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Inside' PU1le, each insertion 4 - - 1.5 cents a lille. 
Jlack I·Rve encl. hi!!lcrrion - - '..;, 1Ii1.00 a line. 

'rhe above are cbarges per agate hne-about eight 
words per line. 'Phis notice shows the width of the line, 
and is set in R�'ate type. Engravings may head advertisements at the same rate per agate line, by measure
ment, 8S the letter press. Advertisements must be 
received at publication' office &8 early 8S 'rhursday mom .. 
i nil to appear in next issue • 

!.�� .. �!��!J,IQ, R��fR1.:�tX�m�y�� I THE ��R�P������PJ��:. �O, 
One important defect. jn the imitations referred to 18 'tnsu..1lk1£nt openvng for inlet of steam or 

- -----=�=-;-;-�.���� .. ��::============= . --.�-. --.... 

SI NKI N G  M I N E  SH AFT S.-DE-
scription of .\-Jr. Pa=tsch's method of sinking mine shafts 
in watery earth by meuDS of freezing. With 2 engrav
iD1l8. Contain�d in SCIENTIFIC AMERICAN SUPPLEMENT 
No. ,,:i'. Price 10 cents. To be had at this office and from ail newsdealer.. . 

AGENTS WANTED (Samples FREE) for 
Hr . �cott'l!i beautiful I£lectric Co .. -
sets, Brushes, BehJ!'l, Etc. No risk, quick sales. '.rerr1lory /liven, s atisfaction guar an-

teed. Dit. S{:OT'l', 843 B"oadway, N. Y_ 
TAE. TEST OF THE ROADS 

FOR TEN YEARS, 

B;;/li;8f-e��:;�Jhtn������e����8 

C'OLUMBIA 
BICYCLE & TRICYC [,ES 

SUPERIOR TO ALL OTIIERS. 
Illustrated catalogue sent free. 

FOFE MFG. CO., Boston, New York,Chicago, Hartford. 

CHARTER'S GAS ENGINE. 
'rhe safest, most reliable and economical Motor in 

existence. 
Independent of Gas WOl'ks and MaclJines. 

2 to 25 H. .. . I So i t  can be used anywhere. 
Makes its Own Cas 

AT COgT OF ABOUT 
65 Cf'n ts per M Feet. 
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Engines. 
Chicago A�ent: H. H. LATHAM, 

115 Monroe Street. New York House: 112 Liberty 
_-'-_______ , Street. 

Williams & Orton Mfg. CO. 

Fluid, thertlnJ checking the flOW. Purcha8ers of Valves should be careful to know that they are of 
capacity suited to size of pipe to which the Valves are to be attached. All Valves manufactured by 

J('nkills Bros. are Warranted Full Opening. 
JENKINS BROS., '2l John Street, N. Y.; 105 Milk Street, Boston.; 13 So. Fourth Street, Phila' 54 Dearborn St., Chicago. 

CONCRETE.-BY JOHN SLATER, B.A. 
-A paper on t he means to be adoPted in order to render 
buildings stable, and on t.he use of concrete as a mate .. 
rial for that purpose. Early usc of concrete as a build. 
ing material. Value Of concrete. �laterioJs of which 
COn(\rete is composed. cement concrete. London con
crete� Artificial stones. Concrete buildings. ('ontained in SOn'''TIFI<' AMERICAX SUPPL>"IE,"r. No.1i39. 
Price 10 cents. To be had at this office and from all 
neWsdealers. 

Chandler � Farquhar, 
177 Washington St., 

BOSTON. 

Agents for Fay's" Yankee" CALIPERS 
AND 

Barnes' Foot Power Machinery, 
AND DEALERS IN 

lIJachinists' Supplies of Every Kind. 
Send two stamps for iIIu ... catalogue. 

TEST RECORDING APP ARATUS.--
De8cription. hyJ. H. Wicksteed.of a new testing ma-
�¥!�:t���m�
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W'ft��8e:��Yn��: 
Contained in SCU:NTlFIC AMERICAN SUPPLEMENT. No. 
1i�l�. Price 10cellts. To be bad at this office and from 
all newsdealers. 

THE BEST STEAM PUMP. 
Van Duzen's !Jlatent �teanJ Plnnp. 

Incomparable in cheapness nnd etfi .. 
ciency. Needs no care or skill j cannot 
get out of 'Order j has no moving part�. 

A �upel'iol' Fh'e Pinup. 
Instantaneous and powerful. ever ready 1 
Available, where ver steam pressure can 
be had. for pumping any kind of liquid 
(hot.COld. sandy. impure'! etc.). Wemake 
�f�s ��. f�c
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State for what purpose wanted and send for C!tal0gU
ot H Pumps." Villi Dozen & .Tif� Cincinnati, O. 

AMMONIA SULPHATE.-A PAPER 
by Watson Smith, F .C.S .. describing Gruneberg's appara
tus and process for making sulphate of ammonia. With 
3 figures. Contained in �CIENTIFIC AMERICAN SuP .. 
PL>;M";1<T, No. 1iti6. Price 10 cents. To be had at this 
office and from all newsdealers. 

Ainsworth's Patent Improved 
BELT CLAMP. 
a ���� �rlff;:t 1��}i���!�O�fJ 
made of the best cast steel. No 
tool or wrench is needed. as it is 
complete in itself. Can be used 
on any size belt, from one inch 
to size of clamp. 

E. Ain sWol'tb, Mfr., 829 Washington St., 
Wilmington, Del. 

ORNAMENTAL DESIGN, PRINCI-
ples :md !!ractice of.-By.Lewis F. Day. The secon!I of 
a series of lectUres on thIS �ubject, dlSCUSSlDg the lmes 
upon wbich ornament can be distributed. With 

5 
illus

trations. Contained in SCIENTIFIC AMERICAN Su PPLE
MENT. No.li89. Price 10 cents. To be bad at this office 
and from all newsdealers. . . PHONOCRAPHY� 

HONETIC SHORT HAND 
Self.taul(bt, Send Cor Catalol(. Address 
The Pbonographic Institute. Cincinnati. 

To Business Men. 
tiB�:rn':!::l�� ����
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�i:g-� is mnny times greatel' than that of any similar journal 

now published. It goes into aU the States and 'l'errito
ries, and is read in all the principalUbraries and reading 
rooms of the world. A business man wants something 
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advertises in the SCIENTIFIC AMERICAN. And 00 not 
let the advertising agent intiuence you to ilubstitute 
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for your interest to advertise. This is frequently done, 
for the reason tnat tJle agent gets a larger eommisslOn 
from the papers having a smu.ll CIrculation than is allow
ed on the SCIENTIFIC AMERICAN. 

Jj-'or rates see top of tint column of this page, or ad .. 
dress 

MUNN & C O., Publisl.eI·s, 
361 Broadwa y ,  New York. 

The Dunning Patent Wrought Iron Boiler, 
With Selt.Feedlng Coal M�azine, is the Best for 

LOW PRESSURE STEAM HEATINC • 
.ANDIWSlJREB A WARM ROUSE DAY AND NIGHT. 

OVEn 13,0410 IN IT,...E. ---�eeps �tea-rn up Con.stantly.··-�-Made 88 follows: As a -Ma;fJ.zim Boil#", which requires attention but 
mee in 24 hOUlS. As a Surface .ElU'J'1'Urt'1 to burn hard or aoft coal, wo:m 
f�g�Ok�:�� 1:r::r d1!!era',,/;'tf:�:��kw:::' �:so'!':� h;:!: tttml, to pa8f\ through any .lOot ",here a larger one MUllOt be used. In addi. 

P. O. Box 148. STERLING, ILL., !hict> !�fl ��oc:i��:i:�;n��ep�� t�!t!:!�\:.w �n�:=:�f3::r, 
New York f!1��J6?8en'!����'y .. U. S. A. 

J. RA YNER, 

MAHOG1NY 
Cabinet Woods all Thickness. 

�'oot Houston Street. E. R., 1275 & 289 East 20th Street, 
NE'V YORK. CHICAGO, ILLS. 

STEAM ENOINES. 
Horiwntal and Vertical. 

S�lId for neWlnustra�GCEWif:ewi�:�D.riPtion and Price List. 
N .B.-Correspondence solicited. from Architects and persons building. 

McIntosh, Seymour &. Co., 
AUBURN, N. Y. 

Automatic Cut-off Engines 
5 to 300 Horse Power. 

� Economy in 1i'nel COJl8ump1.iull,- Close Regul ation, f;rellt 1>urablll-
. ty alld Sirllplicitl', lJ.'rfect \\"orklllunsbip an,d Det!!lign. 

TheMe Er.giues are Ruitabte for all purposes, including use in electric light 
plan ts, roliing mills, etc., where high speed and difficult serviJe are required. 

Dl'cdll'i ng Mncl.ine.·y, 
. 

• -'10111', Pnwdc1', Slute Ilnd ! FOR SALE Valuable Patented Nov.�l t y  for 
li'lillt lllilllllachiuel'Y, Tn .. -' • family use. Desire tu sell outright, 
bille Ware." \Vbeel s. or arrange to have manufactured ou royalty. Address 

;'OS,:;;;;"'S,....·7==:;;=- YorkMfgCo., York,Pa. U. S.A. JOH N M. P
llln! ��R�'Y,��et, Chicago. 

WATERBURY 1!I.,u.LEAIILE IRON COJIPUY, 
WATERBURY, CONN. 

AND 

MALLEI\BLE 
GRAY 

CASTINGS. 
IRON 

FITTINGS Cor STEAM:, GAS &; W ATEB. . Ajax Anti-Acid Metal. 
We guarantee 100 per cent longer service than ordi

nary composition metal and our prices are reasonable. 
HARRISON BRO'l'HERS & CO., 

MA.NUFACl'URBRS OF 
WIDTELEAD COLORS AND CHEMICALS .. 

OFElCltS: {�:����::i�l;Si!I�::S�::�� Ferry Road. 
PHILADELPHIA, April 21st, 1887. 

A.JAX METAL Co., 2040 No. 10th St., City. Gentlemen: Your favor of the 14th inst. h at hand. In answer to your question t have to say that we bad your anti-acid me'al blbcoek on our acid pipe, througb which a. constant stream of chamber acid 
�te�!:n��:� \;� :::'l��c���;n�n;;e: lI�jE���!rt�n�heth!�t':t � lhlnt that you will have.a 'Perfect right,�erefQre, to Jecommend this metal10r R:si;e�:�fi;a:!���a in connection wi'l;h C.c�, K;�ER, Supt. 
Manufactured by Ajax Metal ()o., Philadelphia. Pa. f 

PATENTS. 
MESSRS. MUNN lit CO., in connection with the publi

cat10n of the SCIENTIFIC AMERICAN. �ontinue to examine improvements. and to act as SoliCitors of Patents 
for Inventors. 

..,�:l:�C�:
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preparntlDn of Patent Drawings, SpeCifications, and the prosecuti on of Applications for Patents in the United States ,  Canada, and Forei.gn Countries. 1\1 essrs MUnn & 
Co. also attend to the preparation of Caveats, Copyrights 
for Books. IJabels. Reissues. ASSignments, and Reports 
on Infringements of Patents. All business int.rusted to 
them is done with speCial care and promptness, on very 
reasonable terms 
tatnl:�
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cure them i directions concerning Labels, Copyrig hUt 
DeSigns, Patents, Appeals, Rflissues, Infringements, AB" 
signments, Rejected Cases, IIints on the Sale of Patente, etc. 

USEFUL BOOKS. 
Manufacturers, Agriculturists, Chemists, Engineers, Me

chaniCS, Builders, men of leisure, and profeFIsional 
men, of all classes. need good books in the line of 
their respective cttllings. Our post office dep,,;rtnle!lt.i 
. permits the transmission of books through the mails 
at very small cost. A comprehensive catalogue of 
usefutbooks by different authors, on more than fifty 
different subjects, has just been published for free 
Circulation at the office of this paper. Subject.s clas
sified with names of author. Persons deSiring a 
copy, have only to ask for it, and it. will be mailed to 
them. Address, 
MUNN & CO., 361 Broadway, New � ork. 

LEGS &. ARMS 
(ARTIl'ICIAL) , 

WITH RUBBER HANDS AND FEET. 
!!'he Most Natural, Comfortabl e & Durable 

Thousands in Daily Use. 
' 

New Patents & Important Impl'(lvementr. 
U. S. Gov't Manufacturer. 

III.Pamphletof ,60 Page. SENT FREe. 
A. A. MARKS, 

701 Broadway. New York City. 

FtREANDWJ.TER-PROOll' BUILDING PEoT, 
!'mE-PROOF PAINTS, STEAM PACXINGS, BoILEB 

CoVERINGS, mo. 
lamples and descriptive Price List free by mail. 

It W. JOI!NS Ir!'J"G CO., 87 JWI)ZN LANZ, N. Y • 

THE ECLIPSE OF ALGOL, WITH THE 
latest Determinations of Its Distance and Dimensions, 
-By Royal B. Hill. An interesting Rccount of l'ecent 
�\��1t�B d��:;�:st��r
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AM "HleAN SUI'Pl,RlIIKN'I'. No. ",,8. Price 10 cents. To 
be had at this office and from all newsdealers. 
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. Ur- WITIlERBY. RUGG & RICHARDSON. Manutacturers 

v ," L' of Patent \\ ood Working �Iachinery of every descrip_ Wheels and Rope for conveymg power long distances. tion. Facllitie. unsurpassed. Shop formerly occupied Send for Circular. bV R. Ball lit ('0., Worcester. Mass. Send for Catalogue. 

GAS ENGINES. 
Best 1 n princ1ple, workmanship. and materials. An unequaled small Motor adapted to an uses. 

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 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 i t or its licensees responsible for such 
unlawful use, and all the consequeDCe!; 
thereof. and lia,ble to suit therefor. 

-THE-

THE SCIENTIFIC AMERICAN ARCHI-

TECTS' AND BUILUERS' EDITION is issued 
monthly. $2.50 a year. Single copies, 25 
cents. Forty large quarto pages, equal 
to about two hundred ordinary book 
pages; forming. practically, a large aDd 
splendid Magazine of Architecture, 
richly adorned with elegant plates in colors, 
and with fine engravings; illustrating 
the most interesting examples of modern 
Architectural Construction and allied 
subjects. 

A special feature is the presentation in 
each number of a variety of the latest 
and best plans for private residences, city 
and country, including those of very 
moderate cost as well as the more expen
sive. D rawings in perspective and in 
color are given, togethf'r with fu"ll Plans,· 
Specifications, Costs, Bills of Estimate, 
and Sheets of Details. 

Architects, Builders, and Owners will 
find this work valuable. ill furnishing 
fresh and useful suggestions. All who 
contemplate building or improving homes 
or erecting structures of any kind, have 
before them in this work an almost end
les8 series of the late8t and best examples from 
which to make selections, thus saving 
time and money. 

Many other subjects, including Sewer
age, Piping, Lighting, Warming, Venti
lating, Decorating, Laying Out of 
Grounds, etc" are illustrated. An ex
tensive Compendium of Manufacturers' 
Announcements is also given, in which 
the most reliable and approved Building 
Materials, Goods, Machines, Topls, and 
Appliances are described and illustrated, 
with addresses of the makers, etc. 

The fullness, richness, cheapness, and 
convenience of this work have won for it 
the Largest Circulation of any Archi
tectural pUblication in the world. Sold 
by a!l newsdealers • 

MUNN & CO., Publishers, 

361 Broadway, New York. 

Building Plans and Specifications. 
In connection with the publication of 

the BUILDING EDITION of the SCIENTIFIC 
AMERICAN, Messrs. Munn & Co. furnish 
Plans and Specifications for Buildings of 
every kind, including Public Buildings, 
Churches, Schools, Stores, Dwellings, 
Carriage Houses, Barns, etc. In this 
work they are assisted by able and ex
perienced architects. 

Those who contemplate building, or 
who wish to alter, improve, extend, or 
add to existing buildings, whether wings, 
porches, bay windows, or attic rooms, are 
invited to communicat.e with the under
signed. Our work extends to all parts of 
the country. Estimates, plans, and 
drawings promptly prepared. Terms 
moderate. Address 

MUNN & CO., 

361 Broadway, New York. 
We also send, ff'eeo! chaTge, a SynopsIs of �'oreign Pa

tent Laws, showing the CORt and method of securing 
patents in all the principal countries of the world. 

When the motor is not at work, the expens e at: running it ceases. t-ilmp�e. �ufe. "Econo.lltc al, Dln-ahle. No exn"a lnNurance.. .... 
Four Slze�: 1 H. P., � H. P .. 1 man power. and Dental }�ngine. 

M:.JNN &; CO., SollcUors of Patent., 
361 Broadway, New York. 

BRANCH OFFICES.-No . . 622 and b'24 F Street, Pa. 
Il11le Bulldlllll, near 7tb Street, WMhlngton. D. C. 

These Engines are especially suited for Ga80line Gss for countryut:le. PRINTING INKS ITSena 10f' IU�.d Ualluogue. • 
ECONOMIC GA.S ENGINE COMPA.NY ITHE "Scientific American" IS printed with CHAS. 

- , ENEU JOHNSON & CO.·S INf{. Tenth and Lom. 
gmce and 8alesrooms - - a .. DlIiI� ST. 5. T. liard Sts� PhiJa., and 47 Rose St., opp, Duane St., N. Y. 
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