.· Terry ..•• • ••.•••••• :... 936.582 . business anywbere. Blanks. By-Laws and lormslor maldnll' stock Locomotive boiler ... G .. CQok ... : •• ; ......... 936.607 lull-paid for casb. property orservices. Iree. President Stodch!rd. 

AlTanIled tor Steam or 
Foot Power, VelooiPe<te 

" �r;t'E,�Of/. LoComotive engine. Cole & ScoVille ... :; .... 936;4-13 FORMER SECRETARY OF ARIZONA. resident afent lor Log skidding machine, ;T. R.-- McGltrert • • • •  936,653 many" thousand comllanies. Reference: Any-baa':.in Arizona. Logs. machine for making heel. W. P. Bos- .���I���!!� W.F . • UIO.8I\RNES CO. 
, EoIabllahed 11m. 

worth ....... ........ .... _ ... ... .... .. 936.858 STODDARDINCQRPORATINGCOMPANY, BodOOO 
r.oom dobby. E. H. Ryon . . . . . . . . . • . . • . . . .  936.479 PHOENIX, ARIZONA 
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Loom. shuttle changing. E. H. Ryon .. ; ..• ;. 936.949 
LoOm temple. W. H. Kynett ........... ; ... 936.459 
Loom terry motion. J. L. Davidson ...... , ... 936.31 0 
Loom. weft replenishing. H. N. Arthur.,.. 936.51 0 
Looms. bobbin for IIlllng replenishing. F. . 

. Dloil ..... � .. "_" .... .... . : ..... , . .. ... 936.524 
Looms, center selvage mechanhtm or attach-

ment for. A. A. Gordon. Jr............ 936.445 
Looms. thread changing apparat�for. L. 

Jorrand .. .. , ................... '\... . .. . 93&.324 
Looping machine. C. Holly •••• ; ........... 936.898 
Mall bag crane. A. H. Stone ••••..•••.••••• 936.489 
Mall box holder, J. H. Flshe.r ........... .-. 936.527 
Mall pouch catching and delivering means. 

Gurwltch '" Ralney� ................... 936.715 
Malt drying npparatus. W. H. Prinz. 937.011. 9.37.012 
Malt kiln. R, Roth ....................... 936.947 
Manifolding pad. E. K. Bottle ............. 936.697 
Mat. See Door ·mat. 
Match box. automatic. W. A.- Carter ......• 936.300 
M .. ttress and furniture Itprlng. F. J. Mau-

borgne .................... ;........... 936,649 
Measuring Instrument. A. H. Lucas ...... ,. 936.731 
Measuring or Indicating Instrument. C. H. 

Veeder ............................. ,-. 937.015 
'Meltlng apparatu ... Carr '" Speer ........... 936.759 
Melting furnace and using the same. Osrr '" 

Speer ........................... ; ..... 936.758 
Metal. bluing. H. E. Sh eldon ............. 936.821 
Metal. composite. J. G. Mellen............ 936.339 
Metal. permanent magnetic. S: E. Gertler.. 936.530 
Metal plate bending machine. T. C. Scheid 936.481 
Metal rod . c"ttlng machine. G. H. Scott .••. 936.572 

Yetal. treating. F. L. O. Wadsworth . • •• • .  936.389 
Metals. plating. W. Griffith . . • . .••• . . . • . . .  936.n3 
Metals. treating.' H. D. Miller ............. 936.65,.1} 
Meter. ""al • . Burgest.'" Lol)dick ........ ." ..... 936.862 
Microscope gage for line measurements. H. . 

cA. R�ynllds • .- : ... .. .. .. .. .. ..... .. ... 936,687, 
Milking machine, ,G . . E. JonsOn ......... · .. 936.907' 

'Milklng machine adjusting device, E. V. 
Gandll ............... ; . . . .  ;· .. -......... 936,771 

Milling double helical toothed wheels. ma-' . ' chine tor. c. Wust-Kunz .............. 936;973· 
Mine lIr1ng device. T. C. Hallam; . . ....... 936.885: 
MlneraiB. device for preventing waste of. 

Smith '" Kongsll ................... .... 936,377 
Mining drill. J. R. Place .. ;............... 936.937 
Mitering machine attachment. W. W; Pur-

sell ...•.. . .  ; ............. ,. ',' • • .. • • .. .. •• 936,355 
Mixing apparatu ... G. F. Dickson ..•.•..•••• 937.025 
Molding mllchlne. E. H. Ryon ..••••••••••• 936.569 . 
Monogram Iwlder. J. L. Des Laurles ......• 936.766 
Mop. J. F. MeLaughlln ...........•• 936. 655. 1137.007 
Mortise marking device. C. Sturtz......... 936,579 
Motor controller. electric. O. F. Shepard ... 1136.952 
Mower. J. T. Fritsche ....... : ............ 936.881 
Nozz.le. ·spraylng. A. B. Hull ... ..... . ..... 9 36.537 
Nut. lock, F; Braune ...................... 936.299 
Nut lock. J. B. Lambeth ...... ............ 936.331 
Nut lOck. ·F. Moser ...................... 936.553 
Nut lock. D. E. McDonell ................. 1N16.929 
Oar lock. T. C. Luce ..................... 987.004 
011 and air. apparatus for IlUpplying. heat; 

Ing. and burning crude. H. E. Weaver. 936.688 
011 burner. W. Scrlmgeour .....••.. ' .••••. '. 936.743 
011 burner. H. B_ Milks .................. 936.922 
on waste cleaning apparatus. Orkin & Isaacs 936.657 
Oller. road. C. M'. Haeske ........... , .... 936.716 
1-para-dialkylamlnoaryl-2-4-cUalkYI-3-oxyme-

thyl-5-pyrarolone. Stolz & Streltwolf... 936.380 
Ore pulverizing and amalgamating appa-

ratus. R. Luckenbach •.. ; ... .. . . ..... 936.645 
Ores. amalgamating and separating metallic. 

R. Lunkenbach ..... ; ... . .  . .  . .  . .  • .. ... 937.033 
Outlet or junction box. C. T .. Pratt ...••... 936.809 
Oven. continllous baking. S. Jacobson ...... 937.000 

Packing. D. S. Paterson .....•••.•••• ••••. 936.658 
Packing machine. J. Merritt .. ... . ...•.... 936.7112 
Pa.eking. piston. J. J. Hampson .......... ;. 936 .717 
Paddle wheel. feathering. J. Rourke . • . . . .  936.478 
Padlock. L. A •. E. C.' Byrne ............... 936.863 
Paint. varnish. and IInlshes. removing. J. M. 

Wilson ................ , .. ,- . .  • .. .. .. .. 936,842 
Pnmphlet coverer. G. Sague .....•.. .... ... 936.480 
Paper. apparatus for protecting commercial. . .  

E. E. Angell ...................... ; .. 936.398 
Paper bag. M. Vlerengel- ............. ; . .-. '. 936.588 
Paper Iwx machines. paste applying lDech· 

anl8m for. A. W. Mitchell ............. 9.'\6.796 
Paper feeding machine. T. C. Dexter .• .... 937. 024 
Paper. marked. L. J. Trounstine ......•...• 936.959 

Paper. protecting commercial. E. E. Angell .  936.399 
Pavement and making the same. J. C. . 

Travllla ......................... ; .... 936.493 
Pedal action. player grand. Hattemer & 

Kuhle ............. ; . . . .. . . .. . .. • • . . .. 9:lll.998 
Pedal mechanIsm. A. G. Gulbransen .......• 9116,447 

Pen and nencll holder. pocket, J.P. Randall 936.941 
Pencil m aking machine. R. H. Howard . • • •  936.722 
Pencils and the like. thumb rest tor. S .. O. 

Donovan .............................. 936.R68 
Percussive machIne and tool. W. Mau ... , ... 936.550 
Phonogrllph attachment. L. H. Hays • • • • • •• 936.534 
Phonographic reproducer. R. B. Smith ...... 936.826 
Photographer's light refractor. W. C. Far-

rand .................................. !lM.707 
Photographic apparatUs. H. B. Jordan . .... !l�'1 323 
Plano pedal. automatic. J. W. Darly. Jr... 936.763 
Plano. self playing. Long & Tappe ......... 936 7R8 

Plano. ""If playing. E. B. Bartlett........ 1136.851 
Plano sounding board. P. B. Long .......... Q,�6.7811 
Piling. sheet. A. A. !'rlestedt............. 936.5211 
Pipe. cigar holder. etc .• J. R. Perry ........ !l�fI.734 
Pipe coupling. traIn. W. M. Hiler .....•. . .  !l1l6.�94 Pipe expanding tool . . E. !'. Wardwell .••••• 93lt8:IR 
Pipe slip joint. C. D. Milne •••••••••• -••••• 936:469 Pipe tapping machine. W. B. FOrd .••.••... 936 611\ Pipe wrench. A. A. Patton ............... 936',,0! Pitcher. P. POllard ....................... 936.938 Planers' and other machines. electrical con-trolling means for. A. P. Bteckel. ..... 9116.577 Planers. feed roll controlling mechanism for wood. H. A. Perkins .•....•. ' .. '" .. 936.659 Planill" la:hes.· etc .• cutting tool for, C. R. ddle on .  ; .. .. .. .. .. .. .. .. .. .. .. . ... !1M 79.'1 Plant protector. W. L. Baldridge.......... !llIfl.401 Plant suppOrt. W. B. Beasley .... ......... ""'I Ml2 Planter. - onion seed. B. V. Garwood ....... 936.883 Planters. d!trerentlal dropper mechanism for 

com. 1'. P. MurphW ................ .. !1M 471 
Plow. J. W. Newton ..................... !l1l6 Mil 
Plow. :1. B...,y ........ ..... ... .. .......... 936.599 

Plow and e!!lnter. comhlned lister. Shearer 
" KIrlin ...... ... .... ............. .... !lllfl.4R.'I 

Plow attachment. K. R. Van Winkle ...... ; !l.'lfl!l62 
Plow draft attachment. C. F. Strnad .•.... 936.829 
Plow, gall&'. :1. O. Fjarll ................. 936.768 
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AERONAUTIC 

MOTORS 
An Independent Interrupter 

In SCIENTll'fC A.HJ:�(',ANSUPPLIDI.J:NT; 1813. A. FrederiCk Contos describes. follY"ad clearly with the help of gOOd dra'IfinJrB hOw antndepilndent muit1ple terrilpter may be constrUcted for a lal'lte Induetlon colL . . . 
W e can make·lmme.dlate delivery of a 4-eyHnder· 

�"1�!� ����ri'.!'g[e!Jf:;H�r,;o ::tl!�tl:'�= 
motors of all kinds for aeronantical work. 

This article .hoard be· rMd In conl\8ctlon with 
Mr.eollin8' r.tiCI\f.: SCI1I:NTI:I'IO 4MIIRICAN BllPPLIC-

�-r:';I�:.oT�I:;'r:P"1a W��lt�ntI'1leta loo.,MU" 
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Praclleal Drafting, Detailing, Designing 
I boo,. exactly the quality aDd quaDtHy of practical train
inc. kllowledge and up .. to-date experience JOU require to 
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44 Handsome Volumes 
Eacb 4� ,. 6 incheo 
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400 Author. 
Americ .... EnaJiab, French, GermaJlo . RUiliau, Itali .. , Spaniob 

1200 Separ�te �lectio1lS 
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EX- PRESIDENT Eliot of 
. Harvard, "first private citizen 

of America," says that the books 
a cultured person must read will go 
on a shelf 5 feet long. 

But fou will be· glad to. know that the 
REVIEW OF REVIEWS, after nihe yean of 
preparation, has just completed a work 
whose 44. exquisite volumes fill only thl'oe 
feet of books lie If. and into which Hamilton 
Wright Mabie, Dr. Heitry van Dyke,Bliss 
. Perry , George lies and 'TOrilMiiSsoi'i;llS 
editors, have put a vastly morecomprehen- . 
.sive, useful, readable and necessary private 
library than Ex-President Eliot could pos-
sibly get into his five foot bookshelf. , 

Ex,President Eliot himself says of one 
sec

.
tion of this Masterpiece Library, which 

he saw before the whole was completed, "I 
know of no more complete and delightful 
selection than that which you offer the 
public in these charming volumes." 

Other attempts at such a collection cost 
from one hundred to five hundred �ol1ars. 
And there never has been one with a board 
of editors equal to that of the Masterpiece 
Library i This one will cost you less than 
SO cents a volume. 

The 
Masterpiece 

Library 
In this set you have the best work of- . 

MUton, Bacon, Swift,- Goldsmith, Words
worth , Tennyson, Scott, Thacke ray, 
Dickens, Eliot, B ro w n ing, Stevenson, 
Barrie, Voltaire, Balzac, Daudet, de Mau
passant, Zola, Goethe, Heine, Boccaccio, 
Hoffman, Turgenieff, TolstOl, Franklin, 
Lincoln, Longfellow, Lowell, Hawthorne, 
Mark Twain, Howells,-and h.undreds 
more of the world's greatest writers. Much 
oethe material is copyrighted .and much 
appears in English for the first time. The 
editors cOlltribute critical essa:Y$, which 
are "the last word" on their subjects. 
I There Is not one selection In the books which you can alford 
Dot to-read. You will read tbem- Dot once, but many time$, 
because elthe!r beauty, theiJr _"'" aud theiJr iDteDsc iDtcrest. 

Less Than 50 Cents 'a Volume 
Our large manufactqring establishment and trem endous clientele has enabled 

us to offer some very good bargains in the past-but never one like this. The 
introductory edition of the M ASTERPIECE LIBRARY is now ready. As long 
as it lasts, you can hllve a set for SO cents down and $2.00 a month for'Io months. 
The coupon, with 50 cents, brings a complete set express prepaid. If you don't 
like it, sendIt back at our expense. If it is satisfactor.'y\You pay for it In small 
payments, and get FREE The Little Masterpieces Of Science. 

FREE The Little This Is in six volumesbbound to match the rest of the 
Maoterpieceo set. 3 0,000 sets have een sold at $6.110 a set. It con· 

f Sci talns the best. work of. Darwin, Huxley,] ohnFlske, 
o ence ReB; Franklin and many others. In short, It does 

for Science what the Masterpiece Library does for Literature. , 
me the 

44 volume 
'Masterpiece 

LIbnry. II I 

Thus addlng these six volumes to the as volumes of the set ),ou will have 
t4volum •• ,in uniform bindinlr-and theY'will make a splendi d showin g on 
your library shel�s. Bear tnls in mind. Only the Introductory edition 
goes at a bargain. with the Science volumee free. Don't walt until to· 
morrow to send the coupon, or you may miss the offer. Send it 
to-day. Yo u will be mi ghty glad of It later on, _ 

Ilkelthrillaccept 
your'-;a1 011 ... 

Review of Reviews Co. 
II DOt I will mum It. 

. A SIKPLE .ETHOn OF TEACRIJI.G EX- . 
lERIKENTAL PHYSICS. 

(Oontinued trom 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 per cenl This is 
a much closer approximation than . can 
be ootained with Atwood's or Morin's ap
paratus, with which' the beginri.ing· and 
end of the fall cannot be . determined 
very accu�tely. 

In other experiments the drum is 
driven by a cord, passing 'over the pulley 
and a grooved'w'heeF6 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 amplitud� q'i succesive . oscilla
tions of the pendulw.n, and the more 
rapid dimhmtion brllght about by at
taching to the pendulum a paddle dip
ping into. water; cali be studied. The 
isoehromism of. small oscillations cim be 
shown by giving the . drum a uniform 
velocity .of rotation, by means of the 
driving clock. 01' of a weight which is 
stOPlled after it has fallen a certain liis
tance. Then the base line and the undu
la.tions having been traced as before, the 
wave length, or distance between con
�utive intersections of· the two lines, is 
fouild to l,le 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 centera, and the middle part of the 
viOlin string, which is kept taut by a 
spring, passes round a pulley, which 
turns freely oil a vertical 'rod, attached 
rigidly to the horizontal axle of the nave 
of a bicycle wheel mounted in bearings. 
When Jhe. 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. '.Phis 
point presses against a strip of smoked 
paper wrapped round a drum, which is 
turned by the engagement of a toothed 
wheel on its shatt with an endless screw 
on the crankshaft. The amplItudes ot 
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 dilLmeters proportiQIlal 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 refiecting '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 

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

In addition t o  the following articles, the 
Bcientifto ·AmeriO&D Supplement has pubHshed 
Innumerable papers of immense practical value. 
of which over 17,000 are Hsted in a carefully 
prepared catalogue, which will be sent free of 
charge to any address. Copies of the Soientillo 
American Supplement cost 10 cents each. 

It there Is any sclentlllc, mechanical, or en· 
glneerlng subject on which special Information 
Is deSired, some papers will be fonod In this 
catalogue, In which It Is fully discossed hy 
competent authority. 

A few of the many v�iuable articles � the 
making of experimental apparatus at home are 
given In the following list: 

ELECTRIC LIGHTING FOR AlUTElJRS. 
The article tells how a small and Simple ex· 

�cl��&�
a
���t�:p�fe'!n�t "fi61�P at home. 

AN ELECTRIC CHI:ME A:ND liow IT KAY 
BE CONSTRUCTED AT HOKE, Is detl�rlbed hi 
S!llentillo American Supplement 1666. . ..... 

THE CONSTRUCTION O F  AN ELlWTllIO 
THERKOSTAT Is explained in. Boienti40· Ameri-
can Su»plement 1666. .. . ' . . 

HOW TO KAXE A I0o..lIILEWmELEBS 
TELEGRAPH OUTFIT Is told by A. Frederick 
Collins In Soientl1lc American Supplement. 1605. 

A SIKPLE TRANSFORKER FOR AKA. 
TEUR'S USE Is so plainly described In Scien· 
tifto AmeriO&D Snpplement 1671 that anyone can 
make It. 

A %-H.-P •. ALTERNATING CURRENT DY
N .AKO. Scientillc AmeriO&D Supplement 1658. 

THE CONSTRUCTION 'OF A SIMPLE PHO
TOGRAPHIC A:ND KIORO·PHOTOGRAPHIC 
APPARATUS Is Simply explained In &ientillc 
American Supplement 1574. 

A SIKPJ,E CAKERA·SHUTTER HADE OUT 
OF A' P A BTEBOARD BOX, PINS, AND A . RUBBER BA:ND Is the subject of an article In 
Soientillc AmeriO&D Supplement 1578. 

HOW TO IU.XE AN AEROPLANE OR GLID
ING HACHINE Is explained In Scientillo Ameri
O&D Supplement 1582, with working drawings. 

EXPERIxE:NTS WITH ' A LAMP CHIKNEY. 
In this article It Is shown how a h.mp chimney 
may serve to Indicate the pressure In the In· 
terlor of a liquid; to explain the meaning of 
capillary elevation and depression ; to serve as a 
hydraulfc toumique, an aspirator, and intermit
tent siphon; to demonstrate the ascent of liquids 
In exhaustive tubes; to ·Illust.rate the phenomena 
of the bursting bladder and of the expansive ��8�� of gases. &ientillo American Supplement 

HOW A TANGENT GALVANOKETER CAN 
BE USED FOR HAKING ELECTRICAL QAB-�=!�S 

1
L'K?esCribed In &ientille Am� 

THE CONSTRUCTION OF AN I:NDEPEN
DENT INTERRUPTER. Clear diagrams giving 
actual dimensions are published. Scientillo 

Amerioan Supplement 1615. . . 
AN EASILY HADE HIGH FREQUENCY AP

PARATUS WHICH' CAN BE USED TO OB
TAIN EITHER D'ARSONVAL OR OUDIN CUR
RElfTB Is described In &ientillc American 
Supplement 1618. A plunge battery of six cells, 
a two· Inch spark Induction COli, a pair of one· 
pint Leyden jars, and an Inductance .coll, and all 
the apparatus required, most of which can be 
made lit home. 

SIMPLE WIRELESS TELEGRAPH SYSTEKB 
are described In Soientillo American Supple
ments 1363 and 1381. 

THE LOCATION A:ND ERECTION OF A 100-
KILE WIRELESS TELEGRAPH STATION Is 

f�ea£ren�fl�a��ri,:�h 
S���le::��t °f62��agrRmS, 

THE INSTALLA'rION A:ND ADJUSTMENT 
OF A 100-KILE WIRELESS TELEGRAPH OUT· 
FIT, Illustrated with diagrams, Scientillc Ameri. 
can Supplement 1623. 

THE KAXING A:ND THE USING OF .& 
WIRELESS TELEGRAPH TUNING DEVICE, 
Illustrated with diagrams, Beientillc American 
Supplement 1624. 

HOW TO HAKE A KAGIC LANTERN, Beien-
tillc American Supplement 1546. . 

THE CONSTRUCTION OF AN EDDY KITE. 
Soientillo Amerioan Supplement 15:;5.' 

THE DEHAGNETIZATION OF A WATCH Is 
thoroughly described In Soientillc American Sup
plement 1561. 

ROW A CALORIC OR HOT AIR ENGDm 
CAN BE HADE AT HOKE Is well explained, 
I:!�ri.,:e 

s����e�!nt 
Il��t.atlons, In Soientillo 

THE KAKING OF' A RHEOSTAT Is outlined 
In Soienti1ic American Supplement 1594. 

Good artioles on SJlALL WATER KOTORS 
ore contained In Soientillc AmeriO&D Supplement 
1494, 10411, and 1406. 

HOW AN ELECTRIC OVEN CAN BE HADJ;: 
Is explained In Soientillc. AmeriO&D Supplement 
1472. 

THE BUILDING OF A STORAGE BATTERY 
Is described In Bcientillo American Supplement 
1433. 

A SEWDlG-HACHINE 1I0TOR OF SIXPLE 
DESIGN Is described In Scientillc American Sup
plement 1210. 

A WHEATSTONE BRIDGE, Soientillo Am .. ri
can ifupplement 1685. 

Good articles on INDUCTION COILS are con· 
talned In Soientillo American Supplements 1514, 
1522, and 1527. Foil details are· given ' so that 
the coli. can readily be made by anyone. 

HOW TO KAXE A TELEPHONE Is described 
In'Soientillo AmeriO&D Supplement 966. 

A KODEL STEAK ENGINE Is thoroughly de
scribed In &ientillo Americ.... Supplement, 1517. 

HOW TO KAXE A THERKOSTAT is ex· 
plalned In Soientillo American Supplements 1&61, 
1568, and .1566. 

ANEROID' B.&ROIlETERS, Beientillo' AmeriO&D 
Supplements 1500 and 1554. . 

A WATER BATH, Soientillo AmeriO&D Supple
ment' 1464. 

A CHEAP LATHE UPON WHICH MUCH 
VALlJ'ABLE WORK CAN BE DONE forms the 
Subject .of an article contained In· ·Scientillo 
AmeriO&D' Bnpplement 1561. 

Each nomber or. the Scientillo herioan Sull
plement costs 10 centa hy mall. 

Order from your newsdealer or from 

MUNN 6. CO .. . Inc:., 361 BrGIldway, New York 
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k in the meri
dian. The laws of. refraction and total 
refiection 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 sumciently _ transparent to allow 
objects to be seen clearly through it and 
yet refiects bright images of objects 
nearer the eye. A vertical and rigid 
strip Of copper and a fiexible 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 cap-ies a charg
ing disk at its upper .end and is insu
latedby passing through a block of paraf
fin, which rests on the top of the case. 
One of the giass sides is platinized, and 
outside it is placed a graduated quadrant 
which is seen by refiection, while the de
fiected'strip of aluminium is seen through 
the glass.' 

ChassagIiy'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 
o.f· two horizontal horseshoe magnets al
most in contact with. each other, is sus
pended a coil of wir.e of electrolytic .cop
per. The- intensity of the field is further 
hicreased by a soft iron; .cylinder, sup
ported indeI.>endently inside the coiL A 
large mirror, attached to the coil, refiects 
the image of a lamp to a screen, where' 
the movements of the spot of Ught 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- I 
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 

I· very p

. 

ractical rheostat, a eudiometer; a 
baroscope, etc. 

... ... 

THE LATES�.' SUBMARINES OF THE 
UNITED STATES' NAVY. 

- � (Oontinued from page 296.) 

I 
m

.

erged COnditiOn,

.

. certain valves in

. 

the

. interior of the boat are opened. . This 
al10ws the water from. the 'sea to run into I great tanks built 

. 
within the boat, and 

, thus virtually sink her. These tanks are 
closely gaged, so that just the required 
amount of water is taken in. Under 
normal conditions, when the boat is at 
rest with the ballast tanks filled, she will 
have . a few hundred pounds reserve 
buoyancy, which Is represented by the 
top of 'her conniIlg tower protruding 
above the water. If desired, this buoy-

i ancy. may be entirely ,destroyed by ad
mittilig 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 tlie outside 
atmosphere is necessarily cut off. The 
cl'ew, 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 sum
cient to support life with. comfort for at 
least twenty-four hours. But, in addition 
to the air thus . contained, .the boat car

'Ties a large supply of compressed air in 
steel fiasks, which, if used for breathing 
purposes, would be s1!lmcient for a num-

. ber of days. 
�fter having brought the boat to the 

submerged condition in the manner 
(Oontinued on page 306.) 

KOH-I-NOOR Pencils 
are made- in 17 different 
degrees of hardness and 
softness-6B to 9H. 
. The llabdard' d P ... ei1 Quality thrruahcut the world. Each de
aree, and each pencil in .each 
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L &: C_ HARDTMUTH, Ed. 1790, 34 E. 23d SL, New yttrk 

To moot Americ ..... the M�pi ValIeF ;"'d the rich country that opreacla outward from either of ita 
obores is farmland-a ceuntry which III&T well be reaarded' not onl,. u the IIrlUlarJ' of the United Stat_ 
but of a Iarlle portion of the world'u weD. . ,  

The MidclJe Weat is mo"," than tbio. It. a·co .... try of wonderful engineering development and achieve
ment, wonderful becauoe of the enormouoocale on which i .. induatriaJ worb have been planned. 

On December 11th, 1909, the SClENTIFIC AMERlCAN 'wiIl iaoue a number devoted entireJ,. to tbio 
MidclJe Weot region, a numher which will aet forth broadJ,. aad lucicIJ,. not onl,. the alP'icultural inter ..... of 

that reaion, but aJ.., . thoae larger enllineeriall uadertakiap which iore deotined to traaoform theMiclclJe 
Weat, in part at leaat, iato a 'DIaaufacturiDIf temtoQ'. 

With that object in view the MiclclJe Welt Number will puhJiahartidea on the foUowinir suhjec .. : . . 
I. THE CHICAGO A:ND GULF· W ATEaW AY.-An Illustrated description of Chicago's drainage 

canal, an engineering work which stands without a parallel In the world. 
II. CHICAGO AS A RAILROAD CENTER.-Very few Americans realize that Chicago Is the 

greatest ralh'oad center In .the WOrld, and that It may' be likened to a great hub from which radiate 
the spokes of American transportation. 

m. THE WO:NDERFUL GRAIN TRADE OF CHICAGO;-C!)lcago 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 constructing of Ingenious machinery and 
elevators. . 

IV. SHIPPING ON THE GREAT ·LAxES.-lIIost' ot the iron ore that Is now smelted In Pe_
sylvania Is mined In the middle West. TO transport It to the blastfurnacas of the East at a cost 
wtlch will enable American steel makers to compete with foreign steel makers, it has heen 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 ooet through the Great Lakes, and which are without a cou.nterpart 
anywhere In the world. 

'V. THE HANDLING A:ND SHIPKENT OF IRON ORE.-Tbe abeve-mentlone.J fact that Iron ore 
Is mined In the mdddle West and smeltelt In the East has neceSllitated not only the construction of' 
special frelght'carrylng steamers, but also the deSigning of special machinery for loading and noload-
ing the ore from the steamers. . 

VI. FREIGHTING ON THE KIB8ISSIPPt.....,The MI8819Sippl Is the great natural waterway of 
the middle West. It places the cities Itiong Its banks In direct water-coml!lUnlcation with every port 
In the world. That.1s why freighting on the Mississippi Is a more Important Industry thim moat of 
us may realize. 

VII. 'THE 'STEEL I:NDUSTRY.-Although the steel Industry Is still centered In Pennsylvania, 
the scene of Its activity Is gradually shifting. Orie of the greatest steel plants In the world Is that 
which has heen built at Gary.'. It Is safe to say that nowhere elae In the w(}rld will be found a 
plant so remarkably equipped and 80 emclent. 

vm. THE FREIGHT BUlrWAY SYSTEII .OF CHIOA(l,O.-Chlcago can beast 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· CHIO.&GO.-Oblcago's ""urce of water Is Lake Michigan. The 
city Is Bupplled With water by meaus of a toOOel which extends· two miles out Into the lake. 

X. RECLAIKI:NG ARID 'LA:NDS;-Th-' United States Government has under 'way many Irrigation 
projects for the purpoee of reclaiming lands Which are arid, but which ' will blossom If properly 
watered. 

XI. HARVESTING THE GRAIN OF T·HE lIIDDLE WEST.-Farms that cover not acres lint 
equal'll miles, crops that aggregate not !limply' 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 heen designed to cope with these peculiar cpndltlons Is described and Illustrated. 

The MidclJe Weal Numher will he more than twic:e the nze of the regula� SCIENTIFICAMER1CAN. 
It will 'be lavilbl,. illustrated; It will he contained in a colored cever which atrikia!ll,. depic:ta Cbieaao'a 
lII'ain elevators at work. Order from ,.our newodealer or from . . 
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