
Back PaIre - - - - - - - - - Sl.00 a lIaCl. 
ID"de Yqe • • • • • • • • '3 ce.ta a IIDe. 
BnQrafll1lf/' marl Mad ad_'1umffl18 at Ille 107M rOle 
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Portland and Keene's Cement. 

j'citutific �mtritau. 

� • WHOIIT pn�! 
The BEST MILLS'I'ONB DRESliBR-GRI8COM 

'" Co., Manufacturers anel patentees, PottivIDe, Pa 
FOR 
THE LATEST IMPROVED 

--:0:--

[JULY 22, 

The Tanite 00., 
STROUDSBURC, PA. 

EMERY WHEELS & GRINDERS 

MACHINERY, 
From the belt London Manufactnl'ers. For tale by For Manufacturing � !!POKE8� .HAN»LEB. AND HUBB, 

JAM.RB BRAND, Il5 Beekman Bt., New York. Addre .. J. GLEASON. cor . ... '" Diamond Btl., PbIJa. 

.As a rule, It paYI belt to ad"ertlJle what one hal to 18 
or wlahel to purchaoe, In papers having the largelt cir­
culation among the claaB of per IOns likely to be Intereated 
In the article. Partlea having Manufacturlnll EatabJllh­
mentl to 1811 orleate, or who wlah Eatlmatea made for 
Conltructlng Brldgea, Dama, Iron Bulldlnga, Furnacea, 
Heating ApparatDl, Steam Englne8, BOilers, Wood and 
Iron Working Machinery, Agricultural Implempnta, or 
Contractrl for EngIneering Worka of all klnda. will lind 
that It paya to advertlae In the SCIENTIFIC AMRRI­
CAN. 

b Niagara 
Steam PumpWorks 

ESTABLIAIIBD 1828. 
A Practical Tl"ea'lae on Cement fUrnllhed for 25 centl. 

SCHLENKER'S 
8tatlonary-Dleand Revolving-Die 

Bolt Cutters. 
THE BEST AND CHEAPEST MADE. 

HOWARD IROI WORKS, 
Baftalo, N. Y. 

IF Send for C"talogue.� 

WITH FOOT POWER, '13. 
IF Bend for CIrcular. Manufactured only by the 

EUREKA M'F'G CO., 
1'1 Dev oaslalre St., BoIIt oa, M..-

[ESTABLISHED 1�.] 

lunn & CO, 's Patent Otlices. 
The Old_ Apacy '01' SollcJdal( P.teDla la tlte 

Ualted I'JtatMo 
THIRTY YEARB' EXPER1ENUIJ.. 

MORE PATENTS have been oecured throll(rh thla 
a(lency, at home and abroad. than through any other In 
the world. 

They employ aa their alllatantl a COrpi of the moat ex­
perienced men 88 examIners, lpecUlcatlon writers, and 
drafl8men that can be found, many of whom have been 
oelected from the rankl of the Patent O1Dce. 

SIXTY THOUSAND Inventors have avaOed them­
oelvel of Munll '" Co.' s 8e"lcel In examining their 1Il­
ventlonl and procuring theIr patentl. 

MUNN '" CO., In connection with the publication of 
the j!CIENTIFIC AMERICAN, continue to examine In­
ventlona, conter wIth In"entors, prepare drawlnga, lpe­
cltlcatlonl, and aaalgumentl, attend to tiling appllcatlonl 
In the Patent Otllce, paying the government feel, ud 
watch each caoe atep by 8tep while pending before the ex­
aminer. Tblill done through their branch o1Dce, corner 
F and"lth street., Waahlngton. They al.o prepare and 
tile caveatl, procure dealllll patentl, trademarb, and re­
luuel, attend to rejected CateS (prepared by the Inventor 
or other attorneya), procure copyrllthta, attend to Inter­
ferencea, give written oplnlonl on matters of Intr\ng&­
ment, furnlah cople8 of patentl, and, III fact, attend to 
every branch of patent bualne .. both In thll and In for­
eign countrlea. 

A special notice la made In the SCIENTIFIC AMEBI­
CAN of all lnventiona patented through thta agency, with 
the name and realdellce of the patentee. Patentl are of­
ten 801d, In part or whole, to personl attracted to the 1Il­
ventlon by auch notice. 

Patentlobtllned In Canada, England, France,Belslum, 
Germany, Ruula, Prusala, SpaIn, Portugal, the BrIthb 
Colonlea, and all other countrlel where patentl are 
KJ1\nted, at prlcel greatly reduced from former ratN. 
;!pnd for pamphlet pertllnlnglpeclallyto forelgnpatentl, 
which atatea the COlt time granted,and the reqolrementl 
or eaoh country. 

Copletl 0' Patent .. 
PerlOns dealrlng any patent lalued from II!:Ml to N ovem­

ber 26, 1867, can be luppUed wIth o1Dclal coplel at rea­
IIOnable COlt, the price depending upon the extent of 
drawlnga and length of specUlcatlonl. 

Any patent I .. ued Ilnce November 27, 18117, at which 
Lime the Patent 01Dce commenced printing the drawlnll 
and apeclllcatlona, may be had by remitting to thllol­
lice ,I. 

A copy of the clalma of any patent _lied alnce 18811 wID 
be furnlBhed for fl. 

When ordering coplea, pl_ to remit for thp tame aa 
above, and atate name of patentee, title of InventIon, 
and date of patent. 

A pamphlet contaInIng the lawa and full dlrectlonl for 
obtalnlnlt United Statel patents Bent free. A hand­
IOmely bound Reference Book, gilt edgel, contalna 140 
pagea and many engravlnga and tlblel lmportant to every 
patentee and mechanic, and Is a DIeM handbook of ref­
erence for everybody. PrIce 25 centa, mailed tree. 

Addreo8 
JI11D • CO •• 

Publl1lhers 8CIE�TIFIC AMERICAN, 
a" Pal'll Row, W. Y. 

IIlWfOll ORI�mer ., ... ,,� !lINea. Waob-
1IIrtOD. D. C. 

Brayton Ready .Motor. 
It haa no boller, I8 sate, economical, 8tarted by any 

==�d"i�::i, ':if.lift': :O��. Ir��..::, glvel an 

Penna. Readv Motor Co., 
13'.1 N. 3cIlk., PItlladelp�l .. P •• §,CREW PROPELLERS, THEIR SHAFTS AND 

.... FITTINGS. By Hamilton W. Pendred, M. Ii:. An 
ab e treatlaeJ showIng thefilesent practIce, Itl advan­
t8llel and defects. Wltb 26 rea. PrIce 10 centl. Con­
tinued In No • • of SCIENTI IC AMERICAN SUPPLE­
MENT. To be bad at thll o1Dce, and of all newl agenta. 

Working Models 
���.::�rrlmentll 

:t.
a
��

I
���62"b!::.."St�\?� r. 

TO iNVENTORS 
AND MANUFACTURERS, 

THE UNION IRON MILL8, Pittsburgh, Pa.­
The "ttentlon of Enll!neers and Archltectl la called 

���Jl;bi� :;���l;��� ��c;:,,:,,� �¥:� 
and lIangeo, whIch have proved 10 objectionable In the old 
mode of manufacturing ,are entlrelya voIded. We arepre­• ared to turnteh all suee at terma 88 favorable aa can be 
�����rl::;;;��� c!�b��nrli:�Ul�?�:�:� 

ROGERS' TANNATE OF SODA BOILER 
SCALE PREVENTIVE. . 

JOS. G. ROGERS '" CO., MadW>n, Ind. IF Send for book on Boller Incruatatlon. 

The value of the SCIENTIFIC AMERICAN 88 an ad­
vertlling medIum cannot be over-estimated. It goel 
Into all the machIne and workshopBln the country, and 
II taken at the principal IIbrarlea and reading rooma In 
.the United Stateo and Europe. 

The SCIENTIFIC AMERICAN and IlCIHNTIFIC 
AMERICAN SUPPLEMENT have a larger cIrculation 
than all other papers of theIr kind In the world com­
blned: and at no perIod alnce the commencement of the 
publication of theoe papers haa the weekly circulation 
been 88 large aa at the preaent tIme. 

The actual Issue of the SCIENTIFIC AMERICAN II 
4',300 per week, and of the SCIENTIFIC AMERI­
CAN SUPPLEMENT, 13,000, making the combined 
cIrculation, ..,,300 every week. 

If anythIng la wanted In the mechanICal line, ad vertlae 
for It In the SCIENTIFIC AMERICAN. 

one haa a patent or machInery to aell, advertlae In 
the SCIENTIFIC AMERICAN. 

It any one la exhibiting at the Centennial, It will pay 
them to advertlae where they may be found. 

For rates, Bee the lint column of the laat page of t·hl 
paper. 

--:0:--

The Supplementa 
Next to the SCIENTIFIC AMERICAN, the SCIEN­

TIFIC AMERICAN SUPPLEMENT baa the largest elr­
cwatlon of any paper of Ita el8B8 publlahed. The SUP­
PLRMENT II a dlatlnct publication from the SCIEN­
TIFIC ME RICAN, and baa a large circulation other 
than among the 8ubacrlbers of the regular edition 
Terml for advertlllng are very low, aa follows: 
Blwk P!Ige, HIIUdrnDfr .... 35c. a Une I EACH 
Imide page ........... ... . . 25c. a line i INSERTION. 

Dlacount for large apace, and to quarterly adv�rtl.e's. 
Addres. the publishers, 

Munn & CO., 
37 Park Row, NewYurk 

.M. 8ELIG �VNIOR & CO. Importers of American Machinery, Tool8, A;ricultural 
Implementl, Wholeoale and Export Hardware and II&-
chlnef.b:&�n&G��. ��'BERLlN, GEBJlANY. 

MAHU!' AOT17RD1'G 
SPECIALTIES IN HARDWARE. 

We have unDlually complete facllhleafor manufa turIng 
PI'ompt ly-BcOnom lcally� aad Well, 

almoat anything-however large or 8mall-ln any metal. Jr correopondence,.�I�h3'd'tll':t.l7llrL'tih CO., 
DANBURY, COlOi' • 

CHARLE8aHARnT� 
Wo. � 3  A d a m a S tree t 

BROOKLYN, N. r. __ 
Machinists' Tools. 

NJrWand IJiPBOVIID PATTERNS. 

LitheS: IIpiaii�r;,°Diills. &0. 
NEW HAVEN .MANVIl' ACTVRING co., 

New Haven, Conn. 

L
ATHE DOGS HXPANDlNG MANDRELS. STEEL 
CIampa, ",c.,lor M ... hlnlstl. Man.factured by C. W. LECOUNT ,So.Norwalk.Ct. Bend tor reduced PrIce Llat. 

.. . 

---
:., I C � 1 � S 0 r" .s I III II 

• r, � I _ C , M ,. 0 I, J ., 0 ,) L III III 

-��. 
aud t;hal'�d Dlamouu !;arbon rU1Ut .. InUlojo�llu DIe for 
Trueing Emery Wheels, Grlndatonea Hardened S",el 
and Paper Calender Rollers. IJrllllng. Planlug, Mouldl\lg 
and aawlng atone. J. DICKINSON, 6i Na.lI8u St., N. Y. 

DAMPER BEST AND LEVER 
REGULATORS GAGE COI'I\o. 

MURRILL & KEIZER, 44 Homda)" 8t., Bala: 
HARTFORD 

STEAM· BOILER 
Inspection & Insurance 

COMPANY. 
" B. fWIIB, v, Prat I, .. ALLEI. l'I1rt. 

!, B, PIERCE, s.:y, 
W 0 Y E' S 

���\!!tt!1 MIII8tonea,I'ortable Mills, Bmut Machlnea, Packers,MIII 
Plcb, Water Wheell, Pullel,s and Gearing, specially 
adapted to lIour mIllBj. 

r.
n
:OrEc:�f:'liUlraIO, N. Y • 

01' TOll: 

SCIENTIFIC AMERICAN, 
FOR 18"8, 

'1\\ " 11'<\' , �  1·\HI\jT The Standard-Best Stock-Finest Finish- THE .08T POPULAB IICIEl'fTmO 

I1f THE WOBLD, ... "-', ' t _ \ 
, � � �. � �)' . �''': " .. 

. ' 

�lATERIAL� . 
A ....... toe Roe.nlr, wIth the imjlroved WlUte Aabeetol 
Fire Proof Coating, for ateell or flat Roofs In all cllmatee. 
A,,� Roo. VoRt l .. , tor old Leaky Roofl. 
A.beat .. Cemelllo for rePalr\ng Leab on Rooh. t . ...,. .. Roo. Pain&, for Tin Roofl, lroRwor�, ."'c . 

• beat"lelar�l Q9loro-for structural purpoaea. 
.� re fVo.da .... for wood work, "'c. 

AabeatoB and BOiler C •• erI_ �.be.tH Ste:tm Dir. lIat and round, aU allee. 
�=:a!�cfe� � �rmJ:.:-�:-.,�I�-,;.,�ly ap-

plied by 21 one. Bend lor Pamphletl, PrIce Ll1Ite, "'c. 
H. w. JOHNS 8711aiden J.ane.N. Y., 
Patentee and Manu1actnrer. Enabllmedll!!18. 

Todd & Ratferty Machine· CO. 
MANUFACTURERS OF 

The celebrated Greene Variable Cut·OIr Endne, Lowe'e 
Pateut Tubular and Flue Bollen .... Plain BUcre V.lve IIta· • lunary , Hol1ltlng, and Portable JlOnglnel. Bollpn of aU ¥�':-6.:::ma::pe,C� ���h��:M�bIi'��: 
Anntl for tlte N"ew �Yen Manufacturing Co. 'a·lllieJI!n· 
lef'. Tool., for Judson'l Governon and Btop Valve., 
Bturtevant Blowers, and Dllrerentlal Pul�.Blockl. 
;t::�:�kirso\�W� Jl�li�' N YORK. 

IlACHINERY, 
IBOlf • WOOD WOBJmfG UCHmUY 

OJ' EVBBY DESCRIPTIOlf, 

Cold Rolled Shafting. 
HANGERS, PULLEYS. COUPLINGS, BELTING, "'c. 

"'c. Bend for D1uetrated Catalogue and P11ce Lilt. 
GE O R GE PL AOE, 

General Airent tor the TANITE CO. 's SOLID EMERY 
WBEI!.LS AND EMERY GRINDING MACHINERY 

121 Chambers '" lOS Reade Btl., lIT • Y. CIt7. 

IRON BRIDGE BUILDING-A oomplete de­
ocr\ptlon, wIth dlmenllona, worltlng drawlnP, and 

�loeCtIvel of Girard Avenue Bridge, Pb!Jadelplitl, Pa. ce:t. fO��:'�':J �� ���'1, 
T
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n 
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>lANlll'ACTUBBD ONLY BY 
D. ABTJI1JBBBOWlf. 00. Flahervllle, N.H. 

PORTLANDCEHENT 

T HE CENTENNIAL INTBHNATIONAL EX­
HIBITION OF 18'76.-The full HI.tory and Progreoo 

�� t::tf=!�c:,n,;��I.g��tI��t:bee��".!�r:bY: objectl� dven weekly In the SCIENTIFIC AMERI· CAN iu .... LEMENT. Term. tcifor tbereat: sIngle co· pleIIOct •. Tobe hadatWI oilice.andof&ll newl agenti. 
All the back numbers, from the commencement on Jan 
nary I, 18'76, can be had. Those who dellre to poeoeu a com�ete and .plendld D1llnrated Record of the Centeno �� :=\:"Mttf-¥� d have the SCIENTI IC AMERI· 

lfOlf-COJ01J8T1BLE 8TEAJ1 BOILER • PIPE 

COVEiilDTQ., 
WHIPPLE' S 

Patent Door Knob. 
Awarded a Brouse Medal a t the American Inltltute FRir 
��'I'I4. �irW�;I� ::r:t �=::r:.�t '::���

o
:.;� 

thlnJ(�lnvented for the purpose, aa It obvlatel the use 
of eide tcrewa and waahers, and can be reFulatedto .Iwt 
any Wokn�L"\.��� ",SW1l��

c
8o""PANY 

Welt MerldeD,Conn .. or flllhambers St., *. Y. 

AIIERIOAN SUPPLEMENT,10 centl per copy. To be 
ad at WI o1Dce. and of aU newl agentl. �===================== �OGAB DU8' PATENT UNIVERSAL ECCEN­

TRIC MILLS-For JrrIndlng Bonea Oree, Band Old 
clbleo, FIre Cia)", Guanos, 011 Cake, Feed,3lom, 

Corn ana Cob, Tobacco, Snull, Sugar, Baltl, JWOtI, 
s�cel, Colree, Cocoanut, Fluleed, ·Asbeoto8, . MIca, L.o gdP!l:.�Vg..,:�,ot

l::'�F'::' lI�=
,
m�

:
:: 

JOHN W. THOlisON, 8ucce .. or to JAMES BOGAR­
DUS, corner of WhIte and Elm StI., New York. 

COMPRESSED AIR MOTIVE POWER.-For 
, partlculareof the mOlt recent practlce ... oendllOcentl 

tor SCIENTIFIC AMERICAN BUPPLRIIJliNT, NOI. 1 
��'�'LoC:o=-&n��"::: ::,

f
B���� 

Worb. with d1meulou, etc. 

© 1876 SCIENTIFIC AMERICAN, INC. 

THIRTY-FIRST YEAR. 

VOLUME XXXV.-NEW SERIES. 
The pubUsheN of the 80IRNTIFICAMERICAN 

begto announce that on the ftret doy of July, 
18'l8, a n e w  volume oommenced. It will continue 
to be the aim of the publishers to render the con­
tents of the new volUme more attractive and UBe­
tul than any of its predeceesors. 

To the Mechanic and ltlan'UjQ.()t'Urer. 
No person engaged In anyof the mechanical pur­

suits should think of doing without the 8cDN­
TIJ'IC DBRICA.N. Every·number contains fl"ODl 
siI to ten engravings of new machines and inven­
tions which cannot be found in any other publica­
tion. 

The SCIENTIFIC AMERICAN Is devoted to the 
Interests of Popular Selence, the Mechanic Artll, 
Manufactures,Inventions,Agrlculture,Commerce 
and the Industrial pursuits generally; and It Is val­
uable and instructive not only In the Workshop 
and Manufactory, but also In the Household, the 
Library, and the Reading Room. Each volume 
oontain8 hundreds of Notes, Receipts, and Sugges· 
tions and Advice, by Practical Writers, for Work­
Ing Men and Eml1loyers, In all the various arts. 
TERMS 0. SUB SCRIPTIOW - POSTAGI! 

PAID BY Us. 

One oopy 8c1entltlc American, one year .. 83 20 
One oopy 8clentiftc American, siI months. 1.80 
One copy Sclentiftc American,three months 1. 0 
One oopy SclentiftcAmerican and one copy 

Sclentifte American Supplement, both 
tor one year, post-pald ........ .......... 7.00 

The SelenUtle Amerlc.n Supplemen& 

A weekly paper, uniform In Bize with the SCIEN­
TIJ'IC A.lDBICAN, but a distinct publication. It • oontains working drawings of engineering works, 
and elaborate treatises on every branch of Science 
and Mechanics, by eminent w riters, at home and 
abrqad. An illustrated cover protects the hand­
somely printed sheet& Price, 16.00 per llIIIIum 
Single copies 10 aent& 

Remit by postal order, dralt, or exprese. 
Addrese all letters aDd make all Post 011100 or­

ders and drafts payable to 

MUNN & CO. 
a" PARK ROW. NEW �oab. 

'j'he 11 8c1entifto AmeriC'4D" Is prlnte;'! Wlth CllA". Elool!:U JOHNSON .CO.'SINK Ten:b If'd 
ldimllard-4to •• Philadelphia and 511 Gold at. New-� "1)[, 
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