
Back pye. • • • • • • • • '1.00 a JIIle. 
lude race • • • • • • • •  _til a Une. 
lIlnqNf)(fll1' mtJJI Mad atflIWlf"m,,'" III 1M __ rllll 

per ",,4, &If __ .. (If eM """. JIf'.... A4· 
tlerna_A mUBC be r.ultlea m 'publ� ojJ1c4 (If 
earlt/ (If �"morA.nulo a.P1Mar fll -' "..,.. 

Diamonds �Carbon 
Ibaped or Crude. furnlBbed and Bet for Boring Rocks. 
Dreaslng Mill Borrs. Emel'J' Wbeels. Grindstones. Hard· 
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DIBmon'As. J. DICKINSON. 64 NasBQn St .• New YOTk. 

THE BEST 
AND )l08T IWONOJIIOAL 

Boiler Peeder 
18 

FRIEDMAII'S IIJECTOR 
JUBUF A.0TUlI1ID BY 

.ATHAN &. DREYFUS, New York. 
108 Liberty St. 

-:0:-
Se nd fo r C l rcnla:r . 

X.ease, 
ALL THE LOFTS AND PART OF THE FIRST 
1I00T and basement corner Center. Canal, and Walker 
St .• now occupied as a Billiard Mannfactory and Bales 
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turing. and central for a Sales WarebouBe. For furtber 
nformatlon. apply to oalce Sclentlllc American. 

COMPRESSED AIR MOTIVE POWER.-FOl' 
, PBrttonlarlof tbe mOlltrecent PT&Ctl��!!d20centl 

for SCIENTIFIC AlIERICAN SUPPLB .... .I'I .... NOlI. 1 
r�.����o���. 5 .:;,n,rmvt:ra :: sr.��=3 
Woru. wttll dtmenetonl. etc. 

Loa K p Beataelllng articles In tile Work!. (JiI',; Bam]>le I'ret!. and an order ..... 
I'.r _eo. ATKINSON '" CO •• 2 Clinton PIaoI, 1(. Y. 

�WIREROP[ 

[ESTABLISHED 1848.] 

11m & CO,'sPatent OMces, 
'I'lle OldeR AIPDcY for s.aaclClq PatentIIln tile 

UniteoIl!I_ 
'IBIRT� TEAR8' �P1lBlE1!I01!J. 

MORE PATBIfT8 have been .eeure4 t.IIroqb W' 
agency. at bome and abroad, than tIIroqb &OJ otller In 
,be world. 

They employ u tbelr UlUtAnti a OOrpil Of tile mOlt ez­
perlenced men u ezamlnen, oIpeotllcatlon wrlterI, and 
dftftImeD that can be found, many Of .wllODl haTe been 
selected frOm tile I'IIIb of tile Patent 0tDae. 

SIXTY THOUUJlD InTenton have ava\Jed'dlem­
Mlves of )(nnn .. Co.·1 lervIeeI In U&IIIIDIna mm III­
nntioDl and procurtna tIIelr patentl. 

MUNN .. CO.. In connection wttll tile pnbUcaUon of 
the SCIBNTIFIC AMBRICAN, continne to ezam1ne In­
TentioDl. conter wttllinventon, prepare dra1rlnp. IP8-
otllcatloDl. and _tgnmentl. attend to \l.IInIf appllcatioDl 
nl tile Patent 01IIce, pa}'1q tile ronmment fee., od 
watcb eacb cue step by step wblle pendlq betore me ez­
amIner. TbllIa done tbroqb tIIeIr · bnoob 01Dce, corner 
y and '1tb .treetl, WuIIIncton. The,. alIO prepare and 
lI1e cavea .... prooure deelp patentl. trademarlra. and re­
luoee. attend to rejected CU8I (prepared b,. tile IDTentor 
or other atrome,..). procure cop,.rtabll. attend to Inter­
ferencel. live written optnlODl on matten ot tntrIJIIe­
JIlent. turnIIb copies of paten .... and, In fact, attend to 
every branob Of patent bnBIn_ botll In tIIIa and In for­
eign countries. 

A lpeCtal notice Ia made In tile SCIBNTIFIO AlfBBI­
CAN Of aIl lnventioDl patented tIIroqb tIIIa apnc,., w1tII 
tbe name and residence Of tbe patentee. Patentl are Of­
ten lold, In pan ur wbole, to pennDl attracted to tile IJI­
ventloll OJ mob notioe. 

Patentlobtalned In Canada, KnaJand, France,Bel-'IUII, 
6el'llWlJ'. RuIIIa, F'rIlIBIa, Spatn, P ol'tqaJ. tile BrIt1111 
Colonie.. and all other countrlel where patentl are 
rranted. at price. lr6atJ,. rednced from former ratIi,. 
Send for pampblet pertalnlnr .pectally to forefppatent,. 
whlcb statee tbe cOlt,tlme rranted,and til e reqntreme.tI 
for eacb country. 

Caplet! ot Patentllo 
PennDl deelrlnr any patent tuued from lB8I to NOTeIll­

ber 215. 1861. can be snppUed wttll olllotal coplel at rea­
IOnable colt, the price dependtnr npon the ute., Of 
drawinp and Jenrtb Of apecl1lcatloDL 

Any patent flBned etnce November 2'1, 181'1, at wblob 
time the Pa",nt O1IIce oommenced prlntlq tile dra1rlnp 
and specl1lO&tlon., may be bad by rem1ttlq to tIIIa Of­
lice ,1. 

A copy Of the clalml Of &OJ patent tuued etnce lB8I1ftll 
be turnl8bed for '1. 

When orderlnl cople •• pleue to remlt tor tho lAlDe u 
above, and lGate name of patentee, lOttie Of InvenUoa, 
and date of patent. 

A pamphlet contalnlq tnU dtrecttoDl for obtAbllU 
Untted States patentl _t tree. A hand,omel,. 
bound Reference Book, lilt edge., contalnl 140 pq'etI 
and many engravtnp and tableelm,ortant to eV8J'J' 1IAt­
entee and mecbanlc. and II a DletnJ handbook of ret -
ence for everybody. PrIce 25 cen .... matled rre... 

Addres. JroD Ie CO., 
l'UbllBben SCIBNTIFlC AlDUUOAN. 

8'JParkBow. N.Y. 
I BRANCH OPFICE-Comer Of F and 7tb _U, 

Wublngton. D. C. 

Jtitnti�t ="�mtritan 
For 1877. 

>r�e 1do�t ilopuHtt' Scielltific �apet ill t�e Wot'hl. 
THIRTY·SECOND YEAR. 

Only 13,20 a Year, including Postage. Weekly. 62 Numbers a Year. 

Thl. Widely Clreulated and splendidly Il­
lustrated paper is published weekly. Every number 
contains sixteen pages of useful information, and a large 
number of original engravings of new inventions and 
discoveries, representing Engineering Works, Steam 
Machinery, New Inventions, Novelties in Mechanics, 
ManuCactures, Chemistry, Electricity, Telegraphy, Pho­
tography, Architecture, Agriculture, Horticulture, etc. 

lIIeehanlea find in THE ScIENTIFIC AMERICAN the 
latest and most valuable information concerning their 
various trades, and details of all the latest and best im· 
provements in machinery. tools, and processes, together 
with such useful knowledge as will tend to dignify their 
occupations and light�n thc!lr labors. 

In Tentor. find In THE ScIENTiitc AMllRlCAN all 
necessary instructions how to secure Letters-Patentfor 
their inventions: excellent Ulustratt""1I" and descrip­
tions of tile best inventions made In this country and 
in Europe; an official list of all Patents granted weekly 
at Washington, with numerous explanatory notes; dls­
cussions of 9UI$tt'0 .. s conceming the Patent laws of the 
United States, reports of trials in court, etc. 

.anul'aeturera find in THE ScIENTIFIC AMERI· 
CAN illustrated articles descriptive of the most recently 
invented machines used in various 'Ina"u/actllr,'"K' oj· 
... "Uo .. s, the different processes being lucidlydescnbed; 
engravings of new ornamental designs; practical recipes 
of much value. 

EaSlneera find in THE ScIENTIFIC AMERICAN 

valuable descriptions of all the best inventions connect· 
ed with Steam, Railroad, Marine, and Mechanical En· 
gineering; together with a faithful record of the pro· 
gress of science In all these departments, both at home 
and abroad. 

Chem .. t. find in THE ScIENTIFIC AMERICAN de· tails of recent discoveries made In Chemistry, and arti· 
eles on the application of chemical scionce in all the 
useful arts. 

Asrleulturlata and Hortleultur18ts find 
In THE ScIENTIFIC AMERICAN engravings and descrip. 
tions of the best and most approved Farm Implements; 
valuable iaformation onmattenrelating to Floriculture; 

the latest and best illustrations of New Ornamental 
Plants, for the house, lawn, or garden. 

All Claaaea 01' Readera find in THE ScIENTI­

FIC AMERICAN a popular resumf! of the best scientific 
Information of the day; and it is the aim of the pub. 
lishers to present it in an attractive form, avoiding as 
much as possible abstruse terms. To every intelligent 
mind, this journal affords a constant supply of instruc­
tive reading. 

Remember, THE ScIENTIFIC AMERICAN is a week· 
ly paper-fifty.two numbers a year-<Uld every number 
contains as much information as many of the publica­
tions that are issued monthly. 

The 8elentlfte Amerlean should have a place 
in every Family, Library, Study, Office, and Counting. 
room: in every Reading-room. College. Academy. and 
School. A year's numbers contain 83'pages and several 
hundred engravings. Thousands of volumes are pre· 
served f or binding I"'d reference. The practical recipes 
are well worth ten times the subscription price. As an 
instructor and educator THE ScIENTIFIC AMERICAN has 
no equal. It is promotive of knowledge and progress 
in every community where it circulates. 

Terma 01' 8ubacrlptlon.-One copy of THE 
Scn.NTlFlC AMERICAN will be sent for 0 .. . y.a .. -s. 
numbers-postage prepaid, to any subscriber in the 
United States or Canada, on receipt of three dol­
lara and twenty eeata by the publishers; six 
months, ••• 60; three months, ••. 00. 

Club •• -One extra eopy of THE ScIENTIFIC 

AMERICAN will be supplied gratisfo""""yclu6of /iv. 
su6sc,.,·6 ... s at '3 .• 0 each; additional copies at same 
proportionate rate. Postage prepaid. 

One copy of THE ScIENTIFIC AMERICAN and one copy 
of THE ScIENTIFIC AMERICAN SUPI'LEMENT will be sent 
f or one year, postage prepaid, to any subscriber in the 
United States or Canada, on receipt of &<., ... dollars 
by the publishers. 

The safest way to remit is by Postal-Order, Draft, or 
Express. Money caref ully placed inside of envelopes, 
securely sealed, and correctly addressed, seldom goes 
astray, but is at the sender's risk. Address all letters 
and make all orders, drafts, etc., payable to 

MUNN & CO., 37 Park Row, New-York. 
1JIIII"" Send Ten Cents for Specimen Copy of THE SCIENTIFIC AMERICAN. 

SUPPLEMENT. 
16 a Year by Xail, post-paid. Send 10 Cents for Specimen Copy. 

The Scientific American Supplement is a large and splendid periodical, issued every week. 
Each number contains sixteen large quarto pages, profusely illustrated with engravings. 

Fifty-two numbers a year. Uniform in size with the ScIENTIFIC AMERICAN. 
The Supplement is, however, separately paged, distinctive in charac· 

ter, and fonns a most valuable independent publication. 

The Contents of the SCIENTIFIC AMERICAN SU PPLEMENT tor the year 1877 wll embrace , very wide range, 
covering the moat recent lind valuable pap8rl by eminent writ.... In ell the prlnelpal 

department. of Sc ience IIIId Useful Knowledge, to wit: 

1. CllllIIItr7 &114 KttAUllfl1.-Embracing New Chemical 
Discoveries. Improvements. and Processes. with en" 
Klllvings. New Processes of Working Iron, Steel, 
Lead, Copper, Gold, Silver, and the Various Metals, 
with engravings of New Apparatus, New Informa: 
tion, etc. 

1 KtoIwdoI w.1IIJ\tI.�.-Tbe latest and best papers 
upon Steam Engineering, Railway Eng/neering.,.Min­
ing, and Civil Engineering, Mill Work, Textile Indus­
"'Y, with engravings and working drawings. 

3. 1IIotrldy, LIcht, Kilt, SOId.-Latest Improvements 
in Telegraphy, Telegraph Engineering; Improve. 
lDents in Galvanic Batteries, Electric Engines. New 
and Uaeful Applications of Electricity in the Arts, 
with engravings. 

•• Arolliteotllre.-Eumpies of the best New Structures. 
with details and drawings, 

a. �eclltlo1OD.-N ew and UsefullnventioM and Discov­
eries relating to THE ARTS: Improvements in Pho­
tography, Printing, New Implements, New Machin· 
ery, New Processes, New Recipes, Improvements 
pertaining to Textile Industry, Weaving, Dyeing, 
Coloring, New Indastrial Products, Animal, Vegeta­
ble, and Mineral-with engravings. 

t. ArrlO1llt1lN, lot .. ,., .. " lorUoIIUIIN.-N ewand Use. 
fullnformation In all branches of Agriculture. Des­
criptIanJ of N __ PIaDts, Trees, Shrubs, and F'lowers, 
New, U seful, and Interesting Facts in relati"n to Cul­
tivation, Propagation-with engravings. 

7. lhII'al &114 IOlIlthol4 1coD0000,..-The Latest Informa­
tion concerning BuDding M�terials, New and Valua­
ble Recipes, and a great variety of Miscellaneous 
Information perWning to Rural and Household 
affairs, with engravings. 

8. Kal.rla Ke41o&, fttra]lf1lIlc., l,.p.I •. -ExJubiting the 
progress of Medical Science in various branches, 
New Medicinal Preparations, New Health Appli­
ances, and much Interestin� Information. 

9. Rawal BlatoI'7 &114 ZooIoI1.-The Latest Investiga. 
tions, Discoveries, and most Interesting Information 
In this department of Science. 

10 &114 lL KeleoroloB7, �e", .. tl'lall'lI,.llol, Oeo&'l'&ph,..­
Accounts or Interesting Atmospheric and Terresb'ial 
Phenomena, Travels, Explorations. and Discoveries, 
etc. 

lao 0101011 ad KlIItr&1oB7.-The Latest and most Inter· 
esting Geological Investigations and Reports, and 
New Discoveries. 

13. AItroDOlIIy-Recent Interesting Discoveries and In­
fOl'lllatlon, with Reports of Astronomical Phenomena, 
Progress, New Instruments, etc. 

'rIDS :-sol8IItl!o Amerlo .. 811ppl'1I4t, one year, post­
paid, $,5.00. One copy of ScIENTIFIC AMERICAN and 
one copy O(ScIENTlFlC AMERICAN SUPPLI!MIINT, one 
yeat, post.paid, '7.00. CLtlDS.-One extra copy oj 
the SUPPLIlMENT will be supplied gratis fo ... ., ... y 

club of ./If}' S,.pjl"' .... t MIC .. i"' .. s at 15.00 ellClI. 

All the back numbers of the Supplement, &om the 
commencement, January I, .876, can be had. Price, 
10 cents each. 

Address, MUNN A CO., Publishers, 37 Park Row, New-York. 

© 1876 SCIENTIFIC AMERICAN, INC. 

I DECEMBER 2, 1876. 
THE TANITE CO., 
EME��R�HliI>�lWoGdRfr&·ERs. 

GEO. PLACE, Gen'l Agent tor N.Y. city and Sta"'. �OGARDU8' PATENT UNIVERSAL EOOBN­
TRIC M1LL&-For I1'Indlna BOnN Oree Sand Old 

otbl8lJ II'tre ClaY, 6oanGi. on Clke,  Feed,310m. 
Com ana Cob, TollAcoo Snd, Bgar. Saltl, .t<OOti 
Slttcet, Cotree. Cocoannl. FJuleed, A.bestUl, Mloa 
11..; t:r

d�: oann.otx::.�� 'l�=.��. 
JOHN W. TB _lBOr to JAMBS BOGAR-DUS. comer Of d BIm StI •• New YOrK. 

Dr" BIl SUD AND GilT TJIB GENUINE. � 
Tbe Centennial PrIze Medal and Diploma of Merit bave 

been awarded for 

ASBESTOS R OOFING. 
ASBESTOS P AINTS. 

ASBESTOS STEAM-PIPE AND BOILER 
COVERINGS. 

ASBESTOS STEAM PACKING. 
Fire-Pr oof Palnt8 and CoatJgs. CemenU for 

Steam...Jolnts. Acid andGa8 Retorts. Leaky 

Sloeatlllnll' ,::: o{."in1:.; F'!rt� �a:':�t 08 Boar d", 
Paper . Thread. Clot'" &e. 

Tbeee articles are readl for nse. and can be easn�p-�e:, �{c�ny one. li!en tor SampleB, Pampblets. ce 

H. W.I0HNS, 87 XaidenLane, N.Y., 
Patentee and Manntacturer. RHabllBbed 1858. 

Al80for 8a� bll: DOWNIE. TEilNlIE & Co .. BOBton. 
MasB.; W. J. GLOVIIE. Providence, R. I .; S. W. HlIllP-
8T1ID & Co ., Columbus, O. ; T. S. & A. J. KIEItWOO!'. 
Cblcago. 111.; M. M. Buolt & Co .• st. Louis. Mo .; H. 
DUDLIIY COLII)lA.N & BEO •• New OrleanB. La.; J. M. 
Tno)lPSoN & Co •• San FranclBco. Cal . 

BR�m¥�B8 BIIST G�Ic�'1:�� 
MURRILL elI: KBlDB., « SolUda)' St.. Bait 

HARTFORD 

STEAM BOILER 
Inspection & Insuranoe 

COMPANY. 
I, B.rumII, T. PIII't. I. J. m.EI, PnI'L 

I. B. PIBBmr. IIIC'J. 

Machinists' Tools. 
N.w and IxPIIoTIID PA.TTEUS. 

lend for De1"' mDltrated calaJol1le. 
Lathes Planers. Dr1lls. &c. 

NBW B.A. nm IIANlJlf AClTUKINa ('.0. Kew Hav_. CODD. 

ROCK DRILLING MACHINES 
A NO 

AIR COMPRESSORS. 
MANUFACTURED BY BURL£IGHROCKORlll CO. 
SEN[HOR PAMPHLET. FITCHBURG MASS. 

PORTLAND CEMENT 
ROlIAN .. XBRNB'So I'or WalD. Cllteru. Fonnda­tiODl,8tablel,C8l1an,BrldaN.R8lervotn.Brewerl8l.etc. Remit 10 cenu for PraCtlo&! TreaUie on C8mentl. S. L. )(W1IOIUlI'1' .. Co . . 'lI SontllSt •• New York. 

ROY.'S 
Mill I'arD1sbl9"Worlrs 
are tile larnR In tile Untted st&: Ther toUe Burr MIJJnon8l,'l'orlable MIIII. Smnt Maohlnel Packen.lI.m P1ob, Water Wbee1l, Pilllel: and Geartnc, .peotallJ adapted to lIonr mJIJIj• r.u:3o�C:�r.�o. N. Y. 

Portland and Keene's Cement. 
From tII!�mn��'St�o�=e

Y�k. A'PraetlcaJ Treatlle on Cement tnrnIIbed for 25 centl. 

WOW.ooJDUBTIBLB.TEAK BOILBB I; pu. 

COVBk'WG 

Patented 1068-187+ BOLT CUTTERS. n Dies open and c)""" and Bolt 
thrown out automatically. 

One pattern, holds finished bolts 
on centres and threadl them with 
gr�ter accuracy and uniformity and ten times.s fast as a chaser 
'n a Lathe. Highest award of 
AInericanlnstitate, 186<) & 187 ... 

WOOd a LllJht Machine Co" Worcester, Mu. make all kiacls of Iron WorKing Maehinpry. 
A1eo, Shafting, Pulleys, &e. 

THE "Bclentl1le American" Is printed wtto 
CBAB. ENJ!:U JOHNSON .. CO'S INK. Tentll ana 

Lombard Sti. PhIladelphia, and It Gold St •• 10 ew Yor •• 
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