
288 [NOVEMBER 7, 1874. 

gas,deptroys the linIng of the stack IIDd melts off tbe damp. I cess&ry to convert it into steam can easily be computed. A SPECIAL EDITION OF THE SCIENTIFIC AMERICAN.--
6rs as fast 6S they can be replaced. Tbe grate bar., the Su ppOBe, for instance, that its temperature is 05', and tba+. it ONE HUNDRED THOUSAND COPIES. 

ma' ufactur"r� stltte, never burn out, and the puddl"r's tools is to be converted into steRm having a presRure of 80 pounds We sball, during the coming month of D�cember, i�sue a 
13�t aoout three times aR long a� tl,ey dId when coal was used, per sq uare inch. Ttlt) difi',.rBnce between 6G and 32 is 33; special edition of the SCIENTIFIC AMEHICAN, aggregating 
In furnaces where the wa.ter necks caunot, be used, they are and SUbtracting thi� Jram 1,181 (the number of units of heat one bundred thoupand copie., which will be gratuitously 
comptlled to use a jet of steam to lessen the heat. required for iebd water having a temperature of 32'), the circulated among manufacturer� of all kinds, macbinists, 

Their plOducti n Las inCleased about tLirty.three per cant remainder, Of 1,148, is the number of units fol' feed water mIl owners, and, in brief, representatives of all industries 
since th,y bej?an to use gas, and ttle iron made commands with tbe given temperature. in the Un ited States and in Canada. At considerable oufay 
Jrom $10 to $20 per tun more lhm the sam!' claRB of iron In the use of an ordinary non,condensing engine. in which of time and expense, we llave procured a ]jet of one hundred 
Inl1nufactured at lhe Apollo works. where thfly use coal, the the steam is exhau�ted directly into the atmo�ph' re, each tl)ou�and names, embracing the leading business men of the 
irOD being ma�e from the sau,e class 01 stock. These fa�tR pound 
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ter part of th", 18 bove important CluS. ses ; and to e�ch individual a COPY.Of the 

�6re communIcated to the American Iran and Steel ASSOCIa. , h' �t t1.at lt ba, recelv�d �n tbe bOIler. ThIS can be rendered 80IE1',TJFI? AMERI;'A][, eoclos
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tlOO. I pl�m by an example. Supp�Be tbe feed water enters t�e 

I prepald, WIll btl maIled. The Item of postage alone wtll thus 
bodAr at, a temperature of 70 , that the pre ssure of steam 1" C08t the large sum of two thousand dollar�, and the issue 

S\ '  
, f" r-\ " 90 pounds per fquare inch, Iud tbat the back pres�llre in the will find its way in"to every post cffice in the country. ";q �'') IH1�"" � l' �-;. '1111Y��� f';"1 'it1 cylinder, urder which the steam is exhausted, is 1 pound l Our motive for printmg tLis Bx'ra eo ItioJJ , at an outlay of 

t:= p' r �quare lD C : some six thousand dollars we do not de�ire to conCf aI, nor � �IP .. i1 J�, ;�,,\, "...., " •. 1" l.l;�l'U.�" . b I Temperature of feed water .. ··.··.....•........... . 70 could WG do so even if �uch were our wish. Our a:m is to MUNN & CO Editors ana Propnetors, S b t .,,, . . .. " .) !I. trae . .. .. .. ........ ... . .. ... .... ... o r . .  . . ;,'" i i n crease our flub.cliption liRt; and in pursuance of this ob 
rUBLIRJU;lJ WEEKl,Y AT I m_ I j'lCt., we t�ke pucn means ae will enable others beBide cur .. 
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O. D. MUNN. /I.E. BEACH. c 
1 ___ .______ 32 into steam at 90 pounds pressure. ............. ,1831 ment;]. It will Jeadily be apprehended that, sInce the pub. -� 

'r E It Ill�. Sl1btra ct . . . . .  � .. � �  .... , . . . .. . , .. .. . . . . .  � . .  ...... 38 1i�h('rs are dis!inctJy ptedged_ to print the large fflpecial edi-
One COpy, one year. po"tage Incll1ded ..... .. . . .. . . .. .. ..... i1i3 20 Units of heo,t required to convert 1 pound of water tion above noted, !lnd to ma.ill.he 8ilme (pr. paid) to names se-
One copy, sIx monthe. ]10st.f:C Included . . ... ... ... ... .. . . . . .. ... .  160 at 70° into ateam of 90 pounds pressure..... ...... 1,141) lect.ed with ellre and judgment,. every perwn having goods, 

C III h Rat e" , p!'oductions, or ideas to bring to the notice of the class ahoye 
Ten copIes. one ye,IT, each �2 70, POSt.'1!,0 lllclucled . . .. . . . . . . . . . ... . .  �2?' 00 Units of beat in 1 pound of steam at 1 pound pres· mEntioned is here fu:mished with the mfans. Moreover, it Over ten copies, 82,n10 rate CR,Cll, pOfltfl.gC tnelutled ... . . . . .. , . . . . . • . 2'" �mre, from water nt 32° .. .. .. .. .. . .. " . .. .. . .. .. .. .. . . .  * .  � .  w . . 1 148 1 f 

!IF' PI' (lie new hw, oostage 18 paY"',le In advance by the publiShers, , ahould be remelnbded that tbe names to which we re er are 
And the >"oscrloer t.hen receIve, t.he pAPer free of ChArge. Sabtrllct,. ...... .. . . . . . . . . . . . . . . •  ...... . ...... 38 not tbose of our regular au'Jfcribers, but of bu�iLeEs mtn 
__ _____________ =:-_______ . ______________ �--. Units of b�at imparted to feed water, tbat are car· not Ilc�eB8ible through the �rdin8ry newspaper channels. 
VOLUME 'lXXI, No. l!l.[N EW SERIES.] Twerd.lJ·ninth Year ritd off by each pound of e1::haust steam ... '.' " . . 1,110 We would direct .. special attention to lhe fact tbat,lllthough 

. ______________________ . ________ . a circulation of 100,000 copies is gmnunteed, there is ('.very NEW YORK, SATURDAY, NOVEMBFiR 7,1874. Multiply thi� by 100 ............. .. ....... ..... .. , 111 000 probability that this will be greatly ",ueed-d. Our offer of 
___ --_- .::C'-----. . -- Divide hy ],145.. .. . . .............. . . . .. .......... !)(i 941 last year included R ciJ'culation (If but (l0. 000; but before w e  

(JolllentH:; which is the percentage of the beat, imparted to the Ieed bad. supplied the dt:mand,120.lOOO cor.>it's were printed and Ul1ust.l',ated artiCles arp marked Wttl1liD. aSter18k.) h .- , wat .. r, tbat ie c3.rried off by the ex Rust steam. mailed. For this imm.ellfe ex�ess, we imposed no t'xtra Air COm1Y"P8Sr:d (2s). ...... .... . . . . �9RIMIIC1)jn('ry at the I.,'afr., the ... .... ;:,°2 

AIr' ,e'Buren' «1) . ... . . . .. . . - :2!JR,:,laCll'net"ol8 attlleFair . .. . .... . 296 To.ere remains, tben. only I\b0ut 3 per CE'nt of the hA!1t, charge uT,on our advertisf'rs. The same course will bo _Alb
'
nmerJ1z(:rlp"p'r(1) . . . . , . . . . . . . • �HRI:V1Ap.ft IJPW .. . ... . 0> • • ••• • ••• • •• •  ::'�)2 

AmenC911 In."IU'C Y"'t, 1110 , .... 2""! !\ill'" at,d fhC bram (5!1) .......... 299 imparted to the water by the combustion of the c�aJ, tbat is Ildopted this yEar. The extra beLefit is given freely to those <-An!'wer� IOC' rreRpontlent� . • . ; .. �No!�Mjr,(tr('::t.(llrg " .. " ..••••.•••.... �\lJ. t'1' d' h . Th" h . Applcs. keepl"g ..... . . 29 
I

M,']o'ng" 't.rll(lng (H.) . . . . . . . . . . � 8 U I Ize III t e eng1lle. 18 IS a rat er serious con�ideratlOn firms who �end us ad vertisements for the �ptcis.l edi�ion. AqllR)inm ("te. � 1nth[)ort.Eng."!- '.W� "I'kpl Rltlti' (fiJ) . - ........... , .. :299 f th t h fi hi . h h ,,,R.tl1. ,,:,t lo'r IW . . .. . . . . .. . ... 2!JH,fJl,·umorgarlll. e'C (40) .. .. . . .. .... :)!'9 or e f\ earn user, w 0 m�y gure up s account Wit - t e 'ro the enterprising manufacturH8 and inventors who ad-
:\t"tJf�&t"R (42) ... ... .... .. . .  " ...... :�'m,p,linllq�Fo',clct1nlug m] (13) .. . . . . 218 " }  d ' h t ft thO () t f AsrronnID,e'linot.p;: ... . .. , ..... :)9Z;P,IJ."hute, M. De Grool's* . . . . . . . . 2�9 001 er an f>nglne somew a a er IS manner: ne un 0 vertise in our regular column�, and indeed to everybody ut 
U���;���'n��ill�E���.:s��.:::.::':::.<. �g�i��:������: l�;y'(//�,�,n �:;lda:l��·�.i�.t�;:: 3gb coal costs $6.50, and eva?o:rate�, by its combufHion,15.0DO all conversant 1yhh the advantages of a good medium, we het'F""·UX l)lul,t:tllng (4n ... . " ��19 I PatelJtR.t)1I!('hd l'Rt,01. .... ... . . .  ,. ;00 pounds of water, a.t R (',ost 10r fuel of $0,00043+ per pound, need not point out the benefits to be deriVEd il'om ourpropo-H '"f:!' DJei �1l1p. prHhmt:o failure. �91 peas3.000-years,t)ld� ... .. . ....... 2\;0 Boller, at th(o Fa" . . ....... . .... ... . 2(16'jPtlOt(.gr"PhV 0,1 fln (1) ............ 2!18 \"'hen the steam resulting from tbe evaporation of this wat,er sition. For further particulars, gee ndyertioement on I1-n· lbne lllaek art'fic'ul < ... . . .. . . . 29\ Pi pe- cut tlllg' macbines . . • . . . . . . . . .  :J96 " �� J::; 

���:� ��i,;J;�:(;d)n���t.�.�:�)�.::.::: ��� �;?1��na�i�C;a.t.��:�.��.-.���,���i.�T::: .?;:� is uAed in the engine, 96'94 p�r cent of the heat imparted to other page. 
Brca'hlTlgrarefibd ulr .. . ... . ... . ... �!)O P'_Rtcr bandage. a new ........... 2Rl it by the fuel is exhausted iuto tbe air. This is tho same as ---. --.�--.-� .... .... -----

b�l���';�Ud\�'���l�S�I.e�,;uis.::::: ���'�(e;�b���:'d;:t�Tl�;;the·:::::::::: ��� thIOwing away 14,541 pounos of tbe water that bas been OOST OF TUNNELS. 

Rronzeo 0' coo:·cr aDa tlll . . . . ... .. 2!1'1 "oke roo t 148) . . . . . . . . ... . ... . . 29!1 t vaporated, leaVing 45!l pounds for useful work, ao tbat "Among the variouB plans for disposing of the Jones' Falla 11 Uf.' i ness anr} p(!r�r)nal. ...... . . . .. . '29'1 Prac I('al tIle( h9,lli,ql�.--- \0. l�-k· ... �!)'l p 

Cable t""'g,a"ny .. .. ... ... . .. . .. 292 Pllddle'" wage> HI I, oY. " . Y .. "93 really each pound of water used in the engine costs "'0 014 +. st.ream or improving it s c.h!Llll1fll, wlJidl 11lW(1 hoen pr('· 
C1.mcra u,�j(la, new . . . ,., .......... ·'Hl1i �'lHnr>il,g Cllglnp, nutolilalk . . .. '2% � 
g��i1�:;I�.�',�?�;:::::::::::::::::::: ���If:��r\���vgt;.va";:;J;/�I?):';T:i·J:::::::::: ��i There afe very many engines running today to which this sented to the council com;nittee, is OD(1 by.J. R Budlel', civil 
China, pop"latlO ll of .... . . . . , ...... "'�I[{ trl�(, nt'Lg CHr,nr.W...... ')!" accour.t will apply, enginos t.1at are sending" into the ail enginen, proposing to divert it by a tunnel from 11 point be, 
Cldtr , . . . ....... ", 21-13 RUAt from Btpf>l. pmOVIIH! Cf2" . . �'!J�I d b 't . h 11 f G ' I;' II d th CI" c'n. 111l11d;n� a (1,) . . . . ... . . .. 2!l!l SII" Cor,test ot ().nC'"ll" i . . .. . . . .. �!l6 nearly !Ill the heat im pa.rted to the water by tbe fuel. We yon t e CI .J across to t e va ey 0 wynn � tl. 8, an US 
CrH,] Fcrl en. lmnToV!;'d* . .... . . . .... ;�61ISCllDtlrt(' Ampiicao, F.pCCHtl. • • • • • 2R8 b d '  d . 1 th ·t t " th 'dd] b h f the l1a apsco or Coep,,!', lac" abo,,!. . .. . . . . . .. . .  29j'Screw, ncrfal" .... . ..... . . . . ... . 2!lJ � owe, III a prece ing artIC�, how cOllsid,rable saving row 18 wa ers inLO (l ml e ranc 0 

. 

[. . ' , 
CUflo�\tlt f.l at he Vnir _ .  "' • . . . . .  " ��6IS)I\f'r, Counecticut .. ....... . ..... 2\):-{ would gen8ral]y ft-'8ult by attachhJg condeLsivg apparatuEI S pring Gardens. This tunnel would pass in good part under B��t'��rW�g�l�)n! \��) (4�':::::::::: .��J�i�i�;;;�ltl:il1�1�;O����OrnJ;513(1) ,::�: ;�mj h· b n".mn"d DOl d '"w. ,he ..... . . . . . . C!16!'l!d" 'alve> (2l) .. .. .... :2(18 to a non condeIlRing 1'1 gine. This cannot lllwaye b" dOLe, Dnlid Rill Park, ard tbrough a fDCk formation w !C , it is 
£:;;f,�f;,������i:;)<l1e i2�j:::::::. rr§; �nf.fer��;I���:'i��tor(54):::::::::: �;� however; hut there are means by wbich 80me of the b�at beiieved, lies benEath all the hills in tbat quarter. Neyer 
EanrlVnb"dge. til ........ . .. . .. .  ,M.,;team,action ot (16) . . . .. . .. .. .... 29' carried off by t.1e exbauRt eRn be utilized. Tbe most.obviou� having looked tf) diversion in that d ir" ction, and without 
Ecc",ntl h'8 [UJQ I!J1GC V3}ve'l (Hi) . . �9JI Steam, CDDVtyl11g III I'ip. S (2�)" ., �H9 
Eoo'Dc,rue"D WFBB"r. in.elc.(ll) 2!I8I S·.ea.mer, new ....... . ..... . . . . . . �9! metbod is to turn the exllaus\ steam into ve�s,.lB throll"), pretemling to have I'xamiLed. into or formed Ilny jllcgment �Dgr"Vlll Io'R Oll gla:::l' (4) . . • • • . . • . •  '!98 srehlDCffl,fj!Iller,810n\< of (33}. . . . " 29B .. j 1 . 
]i;"c ,,)yorusann [H,) loxer .... . . . .. ,n2·Stl.rnp·,"iVH.� rna,'hl.,...' .... .. . . . '29.j wbich tbe f,ed water papsl3s, �t) that some of its lit a' rna'! be in the pr,miaes \the plan lately "ugge.tEd by t ,e mayor III 
.Explf)<;iv(' tm)let" n.r,d wl\und�, ... ,<q9 1�Ulldl l lr. a m1H� of I'qui(j • •• . .  <� • • 2\14 .. 1] l' ' t . h" ,1"P'oB,vfslor fiSl,1r,g (3) . . . ... . . .. 2!'8 SUlphur iC '('111 ano leila .... . . . . . .. "8!1 imparted to the water, wbieh will then lequire tllP conSll rLp his special message to tbe COlInCe ,,)1' ImproveIllPn WIt In 
F-eawateI lH'f),tPrs . . .. . . . . .. . ... ,8� !:'lulthur. 118 IPdu('f,10l1 JrOlli ore., 2IF. . £1 f 1 f 't . .  Tl th 't b '  t Il p d'ng) " may yet be-) worth wl�ne to F" .. gqn!llor fur gliB work,' . . . .. "8'I,lJn'e appal'enl olam",e]'. tile . �!)o MOn 0 Bell ue Of 1 S conv�relon mto steam. In!' Dre!l '. e Cl ,y eIng S 1 eu I ,h . , 
F' _'rk, a sv.alJo ",Pol ., . • .  , .... 2�J�i 1 U,tH�l CUTt,lUg' t I1refl(lS Wlth ([5) • •  , ;�m.( b f h . h ' b 1 . . . t Il b beet t' ·t of like tunnelincr Recam -F,I,.t .. n. "lOt 11klfnt of (15) . ... .. 294 I1',e'I< bnd I,ot oduRs .. . .......... . 2!Jb num (�r 0 eatH� m t f) mafliflt w ic 1 are gU>lnmteea by n:qulre lD 0 Will, as .1 tie COo ", ' 
Z��,,� �nf��f ?,'�,�::'aillWf uf:::.:: ��� f�;:�';1i�;:��o�2r�{3j':.::· . .

. :·.�·.::::: ��� their m!\nufac�urere to df1mr the ffled water illto a boiler pli�hed in othf'! PHIs of the Wf>rld. Tbe apgregate cost of 
G" hGIGlne cy!it,d' IS (5,) ... ... . .. 299 l'>ltgIQphy Ilf nto Un"to States . . ',9' at the temp�r8.tu!e of 212', and we can t tat.A from our own this tunnel fol' J ollee' Fall�, the len!!,11l of which is 16,000 
GHI,·,: : e'. ,,(iti 'o',oc::,' n' �, a(5(I)J) . • •  

'.' .' .' .' ." . •  '." 2�r,�I' lre l',�JrP'1(,o Orul li' e':',r:.'r htt 'o'lu' C? I .w. P(", •• 
', .. ,·) ·.·. ·. ·. ·. ' • .  · �" I?I • 

h f • t b 1 th t "'') "00 000 �'145 }' eal "" , ... , " . .0 ' , " . .  ,. experIence t Itt this i� not an uncommon refult, while 8 tpm eet, i� pu y ts au or a .w�", . , or 'j!> . per Ill' . 
G"u"rr·' 18,P.r�lbll'cL'f[nl<' cP,'a��.t:f (5.5.) . •.
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... �,)!,J,61 • I 20.,\0 f b' h . f t �') b'c" d Wltb r�gard , " "  �. ,_, peralure of at cast v should be nal'zecl ;(rom the u�e of oot, W IC lS a rac IOn over 'II'� per cn I Jar . ' _  
HcalTtl;woJ"k!n�men's • • • . •• • . . . • :.!)-;9 \TllOeS! (11a"1f!g bra8s (12) . . . . ., .. 298 I I ' " h . t '  . 
lltal R' d s,,' I (� .. "

.

) "" '' '' ' '''' ' '' '' ?.9� I u"ntlB."OSf (fL. ....... .. . . ... . . . . ,,� au)' gO(Jd he�ter. It Illay be profitu.ble to comider the effect, to otber tunne 8 a reallY 1ll eXIstence, 1 elr COB 18 gIven as 
HdH1nearoU:-r\.-I"i) ... . . . ....... ... 2Y(lTUrLlng'Jalw* . ........... . ....... 2.fm f b h f'l TI tM C 't 1 t b t�300 1" liP"t. 'O'Colti" ( ' ) ...... ........ , .. 2!19 'Ufll'Ilg Cf""kS' ... .... .. . . �!'J 0 at(3C ing sue a heater in t.he case previou�ly cit�d. The o. owe: l1" gl'6a· ont eLlS unne COS a ou 'r pe 
·���lr,���,;; b��'r,O\\H(6)::·.:::::::::::: ��� T����l�: �ll����:; i��/(��� : . ::::: ��� foed water win then pnter the heatel" at fi tempe:r:tture of lineal f(1ot., jncluding equipment of road, ete. Tbe Kilsby 
lee c"om lL9Ch'DC . . .. . . . . . .. .. . . . >9ti Y"0"1I, wa'e' proof (4(1) .......... . 99 70', and be deliv er. d into tho lJIII·I.r !I,t a tem po.rature of 9.00', dou ble track railroad tunnel (EDgJand), in l,he construction frk.vo8ter(19) . . . ...... . . . .. . . . . . . 2WS1vmQnUhflrrf:l,CJean;::1l1F(8.1). ?�H) v ... 'I. U. ... 

1�,:�:a��;i,fri; '(';uJ:.�:. �':2: :::::::.: ��� i!��;�)�Vc��:t���:��;�ut,.J:�:: ... :. ��� havillg had. its tfmperature increased 130° by tho exhaust of which vwy great difficulties were €ncDuntend from the 
j,., wy. r'o allVlce, a - ........ '!!16 W l,eel,r, XP' <1'",," o"co, erie . . . 2!IO steam, whicb has lost a conespon d ing amount of heat. Each tapping ot t{uickfandR, co't $26250 per lineal foot. Blctch-L\::i!d aDa RU'plJllf1CRctd (2) • . •  , ... 29� W1Jeel qn�1:ll>10rj! the (5) . • • • • • • . • . 2::)K d 1. I d L'ad I"pes "Ld wate, (BS) . ... . . . "U� Wire loup" making .Hi . . . . . . 2 R pound of water will require 1 01G uoits of heat for its eon. jng-ly tUllnel, for a couble track rui]roa in .s:';og an . cost 
L�aTtler pUlp" •• . " ............... 2116 wouu,railIoaacOllt'UInption of . . ;287 d t�t�li'.g,��r.��/td; .. :.:.:: .. ::::::::.::. ���IYeaSL «(1]) . ..... .. . .. . . . . . . .. " .... eD9 vH�ion into stellm of 90 pOllnds l,ressure, in�tead of 1,145 $120. Terre Noire, on tbe Paris, Lyuus, aL MeditHranean 

GAIN FROM THE USE OF FEED WATER HEATERS. 

In an orjinary bOIler, one pound. of aVerage coal will pro. 
duee by ite combustion between eight aDd nine thou�aud 
un'ls of 1eM that are available for generat.ing steam. Sup· 
pOHirg the feed water to entei' the boiler Ilt R terupHrature of 
a2° Fall" eacb pound of water will require about 1,200 units 
of heal. to convHt it into steam, so that the boiltr will evapo 
rate between 6E and 7i pound� of water fJfr pound of coal. 
Better rpsultA than tbese Rre often re"liz,d, e_p, cially in th .. 
case of t08t�, bnt the figure. givtn "b�ve are believed to co]'· 
re,p'ltd with those of ordinary practicE'. The amount of 
heat Itquirecl: to convert II pound of wat.·J' into steam Yaries 
with tl.e pIessuJ'e, as will be seen by ti,e following: table: 

ULitS of, heat required to conven one pound of water, at 
tbfl t�mp!lratnre ot 32' Pah., lnto steam at differbnt pres. 
!lures: 

units, which wl:'re needed when tlIe heater was not in U88. railroad, co9t but $1)0 per foot; and t.he very dlfficlllt Hauf'n
This gives a gain of 130 units of beat for each pound of stein tunne l, bet wilen Bs.sle 'lend Bune, Switzerland, co�t $133 
water evaporat.d, b8ing 11 3 5 + per cent leas beat than was per lineal foot. The Roosal: tuuLe], tll'ough a fO[ID!l.tion of 
required whpn thl'l feed water was pumped into the boiler at mica slate and quartz, with working sbaft upwards of 1,000 
a temperature of 70 . E�ch pound of exbaust steam, also, feet in depth, cost $3()0 per lin.al foot. 
iostead of carrying off 1,110 units of heat into tbe air, will 'These tunDelA were all completed s.weral yeara ago, and 
only takE' 980, or 1 1  n -1- per cent less tban it formerly did. I the cost P"i' cubic y�rd of mat.erial fxcavlLted varies from 
The accout t previously given will !Jow figure up all follows: .\ $150 to $14. The 6iflicul·.i€s met with in their Hfcution 

The comb'lstien of one tun of coal will evaporttle about h!tve led to the inVention of im proved Ilppara luB, by 1he mlc 
16,900 pounds of water, at fl co�t of $0 00038 + per pouLd. of which the cost of boriDg, drilling. etc., is reduced hDm 
[n tbe engine, an amount of he�t corre�ponoing to about 100 to 300 per cfnt, rrh� diamond boring lllad loe wa� tho· 
16,300 pounds of tbe ste\llli is thrown away in the t'x1:aust, rougbly t".ted by Captain BEaumont.. R Eo, in I,�ncasbire 
leaviug (lCO pounds for ueeful elitct, at a cost of $0.0108 + and Cumberl�nd. At Stoughton, tho borer reached a depth 
per pound. 01689 feet in two month8, that could not have been got at in 

P�'l [Sure of f.ltC'am 
1n jjOlHH1\l p�r � q. 
l11Cll, by ga�e. 

UnIts of hCflt .. Prefl811re of stenrn 10 P01Hldf per sq. 
1nch, uy gage. 

These examples, which correspond well with calles in oroi- le"s tban two years by I-and labor. It] the Clifton tunD€l, 
nary pmctire, will enable our rt.ad.rs to eSlimate with tol- B:iBtol Port and Chunnel Dock Railroad, in hrud mountain 
Hable Bccurucv the results that will be realized from at.tach. limeetonA, tue drLls advanced at tbe rate of two mches per 
iug a heater i� any given instance. It will be observed that, milJut£-outside diametH of boring, two inches. The mao 

Unit. afheat. in the case suppo�ed, no allowance was made for increased chine advanced at about five times the speed tbat could be 

1. . . . ... _ ... . . . .  1,148 
20 . .. ..... . . . . ... 1,161 
40 .. . . .. . _" . . ... . 1,Hif) 
00 . . . ... . . . . . . . . . J,lio 
80 . . . .. . . . .... ... 1,181 

100 . ... . . . . . .. . . _ 1.18f) 
120 . . .. . . _ . . .. . . . . 1,18!! 
140 . . .. .. . . . . . . .. 1.1\)2 
160 . ... . .. . . . . . . . . 1.U!.) 
180 ............... 1,]98 
200 . . . ...... . . . . .. 1,200 

10 .... ......... . 
:30 .............. . 
f)0 . .. ... . , . .  _ , . . 
70 .............. . 

1)0 .............. , 
1]0 .... .. . 
1:10 ............. " 
HiO .............. . 
170 . .. ....... .. .. . 
190., .. . . . . . . , ... . 

1,1.55 
1.10;) 
1,173 
] ,178 
1.183 
1,187 
1,190 
1 IU3 1:UH:i 
1,199 

Lack. pressure by t.be USf! of the beater. This was bec!lu�p attaimd by as mOllY llHn as (ould find room to work at a 
the hypothetical beater was properly desigTJt'd. A good lleading. 'The motor is compressfd air. Dynamite is uscld 
heater does not increase the back pressure in tbe piston. for blasting, Rlld found to answer admirably. With tbe aid 
There are many forms of the app�ratus, howe�er, that offer of these macbines the wOlk of tUDneling tbrough the hardest 
80 much re8istance to the e.cape of the eX.hallst Bte�m, as to rock presents no ddIiCIJlties of any extl'llOrdilllllV character, 
more tban neutralizB the gain that would otherwi�e be de· and may be executed at ft, cost very littlE', if l'ny, greater 

rived from their use. It is easy to see, for instance, tLat if tbau t.he pxcavation of the same mltt!:lrial in open cutting." 
the i�troduction of a heater increased the beat of the fe�d -!';ttlUmol'e Swn. 
wat.-r 10 per cent, but also increased tbe back pressure so as fro the above, may b3 added tae cost of that portion of the 
to call for the expenditure of 12 per cent more fuel, tbe 

I 
Undflrground RaHway, in New Ycrk city, now near y com, 

If the feed water has any other temperature, the heat ne- arrangement would be anything but economical. pleted, on Fuurth Avenne, between 44th Iltreet and Harl�lIl 
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