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Inside Paae , each insertion ••• 7:i cents a line. 
Back Pa&,e, each insertion ••• $1.00 a line. 
Engravings may head advertiBenuntil at the sa1M rate 

per line, l>y measurement, as the letter pr88S. Adver

tiBe1MniII must be received at publicatWn ojJlce as early 

as F'riday 'flWNI.ing to appear in next i88ue. 
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C'tT AltDIOLA'S 
COFFEE & SUGAR MACHINERY 
Coft"ee, Malt. Corn, Cocoa, and Graln

Dryln2' Macblne. co�e·Hulllng and 
Pollsblng Macblne... C'oft"ee-Wa"blng 
Macblne. Helix Sugar Evaporator. 
Messl's. C. ADOLPHE LOW & CO •• 42 Cedar Street, Mess ..... MUNOZ & ESPRIELLA, 52 PIne Street, New York, are Mr. Guardiola's Agents, and they 

will give prompt attention to all orders for any of the above machines. 

EA GLE FOOT LATH ES, 

fl! 
Improvement In style. Reduction In 
�n�:

s
R��t�� ¥o�is����::,aJ��'a Circular Saw Attachments, Hand Plan

ers, etc. Send for Catalogue of outllts for Amateurs or Artisans. 
WM. L. CHASE & CO., 

95 & 97 Liberty St., New York. 

Mill Stones and Corn Mills. 
We make Burr Mlllstones Portable Mills, Smut Machines, Packers, Mill Picks a Water Wheels, Pulleys, and 

Gearing, speciwly adapte to Flour Mills. Send for 
catalogue. 

J. T. NOYE & SON, Buffalo, N. Y. 

Due's IMPROVED 
PATENT ELEVATOR BUCKET, 

FOR BREWER�t:Js��n�Ir��t:J�, :tEV A-

These buckets are made of the best char-
��:e

t
:..ml�r:fr l���'1 ���S�iL����s�R 

The cost is about the same. Address T. F. ROWLAND. Brooklyn, E. D., N_ Y. 

BOGARDUR' PATENT UNIVER.�AL ECCEN
TRIC MILLS-For grinding Bones, Ores Sand Old 

Crucibles, Fire Clay, Guanos, Oil Cake, Feed, Corn, Corn and Cob, 'robacco, Snuft', Sugar, Salts, Roots, 
SpiCes, Coffee, Cocoanut, Flaxseed!" Asbestos, Mica, 
etc., and whatever cannot be grouna by other mills. 
Also for PaintsJ .Printers' Inks, Paste Blacking ... etc. 
JOHN W. THOMSON, successor to JAMES BOliAR
DUS, corner of White and Elm Sts., New York. 

[ESTABLISHED 1846.] 

Munn & Go'.S Patent Otlices, 

$titutifit �tutritllU. 

HARTFORD 
STEAM BOILER 

Inspeotion & Insuranoe 

COMPANY. 
t. B. FWILIJ, V. Pol,. }, I. ill.EI, PnI\ 

J. B. PIERCE. WJ. 

GUILD & GARRISON, 
34 to 44 First St., 

WlllIamsburgh, N. Y., 
Manufacturers of 

STEAM PUMPS 
for all purposes. 

A��c::�u��:'�J
s, 

Air Compressors. 

pyrom.eters. 
fOR Blast Furnaces, Bakers' Ovens, Boiler Flues, Superheated Steam, Oil Stills, Zinc and Lead Baths. ade under the patents of E. BROWN, 311 Walnut St . ,  
Philadelphia. Established 1860. 

Machines Send/_ 

.AND Illustrated 

Wheels Circular, 
Wei6sport, 

Guaranteed. PA. 
��------

Use Carey's Champion Steam Pipe and Doiler 

COVERING. 
Best in use. Address 

PHIL. CAREY & CO., Dayton. O. 

IRON AND STEEL. BY DR. C. W, SIE-
:��� a:Co�g:; o
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ments in the Production, Working, and Application (If 

THE T ANITE CO., 
STROUDSBURG, PA. 

� 

EMERY WHEELS AND CRINDERS. 
GEO. PLACE, 121 Chambers St., New York Agent. 

ROCK DRILLlN!; MACHINES 
AND 

AIR COMPRESSORS. 
MANurACTUREDBY BURLEIGHROCK O RILL Co 
SEND FOR PAMPHLET. FITCHBURG �ASS. 

Steel Castings, 
Iron and Steel; embracing the question of Labor in Its From � to 10,(0) Ibs. weight, true to pattern. An invalurelation to Capital; the 9haract�r. V�lue. C.ost u�d �o- able substitute for forgings, or for malleable iron castductton of the vnrtous kmds of }; ueI, lncludIng Bltumm-

I
, inJ78 requiring. great strenKth. �end for circular and ous Coals. Coke. American Fuels, Peat, N atural Gas price list to CHES'!'EU b'!'EEL CA;;TING COMPANY, Fuel, Liquid Fuel, Solar Fuel. �lotive Puwers and their EVEI,INA "TREET, PHILADELPHIA, PA. Transmission over long distances Water Power' its 1 _____ -----

Transmission by ;.;teel Ropes; its Transmission by Elec-
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The open Hearth System. The �Be of Fcrro-.:\1anga- NEW AND IMPROVED PATTERNS. 
nese. Use of Chromium. Production of Mild Steel. Send for new illustrated catalogue. 
Piping of l:5teel. The Applkations uf Steel. Iron and L th PI D 'II & Steel Nomenclature. Wrought Iron . Mechanical Pud- a es, aners, rI s, C. 
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�?gd �Jr��n�g: NEW HAVEN MANUF,\ C'I'URING co., 

Rust. Ainslie's Method. Barlf\!' Method. Contained New Haven, COD.D. 
in ::;cn�:\"Tn'lCAl\lEHICAX SUPPLE)[E:-.;'TS Kos. 70 and 71 
Price 1U (,1.s. each. To be hall at this office, anll of an 
newsdealers. 

The Double Exceutric 
Cornice Brake. 
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& co., successors to Thomas & Robinson, Cincinnati, 0, 

cotoTR'OLLED 
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The H 0 AD LEY 
PORTABLE STEAM ENGINE . 

WITH AUTDMATICAL CUT-OFF REGULATOR 
A!'\IO B ALA"\IC,EO \tAL\- E;. 

THE BEST;'�MOST ECONOMICAL ENGINE MADE 
SEND FoR c/� C I./LA R 

TheJ.C.HDADLEV CO. LAWRENCE. MASS. 
STATE WHEPE YOU SAW TH 15. 

$5 Outot free. Salary guaranteed. Write at once to 
EMPIRE NOVELTY CO., 309 Broadway, New York. 

Tube Cleaners �':-bi��a.ut¥IlBB'W!: 
TIONAL STEEL TUBE CLEANER Co. 814 E. 9th St., N. Y. 

ALCOTT LATHES, f or Broom, Rake and Hoe Han-
dles. S. C. HILLS, 78 Chambers St. N. Y. 

D R 0 P FORGINGS aud 
SPECIAL MACHINERY, THE HULL & BELDEN CO., Danbury, Conn. 

oth er in use, rend ers it undoubtedly the most economical 
We are also the sole ma.nufacturers of the CELEBRATED COLLINS'PAT. COUPLING, andfurnisb Pulleys, Hangers, 
:t�it�tfg� tci°st approved S�YJ�E8Pti�ll'aHmLnlwg, on )iANUFACTURE OF ARTIFICIAL BUT-Try �treet, 2d and 3rd Avenue., Pittsburgh, Pa. ter.-By Prof. Henry A. Mott, Jr., E.M. With six en-190 S. Canal Street, Chicugo, Ill., and MUwaukie, Wis. I gr av in"s -Being a History of the ArtiHcial Butter � 8to��ks of t!Jis shafting m,Rt9re and for sale by Manufacture, Descriptions of the PrinCipal Processes FULLER, ';AN A, & F ITZ" Boston. Mass. now in use, Details of Latest Improvement., Plan of an GEO. PLACE & CO. 121 "hambers St., N. Y. ArtiOcial Butter Factory, Engravings of the Machinery -- - - - -- -- - required Chemical Analys('s of Butter and of Artificial 
THE UNITED BT A TES NEW IRON I Butter, Details of the Costs of ""tting up an ArtiUcial 
Landing Pier: Delaware Breakwater Harbor· built on 

B:�;-Je�c�Oo�!���
a
B�:l ��q��ri�f��u�eate

e�
a
�::d� Iron Screw Piles. Designed by Lieut. Col. J. rI. KmtTZ, ' Wie Daily Prollt, etc. A complete and reliab�e treatise U. S. Corps of Engineers. A full HistorYB 

with Map, De- contained In SCIENTIFIC A'IERICAN Su PPL">IENT NOS. 
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e
r�r�S';;;���re��e t�!"wW;f:: £ v�iu��l�Ra�d :!�n� it ne���'.J��:.nts each. To be had at this office 

important paper. With 42 illustrations. Contained In 
8CIKXTIFIC,Al\IERICA.Y SPPPLEl\IEXTS Nos. 72 and 7 3. 
Price 10 cts. each. To be had at this office and of all newsdealers. LeCOUNT'S PATENT 

Ma.chinists' Tools. 

Just onto 10.000 copies new edition EMEl\,SON'S I1lus�rated Haud Book. 7:i engraVings, and 
l£�e��� g�81�1���!l' 19t:t£��W'�cf��u�M�W �d

CJ:�� �I.;�F':{I��' �'!t�ppllcatlon. IY'Send your full 
The Oldest A&,ency fol' soIicitinjf Pateuts iu the ----- ----� .------

United States. 

'l'HIRTY YEARS' EXPElUENCE.l 
MORE PATENTS have been secured through this 

agency, at home ILnd abroad, than through any other in 
the world .. 

They employ as their asslBtants a corps ot the most ex
perienced men as examiners, specification writers, and 
draughtsmen, that can be found, many of whom have 
been selected from the ranks of the Patent Office. 

SIXTY THOUSAND Inventors haveavailedthem
selves of Munn & Co.'s services In examining their In
ventions and procuring their patents. 

MUNN & CO., in connection with the publication of 
the SCIENTIFIC AMERICAN, continue to examine In
ventions, confer with inventors, prepare drawlngs, spe .. 
ci1Ications, and assignments, attend to lliing applications 
In the Patent Office, paying the Government fees, and 
watch each case, step by step, while pendingbeforethe 
e aminer. ThIs Is done through their branch office, cor
ner F and 7th Sts., Washington. They also prepare and 
flle caveats, procure design patents, trade marks, and re
Issues, attend to rejected cases (prepared by the Inventor 
or other attorneys), procure copyrights, attend to inter
ferences, give written opinions on matters of infringe
ment, furnish copies of patents, and, in fact, attend to 
every branch of patent business, both In this and Infor
eign countries. 

A sooclal notice Is made In the SCIENTIFIC AMER
ICAN of all Inventions patented through this agency, 
with th" name and residence of the patentee. Patents 
are often sold, In part or whole, to persons attracted to 
the invention by such notice. 
Patents obtained In Canada, England, France, Belgium, 

Germany, Russia. Prussia, Soain, Portuga� the British 
Colomes, and all other countries where patents are 
granted, at prices greatly reduced from former rates. 
Send for 1)am1)hiet oortl\lnlng specially to toreign pat
ents, which states tha cost, time granted, and the re
quirements for each country. 

Copie8 of Patents. 
Persons desiring any patent issued from 1836 to Novem

ber 26, 1867, can be supplied with official copies at re .... 
sonable COst, tbe price depending upon the extent of 
drawings and length of specl1lcations. 
Any patent Issued since November 27, 1867, at which 

time the Patent Oftlce commenced printing the drawings 
and specl1lcatlons, may be had by remitting to this of
lice $1. 

.'1. copy of the claims of any patent Issued since 1836 
will be furnished for $1. 

When ordering copies, please to remit for the same as 
above. and state name of patentee, title of Invention, 
and date of patent. 

A pamphlet, containing full directions for obta.ln1ng 
United States patents, sent free. A handsomely 
bound lteference Book, gilt edges, contains ItO pages 
and many engravings and tables important to every pat
entee and mechaniC, and Is a useful handbook of refer
ence for everybody. PrIce 25 cents, maned tree. 

Address 
JrolOJ &: CO., 

Publishers SCIENTIFIC AMERICAN. 
3'7 Park Row, N. Y. 

BRANCH OFFICE--Col'ller of F Wid 1th Streets. 
WlUlbIniton, D. C. 

JO:"�...I...� HOLLA::N"D'S 
Q.C>LD PEN'S 

_Cd¢> 
Reeei\"cd the Centennial �Iedal from the Judge!! on Awards, for 
•• superior eillsticity nud gelJcrn.i exct>llcucc." IC not sold by your 
Sl.IitlonCL", scnd for lllastl':l!j',1 Price-Li�t 10 the 

nllDU"'U(·tA.)J·y� 19 "". 4tb St.... Cluf"lnllatl. 

Pyrometers. ���n��fi�tA'ln�:�pe�f 
BO iler Flues, Super-Heated Steam, 011 �til

� 
&c. ' 

HENRY W. BULKLEi49�����ay,,,§��"fork. 

TO INVENTORS 
AND MANUFACTURERS 

FOLLOWS & BATE, Manchester, England, Hardware 
and Machinery Merchants, are prepared to buy Ameri
can Goods for Cash, and to act as Sole Wholesale Alrents. 

PERFECT 
NEWSPAPER FILE 

The Koch Patent File, for preserving newspapers 
magazines, and pamphlets, hilS been recently improved 
and price reduced. 8ubscribers to the SCIE"TIFIC AM
ERICAX and Scn:xTIFIC Al\IERICAX SUPPLEMKST can be 
��J'�
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.. SCIENTIFIC AMERICAN," In Irllt. Neces.sary for 
every one who wishes to preserve t1i epaper. 

Address 
MUNN & CO., 

Publishers SCIENTIFIC AMERICAN. 
----- - --- - ---- --

XJay1;o:n. Oan:1 �'U.n:1p. 
THE ONLY PUMP IN THE MARKET DESIGNED 
AND CONSTRUCTED ESPECIALLY FOR BOILER 
FEEDING. Are Pumping water at 268" F. No Dead Cen
ters. The Steam Valve Is a plain Slide Valve, 
Identical to the slide valve of a Steam En
ldne, but derives Its motion from a cam. 
Speed can be reRUlated to suit evaporation. 
Pumping Returns trom Steam Heating Ap

paratus a specialty. or Send for CIrcular. 

Smith, VailB & Co., 
DAYTON,omo. 

HW JOHNS' 

E S 
PATENT 

�S�INTros 
These Paints are In every respect strictly Orst-class, 
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durability. They are prepared, ready 70r the brush, in 
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l:sf3� and out, and for all purp03es where a perfect protective 

CO���g
i
��ethu�r�gnderf\l1 coveri11{l pro erties of these 

Paints, the farmer, merchant, or manu�acturer can, by 
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�h�rri\�iaha�'ASll����dto�f. other ready mixed paints, or 
T HE A!SBE"TOS PAINTS contain no water, alkali, or other useless or deletel'ious Ingredients such as are used in nearly all the liquid or so-called chemical 

t:��Bw�Il,;;r;:=t1e::�� ���rf�!r::�l���le paints 
A"BE"'I'OS ROOF PAINT. For tin and shingle t��tJi ir�n 

e':,�.
rk, agricultural implements, fences, out-

A!"i�STOS FIRE PROOF PAINT; white or 
����r

t
W�;n:,o�n�h�tIf:��;�ll'e� �iru����f�' d���f'�l ignition from sparks, cinders, cr flame!!. R is also an 

economical and desirable substitute for white lead for preserving the class of Outbuildings, Fences, etc., 
which are usually left unpainted. 

Roofing, Sbeatbiull, Steam l'ipe aud Boiler Cover ings, �team Packing, Etc. 
CQ!Ut'ff::�sJt!fz�J;rZa ��r!lr�� �� :::n�a� appfiJ by any fYM. Liberal inducements to General M eT
chants. DealeT8, and Large ClmSUmers. 

SEND FOR SAMPLEJl ... ILLUSTRATED CATA· 
LOGUES. PtuCE LISTS. ETC. 

H. W. JOHNS MANUFACTURING CO., 

Also for 
sale by 

S7Maideu Laue, New York. 

I PH I ADELPHIA BRANCH, 400 Arch St. DOWNIE, TRAINER & CO., Boston. 
F. H. WIL"ON, Baltimore. 
S. W. HE�IPSTED & CO., Columbus, O. 
'1'. S. & A. J. KI RKWOOD, Chicago. 
M. M. BUCK & CO .. St . Loui •. 

�iI1>:Jp����
R Jp�8sI, ��� �[.��'t:co. 

© 1877 SCIENTIFIC AMERICAN, INC. 

DAMPER B E S T AND LEVERS 
REGULATORS GAUGE COCKS. 

MURRILL & KEIZER, 44 HOLLID.4.Y ST., BALTIMORE. 

I Working .lI1odels I And Experimental lllachinery, Metal or Wood, made to 
order by J, F. WERNER, 62 Center St., N. Y. i!SfOO.OO R��:v�DBK��' :::t��::fH:n � 

smoo�b lace In· L.be ulle of DYKEs HKARD J<.:LIXI 
, without injury, or will (orfelt.IIlOO.OO. Price bym!'u . 

in sealed package 26 cents, 3 packages oIny 60 cents.. 
" A. L. SIoIITH " Co., Palatine, Ill., Sale Agents. 

r:r-r We cautioD. t'" DubUc awaiDS' imit.&t.1oDL 

SUPERIOR TO E ERYTHING FOR 

Packin[, Board, GOIDonl, Etc. 
Imported aud fol' sale by 

Mc CULLAGH & CO., 49 Beaver St., N. Y. 

1872, 1873, 1874, 1875, 1876, 

SCIENCE RECORD. 
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Persons desiring a condensed history of t�e most interesting Facts and Discoveries in the Arts, Sciences, and 
Inventions, for the years from 1872 to 1876, will Ond them 
recorded in the five volumes of the SCIENCE RECOHDt now otfered at half the original price. 
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prepared expressly for these Annuals. 
Among the subjects, the following are the most note� 

worthy, exhibiting in a condensed form a general ac
count of the Progress of the World: 
�����Jft§ 1�B lJJr��i;1{rJ'J' 
ELEC'1'HICIT¥J LIGHT, HEA'!" SOUND. 
TECHNOLOGr, THE USEFUL ARTS, 
!&IJ-6"u1. t.-lJlM!ORTICULTURE, 

rrIIIJ.�lli:1.N�E�?gl.ETWELRA��%�Pc�:iIYGIENE, 
��f���6'LWJl.°fE\�fTl�Plt��l'sICS. 
8�8rM�HIND MINERALOGY, 
ASTRONOMY, 
BIOGRAPHY AND NECROLOGY. 
Each yearly volume contains about 600 octavo pages, 

including a lar�e number of handsome engravings. 
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set of five volumes. 
They were published and heretofore sold at $2.50 each, 

or flO for the set. 
fr��\'1hi�o ��¥tl�\;in!e;I��d� r����b';,��'ih-::fi'l!'e yd

e
:{e of the volume covers the events and discoveries of the 

previous year. Sent by mail on receipt of price. Address 
MUNN & Wp;;�n-J�����w York clty_ 

THE "Scientific American" is printed with CHAB. 
ENEU JOHNSON & CO. 's INK. Tenth and Lombllrd StIl., Pblladelphia, and 59 Gold St., New York. 
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