
Insid., :Pap, each insertion - - - 'fa cents a line. 
.dack Paee; each insertion - - - $1.00' a line. 
l'.ft1{/ravings mlJ'fI head advertisementB at /lie IKI!IT/,e rate 

per line, Ilg measurement as the tetter press. Adver­
tisements must be received at publicatiPn o� as early as Friday morning to appear in nea:t: .... sue. 

MECHANICAL DRA WING.-BY PROF. 
c. w. MacCord. A series of practlcallessons In Mechan­Ical Drawing, acco.npanled by carefully prepared ex­amEles for practice, with directions, all of simple and pia n character, Intended to enable anI; person, young 
Eig�ldN�k:�n�1v������e�s a�:;jf:vo��;r '1:r;:.: son with slate or paper may rapidly learn. The series embodies themost abundant lllustratlons foraH descrip.­tions of drawing. and forms tluJ most valuable treat4JJe 
¥t��e t�s��n�rr:��e�I:�lk�J�Ei�e:r�: 
1,3,4, 6, �l.. 9, 12, 14, 16, 18, 20,22, 24,26, 28, 30, f2, ;ig' 3'j 38, �9, 40, 41,42,43,44, 
�� s!:l�s oTttitrty-i\%� �u'in'lie:�?r�riJ3J!�� :t�:; O1I!ce and of all newsdealers. .--------------------
P.BLAISDZLL'" CO., 

W orcester, Mass., 

Manufacturers of the Blaisdell Patent Upright Drills 
and other first-class Machinists' '.rools. 

THE BEST 
AND MOST ECONOJl[lCAL 

Boiler Feeder 
FRIEDMANN'S INJECTOR, 

MANUFACTURED BY 

NATHAN 4L DREYFUS, New York. 
108 Liberty St. 

Send Cor Circular. 

[SEPTEMBER It 1877. 
TWO YEARS'01!' .UIGHT1!'UL TRAVEL. THE TANITE CO THE WOODRUFF SCIENTIFIC EXlIEDITION· ARO'O'ND THE WORLD. · ST 

. 
S

· · . ' . -, 

A FLOATING COLLEGE under the direction of PrOfe8!iors:WILDER df Cornell' RUSSELL of '. ROUD .BURG, FA. 
Columbia' HERDMAN andJENNEY,of University of Michigan' MERRIAM. of Yale; TAYLOR: EJIIIERY WHEELS AND CRINDERS. of PhliliJ)8 Academy, and others, wl1;b� L�rll'e Class of8tudents, will saUf rom New York, GEO. PLACE,l21 Chambers St., New YOl'k Agent • October next. on a VOyafI'i.�f�f::;,'m:: D���.rgl G�b�.Research, Ylsltlng the 

For this purpose the first-class steamship ONTARIO, long by 43 feet beam has been secured, and Is being tltted with special reference to the vorl!ge, which y two years. She will be commanded by Com-mander JOHN W. PHILIP, United States. Navy.· The entire of the two years of travel to a student will be $2,500. Students will be entitled to a choice of staterooms In order of application. This expedition o!fers great advantages to young men. For I!amphlet, containlJ!g full particulars, address or call upon DA:NIEL 1,1ACAULEY, 8eC1'etary, St. Nicbolas Hotel, New York. 

C'C' A.RDIOLA.'S 
COFFEE & SUGAR MACHINEltY 
Coft' ee, Malt. Corn, Cocoa, and Grain­

Drylnl!: Macbine. c..'oft'ee-Hnlling and 
Polishing Machine... c:oft'ee-Wa .. hlng 
lUacJtlne. Helix Sugar Evaporator. 
Messrs. C. ADOLPHE LOW & CO .. 42 Cedar Street, Messrs.1UUNOZ & ES.l'RIELLA, 52 Pine Street, New York, are Mr. Guardiola's Agents, and they will give prompt attention to all orders for any of the above machine3. ------------------

FOOT POWER TENONING MACHINES FOR SALl'J By' S. C. HlLLS, 78 Chambers St., New York. 

The HOADLEY 
PORTABLE STEAM ENGINE. 

'1I1THAUTOMATICAL CUT-OFF REGULATOR 
A!\IO BALANCED VALVE. 

THE BEST ,-J MOST ECONOMICAL ENGINE MADE 
SEND FOR CIRCULAR. 

TheJ.C.HDADLEY CO. LAWRENCE. MASS. 
'1TATE WHERE YOU SAW THIS. 'L • 

b Niagara 
M r. Steam Pump Works. 

ESTABLISHED 1826. 
CHARLES B. HARDICK,'·' 

No. 23 Adams Stree t. 
. - BROOKLYN. N. Y. 

NEW AIR COMPRESSOR OF M DUBOIS. 
with description, dimensions. illustrated by engrav­lugs. SCIENTIFIC AMERICAN SUPPLEMEN'l', No. 22. Price, 10 cents. Sold by all News Dealers. 

THE BIGELOW 

SJ " :,  t'l I Wi) �� I �il�lfE��r��} 
GREAT BLOWING ENGINE; HIGH 

�E1':� W���vei.�o!.'��';.,"l'1onde.:l�il�l. ��Fn�r � formances, dimensions, new deViceSj and five elevations. 
�f� :�r.�a�;:i;;f �m�'l.,l�f:I'bt�l�n:t �nb�.i��!�� 
:�e . :,¥i;�;:'M1t�T�o F�lm/it':slO i'����s�l� ExHAUSTERS and BLACKSMITH'S '.rUYERES. 12 figures. 

ESTABLISHED 1au. 
JOSEPH C. TODD, (Formerly of Todd & Ralfertyl, ENGINEER and MACHIN. 

J3iChl�!��: Sfe�Enr:Y��s, �R�'rs?:�A�odA��fl� the celebrated and imfsroved Rawson & Rittin!ler Holst. 
1:'1����M;':�h��r:� �;JIl���i°J'e"�����,:m�fic'\,l�� and price. Address 

J. C. TODD, 
10 Barclay St •• New York, or Paterson, N. J. 

COMPRESSED AIR MOTIVE POWER-With drawings and particulars ot the most recent prac­tice. The locomotives worked by compressed air, in use In St. Gothard Tunnel Works, with dimenS iO ns, etc. Five 
:�g;;�Vlngs. SUPPLEMENTS 1 and 2. PrIce, 10 cents 

EAGLE FOOT LATHES, Ii! Improvement In style. Reduction In 
�11�sle�r.� 1&�i���� ���'iio'N'�'1i Circular Saw Attachments, Hand Plan­ers, etc. Send for Catalogue of outtlts for Amateurs or Artisans. 

WM. L. CHASE & CO., 
95 & !II Liberty St .. New York. 

STEEL - ITS MANUFACTURE AND Working, Constitution. Qualities, Tempering, ete. With 14 illustrations. By D. Chernolf. A most Interesting and valuable treatise full of Important InformatiO n, em­braCing the latest contributions to the general knowl­edge oft,he subject. SUPPLEMENTS Nos. 36 and 3'. Price, 10 cents each. 

Steel Oastings, 
From l4 to 10,000 Ibs. weight, true to pattern. An Invalu­able substitute for forgings, or for malleable Iron cast-
��f�e Ws1Ut��!&��\;rtrg¥1Ifi'j, �'J..'fo1rl�"& ���\!!i��� 
EVELINA STREET, PHILADELPHIA, PA. 

COMPRESSED AIR PNEUMATIC DIS­

Rr��fr:J��e'lt�::: l'b;;:�t..ert�h 8���';,'i���n l'�M� OAN SUPPLEMENT, No. 24. Price. 10 cents. 

Paints, RoofiiF.' Steam Pil!e and Boiler Cov-
'W�l:,��l���g� ��t':d ��es��es�¥e lustrated Catalogues, Price Lists, etc. 
S,. MAIDEN LANE, NEW YORK. 

THE FLOW OF SOLIDS.-BY LEWIS S. Ware, C. E. Novel and curious experiments. Cold metal caused to fiow through orifices and the laws governing such fiow, with mathematical calculations, and 13 illustrations. SCIENTIFIO AMERIOAN SUPPLE­MENT No. 82. PriCe, 10 cents. 

WOOD & LIGHT 

THE 

Machine CO. 
WORCESTER, MAS •• 
Manufacture all kinds of 
Iron-W9rking 

Machinery, 
including manynovelties. 

Shl.fllni, l'ullIYI, lo. 
Send for c.ircnJars. 

J dentifit �mtrit1tn+ 
The Most Popular Sdeutifie Paper iu the World. 

THIRTY-SECOND YEAR. 
Only $3.20 a Year, including Postage. Weekly. 

a2 Numbers a Year. 

CAVEA'rs, COPYRIGHTS, TRADE 
MARKS, ETC. S· t E ·  Messrs. Munn & Co., in connec:ion with the publica· eam ngln e. 

tion of the SCIENTIFIO AMERICAN, continue to examine 
MACHINISTS' TOOLS. 

NEW AND IMPROVED PATTERNS. Send tor new illustrated catalogue. 

Thill widely circulated and splendidly Illustrated 
paper is published weekly. Every number contains siX­
teen pages of useful Information, and a large number of 
original engravmgs of new Inventions and discoveries. 
representing Engineering Works. Steam ·Machlnery, 
New Inventions, Novelties In Mechanl C$, ManUtactures, 
Chemistry, Electrlcltv, Telegraphy, PhbtographY, Arghl­
tecture, Agriculture. Horticulture, Natural RlstorT, etc. Improvements, and to act as Solicitors of Patents for BOTH PORT!BLE AND STATIONARY, Lathes, Planers, Drills, &e. 

NEW HAVEN MANUFACTURING CO., 
Ne_ Haven, Conn. 

Inventors. The CHEAPEST AND BEST in the market. In this line of business they have had OVER THIRTY Send tor descriptive circular and price list. All Classes of Readers find In THE SCIENTIl/IC 
AMERICAN a popular reBWmt of the be8t sclentltlc In­
formation of the day; and It Is the aim of the publishers 
to present It In an attractive form, avoiding as much a. 
possible abstruse terms. To every intelligent mind, 
this journal a1l'ords a constant supply of Instructive 
reading. It Is promotive of knowledge and progress In 
every community where It circulates. 

YEARS'EXPERIENCE,and now haveunequaledfacilities H B BICELOW" CO for the p.paration of Patent DraWings, Specifications, • •  lao. , ROCK DRILLS WORKED BY COM· 

and the ��ution o£Applications for Patents in the New Haven, Conn. 
United States, Canad", and Foreign Countries. Messrs.! METALLIC MINERALS-THEIR PRO. Munn & Co. also attend to the preparation of Caveats, ! ductlon and Uses. A lecture by J. G. WatsoTt, F. R. S. 

pressed Alr.-By H. W .  Pendred, C.  E. DeS Cription of the most recent and best practice. SUPPLEMENT No. 
20. Price, 10 cents. 

TradeMark Regulations, Copyrights for Books, Labels, ' ��r�ki��r;,�tir,� ;:l.�J:f�ft�y:r'tWe':rta':c'ifn¥'�� Reissues, Assignments, and Reports on Infringements modern uses; metallic veinsi. what they are, their 
HARTFORD 

STEAM BOILER 
Inspection & Insurance 

COMPANY. 

Terms of Subscription.-One copy of THE ScIEN­
TIFIC AMERICAN will be sent for one year-5 2 numbers­
postage prepaid, to any subscriber In the United States 
or Canada, on receipt of three dollars I\-nd twenty 
cents by the publishers; six months, $1.60; three 

of Patents. All business intrusted to them is done ���rg�: I�i�:;'t�r;h kTJ�:ia�I��J�; agt i��al,t�:ie;� with special care and promptness, on very moderate Mines; metalsdl.solved lnwater; how mineral veins are 
terms. tI�r�ie� k�8�:�d JiSt�S���8�:ao� gJ£�e�?d s'iIS::Zi��� 

We send free of charge, on application, a pamphlet No.1)4. Price,10 cents. . months, $1.00. 
containing further information about Patents and hOW p  - -U-N-C-n-I -N-G-D-ro-p-H-a- m- m-e-rs -an-d- D -I-e -s,-f-o-r -w-o-r- k-
to procure them; directions concerning Trade Marks, �.fRI'll'�sp:�ss alJE, M�&�r�w:, 

Clu bs.-One extra copy of THE SCIENTIl/ICAMERI­
OANwlH be Supplied gratlsjoreverycl'Ub ojjlve811lJscri!Jer. 
at $3.20 each; additional copies at same proportionate 
rate. Postage prepaid. 

Copyrights, Designs, Patents, Appeals, Reissues, In· PRESSES, Conn. fringements, Assignments, Rejected Cases, Hints on ---------------------­ W, B, FRANKLIN, V , Pres't. 1. M. ALLEN, Pres't. the Sale of Patents, etc. 
Foreign Patents.-We also send,free Of charge, a 

Synopsis of Foreign Patent Laws, showing the cost and 
method of securing patents in all the principal coon· 
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-embraciag Canadian, English, German, 
French, and Belgian-will secure to an iuventor the ex­
clusive monopoly to his discovery among about ONE 
HUNDHED AND FIFTY MILLIO NS of the most intelligent 
people in the world. The facilities of business and 
steam communication are such that patents can be ob­
t.lined abroad by our citizens almost as easily as at 
home. The expeme to apply for an English patent is 
$75; German, $100; French, $1QO; llelglan, $100; Cana­
dian, $50. 

Copies of Patents.-Persons desiring any patent 
issued from 1836 to November 26. 1867, can lYe supplied 
with official copies at reasonable cost, the price de· 
pending upon the extent of drawings and length of 
specifications. 

Any patent issued since November 27,1867, at which 
time the Patent Office commenced printing the draw� 
Ings and specifications, may be had by remitting to 
this office $l. 

A copyof 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 inven­
tion, and date of patent. 

A pamphlet, containing foll directions for obtaining 
United States patents, sent free. A handsomely bound 
Reference Book, gilt edges, contain; 140 pages and 
many engravinl(S and tables importsnt to every pat­
entee and mechanic, and is a lli!eful hand book of refer­
ence for everybody. Plice 25 cents, mailed free. 

AddreEs 
;MUNN & CO" 

Publishers SCIENTIFIC A�ERICAN. 
3'f Park Row, N. Y. 

BRANCH OFFICliJ-C()1'M'J' oj 11' «na 7th Streets, 
W aslUllgton, IJ. C. 

1872, 1873, 1874, 1875, 
SCIENCE RECORD. 
tJi��� .::�t���e�he,:te rg�e��i��?ri':SVe�OPi?�IYp���: Persons desir\n.l{ a condensed history of tbe most inter­esting Facts and Discoveries In the Arts, SCiences, and Inventions, for the years from 187 2 to 1875, will fi.nd them recorded In the four volumes of the SCIENCE RECORD, n�-;�:r:'J� �U>�!fnthoef°£'f!�����ated In these vol-

1. B. PIERCE, See'y. 

ROCK DRllLlN� MACHINES 
A NO 

AIR COMPRESSORS. �ANurAcTuREO BY BURLEICHRoCKORILL Co. 
�ENI) f'OR PAMPHLET. FITCHBURG MASS. umes, and t�e Important discoveries of the several years 

f��o;.,�nlli�:t���!lyw't����:ty ��te=.r g���fi,':.� Can I Obtal"n a Patent? prepared expressly for these Annuals. 
w��:.g e;'�I�ft��'::'\� �h�������! ���h: :e��\.:t0�: This is the first inquiry that naturally occurs to every count of the Progress of the World: author or di.coverer of a new idea oHmprovement. The 

{JREMISTRY AND METALLURGY, quickest and best way to obtain a eatisfactory answer,· MECHANICS AND ENGINEERING ELEC'l'RICIT!J LIGHT, HEAT, SObND, without expense, is to write to us (Munn & Co.), d� 
TECHNOLOGx, THE USEFUL ARTS, scribing the invention, with a small sketch. All we BOTANY AND HORTICULTURE, 
t8�1�i'mR�'oUSEHOLD ECONOMY need is to get the idea. Do not use pale ink. :ile bIjef. 
MATERIA MEDICA, THERA.PEUTICS, HYGIENE, Send stamps for postage. We will immediately answer 
��fliliit6t�lflOfIRitlfT�:Pft�VsICs. and Inform you whether or not your improvement is 
GEOGRAPHY probably patentable; and if so, give you the necessary 
GEOLOGY AND MINERALOGY, instructions for further procedure. Our long experience 
J}rJJ'£X?'l'AND NECROLOGY. enables tis to decide qUickly. For this advice we make 
Each yearly volume contains about tro octavo pages, no charge. All persons who desire to consult us in reo 

One copy of THE SCIENTIFIC AMERICAN and one copy 
of THE SOIENTIFIO AMERICAN SUPPLElIlENT will be sent 
for one year, postage prepaid, to any subscriber In the 
United States or Canada,on receipt of Beven .rollarBby 
the publishers. 

The safest way to remit Is by Postal Order, Draft, or 
Express. Money carefully placed Inside of envelop s, 
securely sealed, and correctly addressed, seldom goes 
astray, but Is at the sender's risk. Address all letter" 
and make all orders, drafts, etc., payable to 

MUNN 4L CO., 
37 Park Row, New York. 

NOTUE TO FOREIGN St'BS()RIBERS. 

The new Postal Union now olfers spectal facilities for 
the re ular and speedy transmiSSion of the SCIENTIFIC 
AMERICAN direct from the Office of publication In New 
York to subscribers In foreign countries. The subjoined 
table exhibits the yearly subscription prices of the 
SCIENTIFIC AMERICAN and SUPPLEMENT In the principal 
foreign currencies, payable In advance: 

The prices are for one year's subS Cription, in­cluding the post· age. 
FOR FOR SOIENTIlI'IC 

SCIENTIFIC SUPPLE- 1�:;RJ�:' AME-RIOAN. MENT. PLEMiJ:;NT. ------- I------�-· Including a lar� number 01 handsome enfJavlngs. gard·to obtaining patents are cordially invited to do 
�!'J�lieb�o�aed ��������olflJ'����?:::.e$4lf!�re so. We shall be happy to see them in person at our 
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f( may expect rom us a care consi eratlOn 0 their Denmark.......... Kro ...... 15 ........ 23 
f:O��1i¥0 ��W:y;'In!e!i�t. r�.g:'��l:'th:�i'l!'e Yd':i.; . plans, an honest opinion, and a prompt reply. ���.�c� 'Em,pjr';:: K�'ie::::i3 ::::.:::� 

.......... ;20 

........... 46 ........... 35 .... ...... 46 .. ......... 37 ........... 36 ........... 21 .... ....... 46 ........... 35 

........... 11 ...... ... 35 .... : ...... 46 

of the volume covers the events and discoveries of the JJ'liat Sec'H'ity Hl':ve I that my communica tion Great Brltam..... Shlllinirs .16 ........ 2 4 
previous year. Sent bymall on receipt of price. Address to Mnnn & Co. will b<i faithfully guarded and remain r�t���:::::·:: :: : :  ¥r';;'ii';.:::� ::::::::M MUNN 

& Wp:'�B��H,'::w York City. confidentlal? . iI��::::·.::.::::: Kro ...... 15 ....... . 28 
Answer.-You have none except our well·known in- Swad ... ... ..... �g�:·::::lg ::::::::J 

tegrity in this respect, brsed npon a most extensive 

I 
swltz�n4....... Francs .... 20 ....... . 30 

PERFECT practice of thirty yoors' standing. Our clients are 
NEWSPAPER FILE numbered by hundreds of thousands. They are to be The best way to remit Is by Posta! OrMr'. Make the 

found in every town and city in the Union. Please to order payable to MUNN & CO., New York, United States, 
The Koch Patent File, for presorving newspapers, I make inquiry about us. Such a thing as the betrayal and forward the order to us with the name of the sender 

m;:razines, and pam�hlets, has been recently Improved of a client's interests when committed to our profes- and the address to which the paper Is to be malloo. 
��I!A�C���d�gIef]ct,;TI��"X��'iiMrN t��P�'i:����Ig.!�� sional care. never ha� occurred, and is not likely to oc� MUNN & CO., 
supplied for the low price of $1.50 by mail, or $1.25 at the cur. All business and communications intrusted to us Publishers SOIENTIFIO AMERIOAN, otIIce of this paper. Heavy board sides; inscription . .. SCIENTIFIC AMERICAN," in gilt. Necessary for are kept secret and cunfldentwl. New York. every one who wishes to preserve tlie paper. 

I 
Address M UN N ". CO Address .... . , THE "SCientHlc Amer.ican" !sprinted with ClIAS. MUNN & CO., Publishers of the SOIENTIFIO AlIfERIOAN, ENEU JO:IINSON & CO.'S INK. Tenth and Lom. 

Publishers SCIENTIFIC AMERICAN. 37 Park Row, New York. bard Sts., Philadelphia, and 59 Gold St., New York. 
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