
1 eitutifie jmtriela. 

Back Pge - - - - - - - - - 81.00 a IIDe. 
In.lde PRII'e - - - - - - - - "3 cent. a line. 
En(/1'afJlngs mall Mad adfJerll8t...,,1II8 al I1le same rale 

vw line, b1/ measuremenl, as IA. leller prU8. Ad­
"wllsemenla mUBI be recel.,.d al publlcallon qf/Ice as 
earlll as Jilr,dall morntng 10 appear In nezl IslUe. 

SCHLENKER'S 
Stationary-Die and Revolving-Die 

Bolt Cutters. 
THE BEST AND CHEAPEST MADE. 

HOWARD IRON WORKS, 
BDffalo, N. Y. 

ar Send for Catalogue • ...JIl 

THE HEALD & SISOO 
Patent Centrtfu�.1 Pumps. 

VtRTICAL & HORIZONTAL. 
Flrllt Premiums at New Orleans, Cincinnati, and New 

York. .. Xe<tal Qf' Spe"'al Award, " 
American Institute, 1872. 

Perfect satisfaction guaranteed. The cheapest,slmpl est, 
����I!'i."�'D

m
��o�g�I'll';Jr���f��

u
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u
�S �':.r u::e fy� Paper Mllls�annerles, and Factoi-les. !ITEAM PUMPS very low ,for Wrecking, DredKlng.t.!rr1gatlng, etc. Illns­

t .... ted pamphlet, tree. Nearfy 1, .... reference. to actual customers. S1 pages lIrst cia .. teatlmony. Addreaa 
HEALD-, SISCO & CO. Baldwlnsvt"�, N. Y. 

and Sbaped Diamond Carbon Polnta, Indlapensable for 
Trueing Emery Wheels, Grlndstonea Harde

tt
d Steel 

FOOT LATHES-FOOT DRILL PRESSEl'!. and Paper Calender Rollers. Drilling, Planing, ouldlng 
H. L. SHEPARD, Cincinnati, O. and sawing stone. J. DICKINSON, Sf Naasau t., N.Y. 

STANDARD SCROLL BOOK, just out, hOB 200 
designs and Ideas Invaluable to all Palnt.ers, etc 

Just the thing wanted, and must be seen to be apprecl .... 
ted. Only n. ExamlDe at any bookstore or painters' 
supplv store. Mailed post paid on receipt of price by 
JESSE HANEY & CO., 119 Nassau St., N.Y. 

ROGERS' TANNATE OF SODA BOILER 
SCALE PREVENTIVE. JOS. G. ROGERS & CO., Madlaon, Ind. pr" Send for book on Boller Incrustation. 

�16 Fc:»:rges, 
� FOR YOUR SHOP. 

Send Sc. stamp for catalogue to EMPIRE PORTABLE 
FORGE CO., Troy. N. Y. 
-- .--.. -.. �- -

DOWN TO $8.00. 

VELOCIPEDE CARRIAGES, OF LIGHT CON­
struction, fast speed. Worked by band cranks; 

alsoby foot treadles. Illustrated In SCIENTIFIC AME­
RICAN SUPPLEMENT No. 8. To be had at this 01l1ce 
and of all news agents. Price 10 cents. 

[ESTABLISHED 1846.] 

Munn & CO.'s Patent Otlices. 
The Old ... t A!reDcy tor Soliciting Patenta ID the 

United State .. 
THIRTY YEARS' EXPERlENCE. 

MORE PATENTS have been secured through this 
agency, at home and abroad, than tbrough any otber In 
the world. 

They employ as their assistants a corps of the most ex­
perienced men as examiners, .specilication writers, and 
draftsmen that can be found, many of whom bave been 
selected from the ranks of the Patent 01l1ce. 

SIXTY THOUSAND Inventors have availed them­
selves of Munn & Co. 's services In examining their In­
ventions and procuring their patents. 

MUNN &. CO., In connection with the publication of 
the SCIENTIFIC AMERICAN, continue to examine In­
ventions, confer with Inventors, prepare drawings, spe­
clllcations, and assignments, attend to 1Il1ng applications 
In the Patent 01l1ce, paying tbe government fees, aad 
wateh each case step by step while pending before tbe ex­
aminer. This Is done through their branch 01l1ce, corner 
F and 7th streets, Washington. They also prepare and 
lie caveats, procure design patents, trademarks, and re­
Issues, attend to rejected cases (prepared by the Inventor 
or other attorneys), procure copyrights, attend to Inter­
ferences, give written oplnlonl on matters of Infringe­
ment, furnish copies of patentl, and, In fact, attend to 
every branch of patent buslnels both In tbls and In for­
eign countries. 

A special notice II made In tbe SCIENTIFIC AMERI­
CAN of all Inventions patented tbrougb this agency, with 
the name and residence of the patentee. Patents are of­
ten sold, In part or whole, to persons attracted to tbe In­
vention by such notice. 

Patents obtained In Canada,England, France,Belglum, 
Germany, RUSSia, Prussia, Spain, Portugal, the Brltllb 
Colonies, and all other countries wbere patents are 
granted, at prices greatly reduced from former rates. 
Send for pamphlet pertaining specially to foreign patents, 
which Itates the cost,tlme granted,and the requirements 
for eacb country. 

Copies ot Patent8. 
Persons desiring any patent Issued from 1886 to N ovem­

ber 26, 186'1, can be supplied with 01l1clal copies at rea­
sonable cost, the price depending upon the extent of 
drawings and length of specillcatlons. 

Any patent Issued since November 27,186'1, at which 
time the Patent Olllce commenced printing the drawings 
and specillcatlons, may be bad by remitting to this of­
Ice fl. 

A copy of the claims of any patent Issued since 1886 will 
be furnished for tl. 

When ordering copies, please to remit for the same as 
above, and state name of patentee, title of Invention, 
and date of patent. 

A pampblet containing the laws and full directions for 
obtaining United States patents sent free. A band­
somely bound Reference Book, gilt edges, contains 140 
pages and many engravings and tables Important to every 
patentee and mecbanlc, and Is a useful bandbook of ref­
erence for everybody. PrIce 25 cents, mailed free. 

Address 
K17D I: CO., 

Publishers SCIENTIFIC AMERICAN, 
37 Park Row, N. Y. 

BIlAlIOB OJ'J'IOK-Corner :B and 7th Str et., Waab­
Iton. D.C. 

Todd & Rafferty Machine CO. 
MANUFACTURERS OF 

The celebrated Greene Variable Cut· Oft EnKlne, Lowe's 
Patent Tubular and FIne Boilers ... PlaIn SlIlfe Valve Sta· 
tlonary, HoIsting, and Portable J<nglnes. Boll�rs of all 
��:86a:�
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g
M!glil:��: Agents for tbe New Iiaven Manufacturing :ro.·s MachIn· 

1st's Tools, for Judson's Governors and Stop Valves, 
Sturtevant Blowers, and DlJrerentlal PUII�'BIO

C
kS. 

;�:::��r�l;:�sJJ��\1'J .&�n�' NE YORK. 

DAMPER B�ST AlfD LEVER 
REGULATORS .... GAGE COCKS. 

MURRILl. & KEIZER, 44 Holllday S� Bait. 

The Scientific American 

REFERENCE BOOK. 
A Bound Book of 144 Pages, for 250, 

co�� ��
c
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ENTIFIC AMERICAN REFERENCE BOOK, containing 144 
r�����!�u::[��,:!d :J!P v:r:a�I�I��'k�nU��:t':'';s�'tte r�! 
ference ever printed. Among Its contents are: 
1. The CeD8us of the UDlted States, by States, Terrltorle., and Counties, Inf11ll,showlng also the area 

of the several State •• 
��u:a't��:s ':,W��:':I�o:r'tb�b8:'t\':,� t��a������1 r� 

�tl�b�:o� ���s��: g��:�:.d In each occupation. Com­
Table of elllu bavlng over 10 ,000 Inbabltants-Com­

piled from the last Census. 
3. Th� Patent Laws of the United States In full. With Directions How to Obtain Patents, Olllcial Rules" Costs, etc.; Forms for Applications for Patents ana 

a�e:�� ;F!l'�:, ¥'�w��sLF..':,�:�t:nN��OI'iu�\�s ';"'Ct� reetlons How to Introduce andlSell InventVons ; General PrinciPle. applicable to Infringement.; Syn<>psls Of tbe Patent Laws of ForeIgn Countries, Costs, Procedure, 
���n�n�� ::f��:�� ac':,���l:'l�':te�t:.espect to In-

41n'.i'lt�et��t:;:.r:t:': ",a����tt'iftn�no��of�� 
Registering Trade Marks, Cost., etc. 

3. UDlted Statell CODyrhrht Law for Lahel.,In full. With Directions, 'Expenses, etc. 
8. The Principal Mechauleal Movement.. De­scribed and Illustrated by 150 small diagrams. of great 

value to Inventors and DesIgners of Meebanlsm. 
7. Geometry, as Applied to Practical Purposes. With 

illustrations. . 
S. The ModeI'D Steam EDPDe.-Wlth engravIng, showlnjl all the parts, names. etc., and a brIef history of the Invention and Progress of Steam Power. 
9. HoI'!Hl Power.-Slmple and pJaln rules for Calcu­latIng tbe Horse Power of Steam EngInes and Streams of Water, 

l�indIf:foro';;
Pi����I�fth 

e�!p�i!:lf�n��s � t�I::�ent 
11. Table. of Welchts and Meaaure •• -Troy Weight; Apothecaries' Welgbt; Avolrdnjlols. or Com­mercIal WeIght; FrencbW)'fehts; UnltedStlteliStand-
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Cutlc, or Solid Measure' MeasurinK Land by Weight, with engraving of a section of the English, and a sec­
tion of the French rule, of equal length. 

1�. Vainabie Table81 
(ll Table of the Velocity and Forc, of the Wind. 

bl�21 oJ':.bJ: g�:� 1��t���C&:����I�':.1 :�!�!e�
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h theArts. 
(S) Table of the Heat-Conducting Power of various 

Metals and other Solids and Liquids. 
(4) Table of the Minerai Constituents absorbed or 

re&rt�l�� �'::�
I
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m�nln�aJ::r.:, t�rc�Jrects of Heat upon various bodIes, 
13. Mlaeellaneoua InformatloD.-Force of Expan-
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perature of; To M'!ke Tracing Paper; Constituents of 
various Substances�FrlctioniIhOw �roduced • .and Rnles 
�:"vYt�c�/arl�':,idS, ��A��, Ar:.t aDlfPJ�
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der-Pressure, Heat, and Horse Power of; COpying Ink, 
to Make; Heat, Its mechanical equivalent ·.lIl<plalned; Molecules of Matterit,'zeand motion explained; Light-
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Yielded from Coal by best EnKlnes; Sound-Its velocity 
and action; L'8ld Glues, ReelPes iwvalueof Bralnsl 
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ves; Speed 0 

The SCIENTIFIC AMERICAN REFERENCE BOOK. 
Price only 25 cents, may be bad of News Agenta In all 
parts of the country, and of the undersIgned. Sent by 
mall on receipt of the price. 

MUNN & CO., Publishers, 
Scientific American Olllce, 

37 Park Row, New York 

PERFECT 

NEWSPAPER FILE. 
-:0:--
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h
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e
��c'!,';J'y"l"�C�:�� and price rednced. �ubscrlbers to tbe SCIENTIFIO 4M­

ERIOAl'l and SCIENTIFIO AMERICAN SUPPLIUlENT can be 
lupplled for the low price off1.50 by mall, or 11.25 at tbe ollice of thIs paper. Heavy board aIde!; Inlcrlptlon 
.. SCIENTIFIC AMERICAN," In gilt ... ecesaary for e���: wbo wlsbes to preserve tlie paper. . 

Ji[ UNN & CO" 
Pu'JlIshers SclDTIno AlumICAN. 

E AGLE FOOT LATH E S, 

G 
Wltb SCroll and Circular Saw Attaeh-
W��e ��!:,Ue&YOUa�cp{a�:���� 
Neatest designs, superior IInlsh. l.ow 
Prieea. Our new Catalogue �scrlbes 

• :,�:������o��e;��or theAm-
, WM. L. CHASE & CO. 

95 & gj Liberty St. New York. 

Diamond Solid Emery Wheels. 
PBIOEs--6x�, t1.25t�1, e2.25; l2xll4', tII.50; 16x2,112.50; 

18x2 f16.OO; 21:&2,119 . .,..; 2US e42. All other slael at pro­portionate prices. Fast cuttbig, free from glUlnf' they 
are the best Solid Emery WheelS. Give dlam. 0 holes In yonr order for'wheel.. Emeli Grinders une�allem 

�'8':!".J������et,��r88 AM RICAN TWIS DR 

NON·COIIBUSTIBLE STEAK BOILER I; PIPE 

COVEallTG 
WI'I.'H "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. 

W. C. DUYCKINCK, 
I.PORTER, MAlfUFAOTUItKB, ..urn DZ.A.LZB I. 

Railway, Machinists', and En­
gineers' Supplies. 
30 aDd 3� JOHN STREET, 

P. O. Box 4101. NEW YORK. 

bStea���;��orks 

CHARLES B. HARDICK, 
N o . � 3 A d a m. S t I' e e t. 

BROOKLYN, N. r. 
ft. SELIG .JUNIOR &: CO. 

Importers of American Machinery, Tools, Agricultural Implements, Wholesale and Export Hardware and Ma.­
chinery Mercbants. Est'd 1866. !I!I Queen Victoria St., 

LONDON, E. C., ENGL . ..,m. 

Portland and Keene's Cement. 
From tbe best London Manufacturers. For sale by 

JAMES BRAND, 85 Beekman St., New York. A Practical Treatise on Cement furnished for � cents. 

'1 "HE UNION IRON MILLS, Pittsburgh, Pa.-
The attention of Engineers and Architects Is called 
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d
� ��; and lIanges, wbleb bave proved so obJectionable In tbe old 

mode of manufacturlng,are entirely avoided. We are pre­
tared to furnlsb all llzes at terms as favorable as can be 
'g����� rl:�:;�re.i c��\r��c,r&��1lA�:JltJ�U::::-;:� 

T HE CENTENNIAL INTERNATIONAL EX­
HIBITION OF 18'76.-The fnll History and Progr .. s 
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Illes 10 cts. To be hadattbls omee,andofall news agents. All the back numbers, from the commencement on Jan· 
uary 1, 18'76, can be bad. ThOle who deSire to possess a 
com�ete and splendid Illustrated Record of the Centen-g',& �I}'F���\i:��¥�d !!ave the SCIENTIFIC AMERI· 

AIIbe.to. Roollng, with the Improved Wblte Asbestos 
FIre Proof Coatln!!:, for steep orllat Roofs In aU climates. 
A.-heatos Root Coatlntr, for old Leaky Roofs. 
A8heatoa Cement, for repairIng Leaks on Roofs. 
Aabeato. Root Paint, for Tin Roof .. Ironwork, &c. 
A8he.t08 PalD�ll eolon--for structural purposes. 
Aabeatos lire ProofCoatlD�for wood work, &e. 
i:t::= S�::.: �::kt:�.B�t =d«;g:.::f.'�·ilaes. 
SheathlDg Fel .... Vel'Dlln-ProofLlnlng, &eo These articles are ready for use, and can be easily ap­
plied bY!!!l one. Send for Pamphlets, PrIce LiSts, &c. 

H, w. JOHNS .. 87 Ji[aiden Lane,N,Y" P atentee andJlfanuracturer. EstabUshe<l1858. 

WHIPPLE'S 
Patent Door Knob. 

Awarded a Bronze Medal at tbe American Inltltute FRlr 
�:t!.�tn b�oll'WMrl� �� f���:::���t �:�

o
tn�! tblng Jef Invented for the pnrpole, .. It obvtate. tbe uae 

of Ilde Icrew. and wasbers, and can ted to Iult 
any tb1Cknt��fJlcWi"E� &8e�al�r lip ANY Welt Meriden, Conn .. or f7 rs St., if. Y. 

Machinists' 
NIIW and IKPBOVICD PATTEIIlIfB. 

Send for new Illustrated catalo�e. 
Lathes, Planers, JJrtlls, &c. 

NEW HAVEN JIIANUPACTURING CO., 
New Haven, Conn. 

PORTLA.NDCEMENT 
For Walks, CIsterna, Foundations, Stables, CeUara 

Bridges, ReservOirs, Breweries, ete. Remit 10 centB for Practical Treatise on Cemeny. 
S. L. MIIBOBAlIT" Co., 76 Soutb St. New York 

© 1876 SCIENTIFIC AMERICAN, INC. 

The Tanite 00., 
STROU DSBURC, PA, 

EMERY WHEELS & GRINDERS 
11HICAGO OR WESTERN HEAD QUARTERS 

) fqr TaDlte Co.'a Emery Wheeillt Grinding achlnery, &e. C.-C. CHAMPLIN, 152 Lake St. ar Tanlte Wheels delivered free of freight In any part 
of the West, on receipt of list price In advance. §CREW P ROPELLERS, THEIR SHAFTS AND 

FITTINGS. B Hamilton W. Pendred, M. E. An a Ie treatlse/ showfnft the l.reaent �ctlee, Its advan-
�!'rf::.r�� t'o�t�i �1�ih�b

e
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MENT. To be bad at this olllee, and of all news agents. 

HARTFORD 

STEAM BOILER 
Inspection & Insurance 

COMPANY. 
w, B. l'RAJILII, Y. Pres't. J, I. ALLEI, PnI't 

J, B, PIEH.CE, WJ, 
N O  Y E' S 

!{����!!'W�afelfu! 1I1l1stones, Portable Mill., Smut MachInes, Packers,MIll PIcks, Water Wheels, pUllel.s and GearIDg, specially adapted to 1I0ur mlllsj. ���O�.): C:�f.''iiU[faIO, N. Y. 

IRON BRIDGE BUILDING-A complete de­
scription, wIth dimensions, worklnl!' drawings, and �ret'\fectlves of Girard Avenue Bridge, P)I!ladelphla, Pa. 

cehta. fo'l;':,�';!\��� °l� ����'1, 
T
i,n a�':f'4 .. �!n��iEm�h� 

AMERIuAN SUPPLEMENT,10 cents per copy. To be had at this 01l1ce, and of all news agents. 
r-

-
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COLD ROLLED 
: SHAFTING. 
Tbe fact that t.bls .baftlng I1aa � per cent IO'catcr 

�t'e':-,?:�,����ea,.:\�t:in�':,'!.�:eJr;��e�f.�g��o���I�:f. 
We arc al80 tbe sole manufacturers of the CIILaBBATEI> 
CoLLINS' PAT. CoUPLING, and furnl.b Pulleya, Hange .... 
:�i\..:.;f:: :,::

ost approved ���J:'s I'l"1J
I
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on 
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Plttaburgb, Pa. 
Jr"Stocks of tbl. abaftlng In .tore and for aale by 

FULLER, DANA & FITZ Booton, M .... 
GEO. PLACE & CO., 1" Chambers St., N. \'. 
PIERCE & WHALING. Milwaukee. WIS. 
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SCIENTIFIC AMERICAN, 
:BOR 1878, 

THE KOST POPULAR SCIENTmC PAPER 
II THE WORLD. 

THIRTY-FIRST YEAR. 

VOLUJi[E XXXIV,-NEW SERIES, 

The publishers of the SCIENTIFIC AMERICAN 
beg to announce that on the first day of January, 
1878, a new volume commenced. It will continue 
to be the aim of the pu bllshers to render the con­
tents of the new volume more attractive and use­
ful than any of Its predeceeaors. 

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

suits should think of doing without the SClEN­
TlJ'IC AlumICAN. Every number contains from 
six to ten engravings of new machines and Inven­
tions which cannot be found In any other pu bllca­
tlon. 

The SCIENTIFIC AMERICAN Is devoted to the 
Interests of Popular Science, the Mechanic Arts, 
lIlanufactures,Inventlons,Agrlculture,Commerce 
and the Induatrlal pursuits generally; and It Is val­
uable and Instructive not only In the Workshop 
and Manufactory, but al80 In the Household, the 
Library, and the Reading Room. Each volume 
contains hundreds of Notes, Receipts, and Suggell' 
tlons and Advice, by Practical Writers, for Work­
Ing Mlm and Employers, In all the various arts. 
TJW.MS OF SUBSCRIPTION - POSTAGE 

PAID BY US. 

One copy Scientific American, one year •• 83,20 
One copySclentlflc American, six months. 1,60 
One copy Scientific Amerlcan,three months 1,00 
One copy Sclentlflc American and one copy 

Sclentlflc American Supplement, both 
for one year, pollt-pald. ................. 7,00 

The SclentUle American Supplement 
A weekly paper, uniform In size with the SCIBN­

Tll'IC AllBBICAN, but a distinct publication. It 
contains working drawings of engineering works, 
and elaborate treatises on every branch of Science 
and Mechanics, by eminent writers, at home and 
abroad. An Uiustrated cover Pl'otects the hand­
somely printed sheets. Price, $6.00 per annum 

Single coplellO cents. 
Remit by postal order, draft, or express. 
Address all letters and make all Post Office or­

dersand dnlfts payable to 

MUNN & CO. 
37 PARK: ROW, NEW :iORK. 

Ihe "Scientific American" Is printed with 
CHAS. ENEU JOHNSON & CO.' SINK. Tenth and 

bard-ets., Pblladelpbla. and 59 Gold-llt •• New-Yor,,-
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