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ATENTS 
Th(! First lllqniry that pl'CSentR Itselt to one who has made any 
�lg���;r�e��agrI ��: tain a Patent?" A pO.';­itive answer can only be had by presenting a 
�gr�P��\�nt �gf��C��iit� missioner of Patents. An application cOllshl.t3 

. D.! a Moae!. Drawt,ngs, Petition, Oath, and full SpeCIficatIOn. Vanous offiCIal rules and formalities must also be observed. The efforts of the 'inventor to do all thIs business himself are 
�r�il�l�n�i��y�;, Ri::;Ci�ssUS�nergja�e��O�e�r{ 1fl�a�i8e�f perWllB ('xp(�rienced in pfLtont bU�iness, and have all the work done over again. The best plan is to solicit proper advice at the brginning. It the parties consulted are honorable men, the inven­tor may safely confide his id,�as to thl'lIl: they will advise 
�nrt�r�c t�rll!n��rt��ndi��c�ioR�Oi;���fur��e�t;�tlcCct ahi� ri,,;hts. Messrs. ,MUNN & CO .• In connection with the publico· tion of th£', SCIENTIFIC AMERICAN, hav(: been actively Cll­gaged in thn lmsint�ss of ohtaining patents for over twenty years-near/v u qUa1'ter of a centu,ry. Over Fifty thou­�ands inventors hav(� had benefit from our counsels. More than one Lhirtl of all patellts granted are ebtained by this firm. ThoBe who have ma,de inventions and deRlru to consult wIth UR,are cor dially invited to do so. Vie Hhall he happy toaee them tnpcr�;on, at our office, or to advise themuy letter. In all ca�('s they may expect from us an !wnest 
opinion. For such consultations, opinion, and advICe, 'We make no charge. A pen·and·ink sketch, and a dBscripti9n of the invention Ahould be Rmlt, together with stamps tor return pos�a�e. Write plainly, do not use pencil nor pale 
inlh bbu���C�BR committnd to our care, and nIl consuJta. 
�e�� :fuMft�'Cl'l�:gfif�r�l.?o:���lrv 0l�f�ential. Ad· 

In Or4er to Apply for a Putent. tIl elawrcquirc.s that a mooel shnll be furlli.�hed, not over afoot in any dl' 
������a�'�dd"i��lse:cii�RORih�!g·�1J��,t:2.e��r1Z1�l��El�f�: togethpr with a description of its operatIOn and merIts . On receipt ther90f we will examine the invention car�ful­lh and advise the party as to its patentabllity,frce of 
C ;�f'inorlCI should be neatly made of a�y suitable mate· 
�l�:Strl����� ��St\;���V:tt�;.o�:��1de�, ���r:�:AI &r �:i�t 
�e�f��b� s���non��r iIl��'1e�lilgg, i��rt�So�ki�� tg;gJgi�f the whole machine WIll not be necessary. But the model must be suttlcientlyperfect to show, with clearness,the nature and operation of the nnproy{'ment. New medicmetl or medical compounds, and useful mix­tnres of all kinds, are patentable. When the invention consists of a medlCine or compeund, or a new article of mannfacture, or a new cOllipusltlon, wmples of the article must be turlllshell, neatly put up. Also, send us a full statement of the ingredients, propor· tions, mode of preparatlOn, uf;es, aud mer:ts. 

Prelhninnl'Y Ex:unination.--In order t.o obtain a Preliminary Examination, make out a written descrip­tion of the invention in your own words, and a rough 
��b�\g:ira ���!�g� t�k�{j1;rN�n�g�,eM ��� il�;:�oJ 
��.,������� b�� �Wt[:l�����r�ina;����irt������iei��e;it 18' ot your IlllprOVC11lpnt. The Prpliminary ExaminatIOn consists of a special search. which we make with gren.t care, among the modeJs and patent9 at 'Vashington to ascertain whether the improvement presented IS patent· able. 

Qutelt Apll1tentton�.-When. from any reason, parties are desirous of applyin.� for PatentA.or Ca v('n.t�, III GREAT HAf.;'rE, without a moment's loss of tune, they have 
��av wt� wiftit�aO:e t������rl ��,�t�g��ii�lr t�l�� :Ja\v �tr���i 
t���;�lO��de,T

t:�Q�\�e�l:ccssary papers at less than all 
ltel�ulues.--A reissne Is granted to the original pat· entee, his heirs, or the as!olig Jl ees of the entire Interest, when by reason of an insufficient or deff�ctive speciftca· Uon thl� original patent is invalid, provIded the error has arieen from Inadvertence, accident, or mlstake, without any fraudulent or CkC{'ptlVl' lntention. A pat-onteo may, nt lus option, have in his relBsue a sep­arate patent for each dIRtinct part of the invention com· preaended in his original application, by paying the rc­quired fce in each casl', and complying with ttie other re .. qu���r.edit�i�fo�{�}a:r r�rR��eor�3����lt��!ictJ;�os�bject ot a !eparate specifIcation descriptive of the part or partH 01 th� invention claimed In such <lLvislOn; and the draWIng may �eprp�en� only such part or parts. Address MU.NN & CO.,31 Pari\: Row, for full pn.rticulars. Caveat",.--A Caveat �Ives a limited but Immediate 

E:"g�tCf�W� �6�b1c����i�� ���rl��d��il ��I�C �:t{�.vg���� ther tIme is wanted for experiment or study. After a Ca­veat has been tiled, the Patent Office will not issue a pat­ent for the �arne invention to anK other person, without 
�ri�Jis nt7��et�ofir�lCln(,:;��11fCatI � � iSt��;npa�Hgrited 1hb(�: veat, to be of any value, slloulll contain a cleaI and con-
��8�p��t��!ftji�sllr�t(f�� J�:�i��tiT���f�l�e �sbYedta:d�1�� ]n order to :file a Caveat tho inventor needs only to Hend us a letter containing a sketclr of the invention, with a de· 
����t1?�wi,N�1�. own words. Address MUNN & CO., 37 

Additions can hr made to C'avrats at any time. A CaVf'!at runi one year, and can be renewed on payment of $10 a year for as long a pvriod as desired. Interferences.--When each ot two or more persons cla1ms 1,0 be the first inventor of the same thin�, an H In­terfeTence" is declared between them, and a tnal is hau before the Com}l\h!sioner. Nor does the fact that one 01 tile parties lw,s alrutl.{ty obtrtincd a pat(�nt prevent such an 'nter(eren�·:( �!".�1. though the CommIssioner has no pow· er to cancei <J, r/�·.t- '; alrl�ady issuc'd, he may, if he finds hat anothrr person waR the prio}" inventor, glV him also 
a patent, and thus placn them on an equal toot.tnl! before the oourtFi and the publlc Foreign IJatents.--Americnn Inventors should bear In mind that, dB a general rnle, Ilnt; invention that ]8 val� 
�:��u��lt7� �ant:fil�� i�n�li:o����tITe!sfij;e��� �2��\7te�� Five Patents-American, I£nglish, French, B('l�ian, and Prusslan-wills,�cure an inventor exPlu:-.ive monopoly to Ius dIscovery amon� ONE HUNDRl<�D A.ND TlitIU'ry MILLlON8 
�i�Jh�f rgg:i���ti��es��ali{°gJ�\�Jl!fc�8�hdarJ��cl;aS��t patents can b� obtaine l abroad by our citizcns almost as easily asar, llome. Tho nmJority of all patents t9kenaut 
by Amertcans informgn countries are obtained through the SCIENTIFIC AMERICAN PATEN'r AOENCY. A Circular containing furtherinformationand a Svnopsls of the Pat­ent Laws of various countries will b(t fu.rlliiihed on appli· cation to Messrs. MUNN & Co. For Instructions concerning FnreIgn Patents, ReisEmes, Interferences, Hints on Sellinl:!: Pat.ents, RuJes and Pro· eeeding-s at the Patent Office. the Patent Laws, et�., see our Instruction Book. Sent free by mail on application. Tho!!.) who receive more than one copy thereof will obha:e by presenting them to their frIends. Addro21i all communications to 

m:UNN & CO., 
I No. 31 Park now, New York City. Office in Washington, Cor.}1' and 7th strowtfl. 

Patent", n ... e (�rantet1 fOl' Hnvtmtocll YCR1'S, the followin!l being" a sclledule of fees;-On filing each Caveat .... ................................. $10 On fUin:J: each application for a Pu.tent, except for a de!ilign . • . . . . . . . . . . . . . . . . . .  " .................. , ......... $15 On issuing each orig)nal PateI"!-t .......................... $�O On ap}l(�al to CommHoI�ioner of Patents ....... ...... ..... '$�O On appUcation for Rels�ue ....... ..... ......... ....... ... $ m On appl1cation for Extep.sion of Patent . . . . . . • •. . . • • • . . •  $r:;O 
8� ��i�n�t�bn)�:��lt���I.��l:: ::: :::: :::.' :::.'.':.'::.':.'.'.'::.' :��g On filing applicathm for Design (three and flo half yoars) ................. ................................ . $10 On fillll'::; application for DeSIgn (seven �'ears) . . .• • • .• • .  $15 On ftlini\' application for Desl.on (fourteen years) .. .. . .. $30 In addltTOn to which there are some E:'mall revenue�stamp taxes. Residents 01 Callada and Nova Scotia pay $500 on application. 
i ___ ____ . . _ . __ _ __ .. ___ � . . ,_.._:...... ___ _ ______ __ _ 

Cl'£Y SUllsclUmms.-Tlte SCIEN'1'IFIC AMER­
ICAN w!ll be delivered in every part of the city at $4 a year. Single copielJ for sale at all the News Stands in thl8City, Brooklyn, Jersey City, and Wllliamsbur/1;,and 
1)y Jtl Q�t of th e News Dealeu In the United State�. 

�(l\ltrti!3tmtut.;i. 
---_ . _._----------------

The valtw 0/ :/'0 ScnmTw'w AMEHHJAN a,\ 
an ad1)6Ttising medl'um, carwd be oUT-csNmated. 

Its circulation irJ ten times !JTeatcr' IMn that ot 
any similar jour·nallW1.D published. It flue8 iTJA) 

aU tTw States and l'erTu'ones, and is nad in all 
the principal librarics a?ul 1'eading Tooms of the 

wwld. We intite tlte attention of tlwse wlw 
wish to rnalx theil' business known to the anneud 
rates. A. busine,58 man wants s011Wthing rrwre 
than to see hirJ adveTtisement in a printed news­
papeT. H� wants circ1tlation. If it is w01'th 25 
cents per line to adve1'ti8C ��n a paper of three 
thousand d�'culation, it is wwth $2.50 .'[!IfI' line 
to ad'(Y3Ttise in one of thir·ty thousand. 

HATES OJ!' ADVER'1'ISING. 
Back Page . . . . . . . . . . . . . . . . _ • _.75 cents a line. 
Back Page, fW en[J?'avings .... . . . . $1.00 a line. 
[nmde Page . . . . . . . . . . . _ ...... .40 cents a line. 

[nmde Page, for engramngs . . . • . 60 cents a line. 

BAIRD'S CATALOGUE OF PRAC'1'ICAL AND SCIEN'l'IFIC nOOKS, Revised and Completed to .June 1, 1867, will be sent, free of postage, to any HE1:I�1� c�\{�yrBIAjRri:h his address. 
Industrial Publisher, 

406 Walnut street, Philadelphia. 
" TALUABLE SCIENTIFIC REPRINT.-\- The undfrsigned have the satiAfact,lon to annouqce that on the 1st of July npxt they will begIn the publIca­tion of an Amer,c�l.n repl·int of 

THE OHElVIICAL NEWS AND 
JOURNAL OF PHYSICAL SCIENCE, DEVOTED '1'0 

CHEMlS'1'RY, r; - "'" PHOTOGR.1PilY 

MINERALOGY, �'�) REVlEW�, 
PHARMACY. '��2' � ) PATEN'1'S' 
ME,'1'ALLURGy,l\ '1< '�l.� . A BS'1'r.ACTS , 
MINlNG, ·;d�..(�) -, REPORTS, 

, __ -"'o -=---=-=--_ ELEC'1'RICl'1'Y, ' ETC., ETC. 
'1'IIE MOST POPULAR AND USEFUL IRSUE OF '1'HE FORElGN SClENTIF IC PRESS. This valuahleJournal is devo'.ed to Rcientinc, Analr tical and Technical CHlcMlS'1'RY. PHAI{MACY, JIlIN' EBALOGY, M.81'AI,LURGY, MINING. ELECTRICITY, l'HOTOGHAPHY, PATENtS, HJoWLEWS, and includes ABsTRACTS of all Important intelligence from the co· temporaneous SClCntinc _Press. with REPORTS of the 
r:,10gi;Cgd��£�����!'ii,:!:figf��::inle�e��������f:;�:�.the 

"\VhiTe its importance to"CHEMISTS, DRUGGISTS; APOTH' EOARIES, MANUFACTUHERS. PnOTOGRA.PH.l!:RS, ABBA YERS, anet all pthcr kllldr(�ll scientlHc pur::;uits, b uIllvel's,tlly acknowledgt'd, tile 111gh p icp of the orig;inal Journal has necessarily limIted its circulation ill America. The sub­scription to the London lssue Is TWELVE DOLLARS A YEAR, but the priee ofthp American reprint, WhICh will be printed m exact fiw 8irnile of the original, will be TWENTY-FIVE CENTS A MONTH. No intere�tc(l clas8 (an 
��p:�g���oL ��T;�g�.�U\iNh�e\�l�i·ifee�:i�l����tJ�.�,Ts�:� type and cngTaVlllg�, will Je n literal copy of Ulf� origmal, a change will be made in the TIME of publication, and it will be -r,nbhshe(l In �ION'l'JI'IY instead 01 V{EEKLY nUTIl-
���ws 11��8 y�:;l�a���n ��l�nE)c b�� il��{�;edC��lVo��i���;lpaa�� quarto volume orslX HUNDRED A.ND .l"IFTY PAGES. Our Mr. TOWNSEND has repnt)llHhpd .. BRAI'rnWAITE'S RETROSPECT OF MEDICINI!: AND SURGERY" for nearJy a 
���t·(��rC1���l;t���l��{d �11�Liie�tIRh��nW���r�, T��EU'(J�f:��: CAL NEWS AND JOURNAL OF PHYSICA.L SCIENOll:" will snpply a Dressing wa It. and become equally as popnlar Witll the RCient.itic world, an d ta.ke Us perlllanent place with the standard periodical htert1ture 01 the country. TEr.M�: One ye:J.r, in advance, post-pa.id ................ $2 50 Six months •• H ........... ..... 150 Smgle number�, in 54 compact pageF!........... 25 Pnhlu:lned by W. A. '1'OWNSEND & ADAMS. N0431 Broome st .• New York. And for sale by all the pl'incipa.I Booksellrrs and News· dealers. 1* 
BAIRD'S CATALOGUE OF PIlAC'1'ICAL AND SCIEN'1'IFIC llOOKS, Revised and Compl,-tecl to .Junel, 1867, will be sent, free of postage, t.o nny ¥i[N"fl� �XIJ��0t1X1R��h his atldress. 

Industl'jal Pub'isher, 
40U 'Yalnut �treBt, IJhila.deJpllia· 

--------------_ .. -
l"I-m 20TH ANNU AI, EXUIBITION 

of the 
M A RYLAND INSTI T U T E  FOR '1'IIE PROMO'1'ION OF TIlE MECHANIC ARTS, Will he opened in Ule Rpacious Hall ot" the Institute, in Bn,ltimore, on 'l'nerlday Eveuing, Oct. 15, 1Sf17. 

G r��o�:r��li����:y �d��en 1 
thJ .1Ifl:t�ftl€���I���1�.OC?:.II 

MANUF ACTUREItS PAHTICULARL Y Observe i1Instration of Ung Tie In No.2 of tbis pa· per, to be AoJd or manufacture(t 011 royalty. 8aml?les mailed on receipt 01' �oc. IntesLi,�:1te wi1 hout hesitatlon. D. D. BAKER. 24'J Hollel'.vllle, Ohio. 

THE GE�I SCISSORS SHARPENER, Ripper, nnd But,tonhole Cutter Combined. Sent Post Paid on receipt ot Sllc. Sells quick. Agent:. wanted 1n every County In the U�ny�lk�e;6N, ,\YARD, & CO., 1* Worcestf'r, Mass. 
SHE1�T AND ]WLL m�A8S, llRASS AND COPPER Wll:f<:, GF.HMAN SILVER, lITC., :I\'fallnfactnred hy the 

THOMAS MANUFACTUmNG CO., Thomaston, Conn. 
F����l:is��\(>��\;igi;�,

P;tl�t.iC111Ur sizes and widths tor �r�ee 

A l\/TES' Celebmtcli Portable and Sta-l.f..L .:.J k tlOnary . 
t:l '1' E A M E N G I N  E S , All Sizes. �.t/��g;�A"£WJi! ���'fr:·H1:�hiEl�. WrIte for Circular. L2 13'J II. 1Il. AMES, Oswego, N. Y. 

--------------------STENCIL CUTTERS' MATERIALS.-E. H. PAYN, P<l.yn't3 Blocl .. , Church st., Burlington,Vt. 
MRS. HARRIET BEECHER STOWE, and Madame OctavIa WaJton Le Vert. For por­traits, blograPhiesl and Rlcetohes ot t.he&e representative 
:�:b�r 0�h��:0��i}c�1dJ�����i�e3�g.�� ��c �O;���?oj}�;; 
VQ1\1ll1c. Nemmellllilvelt. 12 

BAIRD'S CA'l'ALOGUE OF PHACTWAL AND SCmN'1'll'W nOOKS, He vised and Completed toJune 1,1867, will be sent. Jrep, of postage, to any WlEJ'Rhy c1IJi�ilRAj�i�h his addres��. 
Industrial ])l1blisher, 

4GG Walnut street. Philadelphia. 
S AVE YO U R  

OILCLOTH 
AND 

S'1'A Il:S . 
Brass and Zinc 
STAlR PLA'1'ES, 

For IIotels, Ships, Fac-
ifI:'<il���f.�""'�"!:ifl\ to ries, and Pu blic Build­

ings. 
W.'1'.& J.MERSEREAU. 

b'2 Duane st., 
1Iallufacturer of Stair Hods. 

----------

l\JT AN MONKEYS AND GORlLLAS-111 With foty engraved illustrations, with descriptio1l9 of their peculiarities, showing mllny va.rieties ot" the species; opinions of Cnvier, Darwin, Huxley. Agassi7., anecdotes, etc., in the July PICtOrIal Phrenological Jour-nal. 30 cents, or $ 3  a year. Newsmen have it 12 
B RAUN'S B A S K E T  FUR N ACE, 

GHAT E 

For Burning Pea and Dust Coal, and other fine Ill:aterial Illustrated in Scient1fic American, issue 01 1\1ay 25, 130i. 

THE SMOKELESS FURNACE, ForBurningBituminous Coal without srooke. llJustrated in the American Journal of Mining, issue of .May 25, 186'j. 
THE REFLECTING ARCH WArm-AIR 

FURNACE, For Hurning Pea and Nut Coal. Illustrated in the Ameri­can ArtlZan, issue of June 12, 1867. The Patents for the above Furnaces ape the property 
We� T��rk��\foa:!��l���li�C��gOO�'i'a�� ��t�O�e����:�re 
F���';;�eso�l tth"e°���l;u�e�f:t'e��r lld�;�st:Oduction oi saId 

WILLIAM ENNIS, Pre Sident, or J. W. COLE, Secretary, 25 cuteow.1 No. 205 Broadw3JT. New York. 
LION. S. P. CHASE.-See July Pictorial L_ Double No. Phrenological J onrnal for Portrait, CtJ[�racter, and .Biography of this distinguisHed Gentle-man. SO cts., or �3 a year. 1 2 
BAIRD'S CATALOGUE OF PRAC'1'ICAL AND SCIEN'1'IFIC ROOKS, RevisedandCompleted to June 1) 1H67, will be sent, free of postage, to any �l�Ni{Y ��i£��?rlxII1'i��h his address. 

Industrial Pnblisher, 
4013 Walnut street. Plnladelphia. 

MACHINERY :FOR SALE.-

one 20 i��g ��YA�� ����et �e����ttii1ul�:rilo�:��. a6�� 
}��rf�nBg�bnoih8 ���te b��'J:� -tg;k P§i:� 2���i��c�e�m� pany. One lathe 25Y2inrh swing-, 12 foot bed; one 27 mch owing, 10 foot ncd, new, of our own ma.ke. Ollt� planer, 
;;�e£a�Jig[����6�rgn�;�rlll�:'�:riSU[ �O:f�6ia�gX3li'n� do. new, of our own make. For full part.iculars, etc., address S'1'EP'1'OE McFARLAN & CO . 1 2J CinCinnati, Ohio. 
PUNCHING NUTS, CUTTING BOLTS, and Heading Bol ts, Spikes, etc. Wanted-Cuts, description of machinery, or proceRs best adapted to the above work. Address (sending III du-plicate) JAMES HADLEY, 12*J Care of New York P. O. llox No, 2,517. 
THE CELEBRATED J. B. BABBITT OR Anti·friction Metal, as made tor over 20 years (can be used over and over again without becoming- thick by remelting) a.lways on haud and tor sale ChC30 II. the m<m· ufacturer, JOS. W. !lAKER, 12'1 821N orth Second st., PhiiadelphlO, Pa. 
I�ABRICATION OF VINEGAH. .I: Prof. H. DUSSAUCE, CheI!l ist, i� rea�y to furnish the most recent methods of manutacturlllg Vinegar by the slow and quick processes, with and witho'lt al­cohol, dIrectlyfroIU corn. AISOr process to manutacturt' 

6}n:��;��; �f;��Ca��.id kad���!1 ation of wood. Methodf 
1*1 New Lebanon, N. Y 

LARGE AND ENDURING WATER POWER FOR SALE, for Improvement, on Rock H!Ver, at Coloma, Whitesid.e Co., 111., OpPOSIte the City of Sterling. This P iwer, with its surrounding" country and .Kailroad and River communication, affords one of t he best ·opportUnItles in the countryformanufacturing of all kinds, nnd every possible encouragement WIll be t?,Ivent'or its im­provement. AddressA.�. Sn'lll'H, Sterling, Ill. 2� 7* 
QUAKER CQURTSHIP AND MAH-riage Ceremony-How it is done. Over the River j 
��llI�t�� �if��ar�l� �i!�'�c1fdO��Ci'(��������i,�r��i��r�f the Age;· Studleg ill PhyslOgnomy'"; Mrri. Wyllys �n" E?C­trava:;cance;" What IS eloquence? Oratory explalOed, In July Pictorial Doub1e No. Phrenological Journal; 30 cts; $3 a year. 1 2 LABORATORY 

OF 
INDUSTRIAL CHEMISTItY, Directed 

BY Prot. H. DUSSAUCE, Chemi,t. Adv1cesand Consultations on Chemistry applied to Arts and Manufactures, Agriculture, Metallurgy, Pharmacy, etc. Plans of J.i'actories,Drawings of Apparl�tuR, AnalYSis, CommerCial AElsays of every kind. The following are tlle 
Bhi�;A��\s�rts on Whi����ri:� be consr�t:�: 
Acids Metallurgy, Varnishes, Alkaile., Galvanoplaster, Star"h, Phosphorus, GlIding, Sugar. Bleachln� powuer, Plating, Petroleums, Matches, Powder, HI ues, Candles, Saltpeter, Has, Soaps, D stillation. Colors, 
g�:in", �h��r�, ��!�����rts, Call co Print in" Beers, Perfumpl'Y, Bleaclling, 8tarch, Photography. AnalYiis and CommerCial Assays of Or(�s, Soaps, Wines, Manures, Greases, Plants. !-:Iol1s. Liquors! 'Vaters, etc. For  consultations, adVice, Information, plaus, allylysis, commerCial assays, experiments, etc., Address 

1*1 
Prof. H. DUSSAUCE, ChemiRt, New Lebanon.N. Y. 

THE PHRENOLOGICAL JOURNAL AND LIFE ILLUS'1'RA'1'ED is a monthly magazine devoted to Science, Literature, and General Intelligence, e.peclally to Ethnology ... Phrenology, PhysiologV, Physi. ognomy, Psychology, Education, .and to all thosc p.ro· grC8si ve measures calculated to ref orm, elevate, and un· 
�;�ti�llrstig���hS��I�!�oi��e6���!it�I}���lWf:��dt�t�{lr 
;����6�n3i�·. aPn��t��� �e n:�stv��:��Ybe�yg:��h $:h: present nnmber,for J5�lti: .J-£t£S'," il89 :Bro�dWllY. N. Y. 

© 1867 SCIENTIFIC AMERICAN, INC. 

,.JULY 13, 1867. 
.ruST l:EAJlY. 

THE pmNCIPLJ�t\ OF J�n:ClJAN[:,H( AND MAClUNERY OF THANSilI1SSJON: C))� r.�;�I.l� 1 �l��l g��i ����r��o��r���c�lg�.lisrtll�lf�� l!�g��I) 1i�\J�� 
ot Shafts, and En£!;<Lging" and Disf'Dgaglllg' Gear. .By ,VILLIAM FAI"RBAIRN, Esq., C . .ft •• LL.D., lj'. H. S •. Ii'. G. S., Corresponding Member of the Natwn<ll In:3titutE� of Fl"anCB, and of the I--�oyal Acaclemv of Turin; Chevalier 
C?t tile Le�ion of Honor, etc., ctc. Bea.utlfnlly I1lUt;f,lated by oyer 1uO woad cut.5 . ....... ....... .. ........ ... " ... $250 

C O N '1' E N '1'S: CHAPTER I.-TIIE PRINCIPLES OF MECl1ANEH. GENERAL VIEWS, LINK· wonK, WRAPPING CONNECTOHR WHEEL 'YORK, ,LIDING CONTAcT:-General views re-
�.��i�� �� �:����n1�lh ;�rnIka�t�r�ra maclline; elt'meflt:uv 

ELKMEXTARY :l:i�ORM3 OF .MnCrIANISU :-To com-truc\; Watt's parallel motion; to mnltiply oscillatinnR lJY means or Imk worl( j to produce a veloClty which shall be rapid� Iy retardecL by means of hnl.;: work j to produce a recip­rocatlllg intermittent motion by means 011ink work j tJw ratchet wheel and detent; intermiLtent motion produced by link wOI:k connected with a ratcuet wheel j wrapp n,r; connectors; speed pulleys; guide pulleys; to prevent wrapping connectors froUl slipping; system or pull eye ; to produce a. yaryillg velorIty ratIO by means of wrapPIng 
�g���gtt?��ie �g��I�����u�!�U���l���g��odilt�fc \�?t��y,� wheel wurh: when the axes are not p�trallel to each other; tace whe el and lantern-crown wheels; 10 COllst, ncr, bC\'­el wheels or bevel ge�r when the axef; are in the same plane; to consLl'uct bevel gear when tIle aX('!j :lre not in tbe same pJane j variabJe motioDs pl'oduced by wheel work having rOlling contact j intermittent and reeipro­cating motions prof!ucf�d by wheel w9rk havlllg rolling" contact; the wedge and movable Inclmed plane j tilid1mr p1t:ces producm� motion by sliding contact; the eccentr)c wheel; carns, w1vers, and tappets; to tind the curve tor forming the groove of a cam, so that the velocity ratio of the rod and axes of the cam may be constant; the swash plate j construction of screws ; the soltl1screw and nut; the CGlmmon press; the compound screw; the end· less screw; the ditterclltlal ocrew; the Archimpoian screw creeper; mechanism fur clltting Eocre"\vs; to p. oduce a cflanglng reciprocatmg rectiline,tr motion by a comhtna· tion of t,he cam and screw: to p rodacf' a bor,ng motion by a com!lination of the screw and toothed whee18. CHAP1'ER H.-ON MACHINERY OF '1'nANSMISSlON. ON -WHEELS AND PULLIEs:-V{rapping connections j wI! ere employed.; ad\'antag(�s :-tf,Ld dibadvantnges of; ma­l.erial employed m the constructlCn ot j !'trength of; table of fl.PPI·oxtUlat� widths of leather Btrapst' 1n lIlcnes, neces� 
sa{,�����gS{���:�lt�Clj�iigJ;����r O�j 

hco��i¥l��to\i of mOl'tis(\ wheels j Smeaton'A introduction of cast iron as a material for spur whccl� j Bennie's HAC of ca.st Iron in all the deb,ils of millwork, as exemplified III the cOllst.ruc· tion of the Albion l!Illls; true principh; of construction ; tooth-cutting raa'.::hlile. 
8rlTR GE '\.RlNG :-Detlnitio118. PITon OF VVUE.l£LS :-[{u!es for "Gndlilg the Pitch and di� ameter of wheels; table of ('On�tunt8 for wheel work' rules for finding the pitch, diameter, and nu.mber d' teeth; Prof. WilliS'S method of grad.natiIl� the si.l:es ot' wheels j taole r;howing tlle relatIOn of pItch, diameter, and number oi teeth. TERTH 0]' WnEELs:-Tlle prinCiples which determine the proper form; formatlon. e�ic.Yc}oidal.and hypl)-

g���? ���L g�1rOY�·lS n;v or�i�S����l\l �nl��f. P�1f��� 1���tf16�fl�i­
�li�Al���pt��et1�e�!�?l��}�I�e�� ;\\%1��:�9�;b�� btgtt��;�rfi���! of teeLh ot wheels tor averflc,:e pracLice j table ;!Wi!H,!;" th� IJroporr.ions of the teeth of wheds In inches and tIllrtr� t5ecLlnd� of an inch. ]�EYEL 'VHERLS :-"Rxamillatioll of the curves; forma· tion aud form of teet.h. SKEW llEVlLLS:-Dcflllitlons antI method of setting onto the teeth. '('HE 'VORI1I AND 'WlIE1:L :-Dep.cri' Lion or (,OltSt.l'llction. RTHENG'I'U 01<" 'TIlE TEE'l'H [N \VnEELS :-HuleH to be ob­served 111 calclllat.IOns; line ot grcaw.% straill; t.atlJc of th!clcness, ureadth. and pitch EJf l,ectt� of wIJcels; t.allle (If relntion of horHes·power Lramlmitted, 'And v('loClt,y at the pitch circle to prr'Bsure on tedh ; table showmg the pitch and thickne�s of teeth to transIlut a gIven number of horses-power at different velocitIeS j tab Ie shOWIng- tho hreadth of teeth reqnire(l to transmit tlifferent amounts of force at a uniform IJressure of 400 lOs per inch. CHAPTEB III. ON THE STRENGTH .AND PI:OPOBTlONFJ OJ<' SIIAFTS :-The f·.td.ilry system necessitates the use tlf long" ranges of 8hilfts. DIVISION 1.:-'1'11c mate:·jal of which sllafting js con· strncted. DIVISION II. TnANsVEHSE8TRATK:-lk\�h;tnnce to rl1p� ture; rilles for the strength ofshaft.:-; j t.able of r. Rjt-itancr� to 1h:xure; weights produeJng a dellee!;iol l of�·1'200 of the length in cast'Iron cylmdrical shafts; tahle of resistance t,o Hexl1re j w('iS!;ht� prortucing a deflectjon of 1·1200 O[ ttJC Jength III wroug-ht·iron cvlindrical shafts j table of deflec­tion 01 cast·iron cylmcirkal shaft" arising from the wei�ht of the �haft; t?ble.of <ldlectio.n of wronght'l�on cyltnuI'I-ca�;��!��Narirtr.g �'grils��� ��'tro;;��l��I,lse B3:��ctjons Rnd 
fK�Wri,�atbr��ii�ni6rvg�ui�1�:!i��rl)�zl�� jO�('��ll��lIX�ii e;���: :ments on cylinderR of cil'cular section j resllme of exper­imeuts 011 the torsion of hollow cyJiuderR of (·opper; re­�mllle 01 experIments on the tort,ion of nlIipt c,ll bar:;; tlblt� of t ·e Hafe working tOI'::.:ion tor ca�t·iron AhaftR; table of the safe workir� torsion for wrought-iron Rllafr,s. Drvrfl,ION IV.:-Velocity of -hafts; ta.ble of the cliameter of wrought·iron shafting necessary to transmit Wltll safe­ty V:lnou� amounts of force. 'DIVIBION V. ON JOUHNALS :-Length {>f jonrn:1]S; uJt j. mate pre-sure per squarelllCh on journal ; form of journ­all'J. DIVISIO:N VI. FRICTION :-J.J:\WS of; Rennie's table of coettlciollts ()f friction 11lldl'r pr�sB\U'e� increased cont lll­ually up to l1inlits of abr sion. DIVIRION VII. LunHrcA.'rrON :-Lubricants; method of effecting complete lubrlcanon. CIIAPTRR IV.-ON COUPLINGS FUn SHAFTS ANn ENGAGlNG AND DISENtlAGlNG GEAR COUPLH{GS :-PTllllitive caRt'lron gqunre coup1iug box j the claw conpling: Mr. Hewc'� eonplinb"; the (ii�k conpJ­ing-; tIle cirCular llalf·lap c,nlplin::r; rules for thr. propor� tionR of' the half-Jn.p coupling j Vie cylindrICal blltt·end coupling. DIVISION VnL DISENGAGJNG �-\ND HE-ENGAGING GEA.R :-Throwing whe['Is out of g·ear with an horizontal lever; tho owmg wheeJs out of gf'l\l' with a stanliard or PlumlUer�blocl\: and movabJc slide; .heng;IEJtn;w mac.hille� 
�t�Ytl;�es;t�\�'��I����ir��l�I��he��:;i�la ���ih�afl�h�g� clutch j friction cones; friction disks; frfction conpltng"R; 
;n�Kgr�Y��\�d�I��;;1�1�rdh� clutch; two other forms of 

DIVISION IX. HANGERS, PLUMI\mn·BLOCKS, ETC,. volt CARRYING �HAFTING :-Pedestal f r supporting sllaf,.ing 
�� i��e !��so;ph���j:R!��f.t��I�ol���s�U�;(�an� \�at'h�.11;eB�;lf� hanger for su�pendjng shaf�ing from tlJe 1100r; IHln,!rcl' where great I?t.rl:'-ngtll s re!}Ulred j hanger to conilC'ct two or three ravgeR of sllafting j method ot connecting iallg2H 
;:eS��f�i:S �t f��r{�-6�1�he� ��;1�\���r�!e;i�lh��;I��i1�:�1��: of apur fly wheels of the new construction. MAIN SUAF'rs :-Materinl, rliam(\ter, Qtc.; dCE'cript.ion 01· the main vertical shafts; description 01' the Plethod of" 
Pr�6ng� ��ett�li:��t �Pii:� j V��f�l�ldR��}�� t��e�gn\������d hybevel wheel::; j transmission of power to machinery at obtuse angles by the universal joint; table of tlle length, diameter, etc., of couplmgs, couplmg uoxes, etc. 
f o���Jll�� t Jy{��if;[�!i ����s�i t:f�� in�� � �l�I�!ltJ�eo��J and musl· prove of inestImable value to American mHl­ownerfl.,JTlechanics, and operativeill. Mr. FaIrbairn gives the result� of his very successful pr (l.ctice afi a millwri.ght 
���1cbnB��e�6n1�1��Fe� rR6��8�1��� l�a��:����f��lZ-r�lt�t�� manufacturing; industry of the world. And a!:! there iH probably no department ofpracttcal science 80 generally uReful, or perl laps 80 little sLurlied, as the machinery of 
��ih��i��i�c�i �� fh�bV��(�fIi���tm���lsPI·��s�l�i�g wai�in� tended, in a compact ftnd compa�atively cheap form, the author's rich and valuable experIence on thlB important suoject. 
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