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Insi de Pallet each iU!iiel'tion - -. 7'a cents a line. 
Back Pall'e, each insertion - - -.$1.00 a line. 

]i}ngravings �may head advertisements at the same rate 
per line, lly measurement, as the letter press. Adver
tisements must be received at p1JlJlication ojfice as early 
as Ii'riday murning to appear in next issue. 

EAGLE FOOT LATHES, 

l! 
Improvement in style. Reduction in rices April 20th. Small Engine Lathes glide Rests, TOOlS .

. 

etc. Also 8croll and Circular Saw Attachments, Hand Planers, etc. Send for Catalogue of outfits for Amateurs or Artisans. WM. L. CHASE & CO., 
95 & 97 Liberty St., New York. 

MEN OF PROGRESS. 
Persons desiring t 0 secure a copy of this magnificent Engraving can do so at the following greatly reduced rates: Engraving, single copies ........................ $5 00 Engravtng and SCIENTIFIC AMERICA N, one year............ .. ........................... 700 Engmving, with SCIENTIFIC AMERICAN and SUPPLEMENT, one year.. . .. .. . . . .. . . .. 10 00 This larg� rare, and splendid STEEL-PLATE ENGRAVING, entitled H Men of Progress," is one of the finest 

����O�::r ��l�ir��ct�����sinf��:rgf �� flf�:Yl;� ; accuracy of the personages it represents. The scene of 
�¥e���h��'iJ���id J�!�r��i,'t�:�� s�1rl� P:;an:rg�f� !��nIt.t�i;f oe::?ns represented are the following emi-
�ViiJ§ M?ll'��6RMi:CK:':::::::::: .. �l��t.�i�. ��lif::C!.: THOS. BLANCHARD ........ Lathe for Irregular Forms. WIJ LIAM T. G. MORTON .................... Chloroform. 

C,.,. ARDIOLA'S 
COFFEE & SUGAR MACHINERY 
Coffee, Malt, Corn, Cocoa, and Graln

Drylne: Machine. Coffee-Hnlling and 
Polishing Machine... C]offee-Wa .. hlng 
Machine. Helix Sugar Evaporator. 
Messrs. C. ADOLPHE LOW & '

CO .. 42 Cedar Street, Messrs. lU UNOZ & ESPRIELLA, 52 Pine Street, New York, are Mr. Guardiola's :Agents, and they 
:��l1!ii{a�f,,?:i'ls� attention to all orders for any of the 

Patented r868-r8740 BOLT CUTTERS. n Dies open and clos. an.d Bolt 
II thrown out automatically. • One pattern, holds finished bolt. on centres and threads them with greater accuracy and uniformity and ten times as fast as a chaser in a Lathe. Highest award ot American Institute, r869 & r874. 

Wood & LllJht Machine Co., Worcester, Mass. make all kiads of Iron Working Machinery. 
Also, Shafting, Pulleys. &e-. 

The HOADl.EV ' 
PORTABLE STEAM ENGINE_ 

WITH AUTOMATI CAL CUT - OFF REG U LAT 0 R 
AND BALANCED VALVEJ. 

THE BEST-:�MOST ECONOMiCAL ENGINE MADE 
S£.NCJ FOR C/RCOLAR. 

TheJ.C.HOADLEYCO. LAWRENCE, MASS. 
9TATE WHERE yOU SAW TH 15. , --- - - - -... .�. 

SAMU EL COLT .................... Revolving Fire-Arms. ESTABLISHED 18�4. CHARLES GOODyEAR ................. Rubber Fabrics. FREDERICKE.SICKELS ................. Steam Cut_Otf. JOSEPH C TODD HENR Y BURDEN .................. Horse Shoe Mach ine. (F • L JOHN ERICSSON ....... " .................. First Monitor. ormerly of Todd & Rafferty), ENGINEER andMAC)IIN-JAMES BOGARDUS ....................... Iron Buildings. 1ST . . Flax, Hemp}.. Jute, RORe, Oakum, and Bagging JOSEPH SAXTON .... ...... , ........ Watch Machinery. : Machinery, Steam l!ingines, BOllers, etc. Al�oAgentfor PETER COOPER ....... ........ Iron-Rolling Machinery. ! the cel�brated and Improved :Raw�on & RIttmger Hoist-JOSEPH HENRy ........... Elect .. ro-MM:netic Machines. : mgE!ngme, I will furnIsh speClficatlOnsanjl e.stlmates for ISAIAH JENNINflS .......... ....... Friction Matches. all km(ls of machinery. Se-nd for descrIptIve circular RICHA.RD M. HvE ................ FastPrintingPresses. and prICe. Address 
The picture, which is three !eet WnQ ana two feet Mgh, J. C. TODD, forms an enduring and desirable obJect for the adorn- 10 Barclay St., New York, or Paterson, N. J. ment of the/cartor and library. It was engraved by the 

GUILD & GARRISON, 
34 to 44 'First St . , 

TORPEDO VESS ELS. By MR. DONALD-SON. A valuable paper, lately read before the United Service lnstitute, Being a full exposition of the Tor- . pedo-boat system,from the earliest efforts to the present time. GiVing dimensions and performances of the several sizes buil t by ,]�hornycroft Bros. tor the various governments, hiShly interesting trials of these boats, 
���se����n1e�ll�::tit:t�� a g�:t���n.gf s��iJ�i�ic AMERICAN SUPPLEMENT No. 79. Price 10 cents. To be had at this office and of all newsdealers. 

THE T ANITE 0o_, 
STROUDSBtJRG, P A. 

�MERY WH,EELS AND CRINDERS. GEO. PLACE, 121Chamhers St., New York Agent. 

�. �L A ISDE'9' '9' JJ. CO., PHOSPHOR-B RONZE AND ITS APPLI-
.. � � ........ � CATIONS. By ALEXANDER DICK. A series of valuable tests, showing the superiority of Phosphor-bronze Worcester, mass_, over ordinary bronze. Old bronze and new compared. 
.Manufacturers of the Blaisdell Patent Upright Drills !:Pa'i;'rat�lit����ic'tPo'i.';i1 g�;��::.teC%n";��:;ina§�oI�� and other first-class Machinists' r.rools. TIFIC AMERIC.AN SUPPLEMENT No. 79. Price 10 cents. To be had at this office and of all newsdealers. 
FOR ALL KINDS OF MACHINERY-Apply to 

S. C. HILLS, 78 Chambers St., New York. 
THE BEST 

.AND MOST ECONOMICAL 

Boiler Feeder 
IS 

FRIEDMANN'S INJECTOR, 
MANUFACTURED BY 

NATHAN & DREYFUS, New York. 
108 Liberty St. 

Send Cor Circnlar. 

ROCK DRilLING MACHINES 
A NO 

AIR COMPRESSORS, 
MANUfACTURED BY BURLEICHRoCKDRlLl CO. 
SEND FOR PAMPHLET:-' '(:ITCHBURG MASS. 

MACHINISTS' TOOLS. 

Paints, Roofing, Steam Pipe and' Boiler Coverings, Steam Packing, S1wathiln{)s
d 

Fire&1;id, and 
l:,ftt::Fe.'l0ba1��=�s?P��';;tsLi��� e��� for pies, D-
S,. MAIDEN LANE, NEW YORK. 
FIFTY SYRUP RECIPES. FOR HOUSE-HOLD purposes, Minern:l Waters, etc., to wit: Simple Syr 'lli' (2) Lemon Syrup, Mulberry Syrup, Vanilla Syrup, 
6::ni: S����'<2�WJ'e,g ) l�rS':�p�Y'�a'?����h�¥: bet 3yrup, Grape Syrup, 'Sanana Syrup, (2) Coffee Syrup, Wild Cherry Syrup, Wintergreen Syrup, (2) sarsagarilla �����: �:';l'6::0�1a"Wyr�' ,c����a��dS�i:,�efol�p,rfof-ferino S&ruR..' Capsicum I§yrup, Cberry Syrup . SlraWberry 
�����: o�kea�sg�:��: c����a t;���, �fk�u�������l, Champa!i:ne 8yrup, Sherry Cobbler Syrup, Excelsior 
�rup, ] aney Syrup, Currant byrup, Fmmboise Syrup, 
8yai���hfl�wSl6�ak�����S �]i6'tli§. Syrup, Cinnamon 

���g��t;2E, �nTant::tJ:irfi��e�I��nPfa;6:)fte�y 
�r�g�M�,���li���s Po"nhec�'i,';:;,t��� 'i!fi! i,;:�� mg formerly sold for $9. Address Williamsburgh, N. Y., NEW Mrn IMPROVED PATTERNS. 

Colognes for the Sick Room, by GEO. LEIS. With recipes for the production of preparations that serve as pleaSing perfumes, deodorizers, and cosmetic lotions. All the above are contained in SCIENTIFIC AMERICAN SUPPLEMENT No. 7'7'. Price10cents. To behad at this office and of all newsdealers. MUNN & CO., . Manuf,acturers of Send for new iilustrated catalogue. 
37' Park Row New York city. STEAM PUMPS Lathes, Planers, Drills, &0. for all purposes. NE W HAVEN MANUFAC'I'URING CO., Niagara 

Pump Works. 
A��c::.iul\�ni�':Ss, NeW' Haven, Conn. 

Steam 
EsTABLISHED 1826. 

CHARLES B. HARDICK, 
N o .• 23 Ad'a III '" S t r e e t, 

BROOKLYN, N. Y. 

. NON-COlIBUSTIBLE STEAM A�:I�::P:;;;;;E Steel Oastings, CO VERIN G From � to 10,000 lbs. weight, true to pattern. An iuvalu
WI TH "A IR SPACE" IMPROVEMENT. f�l; �'i,q�l;;ute f�!',!�rfl:'eg��.fO§e�J'I���b�1r�';,,��r ��� 

TURBINE WATER WHEEL S.-A RE-
Saves 10to 20 per cent. CHALMERS SPENCE 90., prfce list to �EST ER STEEL CASTING COMPANY, Foot E. 9th St. N. Y.; 1202 N. 2d St .• St. LOUIS, Mo. EVELINA !;TREET, PHILA DELPHIA, PA. PORT of the official Tests of 'l'urbine Water Wheels made during the Centennial Exhibition of 1876. With 1 thirtli·one illustrations. Embracing Drawings and De- I 

������:Dr: e��101�8af�;uJe���i��g ��c� i�!ter ��a i revolutions of each wheel. Engravings and descri)?tions showing the Construction of the wheels that exhibited H OFFICE OF DICICINSON BROS.. RlDGJi:W..AY, ELK Co" PA., May28th.1877. 

1�: �i�:tt1l�r��li���y�ei:r�? :g�cl!nfes\��.Nt�r: gi H Messr"/EMERSCN, SMITH & Co, GENTS: We have been through four winters in frozen hemlock, cutting 20,000 feet 

each test, Diameter of wheel. Fraction of gate. of lumber per day with your Patent Planer Saw, averaging 15,000 feet with each set of 40 bits." 
i¥;;���g�:��:C��ei.3.P O���g. o�e;g�':,l:1�s fe��i�'i,�� son���lf�� �n��::'Yf�e."teon�:G'�Il����drlli·t1\)'!inz �!�eie';.�����l��r���r Jr.::� on weir, in feet. Flow over weir. Head on weir due to name size and style of saw used. 
��ake��ien�or::tJi�:3rb�f ���h w:t�rel�se�Og!:���n�f� --�--- . -_. _. __ . -.--------------cc----------------------

other valuable and interesting particulars. Contained I PERFUMERY - BY W SAUNDERS NOW READY. in SCIENTIFIC AMERICAN SUPPLEMENTS Nos. 59 and 61. I • •  " ' 10 cts. each. To be had at this office and of all news- , Pharmac.Ist.-A valuable and practICal paper upon the dealers I 
preparatIOn of Perfume Extracts. With Formulre for • the preparation of the most prominent and popular Per-

_ 
--- fumes now on tlie market, directions forthe preparation 

M '11 S d C M '11 
and compounding of the ingredients, etc. The Formulre 

I t A n 8 S a n 0 r n I S here given embrace the preparation of the . following 
• Perfumes :-Jockey Club, Moss Rose, White Rose, 

We make Burr Millsto'nes, Portable Mills, Smut Ma- Victoriat Ess. Bouquet, MUSk/ Patchouly, Millefieur, 
f1�1�,,�as���I!\�i���'ii 'foat�Io�h�lfi's:ul§�i.'ii "t�� ��'t��e�n§i�f��':,!�.tf��'it��d�\�ij�, VJ��tsM'J:�t ���; 
catalogue. r;a��1l;\�Flk�d"1�k�i6X'M' tslJ1JWfi}l�Nfo§�a.iljr. 

J. T. NOYE & SON, Buff'alo, N. Y. Prlce 10 cents. To be had at this Office, and of all Newsdealers. 

CAVEATS, COPYRIGHTS, TRADE 
MARKS, ETC. 

THE BIGELOW 

Steam Engine. 
BOTH PORTABLE AND STATIONARY. 

ILLUSTRATED HISTORY OF THE 
CENTENNIAL EXHIBITION OF 1876. 
Mr�eOm� ��'i:gJ'll::�r[:i�fr,e�� �fiet�u�Ji��Jt��'a accounts of all the most notable Scientific and Mechanicalobjects, profusely illustrated with engravings, are given in the SClentlfic American Sup�lement for the year 1876. This work consists of Two Larll'e Vol
nmel!t, compriSing over 800 quarto pages, equal In quantity of readin� matter to over Seven Thousand ordinary 
�'�M)'m."t lHWi'i'h'}j'�otl'sd ;���hee�f���i;�T]:d 
rf,,��"Ji!r 19�'fsJ�e b�O��t�?:e�l?���:M�l�a�l��s"�e�� tainin� to the ExhIbition are more than 450 in,number. 
ifi�16ii��!fse�t:�r!.n�ifo� ��o ���\����el�sti�s� ��: plete and splendid Illustrated Record of tKe Centennial Exposition should have the SCIENTIFIC ·AMERICAN SUPPLEMENT for 1876. In addition to this splendid History of the Centennial Exhibition, the SCIENTIFIC AMERICAN SUPPLEMENT 
��I.��7�g�nr�i�:e�;:s::dmg����tar��r ��t��s�n��er� 

THE 

J tieufifit �tUtritau+ 
The Most Popular Stientific Paper in the World. 

THIRTY -SECOND YEAR. 

Only $3.20 a Year, includinll' Postall'e. Weekly, 
:i2 Numbers a Year. 

This widely circulated and splendidly illustrated paper is published weekly. Every number contains sixteen pages of us�ful-information,.and a large number of original engravings of new inventions and discoveries, representing Engineering Works, Steam Machinery, New Inventions, Novelties in Mechanics, Manufactures, Chemistry, Electricitv, Telegraphy, Photography, Architecture, Agriculture, Horticulture, Natural History, etc. 
All Classes of Readers find in THE SCIENTIFIC AMERICAN a popular resume of the best scientific information of the day; and itis the aim of the publishers tb present it in an attractive form, avoiding as much as possible abstruse terms. To every intelligent mind, this journal affords a constant supply of instructive reading. It is promotive of knowledge and progress in every community where it circulates .. 
Terms of Subscription.-One copy of THE SCIENTIFIC AMERICAN will be sent for one year-52 numberspostage prepaid, to any subscriber in the United States or Canada, on receipt of three dollars and twenty 

cents by the publishers; six months, $1.60; three months, $1.0 0. 
, Clubs.-One· extra copy of THESCIENTIFICAMERIOANwili be supplied gratis !or every club o!jime subscribers at $3.20 each; additional copies at same proportionate rate. Postage prepaid. 
One copy of TIlE ScIENTIFIO AMERICAN and one copy of THE SCIENTIFIC AMERICAN SUPPLEMENT will be sent for one year, postage prepaid, to any subscriber in the United States or Canada, on receipt of seven ctollars by the publishers. . 

Messrs. Munn & Co., in connection with the publica' tion of the Sc[ENTIFIC AMER1cAN, continue to examine Improvements, and to act as Solicitors of Patents for Inventors. 

The CHEAPEST AND BEST in the market. 
Send for descriptive circular and price list. the reader, in attractive form, full accounts of the Ad- The safest way to remit is by Postal Order, Draft, OT �fn�e:org��n�:-:''&. ths�lufLi�, �v��n���e:p�g:::; Express. Money carefully placed inside of envelopes, H. B. BICELOW &. CO., 

In this line of business they have had OVER THIRTY New Haven, Conn. 
YEARS' EXPERIENCE, and now have unequaled faciliti@ SPECTRUM ANALYSIS. By PROF. REDfor the preparation of Patent Dr;twings, Specifica.tions, WOOD. A hithly interesting lecture, recently deliye,:ed and the Prosecution of ApplicatIOns for Patents III the�'igl�1nt�: Je a;:;;��:��l��l o�,,[l:�{, ��d1�:�r����l�B United States, Canada, and Foreign Countries. Messrs. of Ether. Giving lengths of LI� t-wave<t and showing Munn & Co. also attend to the preparation of Caveats, I t�: c��:�t���e1�ac:���unI�e 10:.or�g� g��';:a��rmi6 Trade Mark Begulations, Copyrights for Books, Lahels, Spectra of the several Metals, and the method of Ana-
Reissues, Assignments, and Beports on Infriug�ments �:fi'lIO�N g�'i.P�:����NO.�?�t�i�� 1J�e����N��F�� of Patents. All business intrusted to them is done had at this office and of all newsdealers. 
with special care and promptness, on very moderate 
terms. We send free of charge, on application, a pamphlet containing further information abollt Patents find how 
to procure them; directions con�erning Trade Marks, 
Copyrights, Designs, Patents, Appeals, Reissues, In· fringements, Assignments, Rejected Cases, Hints on the Sale of Patents, etc. 

Foreign Patents.-We also send,free of ch(1rge, a 
Synopsis of Foreign Patent Laws, showing the cost and 
method of securing patents in all the principal coun
tries of the world. American inventors should bear in 
mind that, as a general rule, any invention that is valu
able to the patentee in this country is worth equally as 
much in England and some other foreign countries. 
Five patents-embracing Canadian, English, German, 
French, and Belgian-will secure to an inventor the ex
clusive monopoly to his discovery among about' ONE 
HUNDRED AND FIFTY MILLIONS of the most intelligent 
people in the world. The facilities of business and 
sleam communication are sl1ch that patents can be ob· 
t.tined abroad by our citizens almost as easily as at 
home. The expense to apply for an English patent is 
$75; German, $100; French, $lDO; BelgIan, $100; Cana
dian, $50. Address 

MUNN & CO., 3'1 Park Row, New York city, Solicito�s of Patents, and Publishers of the SOIENTIFIO 
AMERICAN. 

Hand andFootPower Scroll Saws 
g��������MU� 
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hold broken blades, six Saw Blades, 1m· resSion Paper, 'Designs, Bud Brad Awl. 

inh�i:�{���u)fri��tt�.:rnle��f;��:i����t��:, 

�Hm�wmem·w�il�l�re�f�unood�t�h�e�m�.@onooe�y�·OO·�llii�iI�" JENNINGS' DESIGNS. Tools of all kinds. Screws, Brads, Hinges, &c. Send 
stamp fcrr Illustrated Catalogue. The 
Trade supplied. Mention this paper. Jenning. & Co., 75 Fulton St., N. Y. 

PERFECT 

NEWSPAPER FILE 
The Koch Patent File, for preserving newspapers magazines, and pamphlets, has been recently improved and price reduced. Subscribers to the SCIENTIFIC AMERICAX and SCIENTIFIC AMERICAN SUPPLEMENT can be 

�'M'J'�i'6i ftoJii��ig:rpri1'Ie�W�g.!'k m,.��esoi ��;.2gJJt�� 
��e��Eo�r:: wt-�s��Ctr�s'�,..i� tr;tap��cessary f,or 

Address 
MUNN & CO., Publishers SCIENTIFIC AMERICAN. 

in Chemistry and Metallurgy Mechanics and Engineer- securely sealed, and correctly addressed, seldom goes ing, Electricity, Li�ht., Heat, Sound, Architecture, Pho- , ast:ay, but is at the sender's risk. Address all letters, 
��a���rtfi,��r:r� o�ur�S��lt,'iigu�&�\aUI��g���;: and make all orders, drafts, etc., payable to Materia Medica, H:y-giene Natural History, Zoology Microscopy, Meteorology, Terrestrial PhY Sics, Geogra-�hy, Geology, Mineralogy, Astronomy:. The whole ulU8tratea by over Two ThoU8a;nd Sia; H'Ui/W;reil Engravings. 

�£y '61��tOfn1�fifsU�:�ltn�!�Jiu���al�:,�in���nti �. most valuable contri bution to scientifiC literature ex-

MUNN & CO., 
37 Park Row, New York. 

NOTICE TO }'OREIGN S[SSCRIBERS. 
ta¥�:�JU;ii�i� 1�IB��IY Jg���'1!:i�n1�lc��ro The new Postal Union now offers special facilities for comp li?4lls supplied, stitched in paper covers; �t the the regular and speedy transmission of the SCIENTIFIO low pncrof $5. Strongly bound, both volumes �n one AMERICAN direct from the office of publication in New 
::ra'f��oo'k�'t'���� o'ri.l' lo�\:��wo�os�� '.!ll1i�1 York to subscribers in foreign countries. The subjoined leading Bookstores and News Offices, and by table exhibits the yearly subscription prices of the 

M U N N &' CO. Pub Ii s hers SCIENTIFIC AMERICAN and SUPPLEMENT in the principal 
37 Park'Row, New York. foreign currencies, payable in advance: 

HARTFORD 

STEAM BOILER 
Inspection & Insurance 

COMPANY. 
Y, II. FRllILlJ. V. PlU'l J. I. ALLEI, Pm't 

J. Ill, PDmCE. sar'- " 
THE ALKALINE AND BORACIC LAKES OF CALIFORNIA. By J. - ARTHUR PHILL[PS F.G.S. An extended description of this regiont Mono and Owens Lakes, ·the numerous hot and miners springs, an d the 
�!��������h���l�f��� o�h���i�lB�l��ori

.isl' d�s��t� 
!!��er�fs �g�71, ��cfe��fYSiSAO� ����r����edt�� SCIENTIFIC AMERICAN SUPPLEMENT No. 79. Price 10 cents. TO be had at this office and of all newsdealers. 

The prices are for one year's subscri ption, including the post. age. 
FOR SCIENTIFIC AMERICAN. 

FOR SUPPLEMENT. 
SOIENTIFIC AMERICAN AND SUPPLEMENT. ----- ---- --- 1----
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The best way to remit B by Postal Oriler. Make the order payable to MUNN & CO., New York, United States, and forward the order to us with the p.ame of the sender and the address to .which the paper is to be mailed. 
MUNN & CO., 

Publishers SCIENTIFIO AMERICAN, 
New York. 
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