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STEEL BA.LLS. 
For A uti-Friction BearlnKtI, of Be.t Ca .. t Steel. Hardenell. Groaml. and Barnl.hed. 8-161� to S in. d i .. meter. 

1n qu .. lIty and density of met .. l. 
In uniformity of temper. und in ac
curacy and nicety of finish warrant
ed unequaled. 

pr Samples and prices on applica
tion. 

Jci.eutific !tutricau. 
Q...A.B E:�GrXl'TE: 

"The· Baldwin" 
E",MbIUd at the late A>Mrican Institute ]\lVI", New Yori<. 
A four horse-power enlline in connection with storage bat

tery running 8( incandescent electric light. ( .. nd without 
battery, 32llght.>, giving" perfect Ilg

. 
ht. with all the .teadi

ness that can be obtained from the high-.peed .team engines 
in co mmon use for electric lighting ... nd permitting any num
ber of light. to be shut olf or turned on without a1lllcting the 
rem .. ining lights In the slightest degree. A marvel of beaut:!'

j perfection. and power. adapted to lighting. pumping. and al 
purposes where a safe and cheap power i. req]lired. Manu
f .. ctured and guaranteed by 
O"t:l.s EJro"tl:1ers wOO. 

Elevator. and HolatlnK Machinery. 
3S PARK ROW, NEW YOnK. 

THE COPYING PAD.-HOWTO MAKE CO.,FltehhurC.M .... 
HOW TO MAKE AN INCUBATOR.-

..nd how to UHe; with an engraving. Practical directions 
how to 1li'iK .. re the gel .. tine pad, and also the anUine ink 
llt�l'i. thee c�g�et��e t��t:. ��wc�

o 
l:r.

p
� t�:e "ml::' 

Icftlt, H�ir rurDICft. 
Full directions, illustrated with 7 fillures. Also dltec
tions for operating the .. pparatus. Contained In SCIENTIJrlC AKERICAN SUPPLEMENT, No. 01�. PricelO cents. To be had at this olllce and from all newsdealers. 

Contained in gCI1I:NTlFIC AMERICAN §UPPJ.EMENT. No. 
"3S. Price 10 cents. For .ale at this olllce .. nd by all newsdealer. in all parte of the country. 

Expose an Immense Heated 
Surface. 

Extract all thll Heat from 
the Gase.. Furnish Pure 
Warm Air In Atrundance. 
Fourteen Ye .. rs of Test. IF """""-OLJ USE 

VALVES · 
t:. � � -"" ,, " --\" " "\ ' � , 
. JENKINS BROS. 

SHIP WAVES.-BY SIR WILLIAM 
Thomson. A lecture delivered before the Institution of Mech .. nical Engineers.-Detlnition of w .. ve. Thedilfer
ent kinds 01 W .. VeS. W .. ves produced in water by boat. .. nd the wind. How the wave procession is kept u!l'i 
::ri':': •. 

Ofc':,:r!fJ'.J����E'i:g�� !:�':I�A1}'��:�t,,: 
JlfENT No. 01� Price ten cents. To be had .. t this olllce and from all newsdealers. 

THE AM�ru�AH BELL TELEPH�IE ��. 
95 MILK ST. BOSTON, MASS. 

This Company owns the Letters Patent 
granted to Alexander Graham Bell, March 
7th, 1876, No. 174,465, and January 30th, 
1877, No. 186,787. 

The transmission of Speech by all known 
forms of Electric Speakin g Telephones in
fringes the right secured to this Company 
by the above patents, and renders each 
individual user of telephones not furnish
ed by it or its licensees responsible for such 
unlawful use, and all the consequenceb 
thereof, and liable to suit tht'refor. 

Universally satl.factory. 
Send for 'f Oar Furnace Book." 

Abram Cox Stove Co •• 
MANUJrACTURERS, 

Philadelphia and Chicago. 

SEVERN AND MERSEY TUNNELS.-
Full description of the.e two Important engineering works, with two engravings. Contained in SCIENTIJrIC 
�::,.�tM�Ai��:Tir�g; 3P!ewll��.ce

nts. To 

�@LUMBIA 
pICYChES· 

00 ou:T�ICytLE� 
r!e S'���lWANDEMS GU��ED=HIGHESTGRADE 

ILLlETRATED.CATALOGUE'fREE � -. POPEMFG.Co. 
78 FftANKUN ST' BOSTON 
BRANCH IZWAI\I\EN ST. Nf:WYOI\K 
HOUSES �281 'w ABASH AVE.CHICAGO. 

THE PENNSYLVANIA GLOBE GAS LIGHT CO. 

TO BUSINESS MEN. 
The v .. lue of the SCI1I:NTIJrIC A MERICAN as an adver

tising medium c .. nnot be overestimated. It. circul .. tion 
::0,:apn,rb\�':,"lr1�t;�e��':,t,t�ft\�! �lt.,"�,::��

r J��� ries, .. nd Is read in all the principal libr .. ries .. nd reading 
rooms of the world. A bu.iness man w .. nt. something 
;,nao;:r?,��!O�=t:

i
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.. dverti.e. in the SCIENTD'IC AMERJOAN. And do not 
����hci't1!,�ve�:�

n
lor"f::k!f�:'Jr':, �'::E�cl�s�t�.: selecting a lfst of publications in waICn you deCIde 11. ie 

for your interest to advertise. This is frequently done, 
for the reason tast tae agent litets a Jarger eommls81on 
from the papers having a small circul .. tion thAn i. aUowed on the SCI1I:NTIJrIC AMERICAN. �'or rates .ee top of fir.t column of this page. or .. d
dresa 

MVNN &; CO" Pablltl .... r •• 

(Incorporated 1S'1'1.> 
N ... 4.'f a. (9 North Seeo.d St. 

PHILADELPHIA. P A.. U. S. A. 
Centraaten fer 

UgIrtIag Stneta·1UId Erecting 
- ..... WtttrWorkt. 

Manufacturers of 
1::. ��tl�� f�u�ffcht�il�'::!: 
Street and Other I.anterna. Plain 
and Orn .. mental;. Lamp Po.t .. for Streets and Priv .. te Grounds; Gaa
ollne Flxturea.Ch .. ndeUers.Lamps and Bracket.. Dealers In Gaaollne 
for Gas M .. chines. Gatlollne for 
Street Lighting. Crade 011 for Gas Work •• and otlier product. of Petro
leum. -1��0.
William L. Elkin •• Prffl<rent. lIlartln MalonllY. Gen'1 Ma'lUlf.lW. 
Wm. L, Elkin.,)r •• 7'r«UIuh'er. 

C . .... RobInson. Secreta1'l/. 

ART PHOTO ENGRAVING co 
T ' .  H["S"PI� 'kUCHIS 53 FRANKlIM S MY �C"'I"ERY,C"T"1.0GUE WORK 

LIGHTNING CONDUCTOR8.-DESORIP
�
i
::g�r..�=:[�mo:J.����t::��ri1:",

t
\Y��f!�!r�'hn8 

engravlnll.. Contained in SClENTIJrIC AMERICAN SUP
PLEMBNT. No. �96. Price 10 cents. To be had at this olllce and trom .. il newsdealers. 

Clark's Adjustable Wing 
Ventilating Fans, 

ForVentil .. tion of every de
.cription. 

361 Bro .... dway, New Yo.·k. 
JAMES B. EADS.-AN ACCOUNT OF 1 --------.,.------
the life and I .. bors of this emin .. nt engineer. With a ' 
portr .. it. Contained in SCI ENTD'IO AMERICAN SUPPLEMENT, N o. �91t. Price 10 cents. To be h .. d at this 
olllce .. nd from all newsdealers. 

�ea.V"y- Fa.ns 
FOR DRYERS. 

Shepard's New Screw·Cutting Foot Lathe 

� 
19 
; 
J 
oS 
.s 
� 
� 

Foot .. nd Power Lathes, Drill 
�'::'i':.sc�';,'�� �::dr!ltt.p��i D

�:�o�� �!r
rs

i:\'iie. on 
payment. Send for cat1llog e of Outfits for Amateurs or Art18�ns • -=�I1� .... Address HActE�¥EPARD. 

iil 13" Ealtt ltd SU'eet, Cincinnati. Onlo. 

PATENTS. 
IIIESSRS.MUNN &; co., in connection With the pnbli' 

catlon of the SClENTIJrIC AMERICAN, continue to ex
.. mine improvements, and to act .. s SoHcltors of p .. tents 
for Inventors. 
�!�n:g� �':!.n,::::efu.��..{'r.&:":.wtt'e 
preparl\tlOn of Patent Dr .. wings, 8peciftcatlons ... nd the pro8ecutlon of Applicatiluo for Patents In the United !ltates. Canada. and For<!lgn Countries. Me" ... Munn &; 
yg; ���:;����';.�h:.ll�:=������!��:�I.mCJ'�'ru 
on Infriflgements of p .. tent.. All business intrusted to 
them is done with special care .. nd promptness. on very """on able terms. 

A pamphlet aent free ot cnarge, on .. pplicatlOn, con-
�����I; i������n c��"c':.�1::�er:r!:!? ��:;:ih�� Designs, p .. tents. Appe .. ls, Roissues, IntrlD!lementll, All
.illnments. Rejected Case •• Hints on the Sale of P .... 
_t8.ete. 

We .. 180 send, .1'f'uof � ... SynOPSIS of Foreigu Pa. tent La .... showing the COAt and method of securing 
PAtents in .. n the prinCipal countries ot the "orld. 

ltI1JNN ok CO., 801le1&0 ... ot Pa'en'., 
361 Broad .... y. New York. 

BRANCH OFJ'IClCS.-No. 622 and 624 F Street, PIl
ottIe Bltlldtng, near 7th 8treet, WubiDiftOn. D. C. 

Mention this p .. per. 

B&I'Iles' Foot-Power llaehlaery. 
Complete outtlts for Actnal Work.nop Business. Read what .. cu.tomer s .. ys: 
c,;;.�r..".:'!��F���r

c
'W�C�

y
t..��!�t"J'o 

Results Guar .. nteed. 
C .. taIogne Free. 

GEO. P. CLARK, 
Box L. 

Wlnd80r Locke. Conti. 

not .ee how it can be produced .. t .uch -low co.t. The velocipede foot-power THE AGE OF THE STARS. - BY 
to;t,�"�bo�!:,g.l'.:'t. 

"�d C:f ��rct ·�'i,'!1i� Prof. Jan.sen. HI.tory of the di.coveries th .. t have led little tired as 'tl I . had been w .. lkinll to the introduction ot the doctrine of evolution in the 
�r;l��1;;� �:,��?;�&;5':,':':�:R= �gt::l1'Ji=��1i08����'ft�l;rc!,C �� Co. Address 1999M .. tn St. Rockford, Ill. each. To be lad at this olllce aqd from .. n newll<iealers. 

EE. �. JOEENS' 

Asbestos Patented Roofi ng 
FZ�:m-P�OOF. 

This is the perfected form of Portable Rooting manufactured by u. for tbe past 
thirty lears; is adapted for use on steep or fiat roofs in .. II cllm .. tes, can be easily 
:�S

l
::e • .:;rp��:��roe r�[��'tY"��iy�·

t. only .. bout halt as much as tin. Samples 

H. W. JOHNS MFO. CO., 87 Maiden Lane, N. Y. 
(;hlca1(o. Philadelphia. LOlldon. 

Sole Manufacturers of H. W. Johl1s' LIquid p .. ints. Asbeato. Fire-Proof Paints. 

Beta 1)lished 1858, 

She .. thinas, Building Felts, Asbesto. Steam Packings, Boiler Coverings, etc. VlJ'LCABE8TON Moulded 
Platon-rod PacklnK RlnKtI. Gaak.eta. etc. 

© 1888 SCIENTIFIC AMERICAN, INC. 

(J UNE 23, 1888. 

THE PHONOGRAPH.-A DETAILED 
g���&:��l b�Oe n�r ��� ��gti.�f0Wttgf8 

t
���� ings. Contained "f n SCIENTIJrIC AMERICAN SUPPLE

MENT. No. 632. Price 10 cent.. To be bad at this 
olllee .. nd from all newsdealers. 

BUFFALO FORGE CO. 
MAKE BEST LINE 

FORGES BLOWERS EXHAUSTERS 
', � DRIL LS \:'\,\;';;1'\\"" \'\, 

ICE·HOUSE AND COLD ROOM.-BY R. 
G. Hatfield. With direction. for construction. Four engravings. Contained in SCIENTIJIIO AMERICAN SUP
PLEMENT. �9. Price 10 cents. To be had at this olllce lIDd of all newade .. lers. 

AUTOMATIC CUT a FF ENGINES 't't�\.\:.;';,�' 
\'�'" A � IR\: IP)', lNlt.. AND;>,:; T .f.l PRINlFLt , 

BALL ENGINE CO ERIE .PA 

HOME·MADE INCUBATOR.-PRACTI-
cal directions for the manufacture 0:( an elfective incubator that has been carefully tested and found to per· form all th .. t m .. y be reason .. bly expected; with directions for operating. With 4 figures. Contained in SCI
ENTlli'IC AMERICAN SUPPLEMENT. No. ti30. Price 10 
cents. To be had .. t this oftIce .. nd from all new.dealers. 

T�E 

J titutific �tutricllU 
ESTABLISHED IS"&' 

The lIolt Popular SeleutUle Paper lu the World. 

Thill widely cll'calnted and splendidly llluatrated 
paper i. published weekly. Every number contains.lx· 
teen p .. ge. of useful iufOlm .. tiOlf .. nd .. I .. rge number of 
original engr .. vings of new inventIons I\.Dd di.coverles. 
representing Engineering Works. Steam Machinery. 
New Inventions, Novelties in Mechanic •• Mlnufuctures. 
Chemistry. Electricity. Telegraphy. Photogr .. phy. Archi
tecture, Agriculture. Horticulture. Natur .. 1 History. etc. 
Complete List of Patents each week. 

Term. of Sabac .. iption.-one copy of the SCIEN
TIJ'IC AMERICAN will be .ent for om uea1'-i>2 numbers
po.tage prepaid. to any subscriber In the UnIled States 
or C .. n .. da. on receipt of tln'ee d ollllr. by the pub
lishers; six months. $1.60; three month •• $LOO. 

Clull •• -Speclal r .. te. for sever .. 1 names. and to POlt 
Ma.tel'8. Write tor particulars. 

The IIlifetlt'''''., to remit is by Postal Order, Draft, or 
Expres.Money Order. Money carefully placed in.ide 
of envelopes, securely sealed, and correctly addressed, 
seldom goes .. str .. y. but Is at the .ender'� ri.k. Ad
dress .. U letters and m .. ke all orders. drafts, etc.. pay. 
able to 

�1JNN &; co_. 
361 Broadway, New York. 

• 
T�E 

Scientific American Supplement. 
Thi. is .. separate and distinct publication from 

'I'Iu ScUNTIJrI<l AMERICAN. but is uniform therewith 
In size. every number containing sixteen I .. r!!e page. full 
of engravinlls, many of which .. re taken from foreign 
p .. pers. and accompanied with tran.lated descriptions. 
TIlle SCIKNTllI'IC A .. ERICAN SUPPLEMENT is publi.hed 
weekly. and includes .. very wide r .. nge of contents. It 
pre.ents the most recent p .. pers by eminent writers in 
.. U the prinaip .. l departments of Science .. nd the 
Useful Arts, embr .. cing Biology, GeclollY. Miner .. logy • 
Natural Hi.tory, Geo�raphy. Archreology.A.tronomy, 
Chemistry. Electricity. Light, He .. t, Mechanical Engi
neering, Ste .. m .. nd Railw .. y Engineering. i\lining. 
Ship Building. Marine, Engineering. PhotolP'IIphy. 
'�echnolo!!y. Manufacturing Industries. Sar.ltary En
gineering, Agriculture, Horticulture. Domestic Econo
my. Biography. Medicine. etc. A v .. st am.,nnt of fresh 
..nd valu .. ble inform .. tion obtainable in no other pub
lication. 

The moBt important Enaineering WOTkB, Mechani.ms. 
and M .. nufactures at home and ab.o&d are Uiustrated 
and de.cribed in the SUPPJ.EMENT. 

Price for the SUPl·J.EMENT for the United States and 
C .. nad .. , ".00 a ye .. r. or one copy of the SCI1I:NTlJr[c AIl
�1tICAN and one copy 01 the SUPPLEMENT. both mailed 
for one year for $7.00. Single copies 10 cents. Addre.s 
and remit by post .. 1 order. expressmoney order. or check, 

MUNN &; Co •• 3til Broadway. N. Y .. 
Publl.hers SCIENTIJrlC AMErtICAN. 

• 

Builders Edition. 
THE SCI1I:NTlJrIC AMEltICAN ARCHITECTS' AND 

BUILDERS' EDITION i. issued monthly. '2.60 a ye .. r. 
Single copies. 26 cents. Forty large qu .. rto pages. equ .. 1 
to about two hundred ordInary book pages; forming .. 
large and .plendid lllaKazlne of A rchiteetnre. rich
ly .. dorned with eltgant plates in colors. and with other 
tine engravings; iIIUj1trating the mo.t interesting ex
.. mples of modern Architectural Con.truction anol 
..lIled .ubJects. 

A speela1 fe .. ture is the presentation In each number 
of a v .. riety of the latest and beat pl .. n. for prlv .. te re.i
dences, city and country. including tho.e ot very mod
eratecost &8 well 88 the mqre expensive. Drawings In 
perspective .. nd in color are given, together with full 
Plans, Specitlcation •• Sheets of Details, Estim .. tes. "te. 

The eleg .. nce and cheapness of this magnitlcent work 
have won for it the I.llrlfe8t ClI'culatlon of any 
Architectural publication In the world. Sold by al 
newsdealers. ta60 .. ye .. r. Remit to 

MUNN & CO., Publishers, 
361 Broadway, New York. 

PRINTING INKS. 
THE .. ScientifiC American" ie printed with CHAS 

ENEU JOHNSON & CO.'8 INK. TenthlUldLom
bard Sts., Pbila.,and 47 Rose St •• oPP. Duane St.. N. Y. 
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