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In8ide Page. each in8ertlon •• • 7:i cent8 a liae. 
Back Paae, each insertion. - • $1.00 a line. 

The above ar� chanles per a.gate hne-a bout eight 
words per line. This notioo 8 hows the width of the line; 
and is set in agate type. Engravings may bead adver
tisements at the same rate per a�ate line. by measurement, a8 the letter press. Advertisements must be 
received at publication office as early 8S Tbursdaymorn
ing to appear in next issue. 

Both the Frames and Blades of our Star Hack 
Saws are now as perfect as human skill can make 
them. TlIe Frame is steel, polished and Nickel 
plated, and will hold all blades from 3 to 12 inches, 
and face them in four directions. With the extra 
clamp, as seen in the cut, all broken Blades can be 
used. These Saws have a file temper, and one five 
cent Blade will cut iron or soft steel steadily for 
several hours, dOing more work than adollar's 
worth of files. 
Price of No. 1\ Frame.. .. .. . .. ... . . . .. . .. . . . ... $1 00 

.. .. Clamp . ...... ........ ... . ... ...... ..... 010 

.. .. Blades per doz. 55c 60c 650 700 85c 950 $1 05 
Inches long .. . .. ....... . .. 6 7 8 9 10 11 12 

Frame, Blades or Clamp, sent by mail pre paid on 
receipt of price. Also for sale by all Hardware 
Dealers. All goods bearing our name are fully 
warranted. 

1lIILLEBS FALLS CO., 
93 Reade New York. 

Send for free illustrated 
Catalogue. 

Overman Wheel Co.. Dlakers, 
BOSTON, MASS. 

THE COPYING PAlJ.-HOWTO MAKE 
and bow to use; with an engraving. Practical directions 
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letter to the pad i bow to take off copieR' of the letter. 
Contained in SCIENTIFIC AMERICAN SUPPT .. EMENT, No. 
43�. Price 10 cents. �'or sale at this office and by ell 
newsdealers in all parts of the country. 

DRY AIR REFRIGERATING MACHINE. 
Description of Hall's Improved horizontal dryalrrefrlg. 
erator designed to deliver abont 10,000 cnbic feet of cold air per bonr, when running at a speed of 100 revoln-
�r':i' Je
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showing plan and side elevation of the appararus. an� 
diagrams illustrative of its performance. Contained in 
SCIENTIF1C AMERICAN SUPPLEMENT, No. !l8�. Price 

10 cents. fo be had al> this office and from all .news
dealers. 

PENBERTHY IMPROVED 
AUTOMATIC INJECTOR. 

Wby 00,000 bavebeensold in two years. 
Because tbey cost leRS than others and do 
eqnal work. Lift 20 feet and work from bead as well. Re-start themselves 

and require no watching. Will lift througti bot pipes, work from 25 to 
150 lbs. pressure. Parts renlOvable 
without disconnecting, al80 inter
chan"ea ble. Send for j!amphlet. Penberthy Injector Co., uetrolt. Mich. 

--------------�. 

PATENTS. 
ME S SRS. MUNN & CO., in connection with the pnbli

cation of the SCIF.NTIFIC A MERICAN, continue to ex
amine improvements, and to act as SoliCitors of Patents for Inventors. 

In this line of business they have had j(lrty-ane years' 
f'Xpe�'ie�1ce. and now have unequaled facilitieiJ for the 
preparation of Putent Drawings, Specifications, and the prosecution of Applications for Patents in tbe United 
:3tateR. Canada. and lloreign C01intrfes. 'MesRrs. Munn & 
Co. also attend to the preparation of Caveats. Copyrights 
for Books. Labels, Reissues, AS'8ignments. and Reports 
on lnfringemenh of Patents. All busines� intrusted to 
them is done with spemal care and promptness, on very 
reasonable terms. '\ 
ta�nPn�mluflril���lli� ��o�����egps :E8lh�a�i�'J ���: 
cure them i directions concerning Labels. Copyrillhts, 
Designs. Patents, Appeals, Reissues, InfriDIJements, As
signments, Rejected Cases. Hints On the Sale of Pa
tents, etc. 

We also send. free of charge. a Syno])sls of �'oreign Pa
tent Laws. showing the cost and method of securing 
patents In all the prinCipal countries of the world. 

DIUNN & CO., Sollcitor8 or Patents, 
B6l. Broadway, New York. 

BRANCH OFFlCES.-No.622 and 624 F Street. Pa
Ilillc Bull<llnil.lIt11r 7th Street. Washington, D. C. 

Jtitutifit �mttitau. 
Patonl Rivolod Monarch Rnbbor Boltin[. 

BEST ZJ.V T�E �O::E'l.z...:a:::J. 

THE OUTTA PERCHA AND RUBBER MFG. CO. 
35 Warren Street, New York. 

Chicago, San Francl8co, B08ton, M .... 

SY��L�S[ M�llt��lt IK�� W��KS 
W B BURNS PROP'-

THE PHONOGRAP H.- -A DETAILED 
description of the new and improved form of tbe.pho
nogr.aph jU8t brou

f,
ht out by Edison. Witb· 8 engrav-
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office and from all newsdealers. 

T HE A RMSTRONO MFO. CO. ""v81'yH��R1'ur"!�A(I BRIDCEPORT. CONN. R ill Ii � IHIIWIiIi 
WATER, GAS AND STE!ltl FITTERS' TOOLS. Expose an Immense 

Stock8 and Dies to r Pipe, Bolts, and Bra88 Pipe, 
Wrenches. Pipe Vi8es, PipeCutter8, etc. 

Catalogues sent free on application. 

Heated Surface. 
Extract all the Heat from 

*:�al'�in��'g���n�:.re 
Fifteen Years of Test. 

Universally Satisfactory. 
Send for" Our Furnace Book." 

Abram COl stove Co. 
MANUFACTURERS, 

Philadelphia and New York. 
GRAPHOPHONE AND PHONOGRAPH • .  ELECTRO MOTOR, SIMPLE. HOW TO -An Interesting account of tbe Edison, Tatn- make. ByG.M. HopJdns.-Descrlptlon of a small electro 
�ft�P!e'i':ii�� fg�:gr7�';;'nb�¥\'i;'!��,��� motor devised and constructed with " view to assisting 
('ontained in SCIENTIFIC AMERICAN SUPPLE>! ::r:a�I:e 

t
'hr:k;nt�{oJe';i��3 E�':t abeb�tt��;. ";.�� 669. PrIce 10 cents. To be had at this office and whicb wonld have -sn1Hclent power to operate a foot all newsdealers.. lathe or any machine requirinJ;l' not over one man power. 

We make a Specialty of 
Hard Rubber Pump Valves 

For Hot Water, Oils, and Acids, 
also for very high pressures. 
�f:re

e
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JAMES B. EADS.-AN ACCOUNT OF 
the life and labors of this eminent engineer. With a 
portrait. Contained in SC[ENTIFIC AMERIOAN SUPPLE
MENT, No. �9�. Price 10 cents. To be bad at this 
office and from all newsdealers. 

� ATION AL FILTER. 
Special Size to Filter Entire Su.pply of Water for Hou8e. 

GUARANTEED TO PRODUCE 

BRIGHT SPARKLING WATER 
If'Fllter Is (JJeaDed Once Each Day. (JBD"e(JJeaaed·hi 10Klnute •• 

&.A1IC'li SIZIiS.FQR MILLS AND WATER WORKS. 

NATIONAL WATERPURIFYlNG CO., 
Address for Pamphlet. 14:i Broadway or 86 Libel-ty St., New Yorl," 

THE AMEBI�AH�ELL TELEPH�HE ��. 
95 MILK ST., BOSTON, MASS. 

This Company owns the Letters Patent 
granted to Alexander Graham Bell, March 
7th, 1876, No. 174,465, and January 30th, 
1877, No. 186,787. 

The transmission of �peech 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 consequenceb 

and liable to suit therefor. 

Scientific Bill Catalogue 
. UECENTLY PUBLISHED. 

in��o��: o,,:�gr�Ut'h��"tJ��;.tir��:�t �(�M:Ji�� WNfg� 
mailed tree to any address on application. 

MUNN &; CO., Publishers Scientific American. 
361 Broadwny, New YOI·k. 

TOOL AGENTS WANTED. 
,'\l!velY SHOPll'\ri" LI1!lelJ St"Tes 

)�lt lO{) , (y d 'J" .. tl "I ' UI' )VC,( w 
THE F IN EST OF MECHAN ICAl TOOLS A SPECIALT> 

C BJAMES QS LAKE 5T CHICACO III 

ESTABLISHED HALF A CENTURY. 

J!1!!JM'S 
SAFE:S 

JtAVE MA:JE�;rJ.PsaVEMENiS 
MOT rOUND ul ... IAAKES . OTHER ' . .: 
THAT Will WEll REPAY AN 
lNVESTIGATION 
ay\TI\O�Eo��I�E TO SECURE; 
THE BE.ST -SAFt 

.MARVIN SAFE co. 
NEW YORK, P HI LADELPHIA, 

LONDON. ENCLANO. 

'CUTLER DESK 
BEST IN T�E WORLD. 

A CUTLEr� &. SON, 
• BUFFP'-O, NY , '  S.A 

STANDARD ,TOOL CO. 
.A. T:E:OL. �.A.SS. 

MANUFACTURERS OF 
The Celebrated Chaplin Try and Center 8quare, Standard Steel Rules, 

Steel Caliper Rules, Universal Bevels, Caliper Gauges, Improved 
Surface Gauges. Bevel Protractors, Depth Gauges, Screw 

Pitch and Center Gauges, Hardened Steel Squares, 
Graduated Steel Squares, Spring Calipers. 

Pliers, Straight Edges, etc., etc. 

WRITE FOR ILLUSTRATED CATALOGUE AND PRICE LIST OF FULL LINE. 

© 1889 SCIENTIFIC AMERICAN, INC. 

With llfignres. Contained in SCIENTIFIC AMEltlCAN SUPPLEM�NT. No. 641. Price 10 cents. To be had at this 01llce and from all newsdealers. 

ALL �-,J:: � CA�TINGS FR�/,1 SPECIAL pRNS 
"O<VLlN f. en ' rlNc TINNING JAPA- pl\'!r -, , 

� "===-EABl AhO FINE GRAY IRON ALSO STEEL 

S '" � � FINISHIf\J(. NNtt-.iG - :.:-r:'  " TtiOMJ'\ LEHIGH A�E & AMERICAN 5T PHILA < __ "No.. � 

KEY SEATINO Machine8 and 20" D,·iIl8. 
W. P. DAVIS. Rochester, N. Y. 

T :E:E 

� Citutific �mtrican 
ESTABLISHED 1!S46. 

Tbe 1II0st Popular Seleotifte Paper in the World. 
Only 13.00 a Y"ar, inclndina P08talre. Weekly. :i2 Numher8 n Year. 

This widely cil'culnted and splendidly 1I1ustrated 
paper Is pnbllsned weekly. Every nnmber contains six
teen pages of useful infOlmatlon and a large nnmber of 
original engravings of new inventions and discoveries, 
representing Engineering Works, Steam l\lucbinery, 
New Inventions. Novelties in MecbanIcs, ManufHctures. 
Cbemlstry, J;:lectrlcity, Telegrapby.Photography. Archi
tecture. Agricnlture. Horticultnre, Natnra1Hlstory. etc. 
Complete List of Patents each weeL 

Term8 of SUb.Cl·jption.-One copy of the SCIEN. 
TIFIC A,"ERICAN will he sent for one uear-52nnmbers
postage pre])!li<i. to any snbSCriber In the United States 
or Canada, on receipt Qf thl'ee dollars by tbe pnb
IIshers; six montbs, $L50; three months, $LOO. 

Club8. -8pecial rates for several names, and to Post 
Masters. Write for partIculars. 

The safest way to remit Is by l'ostalOrder. Draft, 01' 
Express MQney Order. Monny carefnlly placed.jnside 
of envelopes, secnrely sealed. and correctly addressed, 
seldom goes astray, bnt is at the sender's risk. Ad. 
dress all !etters and make all orders, <lraft .. etc.. pay. 
able to 

J)v.:t'O'NN &; CO.;, 
361 Broadway. New York. 

• 
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Scientific American Supplement. 
This Is a separate and distinct publication from 

THo SCIENTIFIO AMERICAN. but Is uniform therc;vltb 
in size, every number containing Sixteen largepagesfuJI 
of engravings. many of wblch are taken from foreign. 
papers, and accompanied with translated descriptIOns. 
THE SCIENTIFIC AMERICAN SUPPL>'MKNT Is publisbed 
weekly, and inclnde. a very wide range of contents. It 
presents the most recent papers by eminent writers in' 
all the prinalpal departments of Science and the 
Usefnl Arts, embraCing Biology. GecIOllY, Mineralogy, 
Natnral History, Geol<raphy, Archreology. Astronomy, 
Chemistry, ElectriCity, Ligbt. Heat, Mechanical Engl. 
neering, Steam and Railway Engineering, �1 inIng, 
Ship Building, Marine Engineering, PhotQgrnphy. 
Tecbnology, Mannfactnrlng Indnstrles, Sanitary En
gineering. Agricnltnre, Hortlcultnre, Domestic Econo. 
my, Biography, Medicine, etc. A vast amuunt of fresh 
and valuable information obtainable in no other pub· 
lication. 

The most impot'tant Enyineeriny Works, �I echanlsDls, 
and Manufactures at home and ab,o&d are Illnstrated 
and described in tbe SUPPLEMENT. 

Price for the SOPPI.EMENT for the United States and 
Canada. $5.UO a year, or one copy of tbe SCIENTIFIC AM· 
ERICAN and one copy of tbe SUPPLEM"NT, both mailed 
for one year for $7.00. Single copies 10cents. Address 
and remit by posta. order,express money order, or checkt 

lllUNN &; Co., 361 Broadway, N. Y., 
Publishers SCIENTIFIC AMEltICAN. 

• 

Building Edition. 
THE SCIENTIFIC AMERICAN ARcm'rECTS' AND 

BUILDERS' EDITION Is Issued monthly. $2.50 a year. 
SIngle copies, 25 cents. Forty large qnarto pages, eqnal 

'to about two hundre<l ordinary book ])!lges; forming a 
large and splendid MaKazine of Archi tecture, rich
ly adorned with eleqant plates in colors, and with other 
fine engravings; Illustrating the most interesting ex

. amples of modern Architectnral ConstructIon and 
allied subjects. 

A special feature is the presentation In each nnmber: 
of a variety of the Iatpst and best plans for private resi
dences. city and country, inclnding those of very mod. 
erate cost as weJIss the more expensive. Draw1ngs in 
perspective and In color are given, togetber with fnll 
Plans. SpeCifications, Sheets of Details. Estimates, etc. 

The elegance and cheapness of this magnIficent work 
have won for it tbe Larllest Circulation of any· 
Archltecmral pUblication In the world. Sold by all 
newsdealer.. $2.50 a year. Remit to . 

MUNN & CO., Publishers, 
361 Broa(lway, New York. 

... 

G INKS. 
H is p� with CRAS. 
.'S n;et: and Lom-
St., 0 St., N. Y. 
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