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SCIENTIFIC AMERICAN SUPPLE-
M I:£N'l\ Any desired back number of the SCIENTU"lC 
AMERICAN SUPPLEMENT can be had at this office for 
lOcents. Also to be had of newsdealers in all parts of 
the country. 

Otis Eloctric Elovator 
For the season of '9I we have ex

tended our line to include Machines 
of many more styles and prices than 
heretofore. Having any interest in 
\Vheels, you will surely want to see 
our Catalogue for '91, which will be 
freely mailed on application. Ready 
In February. 

N A TZON AL HIGHEST 
Eudorsed by the best Engineers. 

-ALSO
Manufacturers of the Standard 

Hydraulic Passenger and 
�'reil/bt, Steam and Belt 

ELEVATORS, STEEL 
TUBE CLEANER 
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CHALMERS -SPENCE CO. 
Office, fl9 Liberty St'l New York. 

Otis Brothel'S & Co •• 

38 PRI'k Row, New Yorl, 

OVERMAN WHEEL CO. 
Makers of VIC TO It UICYCl.ES. 

BOSTON, WASHINGTON, DENVER, SAN FRANCISCO. 
Office and Factory, Chicopee Falls, lliass. 

COMPTOMETER 
ALL ARITHMETICAL 

• • • •  PROBLEMS 
Solved rapidly and accurately 
by using the CO.:\lPTOl\IETEH. 
Saves 40 I.er cent. of time. 
E n t i r e  r eJi ef from mental 
strain. Adapted to an com
mercial and scientific compu
tations. Send for circular. 

FELT &. TARRANT MFG, CO" 52-56 Illinois St" Chicago, 

SAWS Wlinted 50,OO)Sawyers SAWS a n d  Lumbermen t o  

A send us their fun address for a copy of Em_ A erson's JJr Book of �A W�. new 1890 edi_ 
tion. We are first to introduce NATURAL 

W GAS for heating and tempering Snu·tit with
W wonderful etfect upon improvin� their qual-

ity and tou�hne8s. enabling us to reduce S prices, 
.
Address E�IER�ClS, SMI'l'H S & CO. (1.ld.). lIe.nel' Fall., l'a. 
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Scientific 8!!!!! Catalogue 
U�i:NTLY PUIILlSHKD. 

Our.new. catalo�ue containjr;tJl over 100 pages, includ. 
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t�nd!��W�;tf�g!ects. Win be 

NUNN &-: CU., Publishers Scientific American, 
:un Broadwnl', New York. 
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PLE"'''T, Nos. 773 and 774. PrIce 10 cents each 
To be had at tlli� office and from aU newsdealers. 

NEW KODAKS 
" You press the button, 

1e'e do the rest." 

Seven New 
Styles and 

Sizes 
AT,L T_OADED WITH 

Tl'an,�parent 
Films. 

For eale by all Photo. Stock Dealers, 
THE EASTMAN COMPANY, 

Send !or Cata1nQut. [{(If'HESTER, N. Y. 

WORKING MODELS 8 .. d EXllel·im.elllal 
\Vo .. k. New tnven

Mons worked out. Small machinery built in iron or brass. 
Working dra wings made. Au�. Zaubitz. 48 Centre St., N. Y 

THE AMERl�AN nLL TELErH�NE ��. 
95 MILK ST" BOSTON, MASS. 

This Company owns the Letters Patent 
granted to Alexander Graham Bell, March 
7th. 1876, No. 174,465. and January 30th, 
1877. No. 186,787. 

The transmission of Speech by all known 
forms of Electric Speaking Telephones in
fringes the right secured to this Company 
by the above patents, and renders each 
individual user of telephones not furnish
ed by it or its licensees responsible for such 
nnlawful use, and all the consequence!! 
thereof. and liable to lIuit therefor. 

Plain or Porcelain I�ined. 

- -4.. - Usually STRAIGHTWAY � 
.
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• for low pressure steam, gas, oils, etc, 
WRI'l'E FOR CATALOGUE. 

The Lunkenheimer Brass Mfg, Co. 
lli-l" E. Sth St., Cincinnati, O. 

POPE MFC. CO" 77 Franklin Street, BOSTON. 
Branch 1l_0I: 19 W&mIIl St., NEW YORE. 291 W.buh 

.AV1I4 CBIC.AGO. Factory. llAllTl'ORD, CONll'. 
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I 
of the steam eniline, and di8cussin� the principles upon 
whieb it operates and which limit itt. capacity. With 2 
figures. Contained in S{TEXTIFIC A1\IERICA.!'\ SUPPLE
MENT, No, 6SH. Price 10 cents. To be had at tbls 
office and from all newsdealers. 

2 to 40 H. p, The Motor of 19th Ccntnrv �� Can be used An1l Place, to do An1l 
W OTk, and by Anll Une. No Boiler! 
No �'ire! No Steam! No Ashes! 

" No Gauges! No En�ineer! A per
t"ectly safe Motor for all places and 
purposes. Cost oj operationabont one 

._ - ant an hour to each intlicnted. horse 
power.. For Circulars, etc., address 

I<.o .... �, Charter Gas Engine Co. 
81 .. pli.It.. Sa'et.. P. O. Box us, SterUna-, Ill. 

ARTIFICIAL INCUBATION,-A DE-
scription of the French process of raising chickens. 
With 1 figures, Contained In 80lENTIFIC AMERICAN 
SUPPLEMENT. No, ""S. Price 10 cents. To be harl at 
this office and from aU newsdea]ers • 

;::::��::::;:�i1�ii!� THE FREO'K CRAN E CHEMICAL CO. 
. .... � � •• _� . '  

SHORT HILLS, N.J.-BOX9IAo 
."",�, _ �� rfI!!� - ZAPONS 8RUSH 8. DIP. LACQUERS,VARNISH. SHELLACS BLACKS BRILLIANT & DEAD ..",...,.. !!l/iiiI":::_ . . � """"""",,�0-� � JAPANS AIR DRYING.ENAM E LS, TRANSPARENT. fOR METAL AND WOOD PROOf AGAINn �111�"]v� ACIDS AND ALKALIES. - WRITE FOk CATA,-OGU[ 

B. W. JOHNS' 
ASBESTOS SECT.OIAL PIPE COVERlla. 

A Non-Conducting Coverin2' for Steam and Hot Water Pipes, etc. 
RBADILY ATTAClll!:D OR REMOVED BY ANY ONE. 

ASBESTOS BOILER COVERINGS_ 
We Arepreparea to take euntraeu/"" applying SWJim Pipe and Boikr CotJerings in anypartofUu Um1ed Statt" 

EL �. JC>:El:N& �lllil"UF'.a.C'rU�NG- CC>DII::E"Al.VY. 
SOLE ?&U.NUY A.OTUBlUlS 0:1' H. W. Johas' Asbestos 1Il111beard, Sheathings, Building FeU .. Fire-Proof Paints, 

Liquid Paints, AIIbesto. ROOfing, elc. 
87 Maiden Lane, New York. CHICAGO. PHILADELPHIA. BOSTON. 

GEAR CUTTING 
All sIzes from one-half Inch to five (�. "" •• m_, .,"",M mtt"" 

\ Spur, Bevel, Mitre. 
\k J 

... 
U Leland, ';a�i�;; ;io;ton Co, � .•• � DETROIT, MICH. 

2nd � MACHINERY Ji 
N. Y. Mach'y Depot. Bridge Store 16. Frankfort St., N.Y. 

Experimental Science 
BY 

Geo. ltI. Hopkins. 
In t e re s t i n g Experi" 

ments in Every Branch 
of Physics. Descriptions 
of Simple and Efficient 
Apparatus, m u c h of 
which may be Made at 
Home , Amonll( Subjects 
treated are Electricity in 
aU its Branches, Ma�net
ism, Heat, LII/ht, Photo-
�r�hlil:!;����c)flch�: 
ics. etc. A world ofValu
a b 1 e Information. A 
Source of R a t i o n a l  
Amusement. A' superb 
work for Young and Old. 

Illustrated Circular and Tableof Contentssentfree. 
740 PAGES, 6SO ILLUSTRATIONS. 

PRICE, by mall, postpaid. - - - $4.00. 
MUNN &: CO •• Publishers, 

01fice of THE SCIENTIFIC AMERICAN, 

361 Broadway, New York. 

ALLE lE: 'j CASTINGS Ff\�M SPECIAL RNS 
� - -AS AND FINl GRAY IRON ALSO STEll 

� fINE TINNING A,� PA1TE, <S DEVLIN & co.. ,,",5H'" 'r'N" � � 
TtlOMI'ILEHIGHAVE �AMERIGAN 5T PHILA • _"_ �[.., 

JENKINS BROS. VALVES' 
JBNH.IN� BROS .. 71 John St" N. Y.; l05Milk St., 

Boston; :nNorth5thSt. Phil a.: 54 Dearborn St. Chicago. 

THE PH ONOGRAPH.-A DETAILED 
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Ing., ContaIned in SCIF."TJFIO AMERIOAN SUPPLE
MENT. No. 632. Price 10 cents. To be bad at thl. 
office and from all newsdealers. 

NO SKILLED ENGINEER. 
The Shipman Automatic Steam Engine 

STATIONARY AND MARINE. 
Petroleum, Keroaene Oil, and Natural Gaa Fuel. 

1. �. 4, 6, and S Horse Power. SIDa-le. 
e and �� Hor.e Power, Compound 

For ElevatlDI/ Water, Creameries, and aU Manufacturing Purpose .. 
SHIPMAN ENelNE CO., 210 Summer St., BOSTON rA PATENT JACKET KETTLES 

Tested to 100 lb. pressure, Send for List .. 
BARROWS-SA VERY CO .. 

• S. Front & Reed Street., PhlJatlelphla, PIl, II CUTLER DESK 
BEST IN THE WORLD, 

A CUTLER & SON, 
• BuFFALO N Y  II r.; /'-

© 1891 SCIENTIFIC AMERICAN, INC. 

New Grade, $100. 
CUSHION 'rIRES and T ..ANGENT 

SPOK ES. 
Handsomest and Best Diamond 

Safety. se1ld J01' Ciltaloglte. 

MANUF AC'TURERS, 

WllI. READ & SONS, 

ESTABLISHED 1�46. 
The Most Popular Scientific Paper in the World 

Only \13.00 a Year, Incl udina- Po.taa-e. \V eekll' 
�2 Number. a Year. 

This widely circulated and splendIdly illustrated 
paper is published weekly. Every number contains six" 
teen pages of useful information and a large number of 
original engravinfr;!'s of new invent ions and discoveries, 
represent in", Engineering Works, Steam Machinery. 
New Invclltions, Novelties in Mechanics, Manutactures, 
Chemistry, Electricity, Telegraphy, Photography, Archi
t ecture, Agriculture, Horticulture. Natural Histrlry, 
etc. Complete I ist of patents each week. 

Terms of SUbSC1'iption.-One copy of the SCIEN
TIFIC AIUERICAN w1l1 be sent for one year-52 numbers
postage prepaid, to any 8ubscriber in the United States, 
Canada, or Mexico, on receipt of three ((ollal's by the 
publishers j six months, $1.50j three months, $1.00. 

Clubs.-Special rates for seyeral names, and to PObt 
Masters. Write for particulars. 

The safest way to remit is by Postal Order, Draft. or 
Express Money Order. Money carefu11y placed inside 
of envelopes. securely sealed. and correctly addressed, 
seldom goes astray, but is at the sender's risk. Address 
aU letters and make an orders. drafts. etc., payable to 

MUNN & CO., 361 Broadwa y, New York. 
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THE 
Jdtutifit Juppltmtnt 

This is a separate and distinct publtcation from THE 

SCIENTIFIC AMERICAN, but is uniform therewith in size, 
every number containiIl� sixteen lar�e pages fun of en
gravings, many of which are taken from forei,zu papers, 
and accompanied with translated descriptions. THE 

SCIENTlJo'IC AlloIERICAN SUPPLEl\IENT is published week_ 
Iy, and includes !f, very wide ran�e of contents. It pre
sents the mORt recent papers by eminent writers in an 
the principal departments of Science and the Useful 
Arts, embracing Biolo�y, Geology, Mmeralogy, Natural 
History, Geo�raphy, Archreology. AstronomY,Chemistry 
Electricity, Light, Heat. Mechamcal En�ineering, Steam 
and RailwayEn�ineerin�,Milling.Ship Bui1din�, Marine 
Engineering, Photography, Technology, ManufacturillR' 
Iodustries, Sanitary Engineering, Agriculture, Horti� 
culture, Domestic Economy, Biography, Medicine,etc. A 
vast amount of fresh and valuable information obtain. 
able in no other publication. 

The most 'important Engineering lVork-s, MechaniAms, 
und Manufactures at home and abroad are illustrated 
and descri bed in the SUPPLEMENT. 

Price for the SUPPLEMENT for the United States and 
Canada,$5.00 a year; or Olle copy of the SCIENTIFIC AJ\lER� 

ICAN und one copy of the SUPPl,EMENT, both mailed for 
one year for $7.00. Single copies, 10 cents. Address, and 
remit by postal order, express money order I or check, 

MUNN &: CO .. 361 Broadway, New York. 
Publishers SCIENTIFIC AMERICAN. 
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�uildiug �ditillU. 
THE SCIENTIFIC AMERICAN ARCHITECTS'AND BUILD

ERS' EDITION is Issued monthly. *2.50 a year. Single 
copies, 25 cents. Forty large quarto pages, equal to 
about two hundred ordinary book pages � forming a 
large and splendid Ma�azine of Architecture, richly 
adorned with elegant pla:us in colors, and with other tine 
engravings; inustrating the most interestin� examples 
of modern architectural construction and aBied subjects. 

A special feature is the preselltation in each number 
of a variety of the l atest and best plans for private resi
dences, city and country, inc1udinR' those of very mod .. 
erate cost as wen as the more expensive. Drawings in 
perspective and in color are given, together with fu]] 
Plans, Specifications, Sheets of Details, Estimates, etc. 

The elegance and cheapness of this magnificent work 
have won for it the Large.' Circulation of any Archi
tectural publication in the world. Sold by all newsdeal· 
ers. ,2.50 a year. Remit to 

MUNN &: CO .. Publisher., 
361 Broadway, New York . 

PRINTING INKS 
The ScIENTIFIC AMERICAN Is printed with CIlA!'. 

ENEU JOHNSON & CO.'S INK, Tenth and Lombard 
St." Phllarlelphla.and 41 R08e St" opp. DUIlDe, New York 
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