
AUGUST 1 6, 18c)o.] 
F<>unuled bfI Mat""'" Car�. 1785. 

H E N R Y CA R E Y  BAI R D  a. CO. 
lad.strlal PllbUshers, BookleUen, ud Importen, 

SJ II Wal n u t  St •• Phlln.del pbla. I'a . . U. S. A . IF'Our new and Revised Catalogue of Practical and Scientific Booke, 86 PQIles. 8vo, and our otber CataJogues 
:�gec�';,";I\��S.t1b�b';b11�.0:e'i:'�nfre�v:� f:::gr p���; to any one in any part of the world who will furnish his adoress. 

ARCHITECTURAL BOOKS. 
Useful , Beautiful, and Cheap , 

:::�f�r d:�I?er';'�dog�:���J,�c��o!' �e��::"�\::� WATER RELI EF VALVE 
::rva�:'::e t'b;n:k�n�!:'ri'ioJe��li3 F;�':t .!'eb�t��. w,.'!� IMPROVED STEAM GAGE 

ELECTRO MOTOR. SI MPLE. HOW TO _P O P  SAFETY VALVE 

��t�bo;�::���bfu:����.r��e�v;� oc;ree:!: :o���� .. STEAM ENGINE INDIOATOR 
To any person about to erect a dwelUng house or .t.... \\ Ith ll l1gure •. Contalbed In �Cl "NTIF I C AME ltlCAN Sl ollle ne l l  C 'hl me W h i .t1 ... and 111 1 Instruments 

ble. eltber In the cO\lJltry or city. or any builder wt.hlng r����':i': ��. f�o,n �� �e����le�.'lent •• To be had at u.ed.s��e c����:;�';,� ���k�tet.�.,:,,�::,ni��ter. 
to examine tbe latest and best plans for a churcb. school NEW YORK. LONDON. bou.e. ciub house. or any other public building of high Gales Cornish Rolls Pulverizer CROSBY S'l'EAM GAGE & VALVE CO. &!.��:.:eM.'!!: or low co.t. should procure a complete set of the .ARcHI. SI I D bl C t D ti 
nCTS' AN D  BUILDERS' ED ITIO,.. of tM SCI K"TIJ'IO 

m.rn'Zi " N��Sh� �:::g��t' dl�:ctes •• 
AJIElIIC A N .  from tbe machine.. CIRCULATION OF WATER IN STEAM The best Ore Granulator for leach- Bollers.-A lecture by Geo. H. Babcock. delivered In The information these volume. contain renders the Inll and concentration. the Sibley College Course. discussing the advantage. of work almost Indispensable to the architect and bui lder, G t 

MRANUkFACTdUROE ABI.80 k �������\�� y[ ::J:� 1���a��?!�i8C��� i�f�n�S�:�& and to person. about to build for themselves they will a es oc an re roa ers il lustration.. Contained In I:'CI E N TIFIC A M E RICA'" lind tna work suggestive and most useful. Tbey �ontaln I 
Addres. for Catalogue. tiUPPJ EM "'NT No '4� Price 10 oent. To be had at colored plat •• of the elevation. plan. and detail Oraw. :so't

A
,:r!.tll:.'i�� S�.

Oc'f.l�:iro. thill orftce and' from all newsdealers. • 

Inlls of almost every cl"". of bulldlnll. wltb speclllea- 215 Franklin St •• Boston. Mass. 
tlon a"d a\Jproxlmate cost. ___________ «_D_e_y_S_t._. _N_e_w_Y_O_r_k_. __ � Eijlbt bound volumes are now ready and may be ob- ,...._ � . � talned. by mall . dlrect frc.m the publl.hers or from ILIlY '-=III"'R.A.ND .&-R.ZZm \JfFEL8c ESS£t:> �-

new.dealer. "rice. '2.00 a volume. Stltcbpd In paper Pari. ExpoBillon, ISS9. jO: N E:W Y RK l\ Co if covers. Sub.crlptlon price. per annum. 'UO. Addreaa "'_ :1._ - - - e1 S"'--'- IAlvels TranSI� S;'rveyo";" and remit to -.&,,- ...... .&.&. � � .&.&.  .. _ ...... .-.. Coml' ..... es. Pocket and Prl.. . 
MUNN & CO., Publishers, IN W HITEWOOD, WALNUT. ETC.. ::l::���::'�f��.�'lil�nr.:;�: 

: 

361 Broadway, New York. ��:�:J'\'I,';,"'kUh��� 'f���ta�:��!�'!!'br�n'�rJ�I�.;"� �f�;,I'il:���:.ral'�:;'lf,:tlt'�J:: 
�lveD to tbis lndnstry. The only t o  tsY8t�me "  introduCAd ��l:E?�E'e p,c(lJ!t8a' ICo�.ulen'0'n

etacp' pll' catlon. TO ' INVENTORS 
AND MANU FACTURERS 
59th G rand National Industrial Exposition 

-OF TB E-
A m e rican I nstitute of t h e  City of New York 

W i l l  Open Oct. 1 st and alose Nov. 29, 1 890. 
Intending exbibitors must make early application to �ecure proper 8pace and classification. For blanks and other information a.ddress G ENERAL SUPERINT ENDENT American Institute. 113 West 38th St •• New York City. 

OIL WELL SUPPLY CO. Ltd. 
9 1  & 92 WATER STREET"� 

P l ttsbu r &h ,  "a. ,  ; 
Manufacturere of evetything needed. fo'r 
.A.�TEI!I%.A. 1'II' �:lilx.x._ 
lor either Ga •• Oil. Water. or Minerai Tests, Boilera. Engines, Pipe, Cord�et ))rtlt ing Tools, etc. Illustrated catalogue, price . lists and discount sheets on reqnest. 

SAFE BOILERS FOR AMAT E UR WORK 
By G. D. Hlscox.-De.crlpt!on of .everlll types of safe 8team genera.tors fur the use of nmateurs-tb., PiW con 
BY�Ii{.;.:I�'i.ll�n��ii��� l�

I
�,�'i<�:��I

A����iCAN Jt�P� 
P J . K M  '' 'T. No. ' 4 1 -':. Price 10 cents. To be had at tbl. ofllce and from all newsdealers. 

AN EW CATA LOC UE 
V A L U A�E PAP E R S 

Contained in SCI RNTIFIC AMERICAN SUPPLEJ(ENT. lent 
Iru 01 <""ru< to any addre.s. 

M U N IC  &:. t.:u., 361 IIrondway, New York. 

SPYGLASSES, BINOCULAR AND ASTRONOMICAL �T ELESCOPES OPERA.MAR�AMm-A FULL LINE O F TOU���ES. PH0T0GRAPHI�  BARO M ET E R S  Ie APPARATUS INCLUDING 
THERMOMETERS KODAKS & HAWKEYE. 

ILta�U��Eti L .  MANASS E ,  CATALOGUE . 8 8  MADISON S! CHICA60 ILL. 

TO BUSINESS MEN 
Tbe value IJt the SCI ENTI FIC A M ERICAN as an adverttainll medium cu,nnot be overef'timated. lta Circul&tion 

�O':Il�Jb�;��8d�r��t:��;bi�� t�I�\�: �rlt:����r 1��';��� rieB. a.nd Is read in all the principal Hbraries and rea.ding rooms of the world . A bU8ines8 man wante 80methtng more th'ln to see his advertisement in a prtnted neWIpaper. He wants circulation. This he has when be advertises in the �('[1!:NTInC AMERICAN. And do not let the advertisinji{ Nlent inttuence :rou to substitute some other paper t"or the SCIENTIFIC A M ERICAN. when lelectin,ll a list of publ ication8 in WUlcn you deCIde It il tor your interest to adverti8e. Tbis is frequently done, tor the reason tnat tne aaent Jleta a larger eommilsion from the pap9r8 havinll a smtloll ctrCUlatiOD tbAn t. allow .. ed on the SCIENTIFIC AMERICAN. For rRtell see lOP of tlr"t column 01 this page, or ad. dre •• M U N N  &; CO • •  Publlah .. ra, :J6l " r oadway. New York. 

JAMES WATT. AND THE APPLICA

��.o�.��e�eV��yt�;t�:��I��",.t!Me'!"ot�&e�ffe'��:� of the celebr.ted enl.lneer. with the le88on. to be drawn from It by tho.e who are enterln" upou the study of science with a view to its appltcation In en�lneertDg work. Contained In tlCl "NTII'IC AMKRIOAN SUl'PL&
IIENT. No. '44 • . Price 10 c.nt •. 'ro be had at thl. olllce aud from 1111 new.dealers. 

PERFECT""'::;'SPAPER ' L· E NE.... --... F I  
The Koch Patent 1'lIe. for preservln" ne ..... papers. Mag. azlnes. and pamnhlets, has been recp.ntly Improved and price reduced. Subscribers to tbe SCI "NT I I' IC A.M RIU.  
('A N  and SC I E X TU'IC A M ERICAN 8UPPLKM I"NT can be .�Plled for the low price of ,1.60 by mall. Or JI.2!I at the 
� s8MMWTcparfERH:�" �';,'·�I{ide��d:.':.'i.�t��� every one wbo wisheS to preserve the pap.,. · Addre •• .  

M U N N  "" C O . . Publishers SOIENTIJ'IO AJIBRICAB. 

s��ndE��r�';,a�? America that produce. a perfectly n � 

H E N RY T. B A �TLETT, 
CABINET WOODS I MAHOGANV 

and V E N EERS, "lAW MILLS. 
200 Lew-is Street. NeW' York. 

� Tau. Ila.u:. 18.83L BLI __ , -B 1 -Stw1.--.� aJJu�:���n�':ie��:"'i-�; 
DIKeS elt

. 

. I.eather and Rubber BeltIn,R'. Beware of poor imItation.. Nan< ge7tuNne 

I without thiJJ Tra& Mark �. � aM P I C T UR E  on the .-.. � package. . . Greene, Tweed & Co, . ' 153 Chamber. St . .  
P.,..... J'tNI Il. IS8&. N.w YORK. 

DRY AIR REFRIGERATING MACHINE. 

�r����.\J���ti'�eIJ&B;· A::lr:�;e.'bg�r���J:l ��b�r lee!tgi cold air per liour. when running at a speed of 100 revol ... 
t�r�·o��!"��::· t��o"'ffe��: ��r��d'W:tt t���e���:-showtng plan and side elevation of the apparat<u •. ana dl811:rams illustrative of Its pert'ormance. Contained In SCI�NTIFJC AMERIOA N S ! 1 PP J.EM "'''T. No. ltSS. Price 10 cent.. fo be had a; this ofllce and from all new&dealer .. 

, . . •  - I -/ T I GHT&S LACK BARRELMACH INEOY 
'n  I '-' A S P E. C I A LT Y  L .- I, 

---=- - J O H N  G R E E N WO O D  & C O R O C H ESTER  N '( 

SB A.Pl�G SHEET METAL.-DESCRIP· TH E  PENNA. D IAMON D DRILL & MFG.  CO. 

I tlon of a method of shaplDg Zinc. copper. and other duc- B I IlD"' n ORO, I'A., Builders of H,'Dh Clas. tile metals by \laid preBsure. With 11 ligures. Contained " � -
In SCIESTIJ'IC AMEHU'AN S U PPLEAI F.Nl', No. 89:S . Price Steam EDJ{ines. Diamond Dri l l inll BDd General 1 1o.cents. To be had at this ofllee and from 1111 newsdealers. Machinery. Flour Mill Rol l .  Ground and Grooved. 

A �D"'Utute for COllI or Coke. 1 00 Gnllon. of 011 n&nl nat �.400 Pound. or Con I . 

A SYST E M  FO R B U R N I N e C R U D E  P E T R O L E U M .  
The best practical results obtained by the manufacturers of Steel. Drop Forgings. Brass Work •• Bolt aod Nut Works. and many other branches of commercial product. We invite prQposa)s and wtll �ive esttmates for the alteration or construction of works under our Iystem. THE STA N DA R D  OIL  I"UEL BURNER CO • •  FOl't Plnl n ,  N .  Y. 

ICE and REFRIGERATING MACHINES 
The Plctet Artificial tce Company (Limited), Room 6, Coal & Iron Exchange, New York. 

�.�y� ��RISON CONVEYOR ! 
Handling Grain, Coal, Sand, Clay, Tan B�rk, C inders, Ores, Seeds,&c. 
=�. I BORDEN, SELLECK & CO" ! lIl.!:!'�� ... . l Chicago, ilL 

U ful B ks' 
I 

THE STEAM E N GIN E : ITS PRINCI· pie ••  It. develQPment. It. future and rtectlon.-A pa. se 00 . per by E. N. Dickerson. Illvlng an outlrn'e 01 tbe hl.tory of the .team enl'lne and dl.cus.IOI! the principles upOn Manufacturer •• AgrJculturlst8, Cbeml.ts. KOI!lneers. Me- whleb It operates nnb which limit Ito capacity. Wltb 2 chanies Builder. men of leisure and profe"slonal Ogures. Contal.ned l!ri S('IE"TIFIO AME R I C . "  SUPPLlI:. 
men. of all CI88S� •• need good b�kS In the line of �rii::'a:doi��6a'11 ne';:d��I�:..�ta. To be had at tbl. 
their respective caDlng.. Our po.t ofllce department 
permits the tran.mls.lon of books throu&h the mail. 
at very small co.t. A comprehensive catalogue of 
u.eful books by dllrerent authors. on more tban IIffy 
dllrerent .ubjects. has recently been publl.hed for 
free Circulation at the ofllce of thi. paper. Subject" 
CI88sllled with names of author. Per.ons de.lrlng 
a COpy. have only to ask for It. and It will be mailed 
to tbem. Addres •• 
MUNN &: CO .. 381 "roadwny. New York. 

ON THE F'OltMATION OF OZONE. Hy<Jrogen. Peroxide. lind NItrous Acid as Products of Combnstlon. and �n 1'helr Presence In tbe Alr.-A revIe .... of six artIcle. on tbls sublect recently publisbed pror. L. Do.vay. Rnd presenting the reBults of labors which. if reliable. will matertally' modify €he Idea. now held. Contained in SCU � TIFIC Altll'RICAN St;PPLE
M <NT. No. '46. "rice 10 cents. To be had at this oillce and from.all ne .... sdealers. 

" .  __ �l' , (fOMPLETESTEAM PUMP  
, :., . .  � .. --\ 1 0  SIZES fRO M  $ 7  TO S75 

l '  n :r. · ,\:�WATER SUPPlYTAHK5. 
VAN UZENfrl lfr� F I R E  PU M PS ! HTC. 

W R I T E.  F O R  
� · . '� P R I C ES A N D ., ' Q)O LE M A KEK • -'�ESCRIPTI\t£ 
0N C IN N ATI , O. _- - -· CI!CU�� 

WHAT Uncle Bam and Aunt Columbia think:, etc., of 
ASHINGTON and Beattie It. Metropolis. Address ......... L1 .... IIJ1lIltCo..Bo.ttl • •  W .... 

TY P E W R I T E R S. 
Lanrest like esteblishment In the world. Firstclass Second-hand Instruments at half new prices. 

Unprejudiced advice given on all makes. M .... 
chfues sold on monthly payments. Any Instru
ment manufactured shipped. privilege to examine. EXCHANGING A SPECIALTY. Wholesale prices 
to dealers. D1ustrated CaWogues Free. .TYPEWRITEB 1 70

·
Broadway. New York. BEADQ.tJ'ABTEBS, f 144 La Salle St .• Chicago. 

BICYCLE or TYPEWRITER, 
6f1AVE MONEY. Befope yoa bay . 

Bend to A. W. GUMP &: CO. DAYTON. Omo. for prices. New Bicycles a.t'reduced pricell, and 4.00 second·hand ones. BICYCLtt8. GUNS and T YPE-WRITERS taken In EXCHANGE. 

H O W  TO MAKE DYNAMO· ELEC'rRIC 
Macblne •. -By Geo. M. HopkinS. WIlli drawlng8 to scRle and full direction& for constructin,: dynaml)s of dil'ferent 8izes. The smal l  machine is Intended tor experimental purpOlles. Will beat from ' to 6 incbeR of platinum wire. produce the eJectric I iJotht, dec0mpo�e water rApidly. mAgnetize steel, riDR' a. ]Rr�e gong. �ive powerful shock8. 
�r:�:�eo��%���"e;��T]'s�nSo��!'I��� \�mru��lR��iJ:8 
1 8 1  and �99. Price 10 cent. each. The larger ma· chine �roduce. eigbt IS-candle l ights or one powerful ���� w�u;:'!n��hf���D�:� ':e ���r:'��':�hg;i �r��'t:; two or four men. Requires ODe borfle power for con .. 
�i��ee:, r���!rl�· oree:�r;n!:�v�h���.f �?::ri5l �fe!r��: ture and Held magnet plainly Illustrated. Any IntelliR'ent per80n with the aid of the8e. drH.wina8 and Instruc .. tiODs may mA.ke uBeful, durahJe. and etJective machines. Contained In SUPPI,EMENT 600. Price )O cent •. M UNN '" CO . . PUBT.18BERB. :lliI Broadway. N.w York. 
CRESO TINIC OR C RESOTIC ACID.·-A paper by J. Haulr. de.cl·lblng the new process In tannlnll. of freeing .klns flom lime by cre.otlnlc acid. Con· tain�d In SCIENT I FIC AM r.RIC A N  SUPPLY.M KST, No. , 48. Prlce )O cents. To be had at thl. ofllce and from all new.dealers. 

ROCK BREAKERS AKD ORE CRUSHERS 
ta1'!rn:'���f����I���:�frf�!3'\:h����:I�!;.�r?t I�,:�� r�e�lrt��e;I':.��rJuc;:��l£���� lIether with NEW AND VALUABLE IMPROVEM KNTR for which Letter. Patent were granted MII!. Uth and July 31th. 18ffi. to M r. S. I •. Mar.den. Ai l  Crusber • •  upplled by us are oon.trllcted ��tl.i�f� ir�\\Y�PKY &: MACHINE (�O •• M n n n fRctnrer". A NSONIA, CONN .  

COPELA N D  &: BACON, A seuta. NEW YORK aDd PHILADELPHIA . 

10<) 

N O W  R E A D Y .  

Experimental S;cience, 

By GEO. M. HOPKINS. 
• 

740 P ages. 680 I l l u strations. 
• 

P R I C E ,  by m a i l ,  postpai d ,  • • • • $4.00 

SEND for FREE I LLUSTRATED CIRCULAR and 
Table of Contents. 

M U N N  & CO. ,  Publ ishers, 
�mct at Ibt "dtntifit �mtritaU, 

361 Broadway , N ew York. 

OTTO GAS ENGINES 
33,000 �OLD. 

Engines and Pumps Combined. 
Por COAL GAS 

or GASOLINE. 
SCH LEICHER, SCHUMM  & CO, 

PHI LADELPHIA, 

CHICAGO, NEW YORK. 

ON GAS EN GINES. - A VALUA BLE 

gaper by E. Deinmare- l lebouttevllle. touchln" upon tbe t�:ft{;! '?�I:;I������II�e ���:�r!iJ'n.:'y dt'l."ir���Jo�n a�� Mr ,\I a · andin. With 23 l1gure8. Contalnei.l ln Scn:NTIJ'lC 
AM >:IUCAN �TTPPLEMBNT. No •.  ' ,  � and ' I Ii. PrIce 10 cents each. To be had at tnls ofllce and from all new .. 
dealers. 

I N V I 8I n L .: H I N G ES .ultable for all kinds of line work. Send ror samples anO price list. INVISIBLE HINGE CO .• SIS Chapel Street. New Haven. Conn. 

BARREL MACHINERY. 
E . " ••  H O L M E S  BlTI'FALO. N .  Y. ALI!<> ... FULL LINE OF WOOD WORKING M ACHINERY. 

IlnITIOI. PERFECTED. DETAIL DRAWII ... PAnERI., 
CAITlin • •  aULDI, .aaELI. IPECIAL TaaLI. DIU. JID •• 
IIYELTY AID DUPLICATE waRI. CIRCULAR UIT. 

a. J. WEED a CO., 108 a l II LIBEITY IT. , lEW nl .. 
VOLNEY W. M ASON & CO., 

FRICTION PULLEYS CLUTCHES ana ELEVATORS 
PItO V I D IUI CE. ll. I. 

d�' :l\ -DIVING, APPARATUS -
.� , A N D  F I R E  D E PART M E NT S U P P L l ES . ,  A J M O R S E  & ,ON 140  CuNGRESS  ST B O �Tc N 

PATENT FOR I'!A I .E. of . Seeder to .ow .mall grllin. Wil l  .ow al feet In Width. and has no more f5.tde motion to the t.on5l thu.n abort seeders. Addre.s D. F. LEHMAN. Rockford. Iowa. 

T� S ci entlfi c A merican 
PUBliCATIONS FOR 1 890. 

� 
Tbe prices of the d;!rerent publications in the United States. Canada. and Mexico a.re as fol iow! • 

RAT!!:!! BY M A IL. 
The SclentlHc American (weekly one year "'.00 
The Scientillc American Supplement (weekly). one year. . . . . . • . . . • 6.00 
The Scient.\Oc American. Spunilh Edition (monthly) one yellr. . . . . . . . • . 3.00 
The Scientillc American. A rchitett8 Ilnd Builders Ed,tion (montbly) . one vear. . 2.50 COMBINED RkTE8. 
The SClent1flc American and Supplement. . $1.00 
The Scientific American and A rcbitects and Build. ers �;dltton. . b.OO 
Tbe Scientillc American . Supplement. and Archl. tecta and Hullder. Edition. . . . • • 9.00 

ProportimlaU Rat ... for Six MonthB. This Include. po.tage. whicb we pay. Remit by postal or upress money order, or draft to order of 
IIUNN &: CO .. 361 Brondway, New Vork. 

W 0 R K I rJ G M O D  E L S �� L I G H T  M A C H I N E R Y .  I N V E N T I O N S  O EVE L O P E D .  S e n d  fo r M od e l  C i rcu l a r. J o n e s  B r o s .  E C o  . . C i n · t l . O .  
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