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(CONTINURD FR01! PÂGE 51.)
thIt eshould be noticed that what lu now commonly known as
o e iflgle.a<ctg pnmping engine has the utuffing-box: aud

Cover- and the equilibimvle

arrln te Ptnto 1782 Watt states that there are variions
A ageethh that may be made of the several engines, but

110dot li a ie only those that appeared the bout, and this
noi 8obtj the caue, and le what a patentee iu bound to do.

Theuthor has fouud a- model at South Kensington, which hoe
take8 to show a transition state, or form of engilns, that ina>
P!obably represeut anatm oprdca dobeatine-
glins by two - 1~ atmtt rdceadnea n R
Chai 1 , ain e-ct cylindere, connected together by a

ln eera PI e asfollows.
ý g 27, shows two single . acting vertical air ptimPs

j a4 t some littie distance apart, and vith passages below
r.alu1g té them ; and there je an unique arrangement of tvo

aueatn'Vertical cylinders, having their upper ends con-
__'-'I by passage without valves, but thé pistons having self-

be gvalves in them, opening upwards, so that aMy 94eavb
A h- rpiston could paue to the upper sicies of botA pistons.
ncnnecte the top ends of the piston-rodas together, and

taud 't passes over a ull> rdu to which it la attached, 80

ba thc.y i'll reesprocate, if the pistons work up and dowmi
hold 'a~ ru lu attached a long crank.piu, vhioh, could take

Theoe a ure d or a connecting.rod..
bco,~ ofe conical valves to let steamn into aud out of the

ttmaO the cylinders, and in each passage lbadin; down.
tiard frloI the eduction valves there is a simall pipey termina-

A jet Of pointing upvards, no doubt for the ildeUoi
teeN0W, although vhen the modela were firet examine&

1 0 ~as 'lot the eliglitest indication that these pampa be-
Ouelto th e cylînders, it appeared probable to the author

harAtthey had soxue relation to each otheor; sud on furtiier ex,
hoiAIl&tioI4 two dowel.pins were fouud on one model, and two
C.les were foiud on the other model, into which, the. dowel-
'ne fttsdio thuseat once proving that the supposition that theyloged to each other was correct.

Th" we have a model of a doubleffoting arrangement for
nrPl Oéhr rciprocating motion, such as a connecting-

toofp alk with the, pressure of the steamn altoays on the top
Other fis 1tons, sud a vacuumn formed alternately under one or
Ppes e Pistons, by injection of cold water into the eductionl

>Sud with air-pumps to keep nptevcuiadds
theso aIr, sud the water of condeation, and the COn-

beliseami. This le an arrangement that lia not beoro
ex anlOti<isd, and of vhich, it appears, there Mu no deseription

t;vn su.ad it lu a good example of the lngenuity aud inven-
goulue of James at

nOhrgra<nd iventionin this 1782 Patent lu the use Of
tiaction hth n so thoroughly did Watt nnderutand

WOud u tht le lies drawn a goodl indicator figure of vhat
Weul take Place in the cylinder of an engine, if the steamThre ot off At cre quarter of the stroke. See Fig. 25.

i"'i fgure, the anthor finds, in identical vith Maàrriiitte'B
* Ad not'far froin the true expansion> car"e that the. anthor

POltrcedfo Panibour's table of the balk of steain in Pro
Qkte the water that pr<>dnced it ; that lu, e far as the

gom i. 8.9 te an expansion of steain at atinosphetic
26 re te toulrtimes its volume. (The author's diagran, Fig.
268 tO 44tMes the volume with 120 lb.. "tmi.)

the, k1 2P't it inay ho vell to leave the consideratien Of
19 5'"ef(tiOln for a moment, to exanfine the drawing, Fig.
ti in , f a ruodel which it lu believed is at the meot of

s51"tinof the IIIndicator." This consiste of a simple,
au4 CCi71der about 2 in. diam. sud s in. stroke, open at top

Puteo. . botom, and with a Cook and pipe to it ; th*
Abov, anl cOlucLed by alàgiit Chain te a rocking-beamn

5taIjl> hmî faee toh other end of the boum 10
it elower te upper end of a çood spiral spring, fasteii*d at;

beaa ed. Thiere is a long hight fluger on the centre of theiuovlng aufr
elw as ot of a large segment. Nov, if the' pipe

Ohui ,t i 1 lete o au nffine cylinder, sud the COCk
tbp of'ýcaed e ofl vacumin o te ach e a onil te tOu"

topOf he4 . of -ean o te cnde wol até oeÏ'aper on A -P»Ou5( infn this indicator, sud move a aheet ef
"Oad i frntof it, to sud fro, as the main pistoNS

of the engin. moved, sud we have ""Watt's Indicater " as used,
by himself sud AUl lis people for very many years, in fact up
te the author's turne, when hoe saw the instrument in Mr.
William Bennett's possession iu Manchester. Mr. Bennett
thon showed the author's late father hov te take indicator

fiueof viic sme are shown in Fige. 28 sud 24, Page 48,
takoin by Professer Cowper in 1840.

Mr. W. Bennett was originaily at Soho, sud ou going te
Manchester sud joining Mr. Wren, he bocame Meate. Bolton
& Watt's Agent there, for indicating their engines sud tuklug
orders for the saine.

Our inember, Mr. Henry Wren, lias very kindly made the.
author a preseut of one of these indicators, showu in Page 49,
Figs. 20 sud 21, sud it lu now before yau : you vill ueo that it lu
jnst like engravinge of Watt's indicator lu the EncyclopSdias.

Watt goes on in hie specifloation te say that when the. steain
lu cut off at eue quarter of the. strokre, there muet b. an equal.
laing arrangement, to enable the pistou to complote its etroke
viien pumping; sud several plans are put forth. Iu one,
Fig. 22, Page 49, timer. lu a amall fly.whqel witli a pinion
mouuted up above the cylinder, the pinion takiug inte a toothed
segment on the end of the. beain (in place of the old"1 Hers-
head "). Tii. piston-zod hua a rack attached te it also taklng
into the toothed segment, so that at every stroke of the engino,
eitiier up or dovu, the. fly-vheel muet start from, a etate of
rest sud rovolve rapidly and thon stop, sud in so doing wonld
ef n.eusity take a good deal of pover te overoome ita inertia,
sud would give it out again (leus the. double friction towarda
the sud of the. atroke. Another plan iu, te moant a weiglit
high up en the, top of the beain of an engin., se that it should
b. somevimat lift.d, in starting from eitiier sud of the. utroke,
sud fuil somevhs± after passiug the centre. Another plan lu
that of a loose weight, te roll Along the. top of the. b eain sud do
the saie tiiing. Again, ono plan is te have two lag short.
stroked, open.haaded, pumps, one attached to the. beam on
sitiier aide of ite centre, se that eue bucket rises whle the
other faise; sud there belng a trough betvesn the. heads of the.
pumpe, the. vater lu intended te fiov froin thea on. to the. other,
tins gliu the engins more te do at the commencement of the.
stroke ai gaining a little towards tiie sud of the stroke, by
the. weight of no muck ef the water as bas fioved over lu the
turne.

There are also. several arrangements of levers, te give a
variation in tii.ý fevexage dnring the. stroke, se that the. piston
siionld have more te do at the commencement of the etroke,
aud leu te do at the end, when the ateain vas gradnally boslng
itejprssure from expansion.

Thus lu 1782 Watt had made a thoronghly good rotative, or
mi englue, sud an economical one also, tliough it dos not:
appear that he«aotually nu suy considerable pressure of steain
at any timo. This englue le sliown lu Fige. 80 sud 81, talion
fron a model lu the. Southi Kensington Musenum.

Que fom of engins- oe describes, sud which lie calsa a coin.
pound engin., Consiste of umlng two cylindora of the. Ume aise,
sud thon, iiavlug nsed ful steam, lu one cylluder, h. iet&
that pito stsud atl vhilst part of the. steam expauds
lute o second cyliudsr, and finally the steamn froin both in
coud onsl.

lu iipaentof1782 la describod the. plan of allovingti
pistonod ofau engine te pso ont through a stufig bo lu
the bottom, the. beain b.lug placed bslbv, like wiiat lu nov
knovu as a "1Bull Englue," (Fige. 28 sud 29.) It i.
believeil the naine arome froi n ugneet of the naine of Bull,
who put sme up lu Cornwall, sud viiose son vent lute partuer-
slip with Trevithick, at theýtims that James Watt vas coin.
plaîning of thir infringing bis firut patent for the Condensation
of steata.

It lu, a reinarkablo fact that tiie modal frein vhieh tuis
diagrain vas taksn lu alincet exaotly the unie a the engraving
at page 59 of the, IlLife of Trevithick," the. injection jet belng
lu the eduction pipe, as shon lu mone ef Watt's dravinga.

Watt, in a patent of 1784 describes su ingenius niathoil et
obtalulng rotary motion lu eppoalte directions, by tvo con-.,
necting roda frein a crosmhead at one sud of the. beain et
au englue (fige. 82 sud 88.) Iuuch as oesahaft lu
placed someviiat lover than the. other, that rod lu jointed te a
lover part of the. beain, 80 that beth May tutu the. centres at
the sane instant. Tii.lover aiaft drivues ibottomnro ail '
rollixig milI, sud the, higiier eue drives the. top roll. This
vas probably intended for rolling meta" for coining. Tii.

gearlg by mpur-vheels cardes the. power te another ù&i for

Iu &h auras patent the. idea of s "mai carnage for commou
I


