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ORDINARY RA'I'ES. 
Inside Page, each insertion - - 73 cents a line 
Bnck IJage. each insertion. - - - $1.00 a line 
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The above are charges per agate line-about eig-ht 
words per line. This notice shows the width of the line. 
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WO�!u��t��e����S 
time and money by using our 

Foot aQd HaQd Power Placninerg 
SEND FOR CATALOGUES­

A�Wood-working Machinery. B�Lathes, etc. 
SEn:cA FALLS MFG. COMPABY.. 
695 IV a ter St., Seneca Falls, N. Y. 

� ,itutifi, �tutti,au. 

�1!Ii ��1f�. �o� 
MAKERS, EXPERI­
MENTAL AND REPAIR 
WORK, ETC . 

Sendjor Ill"". Catalog. ��;il�.IIiIlllIli\ W. F. & Jno. Barnes Co. 
• 1999 Ruby Street, 

ROCKFORD, ILL. 

Ii You Jlr� a manufactur�r of Sb��t m�tal 
articles, you are naturally interested in New Ma-
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NO.1. ROLLING MILL MACHINERY FOR SHEET METAL 
No.2. TUBE AND WIRE MILL MACHINERY 
NO.3. SILVERWARE AND COINING MACHINERY 
NO.4. HARDWARE AND BRASS GOODS MACHINERY 
No. S. BICYCLE MACHINERY 

ADDRESS 
THE WATERBURY FARREL FOUNDRY & MACHINE CO. 

____ W_A_T_ER B URY ,_C_O_N_N_. _____ _ 

The Van • • 

BUy TELEPHONES 
That Are Good--Not "Cheap Things" 

The di1ference in cost is little. We guarantee our appa­
ratus and guarantee our customers against loss by patent 
suits. Our guarantee and instruments are Hoth Good 

WESTERN TELEPHONE CONSTRUCTION CO. 
260·264 South C linton Street, Chicago 

Largest Manujactwrers oj Teleplwne8 
exclusively in the United States. --------

.. STEAM .. 
ENGINEERING n""�� 

(Loco., Stat'y. and 
Marine); Electricity; 
Mechanics; Mechanic­
al and Architectural 
Drawing; Plumbing ; 
Architecture; Mining; 
Civil Engineering in 
all Branches. 

The Internatlona.l 

FOR ELECTRIC LIGHTING. 
Special low prices to boom 

business. 

1� lil?ht l� c;p. H8 v!Jlt dy,;:<mo I�:� 
Other sizes, up to 75 lights, 16 c. p. 
High grade machines. Satisfaction 
fuaranteed. Electric motors � to 
t:{e�'fg�rll Vp����es. 8
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& Co., 30-34 Market St. Chicago, Ill. ----
THE IMPROVED GAS ENGINE. 

AMERICAN PATENTS.-AN INTER- Universal 
Norman 
Bench Lathe. Two cylinders in one casting. 

Occupies less space and weigos 
less for its power than any engIne 
made. ('an be used wherever pow­
er is required. Either sta-

eating and valuable fable showinu. the number of DR.fents 
granted for the 't"arious subjects upon which petitions 
have heen filed from the beginning down fO December 
31. 189-1. Contained in �CIE�T[l<'IC Al\lERI CAS SuP· 
PLE.\I.lCYT. No.1 OO:,!;,. PTlce]O cents. To be had aT 
this office and from ali newsdealers 

SPECIAL WIRE MACHINERY 
DESIGNED AND BUILT. 

(Mr. J. N. DENNIS in charge of this department.) 

Patterns designed for difficult Castings of Steel 
and Malleable Iron a Specialty. 

A MERICAN WIRE GOODS CO.. • LOWELL, MASS. 

OATES ROCK. 
ORE BREAKER, 
Steam Ore Stamp, 
Mining Machinery, 
50 years experi ence as builders. 

GATES IRON WORKS, 
_ �=:::-""iII1�D�e�pt>t.. C, 650 ElKton Ave., Chicago. 

AMERICAN PATENT 

POp Safety Valve 
For Marine and Stationary Boilers. 

Portable and Farm Engine Valves, Loco­
motive Valve and Muftler, and American 
House Heater Valve. II:T Send for Catalogue A. 

AMERICAN STEAM GAUGE CII. 
34, 36 &; � Chardon St., Boslon, Mass. 

BICYCLE RIM 
ROLLING MACHINE 
For rolling bicycle tires, mud 
guards, rims and similar work. II:T Send for circular. 

BLAKE & JOHNSON, 
I'. O. Box". Waterbary, 

Conn., U. S. A. 

DORMAN'S 
VULCARIZERS 

are used all over the world. 
Exclusive Manufacturers of Steam Ma­

chines for Rubber Stamps. We also make 
Dry Heat Vulcanizers. Complete outfits 
from $10 to $1.(0). All Stamp and Stencil 
Tools and SupplIes. Brass and Steel Dies 
for all purposes. Seals, EngravIng and 
Die Sinking of all kinds. Established 1860. '":.....-11 ..... ""<111. 

II:T Send for Catalogues. 
'.l'HE J. F. W. DORllIAN CO. 

121 E. Fayette !St., BnhhIlOl'e, Md., U. S. A. 

A Lathe, Milling :\lachme. 
�crew Cutter and Universal 
Grinder in one tool. 'J1he 
best tool made for all kinds 
of small wnrk. Made by Waltham Watch Tool 00" 

SPHINGFIEJ,]). MASS. 
II:T &na f 01' Calalogue 

PORTABLE SINGLE RAIL SURFACE 
l{mlway. -DetaIls of construction and de�criptItm of 
rDlllng stock of a Dew system of portable railway which 
may be laid upon ground that has received no special 
preparation for its reception. With l�J Illustrations. 
Contained in SCIENTIFIC' Al\oU�RICAN SUPPLEMENT, No. 
to 14-. Price 10 cents. To be had at this office and from 
all newsdealers. 

� � � � � � � � � � � � � � � � � � � � � � � � 

Experimental & Model Work 
Circulars &: advice jree. Gardam & Son, 96 John St.,N.Y. 

HOUTS AUTOMATIC TELEPHONE SWITCHES 
Some of its advantages: 1st. It is strictly 

automatic. 2d. It completely doefol. away 
with the" manual" switchboard. 3d. Con­
nection between subscribers is direct and 
instantaneous. 4th. No central office ope-
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service at all hours of day or night. � This appliance is sold outright or 
leased, at option of customer, and fully 
guaranteed. 

II:T Send for ilIustrateil Circular S. A. to 
Houts ,\ II tomatic 'l'elephone S,vitci. 
Co., Pal'ker, So. Dakota, U.!S. A. 

tionary or marine. No fire. 
No heat. No smoke. Noli­
censed engineer required. ar-Send jor catalogue. 
SINTZ GAS ENGINE CO., 

Grand Rapids, 
Jllich., U. S. A. 

This beats Wind, t;team. or Horse 
Power. We oner the 

\VEJI,",'l'lUt 2� actual horse power 
GAS ENGINE 

for � 1.,)U. less 10% discount for cash. 
Built on interchangeable plan. Built 
of best material. Made in lots of 100 
tberefore we can make thepJ)fice. Box-

�J�
r
f������tG:s�fi�!. n pounds. 

II:T Write jar Special Catalogue. 
WEBSTER M'F'G CO., 1074 West 15th Street, CHICAGO. 

W���e�n a§!a���l�E ENGINE 
or for any purpose re­

quiring power. Only a few 
�1g����. aJ�a����ee�ei�if�� �'lb ..... J/C.��IAY\\\ 
operation 1S 1 cent per horse 
power per hour. The simplest, 
most economical. and be8t�_ 
�I�� ... )�IBIl�IM�'1'i,*: 

. 
___ _ 

402 !South\vest Boulevard. KnllsRI'!!I 

"WOLVERINE" GAS AND GASOLINE 
ENGINES, �;rdAT.J.��rNRE� 
Tbe" Wolverme I' is the only re­
versilJle Marine Gas Engine on 
Ule market. It is the Jighte st en­
gille for its power. Requires no 

hcensed engineer Abso­
I utely safe. Manufact'd by 

OLVERINE MOTOR WORKS, 
12 Hul'oU Street, 

ORAND RAPIDS, MICH. 

{lAS OR {JAPOR ENGINES 
%' and %' H. P., 

For Row Boats or S tationary Work. 
No Fire. Absolutely Safe. 
High Grade and Low Prices. 

% H. P. Pumping Outfits. 
All sizes Stationary up to �5 h. p. ar- Send stamps jor descriptive 

matter and prices. 
PIERCE ENGINE CO., 17 N. 17th St" RACINE, WIS. 

SCREW - CUTTING DIE HEADS 
SELP·OPENING and ADJUSTABLE. 

The best die head on the market. Some ad­
vanta,zes over" others," viz.: They are 
smaller, strong-er, more compact, have no 
levers to spring', cannot be clo,zged by 
chips, are always reliable. and the priceR 
are right. y- Send joi' descriptive circu­
lar ., S. A." Our die heads are furnished 
in sizes suitable for cutting- threads from 

No. 17 wire gaug-e to 6 inches diameter inclusive. 
CEOMETRIC DRILL CO" NEW HAVEN, CT. 

EUROPEAN AGENTS: � WH��E��E�&B!LkE��'ir: ��:�:: ��::i!.� 
Bolt Threading, Bolt Head- On receipt of ten cents in stamps (practically 25% of re­

ing, and Nut Tapping tail price) we will send youoneofour� in. Auger Bits. 

MACHINERY. �-INCH AUCER BITS 
a,�'oY

ut�f STEEL Ddt - PUlity s. .  . -.-. ­
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We are the leading manufac­
turers in our line. 

ar- se'1.'.r, �;::;Y£i�t�r��talogue 

ACME MACHINERY CO. 
Cleveland, Ohio, U. S. A. 

TRANSITS AND LEVELING INSTRUMENTS. 

PLUMBERS' IRON LEVEL Wi�'I��?:.ble 

·1--II-:::·7TI1-'!F���:1 �--2£ & L _s Al.. . .'- ............ me and 
fall of 

all piping. Price $2.25. Size 12 inch. Forbookon the level 
C. F RICHARDSON &. SON, 

1'. O.Box!l''', ATHUI.. llIA,",S .. U.8. A .  

PHYSICAL AND SCHOOL APPARATUS 

SU!ENTIFIC 

TOEPLER HOLTZ 

SELF CHARGING 
MACHINE 

For School, College or 
X Ray work. � Circular free. 

E. S. RITCHIE & SONS, 
Brookline, Mass. 

AMERICAN SUPPLE· 
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10 cents. Also to be had of newsdealers i:r: all parts 01 
tbe countr1". 

A fine cuttIng tool, perfect clearance. especially good 
in hard wood and for end boring. 

hip!'b speeds. Perfectly balanced any 
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,haft. Up-to-date dealers will se­
('ure:territory. tr For price and PUBLICATIONS FOR 1897. 

IlT Send for Ch'culnn� "� �.\," .Free. 
THE FORD BIT CO., HOLYOKE, MASS. 
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pTJ1,LEY ('0. 
"8th nd Hamilton Sts. Pbila Pa The prices of the dtiferent pubncations in the United pro See SCIENTIFic A�ERICAN, Feb. 6, 1897, page·8i States, Canada, and Mexico are as follows: 

WELL DRILLING MACHINERY. 
MANUFACTURED BV 

WILLIAMS BROTHERS. 
ITHACA. N.V. 

MOUNTED OR ON SILLS,FOR 
OEEP OR SHALLOW WELLS, WITH 
STEAM OR HORSE POWER 

SEND FOR CATALOGUE 
ADDRE!5 WILUAMS BRD5.ITHAGA,N.V, 

CROOKES TUBES AND ROENTGEN'S 
rh�0���r�f8;o�i��e 

t��:sPa�o���aic�YOf
aSe���,��I��d III 

about Crookes tubes. ScIENTIFIC AMERICAN SUPPLE­
MENT. NOR. 1 �1. 189, 238, 243, 244, 79�, '95. 
1I0i), 91'10, 111iill. 1054, 101li>. 10i>6. 105,., also 
S(,lENTIFlC AMERICAN. Nos. 7, �, t .. and 14, vol. 74. 
'rhese profusely illustrated SUPPLEMENTS contain a 
most exhaUl�tive series of articles on Crookes tubes and 
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fully the experiments whiCh 80 excited the world, and 
which are now again exciting attention in Connection 
with Roentgen's photog-raphy. Price 10 cents each 
'ro be had at this office and from nIl newsdealers. 

• ' ger. �'ile. Knife and Chisel Han-In all Its branches done to order. dlcs,Whiffietrees, Yokes, Spokes, 

RATES BY MAIL. 
Scientific American (weekly). one year, $3.00 
ScientifiC American Supplement (weekly), one year. 5.00 
Export Editiun of the ScientifiC American (month-

ly) in Spanish and English, - 3.00 
Building Edition of the SCientifiC American 

(monthly), - - - - - - - _ - 2.50 
COMBINED RATES 

in the United States. Canada, and Mexico. 
Scientific American and Supplement, - 7.00 
SCientifiC American and Building- Edition, - 5.00 
SCientifiC American. the Supplement, and Building 

�dition, 9.00 
TERMS TO FOREIGN COUNTRIES. 

The yearly subscription prices of Scientific American 
publications to f<)}'elgn countl'ies are as follows: 

u. �. Englisb Money. Money. 
£ s. d. 

D F · THE OBER LATHES rop � orglng a ��:di;:�r
����h!t�e

H:��;�r,I'��: 

, Porch Spindles, Stair Balusters Send us sampI�s to �gure on. Our work is equ
.
al to the ....... .. ���. __ ��:.-:..-�_-___ �:--_-_ �able and Chair Legs and other HCientific American (weekly), .. - $4.00 

best done 1n thIS country. We make a specIalty --__ __ -:::.=:----- --- -- - Irregular work. Scientific American Supplement (weekly) 6.00 
of very intricate work. ---------=-- :-.__Patented. IT Sendjor Circular A. Building EdItion of the SCientific Amer-
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BA(; ,(,\ LL-J,()UD BLOCK CO.. The Ober Lathe Co., Chajfrin Falls, 0., U.�.A..: EX�:� :�����i the SCientific Amer-
3.00 012 

16� Commercial 8neel. BOSTON ican (m(lnthly) in Spanish and En,,-
HALF A CENTURY OF CYCLES.-AN lish, - . - - - - - 3.00 0 12 4 
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CUTTING-OFF MACHINES orovement. 'I'he oneumatic tire. A hand and foot cvcle. 
Both Hand and Power. 

Sizes 1 to 6 inches. 
Water, Gas, and Steam Fit­

ters' Tools, Hinged Pipe Vises, 
Pipe Cutters. :c,tOClr3 aWl lJti!.� 
1111,1 l'e'rsl1i1y fJ.Ckn01Uiffiged to be 
THE BEST. IT::iend f,lT catfl.ing. 

THE ARMSTRONG MFG. CO. 
Bridgeport, Cono. 

With 9 illustrations. Contained in SCIENTIFIC AM"ERI­
CAN SUPPLEMENT, No. 10 I�. Price 10 cents. To be 
bad at this office and from all newsdealers. 
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© 1897 SCIENTIFIC AMERICAN, INC. 

Scientific American and Supplement, 
ScientifiC American and Building Edi­

tion, -

8.50 

6 .50 
ScientifiC American, Scientific American 

Supplement, and Building Edttlon, - 11.00 
ar- Proportionate Rates jor Six Months. 

1 1411 

The above rates include postag-e, which we pay. Re .. 
mit by postal or express money order, or draft to order of 

MUISIS &; CO. , 361 Broadway, lSew York. 
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