
Back P�e. • • • • • • • • ,1.00 a IIlle. In.lde p..... • • • • • • • •  3 ceate a line. 
ElagratJI"1I8 mall head adtlwtl8munual 11I� 8am. rau 

(1M' lln� bIf m&uurement. a. IA� 1�1W prU8. Aa· 
fJt1'1I8�n18 mw' � reu/"ea at publication qJfIce a8 
�rlll a8 F'naall morn.nll'o appear In n�ZI IHU". 

Portland and Keene's Cement. 
From the best London Manutacturers. For sale by 

JAMRS BRAND. tIS Beekman St � New York. 
A Prsctlr.al Treallse on Cement turnlsbed tor 25 cents. 

S CHLENKER'S 
StatlonarY'Dle and Revolvlng'Dle 

Bolt Cutters. 
THE BEST AND CHEAPEST MADE. 

HOWARD IRON WORKS, 
Bullalo. N. Y. IT Send tor Catalogue • .Ll! 

BUIUlKA LA. TBB, $9. 

WITH FOOT POWER. 813. IT Send tor Circular. Manutactured only by the 
EUREKA M'F'G CO., 

171 Devonshire St •• BOlltou , Mall80 
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Send tor Catalogue. lila Liberty St� N. Y. city. 
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[ESTABLISHED 184.3.] 

Mnnn & CO. 's Patent Ofiices. 
Til .. O ldellt Aa'Nlc)' for Sollcltlq Patent" In the 

United �tat_ 

THIRTY YEARS' EXPERIENCA. 

MORE PATENTS bave been secured tbrougb tbls 
lI(lency. at bome and abroad. tban througb any otber In 
tile world. 

Tbey employ as tbelr assistants a corps ot tbe most ex
perienced men as examiners. specltlcatlon writers. and 
draftsmen tbat can be tound. many ot wbom "ave been 
lelected trom tbe ranks ot the Patent Olllce. 

SIXTY THOUSAND Inventors bave avalled tbem
selves ot Munn & Co.'s services In examining tbelr In
ventions and procuring tbelr patents. 
MUNN & CO.. In connection wltb tbe publication ot 

tbe SCIENTIFIC AMERICAN. continue to examine In
vention .. conter with Inventors. prepare drawings. spe
cifications. and as.lgnments. attend to tiling applications 
10 tbe Patent Olllce. paying tbe government tee .. aad 
watcb eacb cue step by step wblle pending betore tbe ex
aminer. This Is done tbrougb tbelr brancb olllce. corner 
F and 7tb streets. Wasblngton. Tbey aloo prepare and 
IIle caveats. procure desljtIl patents. trademark .. and re
lB8ues. attend to rejected cases (prepared by tbe Inventor 
or otber attorneys), procure copyrlgbts. attend to Inter
terence.. give written opinions on matters ot Intrlnge
ment. turnlsb copies ot patents, and. In tact, attend to 
every brancb ot patent business botb In tbls and In tor
elgn countries. 
A special notice Is made In the I:!CIENTIFIC AMERI

CAN ot all Inventions patented tbrougb tbls agency.wltb 
tbe name and r .. sldence ot tbe patentee. Patents are otten sold. In part or wbole, to persons attracted to the In
vention by sucb notice. 
Patentsobtslned In Canada, England. )'rance. BelglllDl, 

Germany. RUB8Ia, Prussia. Spain. Portugal. tbe Brltlsb 
Colonie.. and all otber countries wbere patentR are 
granted. at prices greatly reduced trom tormer rates. 
Send tor pamphlet pertalnlngspeclally to torelgnpatents. 
whlcb states tbe cost. time granted.and tbe requirements 
or eacb coqutry. 

Coplet! of Patent .. 
Persons desiring any patent Is.ued trom 1836 to Novem

ber 2&, 11l67, can be supplied with olllcial copies at rea
sonable cost. the price depending upon tbe extent ot 
drawings and lengtb ot specltlcatlons. 

Any patent Issued since November lll'. 1867. at wblcb 
time tbe Patent Olllce commenced printing tbe drawings 
and specillcations. may be bad by remitting to tbls ot
tlce,l. 

A copy ot tbe claims ot any patent lB8ued since 1886 will 
be turnlsbed tor ,1. 
Wben ordering copies. please to remlttortbe same as 

.. bove. and s&ate name ot patentee, title ot Invention. 
and date ot patent. 

A pampblet containing tbe laws and tull directions tor 
ubtalnlng United States patents sent tree. A band
�omely bound Reterence Book, gilt edges. contains 140 
pages and many engravings and table. Important to every 
patentee and mecban1c, and Is a usetul handbook ot ref
erence tor everybody. PrIce 25 cent .. mailed tree. 

Address 
JIl7WN 6: 00., 

Publlsbers SCIEYTIFIC AMERICAN, 
37 Park Hew, N. Y. 

B ... au 07rI�mer Jr JUlti 7t11 l!ICNete, WNb
alSGD. D. <l. 

Ititutifit J,meritJll. [JULY 15, 1876. 
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_ 6E14MS & GIRDER S 

THE UNION IRON MILLS, Pittsburgh, Pa.
Tbe attention ot Engineers and Arcbltects Is called 
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and Ilanges. whlcb bave proved BO objectionable In tbeold 
mode ot manutacturlng .are entirely avoided. We arepre
; ... red to turnlsb all sloes at terms as tavorable as can be 
�:���:g:;��� c�����n
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W. C. DUYCKI NCK, 
lYPoBTB� �ACTUBBB,AND DBALBB IN 

R ailway, Machinists',and En· 
gineers' Supplies • .  

30 and 3� JOHN STREET. 
P. O. Box 4101. NEW YORK. 

HASKELL'S THREE CYLINDER PUMP
Hand or Power. Cbeaper tban a Steam Pump. 

), 
I
II outwear a Rotary Pump-do more work. wltb less 

power. tban any otber pnmp. Not liable to get out ot 
�r��

r
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m
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Adapted to any 
CHASE MACHINE COMPANY. Boston, Mass. 

THE HEALD & SISOO 
Patent Centrifu�l Pumps. 

V. RTICAL & Ho'iiZoNTAL. 
Fir.' PremIums at New Orlean .. Cincinnati, and New 

York . .. J£�dal Qf Sp�dal Award," 
American Institute, 11m. 

Perfect satlstactlon guaranteed. Tbe cbeapest, slmple,t. 
strongest. most elllclent and popular Puml> In use. tor 
emptYing DrY·docks. Colrer·dam. etc. and tor use In 
Paper IIUlls, "Tanneries ,and Fa ctories. STEAM PUMPS verylow,tor Wrecking. Dredldngdrrlgatlng, etc. llIus· 
trated pampblet, tree. .Nearfy 1 • ..., reterence. to actual 
customersiIE�W,':I�'(!b c�asd'J� sttf.r�in.�3�e:. Y. 

ROGERS' TANNATE OF SODA BOILER 
SCALE PREVENTIVE. 

JOS. G. ROGERS & CO •• Madison. Ind. IT Send tor book on Boller Incruatatlon. 

AII,","tOtO RooII .... . wltb the Improved Wblte Asbestos 
Fire Proot Coatlnl!: tor steep orllat Rootl ln allcllmates. 
A"belltos Roof "oatlua'. for old Leaky Roots. • Asbestos Cement. tor repairing Leaks on RooU •. 
AlibelOtos Roof Paint. tor Tin RooU, Irollwork. &c. 
A"betltos Painit;.all colors-tor structural purposes. f:t::�:: Fir:

m 
�Ca��'Ir!\'J�': fr��rr:rk. &c. 

A.be .. ,o" m Packiua', tlat and round, alr'ilzes. 
Sbeatbln Vermlu-ProofLlnlq, &co Tbese art cle. are ready tor use, and can be easily ap
plied bY!!!1 one. Send for Pampblets. PrIce Lls� &c. 

H. w . JOHNS ... 87 .aiden Lue,N.Y., 
P atentee andJlfanuractnrer. Establlsbed lass. 

Todd & Rafferty Machine CO. 
MANUFACTURERS OF 

Tbe celebrated Greene Variable Cut· Olr Entene, Lowe'. 
r.��
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Agents tor the New laven ManufactUrlng�. 's Macbln· 
Ist'a 1'0018, for Judson's Governors and Stop Valve., 
Sturtevant Blowers, and Dllrerentlal Pull

W
·Blocks. 

;�:::,o�r�kWsJJ��\� J��n�,NE YORK. 

MAOHINERY, 
mON 6: WOOD WORKING KAcmn:RY 

OF EVERY DEBClUPTION. 

Cold Rolled Shafting. 
HANGERS. PULLEYS, COUPLINGS, BELTING, &c. 

.tc. Send tor lllnstrated Catalogne and Price List. 
GE ORGE P L A C E ,  

w�"3:fl���
t
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ERY 
121 Chambers & lOS Rellde Sts .. N. Y. City. 

IRON BRIDGE BUILDING-A complete de
scription. wltb dimensions, working drawings. and 

wespectlves ot Girard A venue Bridge, Pl>!ladelpbla, Pa. 
ce��. 
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AMER loAN SUPPLEMENT. lD cents per copy. To be 
Id at tbls olllce. and ot all news agents. . 

N. F. BURNHAM'S 
1874 T(TRBINE 

Water Wheel 
Has DI S P L A C  E D bundreds ot otber 
Turbines. but HAS NEVER BEEN I 
SELF DISPLACED. Pampblet Free. 

N. F. Burnbam. York. Pa. �CREW PROPELLERS, THEIR SHAFTS AND 
·FITTINGS. By Hamilton W. Pendred. M. E. An 

a Ie treatlsel sbowinn tbe j.reaent �Ctlce. Its advan-
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ME NT • To be bad at tbls olllce. and ot all news agents. JiOGARDUS' PATENT UNIVERSAL ECCEN
TRIC MILLS-For grinding Bones Ores. Sand Old 

ruclble", Fire Clay. Guanos. Otl Cake. Feed,310rn. 
Corn ana Cob, Tobacco, Snuff, Sugar, Salta, lWOt8, 
SfJCCB-;--cotree, Cocoanut, Flaxseed, Asbestos, Mica, 
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JOHN W. THOlisON. successor to JAMES BtlGAIl
DUS. corner ot Wblte and Elm Sts •• New York. 

A Bound Book of 144 Pages, for 25c. 

co�� ��
C
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ENTIFIC AMERICAN REFERENCE BOOK, containing 144-
pagea Illustrated wltb engravlnga. and tormlng one ot 
the cbeapest and most valuable books ot condeDRed re
terence ever printed. Among lIB contenta are: 
1. The Censn. of the United States. by States, 

Territories, Bod Counties, tnfu:ll,Bhowlng also the area 
ot tbe several States. 

�. Table of Occupatlons.-Sbowlnlr tbe prlnclp�1 oc
cupations ot tbe people ot tbe United States. and the 
�N

:J'��
o
� r.;�s

l
��r g��:��.d In each occupation. Com-

Table Of em,. bavlng ovcr 10.000 InhabltantR-Com
piled from tbe last Cenaua. 

3'wffi�M:cU.:':. 'H�:;o �bl�rn ��l���s�����a\
n
R����: Costs, etc.; Forma for Applications for Patents and Caveats; Forms for AssIgnments. In whole and part; Llceoceo' State, Town. CounlY, and Shop Rights; DIrections fro w to In troduce and Sell Invention.; General 
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4. United State" Trade Mnrk Rca-istrntion. sbow· Ing the Trade Mark·Law In full, with Directions for 
Registering Trade Marks, Co.b. etc. 
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With ����To�a�xa;!f:'�s�:� for Labels. In 

8. The PrinclpalMecbanicnl Movement". De-
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ot tbe Invention and ProgreB8 ot Steam Power. 
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merclal Welll'bt; Frencb W �bts; Unlte:fSt ltes StIlnd-
t'j

d 
�lf'1:::�:�r

e ����% S:�:�
e ;

M�
u
S�� ;

M
'i':.:':�J 

Cu'tIC, or Solid Measure' Measuring Land hy Welgbt. 
wltb engraving ot a section ot the Engllsb. and a sec
tion ot 'tbe �·r.ncb rule, ot equal lengtb. 

1�. Valuable Tnble", 
(1) Table o t the Velocity and Forc� ot tbe Wind. (�) Table o t tbe Speclllc Gravity and Weight per Cu

bic ootand Cubic Inch, ot the prlnclpal suhatancea used 
In Ibe Art •. (S) Table ot tbe Heat-Conductlng l'ower ot various 
Metal. and otber Sollds and Liquids. 

(4) Table ot tbe Minerai Constituents absorbed or 
re

�
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t�:�� ����IM:u�'i�.r �����:t';.",?J:.· 
(til Table ot tbe Elrects ot Hoat upon various bodies, 

melting points, etc. 
13. MllOCellaneouil Iuf o matlon.-�·orr.e ot Expansion by Heat; small Steamboat., pro fer dimensions ot 
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der-Pressure, He.,- and Horse Power ot; Copying Ink, 
to Make; Heat, Its mecbanlcal equivalent explained; 
Molecules ot Mattcra sloe and motion explained; Llgbt-
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Yielded trom Coal by beBt Engines; Sound-Its velocity 
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Electric Spark, etc. ; ValUab� ReCipes. • 
Tbe SCIENTIFIC AMERICAN REFERENCE BOOK. 

PrIce onl� 25 cents, ma� be bad ot News Alents In all 
�:Il

s.:': r�c�;;,�u�t�e ��IC:.
t tbe underslgne . Sent hy 

MUNN & CO., Publishers, 
, 

Mcientilic American Omce. 
37 Park Row, New York. 

PORTLAND CEMENT 
For Walks. Cisterns. Foundations. Stables. Cellars 

Remit ��:t'!i t��c':l�i ��J'.:!�n e�inents. 
S. L. MICllCllAJlT & Co •• 76 Soutb St. New York 

MILL STONE DIAMOND DRESSING MA
CHINES. SI mple, elrectlve and durable. Alao. 

diamond-pointed to ols tor trueing Emery Wheels, Grind
stone .. Cbllled Iron, and Paper Calender Rolls, and otber 
fJ:I�r."=!l'o

u
�f�:�·J.t1rgkPJ ' :l��1?�I:.w��N�¥-� 

rr HE CENTENNIAL INTERNATIONAL EX-
HIBITION OF 18'l6.-Tbe tull HiStory and ProgreB8 

ot tbe Exblbltlon. maps ot tbe ground.. engravings ot 
tbe buildings, news and accounts ot all tbe most notable 
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pies 10 cts. To be bad at tbls omce.and oiall newsll(lents. 
All the back numbers. trom tbe commencement on Jan 
uary 1, 18'76. can be bad. Tbose wbo de.lre to posseB8 a 
com�ete and splendid lllustrated Record ot tbe Centeno �'.:k �l}��¥.%:�O{!�d ba ve tbe SCIENTIFIC AMERI· 

E AGLE FOOT LATH E S, 

C 
With Scroll and Circular aw Attacb
ments. Slide Rest, Tools. &c.:J also Small 
Engine Lathe .. Metal Hand r,auerst &c. 
�=. d��f"n'''';
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tortheAm-
WM. L. CHASE & CO. 

lIS & !1l Liberty St. New York. 

WHIPPL E'S 
Patent Door Knob. 

Awarded a Bronze Medal at the American Institute Fair 
���. 1ib

e
o�f&'Mrs� �� ��a;::�':�t ���o,:M! 

tblng y� Invented tor the purpose. as It obviates the use 
ot aide screws and wasbers, and can be reK1llated to suit 
auy thICku�"Utp�'W� &
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rc�b�hNY 

West Meriden. Conn .. or!1l Cbambers St .• N. Y. 

PERFECT 

NEWSPAPER FILE. 
--:0:--

The Kocb Patent J'lle. tor oreservlng newspaper':! 
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BBIOAN and SclBNTl1I'IO Aln:BIOAN SVPPL&lIIIlIT can be 
1�lIed tor tbe low price otfl 5O�mall. or fl,.25 at tbe 
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every one wbo wlsbel to preserve the paper. 
Addres. 

© 1876 SCIENTIFIC AMERICAN, INC. 

!JIDCAGO OR WESTERN HEAD QUARTERS 
) tor Tanlle Co.'. £men Whjlcl.., ':rindina' 
acblu en. &co C. C. CHAMPLIN, 152 Lake St. IT Tanlte Wbeels delivered tree ot trelgbt In any pan 

o(tbe West. on receipt ot list price In advance. 

b Niagara 
Steam PumpWorks 

ESTABLISHED 1826. 

CHARLES B. HARnICK, 
N o . � 3  A d a m ll  "'t re e t  

BROOKLYN. N. Y. 

Machinists' Tools. 
Nzwand IllPROVID PA.TTBBN •• 

Send tor new Illustrated catalo�e. 
Lathes, Planers, JJriils, &C. 

NEW HAVEN MANUI.!' ACTURING CO., 
New Haven. Conn. --------_. _-- _. _ ... _-

NON-CODUSTIBLE STEAl( BOILER 6: PIPE 

COVEBIIJG 
'Wr.l'H" AIR SPACE" IMPROVEMENT" 

s
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DAMPER B�ST AND LEVER 
REGULATORS .g GAGE COCKS. 
MURRILl, & KEIZER, 44 Holliday St •• Bait' 

HARTFORD 

STEAM BOILER 
Inspeotion & Insurance 

COMPANY. 
t, B. l'RillLII, V. Pres't 1,1. ALLEJ, mn. 

I, B. PIERCE, WJ, 
N O Y E' 10 

�w.rg�Wn!�!!Jl!!tlI.,!' lIllIstones, Portable Mills. Smut Macblnes, Packers.MIll 
Picks. Water Wbeels. Pullel,s and Gearing, specially 
adapted to tlour mlllBj

. !l-':
n
:orl.t�r:'iiUlralo. N. Y. 
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SCIENTIFIC AMERICAN, 
FOR IS7&, 

TlIE KOST POPULAR SCIENTmc PAPER 
IN TlIE WORLD. 

THIRTY-FIRST YEAR. 

VOLU.E XXXV.-NEW SERIES. 

The publl8hers of the SCIENTIFIC AMERICAN 
beg to announco that on the 1Irst day of July, 
1876, a new volume commenced. It wID continue 
to be the aim of the publishers to render.the con
tents of the new volume more attractive and Ul!e
ful than any of its Pl-OOeceesors. 

To the Mechanic and Manufacturer. 
No person engaged In any of the mechanical pur

suits should think of doing without the 8cIEN
TIl'IO AlmBICAN. Every number contains fNml 
IIl.x to ten engravings of new machines and InvllD
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,Inventlons,Agrlculture,Commerce 
and the industrial pursuits generally; and It Is val
uable and instructive not only In the Workshop 
and Manufactory, but aIBo In the Household, the 
Library, and the Reading Room. Each volume 
contains hundreds of Notes, ReceJpts, and Sugges
tions and AdVice, by Practical Writers, for Work
Ing Men and Employers, In all the various arts. 
TI!.RMS OF SUBSCRIPTION - POSTAGE 

PAID BY US. 
One copy SclenWlc American, one year . . '3 20 
One copy SclenU1lcAmerican, IIl.x months. 1,60 
One copy Scientific Amerlcan,three month.� 1.00 
One copy SclenWlcAmerlcan and one copy 

SclcnU1lo American Supplement, both 
for one year, post-paid.......... ........ 7.00 

The Scientific American Supplemcn� 

A weeJdypaper, uniform In me with the SOIEN
TIl'IO AlnmICAN, but a distinct publication. It 
contains working drawings of engineering works, 
and elaborate tre&t1ses on every branch of Science 
and MechaniCS, by eminent writers, at home and 
abroad. An Illustroted cover protects the hand
somely printed sheets. Price, 15.00 per annum 

Single copies 10 cents. 
Remit by postal order, draft, or express. 
Addre88 all letters and make aU Post Office or

dersand drafts payable to 

MUNN & CO. 
37  PARK ROW, NEW 1-0Rb. 
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