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Inside Page, each iu.el'lion - - - 7� cenlS n line. 
Back Pase, enc" ill�et'lioll • • •  $1.00 I. line. 

(About eight words t o  a line.) 
Ertgravings may head advertisements at the same rate 

per line, by measurement. as the letter press. Adver­
tisements must be received at publication ojJi£e as early 
as Thursday morning to appear in next issue. 

BU RNHAM 
SELlJ'·OILING 

Automatic Steam 
ENGINE 
Patented M. 23, 1886. 

Catalogue sent free by 

Burnham Engine Co., 
YORK, PA. 

To Business Men. 
The value of the SCfENTUPIC AMEHICAN as an adver .. 

tising medimn cannot be overestimated. !tiS Circulation 
is many times greatel" than that of any similar journal 
now publisbed. It goes into aU tbe States and Territo­
ries, and is read in all the principal libraries and reading 
rooms of the world. A business man wants something 
more thqn to see his advertisement in a printed news­
paper. He wants circulation. This be has when he 
advertises in the SCIENTIFIC Al\IEHICAN. And do not 
let the advertising agent intluence you to substitute 
some other paper for the SCIENTIFIC AMERICAN, when 
selecting a list of publications in which you decide it is 
for your interest to advertise. This is frequent1y done, 
for the reason that the agent gets a larger commission 
from the papers having a small circulation th:tn is allow­
ed on the SCIENTIFIC AMERICAN. 

lfor rates see top of fi rst column of this page, or ad­
dress 

lUUNN & CO., l'ublislte1'8, 

361 Bl'olldway, New YOl'l •. 
------�. 

THE CONVERSION OF HEAT INTO 
useful work .-Aseries of interesting lectures by Wm. 
Anderson, M. lnst. C.E., presenting the modern views 

connected with the conversion of heat into useful 

:ri':�gy.
IaJdath� 1�w�����P��. Pfl�'¥���ri�� 6t0�� d�l� 

tion and vibration. lII. Properties of gases and vapors. 
IV. Transfer of the Invisible molecular motion of he�lt, 
�e� �rii��n;��k�o i�iIcg:r:be: :�U:�F�g:ii\n'�ii��! 
is prevented by the Siemens regenerator. '!'he principle 
further illustrateo. Cowper stoves. The gun as 3 con­verter of heat. VI. Heat engines proper. lllustrated 

��Jt:�r:rv,.�n��s.C�i§:i?t"3J�A':iw'��lri� t.r�,
R!.�3": 

Price 10 cents each, or 60 cents for the series. To be 
had at this office and from all newsdealers. 

JI.�t�s· 
Roofing, Building Felt, 

Steam Packings, Boiler Coverings, 
Fire Proof Paints, Cements, Etc. 

Samples and Descriptive Price Lists Free. ' 

Ii. W, JOHNS M'F'G CO., 87 MAIDEN LANE, N. Y. 
175 Randolph St., Chicago; 170 No 4th St., Philadelphia. 

DOUBLE BOATS.-TWENTY·ONE IL· 
;�:���}��n:noJ p'�:�egle:h��u��� ��a�Te!�I� gstn

o��l 
a
c
s
or; 

need no detaIled description. Name of patentee and ante of patent accompanying each diagram. Contained 
in ScIENTIFIC AMERICAN SUPPLI<MENT, No. �3�. Price 10 cents. To be had at tbis office and from all 
newsdealers. 

Chamfering, Howeling, and Crozing. 

BARREL, KEG, 
Hogshead, 

AND 

STAn; MACJmNERY. 
Over 50 varieties manu­

fuctured by 

E, & B, HOLMES, 
BUFFALO, N. Y. 

'VVlItII: • .&.. :EW.'&'��XS. 
l'ro\,Jdel1ee. n.ll (I'nrlo St.) Sixminutes'walkWestiromstation. 

Ot'hrlnnl and Only Huildet· "' lite 
HARRIS-CO RLISS EN C INE, 

Witb Harris' Pat. Improvements, from 10 to l,OOO'H. P Senel for copy Englneer'e anel Steam User's 
Manual. By". W. Hili, M.E. Price 11,25. 

MENTION THIS PAPER. 

PATENTS. 
MESSRS. MUNN & CO., in connect inn witb tbe publi­cation of the SCIEN'l'U'IC AMERICAN, continue to ex­amine improvements. and to act as Solicitors uf Patents for Inventors. 
In tbis line of busines8 tbey bave had jOTty one yeaTS' ""'perum... and now nave 'Unequaled jacilitwB for the preparAtion of Pu,tent Drawin�s, Specifications, and the 

����:;,U��nnag!, !ggli���rgn� Jg�n����?t�i:ssti!eJ1u��e� 
pgr aJ���!,tj��b�7s�hI1li�g:�����i o��:ri�:.tsan�°'l{�Wo�i: on Infrin�ements of PR.tents. Ali business intrusted to 
them is done with special care and promptness, on very reasonable terms. 

A pamphlet sent free of charge, on application. con­taining full information about Patents and how to pro­
cure them i directions concerning Labels, Copyrights, ])esig-ns, Patents, Appeals, Reissues, Infring ements, As­si�nments, Rejected Cases, Hints on the Sale of Pa­
tent!!', etc. 

We also send, .1Tee oj ChaTge, a SynopsIs of Foreig n Pa­
tent Laws, showing the cost and method of secllring patents in all the principal countries of the world. 

MlJNN &; CO., Sollcltors of Patents, 
361 Broadway, New York. 

BRANCH OFFICE8.-No. 622 and 624 F Street, Pa­
cltlc BlIUlilng, near 7tb Street, Washington. D. C. 

Ititutifit �mtritatt. 

A MILLION GARD 

S A. ws r':r::t��m��o �:id'is'\��� SA W S 
full address for a copy of Emerson's � Book A A of I!!A WS, We are first to introduce NATUH-
AI, GAS for heatibg and tempering Saws 

W ;;!Yit;���ei���he:eeS�� �E�bli��P��v�ggre����W prices. Address 
S E1UEltSON, I!!lUI'l'H & CO. (I.td.), S Benver Falls, Pa. 

SEBASTIAN MAY & CO'S 
Improved dmw Cutting 

LAT:S:ES�:�e� 
Drill Presses, Chucks, Drills, Dogs, and machinists' and ama-. 
teurs' outfits. Lathes on trial" Catalogues mailed on application 
165 W. 2d St.. Cincinnati. 0 

V E NTILA TIO N.-GREAT IMPORT-
ance of ventilation. The vitiation of air that is constant-

� �����a��l!� ���a�::�. PI���lir:t���ti���tl�:{��a artificial means. Contained in SCIENTIFIC AMlIlHICAN SUPPLEMliiNT, No. ���. Price 10 cents. To be had at 
th1S office a.�d from all newsdeulers. 

------� 

This superIOr lacing haf!ol an es. tablished reputation, and a rapidly growing trade both in 
thIS country and abroad. It is g iving the best of satisfactIOn 
wherever it is tried. Made only 
Uan�¥:ct�:e�� or����:ior �:�� 
ther belting, Concord, N. H., also 

... New York, Boston, Chicago, St. t-:I_. . 
V

';I��J L�uis, Cincinnati, and Kansas 
<tI!tfl!i1 ., I �.... CIty. 

Send for new Catalogue. 

THE IMPROVED 

Rider Hot Air PnmDill[ Ell[illB 
For City or Conntry Residences, 

Burns ConI, Wood, or Gas. Safe, Simple, 
Durable. 3,000 in use. Send for 

Illustrated Catalogue" A." 

SAYER & GO" 31 Dey S1. New York. 

LIGHTNING RODS.-DESCRIPTlON OF 

r�CW�:H,";,"1fr���;lsa�.l'tt,:id 
d�Y

ViW!' "�.:l.���i:ginf��: 
Witb 6 figures. Contained in ScmNTU'IC AMERICAN 
SUPPLt1'Ml!:NT. No. ��� Price 10 cents. To be had at 
this office and from all newsdealers. 

GAS ENGINES. 
��stu1� P�a���!�:J>t1�����Jfpt�dd t�:�r�:��: When t%e nlOtor is not at work, the expense of running it ceases. 
�imple, :o;nfe, Econoill icnl, DIII'able. No extl'a iusul'ance, 
Four sizes: 1 H. P., � H. P.,l man power, and Dental Engine. These Engines are especially suited for'Ga8oline Gas for country Ube. 

JPrSend Jar IlloomtR4 (JataiOI/'Ue. 

ECONOMIC MOTOR CO., 
Office and Salesrooms, 9 CORTLANDT ST., NEW YORK. 

For ROOFS OF ALL DESCRIPTIONS. steeporfiat, e&n be applied by ordinary workmen having no previous experience. Send for Samples and lllustratedPamph· let. Address 
W. H. STEWART. 

U Cortlandt Street. New York. 
IRON-FIBRE PAINT, for Roofs and Factory and Farm Buildings. 

EPPS , 

CRATEFUL-COMFORTINC . 

COCOA 

And Rocker.. Strong durable, 
and comfortable. No light, trasby 
stuff, but good, honest, home com­
forts. Special discount to clergy­men. Send stamp for catalogue to 
F. A. S INCLAIR. Mottville, Onon­
daga Co .. N�w York. 

STEAM ENGINES. 
Horizontal and Vertical. 

Dl'cd g illll Mncbinel·Y. 
Flou)'. Powder, Slate and �!�������� FlillllUillltl.ncbinel'Y, Tur· 

;;; bine WaleI' \V"eels. 
York Mfg Co., York,Pa., U. S. A 

Address .TOHN A. ROEBLING'S SONS. Manufactur. ers., Trenton, N. J., or 117 l�iberty Street, New York. 

I 
Wheels and Rope for conveymg power long distances. Send for ci!'cular. 

� .. -�����7.�������������\��;i�'�; VI of mains easily 0 btained. No troublesome screws to adjust. 
J"ENK:INS BEOS., SOLE .A..GENTS, 

'71.JOJU� ST .. NEW YORK. 1380. FOUR'!'H 8'1.'., PHILA. 79 KIl,BY ST., BOSTON 
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THEAMERI�AN �EU TE�ErH�NE ��. 
95 MILK STI, BOSTON, MASS, 

This Company owns the Le.tters Patent 
granted to Alexander Graharii'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 consequences 
thereof, and liable to suit therefor. 

WITHERBY, RUtH,. &, RICHARDSON. Manufacturer. 
of Patent Wood Working Macblnery of every descrip­
tion. Facilities unsurpassed. Shop formerly occupied 
bV R. Ball &; Co .. Worcester, MaRS. Send for Catalollue. 

OF THllI 
J deutifie �tueri,au 

FOR 1886. 
The Dlost Popular Selentifie Pap" in the World. 

Onls $3.20 a Ven .. , including Postage. Weeldy 
l)� Nnmbers a Year. 

T"i .. widely ch'cnlated and splendidly Illustrated 
paper is publisted weekly. Every number contains six­
teen pages of useful information and a large number of 
original engravings of new inventions and discoveries, 
representing Engineering Works, Steam M�LChinery 
New Inventions, Novelties in Mechanics,. Manufuctures, 
Cbemistry,J<]lec tricity Telegmphy.PhottWrapby, Arcbi­
tecture, Agriculture, Horticulture, Natural History, etc. 

All Clnsses of Renders find in the SCIENTIFIC 
AMERICAN a popular TeB"me of the best scientitlc in· 
formation of the day; and It Is the aimof the publisbers 
to }i)resent it in.an attractive form. avoiding as much as 
possible abstruse term�. 'fo every intelligent mind. 
tbis journal aJrords a constant supply of instructive 
reading. It is promotive of knowledge and progress In 
every community where it circultttes. 

Tet'ms of SUb8Cl·iption.-One copy of the ScIEN­
TIFIC AMERICAN will be sent for tme yea1'-52 numbers­
postage prepaid. to any subscriber ill the United States 
or Canada, on receipt of tbl'ee dollal's and t\venty 
centR by the publishers; six months, $1.60; three 
montbs, $1.00. 

Clubs.-Olle extra copy of the SCIENTIFIC AMERT­
CAN will be supplied gratisjoT everycl'Ubojj!ves'ltbscribeTs 
at $3.20 each; additional copies at same proportionate 
rate. ) . 

Tbe safest way to remit Is by Postal Order. Draft, o� 
Express Money Order. Monny carefully placed inside 
of envelopes, securely sealed, and correctly addressed, 
seldom goes astray. but is at the sender's risk. Ad­
dress all letters and make all orders, drafts, etc., pu,y· 
able to 

�UNN &; CO .• 

361 Broadway New York. 

T�E 

Scientific American Supplement. 
Tbis is It separate and distinct publication from 

'rHtc SCIENTIFIO AMl!:RlCAN. but is uniform therewith 
in Size, every number containing sixteen large pages. 
'l'HE SCI ICNTIFIC AMER1CAN SUPPLEMENT is published 
weekly, and include8 a very wide range of contents. It 
presents the most recent papers by eminent writers in 
aU the prinoipal departments of Science and tbe 
Useful Arts, embraCing Biolog:y, Geology, Mineralogy, 
Natural History, Geography, Archreology. Astronomy, 
Chemistry, Electricity, Light. Heat, M echanical Engi­
neering, Steam and Railway Engineering, Mining, 
Shill Building, �1arine Engineering, Photogrnphy, 
Technology, Manufacturing Industries, Sanitary En­
gineering, Agriculture, Horticulture, Domestic Econo­
my, Biography, Medicine, etc. A vast amount of fresh 
and valuable information pertaining to .e and allied 
subjects is given, tbe whole profusely illustrated witb 
engravings. 
Tile most important Engineering WOTks, Mechanisms, 

and Manufactures at borne and abroad are represented 
and described in the SUPPLEMENT. 

Price for tbe SUPPLlCMl!NT for tbe United States and 
Canada. $5.00 a year, or one copy of the SCIENTTFIC AM­
Ei<ICAN and one copy of tbe SUPPLEM"NT, botb mailed 
for one year for $7.00. Address and remit by postal 
order. express money order, or check, 

lllUNN & Co., 361 Brondway, N. Y., 

Publishers SCIENTIFIC AMEUICAN. 
'1'0 Jt"ol'eilrll �ubscl'iben�.-Under the facilities of 

thePoatal Union, the SCIENTIFIC AMICRICAN is now sent 
by post direct from New York, witb regularity, to sub· 
scribers In Great Britain. India. Australia. and all otber 
British colonies; to France,Austria, Belgium, Germany" 
Russia, and all other European States; Japan. HraziJ" 
Mexico, and all States of Central and South Amorim •• 
Terms, when sent to foreign countries, Canada excepted, 
$4, gol:!, for SCIENTIFIC AMlj:RICAN, one year; $9, gold, 
for both SCIENTIFIC AMERICAN an� SUPPLEMENT for 
one year. This includes pcstage, which we pay. Remtt 
by postal or express money order. or draft to order of 

MUNN & CO" 361 Broadway, New York. 

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

ENEU JOHNSON & CO.'S INK. Tenth and Lom­
bard St8" Phila., and 47 Rose St., opp. Duane St" N. Y, 
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