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Inside I--alle, each insertion ... - _ �:1 cents a line. 
Back Pal(e, ench insertion - - - 11.00 ajine. 

'l'he above are charges per agate lIne-about e�ht 
words per line. This notice shows the width of the lIne, 
and is set in agate type. Eng-ravings may head adver­
tisements at the same rate per agate line, by measure­
ment, as the letter press. Advertisements must be 
f;���i��!fr�I�:��Oi�s

0J:�e as early as Thursday morn .. 

*PATl:NT STAR HACK 
N'6. 

Both the Frames and Blades of our Star Hack 
Saws are now as perfect as human skill can make 
them. The 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 a dollar's 
worth of files. 
Price of No.6 Frame .......................... $1 00 

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

.. .. Blades per doz. 55c 60c 650 700 85c 95c $1 05 
Inches long . . .. . . .. . .. .. 6 7 8 9 10 11 12 

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

MILLERS FALLS CO., 
93 Reade Street, Ne-w York. 

RIDE CYCLES! 
VICTORS ARE BEST I 

BiCycles, Tricycles, and Safeties, 
Send for free illustrated 

Catalogue. 
Overman Wheel Co., Makers, 

BOSTON. MASS. 

C HEMI ST RY OF S UBST A N C E S  
taking part in Putrefaction and Antisepsis -Three lec­
tures by John M. Thomson. F.R.S.E., describing some of 
the mure important properties of such substances as 
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production. Contained in SClli:�TTFIC AMERICA!\" Sup­
PLEMENT. Nos. 63il, 636, and fl3'. Price 10 cents 
each. To be had at this Office and from all newsdealers. 

We make a Specialty of 
Hard Rubber Pump Valves 
For Hot Water. Oils. and Acids, 

alsu for very high pressures. 
Accept no pump valves as Jenkins 

or Jenkins Bros., unless stamped 
like C"!lt. { 11 John 8Irt'et, New York. 

B 106 Milk Street, Boston. S ROS 21 North 6th Street, Phlla. 
• 34 Dearborn Street, ChlcBlro. 

ICE-BOATS - THEIR CONSTRUCTION 
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construction. Views of the two fastest ice-sarl1ng boats 
nsed on the Hudson river in winter. By H A. Horsfall, 
M.E. Contained in Scn:.';'TIFIC AMEHICAN SUPPLE­
KENT. 1. The same number also contains the rules and regulat.ions for the formation of ice-boat clubs. the saH. 
ing and management of ice-boats. Price 10 cents. 

THE RICHARDS OIL, ENGINE 
The �af est. Most Economicn I, and 

ll'Jost Convenient Engine. No Boiler. 
no Steam. no Coal. no Ashes. no Danger. 
DO Extra Insurance. no Engineer. and 
next to no Attendance. Started instant. 

ly: with a match. Speed and fuel com ... 
pletely regulated by the governor. 
All expense ceases when the engine 
s
t'flAufI�GHpt)l\Vinr lfJ.: 

. Sole Manufacturers, 
Bin"hamton. N. Y., U. S. A. 

UMITING NUMBERS OF TEETH IN 
Gear Wheels.-A valuable paper by George B. Grant 
treating of the difterent methods of determining- the 
limiting numbers of teeth in gear wheels when small 
f������g�a��e ��l�t:�yst��� 
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volute system. Unreversible teeth. With 11 figures. 
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from all new.sdealers. 

Shepard's New $60 Screw-Cutting Foot Lathe 
Foot and Power Lathes. Brill 

Presses, Scroll Saw A t t ach­
n..ents. Chucks. Mandrels, Twist 
Drills, Dogs, Calipers. etc. 

Lathes on trial. Lathes on 
payment. 

�end for catalogue of Outfits 
for Amateurs or Artisans. 
Address H. 1 .. SHEPARD, 

� AGEN� 
,� 1I!�e1����""- 134 Enst �d St"eet, 
� u. CinCinnati, Ohio. 
INV ENTORS and others desirin4 new articles manufac. 
turedand introduced. address P. O. Box86, Cleveland. O. 

THE GENERATION OF STEAM.-A 
lecture by Geo. H. Babcock delivered in the Sibley 
College Course. I. The production of Heat. Furnaces 
for burning bituminous and anthracite coal, WOOd. saw­
dust. waste gas, natura] gas, etc.. descrl bed. II. 'l'he 
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tained in SCIKNTIFIC AMERICAN SUPPLEMENT, Nos. 
ti'l4 and ti�il. Price 10 cents. To be had at this Office 
Rnd from all newsdealers. 

ALL�J;:. CASTiNGS FROM �ECIAL ERNS 
� '�E 1\ 0L�ND FINE GRAY IRON ALSO STEEL 

O FINE TINNING JAP= p/l1T 
I AS fINISHING. ANNING , THoM LEHIGHAVE�AMERICAN5T PHILA � 

PATENTS. 
MESSRS. MUNN & CO .• in connection with the publi' 

catlon of the SCIENTIFIC AMERICAN. continue to ex .. 
amine improvements. and to act as Solicitors uf Patent8 
for Inventors. 

In this line 01 bUSiness they have had farty"""e!Jeatr8 experience. and now have unequaled. facilities for the 
preparatIOn ci Patent Drawings. Specitlcatlons, and the 
prosecution of A pplicatioDQ tor Patents in the United 
States. Canada. and Foreign Countries. Messrs Munn & 
�gr ���:����b��s�
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on Infringements of Patents. All business int.rusted to 
them is done with special care and promptness, on very 
reaeonable terms 

A pamphlet sent free of charge, on applicatIOn. con'" 
tainmg full information about Pa tents and how to pro­
cure them; directions concerning Labe]s. Copyrights, 
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t6nto.etc. We also send, free of charge, a Synopsls of �'orelgn Pa­
tent Laws, showing the COMt and method of securing 
patents in all the prinCipal countries of the world. 

MTJNN &: C036I.s:,.����.?y���! ro���m., 
BRANCH OFFICES.-No. 622 and 624 F Street, Pa­

CllIcBulldln/l, near 7th Street, Washington, D. C. 

PIPE COVER INGS 
Made en,tlrely of ASBESTOS. 

Absolut�ly Fire Proof. 
BRAIDIW PAIJKING, MiLL BOARIl, SHEATHING, IJElIIENT, FIBRE AND SPEIJULTIES. 

O�.A.L�E�S-S�E:LVOE OC»., FC»C»T E_ aT� ST_, :tV _ y_ 
BRANCHES: Phlla, 24 Strawberry St. Chicago, 86 E. Lake St. Plttsburg,37 Lewis Block. 

THE COPYING P AD.-HOW TO MAKE 
and how to UMP.; WIth an engraving-. Practical directions 
how to prepare the gelatine pad, ar,d also the aniline ink 
by which the copies are made: how to apply the written 
letter to the pad; how to take off copies of the letter. 
Contained in SCIENTJIi'IC AMERICAN SUPPLEMENT. No. 
43S. Price 10 cents. For sale at this Office and by al1 
newsdealers in al1 part8 of the country. 

ELECTRO MO TOR. SIMPLE, HOW TO 
make. By G. M. Hopkins.-Description of a small electro 
motor devi�ed and constructeil with a view to assisting 
amateurs to make a motor which might be driven witn 
advantage by a current derived from a battery. and 
which would have sufficient power to operate a foot 
lathe or any machine requiring not over one man power. 
\Vith 11 figures. Contained in SCIENTIFIC AMEHTCAN 
SepPLloll',NT. No. 641. Price 10 cents. To be had at 
this uflice and from all newsdealers. 

STEAM ENGINES 
Upright and Horizontal, 

Stationary, 
Portable and Semi-Portable, 

S to 16 HO:l"8e Power. 
Illustrated Pamphlet Free. Addre-ss 

AM ES LEFFEL &. CO. 
SPRINGFIELD, 0)110, 

or 110 Liberty St.t New York. 

SCi8i1tmc B� Catalogue 
RECENTLY PUB),ISHED. 

Our new catalogue containing over 100 pag-es. includ· 
ingworks on more than fifty diff'erent subjects. Will be 
mailed tree to any address on application. 

MUNN & CO., Publishers Scientific American, 
:iti1 B"oadwny, New YOI·k. 

THE MODERN ICE YA CHT. - BY 
Geo. W. Polk . .A new and valuable paper. containing 
full practical directions and specifications for the con­
strnction of the fastest and best kinds of Ice Yachts of 

I the latest, must approved forms. Il]ustrated with en­
gravings drawn to scale, showing the form, position, 
aud arranf!emellt of all the parts. Contained. in SCIEN­
TIFIC AMERICAN �UPPLEMENT, No. 6�. Price 10 
cents. To be had at this office and of all newsdealers. 

M ICROSCOPES Telescopes, Speeta-
cle s,Lantern Slidf·.S 

Barometers .. J:hotographic Outfits fOT Amateurs.: F1:pld 
Glasse8.�c. w. H. 'Valm sley & Co. Philaaa.,Pa. 
Illuj:!. price list free. Send for Special Bargain Lists. 

PNEUMATIC DYNAMITE TURPEDO 
Gun.-An exhaustive account of this new weapon and 
of the experiments made with it; along with a descrip­
tion and illustrathm of a proposed dynamite cruiser. 
with61igures. Contained in 8CIE\;TIFIC AMEHICAN Sup­
PLE)lENT. No. ;')93. Price 10 cents. To be had at this 
office and from all newsdealers. 

PATENT 

(t p!,�!ar�o��� I'i�� T:eTte� ��, lb.' ) 
pressure. Send for Lists. 

HAND, BURR & CO .• 
6U and 616 Market �t .• Philadelphia. Pa. . 

DELAFIELD'S PATENT SAW CLAMP.-1889 PATTERN, 
Stronger than the old style. Clamp 

without blade. 50 cents. l\letal cutting 
blades � inch wide. 7 cents each. 70 cents 
per dozen; 1 inch wide. 40 cents each. 

�iii��;;;h:.������;�"""""'N'>"" An P��1;ite f�:sg?��/'kr:
o�ealers. 

:LVOEl.C»TC»:LV JU:.AJ.VUF.AOT�Z:LVG- �C»�:H:.., NOROTON. CONN. 

LO COMO'rIVE, ESTRADE'S HIGH­
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tained. in SCIE:\"TIFIC AMERICAN SUPPLEMENT. No. 
643. Price 10 cents. To be had at this office and frum 
all newsdealers. 

PlY-JOHKS' 
ASellfaa 

I STEAM PACKING 
Boiler Coverings, Millboard, Roofing, 

_, Building Felt, Liquid Paints, Etc. 
DESCRIPTIVE PRICE LIST AND SAMPLES SENT FREE. 

H. W. JOHNS MFG. eo., 87 Malden L�, N. V. 
MANGANESE STEEL AND ITS PROP-
erties.-Abstract of two papers on this subject by Mr. 
Robert A. Hadfield. Assoc. M. lnst. C.R Contained in 
SCIENTIFIC AMEHICAN SUPPLEMENT. No. 640. Price 10 
cents. l�o be had at this office and from all Ilewsdealers. 
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steam system. and givmg a description of the work of 
the !'\ew York steam �ompany. t::ontainen in SCIENTI­
FIC AMEIUCAN SUPPI�EMEl\'T, Nos. 6a" and 640. Price ]0 cents each. To be had at this office and from all 
newsdealers. 
Improved Bench Centering Chuck. ro���.fq

e
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gon pieces from � in. to 
17i in. One of t.he most 
useful. durable, and la­

�avin.g t.ools ever 
for centeriJJg pur­

pose�, and i� being uni­
ven�ally lH�ed. Price $12. 
Manufactured by THE 
CUSHMAN CHUCK Co., 
Hartford, Conn. 

AN EW CATAL OCUE VALUABLEPAPERS 
Contained in SCHlNTIFIC AMERICAN SUPPLEMENT. sent 
tree O&8j'N&' � �li�d��r·BrondWay. New York. 

OTTO GAS ENGINES. 
Over ��,OOO :Sold. 

Horizontal .... . Otto ... Gas Engines. 
Vertical. ........ Otto .... Gas Engines. 
Twin Cylinder •. Otto .... Gas Engines. . Ot 5 Gas Engines CombIned....... to .. 1 and Pumps. 
C . d O' t 5 Gas Engines ombm.e ....... IJ 0 .. 1 and Dynamos 

ono GAS ENGINE WORKS. 
CHICAGO, PHILADELPHIA. 
New York Agency , 

IS Ve�ey Street. 

'PHE GREAT T ELESCOPES OF THE 
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limitations and method of construetion. Contained in 
SCIE:\TIFIC AMERICAN t-;UPPLI<;l\IE1\"T, No. ti3�. Price 10 
cents. To be bad at this office and from all newsdealers. 

VAN DUZEN 
CAS ENCINE 

NO BOILER. N O  COAL. 
NO ENGINEER. 

Extra W ATE.R .RENT 
or INSU.RANCE. 

INSTANTLY STARTED. 
DURABLE, RELIABLE, 

SAFE and ECONOMICAL. 
for description and prices. 

Van Duzen Gas Engine CO., 
--F="",---I�\·-68 E. 2nd St., CINCINNATI, O. 

INFLUENCE MA CHINES.-A PAPER 
by James Wtmshurst, giving a complete account of the 
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PLEMENT, No. 64'. Price 10 cents. Tobe hadat this 
Office and from all newsdealers. 

N!!! YQ.!!.! BEL TINC !!!e PACKINC CQ.: 
JOHN H. CHEEVER, Treas. 16 PARK ROW, New York. 

OLDEST and LARGEST Manufacturers In the United Statea of 

VULCANIZED RUBBER FABRICS 
For Mechanical Purposes. 

RUBBER BEL TINe, 
Packing, Hose, 

Vulcanlte Emery Wheels, Rubber Mats, Matting & Treads 
Branches:-W. D. Allen & Co .. Chical!o: D. P. Dieterich, Philadelphia; Hall Rubber Co .• Boston; Post & Co .. 

Cincinnati i Arnett & Rivers. San Francisco; W. S. Nott. Co .• Minneapolis; W. H. H. Peck & Co .• Cleveland; 
H. D. Edwards & Co., Detroit. European Branch, Pickhuben Ii Hamburg (Freihafengebiet); Germany. 

© 1889 SCIENTIFIC AMERICAN, INC. 

[MARCH 16, 1889. 

SY�AL��[ MAll[A�lt I��� W��KS 
W B BURNS PROP:' 

THt AMtRI�AN Bt�L Tt�tPH�Nt ��. 
95 MILK ST., BOSTON, MASS. 

This Company owns the Letters Patent 
granted to A lexander Graham Bell, March 
7th, 1876, No. 174,465, and January 30th, 
1877, No. 18 6,787. 

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 consequenceb 
thereof. and liable to suit therefor. 

ERIE ENGINE WORKS 
CLEVELAND & HARDWICK, 

WALNUT STREET, ER IE,P .... STATIONAR'r", PORTABLE , SEM1-PORTABL(,COMSINE D,AGRICUL TURAL 
£NG INES. STATIONARY, PORT­
ABLE, VERT'CAL B 0 I LE R S. 

THE PHONOGRAPH.-·A DETAILED 
description of the new and improved form of the pho-
rri'l:.

ap
�o1'l��n

b
e'"ci'

u
f�

t 
s'i,�iN

b
IJ��

is
X�E.;rJl� 8 s�t���: 

MENT, No. 632. Price 10 cents. '1'0 be had at this 
office and from all newsdealers. 

'J:'�E 

� titutifit �mttitau 
ESTABLISHED IS46. 

The lIIost Popnlar Seientillc Paper in the World. 

Only $3.00 a Yen.', inclndiulI" l'ostage. Weekly. 
:12 NumberM a Year. 

Thill widely circuln.ed and splendidly 1llustrated 
paper is publisbed weekJy. Every number contains six­
teen pages of useful infOImat10n and a large number of 
original engravings of new inventions and discoveries, 
representing Engineering Works, Steam Machinery, 
New Inventions. Novelties in Mechanics, Manufactures, 
Chemistry,l!:lectricity, Telegraphy. Pbotography, Archi­
tPcture. Agriculture, Horticu]ture. Natural History, etc. 
Complete List of Patents each week. 

Tel'lIls of SUbScl'tptioll.-0ne copy of the SCIEN­
TIFIC A1\IERICA N will be sent for one uear-52 numbers­
postage prepaid. to any subscriber ill the United States 
or Canada, on receipt of three dollnrll by the pub­
lishers i six months. $1.50 i three months. $1.00. 

Clubs.-Special rates for several names. and to Post 
Masters. Write for particulars. 

The safest way to remit is by Postal Order. Draft, O� 
Express Money Order. Money carefully placed inside 
of envelopes. securely sealed, and correct]yaddressed, 
seldom goes astray. but is at the sender's risk. Ad­
dress all letters and make all orders. drafts, etc., pay­
able to 

�'O'NN &; COo. 
361 Broadway, New York. 

• 
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SCientific American Supplement. 
This IS a separate and distinct publication from 

THE SCIENTIFIC AMERICAN4 but is uniform therewith 
in size. every number containing sixteen Jarge pages full 
of engravings, many of which are taken from foreign 
papers, and accompanied with translated. descriptions. 
THE SCIENT.FIC AMERICAN SUPPLICMENT Is published 
weekly, and includes a very wide range of contents. It 
presents the most recent papers by eminent writers in 
all the prinoipal departments of Science and the 
Useful Arts, embracing Biolog-y, Geology} Mineralogy, 
Natural History. Geography, A rchreology. Astronomy, 
Chemistry. Electricity, Light. Heat. Mechanica] Engi ... 
neering. Steam and Railway Engineering, Mining, 
Ship Building. Marine Engineering, PhotQgraphy, 
Technology. Manufacturing Industries. Sanitary En­
gineering. Agriculture, Horticulture. DomestIc Econo ... 
my. Biography. Medicine. etc. A vast amullnt of fresh 
and valuable information obtainable in no other pub­
lication. 

The most important En{lineering Works, �I echanlsIDs, 
and Manufactures at home and ab:ros..d are illUstrated 
and described in the SUPPl,EMENT. 

Price for the 8 (l"PPLEIUENT for the United States and 
canada. $5.UO a year, or one copy of the SCIENTIFfC AM. 
EHICAN and one copy of the SUPPLEMIl:NT, both mailed 
for one year for $7.00. Single copies 10 cents. Address 
and remit by posta] order. express money order. or check. 

lUUNN & Co •• 361 Broadway, N. Y., 
Publishers SCIENTIFlC AMELtlCAN. 

• 

Building Edition. 
THE SCIENTIFIC AMERICAN ARCID1'ECTS' AND 

BUILDERS' EDITION Is Issued monthly. $2.50 a year. 
Single copies. 25 cents. .Forty large quarto pages. equal 
to about two b undred ordinary book pag-es i forming a 
large and splendid Magazine of A I'chi tecture, rich­
ly adorned with elegant plates in colors, and with other 
fine engravings j illustrating the most interesting ex ... 
amples of modern Architectural Construction and 
allied subjects. 

A special feature is the presentation in each number 
of a variety of the latest and best plans for private resi­
dences. city and country. including thotle of very mOd­
erate cost as well as the more expensive. Drawings in 
perspective and in color are given, together with fun 
Plans. Speci fica tions, Sheets of Details, Estimates, etc. 

The eJegance and cheapness of this magnificent work 
have won for it the IJurgest Ch'culation of any 
Arch1<ecmral publication In the world. Sold by all 
neWSdealers. $2.50 a year. Remit to 

MUNN & CO., Publishers, 
361 Broadway, New York. 

PRINTING INKS. 
THE .. Scientific American" is printed with CRAS. 

ENEU JOHNSON & CO. OS INK. Tenth and Lorn. 
bard SU., Phila., and 47 Rose St., opp. Duane St., N. Y. 
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