
�lIvertisements. 
Inside Pnae. each insertion - - - 7':j cent8 n line. 
Hack Page" euch ill�lt�rlion - - - 91.00 II. line. 

The above are char get'. per agate Ime- -about eight 
words per lme. 'l'hlS nouce shows the width of the line, 
and is set in agate type. Engravings may head adver. 
tisements at the same rate per agat e line. by measure
ment, as the letter press. Advertisements must be 
received at publication office as early as 'l'hursday morn
jnl! to appear in next issue. 

UNEQUALED 
For House. Barn. Factory, etc. 

Shed or Outbuilding. 
'to of complete. Any one canlaY'it. 

$2.00 per 100 Sq. Feet. 
free if' you state size 0:(' roof'. 

42 West Broadway. New York City. 
INDIANA PAINT & ROOFINC CO. 

Victor Bicycles! 
For pleasure, business. recrea

tion, and fur an ything you 
CQuid use a bicycle for. 

V IC'I'OR S A RE nEST! 
Send for catalogue. 

.e:I!i."OvPfman Wheel Co., Makers, 
"<!Q (�lJicopce Falls. lUas�. 

THECOPlINGPAD.-HOWTOMAKE 
and how to use; with an engraving. Practical directions 
how to prepare the gelatine pad, aud also the aniline ink 
by which the copies are made; how to apply the written 
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43�. Price lU cents. For sale at this office and by all 
newsdealers in all parts of the country. 

VOLUNTEER COLUMBIA. 

A high-grade wheel in every respect. with 
essential qualities of the Expert Columbia, 
metal but steel being used in its construction. 

THE BEST MACHINE for the MONEY, 
We make al l  the popular style of high grade ma_ 

chines. Illustrated Catalogue free. 

POPE MFG. CO., 12 ��::�t�
o
;:�,you. '" Franklin St., EaSTON. :lI1 Wabash Ave., CHIOAGO 

1citutific 1\mtritAlu� 

::H_ VV_ JO::HN""S:7 
Asbestos Sectional Pipe Covering 

A Non· Conducting Covering for Steam and Hot Water Pipes, etc. 
READll,Y ATTACHED OR RE:lI()VED BY ANY ON�:. 

.A.sbes1ios I3oi1er Cov-eri:n.gs. 
We are pl'eparecl to take con tracts for applying Steam Pipe and Boiler Ooverings in any part of the Unit('(l States. 

�. �. J4:>h.:n.S J.V.I:a:n.-u.:fao't-u.:ri:n.5 C4:>:D:1pa:n.y. 
SOLE MANUFACTEHERS O F  

H4 W. JO)lns' Asbestos lUillbonl·d . �beatbing�. Building Fe1t8, Fire-PI' oot I'aints, l.iquid 
Paints, Asbeslos n.oofin�, etc. 

87 Maiden Lane New York. CHICAGO. PHiLADELPHIA. LONDON. 

OTTO GAS ENGINES. 
Over 25,1)1)1) �old. 

Horizontal ..... Otto . {jas Engines. 
VerticaL..... Otto .... Gas lingines. 
Twin Cylinder .. Otto .... (;us }l�ngine�. 
C b· d o l (.;a8 �:llgines om me ....... tto.. a.nd PlllUp�. 
C t· d Ott 1 Gas ��ngines om nne . ...... o. and J)ynamos 

OTTO GAS ENGINE WORKS, 
CHICAUO, PHILAD�LP"IA. 
Ne\v YO)'I, Agency, 

IS Ve�ey �ll'eet. 

The MOTOR of 19th CENTURY. 
Can beused Any Place, to do A.nJl 

lrork. and by Any Une. No Boiler! 
No Fire! No Steam! No Ashes! 

I No Gauges! No Engineer! A per
fectly safe Motor tor all plaCeS and 
purposes. Cnst nf openltion alJOut nne 
cent an hour to ellch inliicated lwrse 
pOteer. For Circulars. etc., address 

Economy, ReU"bJllly, Charter Gas Engine Co. 
Simplicity, Safety. p� O. Box 148. �terling, Ill. 

-----------------------------------

$ 8 5 \..o�e\\ Diamond Safety $ 8 5 
Diamond Frame, Hteel Drop Forgings, Steel Tubing, Adjustable Ball Bearings to all Run

ning Parts, mclnding Pedals. Suspension Saddle. Finest material 
money can buy. }I"inished in enamel and nickel. 

-Ii Strictly high grade in every particular. No better machine made at any price. 
Y BICYCLE CATALOGUE �'REE. • 

JOHN P. LOVELL ARMS CO., 147 Washington Street, BOSTON, MASS. 

HARRISON CONVEYOR! 
Ha!'3fmg Grain, Coal, Sand, Clay, Tan B.rk, Ginders, Ores, Seeds,&'c. 

I cl���li��.1 BORDEN, SELLECK & CO.,! Ma��'��rs, � Chicago, ilL byp�fMl1R���uf\lcT��E�L�15 _�A 8ubstitute for Coal or Coke. 100 Gllllons of Oil allainst 2:��� Po-�nds of Coal. 
A SYSTEM FOR BURNINe CRUDE PETROLEUM. 

The best practical results obtained by the manufacturers of Steel, Drop Forgings, Brass Works, 
Bolt and Nut 'Yorks, and many uther branches of cOInmercial product. 

8y:���vite pr}fPilsE)s
S<}j,� NiH �iliDst()lt;eF¥fE�e

li�Ra��Ro(?((�I:,
stFU�!:ioPI�in�r�. 

uy�er our 

Catalogue free. Address Typewriter Department, SPECIAL MAC'HINEHY and Appliances 
POPE MFG. CO., Boston, New York, Chicago executed with perfect workmam.;hip. -I Entire confidence and interest guaranteed. Draughtillg, 

NEW KODAKS. 
Patternmflking. Planmg, '11urning, Drilling. etc., etc. 
WM. GRUNOW, In •• 2U4 & 206 East 43d St., New York. , . --- - - -----" --- ---- ---

" Y IJU press tile buttIJn, 
70e dIJ the rest." 

�����CARY&MOE.N CO.� 
lTEEL WIRE DfC?otSCRIPfiON ©rco- � 
234- IV. 29 ST. EVERY & sTEEL SPRINGS. NEW YORK CITY 

�T� . "".@' "'� ) 

tractor,.., '11 r i a n g-I e g ,  'll . II 

Seven New 
Styles and 

Sizes 

A " f{£����t::2::�)�:i�� 
I

I 'I . 
,'�- \ lnstrument�. Best German .'�' �\\ Dra'Ving hH,trllments, Pr()- � . 

"':-'-_�,. SQu.re!"'., SC'aleg, etc. Every :,1 
,. _ _ piece fully warranted. 

TH� AM�RI�AN ��LL T�L�PH�NE ��. FR��riiii�i��OR8 95 MILK ST" BOSTON, MASS. .ALL LOA.DED WITH 

Transparent 
Films. 

For sale by all Photo. Stock Deal ers. 
THE EASTMAN COMPANY, 

_S_en_ d_f_or_C_'a _ta_!_occQu_e _. _______ R _U_i_J HESTER, N. Y. 

TOOL AGENTS WANTED 
ill every SHOP IT\. tlW Uni teQ States. 
---S- Send 10' .for (atalogue.-5tationer.v lAc. --2-THE FINEST OF MECHANICAL TOOLS A SPECIAL TV. 

• 'C.B • .JAMES • .!IB LAKE ST. CHICACO. 

PATENTS! 
M�SSltS. MUNN & co., in connection with the pu bli� 

ca11nn of the Scn;;srTIF[C' AMEltlC'A:\', continue to ex
amine i [II provements, and to act as Solicitors of Pateuts 
fui' In ventors. 

In this line of business they have bad fnrtll..one years' 
'.l'perlence. and now have Hnequaled fnci1iNes for the 
preparation of Putent Urawing8, �peciflcations. and the 
prusecutiOn of A pplicatieJns for Patents in the United 
8tates. Canada. and Iforeign Countries. Messrs. M unn & 
Co. also attend to the preparation of Caveats. Copyrights 
for Books, Labels, Reissues, Asslgnments. and Reports 
on lnfringement� of Patents. All businesb intrusted to 
them is done with speCial care and promptness, on very 
reasonable terms. 

A pamphlet sent free of charge, on application, con
taining full information about Patents and how to pro
cure them; directions concernir'g Labels, Copyrights, 
DeSigns, Patents, Appeals, Reissue8, Infringements, As
signments, Rejected Cases. Hints on the Sale of Pa
tents, etc. 

We also send, free oj charge. a SynoP�is of Foreign Pa
tent.. Laws. showing the eost and method of becunng 
patents in all the principal countries of the' world. 

mUNN &: CO., Solicitors ot' Patents, 
361 Broadway, New York. 

BRA NCB OFFICES.-No.622 and 6:U F Street, Pa
Cilia Building. near 7th Street, Washington. D. C. 

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

friIlges 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 

unlawflll use. and all the consequenceb 
thereof. and liable to snit thprefor. 

, L-�i r��I�I�,N���J�,P�� 
�� �E 1\ 0L�NO FINE. GRAY IRON ALSO STEEL � � C�STlNGS FROM SPECIAL RNS 

THOtMI LEHIGH AVE /[( At,1ERICAN ST PHllA � 

Furnaces, Bleachers, and Packing Presles 
Are the BEST MACHINE S on the Market To-day. 

Send for Descriptive Catalogue. 
THE TRESCOTT MFG. CO . . Fairport. N. Y. 

ELECTRO MOTOR. SIMPLE. HOW TO 
make. ByG. M. Hopklns.-Description of a small electro 
motor (]evtf-jed and constructed with a view to assisting 
amateuTs to make a motor which might be driven with 
advantage by a. current derlved from a battery, and 
which would hnve sufficient power to operate a toot 
lathe or any mach1nf' reguiring not over one man power. 
With 11 figures, Contamed in Scnt.NTIFIC AMEllTf'AN 
SUPPLKI\IJI�NT. No. 641. Price 10 cents. To be bad at 
this ottice and from all newsdealers . 

� POP SAFETY VALVE O(\B\,WATER RELIEF VALVE 
!J ' .. IMPROVED STEAM GAGE 
'" STEAM ENGINE INDIOATOR 

Sln�le lIell (�hime '\'hhth", and all instruments 
used in connection with Steam, Air and Water. 

Sole Aaents Jor Clark's Ltnen Fire Hnse. 
NEW YORK. LONDON. 

CROSBY STEAM GAGE & VALVE CO, t�.���.:eM,,�!: 

CUTLER DESK 
BEST IN THE WORLD. 

A.CUTLER &: SON. 
_ • BUFFALO. N.Y.,U .S A. 

© 1890 SCIENTIFIC AMERICAN, INC 

SY�AL��[ MAllU�lt I��� W��K� 
w B 8URNS PROP," 

For all kin d s  of PAS SENGER !lDlI FREIGHT 
Elevatol' Service. 

OTIS BROTHERS &. CO. 
Gellern) Offices, NEW YORI{. 

Jf you nre a 
CA ItP ENTER, 

PATTERNMAKER, 
IIIlLLWItIGIIT, 

and want Flrst·Class 
C A  IIINE'!'MAKEII, 

TC>O I.... S, 
Send 8 cents in stamps for our \Vondworkers'Tool Cata .. 
logue No, 12, 200 pages, 700 illustrations. The most com .. 
plete catalogue of these goods ever issued. 
CHAS. A. STRELINCER &. CO., DetrOit, Mich. 

CHEMICAL ICE MACHINES 
Steam and nel t lllnchines to m ake 700 1'oun<l8 

Ice in T"'f"IHy .. fonr UOU1'S. 
C. �. I>E L.A.D<I:.A.'X'E� ... C4:>., 

l'oot We.t 13,h St., New York. 

T�E 

J !ielltifi! �mtri,an 
ESTABLISHIlD Hl46. 

The .\!lost Popular Selelltille Paper ill the World. 
IInly 83.00 a Yenr, IlIclll dinlll'ostnge. Weekly. 

�� N utllbers n Yent-. 

Thl .. widely clt'cll iated and splendidly tIIustrated 
paper is published weekly. Every number contains six
teen pages of useful information and a large number of 
original engraVings of new inventions and discoveries, 
representing Engineering \-Vorks, Steam "I acbinery, 
New [nventions. Novelties in MechaniCS, Manufacture(lll. 
Chemistry, .l£lectricity, Te egraplly. Pbotography. Archi
teeture, Agriculture. Horticulture. Natural History, etc. 
Complete List of Patents each week. 

Terms of �llb8Cl·h'tioll.-One copy of the SCIEN .. 
TIFIr A'IERICAN will be sent for one lIear-52 numbers
postage prepaid, to any subscriber in the United States, 
Canada or Mexico, on receipt pf (Inee d ollnl'''' by the 
publisbers; six montts, $1.50; three months, $l.OU. 

ClubM_-Speciatftitea for several names, and to Post 
M asters. Write .:tor particulars. 

'l"1le safest way to remit is by Postal Order, Draft, or 
Express Money Order. Money carefully placed inSide 
of envelopes, securely sealed, and correctly addressed, 
seldom goes astray, but is at the sender's risk. Ad· 
dress all letters and make all orders, drafts. etc., puy· 
able to 

�UNN &; CO •• 
361 Broadway. NewYQrk. 

• 
T�E 

Scientific American Supplement. 
This is a separate and distinct publication from 

THIC SClEX'l'JFJC AMERICA!'.'", but ti unHorm therewith 
in Size, every number containillg tdxteen lar�e pagesiull 
of engravings, many of which are taken from foreign 
papers. and accompanied with transla.ted descriptions. 
THE SC[lCKTIFIC A:'I11�RICAN SUI'PLleMII:NT Is pubHshed 
weekly, and include:'! a very wille rRnge of contents. ·It 
presents tbe most recent papers by eminent writers in 
all the prin.:apal departrnent� of Science and the 
Useful Arts, embraCing .Biology. Geclo�y, Mineralogy, 
.Natural History, Geo�raphy. Archreo}oKY. Astronomy, 
Cbemistry, Electricity, Ligbt. Heat, :'Ilechanical Eng'i. 
neering. Steam and Railway Engineerin�, -'lining 
Ship Building, .llal·ine Engineering, Phott)grl1phy. 
TechnoloJ,!y, Milnufacturing lndustrles, Sanitary En
gineering, Agriculture, Horticulture, Domestlc Econo
my. BiograptlY. Medicine, etc. A vast amunnt offresb 
and valuable information obtainable in no other pub
HcatlOn. 

The nwst imp6rtant Enl]ineeri'nC1 Works, 1\1 echaniems, 
and Manufactures at home and abro&d are illustrated 
and described in tbe 8UPPJ.EMI:!::-;'T • 

Price for the S(·Pl'J.>:MENT for the United States and 
Canada, $5.00 a year, or one copy of the SCIENTIFIC AM.
EH.ICAN and one copy of the SUPPLlI.:MICNT, buth mailed 
for one year for $7.00. Single copies ]0 cents. Address 
aDd remit by postal order ,express money order 1 or chec� 

;lIUNN & Co., 361 Broadway. N. V •• 
Publisbers SCIENTI�1tC A.MEllICAN_ 

• 

Building Edition. 
THE SCIENTIFIC AMERICAN ARCHl'I'ECTS' AND 

BUILDERS' EDITION is issued monthly. $2.50 a year. 
Single copies, 25 cents. Forty Il.lrge quarto pages, equal 
to about two hundred ordinary book pages; forming a 
large and splendid lllagnzille of A l'chltect II I'e. rich. 
ly adorned with ele(lnnt p/ntes tn colors , and with other 
fine engravings: illustrating the most interesting ex
amples of modern ArChitectural ConstructLon and 
allied subjects. 

A special feature is the presentation tn each number 
of a variety ot the latrst and I)est plans for private reSI
dences. city and country. including tho�e of very mod. 
erate cost as well as the more expensive. Drawings m 
perspective and tn color are given, together with full 
Plans. Spec ficatioDs, Sheets of Details, Estimates, etc. 

The elegance and cheapness of this magnificent work 
have won for it the I.nrllcst ell'c"Iallon of any 
Archnecmral publication III the world. Sold by �ll 
newsdealers. $2.50 a year. Remit to 

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

PRINTING INKS. 
THE .. Scientific American" i. printed with CRAS. ENEU JOHNSON & CO. '8 INK, Tenth and Lom
bard 8ts" Phila .. a-nd n Rose St •• opp. Duane St., N. Y. 
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