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Back Pge - - - - - - - _ _ 81.00 a line. In.lde PAlre - - - - - - - - 'G cent .. a line. 
Engra�lng. mall A.ad a<I�.rtl •• m.nl8 at til •• am. rat. 

ow lin •• bll m.a.ur.m.nt, aB tAt l.tt.r pr.... Ad· 

".rtl.em.n'" mUlt b. r.ctl�.d at publication qUlc. a • 
• arlll aB Ji7'.<Io1i mornong to app.ar In n.zt " ..... 

The Tanite 00., 
STROUOSBURC, PA. 

EMERY WHEELS & GRINDERS {1HICAGO OR WESTERN HEAD QUARTERS ) for Tanite Co,'. Eme!')' Wheel., _ Grlndlnl( 
achlnery, &C. C. C. CHAMPLIN, 152 Lake St. ,... Tanlte Wbeels delivered free of frelgbt In any part oftbe West, on receipt of IlBt price In advance. 

Portland and Keene's Cement. 
From the best London Manufacturers. For sale by JAMES BRAND, S5 Beekman St., New York. A Practical Treatise on Cement furnisbed for 25 cents. 

SCHLENKER'S 
Station ary-Dle and Revolvl ng-Dle 

Bolt Cutters. 
THE BEST AND CHEAPEST MADE. 

HOWARD IRON WORKS, 
Bnftalo, N. Y. ,... Send for Catalogue • ...M'l 

MARUPACTtJB.DTG 
SP ECIALTIES IN HARDWARE. We bave unusually complete facilities for manufacturing 
Promptly-Economically and Well, almoat anytblng-bowever large or small-In any metal. rr correapondenc"r�I�bJ'J'f�IS&S�'1N.��·N CO., DANBURY. CONN. 

LATHE DOGS, EXPANDING MANDRELS STEEL Ciampa, &c"for Machinists. Manufactured by c. w. LICCOUNT,So.l'oorwalk,Ct. Send for reduced PrIce Llat. D.0GARDUS' PATENT UNIVERSAL ECCENTRIC MILLS-For grinding Bones Ores, Sand Old clbles, Fire Clay, Guanos, 011 Cake, Feed, Corn, Corn ana Cob, Tobacco Snulf, Sugar, Salts, Roots, Splcea, Colfee, Cocoanut, Flaxseed, Asbestos, Mica, ete., and wbatever cannot be grouBd W; otber mills. 
�l:ilJo� ��m'Js'J'tor�r:�c��:or ��stlAJ�rRf>Gl� DUS, corner � Wblte and Elm Sts., New York. 

[ESTABLISHED 1846.1 

Munn & Co.. 's Patent Otlices. 
The Old.,.t Alfency for Solleltlnlf Patentliin the 

United I!ttate ... 

THIRTY YEARS' EXPERIENOE. 

MORE PATENTS bave been secured tbrougb tbls agency, at bome and abroad, tban througb any otber In 
tbeworld. Tbey employ aa tbelr aulstants a corps of tbe most ex
perienced men aa examiners, apecillcation writers, and 
draftsmen tbat can be found, many of wbom bave been 
selected from tbe ranks of tbe Patent omce. 

SIXTY THOUSAND Inventors bave avalled tbem
selves of Munn & Co. 's servlcea In examining tbelr Inventions and. procuring tbelr patents. 

MUNN & CO., In connection wltb tbe publication of 
tbe SCIENTIFIC AMERICAN, continue to examine In
ventions, confer wltb Inventors, prepare drawings, spe
cillcations, and assignments, attend to IIl1ng appllcatlona 
In tbe Patent Omce, paying tbe government fees, aad 
wateb eacb case step by step wblle pending before tbe ex
aminer. Tbls ls done tbrougb tbelr brancb omce, corner 
F and 7tb streets, Waablngton. Tbey also prepare and Rle caveats, procure design patents, trademarka, and re
Issues, attend to rejected cases (prepared by tbe Inventor or otber attorneys), procure copyrlgbts, attend to Inter
ferences, give written opinions on matters of Infringe
ment, furnlsb copies of patenta, and, In fact, attend to every brancb of patent buslneaa botb In tbla and In for
eign countries. 

A apeclal notice Is made In tbe SCIENTIFIC AMERI
CAN of all Inventions patented tbrougb tbls agency, wltb 
tbe name and residence of tbe patentee. Patenta are of
ten sold, In part or wbole, to persona attracted to the In
vention by such notice. 

Patents obtained In Canada,England, France,Belglum, 
Germany, RuaBla, Prussia, Spain, Portugal, tbe British 
Colonies, and all otber countries wbere patenta are 
granted, at prices greatly reduced from former ratea. Send for pampblet pertaining specially to foreign patents, 
wblcb states tbe cost,tlme granted,and tbe requlrementa 
or eacb country. 

Cople.. of Patentll. Persons desiring any patent Issued from 1836 to N ovem
ber 26, 1867, can be supplied wltb omclal copies at reasonable cost, tbe price depending upon tbe extent of 
drawings and lengtb of specillcations. Any patent Issued since November 2'1,1867, at wblch 
time tbe Patent Omce commenced printing tbe drawings 
and specUlcatlons, may be bad by remitting to tbla of
lice fl. 

A copy of tbe claims of any patent Issued since 1836 will 
be furnlsbed for ,I. Wben ordering copies, please to remit for tbe same aa 
above, and Beate name ot pat.ent.ee, title ot Invention, 
and date of patent. 

A pampblet containing tbe laws and full directions for 
obtaining United. States patents sent free. A band
somely bound Refelonce Book, gilt edges, contalna 140 pagea and many engravlnas and tables Im,ortant to ever, 
patentee and mecbanlc, and la a useful bandbook of ref
erence for everybody. Prlcc 25 cents, mailed free. Addreaa K'O'D I; CO" 

Publlshers SCIENTIFIC AMERICAN, 
3,. Pan Raw, N. Y. 

BBUCB OJ'Flaa-COl1ler If all. ,.,_ I!Itreec., Wub-
InPon. D. C. 

$titutifit �mtrt'Jtt. 

ta-
LOS & CO., 

14G EAST ST., NEW HAVEN, CT., M A N U F A C T U R E  
1ron and Steel Set Screws, Round, Square., and Hexagon Head; Macblne and Cap Screws' Plano Knob .. and Lock Screws; Macblne, Bridge ,. and Roof BOltal .. olt Ends, Bt'::i:'u�c�t'\���, etc., of every descr ptlon. 

Brayton Ready Motor. 
It bas no boller, Is safe, economical, started by any 

��:'::p�:s"edm.'t':�i, ��Yl:B]I"ea t�a��. sP1��'r:�d gives an 

Penna. Readv Motor Co., ' 
13!1 N. 3d�t.,Phliadelphla, Pa. 

�=�J"6> --;:lle BEST MILLSTONE IJRESSER-GRISCOM 
& Co., Manufacturers and Patentees, pottsville, Pa 
�I LATEST IMPROVED 

MACHINERY, 
For Manufacturing SPOKES HANDLES, AND HUBS, AddressJ. GLEASON. cor. �d & Diamond Sts .. Pblla. 

:E»1a,:n.er 

Machinists' Tools. 
NICW and IlIPBOVlID PATTZRNa. Send for new Illuatrated catalo�e. 

Lathes Planers JJriils, &0. 
NEW HA V1l:N MANll'i1ACTll'RING co., 

New Haven, Conn. 

PORTLAND CEMENT 
For Walks, Cisterna, Foundations, Stables, Cellars' 

Remlt��lge'f.��' f��c�l��\ ¥���f:!e�n e�inenta. 
s. L. MlI:lWIIART & Co., 76 Soutb St. New York 

b Niagara 
Steam PumpWorks 

E8TABLl8BII:D 1821l. 
CHARLES B. HARDICK. 

N o . !I 3 A d am.. S t r e 10 t. 
BROOKLYN, N. r. 

U6 
P'e»rges, 

Send Sc. stamp fo?�lo!e���PI�l!���BLE 
FOR��_C_O_.,_Tro�_::: N.:,' .:Y.:,' __ =====:-:-:===-
T HE CENTENNIAL INTERNATIONAL EXHIBITION OF 18'l6.-Tbe full Hlatory and Progresa of tbe Exblbltlon. mapa of the grounds. engravlnga of tbe bulldlnga, newa and accounts of all tbe most notable object�, """ given weeklY In the SCIENTIFIC AMERI· CANliuPPLEMENT. Tenns tsfor tbe year; slngleco· pies 10 cts. To be bad at tbls omce,and of all news agents. All tbe back numbers, from tbe commencement on January I, 18'16, can be bad. Tbose wbo desire to posaeu a 
�f.!l'�;����C,:�I:::�Ul:::���:d �I��HM8e �:&�: CAN SUPPLEMENT. 

ROOTS' PATENT PORTABLE FORGE. 
ADAPTED TO 

EVERY VARIETY 
OF WORK. 

THE ONLY FORGE WitH FORCE BLAST BLOWER. 

THE ONLY EFFECTIVE FORGE MADE. 
P. H. & F. M. ROOTS, Manuf'rs, CONNERSVILLE, IND. 

S. S. TOWNSEND, Gen'l Ag't, 31 Liberty St., NEW YORK. 

ROGERS' TANNATE OF SODA BOILER SCALE PREVENTIVE. JOS. G. ROGERS & CO., Madison, Ind. rr Send for book on Boller Incrustation. 
M. SELIG SUNIOR ok CO.t Importers of American Macblnery, ,"oola, Agncultural Implements, Wbolesale and Export Hardware and Macblnery Mercbants. Est'd 1866. lj5 Queen Victoria St., LONDON, E. C., ENGLAND. 

Diamonds -.� Carbon 
shaped or Crude. furnished and Ret for BONnl<' Rocks, Dressing Mlll llurrs, Emery Wheels, Grindstones. Hardened Steel, Calender Rollera,and for Sawing, Turnlnre,or 
��:����tOj� lW����8�� s:�:a���'i:i. �I��lal�::: 
LEHIGH UNIVERSITY.-TUITION FREE.Civil, Mecbanlcal and Mining Engineering; Cbemlstry and Metallurgy; A Classical Course; Frencb and German; EnIl'IIBb Literature' International and ConBtltutlonal Law; Paycbology and Cllrlatlan Evidences. Addresa The KEV .JOHN M.LEAVITT.D.D.,Pres .• Betblebem,l'a 

'I'HE UNION IRON MILLS, Pittsburgh, "Pa.Tbe attention of Engineers and Architects Is called 
��� �'fJ'���t ��o������dB:�f.I��'k��dilir:�f:� 
:'�d:��If:i:n:t�tgtt����r:�;:fi:�I�bJ:gl;\���b��n��� lared to furnlab all alzes at tenna .. favorable .. ·.c&n be obtained elsewbere. For deacrljltlve IItboKrBpb, 'addreu Carnegie Brothers & Co., Union Iron Mllla,Plttsb.ugb,Pa. 
Cil 

�� 
� ���������w.� 
The Standard-:Best Stock-l'inest Finish-

)(AlfUJ'ACTUBII:D ONLY BY 
D. AllTKnBBOWB • CO. Jl'laherville. N.D. 

EAGLE FOOT LATHE S, 

C 
Wltb Scroll and Circular Saw Attacb-

. ments, Slide Rest. Tools, &c.; also Small Engine Latbea, Metal Hand Planerst &c. 
�=. d��n�e:u������laSescrlt: 

• �: :ll£rW:1n�°l:��e:��.fortbeAm� 
WM. L. CHASE & CO. 

95 & 117 Liberty St. New York. 
WHIPPL E' S 

Patent Door Knob. 
Awarded a Bronze Medal at tbe American Institute Flllr for 18'14. The Judgeasay: .. We conalder tbla metbod of faatenlng DOOR KNOBS a great Improvement over anytblng yet Invented for tbe purpose, aa It obviates tbe use of aide screwa and waabera, and can be rer,ulated to suit any thICkn�ufp�'W2'E� lW��f.ac8o"�PANY West Meriden, Conn .. or 117 Chambers St., N. Y. 

PERFECT 

NEWSPAPER FILE. 
-:0:-Tbe Kocb Patent J'lle, for preaervlng newspaper'li ���:�e��.r.m��\:'s�g:,bte:�b�e������lr�o�_ 

ICBIC� and SCIIun'u'lo AKlCBIoA1l SUPPLII:JlICNT can be s�Plled for tbe low price off1.110 b,.maII, or ,1.25 at tbe 
? s�d�¥'1;'I8alUERr<!lV" ��� �i�e� ec�:�rgt��� e�£�e� wbo wl.bes to preserve the paper. 

II UNN & CO., 
Publiahera SCnalft'n'Io AlImuOAN. 

© 1876 SCIENTIFIC AMERICAN, INC. 
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�a,"tcb.e:r. 

NON·cOllBUSTmLE STEAl( BOILER &: PIPE 

COVEBIITG 
WITD "AIR SPACE" IMPROVEMENT. Saves 10 to 20 per cent. CHALMERS SPENCE CO. Foot E. 9th St., N. Y.; 1202 N. 2nd St., St. Louis, Mo. 

DAMPER B�ST ..urn LEVER REGULATORS .... GAGE COCKS •• 

MURRILl. & KEIZER, 44 Holliday St .. Bait 

HARTFORD 

STEAM BOILER 
Inspection & Insurance 

COMPANY. 
t. B. FRillLII, v, Pres't. J,'. ALLEI. PnI'L 

J. B, PIERCE. SII:'J. 
N O Y E'S 

!{W.g�w.,!�IJ!JW!t\! 1I1l1atonea, Portable Milia, Smut Macblncs, Packers,MIll 
PIeD, Water Wbeels, pUllela and Gearing, specially adapted to 1I0ur mills;,. i��ofEC:�t'l:''tiulfalo, N. Y. 

OJ'TIIE 
SCIENTIFIC AMERICAN, 

FOR IS,. ... 
THE .OST POPULAR SCIENTIFIC PAPER 

IN THE WORLD. 

THIRTY·FIRST YEAR. 

VOLUIIE XXXIV,-NEW SERIES. 

�he publlshera of the SCIENTIFIC AMERICAN 
beg to announcc that on the first day of January, 
1876, a new volume commenced. It will continue 
to be the aim of the publ1shera k> render the con
tents of the new volume more attractive and use
ful than any of Its predeceesora. 

To the Mechanic and Hooufacturer. 
No person engaged In anyof the mechanical pur

suits should think of doing without the SClEN
TIJ'lC AKERlOAN. Every number contains frt*n 
six to ten engravings of new machines and Invw
tlons which cannot be found In any other publica
tion. 

The SCIENTIFIC AMERICAN Is devoted to the 
Interests of Popular SCience, the Mechanic Arts, 
Manufactures,Inventlon!!,Agrlculture,Commerce 
and the Industrial puraults generally; and It Is val
uable and Instructive not only In the Workshop 
and Manufactory, but alBo In the Household, the 
Library, and the Reading Room. Each volume 
contains hundreds of Note!!, Receipts, and Sngges
tlons and Advice, by Practical Wrltera, for Work
Ing M.,n and Employera, In all the various arts. 
T&RItI� OF 8UBSCRIPTION - PO�TAGE 

PAID BY US. 

One copy Scientific American, one year . • • 3 20 
One copy Scientific American, six months. 1.60 
One copy Scientific Amerlcan,three months 1.00 
One copy Scientific American and one copy 

Scientific American Supplement, both 
for one year, post-paid.................. 7.00 

The SclentUlc American Supplemenl 

A weekly paper, uniform In size with the SCmN
rUlc AlIBRlCAN, but a distinct publication. It 
contains working drawings of engineering works, 
and elaborate treatises on every branch of Science 
and MechaniC!!, by eminent writer!!, at home and 
abroad. An Illustrated cover protects the hand
somely printed sheets. Pr1oe, 1&.00 per annum 

Single copies 10 cents. 
Remit by postal order, draf� or expre88. 
Addreu all lettera and mue all POlt Oftlce or

dera and drafts payable to 
MUNN & CO. 

3,. PARK. ROW. NEW 1cORK. 

Ihe "Sclentlfio AmeriNID" Is printed with CHAS. ENlm JOHNSON· & CO, 'SINK Tentb md mbard-ltl., Pbl\lI4e�III". aallM GOld .... t., NeW-York, 
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