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Experimental Science 

By GEO. M. HOPKINS. 

740 Pages. Over 680 Illustrations. 
PRICE, by mail, postpaid, $4.00 

SEND FOR FULL ILLUSTRATED CIRCm,AR 
AND TABLE OF CONTENTS. 

This is a book full of interest and value for teach· 
ers, students, and others who desire to impart 

or obtain a practical knowledge of physics. 

MUNN & CO., Publishers, 
Office of The Scientific American 

361 BROADWAY, NEW YORK. 
What the 1·ress says of"Experimentnl Science." 

p��t!ie��f�hnY�"i�:.�, ����'�[i;�����uable serv1ce to ex-
•• The b.ook is one of very practical character, and no one of a scientific turn of mind could fail to find in Its pages a fund of valuable information."-Eledric AIJe. 
h The electrical caapters of tbe book are notably ,"woo, and ttle practical instruction �ven for buildin'!' simple electrical machinery may be safely carried out by tbose -not, a few-who like to make their own apparatus."­Electrica.l lVorld. 
.• The author has avoided repeating the backneyed illustrations which have been passed from one book to another so long, and, instead. offers a set of experiments which are largely of a novel character and very strik­ing. "-Eng'ineeJ"ing and It.[illifng J OIH·nal. .. We commend it most heartily to all teachers."­Nonnal Exponent. "It is a treat to Tead a book of this kind, that sets forth t.he principles of physiCS so fully. and without the use of mathematics."-The LoconwUlle. .. All teachers of science are aware that real know­

ledge is acquired best by the student making experi­
ments for bimself, and any one who pOints out how thost! experiments may be easilf;made is doing excellent w?r�k-:O��li��:�clth'�iCs�::�' gll� o�;lf��n�ho writes 
�0;:��Ce��h6i[!�:�i:i�J!erilift�ct�for��tf��ul�' :�da� tractive and fascinating manner."-American EtWineer. .. It should be found III every library.'·-Engl1Sh Me­
c1wnic. 

• 'l'he book would be a most Judicious holiday glft."­EnO'ineering and �lin'ingJotf,rnai. "The portion of the book devoted to dy:namlc electrl· city covers over one hundred pages. and is extremely interesting and valuable."-Bl'ovklyn Standard Union. .. DirectIO ns are given for demonstrating most of tbe Jaws of physics, with every-day tools and common ap­pliances."-AJJu)I·'icru� Photof}rapher. "Many of the experiments are new to pr1nt, while some of tbe old, familiar ones appear in modified form and with simplified apparatus."-P'ubl'ic Opinion. 

FAMILY ICE MACHINE �:;;u��",;: i�O�f�;' 
L Dermil(ny. U; W. 25th St., N. Y. State Rights jar sale. 

PATENTS! 
MI£S SltS. MUNN ... co .. in connection with the publi­cation of the SCIl1:NTIFIC AMERICAN, continue to ex­amine improvements. and to act as Solicitors of Patents for Inventors. In this line of bUSiness tbey have had forty-one yea'7's' 

experience. and now have uneQuated. facilities for the 
pl'eparation of Patent Drawin.'!s, 8pecifica�ions, and .the 
prosecution of A pplications tor Patentf:1 �n the Umted 
States, Canada. and fl'oreign Countries. Messrs. ,.'01 unn & 
��r tl�g:s:tL��!?8;h:J:s;re�:a���������:.t�nCdo1fi:���t: on Infringemenb of Patents. All busineis intrusted to them is done with special care and promptnei@. 00 very reasonable terms. 
tafnrn��·�Wf�!oer�a1�� ��o���!�e�fs :XJ'I���iOt�' ���: cure them: directions coneernir.g l.abels. Copyrights, DeslJ;ms. Patents. Appeals. Reissues Infringements. Ae .. aignments. Rejected Cases. Hints on the Sale of Pa .. tents. etc. 

\V e also send. free of charge . a Synopsis of ForeiJ;m Pa .. tent IJaws. showing the cost and method of �ecurinJl patents in all tbe principal countries of the world. 
MUNN & ()O., SoliCitors ot· Patent8, 

31H Broadway, New York. BRANCH O�'FICES.-No.622 and 624 F Street. Pa· 
ciflo BuildinJ,!. near 7th Street. WashiDlzton. D, C. 

j'citutific �mtti.catt. 
ELECTRIC lYIOTORS 

For a.�� Speoj,a� 'VV'ork. 
Correspondence invited by tbe 

CEOCKEE - VV:E:EELEE �O'J:'OE CO. 
430 West 14th Street, New York. 

Manufacturers of the PERFECTED MOTOR, 
Acknowledged to be the Standard for all high·class work where power is required. 

s. S. W HEELER, President. F. B. OROOKER, Vice· President. 

VELOCITY OF ICE BOATS. ACOLLEC 
tion of interesting letters tothe editorofthe SCIENTIFIC AMERICAN on the question of the speed of ice boats, de. monstrating how and why it is that these craft Bail faster than the wind which propels them. Illustrated with 10 explanatory diagrams. Contained in SCIENTJ>'IO AMERICAN SUPPLEMENT, No. 214-. Price 10 ceI!ts. To 
lie had at thiB office and from all neWSdealers. 

Barnes' Foot·Power Machinery 
Complete outtlts for Actual Worksnop Business. A customer says: to Consid­ering its capacity and the accuracy of your No.4 J.;athe. [ do not see how it can be produced at such low cost. The velocipede foot-power is simply ele­gant. I can turn steadily for a whole day, and at night feel as little tired as if I had been walking around." Descriptive Price List Free. W. F .... JOHN BARNES CO., 199!l RUBV ST .. Rockford. Ill. 

EXCELLENT BLACK COPI�S. only equaled by Litho­frapby, of anythi'[lg written o r  drwwn With any Pen by 
s������;A UTOCOPY I S T free. Ten Eyck & l'arker, 66 Pine �treet. New York 

OIL WELL SUPPLY CO. Ltd. �1 &; 92 WA'J'ER STREET, 
Plttsburgb, I'a., 

.

. 
M anu!a�rerB of everything need�d for 
..a�'X'::Es:a:..a1V �E:a:..:a:..15J 
for either Gas, Oil, Water. or Mineral . Tests, BOilers. Engines, Pipe, Cordage, Drilling Tools, etc. Illustrated catalogue� price . lists and discount sheets on request. 

HOME·MADE INCUBATOR.-PRAOTI· caJ directions for the manufacture of an effective incu­bator that bas been carefullY tested and found to per­form all that may be reasonably ex,lected; with direc­tions for operating. With 4 figures. Contamed in SCI­ENTIFIC AMlj:RICAN SUPPLEMENT. No. 630. Price 10 cents. To be had at this office and from all newsdealers. 

ARTESIAN 
Wells, Oil and Gas Wells, drilled 
rl�i�:���:!1sod��u�::� 
�1.�f�3c����r:���� 
able Horse Power and Mounted. 
Steam Drilling Machines for 100 to 
/100ft. Send6centsforillustrated catalogue. Pierce ArteSian 

asNi!!�e�r1:e�'Wl�Yy �r't' 
THE PHYSIOLOGICAL BASIS OF 

���J�re�fe �!ia¥�le��sl°��·;r�h(f'i:���' gg�r�::d � SCIE�TIFIC AMERICAN SUPPLE1IENT, No. 7'49. Price 
10 cents. To be had at this office and from all news­dealers. 

CHANDLER & TAYLOR CO'S 
ED STEAM ENGINES 

12 TO 80 H. P. 
IN STOCK FOR QUICK 

DELIVERY. 
For Catalogue "S," address 

CHANDLER & TAYLOR CO., INOIANAPOLlS, INO 

THE STEAM ENGINE: ITS PRINCI· 
plefl, it� development. its future and perfection. -A pa.­per by E,. N. Dickerson. giving an outline of the history of the steam enlZine. and discussing the principles upon whieb it operates tlnd which limit ib5 capHcity. \nth 2 figures. Contained in SCI"El\TIFIC AMERICA!\" SUPPLE­MENT, No. 6S6. Price 10 cents. To be had at this office and from an newsdeaJers. 

GATES ROCK & ORE BREAKER 
Capacity up to 200 tous per hour. 

Has produced more bal1a.st, road metal, a.nd broken more ore than, all other Breakers combined. Builders of J1igb Grade Mining Macbinery. Send for C'fltaIO!ll1e8. 
CATES IRONWORKS, 

:')0 C So. Clinton �t., (:llieago 215 Franklin t;c.. Boston, Mass . 

EXPLOSlVES-A LEO-
ture by Sir Frederick Abel. F.R.S .. treating of the pro ... 
��c�Oc�n�t eoXft��v�o:�r �;)��:�i�sgy�tb��dlf��i� research. Contained in SCU:NTIFIC AMERICA" SUP­PLlt:MENT, No, 745. Price 10 cents. To be hadatthis office andfromall newsdealers. 

£J!E�A!:ST��N��! 
IN THE WORLD. 

.... Speed, Comfort and Safety. 
AGENTS WANTED. 

Large Illustrated Catalogue sent Free to any Addre&s. 
THE EAGLE BICYCLE MFG. CO., 

STA:M:FORD. CONN. 

TYPEWRITERS. 
Largest like estahlishment in the world First. 

class Second-hand Instruments at half new prices. 
Unprejudiced advice given on all makes. Ma­
chines sold on monthly payments. Any Instru­
ment manufactured shipped, privilege to examine. 
EXCHANGING A SPECIALTY. Wholesale prices 
to dealers. Illustrated Catalogues Free. 

'l'YPEW.RI'l'ER I 70 Broadway. New York. 
HEADQUAR'l'ERS. \ 144 La Salle st., Chicago. 

After being on the Market Five Years 

The "A eM E" Still Leadsl 
Sizes One, Two, Three� and Four Horse Power. Arranged for either NATURAL GAS or Kerosene Oil fi

§:n� fc:,�
d
���iog�� �f.;f:i�t�r��;.t[c����rse�n�n p��g��nt of the oil fire. 

Oil Tank. ROCHESTER MA.CHINE TOOL WORKS, Brown's Race, ROCHESTER, N. 1, 

Useful Books! �����:�IIINCUBATOR 
Manufacturers, AgrICulturists. Chemists. Engineers� Me­

chanics, Builders. men of leisure. and professional 
men, of all clas5es. need good books in the line of 
their respective callinas. Our post Office department 
permits the transmission of books through the mails 
at very sma]] cost. A comprehensive catalogue ot 
useful books by different authors. on more than fifty 
di:trerent subjects, has recently been published for 
free circulation at the office of this paper. Subject.s 
classified with names of author. Persons desiring 
a copy, have only to ask for it, and it. will be mailed 
to them. Addres�. 
JUVNN &; CO .. 361 IJroadway. New Yorl{. 

EVERY USER OF MACHINERY tSHOP'LD LEARN 

Howto Use Loose Pulleysr . sub· 

- W1I:NTION THl!> PAPKR.-

STEAM ENGINE. HOW TO MAN AG E. 

PI lri"�thAw�ez! R��c��:Lpgg�r � �a����jt�� w��� supply. how to clean the enl!ine. how to clean the supply 
8bP:ta�g:dt?rf�\�lI���\�f���E�icA;yJJ�i��:��ai,i��: 
747. Price 10 cents. TO be had at this office and from all newsdealers. 

VOLNEY W. MASON & CO., 

FRICTION PULLEYS CLUTCHES ana ELEVATORS 
puov I DENt:E. It. I. 

!Y��n�!h�9Rt �::t��!��! �� 
sure cure for weak eyes and headache is guara.nteed. Glasses of/at discarded.'� They last for months. � no family should be 
���h\���hi�h�!�l:i� ���;!1.r!

h
oef X:Fc°;;i�� ����1���:� prevented. Se n d for ag-ents' circular. 

N. Y. VAPOR CO •• 1279 Broad .. ay, N. Y. 

I � H 11 r tJ LANTERNS WANTED anI2'A\\\� J: HARBACH &CO. 809 FilbertSt.Phlla.Pa. 

W
HAT UnCle Sam and Aunt CoJumblathlnk.etc .• of and SEATTLE. Send stamp to A 8 HI N IT 0 N Eshf>lmlll1. I.!ewf'lIyn&Co.,Seattle, lV .. 

fi'fr��Plfin�.r:!!.cfn a�!c�:.\��:;:;.,!��� 
(�uaranteed to hatch a larger percentage 
of fertile eggs at, less cost than any other 
hatcher. �end 6c. for DIns Catalogue 

CJlreularsfree. CEO.H.STAHL, QUINCY,ILL; 

MECHANICAL DRAWING. 
ByPrcf. C. W. MacCord, of the Stevens Institute 

of Technolog·y. A s€',ries of new, original. and 
practical lessons in mechanical drawing, accom­
panied by carefully prepared examples for prac­
tice, with directions, all of simple and plain cha­
racter, intended to enable any person, young or 
old, skilled or unskilled, to acquire the art of 
drawing. No expensive instruments are involved. 
Any person with slate or paper may rapidly learn. 
The series embodies the most abundant illustra­
tions for all dNcriptions of drawing, and forms the 
most valuable treatise upon the subject ever pub­
lished, as well as the cheapest. The series is illus· 
trated by upward of 450 special engravings, and 
forms a large quarto book of over one hundred 
pages. uniform in size with the SCIENTIFIC AMER­
ICAN. Price, stitched in paper, $2.50; bound in 
handsome stiff covers, $3.50. Sent by mail to any 
address on receipt of price. 

For the convenience of those who do not wish to 
purchase the entire series at once, we would state 
that these valuable lessons in mechanical drawing 
may also be had in the separate numbers of Sup­
PLEMENT, at ten cents each. By ordering one or 
more numbers at a time, the learner in drawing 
may supply hirr �(if with fresh instructions as fast 
as his practice I'e'l'�ires. These lessons are publish­
ed successively in *1, *3, *4, *6, *8, *9, *12, 
*14, *16, *18, *20, *22, *24, *26, *28, *30, 
*32,*36, *37,*3S,*39.*40, *41, *42, *43, 
*44, *45, *46,*47,*48,*49,*50, *51, *52, 
*53, *54, *56, *58, *60, *62, *65, *69, *74, 
*78,*S4, *91,*94.*100,*101.*103, *104. 
*105, *106, *107, *108, *134, *141, *174, 
*176, *17S. FOR SALE BY 

WLUN"N" d! CC> .• 

Publ lsbers of SCIENTIFIC AMERICAN. 
361 Rrond",ny, N .. w York. 

ICE and REFRIGERATING MACHINES 
The Pictet Artificial Ice Company (Limited), Room 6, Coal & Iron Exchange, New York. 
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ROPER'S 
Practical Handy-Books 

-FOR-

ENGINEERS AND FIREMEN 
By STEPHEN ROPER, Engineer. 

PHlf'E 
Engineers' Handy Book ....... ................... ... .. $iL.I)O 
Hand-Book of Land and Marine Engines ....... ' .... ;{.50 
Use and Abuseofthe Steam Boiler................ 2.00 
Hand ... Bonk of Modern Steam Fire Engines ....... 0" �.50 
Questions and A nswers for Engineers ........... , .... :1.00 
Hand-Book of the IJocomotive ...... " ................. 2.50 
Roper's TTse and Abuse St.eam Boller ................. 2.00 
Instructions Rnd Sug'gestiolls for Engineers and Firemen ................ , ....... ....................... 2.00 
Catechism of High-Pressure Steam Engines .... .... 2.00 
Young Engineers' Own Book .......................... :too 

Tbey are the only books of the kind ever published in 
���sm�ogr��{,c��ldr���Yc:�ee:�ifi��J�r�tt:::d te;:��eer or 

Send for Descriptive Catalogue, mailed free. 
For sale by an bookselle--rs ,  or will be sent to any plat 0) the United States or Oanada on receipt oj list price. 
rr Send money in Registered Letter, P. O. Order, or Postal Now. 

EDWARD MEEKS, 
1012 Walnut Street, Philadelphia, Pa. 

PROPOS�LS. 

Dredging ar O gden sburg Harhor. N e w  York. 
U. S. ENGINBER OFFICE, Burlington, Vt., Decem­ber 22, lSDO.-Sealed proposals in duplicate, addressed to the undersigned, for 270,000 cubic yards, more or less, of 

q6,�&f�na�h;'r��J/iV;gsc�������lVt1i��� ir�:w.nit�, :r� vators, Ogdensburg Harbor, wil1 be rflceived at tbis office until 11:00 o'clock A. M •• January 22, 18�H. Atten­tion is invited to the Acts of ('ong-ress approved Feb-
�tr24�����5'4tr.d 

srattrt��r�t2t!��. v°6e��jr:!1�:�r��� tion can be had on ap�lication. M. B. ADAMS, Major oj Engineers. 

f?��lla=. 
�� S�a'" �e:�iC�Motor 

for Amateurs. Illus. on page 39, this issue. All the material for making this Motor with the diffi­cult parts finished, Rent by matI for $1.25. W. S. BI SHOP, Mfr. of Electric Machinery, 958 Grand Avenue, New Haven, Conn. 
SMALL ELEOTRIC MOTOR FOR AM· ateurs.-By C. D. Parkhurst. Description in detail (If a smaH and easily made mot.or powerful enough to drive a ten or twelve inch brass fan and to give a good breeze. With 15 figures orawn to a �cale. Contained in SCH�N-
�!�l�. ��lb�Ig�d atS{�f:��lii�':�;d f�6in ;llfjJew�r�;rer� 

JAMES LEFFEL WATERWHEELS 
ENGINES, and BOILERS • 

J" .A.�ES LEFFEL & CO. 
FARLO ST., �PRINGFIELD, OHIO. 

lIOn Liber ty �'reet New York City • 

ROOVED PLASTER SLAB Be8t foundation for plastering, 
work, or tiling. Superior than metal lath. 
][old, a;aat:�t�OD�S:: 1iW, pl'oductng these slabs. 

CURRAN,ISS B'way. N.Y • 

$1 0 00 to $5 0 0 0 ft�h:'���\>rt. 
• • fitable bu SI-ness. IUagic Lanterns ond Vje,,'� of popular sub­jects. C'at:liog'ne:oo on application. Part. I Optical, 2 Mathemfl.t.ic.�k 3 Metern·ological.4 l\f1\J,!ic Lanterns, etc. 

L. ll1ANA�,",E, SS IUndlsoll SI1·eet. Clticnj!"o , III. 

BLUE PRINT Paper. Sup�ri()r Qua!ity. 
l>hologrnpillc Supphes. Send for catalogue. T. H. McCOLLIN ... CO., 1030 Arch Street, Philadelphia. 

OBESITY.-BY WALTER MENDEL· 
son. M.D. A very interesting paper� exhaustively trfl...ating of the cam�es of obesity and tbe proper metbod of combating it. Contained in SCll�l'\'TIFJC AMERICAN SUPPL>OMENT, No. 744. Price 10 cents. To be bad at this office and from all newsdealers. 
4iiiiiiiiiiiiii- � The tourist route between Chi-ll�rp �111I1I�llcagO and SoutbernWinterre. 
I sorts via Indianapolis and Cin .. 

l�UI6VIUE EWA�a��1ir ;Wl��tiit'o�J��aitfJ�rar�� akg��:; JAMES HARKF.R, Gen. Pass. Agt.. Monon Block, Chicago 

F��n,f�r!t�AF���1a��_�yb:���1�]!�IAt;.1���1:ti� 
Cigar Cutter, Patented Dec. 9, 1890. One at tbe beat and most salable cutters ever made� Is new and a great novelty. This patent for sale for the U. S. except Penna. Address J. S. HENRY, Patentee and Manufacturer, Manheim, Pa., or the ADAMSON Co .• Muncie, Ind. 

PATENT RIGHT FOR SALE 
Parties wishing to handle a nice staple article should 

buy the Patent Right on my" Cal·pet Fastener .. " Something new, and will be in great demand. Address 
ALBERT R. HAMILTON. Box102, BUItMNGTON. VT. 

T� S cientlfic A merican 

PUBLICATIONS FOR 1891. 
The prices of the dillerent publications in the Untted States, Canada, and Mexico are as follows. 

RATES BY MAIL. 
The Scientific American (weekly one year ',,100 
The Scientific American Supplement (weekly)� one year. 5.00 
The Scientific American, Spanish Edition (monthly) one year, 3.00 
The SCientIfic American, A rchiteDts and Builders Edition (monthly), one year. . 2.50 

COMBINED RATES. 
The SCientific American and Supplement. . $7.00 
The SCientific American and A rchitects and Build-ers Kdition. . b.OO 
The Scientific A merican, Supplement, and Arcbi-tects and Builders Edition. . ROO 

Proportionate Rates for Six Months. 
Th1S includes postage, WOlch we pay. Remit by postal or e.s:press money order, or draft to order ot 

MUNN &0 CO .. 361 Broadway, New York. 

OR KIN G MOD E L S &. LIGHT M.L\CHINERY. INVENTIONS DEVELOPED. Send fOI· Model Circular. Jones Bros. E Co., Cin'ti, O. \ 

© 1891 SCIENTIFIC AMERICAN, INC. 
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