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USEFUL BOOKS. 
Manufacturers, Agriculturists, Chemists. Engineers, Me

chanics, Builders, men of leisure. and proteRsional 
men, of all classes, need good books in the line of 
their respective Jallings. Our post office department 
permits the transmission of books through the ma.ils 
at very small cost. A comprehensive catalogue of 
useful books by di:trerent authors. on more than flfty 
ditIerent subjects, has recently been published for 
free circulation at the office of this paper. Subject.s 
classified with names of author. Persons desiring 
a copy, have only to ask for it, and it will be mailed 
to them. Address, 
MUlSlS & CO., 361 IIroadway, New York. 

�FOR lSSS_� 

The Most Popular Scientific Paper in the World. 
ESTABLISHED 1845. 

W' Circulation Larger than all Papers of its Class Combined. 

OnJy $3.00 a Ye';r, Includlnc postage 10 United. State. and Canada. 
year, Includlnc postage '0 all countries In the Po.tal Union, 

U.OO a 

This w idely circulated and splendidly il
lustrated paper is published weekly. Every number 
contains sixteen pages of useful information and 
a large number of original engravings of new in
ventions and discoveries, representing Engineering 
Works, Steam Machinery, New Inventions, Novel
ties in Mechanics, Manufactures} Chemistry, Elec
tricity, Telegraphy, PhotogTapny, Architecture, 
Agriculture, Horticulture, Natural History, etc. 

All Classes oC Readers find in THE SCIENTIFIO AMERICAN a popular resume of the best 
scientific information of the dar; and it is the aim 
of the publishers to present It in an attractive 
form, avoidinj!' as much as possible abstruse terms. 
To every intelligent mind this journal affords a 
constant supply c.f instructive reading. It is pro-

motive of knowledge and pro ress in every com
munity where it circulates. 

One copy of THE SCIENTIFIC AMERICAN and one 
copy of THE SCIENTIFIC AMERICAN SUPPLEMENT 
(see prospectus below) will be sent for one yeard postage prepaid, to any subscriber In the Unlte 
States or Canada, on receipt of seven dollars 
by the publishers. . 

The saCest way to remit is by Postal Order, 
Draft, or Postal Note. Money carefully placed 
inside of envelopes, securely sealed and correctly 
addressed seldom goes astray, but is at the send
er's risk. Address all letters and make all orders, 
drafts, etc., payable to 
MUNN & CO., 361 Broadway, New York. 

.. - . 

This Is a distinct paper from THE SCIENTIFIC AMERICAN, but it is uniform in size with it, 
every number containing 16 octavo pages. THE SCIENTIFIC AMERICAN SUPPLEMENT embraces a 
very wide range of contents, covering the most 
recent and valuable contributions in Science, 
Mechanics, Architecture, and Engineering from 
every part of the world. Every number contains 
several illustrations, conSisting in part of import
ant engineering works, in progress or completed, 
both at home and abroad. It presents the most 
recent papcrs by eminent writers in every depart
ment of science, and every number contains infor
mation uscful to engineers in every department of 
industry, civil, mechanical, electrieal, etc. 

Translatluns from French, German, and 
other foreign journals. accompanied with i lustra
tions of Grand Engineering Works; also of Naval 
and Mechanical constructions of magnitude, pro
jected, progressing, and completed, at home and in 
an countries abroad 

The most Important papers read at Scien
tific Conventions oy the best and most profound 
thinkers, will be found in THE SCIENTIFIC AMERICAN SUPPLEMENT. This paper, when preserved 
and bound, forms a most useful encyclopedia of 
information, and presents a complete history of 
the progress of the times in the Sciences, Arts, and 

Mechanical Engineering. This paper contains no 
advertisements. 

Prlce-$5 a year, in advance; or one copy of THE SCIENTIFIC AMERICAN (see prospectus above) 
and one copy of THE SClENTIFIC AMERICAN SUPPLEMENT both mailed for one year for $7, pay
ment in advance to the publishers. Remit by mail 
and address 

MUNN&CO., 
Publishers Sclen&lfic American, 

361 Broadway, New York. 

To Fore ign Subscrlbers.-Under the facili
ties of the Postal Union, THE SCIENTIFIC A!Ii);:RICAN 
is now sent by post direct from New York, with 
regularity, to subscribers in Great Britain, India, 
Australia, and all other British Colonies; to· France, 
Austria, Belgium, Germany, Russia, and all other 
European States'iiJapan, Brazil, and a 1 Stlltes of 
Central and Sout America. Terms, when sent to 
foreign countries, Canada and Mexico excepted, 
$4, gold, for SCIENTIFIC AMERICAN, one year; $9, 
gold, for both SCIENTIFIC AMERICAN and SUPPLEMENT for one year. This includes postage, which 
we pay. Remit by postal or express money order, 
or draft to order of 

, MUN1l4r; CO., 361 BrOl\Alway,liJew York. 

S ·· , S , � Jrthittrt� and �MildtJr� �ditilln team. team. t!!!! 
We build Automatic Engines from :l to 200. H: P., 

equal to anything in market. 
A Large Lett of 2, 3 and 4�H. Engines 

With or without boilers, low Cor cash. . 

B. W. PAYNE &. SONS, 
El=iJ:a.. N. Y. 

ICE-BOATS - THEIR. CONSTRUCTION 
Bndmanagement. With working drawings detan.. and directions In full. Four engmvlngs. sbowlng mode of construction. Views of the two fastest ice-aall1ng boots used on tbe Hudson river in winter. By R A. Horsfall. M.E. Contained in SCIENTIFIC AMERICAN SUPPLEMENT,1. The same number also contains the rules and regulat.!ons for tbe formation of Ice -boat clubs. the sall_ ing and management of ice�boats. Price 10 cents. 

PATENTS. 
MESSRS. MUNN & CO .• in connection with the publl' catIon uf the SCIENTIFIC AMERICAN. continue to ex· amine improvements. and to act as Solir.itors uf Patents for Inventors. 

�8��n�uc:� ��s�n�:::e�n��a'}/cmlt.,anfo�� prepanttlOn eX Patent, Drawings, SpeCifications, and the proRccntion of A pplications for Patents in the United States, Canada. and Foreign Countries. Messrs Munn & 
fci>r ���:��tn�b�Ys�hJi&�:�������i��g�ri�:.tsa�JPi����t: on Infringements of Pntents. All business intrusted to them is done with 8pecial care and promptness, on vera reasonable terms 

A pamphlet sent free of charge, on applicatIon. COl!'"' 
�l�\?�nrh��\ id1��i��sn c��oc��1;�e��b:ls? �����g�t� Designs, Patents, Appeals. Rnissues, Infringements, ABsil'rnm'ents, Rejected Cases, Hints on the Sale of Patentl, etc. 

We also send. fre�of c!larae, a SynopSIS of �'orelgn Pa· tent Laws, showing' the CORt and method of securlDR patents in all the prinCipal countries of the world. 
MUNN & CO., Solicitors of Paten,., 

361 Broadway, New York. 
BRANCH OFFICES.-No. 622 and 624 F Street, Pa. oItIc Building, Dear 7th Street, WaablDiton, D. C. 

$2.50 a Year. Single Copies, 25 Cents. 
This is a SVecial TradeEdition of THE SCIENTIFIC AMERICAN, Issued monthly-on the first day of the 

mOhth • .  Each number contains about forty large 
quarto pages, equal to about two hundred ordinary 
book pages, forming, practically, a large and 
spendid Magazine oC Architecture, richly 
adorned with elegant plates in colora and with fine 
engravings; 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 residences, city and country, including 
those of very moderate cost as well as the more ex
pensive. Drawings in perspective and in color are 
given, together· with full Plans, Specifications, 
Costs,BlJls of Estimate, and Sheets of Details. 

No o' ·')r building paper contains so many plans, 
details;,.."d specifications regularly presented lIB 
this edition of THE SCIENTInc AMERICAN. Hun
dreds of dwellings have already been erected on 
the various plans we have issued dUring the past 
year, and many others are in process of construc
tion. 

gestions. All who contemplate building or im
proving homes, or erecting sti-uctures of any 
kind, have before them·in this work an almost 
endle88 aeries of the latest and best examples from 
which to make selections, thus saving time and 
money. 

Many other subjects, includingSewerage, Piping, 
Lighting, Warming, Ventilating, Decorating, Lay
ing out of Grounds, etc., are illustrated. An ex
tensive Compendium of Manufacturers' Announce
ments is also given, in which the most reliable 
and improved building Materials, Goods, Machines, 
Tools, and Appliances are described and illustra
ted, with addresses of the makers, etc. 

The fullness, richness, cheapness, and conve
nience of this work have won for it the Largest 
Circulation of any Architectural publication in 
the world The subscription price of this publica
tion is $2.50 a year, or one copy of the SCIENTIFIC AMERICAN aud Architect and Builders Edition to 
the same address $5. Single numbers mailed, 25 
cents. For sale and subscriptions received by all 
news dealers. Address 

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

Architects Builders, and Owners will find this 
work valuable in furmshing fresh and useful sug---��--------------------

Mention LhlS paper. 
ICE-HO USE AND REFRIGER ATOR. Directions and Dimensions lor construction. wltb one 
��:��O�ea���l-&,:��:;' i�¢, ��8::-'���f���:' out the year at a temperature of from 34' to 36'. COntained In SC'IENTIFIC AMERICAN SUPPLEMENT No. 116. Price 10 cents. To be had at tbls omce and of all new,," Qeaiers. 

M 
PAT�lST 

. Pl�n�r�!�a! LI��!e!e��!' lb. pressure. Send for Lists. HAND, BURR & CO., 
614 and 616 Market �t., Philadelphia. Pa. 

NAVAL ARCHITECTURE.-AN IN-
teresting review� by Mr. R. Duncan, of the progress that has been made In this branch of science during the last fifty years. Contained In SCIENTIFIC AMERICAN SUPPLEMENT. No. IiSD. Plice 10 cents. To be had at this "mce and from all newsdealers. 

ELECTRIC CONVEYORS.-DESCRIP-tlon of two Ingenious systems for the electric carriage of small packages. ·Illustrated with 1Sengravlngs. Oon-
464. Price 10 cents. To be had at this omce and from all newsdealers. 

.A.�:m:Et..XO.A._ 

Leather Link Belt Co. 
A new article In Belting which is made of small Leather Links jOined together with steel bolts. They have been remarkRbly successful for hard working machinery and belts run half crossed. 

t�''b''J'r�es A":"3d'�m'lt��·&w�O� 
�t��'iili';:�8lF'.idei�r�L�lro�{.,c:. 

The Ori[inal Unvnlcanized Pactin[ 
CALLED THE STANDARD-As It 18tbe Packing bywhlch all others are compared. Accept no packing as JENKINS PACKING unless stamped with our" Trade Mark." 

JENKINS BROS {IU;},�:t�:!'t�Bo�io ... 
· l� t�!b=.\,:;'.rhl��. 

© 1887 SCIENTIFIC AMERICAN, INC. 

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 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 consequence!j 
thereof, and liable to suit thprefor. 

H. 'W. JOHNS' 
�-S-BD[<S�O'S1C 

COVERINGS. 
For Furnaces, Hot-Air Pip •• , etc. 

FIRE-PROOF. NON-CONDUCTINB • •  

33% of Fuel Saved. Has no Odor. 

All of the heat Is carried to points desired and Dot waated in cellars and fiues. 
H. W. JOHNSM'F'GCO., 

87 MAIDEN LANE, NEW YORK. 
VELOCITY OF ICE BOATS. A COLLEC-tion of Interesting letters to the editor of the SCIENTIFIC 
!�::t��t�i)JII��e ���s�'h� Oft tfse �&:�dt'h���e ��:A"' :� ... faster than the wlnd� which propels them. Illustrat with 10 explanatory,diagrams. Contained In SCIEll'l'IF AMERICAN SUPPLEMENT, No. 214. Price 10 cents. Te lie had at this Omce and fromall neWldealers. 

THE Ec6ps� OF ALGOL, WITH THE latest Determinations Of .its Distance and DimenSions, -By Royal B. Hill. An interesting account of recent 
���I�S J'i;�::SI�':.rI��Itt.�s ��blf�nJi�h�t o�hr �t:�t!ll�t�: How a cardboard model of the pbenomena of Its eClipse may be made. With 8 ligures. Contained In SCIENTIFIC AMERICAN SUPPLEMENT. No. Ii liS. Price 10 cents. To be had at tbls omce and from all newsdealers. 

SOLD MEDAL, PARIS, 1878. 
BAKER'S 

Br08kfsstCOCOH. 
Warranted absolutely pu1'8 

Coeoa, from which the excess of 
on has been removed It has thretJ 
time8 the strength of Cocoa mixed 
with Starch, Arrowroot or Sugar, 
and is therefore far more economi. 
cal, co8ting le88 than one cent a 
cup. It is delicious, nourillhlng, 
strengthening, easily digested, and 
admimbly adapood for invalid. !III 

"'!lIJlilloo/IIlWI •• well as for persons !n health. 
Seld III' Groeers eV8rJ'Where. 

W. BAKER & CO., Dorchester, Mass. 
COMPRESSION OF. AIR.-DESCRIP-Uon of Messrs. Dubois & Francois' improved Rir com-
8����\�f ::,�cf��em?:iri�ep����st�� ��t� 8 

tJ:u�������: 
g��l�fn��1n aj=i�:IJ'i�I,�ic!�V�W��L:���:��: 43a . . Price 10 cents. To be had at this office and from all newsdealers. 
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AND FINE GRAY IRON ALSO STEEL 

�ALLEA LE:.· CASTINGS FROMSPEWL RNS - - I fiNE -:-INNIN(, JA. PATTE� G PI� DEVLIN a.- co � r N' ,H N< ANNING At �� THOM LEHIGHA'E l<AMlRIGANST PHILA � __ --'0 '. 

ICE-HOUS E AND COLD R OOM.-BY R. G. Hatlleld. With directions for construction. Four engravings. Contained In SCIENTIFIO AMERICAN SupPLEMENT, 1i9. Price 10 cents. To be had at this omce IUld of all newsdealets. 
SHIELDS&BROWNCO. 

-FOR
Steam, Gas aud Water Pipes. Drums, Hfaters, etc:. 
The BeRt Non·Condllctor of Heat '" Cold III the World. 

Send for illustrated descrlp1ive Circnlal',and name this paper. 
143 Worth Street. 78 and 80 Lake St •• 

NEW YORK. CHICACO. 
LIGHTNING CONDUCTOR8.-DE SORIP

��g��s� ��:r 19�mo:tt��a��t����rll�stW��l�i�1r��'l.n8 engravlnlls. contained In SCIENlllFIC AMERICAN SUPPLEMENT. No. �96. Price 10 cents. To be had at thl8 omce and from all newsdealers. 

PRINTING INKS. 
THE "Scientific American" is prinood with CHAS ENEU JOHNSON & CO.'S INK. Tenth andLom_ bard StI! .. Phlla., and 47 RoIlC St., opp, DlIIIJle St., N. Y. 
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