
�HI� �TATE UNIVER�ITY, ��lum�u:, �hi�, ��H��t �r tN�INEERIN�. lmportant t o  all Applicants for Engineer's Licen.se. 

A New Revised and Enlarged Edition of a: 1:11 t�·l :If!.1.» 
To hig own interest, who deals in AIms and AmmuDltion. or who shoots a. Rifl� 
PIstol, 01' 'hor Gun a.nd ha3 not a. r.opy of IDEAL H.'lND HOOK,. No, 4. A 
80 pages of solid information. Just out. (Mention :<-<:wl1t:fi(' Amerlcan.) BE 
ALIVE a.nd send for one FREE to all countries. Send stamullforpostage. 
IDEAL MFG. CO., Drawer ::;6U, New Unven, Ct •• LI. S. A. 

EDWARDS' EXAMINATION Four-year courses in Civil, Mining, Mechanlc:;tl, and E]�ctrical .Engine�ring, �nd.in Jnd�8trial Arts� A two
year course in Clay Working. Each department IS wel1 eqUlpped WIth applmDces for InstructIOn 

A catalogue will be sent on application. QUESTIONS AND ANSWERS 
RECENTL Y PUBLISHED. 

Edwards' 900 Examination Questions and Answers for 
Engineers and Firemen (Stationary and Marine) who 
desire to obtain a U. S. Government or State License. 
By Emory Edwards. Marine and Mechanical Engineer. 

A �Ne1(). IlCl'ised and Enlaruetl E.,'rlition, 240 pages. Full 
bouna, in pocketbook .tona, leather, gilt edqes. Priet: $1.50. 
by mail. free oj postage to any a./ldnss in the world. 

(I:T A circular sh010ing in full the 'Very elaborate index i �
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book 'will be sent tree of postage to any I l:Ir The aboN or Ul?Jj nj our Books sent b ymnil. free of I postage,atthf)JuI1;lntti-On prices,tO(tnlladdress intlw'lVorld. -------------tw= Our New (ma En'!,..;!:1 Catalogue of Practical awl 

Scientific Books,90 pages, 8po, as 'well as O Uf otller cata
IfJlf/lf,'1 and circulars, the 'Whole cot'frina every branch of 
SCit'ttce appUed to the A1'ts, sent free andfree of postage to 
'Uri; one in any part of theworld1Vho 'wlllJuntish his wl
dress. 

BUY 
TELEPHONES 

HENRY CAREY BAIRD &. CO. That nrc A'ofld-not ""'."al' thin",�." The diller-
INDUSTRIAL PUBLTSHERS,BoOKSELLERS & IMP�RTEHS ! :��;��t��S��s

r 
l�t����H:;:S ���l���ie�)�KuL:�����;tU�u,r� 

�t 0 Wnll1l1t �t., Philndelphin, Pn., U.�. A. ! Our guarantee and itl8tl'Um(!llt� are nO'1'1l 0001). 
-- : WESTERN TELEPHONE COS81'HlJC'1'[ON CO., 

GATES CK a. ORE BREAKER. 440 Monadnock Block. CHICAGO 
Capacity TI p to 200 tons per hour. I Largest �[aml!act1trers of Televlwnes ·jn the United States. 

Has produced more bal1ast, road 
metal, and broken more ore than 
a1l other Breat{e s combined. 

Builder8 of High Grade Mining 
Machinery. King-Darragh Con
centrator. Connersville Blowers. 

bend for Catalogues, 
CATES IRON WORKS, 

50 c �o. (:lilltou St •• (:hicngo 
1M C, Liberty St. N.Y. 237 C. Franklin St .• Boston. Ma ••• 

SCIENTIFIC AMERICAN SUPPLE-

.A..1--Ul""IINIU l'o--i 
MOCE:L ENGINE" CASTING S 

DESCRIPTiVE PRICE LIST FREE: 
CI-lAS.W. STE VE:NER.. 

TARENTUr-1 PA. 

WORTHLEY �TAI,I, WORT"". 53 
Elm St., Boston, Mass., have sold 8000 of his 
Patent �-lb. Slow Feed Oat Mangers. Price. $1.60. VAN NESS CO .• 50 Warren St., N. Y. 
W. Y. WARNER, 140 N. Broad Street. Phila. 

------
MEN'!', Any desired back number of the SCIENTIFIC MATCH MACHINERY AMERIC AN SUPPLEMENT can be bad at this office for »l¢ 
10 cents. Also to be had of nQ�.dQalorB ih All PMto of • 
tbe country. 

Originators of the 
of J�ink-Be1ting 

E\vnl't J�illk-He 

8�'itir��rlra���( cant Journal 
1tlacbiner)� for elevating and conveying any nlateriaJ. 
Philadelphia addrc�s. �1I20 Hunting l',u'k Av. 

VANDUZEN S}�'iM PUMP 
THE BEST IN THE WORLD. 

Pumps Any Kind of Liquid. 
Always in Order, never ClogB nor 
freezeB. EverY Pum» Guaranteed. 

10 SIZES.-
to 12000 Gallono per Hour. 

Cost $7 to $75 each. Address 
THE VANDUZEN & TIFT CO., 

102 to 108 E. Second st., Cincinnati, O. 

STEVENS PATENT 
SPRINC KEY HOLE CALIPERS 

I�ender. No. "a. Price. b ymail, postpaid. 
3 inch ............ $0.70 I 4 inch ............. $0.15 

Each tool will open as wide as its le2s are 
]{!.6.g�O a 21j�;l

h ���s
l:tt���he�p�;g 4-h�f.: 

ders a�calipers, Ideal Surface Gauges, Depth 
Gam�e8, and "FIne Machinists' Toolse 

pr lllustrated cataloQuejree to all. 
J. STEVENS AR�IS & 'l'OOL CO •• 1'.O.BOX 28J Chicopee FailS, .Mass. 

Perfect Newspaper File 
The Koch Patent File, for preservinF!; Newspapers, Mag .. 
aziues, and Pamphlets. has been recently improved and 
g��e 
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supplied for the low price of $1.50 by mail. or $1.25 at the 
H�6iE�T\\\icPaX%'ERI[blvN ,p��r�iri.des�e��:���jti�� 
every one who wishes to preserve the paper. Address 

MUNN & C() •• Publishers SCIENTIFIC AMERICAN 

The Bailey Automatic Bicycle Brake 00 is as quick in action as thoug-ht it ... 
self. So unobtrusive. the rider ::: would never know he had it were it » ,I � not for the instant and effective aid 

-�_.f} klm:'bgi
.�Jt��lbiri"a�t§�:. JHM�:J. 

MINER WANTED An Experienced 
• !\l;��vcai���r i� 

South America. State experience and reference. 
Address 3ge. EQUITABLE BUILDING, BOSTOY. 

For Electrical and Ex
perimental W nrk. 

Far GUnsmiths &: Tool 
Maker,,;, For General 
.. Yachi,1u� Shop lForl;. 

High Grade Toolsj 
. elegant in design, su-

j)erior in construction. The best foot power 
lathes made, and quality considered, the 
cheapest. Send for catalo(lue and prLces. 

W. F. & JOlIN BARNES CO .• 1999 Ruby St .• Rockford. Ill. 

ICE-HonSE AND COLD ROOl\-I.-BY 
R, G. Hatfield. With directions fOr construction. Four 
engravings. Contained in SCIENTn�IC AMERICAN Sup
PLEMENT, No . .  ')!t. Price 10 cents. To be had at this 
Office and from an newsdealers. 

STARRETT'S 
Adjustable Jaw Cut - Nipper. 

Jaws are detachable, so they can be re ... 
moved, ground, and adjusted when worn. 
An partfol case-hardened except jaws. Flat 

spring below cutting edges obviates 
danger of breaking jaws. 
Price, 6 inch M (for music wire) ,. ,. ,$2.00 .. 6 inch C (for common wire), ... 2.00 IF lllustrated Catalogue F'ree. 

L.. S. S tarrett, t!.,,&��i\� 'fT��;:, �':,��: 

FETV THRUST COLLAR 
i"\Ol.TI) AXI) �PJ,I'I'. 

Of character and at, price to �ni tliemostcriticalbuycr. Deal 
in sh afting will commit their 
interests in writing for Price 
List and Dii'!eounts, 

GOUYlm,XEUH MACHIN1:; Cu .. Guuvernenl', N. Y. 

The McCONNELL 

Gorlll Proof Filtors 
REMOVE MICROBES 

-AND-
All Kinds of Disense (;erlns. 

Is a Filter and Cooler Combined. 

The ice as it melts is filtered. 
No other gravity filter does this. 

The McConnell FIlter Co. 
BUFFALO, N. Y. 

VOLNEY W. MASON &, CO. 
FRICTION PU��J�I�L�JE���.a�� ELEVATORS 

MESSRS. MUNN & CO., Solicitors 
of Patents. have had nearly fifty 
years' continuouB experience. Any 
one may quickly aBcertain, free, 
whether an invention probably is 
I!atentable by writingto Munn & Co. 
Communications strictly confiden
tial. A handbook of patents and 
how to obtain them sent free. 

PATENTS 
taken through Munn & Co. receive 
speCial notice in the Scientific Amer. 
ican. This splendid weekl y paper, 
elegantly illustrated, has the largest 
Circulation of any scientific work. es a year. SpeCimen copies free. 

Address ;\lUNN & CO., 
New York, 361 Broadway. 

�. HIOH G-UADE OXLY. \Val'l'unted. Contract
ors desiring a trust.worth y Jack Screw. ad-- dress RUMSEY &Co., Ltd., �eneca Falls, N. Y. 

SCIENTIFIC EXPERIMENTS. - DE-
scription of some simple and easily performed sCientific 
experiments. Foucault's pendulum, exchange of water 
and wine, the bird in the cage, the five-pointed star, the 
sum of the angles of a triangle, surface of the sphere, 
with 6 illustrations. Contained in SCIENTI1nc,Al\JERI
CAN SlfPPLl::l\IEN'l" No. !-i7 �). Price 10 conis. fro be 
had at this office and from all newsdealers. 

T)H� Illo�t U�pful '1'001 in any �hop is tile 

RIVETT LATHE 
MADE BY 

FANEUIL WATCH TOOL CO. 
BUIGII'I'ON, 

nOfi1lToN� )L\��., l'. [0.:,. A.� 
Anybody intprestetl, write for p,IU'ticulan,. 

lrorl,d's OolumiJt(iH Expo�it'i.t.»'h 

From I to 40,000 Pounds Weight 
Of O pen Hearth, Chester or Bessemer Steel. 

True to Pattern. Sound. SoUd. 
GEARING OF ALL KINDS, CRANK 

SHAFTS. KNUCKLES FOR 
CAR COUPLERS 

('1'088-11 muIR. Rockers. Pi5ton�ncads� 
etc., for Locomotives, Stf'll Castings oj C1J{;TII descriptiol1. 

CHESTER STEEL CASTINGS CO., 
Works, Ohester, Pa, Offioe. 4,09 St" Phil!!.., Fa, 

"IllIPERIAL FIBRE" 
(Rel(lstered U. S. Patent Ollie"; 

Non-Blurring 
Copying Books 
Used exactly like 
or dinary letter 

copying books, bu!:, nORitiv"lv 1l'tU 'fwt bluy either 

Talcott's Acme Steel Belt Hooks. 
Strong Grip on the Belting 

F. M. HICKS & CO. 
RAYMOND 

GAS ENGINES 
Cheaper than Steam or Electricity. 

,68 &70 South Canal St. 

C�:J:CA.G-C>. 

$1 000 for an Insect that t h e  M AGI C MOSQUITO 
B11'E CD RE and INSECT EXT'ERMI NATOR 

will not kin. Try it for Sofa Beds, Roaches, etc., and for 
�i���� 1§�tIf13�<l£��:.

s
53 W.�¥gi�¥�W:w ���t�W'ls: 

Kill Yourself 

It retains an the flavor and enjoy
of smoking a cigar without the 

Can be used for Cigarette 
and makes it absolutely 
as it prevents inbaling: 
to quit the habit when 

. Send for free circular 
you are skeptical. RYERSON D. CATES, 81205, 1(8 La Salle St., Chicago. 

See illustrated notice in SCT. 

A�rit�lUi�t�'k����' ����:i�Ding 100 Model & Experimental Work. :e��� 
��tJlI!!K!!I!f!!!Ij�!f!'!!!!J!I!IifJ� R��;(�d 1���'I:;du�i�:S, $1.00. De-; ttiih Ttlld�s �Oc\ ��ar9�eg�ii�' sr:�t f�E�r¥g�:�8 

,V. O. TAI,()OTT. 16 Sabin �t, " .... videllce, ft. I. 

BETWEEN 
NEW YORK, 

BOSTON, 
AND 

CINCINNATI. 
INDI ANAPOLIS. 
ST. LOUIS. 

VIA 

BIG 4 
nou'rE. 

E. O. McCORMICK, D. B. MARTIN. 
Passenger TraffiC Manager. Gen. Pass'r & Ticket Agt. 

CINCINNATI. 

ARTESIAN WELLS.-BY PROF. E. 
G. Smith. A paper On artesian wells as a source of 
water supply. Essential geological conditions of arte
sian wells. Some ctlemical features of artesian weI] 
supply. Contained in SCIENTIFIC AMERICAN Sup
PLEMENT. No. 943. Price 10 cents. '1'0 be had at this 
office and from all newsdealers. 

OIL WELL SUPPLY GO. 
Manufacturers 0 f everything needed for 

ARTESIAN WELLS 
for either Gas\ Oi 1 ,  Water, or Mineral Tests9 

Boilers, Engmes9 Pipe,Cordage, Drilling 
Tools, etc. 111 us'a nJrH{O(!Itt'. '1''P''ice hiltS, 

and discOU11t sheets on request. 

Pittsburg. 011 City and Bradford, ra. 
Also. 32 Cortlandt St., New York. 

-AND-
CUTTING-OFF MACHINES 

Both Hand and Power. ' 
Sizes 1 to 6 inches. i 

Water, Gas. and Steam Fit- I 
ters' Tools, Hinged Pipe Vises, 
Pipe Cutters. :stocks and Dies 
uni1)ersnllu a.clnl()w!{>d(Jrri to be 
Till< BEST. m:.:r-Sendfor cotalogQ 

Al'lnstron2" ll'Ifg. Co., 
Hl'ithrepol't, Conn. 

DEAFNESS 
alld 1\ EA () N()I!'\ES relieved by using 
W ilson's COllllllon �cn�e Eal' ])1'11111'" 
New scientific invention. entirely different 
in construc'don from al1 other devices. As
sist the deaf when aU other devices fail, 
and where medical skill has given no reJieJ. 
They are safe, comfortable. and invisibll': 
have no wire or string attachment. '\ rite 
ior pamphlet. IT ]Iention this pap/I. 

WILSON EAR llRUM MFG. CO., 
IJOUISVILLE, Ky. 

-----�-------� ...... ----� 

EI>G-E TC>C>:J:.JIS 
are often nearly ruined by using a grind
stone not adapted to the work. Our 
quarries produce a large variety of grits 
suitable for grinding any tool. 

� :JI au 'lth', send you our Catalogue, 
'which 'wilt rii'l'(' you some info17nat-i()n 1 
GRA 1<"'1'0:0.; !'\TONE COltIP}\NY. 
No. 80 River Street, GRAFTON, OHIO. 

--�-

HISTORY OF FOOTGEAR.-BRIEF 
descriptions of the forms of footwear lll'led from the 
earliest ages up to modern times. With 51 t11ustrations. 
Contained in SCIENTIFIC AMERICAN SUPPLEMENT. Nos. 
943 and 945. Price 10 cents each. To be had at this 
office and from all newsdealers. 

ALL�!;;.. CASTINGS FROM SPECIAL eRNS 
� �E 1\ 'CL' �ND FINE GRAY IRON ALSO STEEL 

D FINEnNNINGJ�p�:TT'" 
S FINISHING. NNIN G J 1-tlOMFI LEHIGH AVE /I( At,lERICAN.;J: PHILA 

A New and Valuable Book 

12,500 l{"ceipt... 70S Page... Price $5. 
Bound in Sheep, $6. IItllf-�1f)roc0(l, $6.50. 

T h i s  splendid work contains a careful compilation of 
the most useful Receipts and Replies given in the Notes 
and Querjes of correspondents as published in the :-toci
eJltilie A HlPI'ir.nll during the past fifty years; together 
with many valuable and important additions. 

(h�el' 'lln'p]ve 'J'hon!oi:l lld selected Receipts are 
here collected; nearly every branch of the use.i'ul art.s 
being represented. It is by far the most comprehensive 

00 DEN TAN K 8 volume of the kind ever placed before the public. 
• The work may be regarded as the product of the Rtud-

For RaHroaos. l\Hlls and :\lanufactories. ies and practical experience of the ablest chemists and BuUders 01:' Steel rl'owers and Tank8� workers in a�l parts of the world; the information given Red Cypress Wood 'ranks a speCialty being of the highest value. arranged and condensed in 
w. i':. {�AI�IlW};IJI, Cf'.. conciseform convenient forre�dyuse. 

"=====-__ 217 }l�. Mai n Street, Louisville, Ky. Almost every inquiry i,nat can be thought Of. relating - to formulre used in the various manufacturing indu�-
OF tries, win here be found answered. 

Instructions for working many different processes In 
the arts are given. 

Those who are engaged in any branch of industry 
probably will find in t his book much that is of practical 
value in their respective caHings. 

D'Unger Long Distance ElectriC TeleDhones Those who are In search of indepenrtent business or So ld outright for all purposes except PubliC Ex- employ�ent, r�lating �o �he home manufacture of sum
changes. Protected by patents which are guar- pIe artl�les, wIll find In It hundreds of most excellent 
anteed against infrin«ement. Works equ�l)y suggestIOns. 
well on long or .short distance, one mile Or 1,000. rw- Send jor Descripti1Je Circulnr. 

Write .tor ])OCJ"l1Jtil'c Uircnlm·. Age"ts w"nl,.,t'i MUNN & CO., Publishers, 
THE D'UNHER l<JLECTR1CAL TEI,E-

!'\CIEN'I'IFIC AltlERICAN OFFICE, J6'lDearbornsl:f;�rE MFG. COCHlCAGO.ILL. 361 Broadway, New York. 
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