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Hack Pge - - - - - - - - - 81.00 a line. I. 
(nRlde Pqe - - - - - - - - t3 cenhl a line. 
IiJnllra.inl1s may head ad.t,.l/sements al Ille Bame ,._ 

per line. by measuremenl. as Ihe leltW p,.088. Ad· 
"ertt.emene. must be ,.eeetved al publleal/on 011lee as 
earlll as ]ilr,dfl,Y mornIng to a ppear (n neze (SBut. 

TUB E C LEA N E R S t1'�ti'���nl!}t:�I:� 
TIONAL STEEL TUBE CLEANER CO.t 814 E. 9th St.t N. Y. 

$1 '7.40 for fR5 .00.-New Noveltie8, 
.Jewelry. Chromos, New Style Stationery Packages, &c. 
Address NA T. NOV. CO. , 400 Chestnut St., Phllad., Pa. 
rro LEASE-All tbe lofts and part of tbe llrst 

tloor and basement corner Center,CSlllll, and Walker 
8ts., now occupied 88 a BIlliard Manufactory and Sales 
Room. Power furnIshed, If de1llred. Light on all sides. One of the best locations in New York for Manufac­
turing. and central for 8 Sales Warehouse. For further 
nforinaUon, apply to ottlce Scientific American. 

Water Wheels. 
More than four thr:.es 88 

many of JaB. Leftel's tm· 
proved Double Turbine 
Water 'Wheelsln operation 
than any other kind. 24 
Sizes made, ranging from 
m to 96 in. diam. untler 
heads from 1 t0240 ft. Sue· 
cessful for every 

new 

Our specialty is Scroll and Band Saws. Over 300 Ma­
chines in use. SUPERIOR TO ALL AND LESS PRICE 

CURDESMAN, EGAN & CO., 
Cor. 2nd & Central Ave" Cincinnati. O.  

THE 

Bi[elow En[inc, 
The Cheapest and Best Portable 

Engine otrered to the PubUc. 
Pri��t 4 Ho�se Po'!er ..... .... 1OOJ 6 """". 400 

:: 7 u ••••••••• 475 
.. 2'% .. ." "" � 
.. 1 u ••• ••••• 'W 

15 """". dOO 
Price �i��':,

t��n:3'I::,,:�lne.: 
4Horse Power""""""",,$I50 
6 ., II •••••••• • ••••• 175 
7 to 8li; Horse Power"""". 225 
12 to 15 II II ••••••••• fKJO 

Send tor Illustrated Circular 
and Price Lis t. 
H. B. BIGELOW & CO. 

New Haven, Conn. 

[ESTABLISHED 1846. ) 

Munn & CO,'sPatcnt OMccs, 
Tbe Oldest A&,encv lor Sollcldllll' Patenhl In tbe 

United Stat_ 

'IHIRTJ:. YEARS' ElCPERlENOA. 

MORE PATENTS have been Becured throngh thll 
agency, at home and abroad. than throngh any other In 
the world. 

They employ as their as.istants a corps ot the mOlt ex­
perienced men all examiners, .epecl11.cation W11terl, and 
drattsmen that can be tound. many ot whom have been 
selected trom the ranks ot the Patent omce. 

SIXTY THOUSAND inventon haveavaUed them­
selves ot Muon & Co. 's service. In examlDlng their In­
ventions.and procuring their patents. 

MUNN & CO" in connectIon with the pubUcation ot 
the SCIENTIFIC AMERICAN. continue to ell&lll1ne In­
ventions, conter with inventors, prepare drawings, spe­
citlcations, and assignments. attend to !lUng appUcationB 
ni the Patent Omce. payiag the government teeB. aad 
watch each case step by stel;' whUe pending bet ore the ex­
aminer. ThiB is done through their branch omce. corner 
.' and 7th streets. Washington. They also prepare and 
ftle caveats, procure design patents. trademarks. and re­
Issues, attend to relected caBeS (prepared by the Inventor 
or other attorneys), procure copyrights. attend to Inter­
lerences, give written opinion. on mattei'll ot infringe­
ment, turnish copies ot patents. and. In tact. attend to 
every Oranch ot patent bullne.B both In tb1a and In tor­
e1gn countries. 
A special notice i8 made In the SCIENTIFIC AMERI­

CAN ot all inventIon. patented throngh thl .... ency.w1th 
the name and residence ot the patentee. Patents are ot­
ten sold, in part or whole. to penoDl attracted to the In­
vent!G.Il. oy such notice. 

Patents obtained in Canada. England. France.Belllum. 
&ermany. Russia. Pru.lla. SpaIn. Portnral. the Brlti.h 
Colonies, and all other conntrles where patents are 
granted, at prices greatly reduced from tormer ratal. 
Send tor pamphlet pertainIng specIally to toreil'D paten t., 
which states the cost.time granted. and the reqnirementl 
I or each country. 

Copl,"" 01 Patenhlo 
Persons desiring any patent iS8ued from IB84 to Novem­

oer 26, 1B67, can be suppUed with omcial oopies at rea­
sona ble cost. the price depending npon the extent ot 
drawing, and length ot 8pecitlcatlon •• 
Any patent issued since November Zl,IB8'l, at which 

time the Patent Omce commenced printing the drawlnl'l 
and specitlcation8. may be had by remlttlnr to W. ot­
Ilce $1. 

A copy ot the claimB ot aD)' patent I.Bned .Ince 1881 will 
be turnished tor $1. 

When ordering copie •• pleaBe to remit tor the lIIWIe u 
above, and sr.ate name ot patentee, title ot Invention, 
and date ot patent. 

A pamphlet containing tull directionB tor obtaining 
United States patent. .ent free. A hand,omely 
bound Reterence Book. gUt edge •• containl 140 pages 
and many engravings and tables important to every pat­
entee ond mechanic, and is a usetul hand book ot ret '.­
ence tor everybody. Price 25 cents. maUed tree. 

Addres. 
KUNN " CO., 

PubUshers SCIENTIFIC AMERICAN. 
3" Park Row, N.Y. 

BRANCH OPFICE-Corner ot F and 7tll .treel.l. 
Washington, D. C. 

�tieutifit �metitln. 
� ,  '1".'\l·I'·I';.�·.' ·- · ·  COLD ,ROLLED 

SHAFTING. , • r __ .. � .. _ ... _ ___ • _ .. " � • 
The tact that thl8 8hartlng ba8 75 per cent greater 
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We are also the sole manutacturers ot the CEL EBRATED 
COLLINS' PA.T. COUPLiNG, and turnish Pulleys, Hange�, 
:�'Ilco,M� �o.t approved �tJ��lsl1,"1W�'H'lNJ�� on 

• Try Stree;, �nd and Srd Aven"es Plttsbwvb, Pa. 
\1lO S. Canailltreet, ChIC:ft'l. Ill .• and MiIwaukie, Wi •. 
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<HIlO. PUCK ... 00 .. 121 rn,,"mbel'l St" N. Y. 

T HE CENTENNIAL INTERNATIONAL EX· 
HIBITION OF 18'76.-The tuU History and Progress 

ot the Exhibition. maps ot the grounds. engravings ot 
the bundings, news and accounts ot aU the most notable 
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pies 10 cts. To be h&d at this otlice ,and otaU news agents. 
AU the back numbers, trom the commencement on Jan· 
uary I, 18'76, can be had. Those who desire to possess a 
com�ete and .plendid Illustrated Record ot the Centeno 
�1fN t!}';�¥.'M'��-¥ld have the SCIENTIFIC AMERI· 

DU C'S IMPROVED PATENT ELEVATOR BUCKET, 
For Brewers, Flour Mills. Grain • Elevator ... SUlI'ar Rellners. &c. 
These buckets are made ot the best cllar-

,' ,. coal stamping Iron, and are warranted to 
' '\ outwear six ot the •• old 8t1lle buck.et8," . The cost i s about the same. Address . 

T. F. ROWLAND,Brooklyn, E. D., N.Y. 
THE CHEAPEST AND BEST UPRIGHT AND 

YACHT ENGINES in the market. 4x6, $165; 5x6. 
1180; 616, '200; 6x7, $225. Send tor Circular to 

POST & CO., Cincinnati, Ohio. 

IMPORTANT FOR ALL CORPORATIONS AND 
MANF'G. CONCERNS.-Buerk'R Watchmun's 
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110ns ot bll! heat. Send tor circular. 
J. E. BUERK, P. O. Box 9"9, B08ton, Mass. N. B.-The suitagainstImhaeuser & Co., otNew York 
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ing, contrary to the order ot the Court. Persons using 
clocks intringinll' on my Patent. w1ll be dealt with accor . 
dinR to law. 

ASBESTOS ROOFINC. 
The only rellable substitute for tin, a t aboutone-halflts cost, 

g���:o1s�it;n ��l�e:�J;-r:r��?oa��sftyS��t;l�!d�; :!;e�:� 
ASBESTOS PAINTS. 

er�l�:�oc:;:
r
:b:��;:����fee!oJ ;���Ii�� c;:::�O:e���: erings for exposed wood and iron. In pails, kegs and barrels. 

ASBESTOS STEAM-PIPE AND BOILER 
COVERINCS. 

11�� �::rs8!p::;ro� tou
�i?!�b�r:: r�u���eg��:��:�lii�� 

• perfect ina01ator for hair felts, rendering them indestructible. 
ASBESTOS STEAM PACK INC. 

Indestructible, self-lubricating, flat, and round, all sizes. 
Fire-Proof Paints and CoatIngs, Cements 

for Steam-JoInts, Acid and Cas Retorts, 
Leaky Roofs, &c. Roof PaInt, 

S heathIng and LInIng Felts. 
Asbestos Boards. Paper. Thread. Cloth. Itc. 

bi::;eo:�tc�e:n�r;o:�Up�� P�r::gl��� �i�:s£!st:P:t�� 
H. W. JOHNS, 87 Maiden Lane, N.Y., 

Patentee and Manufacturer. Established 1858, 

Py t (l'or .howing heat ot 
rome ers, Ovens,HotBlastPipes. 

Boller FI�1E�'1'it\'\'l�lfi�:nB�!1 J!g!:;a�t�er. 149 Broadway, New York. 

Machinists' Tools. 

ROCK DRILLING MACHINES 
A NO 

AIR COMPRESSORS. 
MANUfACTURED BY BURLEICflROCKORllL CO 
SEND FOR PAMPHLET. FITCHBURG MASS. 

Brayton Reaay lUotor .. 
It hal no boiler. is 8ate, economical, started by any 

�'::P:'B"ed�=i.��'ira�I"e
s ;�J�.·V:�'iir:�d giveB an 

Penna. Readv Motor Co., 
1311 N. 3d'St., Philadelphia, Pa. 

1 DICKINSON 
_JUSTAB L[ OIAMO 

�'�. 
and Shaped Diamond Carbon Points, indispensable tor 
Trueing Emery Wheels, Grindstones, Hardened Steel 
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TO ELECTRW.t'&'YMK.
�'PI.ER.S, AND 

BATTERIES. CHEMI CALS, AND MATERIALS In 
lets or .in�le, with Books ot Instruction tor Nickel. 
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Illustrated Catalogue sentiree. 
NOl'l'-CO .. BU8TIBLB ITEAII BOILEB " PIPB 

COVEllIITG 
WITHUA.IR8PA.CE" IMPROVEMENT. 

BaVV�� � :'l31. ?tr.\. ?r�
L
lf,,� ::�ft?fo�g; 'Mo. 

lmporte��t�I!!,J::n ���!�ry�'ro�s.(J!.p.lcnltural 
Implement .. Wholesale and Export Hardware and M.a­
chlilery Merchants. Elt'd 11186. 

LONDON. hElLAND. and BERLIN,GZlUIARY. 
PERFECT 

NEWSPAPER FILE. 
--:0:--

The Kocb Patent VUe. for preserVIng newBPaper� 
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KXIO.ur and SCIENTIFIO AlIERIOAN SUPPL .KBNT can be 
"'l.f,Pl1ed tor the low price otf1.50 br man, or,1. 2� at the 
? s�I��¥'ihE
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eve..,. one who wlBhes to preBerve thil paper. 
.6.dilrell 

KUHH " CO., 
PubUshen 8aIu'rUIO AImU(1U. 

, 
The Scientific American 

RE'FERENCE BOOK. 
A Bound Book of 144 Pagel, for 250. 

co�� ��
C
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BNTIFIC AMERIOAN REFERENCE BOOK, containing 144 
f�t�&.:!�

u
::[:�

e
! ,;:";!P v:r.fa�����k!

n
U��l?e'f,.��

e 
r�! 

terence ever printed. Among it. contents are: 
1. The Censns of the United States, by States. Territories, and Counties, In full,showing also the area 
ot the several States. 
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d 10 each occupation. Com-
Table Of Oities having over 10.000 InhabitantB-Com­

plled trom the last Cen.us. 
3. The Patent Laws ot the United State. in tulI. 
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rections How to Introduce and Sell InventVons; General 
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p:��e1J�� 
Rights ot Employer. and Employees in respect to In­
ventions; State Laws concerning Patent •. 

4. United States Trade Mark Rerish'atlon •• how· ing the Trade Mark Law in tull, With Directions tor 
Registering Trade Marks, Costs, etc. 

3. United States CODrnaht Law for Label .. In 
tulI. With Directions. 'Expenses, etc. 

6. The Principal Mechanical MovementR. De-
�i1.!'e

e
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a
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great 

". Geometry, as Appl1ed to Practical Purpo.el. With 
lIIustrations. 

Sj,h:r,!'i�g �r�.:'er:::,?,;;����:,�·�r
l
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ot the Invention and Progres. ot Steam Power. 
9. Hone Power.-Simfle and �Ialn rules tor Calcu­

��t�:::' Horse Power 0 Steam 'nglne8 and Stream" 
10. Knots.-Presentlng engravings ot 48 ditrerent 
kinds ot Rope Kno* with explanations as to tyln� 

1� e:��'f�ot�!carie ��'W�r h't�1 v�'d:RU�O;C.,"gr. 
mercial Weight; French W�hts; Unite�t.tes Stand-
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cu'l;iC, 0' Sol1d Mea8Urej Measurlnl Land by Weight. 

m\!' o"f�Y�fn�t ��::,t
o�':,8!af�:nJ:lllh. and a 1eC-

1�·(1ra�'I.��lgr'��.1'\Fe'I�city and Force ot the Wind. 
(2) Table ot tbe Spec!!lc GravIty and we:t:tper Cn­

�Cth':,
0l��� CubIc Inch,ot the prIncIpal lub nceBnsed 

(3) Table ot the Heat-ConductIng Power ot varlonl 
Metals and other SoUds and Liquidl. 

(4) Table ot the MineraJ Constituent. ab.orbed or 
re
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i6l Table ot the Etrects ot Heat npon varloua bodleo. 
melting points, etc. 

13. Miscellaneoull lnlormation.-Force ot Ii:xpan-
!tg.d.!' is, H��He��
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perature ot; To r.fake TraCln'f. Paper; Constitnent. ot 
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Gravity of Liquids, Solids, Alr"ond Gases; Gunpow­
der-Pressure, Heatt and Horse rowerot; Copying Ink, 
to Make; Heat, its mechanical equivalent e�lwlned; 
:l���':{g

s
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ot Drainare E�plained; Amonnt ot Power at present 
Yielded trom Coal by best Engines; Sound-Its velocity 
and action; L�id Glue\ ReclPeB \vvalueot BralDSi 
B�gt���t e���o"�iua�F""&e�fpel.

avel; Speed 0 

The SCIENTIFIC AMERICAN REFERENCE BOOK. 
Price onlh 25 cent .. may be had ot News A

K
ents in all 

l:,".:'3' 0": r�c�i��uo�
t
U;e ��fc�t the under.igne . Sent by 

MUNN & CO., Publishers, 
8clentUlc American 08lce. 

3'7 Park Row, New YOl'k. 

'rllfI�1.l: r� 1-'�'�ROGNf1T 
flrAMS (r GIRBER,r.; 'I 'HE UNIO� IRON MILLS,. Pitt8Durgb, Pa.-

The attention ot Engineers ana Architect� is called 
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and lIanges. which have proved.o Qbjectionable in the old 
mode ot manutacturing .are entirely a voided. We are pre­
,ared to turn ish all .ize. at term. as tavorable .. can bo 
g�:�� ri:gth�re .. c�?'Uc!,.�c,n��:�VI��It?J:U::�.� 

PROFESSOR HUXLEY IN AMERICA.-Full 
reports ot the three great lectures recently deliver­

ed in New York by Protessor Huxley on .. The Theory 
ot Evolutlont' are given in the ScI&NTIFIO AIIBBIO ... N 
::&

L
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mall, from SCIENTIFIC A.HKBIO.4.N Otllce, on receipt ot 
��J'r..cl'm�r��:eb:

r��:s��l>H�i\��
I!lC lectures dellv-

WANTED-A Mecbanical Draugbtsman tbor­
. oughly understandln.r his busIness and compe· 
tent to make drawiugs of machines tor Invention. Apply 
by lette r to C. W. C .• 280 MadIson Ave., New York city. 

L thes, Planers, ShaDers Drills, 
Geal'& BoltC.nen &e. K. adbLD,i'lewark. N.J. 

PORTLAND CEMENT 
ROMAN'" KEEN1i:'S. For Walk., Ct.terna. Founda-
tl°'t,��fl3Ie�:���r�V-c&J�:It�o:�:��::;.etAl. 

8. L. M.lIOB.LBT '" Co., 76 South St •• New York. 
I'll 0 YB' 8 

!\gt���Is.W!tIfu! MIII8toneB.'l'ortable MIIIB. Bmnt MachineB Pacll:en.M.1II 
Plcb. Water Wheell. PUlle

l.
. and Gearing. Bpeclally 

adapted to !lour mlll.
j. !l!:

n
30�

c
.t���wralo. N. Y. 

PortI nd and Keene's Cement. 
From the be.t London Manntactnren. For .ale by 

JA.MES B�ND. i5 Beekman St •• New Yorll:. 
A Practical Treatl.e on Cement turnlshed tor 25 cents. 

© 1876 SCIENTIFIC AMERICAN, INC. 

[NOVEMBER 25, 1876. 
THE TANITE CO., STROUDSBURG P A. EMERY WHEELS AND CRINDERS. 
GEO. PLAC)j:. Gen'l Agent tor N. Y. city and State. 

J10GARDUS' PATENT UNIVERSAL ECCEN­
TRW MILLS-For ndlng Bone. Ore •• Sand Old 

ruclbleB) FIre Clay, EFu!nos. 011 Cake. Feed. Corn. 
Corn ana Cob, Tobacco, Snd, Sugar, Salta, Roota 
8pleeB, Coll'ee, Cocoanut, Flaxseed, Asbestoll, Mica etAl.. and whatever cannot be gronnd � other mm. 
t6�J°{v �i¥I �'M1JJ'f,��c��::Or �.t;r AM�'il'IM>'al � 
DUS. corner of White and Elm Sts., New Yorl<. 
J'il 
�� 
-<p: 
�-< ��"�������"WA�� 
The Standard-Best Stock-Finest Finish-

HANUFACTUBBD ONLY BY 
D. ABTlIUR BROWl'l' &; CO. Fisherville. N.H. 

'ir���!"e� :r.�:a�i�g �������;;o�e��lS ct�t�:: :'t �he�r; increased 50 per cent. Wbeels drel!sed rUDning at fu 11 speed. Sent 
�&i. DJ ,Wri:�b�����GrO��a6dns: C�:le����'dh�c��Co�iffl�r price. 

A.Iro LEVERS DAMPER B'I!IST REGULATORS ,g GAGE COCKS, 
MURRILL & KEIZER, 44 Holliday St .. Bait 

HARTFORD 
STEAM BOILER 
InBpection & Insurance 

COMPANY. 
I. B. ruJILIJ, V. Pres't. J, I. ill.EI, FlU'1. 

I. B. PIERCE, k'J. 

PUNCHING For the Be8t and Cheap.. 
A.Iro est addre .. THE STILES 

DROP PRESSES 
& PARKER PRESS CO., 

t MIDD'LBTOWN, CONN. 

OI'TIm 

SCIENTIFIC AMERICAN, 
For 1877. 

THB .. 08T POPULAR 8CIENTIFIC PAPER 
III THB WORLD. 

THIRTY-SECOND YEAR. 

VOL U)[B XXXVI.-HBW SERIES. 

Tbe publlsbers of the SCIENTIFIC AMERICAN 
beg to announce that on tbe 1Irst day of January, 
1877, a new volume commences. It will continue 
to be the aim of tbe publlsbers to render tbe COB· 
tents of tbe new volume more attractive and use· 
ful tban any of Its predecessors. 

To elu Mecha;n,ic and MOITW.J�turtll', 
No person eIlgll6ed In any of tbe mecbanical pur. 

suits sbould think of dOing without tbe SCIEN. 
TIJ'lC AloBICAlII. Every number contains from 
six to ten engravings of new macblnes and Inven· 
tlons whioh cannot be found In any otber publica­
tion. 

The SCIENTIFIC AMERICAN Is devoted to tbe 
Interests of Popular SCience, tbe Mecbanlc Arts, 
Manufactures,Inventlons,Agr:iculture,Commerce 
and tbe Industrial pursuits generally; and It Is val­
uable and instructive not only In tbe Worksbop 
and Manufactory, but also In the Housebold, tbe 
Library, and tbe Reading Room. Eacb volume 
contains bundreds of Notes, Receipts, and SUlI'ges­
tlons and Advice, by Practical Writers, for Work­
Ing MeD and Employer&, In all tbe various arts. 

TERMS OF S'UHSCRIP'J.ION. 

One copy of tbe SCIENTIFIC AlIIERICAN will bE' 
sent for Q7W year. 52 numbers, POSTAGE PRE­
P AID, to any subscriber In the United States or 
Canada, on receipt of three dolws and twenty cents 
by the publisbers. 

One extra copy of tbe SCIENTIFIC AMERICAN will 
be supplied gratis far every club of jive subscriber. 
at $3.20 each; or six copies for $16.50 wltbout extra 
copy. Postage free. 

The 8elenUftc A.m.el'lcan Supplemen&. 

A weekly paper, uniform In me wlththeSOIEN. 
TIJ'lC AloBICAN, but a distinct publication. It 
oontalna working drawings of engineering works, 
pd elaborate treatises on every branch of Science 
and MechaniCS, by eminent writers, at home and 
abroad. An illustrated cover protects tbe band­
somely printed sheets. Price, 16.00 per annum. 
S ingle copies 10 cents. 

One copy of the. SCIENTUIC AMERICAN and one copy of the SCIENTIFIC AMERICAN SUPPLEMENT will 
be sent for one year, postage prepaid, to any sub. 
scriber In the United States or Canada, on receipt 
of �even DoUa'l'll by the publisbers. 

Tbe safest way to remit is by Postal-OI'der, 
Draft, or ExpreB!!. Money carefully placed inside 
of envelopes, securely sealed, and carefully ad­
dressed, seldom goes astray; but it is at tbe sen­
der's riSk. Address all letters and make all or 
ders, drafts, etc., payable to 

MUNN & CO., 
3" PARK ROW. NEW YORK. 

THE "Scientific American" is printed witD 
CHAS. ENE(1 JOHNSON & cn's 'NiL Tenth and 

Lombard Sti. Phlladelllhla. and 59 Gold St., � ew Yorl< 
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