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STERL BALLS.

For Auti-Friction Bearlnzs,
Best Cast Steel. arden
Ground, and Burnlshed,s-ls lx;.
1 osln diameter.

uality and density of metal,
ln un [formity of temper, und in ac-
curacy and nicety of finish warrant«
ed unequaled.

INES\W G-AS EINGINE

“The Baldwin”

Exhidited at the late American Institute Fair, New York.

A four horse-power angine in connection with storage bat-
tery, running
battar,
ness t
in co mmon use for electric lig
ber of lights to be shu
remaining lights in the sligh
perfection, and power, adapt
purposes where a safe and cheap power is required. Manu-
factured and guaranteed by

Otis Brothers e CO.

incandeacent electric lights (and without
. 32 lights), giving a perfect light, with all the steadi-
At can be obtained from the high-speed steam engines
ghting, and permittino, num-
r turned on without afecting tha
test dezree. A marvel of beautsi

ed to lighting, pumping, and i

off 0

Elevators and Hoisting Machinery,

I Samples and prices on appli

.Blmond‘s Rolllnx-ﬂachlne CO0.¢ Fitehburg, Mass.

HOW TO MAKE AN INCUBATOR.—
Full directions, illustrated with 7 figures. Also direc-
tions for o eratlng the apparatus. Contained in
SCIENTIFIC AMERICAN SUPPLEMENT, No. 61:2. Pricel0
cents. To be had at this office and from all newsdeaiers.
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JENK\NS BROS

71 John 8t., New York. 106 Milk 8t., Huaton.
13 8. k'ourth St., Phila. 64 Dearborn 8t., Chlcago.

SHIP WAVES.—BY SIR WILLIAM

Thomson. A lecture dellvered betore theInstitution of
Mechanical Engineers.—Definition of wave. Thediffer-
ent kinds or wuves. Waves produced in water by boats
and the wind. Ho the wave procession is kept u
Effect of aship’s build in causing waves : With eight
figures. Contained in SCIENTIFIC Au:BXCAN SUPPLE-
MENT No.@13. Price ten cents. To be had at this
office and mom all newsdealers.

EFECTRUSCOPES
HELIOSCOPES =y

THR AMEALGAN BELL TBLBPHUNB i

95 MILK ST. BOSTON, MASS.

This Compa.ny owns the Letters Patent ! 1

granted to Alexander Graham Bell, March
7th, 1876, No. 174,465, and January 30th,
1877, No. 186,787.

The transmission of Speech by allknown
forms of Electric Speaking 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 forsuch; _
unlawful use, and all the consequences

hereof and liable to suit therefor.

- COMPLETE STEAM PuMp -
_ONLY 3EVEN DOLLARS
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JAMES B. EADS.—AN ACCOUNT OF
thelife and labors of this eminent engineer.
Contained in SCIENTIF10 AMERICAN SUPPLE-
No. 392, Price 10 cents. To be had at this
office and from all newsdealers.

Shepard’s New $60 Screw-cuttmq Foot Lathe

Address H, 1. '-!H]:.l"AIlD.

» Footand Power Lathes, Drill
o Presses, Scroll Saw Attach-
- ments, Chucks, Mandrels, Twist
® Drills, Dogs, Calipers, etc.
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PATENTS.

MESSRS. MUNN & CO., in connection with the publi
cation of the SCIENTIFIC AMERICAN, continue to ex-
amine improvements, and to act as Solicitors of Patents
for Inventors.

In this line of buminess they have had

e, and now have unegualed
preparation of Patent Drawings, 3
prosecut on of Appiicationa f

-OnE Peara
Botds tar the
panificuttong, and the
or Pat,enu in the United
States, Canada., and Koreign Countries. Memrs Munn &
Co. alsoattend to the preparation of Caveats, Co hts
for Books. Labems, Reissnes. Assig0ments. and ports
on Infringements of Patents. All business intrusted to
themis done with special care and promptness, on very
reasonable terms.

A pamphlet sent free of cnarge, on application, con-
taining full information about Patents and kow to
cure them; directions conceming Labelu. Conyrighta,
Designs, P: Appeals, Infringements, An-
signments, Rejected Cases. Hints on the Sale of Pa-
tents, ote.

-.

We also send, freeo; Mpe‘ a Synopsis of Foreign Pa.
tent Laws, showing {he COR! anﬁnmeth od of se%nurlnz
patents in all the principal countries of the world.

MURNN & CO., Solicitors ot Patents,
361 Broadway, New York.

BRANCH OFFICES.—No. 622 and 624 F Street, Pa-

e\fic Building, near 7th Street, Washiugton, D. C.

THE COPYING PAD.—HOWTOMAKE
nnd how to use; with an engraving. Practical directions
how to %r?ﬁare ‘the gelatine ad and also the anlline ink
by whic. e co ies are ma 0w to apply the written
letter to the ; how to take off copies of the letter.
Contained in cmNTmIc AMERICAN SUPPLEMENT, No.
38. Price 10 cents. Forsaleat this ofice and by all

newsdealers in all parts of the country.
Rpectadu Haromelers,

E L E SCO P E S Photographls Oulfite f nr

Amzteyrs, Lanten Stides, Mold Glaasen, Microsopes, e,
W. S WAl SLE EY & CO., Philadelphun, Pa.
Iilua. price list Bern for .@ecw! Bafgmu Eists,

QUARANTINE SYSTEM OF LOTISIL-
anu, — By Joseph Hylt, M. D. Description of the methoda
of disinfeation praoticeq. With 4 fgures,. Cnniained io
SCIENTIRIC AMERICAN BUPPLEXENT, Mo 6i27. Prioe 2y
fents. To be hed at this pfios and from all Lewmederlara.
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JACKET KETTLES,

Tested 10 100 Lb.

A u & C
14 and 616 Market =199 Philadslphla.. Pa.

38 PARK ROW, NEW YORK.
omelly™

e TR,

Expose an Immense Heated
Surfage.

Extract all thg Heat from
the Gases. Furnish Pure [
Warm Air in Afundance.

Fourteen Years of Test.
Universally satisfac ory,

Bend for ¢‘ Our Furnace Book.”

Abram Cox Stove Co.,

MANUFACTURERS,
Philadelphia and Chicago,

SEVERN AND MERSEY TUNNELS.—

Full description of these two impor ant engineering

works, with two engravings. Con ained in SCIENTIFIC

AMERTAN SUPPLEMENT, No. 604. Prloe 10 cents. To
be badat this office a.nd om all newsd
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GUAHA ED=HIGHEST GRADE
ILLUSTRATED CATALOGUE:FREE
—=+¢ Pope Mra.Co.

79 FRANKLIN ST- BOSTON

Branci || 12WARREN 8T.NEWYORK
Housesll281 W ABASH AVE.cHIcAGO.

| THE PENNSYLVANIA GLUBE GAS LIGHT CO.

(Incorporated 1877.) ’
Nes. 47 & 49 North Seeond St. -
PHILADELPHIA, PA,, U. 8. A.

Manufaciur

Gas Machineu ror Li{;hting Dwell-
ipgs, Mills, and Buildin gs,
Street and Other Lnnterns. Plain
j and Ornamen al; p Posts for

Streets and Private Grounds, ase
oline Fixtures,Chandeliers,Lamps
and Brackets. Dealers in Gasoline
for Gas Machines, Gasollne for
Street Lighting, Crude Oil for Gas
1Worls, and other products of Petro-
eum.

—1886.—
. Wﬂliam L.Elklns. President.
rtin Maiong Gen’lMamoer.
X Wm.L Eixlus Jr,,
c. K. Boblnson, éecrztary. i
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TO BUSINESS MEN.

The value of the SCIENTIFIC AMERICAN as an adver-
tising medium cannot be overestimated. 1ts circulation
is many times greater than that of any similar jeurnal
now published. It goes into ali the States and Territo-
ries, and Is read in all the principal libraries and reading
rooms of the world. A business man wants something
more than to see his advertisement in a printed news-

er. He wants circulation.. This he has when he
advenlpes in the SCIENTIFIC AMERICAN. And do not
let the advertising agent influence you to substitute
some Oother ?aper or the SCIENTIFIC AMERICAN, when
selecting a list of publications in wawen you decide 1w is
for your interest to advertise. This is frequently done,
for the reason taat tne agent gets a larger eommlssion
from the papers having a small circulation than is aliow-
ed on the SCIENTIFIC AMERICAN.

For rates see top of first column of this page, or ad-

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

I‘OPPEP "I'UBF_S

Mention this paper.
TELESCOPIC OBJECTIVES AND MIR-

rors. Thelr parition and’ testing—Ay H. Grubl, F.
R.8, An interesting desoriptivn nf tho procerses oow
employed in the construction of telescople oblectives,
prefaced with & shott hiftory of the mamufacture of
Klags, Cootainad 1o BCIENTIFIU AMERICAN STIFFLE-
MENTE, Noa., 54 and 340, Pricellcentacach. Tohe
obtained at this ofice or from Any newsdealer.

ART PHOTO.ENGR

[<15) FRANKU" STAY. H“Cum:nv e
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LIGHTNING CONDUCTORS —DESLRIP—
tion of anew form ofapparatus for testing lightning eoné

ductors, and the methad of using it, Illustrated with

engravings. Contained in SCIENTIFIC AMERICAN SUP-
PLEMENT, No. 396. Price10cents. To be had at this
otﬂoe and from all newsdealers.

Clark’s Adjustable Wing

Ventilating Fans,

For Ventilation of every de-
scription.
IFleavy Fans
FOR DRYERS.

Results Guaranteed.
Catalogue Free.
GEO. P. CLARK, '
Box L,
Windsor Locks, Cony,

GOLD MINING MACHINERY.
aoription of some new minlog plants or-na!,ruoted i

na for use in the Transvaal, Ansirin and Hungury.
With 10 figures. Contslned in SCIENTIFIQO AMERICAN

8 !‘1‘LEHEN‘[‘ No. 3. 1I'rlee Woents. To be had ab
thls office and from all newsdeslers.
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Barnes’ Foot-Power Machinery.

Complete outfits for Actnal Worksnop
Business. h 2

curateness of your
not see how it can be produced at such
low cost. The velocipede foot-power
is simply elegant. I can turn steadily
for a whole daixfy nnd at night feel as
little tired as d been walking
around.” Descri V8t.lve Caml e and
Price List Free.

Co. Address 1999 Main SL. Rockford lll.

THE AGE OF THE STARS. — BY
Prof. Janssen. History of the discoveries that have led
to the introduction of the doctrine of evolution in the
science of astronomy. Contained in SOIEN

ICAN BUPPLEMENT, N08, 630 and 631. Price 10centa
edch. To be bad at this office and from all newsdealers.
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H. W. JOENS’

Asbestos =« Roofing

FIREBEEFPROOF.

This is the perfected form of Portable Roofing manufactured by us for tbe past
flat roofs in all cl mates, can be easily
b, uuskilled workmen, and costs only about half as much a8 tin. Samples

H. W. JOHNS MFG. CO., 87 Maiden Lane, N. Y.

Loundon.

Sole Manufacturers of H. W. Johrs’ Liquid Paints, Asbestos Fire-Proof Paints,

Sheathings, Building Felts, Asbestos Steam Packings, Boiler Coverings, etc. VULCABESTON
Piston-rod Packing Rings, Gaskets, etc.

Established 1858.

Moulded

AMERICAN, INC.

[JunE 23, 1888.

We are prepargd to furnigh lhe flnest qualty of
"I‘llRllU[pH PUNCHES and DNES for METAL
wa o the munufacture of which we bhave un-
{-quallﬂd factlit.las. Henry Diaston & Sona, InL(:rp()rntad
Jobbing Department, Fruot & laursl Ste, ila.. Fa

CHALLENGE & M50 SRINRING

rLAI\-D I’HILA

THE PHONOGRAPH.—A DETAILED
description of the new ana 1m%oved form of the pho-
nograph Just brought out by Edison. With 8 engrav-
Contained 1n SCIEVTIFIO AMERIOAN SUPPLE-
MENT, No. 633. Price 10 cents. To be had at this
office and from all newsdealers.

BUFFALO FORGE CO.

MAKE BEST LINE

FORGES BLOWERS Ex AUSTERS
. DRILLS

ICE-HOUSE AND COLD ROOM.—BY R.
G. Hatfleld. With directions for construction. Four
engravings. Contained in SCIENTIFIC AMERICAN SUP-
PLEMENT, 39. Price?0cents. Tobehadat this ofice
and of all newsdealers.

AUTOMATIC CUT OFF ENGINE

KED RN TENTIRT ARD P

BALL ENGINE CoO

PLRTLIRNY
- GOVERNT
T DAL PRING

ERIE.Pa.
HOME-MADE INCUBATOR. —PRACTI-

ve incu-

ma,
tions for operating.

ENTIFIC AMgRICAN SUPPLEMENT. No. 6
cents. To be had at this office and from all newsdealers.

SYRACLSE ALLEOLE
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Seientific dmerican
Tho Hort Popuar Sttt Paper 1 the World,

Ouly 83.0¢ 8 Yﬂw. ‘1nc|mli1l
32 Numbers a

gyl’umn'a. Weekly.

This widely circulated and splendidly {llustrated
paper is publisked weekly. Every number con ains six-
teen pages of useful iuformation and a large number of
original engravings of new inventions and discoveries,
representing Engineering Works, Steam Machinery,
New Inventions, Novelties in Mechanics, Manufuctures,
Chemistry, Electricity, Telegraphy, Photography, Archi-
tecture, Agriculture, Horticulture, Natural History, ete.
CompleteList of Patents each week.

Terms of Subscription.—One copy of the SCIEN-
TIFIC AMERICAN will be sent for one year—52 numbers—
postage prepaid, to any subscriber in the United States
or Canada, on receipt of thyee dollars by the pub-
lishers; six months, $1.60; three months, $1.00.

Clubs.—Special rates for several names, and to Post
Masters. Write for particulars.

- The sdfest'way to remit is by Postal Order, Draft, or
Express Money Order. Money carefully placed inside
of envelopes, securely sealed, and correctly addressed,
seldom goes astray, but is at the sender’s risk. Ad-
dress all letters and make allorders,drafts, etc., pay-

able to
DMTITIT & COo.,
361 Broadway, New York.
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Scientific American Supplement.

This is a separate and distinct publication from
THE SCIENTIFIC AMERICAN, but is uniform therewith
1{n size, every number containing sixteen large pages full
of engravings, manyof which are taken from foreign
papers, and panied with tra d descriptions.
THE SCIENTIFIC AMERICAN SUPPLEMENT is published
weekly, and includea a very wide range of contents. It
presents the most recent papers by eminent writersin
all the principal depart ts of Sci and the
Useful Arts, embracing Biology. Geclogy, Mineralogy,
Natural History, Qeouraphy. Arch®ology. Astronomy,
Chemistry, Electricity, Light, Heat, Mechanical Engi-
peering, Steam and Railway Engineering, Mining,
Ship Building, Marine, Engineering, Photography,
‘a¢chnology, Manufacturing Industries, Sar.itary En-
gineering, Agriculture, Horticulture, Domestic Econo-
my, Biography, Medicine, etc. A vast amonnt of fresh
and valusble information obtainable in no other pub-
lication.

The most impertant Ensineering Works, Mechanisms,
and Manufacturesat home and abroad are iliustrated
and described in the SUPPL.LEMENT.

Price for the SUPPLEMENT for the United States and
Capada, $5.00 a year, or one copy of the SCIENTIFIC AM-
ERICAN and one copy of the SUPPLEMENT, both mailed
for one year for $7.00. Singie copies 10 cents. Address
and remit by postal order, expressmoney order, or check,

MUNN & Co., 361 Broadway, N. Y,
Publishers SCIENTIFIC AMERICAN.

Builders Edition.

THE SCIENTIFIC AMERICAN ARCHITECTS’ AND
BUILDERS’ EDITION i8 issued monthly. $2.60 a year.
Single copies, 25 cents. For y large quarto pages, equal
to about two hundred ordinary book pages; forming a
large and splendid Magazine ot Architecture, rich-
ly adorned with elegant plates in colors, and with other
fine engravings; illustrating the most interesting ex-
amples of modern Architectural Constructi and
ailied subjecta.

A special feature is the presentation in each number
of a variety of the lates and best plans for private resi-
dences, city and country, including those of very mod-
eratecost as well as the more expensive. Drawings in
perspective and in color are given, together with full
Plans, Specifications, Sheets of Details, Estimates, ste.

The elegance and cheapness of this wagnificent work
have won for it the Largest Circulation of any
Architectural publication in the world. Sold by al
newsdealers. $2.60 a year. Remit to

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

PRINTING INKS,

‘‘Scientific American™ is printed with CHAS
ENEU JOHNSON & CO.'S INK. Tenth and Lom-

bard Sts., Phila.,and 47 Rose 8t., opp, Duane 8t., N. Y,
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