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Back P!!lI'e - - - - - - - - - 1111.00 a line. 
Inside PR&'e - - - - - - - - 'Ii cent8 a line. 
Engraving8 may heaa aavorti8emem8 at the 8ame "ate 

ver line, by mea8urement, a8 the letter p,·e88. Ac.!· 
ve,·ti8emem8 mU8t be receivea at publication 01llce a8 
early a8 Fhaay mornong to appea,' In next 188ue. 

R. HOE & CO., 
Grand, Broome, SheriJl, Columbia, and Gold 

Streets, New York. 
CAST STEEL SAWS OF EVERY DESCRIPTION. Send tor Reduced Price List and Descrlptton of their 

New Pat. Chisel Tooth Circular Saws, 
'6t��rh s�� f:'t'i:'�':0�f3."aSIlY al� 'ii'30m�a���an any 

504 Grand St .. cor .�herlll St., N. Y. 
PREPARATORY SCIENTIFIC SCHOOL, Warren Academy, Woburn, Mass. (for circulars, ad-dress L. S. BURBANK, PRINOIPAL. !?OGARDUS' PATENT UNIVERSAL E CCEN­

TRIC MILLS-For grinding Bones Ores, 'Sand Old ruclblesJ Fire Clay, Guanos, 011 cake, Feed.3Jorn, Corn ana. Cob, Tobacco Snuff, Sugar, Salts, .!toots, S£tces, Collee, Cocoanut, Flaxseed, Asbestos, Mica, 
ho t�rdp'=l:."i!�V��;t,�,?P\�s�r���:!, Vta�illi,m!�: JOlIN W.· THO}(SON, successor to JAMES 1I0GA&­DUS corner of White and Elm Sts .. New Yor.ot 

MACBINBBY 
OF EVERY DESCRIPTION, 

Col d Roll e d S h aft i n g, 
BELTINl:l.A¥f�r!E �TNiIfl�g�JfH;'g�iNDERS, IN STOCK. 

. GEORGE PLACE 121 Chambers & 103 Reade Sts., New York clh. 
NON-COMBUSTIBLE STEAM BOILER & PIPE 

COVERING 
WI'.l'H"AIR SPACE" IMPROVEMENT. Saves 10 to 20 per cent. CHALMER8SPENCE CO., Foot E. 9th St .• li. Y. ; 1202 N. 2nd St;, St. Louis, Mo. 

BOIL'rIllS" If you wish to save fuel, get ' .&;1 --one of our Patent Tubular 
Boilers. We have seven different styles. J. HEATHCOTE & CO., Boller Makers,Wllllamsport,Pa. .-- -----

HOW TO MAKE SPIRAL SPRINGS. By 
Joshua Rose. With three engravings of the tools, which are easily made, and complete graCtiCal dIrections 

f8rc:ri'l.�lllaoJ��l��anfnHN,�i���I"cn A���'!."J:"�um� MENT No. 20. To be had at this oWce and at all News Stores throughout the country. 

[ESTABLISHED 1846.] 

Munn & Co.'S Patent Otfices. 
The Oldest AJrency for SolicitinJr Patent. In the 

United �tate8. 

THIRTY YEARS' EXPERIENOE. 

MORE PATENTS have been secured through this 
agency, at home and abroad, than through any other In 
the world. 

They employ as their a88lstants a corps of the most ex­
perienced men 0.8 examiners, .speclfica.tlon writers, and 
draftsmen that can be found, many of whom have been 
selected from the ranks of the Patent OWce. 

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

MUNN & CO., In connection with the pubUcation of 
the SCIENTIFIC AMERICAN, continue to examine In­
ventions, confer with Inventors, prepare drawings, spe­
cUlcations, and assignments, attend to llUng applications 
n the Patent OWce, paying the government fees, and 
watch each case step by step while pending before the ex­
aminer. This Is done through their branch oWce, c�rner. 
F and 7th streets, Washington. They also prepare and 
lIle caveats, procure design patents, trademarks, and re­
Issues, attend to rejected cases (prep .. red by the Inventor 
or other attorneys), procure copyrights, attend to Inter­
rerences, 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 In for­
eign countries. 

A special notice Is made In the SCIENTIFIC AMERI­
CAN of all Inventions patented through tWs agency,wlth 
the name and residence of the patentee. Patents are of­
ten sold, In part or whole, to persons attracted to the In­
vention by such notice. 

Patents obtained In Canada, England, France, Belglnm, 
Germany, Russia, Prussia, Spain, Portugal, the British 
Colonies, and all other countrles where patents are 
granted, at prices greatly reduced from former rates. 
Send for pamphlet pert .. lnlng specially to foreign patents, 
which states the cost,tlme granted,and the requirements 
or each country. 

Copie8 of Patents. 
Persons desiring any patent Issued from lBS6 to Novem­

ber 26, 1867, can be supplied with oWclal copies at rea­
sonable cost, the price depending upon the extent of 
drawings and length of specifications. 

Any patent Issued since November 27 ,1867, at which 
time the Patent OWce commenced printing the drawings 
and specillcations, may be had by remitting to this of­
lIee $1. 

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

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

A pamphlet containing the laws and full directions tor 
obtaining United States patents sent free. A hand­
somely bound Iteference Book, gilt edges, contains 140 
pages and many engravings and tables lml'ortant to every 
patentee and mechanic, and Is.a useful handbook of ref­
erence for everybody. Price 25 cents, mailed free. 

Address 
MUNN &!; CO., 

Publishers SCIENTIFIC AMERICAN, 
37 Park Row, N. Y. 

BRAN01I OFFIom-Corner F and 7th I!!treet8t Wash­
ington, D. C. 

J titutifit jtuttitau. 
SCHLENKER'S 

StationaTy-Die and Revolving-Die 

Bolt Cutters. 
THE BEST AND CHEAPEST MADE. 

HOWARD IRON WORKS, 
BuJlalo, N. Y. 

or Send for Catalogue.-a:lI 

THE UNION IRON MILLS, Pihsourgh, Pa..­
The attention ot Engineers and Architects Is called to our Improved Wrought-Iron Beams and Girders (pat­ented), In which the compound welds between the stem and llanges, which have proved so objectionable In the old mode of manufacturing ,are entirely a voided. We are pre­}Oared to furnish all sizes at terms as favorable as can be 

g��\'!::I� �:g:.���� c��'U�el�'h,¥:�:JI���K��g.;:::��:� 

TO iNV ENTORS 
AND MANUFACTURER� 
The 45tb E.J"bil>ltioD of tb, Arnedean l'lltitute will Op"D Sep.. tt'wber 6tb: Mal·biDer,. wjIJ b. hceh'ed aller Augus' 14th, other cude alttlr Aug'.lIC.!Hitb.. lncreaaedawardt and. Spec:ialGold MedII ����:���.:�::�I::ro��h�IU"".G��1SIlf4f 

PERFECT 

NEWSPAPER FILE. 
-:0:--

The Koch Patent Ylle, tor preserving newspapers , 
��"��I�';�e���J'!.m§��;�rl���sbt"��h�e����?;i�%Ori,� 
ERICAN and ScIENTIFIO AMERIOAN SUPPLEMENT can be s�plled for the low price oU1.50 by mall, or f1.25 at the 
? sC6ffi�¥'fhgal'i:iERr6�'fT, ,l>��'bri�e� ec�:�.;��t��� every one who wishes to preserve the paper. Address 

MUNN & CO., 
Publishers SCIENTIFIC AMERICAN 

THE 

Bi[elow En[ine, 
The Cheapest and Best Portable Engine ollered to the Public. 
Price, 4 Horse Power ......... � u G " " 

• • • • • • • • •  400 
u 7 U " • • • • • • • • •  475 "8�'" . . . • . . .  54� :: 12 :: ... ..... 7'"41 15 ......... dOO 

Price �l�t::,��n::�ii:��!nes: 
4 Horse Power ................ $150 6 " " . . . . . . . . • . • • • • .  175 
Jtg �� H��se po,'!'er::::::::: � 

Send tor Illustrated Circular and Price List. 
H. B. BIGEI.oW & CO. 

New Haven, Conn. 

$600,000 I N  GIFT S! 
IlT GranaeBt Scheme ever Presentea to the Public! -a:lI 

A FORTUNE FOR ONLY $12. 
THE KENTUCKY 

CASH DISTRIBUTION COMPANY 
authorized by a special act of tbe Kentncky Legislature, for the benefit of' the Pn bUe Schools of FrankIort, 
N'i�a��tl1�ll¥'.i:',

f tl:.ell�.;rl�M!yGr�� DFiX'�".t; 
FORT, KY .. 

THURSDAY, AUGUST 31,1876, 
on which occasion they will distribute to the tlekethold· she6enomo 

, 0 0 0 ! 
Tho ... P. Porter. Ex-Gov .• Ky., Gen'l Manaller 

POSITIVELY NO POSTPONEMENT! 

One Grand Cash Gift ... ................... $100,000 
One Grand Cash gUt...... ................ �O,OOO 
One Grand Cash ift......... ............. 2�,OOO 
One Grand Cash ift .... ... ............... 20,000 

8::g�::3E::tgm :::::::::::::::::::::: 1�333 
1i0 Cash Gifts of 1II1,OOQ each..... �O,OOO 

100 C .... h Gift8 of �OO each..... �O,OOO 
100 Cash Gifts of 400 each..... 40,000 
100 Cash §ifts of 300 each..... 30,000 
200 Cash ifts 01 200 each..... 40,000 
600 Ca8h ifts of 100 each..... 60;000 

10,000 Ca8h GUt8 of 12 each..... 120,000 
Total, 11.1�6 Glfl8, All Ca8h........ 600,000 

PRICE OF TICKETS: Whole tickets, $12; HalveSSi$6; Quart� $3; 9 Tickets, 
IFoOO�7�tl.I��rCk��t 1t:� �!���ts, ; !fj!f4 Tickets, 

b.!�.f· of'cNy ��I��h::fi�rH��.F'1fv��orB��:ll;n�[� Chief Justice of Kentucky, and other distinguished 
f��1��et tg�fd�:: p����U�ay d�S!�lt:����WIRe::'��I�� tend the drawing. Remittances can be made by Express, Draft, Post-
�gt'jfJY'Nlo'Jf�"a'1s1fl!J1�ef'k'}jl'}f1'oNmJ��J.1�}� All communications, orders tor Tickets, and applica­tions for Agencies should be addressed to 

HON. THOS. P. PORTER, 
General Manaller. Frankfort. Ky. or G. W. BARROW & CO., 

General Eastern Allents, 7111 Broadwav. N. Y 

Wood-Working Machinery, 
Such as Woodworth Planing, Tongllelng, and Grooving Machines, Daniel'S Planers, Richardson'S Patent 1m· 

���'}.1a�gj'ri'e�,M:g�lnNo �J���:�ng MM�S:�er�n�e��: raUy. Man�ffi'{j��y, RlJGG & RICHARDSON, 26 Salisbury 8treet, Worcester, Mass. (Shop formerly occupied by R. BALL & CO.) 

WHOM IT pn�l 
--:0:--

As a rule, It pays best to adYertlse what one has to se 
or wishes to purchase, In papers having the largest clr­
cnlatlon among the class of persons likely to be Interested 
In the article. Parties having Manufacturing Establish­
ments to sell or lease, or who wish Estimates made for 
Constructing Bridges, Dams, Iron Buildings, Furnaces, 
Heating Apparatus, Steam Engines, Boliers, Wood and 
Iron WorkIng Machinery, Agricultural Implements, or 
Contracts for Engineering Works of all kinds. will find 
that It pays to advertise In the SCIENTIFIC AMERI­
CAN. 

The value of the SCIENTIFIC AMERICAN as an ad­
vertising medium cannot be over-estimated. It goes 
Into all the machine and workshop. In the country, and 
Is taken at the principal libraries and reading rOoms In 
the United States and Europe. 

The SCIENTIFIC AMERICAN and SCIENTIFIC 
AM'ERICAN SUPPLEMENT have a larger circulation 
than all other papers of their kind In the world com­
blned; and at no period since the commencement of the 
publication ot these papers has the weekly circulation 
been as large as at the present time. 

The actual 188ue of the SCIENTIFIC AMERICAN Is 
47,Ii00 per week, and of the SCIENTIFIC A)(ERI­
CAN SUPPLEMENT, 1Ii,OOO, making the combined 
circulation, 62,�00 every week. 

If anything Iswanted In the mechaDical llne, advertise 
for It In the SCIENTIFIC AMERICAN. 

If one has a patent or machinery to sell, advertise In 
the SCIENTIFIC AMERICAN. 

It any one Is exhibiting at the Centennial, It will pay 
them to advertise where they may be found . 

For rates, see the llrst column of the last page of this 
paper. ---:0:---

The Supplement. 
Next to the SCIENTIFIC AMERICAN, the SCIEN­

TIFIC AMERICAN SUPPLEMENT has the largest Cir­
culation of any paper of Its class publlshen. The SUP­
PLEMENT Is a .dlstlnct publication from the SCIEN­
TIFIC AMERICAN, and has a large circulation other 
than among the. Subscribers of _ the regular edition. 
Terms for advertising are very low, as follows: 
BcwkPCl{Ie, tintedcaver ... . 35c. a line t EACH 
Imide page . . .............. 2&. a line ) INSERTION. 

Discount for large space, and to quarterly advertisers. 
Address the publishers, 

l"l 
� .  -<� 
�::a 

Munn & OO_� 
3'2' Park Row, New York. 

� ' .. �� .. �� .. �� .. IY���� 
The Standard-Best Stock-Finest Finish-

MANUFACTURED ONLY BY 
D, ARTHUR BROWN & CO. Fisherville. N.H. 

Fog� POWES� J.E:it�1�1ft Po�g�;ft�t ,w.� �*ik� 
Brayton ReaDY Motor. 

It has no boller, Is safe, economical, started by any 
�J�P��s"e<t����i,��'iJ'aItJI�S :���. SPl��'r:�d gives an 

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

Working Models 
trn,M;:rrlmental :t.a���'k� 16�be�� e�dst��? f� 
ROGERS' TANNATE OF SODA BOILER 

SCALE PREVENTIVE. JOS. G. ROGERS & CO., Madison, Ind. 
IT Send for book on Bolier Incrustation. 

D iamonds �� Carbon 
shaped or Crude. furnished and set for Boring Rocks, DreSSing Mill Burrs, Emery. Wheels, Grindstones. Hard· ened Steel, Calender Rollers,and for SaWing, Turnlnfe' or 
iiI���':.��to�� t���\hJ§gtr.d�u�:�:.:'e�£.�IWe�lal�i� : 
Planing'" Matching. 

MOUldln!, Re.sawlng, and Tenoning Machines. Scroll 
�t�N":. �'W�Wb}i�S'�o,;%rrll'U�:����v.· Y. Send for Ca·talogue. (118 Liberty St .• N. Y. city. 

Niagara 
" • ..I!!!o!!i!lI:= Steam Pu m pWorks 

EsTABLISIlRD 1826. 
CHARLES B. HARDICK, 

0.23 A d am8 S tree t. 
BROOKLYN, N. Y. 

and Keene's Cement. 
From the best London Manufacturers. For sale by JAMES BRAND, 85 Beekman St., New York. A Practical Treatise on Cement furnished tor 25 cents. 

Todd & Rafferty Machine CO. 
MANUFACTURERS OF The celebrated Greene Variable Cnt·Oll Engine, Lowe's 

��tea��;��¥�rl����.fJ¥o�t��r�sE:it��s�ll�"o;r."i:gtS��i 
�� :s6": �!"':J's'l�blec;r,'f.ii',r;;n�htIr:�gl.l��Ii�� � Agents for the �ew laven Manufacturlng�. 's MachIn· 1st's Tools, for Judson's Governors and Stop Valves, Sturtevant Blowers, and D1l1erentlal PullW·BIOCk8. 
�&:H,O�r'�Ii:�sJ'JBWi:V '&1���:' NE YORK. 

© 1876 SCIENTIFIC AMERICAN,INC. 

The Tanite Co., 
STROUDSBU Ra, PA. 

EMERY WHEELS& GRINDERS 

Machinists' Tools. 
NEwa.nd IMPROVED PATTERNS. Send for new 1llustrated catalo�e. 

Lathes, Planers, lJrills, &c. 
NEW HAVEN nANVFACTVRING CO., 

New Haven, Conn 
n. SELIG JVNI OR & CO., Importers of American Machinery I �OOlS, Agrlcultura Implements, Wholeoale and Export Hardware and Ma­chinery Merchants. Est'd 1866. LONDON, ENGLAND, and BERLIN, GERMANY. 

PORTLAND CEMENT 
ROMAN & KEENE'S. For Walks. Claterns. Founda­tions. Stables,cellars ,Brldges,Reservolrs.Breweries. etc. Remit 10 cents for Practical Treatise on Cements. S. L. MERCHANT & Co., 76 South St. New York. 

T HE CENTENNIAL INTERNATIONAL EX­
HIBITION OF 1876.-The full History and Progress 

��e tg�I�����t��':,;sn:.��s a��ot�ri'tl�f��dth:�gcr.�v��f:b�� 
g�c�suW'L\lrlMrk![e�':n:":S ��l�l!�� !:� sft;���: pies 10 cts. To be had at this omce,andofall news agents. All the back numbers, from the commencement on Jan· uary 1, 1876, can be had. Those who desire to possess a com�lete and splendid Illustrated Itecord of the Centeno g�k §!}��¥.':l;;nl'(�'W��d have the SCIENTIFIC AMER!· 

AND LEVER DAMPER BEST REGULATORS GAGE COCKS. 
MURRILL & KEIZER, 44 Holliday St.. BaIt· 

HARTFORD 

STEAM BOILER 
Inspeotion & Insurance 

COMPANY. 
t, B. FWWI, v, Pres't J, I, WI, Pra'L 

J, B, PIERCE, sec',. 
N O  Y E' S 

!!�Mt�h�!��'!!' !tll,,! MllIstones,-Portable Mills, Smut Machines, l'ackers,MII Picks, Water Wheels, pnllef.s and Gearing, specially adapted to llour m1llSj. ��n:O¥Ec.t�j�'iiUjfalO. N. y, 

OFTllE 
SCIENTIFIC AMERICAN, 

FOR 1876. 

THE MOST POPULAR SCIENTIFIC PAPER 
IN THE WORLD, 

THIRTY-FIRST YEAR. 

VOLUME XXXV.--NEW SERIES. 

T h e  publishers of the SCIENTIFIC AMERICAN 
beg to announce that on the first day of July, 
1876, a new volume commenced. It will continue. 
to be the aim of the publishers to reDder the con. 
tents of the new volume more attraotive and use­
ful than any of its predecessors. 

To the Mechanic and Manufacturer 
No person engaged in any of the mechanical pur 

suits should think of doing without the SCIEN­
TIFIC AMERICAN. Every number contains from 
six to ten engravings of new machines and inven­
tions which cannot be found in any other publica­
tion. 

The SCIENTIFIC AMERICAN is devoted to the 
interests of Popular Science, the Mechanic Arts, 
Manufactures,Inventions,AgrlCulture,Commerce 
and the industriRl pursuits generally; aDdit is val­
uable and instructive not only in the Workshop 
and Manufactory, but also in the Household, the 
Library, and the Reading Room. Each volume 
contains hundreds of Notes, Receipts, and Sugges­
tions and Advice, by Practical Writers,for Work­
ing Men and Employers, in all the various arts. 

TERMS OF SUBSCRIPTION -- POSTAGE 
PAID BY U S .  

O n e  copy Scientific American, one year . . $3 20 
One copy Scientific American, s i x  months. 1.60 
One copy Scientific A merican,three months 1.00 
One copy Scientific American and one copy 

Scientific American Supplement, both 
for one year, post-paid.................. 7.00 

The SclentUlc AJDcrlcan SuppleJDent. 

A weekly paper, uniform in size with the SCIEN­
TIFIC AMERICAN, but a distinot publication. It 
contains working drawings of engineering works, 
and elaborate treatises on every branoh of Science 
and Mechanics, by eminent writers, at home and 
abroad. An illustrated cover proteots the hand­
so�illy printed sheets. Price, $5.00 per annum 
Single copies 10 cents. 

Remit by postal order, draft, or express. 
Address all letters and make aU Post Office or­

dersand drafts payable to 

MUNN & 00 
37 PARK ROW. NEW �ORK. 

Ihe "Scientific American" is printed wlta 
CHAS. ENEU JOHNSON & CO.' S Il'K Ten,h and ombard-sts" Philadelphia, an<U9 Gold st. ,New-York. 
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