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In8ide l.Jaa-e. each iJisertioD .. - - ,. � centll a liue. 
Back Paae, each j .... e .. ,ion - - - Sl.00 a line. 

Tbe above are cbarges per agate lone-about ei.!l"bt words per line. _ fJ.'bis Dotice shows the width of the hilel. and is set in aga,te type. Engravings may bea.d adverJ­
tisementEi at the same rate per a�ate line, by measure­
ment, 8S the letter press. Advertisements must be 
received at publication office 88 early as Thursday morn­
Ing to appear in next issue. 

THE COPYING PAD.-HOW TO MAKE 
and how to u�e; with an engraving. Practical db actions 
����7cb1g:r:o��:l:�

t
����\;���g��

e
tii�1���:�! 

�J���i�eA�� ����N
h
T�;I�

o
A
t
:�irgA�o���P��E::NI:,

t
��: 43S. Price 10 cents. For sale at tbis office and by all 

newsdealers in all parts of the country. 

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

Ch&niC8, Builde,r80. men of leisure, and professional 
men, of all classes, need good books in the line of 
their respective callings. Our post office department 
permits the transmission of books through the mails 
at very small cost. A comprehensive catalogue of 
useful books by dilferent autbors. on more tban fifty 
dilferent subjects, bas just been publisbed for free 
circulation at tbe office of tbis paper. Subject.s clas­
sified with names of author. Persons detiiring a 
copy, have only to ask for it, and it. will be mailed to 
them. Address, 
MUNN & CO., 361 B .. oadway, New yo .. k. 

Steam! Steam! 
We build Automatic Engines from 2 to 200 H. P., 

equal to anything in market. 

A J..arge Lot of 2, 3 and 4-H. Engines 
With or without boilers,lo'W :for cash. 

B. WI PAYNE &, SOlS, 
Box 15, :Elln:Uza., N _ Y_ 

ALCOHOL, SWEET POTATO. - A N  
acconnt o f  a new indnstry recently establisbed at tbe  , 
Azores-tbat of the distillation of alcobol trom raw 
8weet potatoes. Contained in &)U::NTIFIC AMEltTCAN 
SUPPJ;.E�ENT. No. li"�. I'rice 10 cents. To be bad at this office and from all newsdealers. 

��,CARY&MOEN� 
SfE RE OfD-cD£SCRIPTION @.,>uo U 
234- �L2��T, EVERY &,sTHLSPRINGS. NEWYiJRKCIT� 

ELECTRIC CONVEYORS.-DESCRIP-
tion of two ingenious systems tor tbe electriC carriage 
of small packages. Illustrated wltb 13 engravings. Oon-
46<1. Price 10 cents. To be bad at tbis office and from 
all newsdealers. 

VOLXEY W. MASON & CO., 
FRICTION PULLEYS CLUTCHES and ELEVATORS 

PItOVIUENCE, It. I. 

THE GREAT AQUEDUCT OF NEW 
York City.-Lengtby and verycomjllete account of. tbe 
great a.queduct now being built by the ( ity of New York:, 
to jncrease its water supply. With 6 engravings. Con­
tained in SCIE�TIFIC AMERICAN SUPPLEMENT, No. 
li�S and �tiCl. Price 10 cents eacb. To be bad at tbis 
Office and from all newsdealers. 

STEIM PUMPS for Hot or Cold, Fresb or 
Salt Water; for Oils, N aph­

tha, Tar; for Cane Joice, Liquors. Syrups, Scum; for Am­
monia, Alkalies, Extracts, Acids; for Thick, Vblatile, Vis­
cous or Foul Liquid., etc. Vacuum Pumps of tbe 
higbest efficiency. Filter Press Pumps. Air, Gas 
and Acid Blowers. Air Compressors. ·Etc. 
BUILT BY GUILD & GARRISON, Brooklyn, N. Y. 

Mention tbls paper. 

PATENTS. 
MESSRS. MUNN &; CO .• in connection witb tbe publi­

cat!on of the SCIENTIFIC AMERICAN. continue to ex­
amine improvements, and to act as Solir.itors of Patents 
for Inventors. 
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on Infringements of Patents. All business intrusted to 
them is done with special care and promptness, on very 
reasonable terms 

A P8lPphlet sent free of charge. on application. con-
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r:b:�? ���y�Yg¥ft�: Designs, Patents, Appeals, Roissues. Infringements, AB­

signments, Rejected Cases. lIints on' tbe Sale of Pa­tents, etc. 
We also send. f'l'etot e1la'l't)e. a SynopSIS of lI'oreign Pa­

tent Laws, sbowinj( tbe coot and metbod of securlnll 
patents in all tbe principal countries of tbe world. 

1II1JNN & CO., SolleUor. 01 Palen'., 
361 Broadway. New Yorl<. 

BRANCH 01l'FICE8.-No. 622 and 62t F Btl'eet, p.., 0lil0 BulldlnlJ. _'Jtb Btreet, WaabllllJtOn, D. C. 

FIRE-PROOF-
STZH[S is the perfected form of p'O�le 'ltoolillg;' lnanufactured. by us 
T for the past twenty-seven years, and is now in use upon roofs of 
Dry-Kilns, Lumber Sheds, Factories, Foundries, Cotton Gins, Chemical 
Works, Railroad Bridges, Cars, Steamboat Decks, etc., in all parts of the 
world. 

Supplied ready for use, in rolls containing 200 square feet, and weighs 
with Asbestos Roof Coating, about 85 pounds to 100 square feet. 

Is adapted for all climates and can be readily applied by unskilled 
workmen. Samples and Descriptive Price List free by mail. 

H. W. JOHNS MANUFACTURINC CO., 
SOLE. MANUFACTUBEBII OJ! 

H. W. Johns' Fire-Proof Paint&, Liquid Paints. Fire and Water-Proof 

Asbestoll Sheathing, Building Felt, Asbestos StealB Packing&, Boile.. Cove .. ings. etc. 

VULCABESTOI. MouldedoPiston-Rod Packing Riagll, G .... kets. Sheet Packing, etc. 

Established 1858, 87 MALD�N LANE, NEW YORK. CHICAGO, LG=�/.r.ELPHIA. 

LEO XIII. BIOGRAPHICAL SKETCH 

I,:, I -I :TIGHT&SLACKBARRELMACHINE�Y 
'H I AJASPECIALTYL _r 

--=-==::: JOHN GREENWOOD &CO 
ROCH ESTER N Y 

HENDON SEW AGE WORKS. DESCRIP-
tion of a new plaut for tbe treatment of sewag-e by fil-
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AMERICAN SUPPLEMENT. No. tiO�. Price 10 cents. 
To be bad at tbillooffice and from all newsdealeps. 
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Encyclo-

E 
Diamond 

L 
Book free, 

L 
pedia of Drills and 25C. fer 

'lOO Engrav Lightning mailing it. . ings. of HJZ:�raulic American 
W ELL WELL We1l1;..ks, 
TOO L S, Machines, Aurora, Ill, 

E 
MODEL and 

L 
SendlorGirclllaIS. 

XPERIME�TA C·��c��:!���o. 
WORK SPECIALTY. ()!ention thi. Paper", 

and most RELI­
BLE for swift running. 
Cbas. A. Sebieren &; Co. 
Ferry St. New York. 416 A rcb St .• Pbila. 

86 Federal St., Boston. 

PIPE COVER INGS 
Made entl .. ely DC AlSBESTOS. 

Absolutely Fir'e Proof. 
BBAIDED PAtIUNG, IIILL BOAKD, SHEATHING, tEMENT, .F.lBBE AND SP .. ;tULTIES. 

O�.A.LlItI::JiJEl.S-S�E1VO:JiJ CC>., FC>C>T E_ aT� ST., 1V. Y. 
BRANCHES: Phlla,34 S. 2d St. Chicago, 144-146 E. Lake St. Plttsburg,37 Lewis Block. 

SEVERN AND MERSEY TUNNELS. 
Full description of these two important engineering 
works, witb two engravings. Contained In SCIENTIFIC 
A"ERICAN SUPPU'MENT, No. 60<1. Price 10 cents. To 
be bad at tbis office and from all newsdealers. 

GOLD MBDAL, PARIS, 1878.' 
BAKER'S 

BrookfRst Cocoa. 
Warranted absolutely pu'1'8 

C-, from which the excess of 
Oil baa been removed. It has three 
times the strength of Cocoa mixed 
with Starch, Arrowroot or Sugar, 
and is tberefore far more economl. 
cal, costing less than on. cent a 
cup. It Is delicions, nourlsbing, 
strengthening, easily lligested, ani 

"D "UIDu'aU'IV adapted for invalids as :'III-"IIiI". well as for persons !n health. 
Sold bJ OrOCle" everJWhere. 

W. BAKER & CO., Dorchester, Mass. 

Barnes' Foot-Power lIIaebinery, 
lJomplete outfits for Actual Worksnop 
Business. Read what a customer says: 
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not see how it can be produced at such 
low cost. Tbe vj:llocipede foot-power 
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little tired as i'l I bad been walking 
W��:;1;;�t fr:�?rw���&5����u:a:�� 
Co. Address llJ'J9 MaID St .• Rockford. III. 

TANNIN. ITS PRESENT AND FUTURE 
Sources. A lecture by Prot. Henry' Trimble, giving a 
l�IJed
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Price 10 cents. To be bad at tbfll office and from all 
newsdealers. . 

Sha'ft'lng' 'and' 'Gear'I'ng Textile Machinery, I T�iJS�n�\wol!d";t��' 
, ELEVATORS, ETC. Pbiladelpilla, Pn. 

© 1887 SCIENTIFIC AMERICAN, INC, 

TH� AM�RI�AN D�LL T�L�PH�H� ��. 
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 Speech by all known 
forms of Electric Speakin g Telephones in­
fr inges the right secured to this Company 
by the above patents, and renders each 
indiv idual user of telephones not furnish­
ed by it or its licensees responsible for such 
unlawful use, and all the consequencel5 
thereof, and liable to suit thprefor. 

EPPS , S 
CRATEFUL-COMFORTINC. 

COCOA 
TUNNEL FOR FOOT PASSENGERS IN 
Stockbolm.--Description of adifficlllt piece of tunneling. 
in which the frpezlng metho t was applied with SUeCess. 
With 7 fignres. Contained in SCII�NTtFrC AMElUCAN 
SUppr,E:lI1i::NT. No. :»42.. Price 10 cents. Tobe  had at 
this otllce and from all newsdealers. 

OF THE 

$ dentine 'metican 
FOR ISS". 

Tbe Mo!t Popnlar Seieutifie Paper in the World. 

Only 83.00 a Vea .. , includi",.. I'D stage. Weekly. 
�� lSnmbl· ... a Yea,'. 

Thill widely ci .. culn.led and splendidly Illustrated 
paver is publisted weekly. Every number contains six­
teen pages of useful infOImation and a large number of 
origina.l engravings of new inventioDs and discoveries, 
representing Engineering Works, Steam 1\1 nchlnery 
New Inventions, Novelties in MechaniCS, Manufactures, 
Cbemlstry, Mlectricity Telegrapby. Pbotograpby, Arcbi­
tecture, .A griculture, Horticulture, Natural nistory. etc. A ll t:la •• e. of )teade ... find in tbe SCIENTIFIC 
AMERICAN a popular re."ume of the best· Bcientiftc in­
formation of tbe day; and it Is tbe aim of tbe publisbers 
to present it in an attractive form. avoiding as mueb as 
possible abstruse tedbs. To 8cvel'Y Intelligent mind, 
tbis journal alfords a constant supply of in8tructive 
reading. It is promotive �W111dilie and progress'ln 
every community where it circulates. 

Tel'lns of SubsCI·iplion.-One copy of tM SCIEN­
TIFIC ,A."ERICAN will be sent for one uear-52 numbers­
postage prepaid. to any subscriber in tbe United States 
or Canada, on receipt of llll'ee doliurK by the pub4 
lishers; six months, $1.50; three months, $1.00. 

Clnb •• -One ext .. " copy of tbe SCIICSTIFIC AMERI­
CAN wi! be supplied gratlsfor every club of JIve subs<:rIber:I 
at $3.00 eacb; additional copies at same proportioDate 
rate. 

Tbe safest way to remit Is by Postal Order. Draft, or 
Express Money Order. Mon"y carefully placed inside 
of envelopes, securely sealed, and correctJy addre8sed� 
seldom goes astray, but is at the sender's risk. Ad" 
dress all letters and make all orders, dra�, etc., PRY­
able to 

�UNN &; COo. 
361 Broadway, New York. 

T�E 

Scientific American Supplement. 
Tbis is a separate and distinct publlcatloa from TID: SCIE1<TIll'IO AlIl>:RICAN. but is unfl'orm·tberewitb 

in Bize, every number containing sixte.en lal'ge J)al'es. 
THE ScnNTIFIC A.IERICAN SUI'PLEM"NT Is publWled 
weekly, and included a very wide range of contents. H 
presents the most recent papers by eminent writers in 
all ,be prinolpal departments of SCience and tbe 
Useful Arts, embraCing Biology, Geclo�y, Mineralogy 
Natural History, Geography, Archmology.Astronomy, 
Cbemistry, ElectriCity, Light. 'Heat, �Iechanical Engi� 
nee ring . Steam and Railway Engineering, :\1 iningl 
Ship Building, Marine Engineering, Photogrllphy. 
· ... ecbnology, Manufacturing Industr:leB, S:uJtary En­
gineering, Agriculture, Hortictllture, DOmf.�tlC Econo­
my, Biography, .Medicine, etc. A vast amunnt of fresh 
and valuable informa tion pertaining to these and allied 
subjects is given, tbe wbole profusely illllatrated witb 
engravings. 

The most impvrtant EwlineeTing Works, Mecbanlsms, 
and Manufactures at home and abl"os.d are represented 
and described in the SUPPLEMENT. 

Price for tbe SUPPLEMENT for tbe United States and 
Canada. $S.UO a year, or one copy of tbe SclEN'rIll'IC AM­
EHICAN and one copy of the SUPPLl!.:MICNT, both maned 
for Qne year for $7,00, Address and remit by postal 
order. express money order, or check, 

illUI'iN & Co •• 361 Broadway, N. V .. 
l'ublis"� BCIENTUIlC AMEltWAN: 

To JtoreilrlJ S"bscril.el·M.-Un/IW tbe facilities of 
tbe Postal Union, tbe SCIEXTlI'IC A)Ii:t&ICA1< Is nowsent 
by post direct from New York, wit". �Iarity, to sub­
scribers in Great Britain. India. Australla,.:alitt 'a1l otber 
British colonies; to France, Austria, Belgium, Germany. 
Russia, and all other European States i Japan. HraziJ, . 
Mexico, and all States of Central and Soutb America. 
Terms, when sent to f9reign countnes, Canada excepted. 
$4. gol1, lor SCIE!'\'TIFIC AMICRIC'AN. one year; $9, gold' 
for botb SCIENTIFIC AMERICAN an:! SepPLEME1<T for 
o'le year. Tbis lncludes pcstage, wbicb we pay. Remit 
hr DOStal or express money order. or draft to order of 

MUNN &; co., 361 Broadway, New Yorl<, 

PRINTING INKS. 
T

HE "Scientific American" is printed with CHAS. ENEU JOHNSON & CO.'S INK . Tenth and Lom. IJ&rd Sts� Phila., and 47 Rose St., opp, Duane St., N. Y. 
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