
Inllide Pnfle, encl. jnRe.·tioIJ - - • 'G cents a line. nnch: pnge. erich hHi1ertioli - - .. $ J ,on tl line. 
(Abnut eigbt words to a line. i 

•. ngravings may head advertisements at the same rate 
lJf!r line, by measure1?'"Alnt, as the letter pres.. Adver
tisements must be received ai publication o:ff/u as eo;rly 
as Thursday mm'ning to IJ;wear in next is8Ut. 

STAr. HACK SAW 
11 1111111 111 1 111111 !llill IIlIIUIlIIIIIIII 

here is something which will not dleappointyou. It 
will cut iron as other saws cut wood. One blade, with
out filing, will saw off a rod of half-inch iron one hun
dred times. The blade costs five cents. Files todo the 
Bame work would cost ten times as much. 

Men in every calling will have them as soon as they 
know about it. We guarantee full satisfaction in all 
cases. One nickel-plated steel frame and twelve saws 
sent by mail prepaid on receipt of $1.50. Hardware 
dealers will furnish them at the same price. 

Millers Falls & Co., '14 Chambers St., New York. 

THE CATALPAS. - BOTANICAL HIS

���Jre�r�::?r�t���fI?leJ�1t����.;:,s .:,��t;i�� 
t
8g�� ( tained in S('rIl:N'l'IFIC AMI+;IIICAN 8(TPPLEMII:NT, No. 

461. Price 10 cents. To be had at this office and from all newsdealers. 

FOOT OR L AT H E S FOR WOOD 
POWER OR MET AL. 

All sizes. Catalogues free. Lathes on tria\. &EBA,&TZA.1V, :DII:A,Y db CO., 
165 West 2d Street,Clnclnnatl, O. 

�ODrs 

PO&Y...,";T·V,,,,, 
mON REVOLVERS, PERFECTLY BALANCED, 

Has Fewer Parts than any other mower. 
P. H. It. F. M •. ROOTS, Manufacturers, 

CONNERSVILLE, IND. 
S. S. TOWNSEND, Gen. Agt., ,,'cortland St., 9 Dey f1t.., 
��K:E�G�O& g���n�eit��'A!;;o�t�::: g:::::: 

1VE� YaEl-x... 
SEND FOR PRICED CATALOGU:&. . 

M'C'RO'SCOPES Telescopes, Spectacles, Bar-
ometers. Therlnlml.eters, HlO

to pMc OUtjlts jor Amateu,.., Opera Glasses, <te. W't. WAI.lll";l.EY &UU. sucoessors toR . .li:J. Beck, Phill1delphia. 1IIus. Price List.f�toany �ress. 

BICYCLES 58 to $l�O. Tricrcles, 8" .�O. Velocipedes, 83. Standard makes. Send for illus. catalogue of 
���
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16 G SUeet, EASY PAYMENTS Pe ... ·ia, 111.. • 

STATIONARY STEAM ENGINES ESPECIALLY adapted to Eleiltrlc Lighting Purposes. Treating of the development of Steam Ens-ines i the principles of Con-
��r:;�

i
��d

a
�1�cg���Y �:\�hes�e�c;¥l���r� fl. �Ou��i��� A.M., C.E., with many han�S()melY executed illustrations. 12mo, cloth, $1.50. Address, MUNN & CO., 361 Broadway, 

New York. 

PLANING AND DlATCHINH ll'IACllINES � P 
eZ� �"l� c:�8 "''''>:I aolO wow 
rg� ?'!' c 
><l P 

Spectal Machines for Car Work. and the lateSt improved 
Wood Working Machinery of ali kinds. 

BURSTED BOILERS 
Do NOT OCCUR. 

"'iHERE PROVIDE.NT PROPRIETORS KEEP 
THEIR BOILERS PERFECTLY CLEAN 

: BY \ISI NG : 
VAN DUZEN'S MEGHANI CAL BOILE.R CLEANER 

MANUFACTURED BY 
E.W.VAN DUZEN. CINCINNATI.O. 

PATENTS. 
MESSRS. MU.NN & CO., in connection with the publi

cation of the SCIENTIFIC. AMERICAN, continue to ex
amine improvements. and to act as Solieitors of Patents 
for Inventors. 

In thi.line of busines" they have had forty 1/Mrs' ex
pll'l"fMlce, lind now have unequaled facUities for the prep
arRtion of Patent Drawings, SpeCifications, p.nd the 
prosecution of Applications for Patents in the United 
States, Canada, and Il'oreign COllntries. Messrs Munn & 
Co. also attend to the preparation of Caveats, Copyrights 
for Books, Labels, Reissues. Assignments, and Reports 
on Infringements of Patents. All business intrusted to 
them is done with special care and promptness, on very 
reasonable terms. 

A pamphlet sent free of charge, on application, con� 
t�ining full information about Patents aud how to pro
cure them j directtons cot-lCerning Labels, Copyrights, 
De�igns, PatentE\, Appeals, Reissues, Infringements, As
signments, Rejected Cases, Hints on the Sale of Pa� 
tents, etc. 

We also send, free of charge, a Synopsis of Foreign Pa
tent Laws, showing the cost and method of securing 
patents in all the prinCipal countries of the world. 

:n:UNN & CO.� Sol1cHors 01' Patents, 
361 Broadway. New York. 

BRANCH OFFICE.-Corner of F and 7th Streets. 
WlIIlI1ington, D. C. 

$titufifit �mtritau. 
PATENT RIVETED MONARCH RUBBER BELTING. 

HeST 1.:0. 'VV'or1d.. 
SpeCially adapted Cor PAPER MILLS, SA W MILLS, and 

THRESHING MACIDNES. 

THE CUTTA PERCHA and RUBBER MFC. CO., 
New York, ChicRIlO, San Francisco, Toronto. 

Aluminum Bronze, Aluminum Silver, Aluminum Brass, 
AND 

SILICON" BFLON"ZE. 
FURNISHED IN INGOTS, CASTINGS, RODS, OR WIRE. 

Our Malleable Castings canbe made of over 100,000 pounds tensile stren�h, with extraordinary power to with
stand corrosive infiuences, and unrivaled beauty of color. Send for pamphlet. 
TH}� COWLES ELEr.TltIC SMELTI�G ANO ALUMINUM CO., CLEVELAND, O. 

DIS1'ILLA TION UNDER ATMOSPHERIC 
Pressnre.-Description of a simple and perfect arrange· 
ment for dlstlll •. tion In laboratories. IV ith four .llus
tratfons. Contained In SCIENTIFIC AMELtICAN SUPPI.E. 
MENT,No.461. PricelOcenta. To be had at tbisoffice 
and from all newsdealers. 

THE BEST STEAM PUMP. 
Vall Dnzell's !-atent !Steam Plnnp. 

Incomparable in cheapness lind effi· 
ciency. Needs no care or skUl; cannot 
get out of order; has no movtng parts. 

A !l"llpt"riol' Fil'e I-uloP. Instantaneous and po werful, ev er ready. 
Available, wherever steam pressure can 
be had. for pumping any kind of liquid (hot, cold, sandy,lmpur'!t etc.). Wemake 
��e� F���' [&ji��s ��m :altg!75. e�

a
.r���: State for what purpose wanted and send for 8atalogue 

of HPumps." VUIl J)uzeu & Tift, ViuciDllati, o. 

SANITARY EXAMINATION OFDRINK. 

��d 'b��rt;;'Bder:gt�: RT�r:e��d ���i�d��pO[ca'trJ��: Nitrates and Nitrites. Lead and iron. Test for lead. 
Tests for organic matter. A vaJuable paper. Contained in BC'E''TIFIC AMERICAN BUPf'LEMENT. No. 41l'.!. 
Price 10 cent.. To be had at this office and from all 
newsdea]ers. 

THE DESIGNING OF ORDINARY 
IRON HIGHWA Y IIRTDf;ES. Illustrated byNumerous E.�raving"and 7 Folding Plates. 

Showing Bridges Actuallyr-;onstructed, and Giving Their DlmenslOns; all'!o contaimng 42 'rabIes. Price, $4.00. By 
J. A. L. WAnDEL!" C.E .• B.A.SC., MA.E. The very oom
plete index will prove of great convenience to both students and engJneers, using the work as a book of ref� 
erence. Address, MUN N & CO., il61 Broadway, New York. 

� DIE. .A.. �.A.El-El-:x;,I!!i. 
I-rovldenee, U.l .. (Park 8t.), Slxminutee'walk Weltiromstation. 

OriJrinal and Only Uuilcler of the 
HARRIS ·CORLISS ENCINE, 
With Harrie Pat. Improvements, from 10 to 1,000 H. P. 
Send for copy Engineer's and Steam User's 

Manual. By ".W. Hili, M.E. PrlceSI.215. 

WATERS for Drinking, Boiler, and M'f'g Purposes Analyzed and Reported on- by AUSTEN &, WILBER Analytical and Consulting Chemists,N ew Brunswick, N. J. 

BIBB'S Ceiebrat.e(l OrigTnal BALTIMORE FIRE-PLACE HEATERS, 
To warm upperand lower rooms. The ���r������ most e��f3.mical 

B. C. BIB SON, 
S9FAN��r:.ie . E"itr, Baltlmo 

E L E V AT 0 R S 
MARBLEIZED BLATIII . S"'8eudforCil'CUlara. 

SWIMMING.-DESCRIPTIONOF THE 
method of teaching swimming employed in F'rance; With best safetwdevices for Passeoffier Rod I<'reight Ser- with 6 illustrations. Contained- in SCIENTIFIC AMERI-

vice.-MORSE'Mo��tk1:;�t�/�Ork��F>�Tiadelphia. Pa. I R!,f a�ffu:�'ffc��d�r�m4a'jJ�e:'��:d�s."ents. To be 

The Best in the World. 
We make the Best Packing that can be made regardless 

Of cost. Users will sustain us by calling for the "JEN
KINS STANDARD P A I.lKING." 

0111'." Trade Mark" is stamped. JIlD every &heet. None 
. jeiiuine unless 'so ·stamped. lIT Send for Price List .. B." 

. ALL - - E: '; CASTINGS FR.£M WECIA'rrRNS � , ---� E-ABL AND FINE GRAY IRON ALSO STEEL 

D;:VLIN "CO I fIN[TINNlNGJAPA-N- P,A� '..:J 
AS � UIj '-.I fiNISHING. NING A 'THOt.! LEHIGHAVE.l<AMERIGAN5T PHILA �_�� 

Woo� Working Machinery, 
Universal Saw Benches, ')3,uzz Planers, Turning Lathe for Pat� tern, Cabinet, and Wood Working 

���pss�;·�f�:r��dS�r':,����n�o��: 
�koJl'lI�¥d �:tkt;��e�o��Cdry and Machine Works, ,Toledo,Ohio. 

REFRESHING RECREATION. 
With our 11ffIIrivaled amateur photographic outfits pic-

�'A�esc'ittt�[ �\���6���r�i�! 1;;�:�ri:J rgfYn��r��lr��: 
S�nt grau.. SCOVILL M'�"G co. Established in 180'2. Salesrooms, �23 Broome Street, New York. W. IRVING ADAMS, Agent. 

JENKIlSS BROS., 

'I.John liI'reet. N. Y. "9 Kilby Street, Boston .  

THE AMERI�N �ELL TELEPJmIE ��. 
95 MILK ST" BOSTON, MASS. 

This Company owns the Letters Patent 
granted to Alexander Graham Bell, March 
7th, )876, No. 174,465, and January 30th, 
1877, No. 186,787. 

The transmission of Speech by all known 
forms of Electric Speaking Telephones in
fringes the right secured to this Company 
by the above patents, and renders each 
individual user of telephones not furnish
ed by it or its licensees responsible for such 
unlawful use, and all the'consequences 
thereof, and liable to suit therefor_ It W./dOHl{·S' 

tA-SAB�£'S:rO'Sll . >1 -;::::;===========:;::::::::::::;:::::=:-
Roo:fing, Building Felt, Steam Packings, Boiler. Ooverings, 

Fire Proof Paints, Oements. Etc. 
Samples and Descriptive Price Lists Free. 

H. W, JOHNS M'F'G CO" 87 MAIDEN LANE, N. Y. 175 Randolph St" Chicao:o: 170 N, 4th St ... Phlladel.o�1R. 

PERFECT 
NEWSPAPER FILE 

The Koch Patent File, for prese.,ylng newspapers. magazines. and pamphlets. bas been recently improved and price redu�ed. Subscribers to the SCIE"'TIFIC AM
ERICAX and SCIESTIFIC AMERICA X SPPPLEMF.XT can be 
�1lfJ'J
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b
�ig:r pri�e�W��k �fA�.or t�-:gJ;tlg� .. SCIENTIFIC AMERICAN," In gilt. Necessary for 'every one who wishes to preserve the paper. Address 
MUNN & CO., 

Publishers BCIE.:,'TIFIC AMERICAN 

ENGINEER'S POCKET BOOK. 

THE 
PUSEY" JONES CO. 

Wilmlullton, Delaware. 

INJECTORS 

© 1885 SCIENTIFIC AMERICAN, INC 

For all kinds of 
S T EAM BOI L E R S .  

RUE M]'G. Co., FILBERT ST., 
Philadelphia, Po., U. S. A. 

ERIC SSON'S 
NEW CALORIC 

PUMPING ENGINE, 
l"O� 

lhnlllmrs &; CoU1Itry Seats 
���'iNl! X�:fu��B�� 
H.lamatel' Iro. Works, 

c. H. Delamater & eo;, Proprietors, 
16 Co.·tlnndt Street, . Ne\v York, U.S.A., 
And 40 Dearborn St. ()hicallo, III. 

E
VA.PORATINO 
Fnll treatise on improved methods. )1elds. profit.:!,.l'rices and gener8.lstatisticB, '" !tEE. 

AMERICAN MAN'F'G CO. 
P. O. BOX R. WAYNESBORO. PA. 

FRUIT 

They com bine the brass seat and rubber 
disks. We guarantee them to weigh more 
than any others in the market. 

Samples s�nt -'lr trial. 
HOLLAND & THOMPSON, Mannfact1lJen 

21,. RIVER ST., TROY, N. Y. 

Prof. Cbas. F. Chandler, Ph.D., 
OFTHE 

SCHOOL OF MINES, 
Columbia College, NEW YORK, 

Has assumed the Editorship of 

Anthony's Semi-Monthly Photo[raphic 
BULLETIN. 

Which is admitted to be the be.t PhotoJlraphic Helper 
that is published. 

Atnateul"'" or l')'ofefliisionnis 
Who need any advice can-obtajn it throqgh--l.tlLCOrr1r sponaence Oolumn. It will pay you to SUBSCRIBE for it. 
Sample Copies Free. Subscription, '2.00 per Annum. 

E. &H. T. ANTHONY &Co., PUBLISHERS, 
591 Broadway, New York. 

PHOTOGRAPHIC OUTFITS AND SUPPLIES. 

The Scientific American. 
THE MOST POPULAR SCIENTIFIC PAPER 

IN THt WORLD, 
rubUtiIJlc(l Wcck1y, t3.10 0 'Ycnr; *1.60 Six Menth •• 

This unrivaled periodIcal, now in its fOl'tr .. fil'�t yenr, 
continues to maintain its high reputation for excellence. 
and enjoys the largest circulation ever attained by any 
scientific publication. 

Every number contains .ixteen large pages, beautifully 
printed, elegantly lJIustrated; It presents in popu ar 
style a descriptive record of the most novel. interesting, 
and impor.tant advances in SCienc.e, Arts..- and Manu1ao
t....... It eho .... thA-prot!'ress-of tb&-World'ilOrettpeet to 
New Discoveries and Improvements,embracingMachtn..
ery, Mechanical Works. Engineeriog In all branches. 
Chemistry, Metallurgy, E;e<ltricity, Light, Heat, Archi
tecture, Domestlc' Economy I A.griculture, Natural Ris .. 
tory, etc. It abounds with fresh and interesting subjeots 
for dlscnssion, thought. or experiment; furnishes hUD
dreds of useful sUll'gestions for busine.s. It promOtes 
Industry, Progress, Thrift, and Intelligence in every 
community where It circulates. 

The SCIENTIFIC AMERICAN sbould have a place In 
every Dwelling. Shop, Office, School, or J.lbrary. Work
men, Foremen. Engineers. Superintendents, Directors, 
Presidents, Officials, Merchants, Farmers, Teachers, 
Lawyers. Physicians, Clergymeo, people In every wllik 
and profession io life, will derive benefit from a re!l:Ular 
reading of THW SCIE"TIFIC AMERICAN. 

Terms for tbe United States .and Canada, $3.20 a ye9.r; 
$1.60 six months. Specimen copies free. Remit by 
P.ostal Order or Check. 

l'tUNN & CIl .. I'lIbn.he ... , 
361 Broadway, New York. 

T�:m 
Scientific American Supplement. 
THE ScIENTIFIC AMlmrcAN SUPPLEM I"NT is a sepa

rate and disth;lCt publIcfl\tlon from 'rHe. Scm"TIFIO AM
ERICA N. but is uniform therewitb in size, every number 
conta.iulng sixteen larile pages. TRI' Scn:I<TIFIC A�(
ERICAN SUPPLIr.M"NT Is published weekly, and include. 
a very wide range of contents. It presents the moi!t re
cent papers by eminent writers in all the principal de
partments of Science and the Useful Arts, embracing 
Biology. Geology, ·Mineralogy, Natural History, Geo
IIraphy, A rchmology. Astronomy. Chemistry, Electricity, 
Light. Heat, Mechanical Engineering, Steam and Rail
way Engineering, Mining, Ship Building. Marine En
gineering, Photogrnphy, Tecbhnology, Manufacturing 
Industries, Sanitary Engineering. Agriculture, Horti
culture, DomestiC Economy, Biography, MediCine, etc. 
A vast amount of fresh and valuable information per. 
tainlng to these and allied subjects is given, the whole 
profusely illustrated with engravings. 

The most imp6rtant Engineering Works, Mechanlsms. 
and Manufactures at home and abroad are 'represented 
and described in tbe SUPPLEMENT. 

Price for the SUPPI,EMENT f�r the United States and 
Canada, $5.00 a year, or one copy of tbe SCIENTIFIC AM
E I<ICAN and one copy of the SUPPLEMENT. both maHed 
for one year for $7.00. Address and remit by postal 
oroer or check, 

lllUlSN & Co •• 361 Broadway, N. Y., 
PUblishers SCIENTIFIC AMEltICAN. 

'ro )tot'eian �lIb8cl'ibeJ'Ii1.-Under the facilitles of 
the Postal Union. the SCIEr<TIFIC AM1r.R.CAN is now sent 
by post direct from ;New York, with re!':Dlarity, to sub
scribers In Great Britain. Indla. Australia. and all other 
Britis.h colonies; to France, Austria, Belglum,..Germany. 
Kussia, and ail other European States; JI'."an. Brazil, 
Mexico, and all States of Central and South America. 
Terms, when sent to foreign countries, Canada excepted. 
$4, gol:!, for SCIENTIFIC AMIICRICAN, one year; $9, gold, 
for both SCIENTIFIC AMERICAN and SUPPLEMENT for 
one year. This includes pcstage, "'hich we pay. Remit 
by postal order or draft to order of 

MUNN & ('0 .• 361 Broadway, New York. 

f.RINTING INKS. '. BE "Scient!ftc American" Is priD1.ed with CHAB. , ENEU JOHNSON & CO.'S INK. Tenth81ldLOJIl' I'd St •• Phlla., and 47 Rose st., OJip. DluIJIe 1Jt., N. Y 
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