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‘' BY THE FALL OF DROPS OF WATKR, BY DEQREES, A ror
18 FILLED."”—Proverbs,



The sole tight to manufacture and use the con-
densing engine, having been given by Parliament,
for a very long period, to its meritorious inven-
tor, considerable rivalry was taised up among
mechanics to adapt the commoti engines to
manufacturing ds well as to mining purposes.
For, in addition to the prejudices which Watt’s
mechanism had to encounter on the score of its
complexity, his apparatis was costly, and not
easlly kept in repait. There were many who
would not see the ultimate saving of this expense
in a great present saving of fuel, and others who
K;otested they could not. Among the latter, may

teckoned Mt. Matthew Wasbrough, an inges
nions mechanic, who, in conjunction with his
father, carried on an extensive brass foundery in
Bristol, and in 1719 invented a means of con-
necting the balanced lever-beam with the pistons,
80 as to produce a rotary n;otion,

2F



330 WASBROUGH,

In the description deposited in Chancery, he
says that he accomplished this by one or more
pulleysor wheels, or segments of wheels, to which
were fastened ratchets or checks. In another case,
he shifted a wheel and its axis from one set of
teeth to another; a third method was employing
racks with teeth, which tumbled or moved on
their own axis or centre, and those racks he fas-
tened to the working beam or great lever, or they
were connected with it by means of chains or
spears. For other purposes, instead of a working
beam he substituted a wheel or pulley, working
by racks or chains from the steam piston ; and to
regulate the motion, he, in some cases, added a
fly. This is also the second example of a patent
being taken out for the application of steam-en-
gines to propel boats.

During the erection of one of his rotular me-
chanisms at Birmingham, Mr. John Pickard, for
whom it was constructing, made a great simpli-
fication of the apparatus; and which he secured
.by a patent. . .

A crank was placed upon the axis, which was to
transmit the motion from the atmospheric engine
to the machinery, which was connected by an
inflexible rod to one end of the working beam.
A wheel was also placed on the axis, having a
heavy weight placed on one part of its circum-
ference, so that when the crank was in the line of
the connecting rod, or in the position in which it
was incapable of receiving any impulse from the
working beam, the weight on the wheel should
impel itonwards by its acquired momentum, until
the crank had passed its neutral point. By fixing
this loaded wheel on a second axis, and.making
its diameter half of the wheel placed on the crank
axis which moved it, it made two revolutions
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while the crank made one, and thus improved its
action as a regulator of the engine.

There was no difference in the use of this
loaded wheel from that of the fly proposed by
Wasbrough ; but getting rid of the ratchet-wheels
in his rotular movement, and substituting the
crank in its place, was a very great step in im-
provement, and which could be applied as well
to the condensing as to the atmospheric engine
to make either produce a rotary motion from a
rectilineal alternating one.

Wasbrough and Pickard became associated
as partners in the benefits arising from their
combined contrivances, and as these were, at
the time considered to be inventions of great
importance, Wasbrough quickly had many
opportunities of introducing the mechanism
into practice; particularly in some of the
woollen manufactories in Gloucestershire, and,
among others, in the establishment of Mr. Ansty.

But the place in which it was seen to greatest
advantage, wasin its apglication to turning lathes
in the works erected by Mr. John Taylor* at

® The elder Mr. TAYLOR spent some years of his life at sea,
and bad thus many opportunities of witnessing the danger
occasioned by the defective make of the blocks, shivers, and
pins, at that'time used in the rigging of vessels. There was
3 want of precision in every part of their construction, that
frequently rendered them unserviceable at the very moment
when the safety of the vessel depended on the readiness of
their movements.. On his return from sea, in conjunction
with his son, he ap{)lied himself to the invention of machines,
which, though worked only by hand, formed blocks, shivers,
and pins, on a princigle that gave them a decided superiority
over all those that had been previously constructed. The
cellar in Southampton in which he made these experiments
was often visited by the Duke of York, brother to George 111.,
and others, to wifness his ingenious operations. And here
he was the object of much vulgar ridicule, and was said to
be employed in * raising the devil.” When he was a pri-
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Southampton,to manufacture ships-blocks, and
in which Wasbrough was also concerned gene-
rally as an engineer, .

soner of war in France, in 1746, ke constructed ah electrical
machine for some friars at Rouen, in Normandy. On his-
return to Southampton, he formed ther, with” which he
exhibited experiments ; this was sold for one hundred pounds
toa person who afterwards travelled with it. His health
became impaired by much confinement in the unwholesome
Elace in which he made his experiments, and he died in 1768,

is son, WALTER TavLOR, fortunately succeeded in intro-
ducing the invention into the navy, and the contract which
government entered into with him for supplying them,
enabled him to clear the embarrassments which had been
dccumulating from the commencement of his father’s and his
own experiments, and at one time threatened altogether to
overwhelm him. " In the prosecution of his manufacture, he
invented circular saws, by which the thinnest shivers of the
Rardest lignum vite could be cut with expedition and pre:
eision. Also the shells and mortices of the blocks, which
formerly were only to be done by tedious manual labour,
with the axe, the mallet, and the chisel. Meu}l. peculiar
in its temper, was formed 50 as to resist the injuries of time,
Wear, and weather, longer than any before discovered. He
greatly improved the hand-pump used on board ships, by
Introducing & pendulam instead of a valve. The trialy he
thade with this led him to the invention of & method by which
a ship could be easily cleared of water at the rate ‘of four
tons in two minutes and a half. This wheel he called a
double bailing machine, and obviated a great defect which
remained in ships’ pumps, ofdrawing the water from a depth at
one time thirty-two feet when the weather is clear, and when
foul not more than twenty-eight feet, or when full manned
and the atmosphere losés its a}-u'ing S0 as not to support a
¢olumn higher than twenty-six feet. Hig death, in 1803, at
the age of 69 years, left a deep impression of regret among
the poor, who experienced his generous bounty ; and among
those who delighted to trace the operation of christian prin-
oiﬁles_ in his diffusive good-will, and in his sympathy for the
aflictions of the distressed and wretched, ~ His hospitable
abode was open to good men of every persuasion ; and there
the zealous Romaine, and the benevolent Newton, the friend
of the poet Cowper, who were often his summer guests, sunk
ferior prejudice in the expanded pleasure of christian
p. . .

every in
ftieudshi
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Subsequently to his adapting his movement to
this purpose, he was employed by government to
erect a steam-engine at the Red-house, Deptford,
to give motion to the mills for grinding and
dressing corn for the navy; and he was desired
by the Commissioners of the Victualling Board
to consider and let them know, whether ¢ the
great improvements in steam-engines, said to
have been made by Bolton and Watt, could be
adopted in the one he was to erect at Deptford,”
His reply (March, 1781) contains a summary of
the objections which at that time may be consi-
dered as the strongest that could be urged against
the condensing engine. He had originally thought
of applying his rotary movement to Bolton and
‘Watt’s machine, but he had changed his intention.
¢ 1 will briefly,” says he, “ mention to you, Ho-
pourable Sirs, the principle of each engine of the
common sort; the steam filling in the cylinder .
the place of air, (being a medium easily reduced)
is condensed by cold water, which making a
vacuum, the impulse downwards is occasioned by
the unresisted pressure of the atmosphere, which
would continue acting upon the upper surface of
the piston, so as to keep it down ; but in the ac-
tion, when nearlyat the bottom of the cylinder, the
machine itself shuts the water (or injection cock)
out and lets in the steam, which restoring the
equilibrium in the cylinder, and having at all
times on the exterior end of the working beam a
weight sufficient to bring it up again to its original

state of rest, where likewise it would remain, but
that the machine in its action upwards shuts out
the steam as at first. Now in Bolton and Watt’s
engine they do not condense in the cylinder, but
press the steam through the pipes into a vacuum
condenser. The effect is the same, bui the im-
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pulse is at all times equal to the pressure of the
steam (not atmosphere) on the upper surface of
the piston; from which you will please to ob-
serve, one is acted upon by the uniform pressute
of the atmosphere (and in the return of the stroke
by gravitation), and the other is acted upon by the
Sluctuating elasticity of the steam, which is con-
tinually varying with the strength of the fire;
which requires a great deal more care than ser-
vants generally take, or the machine will have
nearly the effects of a wind-mill, sometimes
very slow, the fire being weak, and sometimes
unmanageably fast, the fire being strong ; besides
they are very costly, complex, and very difficult
to be understoood, so that when out of order
they cannot (as the others) be repaired by a
comimon smith or millwright.” From this letter,
itappearsthat a tondensing engine was in actionat
Stratford, near London, and another at the water-
works at Chelsea. Wasbrough had made consider-
able progress in the construction of this machine,
when Bolton made his appearance as a competitof
for the patronage of the Navy Board, and even-
tually succeeded in having his new engine sub-
stituted instead of Newcomen’s; he induced
‘Wasbrough to make a joint proposal with him
to erect an engine at the Red-house, combining
all the improvements of both ; and the offer was
dccepted by the Commissioners of the Victual-
ling Office. While Wasbrough was waiting for
Bolton’s directions respecting his peculiar part
of the apparatus, he received intelligence that Mr.
Smeaton had received instructions to erect an en-
gine to throw water on a water-wheel for grinding
corn at the Red-house, and that this was to super-
sede his mechanism.  Surely,” says he, in a
letter to the Navy Board, “ Mr. Smeaton or any
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other mechanist, does not propose this as a better
mode than mine, indeed if he did, you must be
convinced to the contrary, afier knowing that my
method has been in ?mctice many years ; and after
hearing Mr. Bolton’s pretended claim to this in-
vention, which proves that he knows its singular
advantages. W‘ilenl last attended your honour-
able board, you were pleased to speak in the
warmest terms of my whole conduct respectin

this matter, If you had not then been satisfi

with the proofs which were laid before you, I
should bave been bappy in conducing further to
that end, before I gave out tomy friends, and those
whose business required such a mechanical force,
that I had your approbation and ordera to pro-
ceed. This is not the greatest part of the bad
consequences that attend it. 1t was not the value
of the premium that induced me, for 1 had rather
have given you that,and even the engine, than
thus have a negative passed on my machine by so
respectable a body of gentlemen in their publi¢
capacity. Those who have promised me orders,
on condition that this answers the purpose, will
now no doubt withdraw-them, and the probable
consequences of your decision may be a loss of
several thousands to me. Had this circamstance
entered your minds, 1 am well convinced your
bumanity would have made you pause, at leaat
till you were better satisfied than with the word
of any interested individual, before you adopted
a plan so opposite td that you had so latel*ﬂap.
proved of.” The Commissioners assured Was-
brough, that his surmises, as to Smeaton, were
without foundation; but their reply left him no
encouragement to hope that his mechanism
would be adopted. This disappointment, coming
upon him at & time when he was in a state of
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precarious health, and acting on a mind of ex-
treme sensibility, hastened the progress of his
disorder. At his death his patent was divided
into shares, and many machines were afterwards
fitted with his peculiar contrivance *.
Wasbrough's friend had given true information.
Notwithstanding the evasion of the Commission-
ers, that they had not instructed Smeaton, or any
one else, to erect an engine and water-wheel at
Deptford, they had employed him (after entering
into a contract with Bolton and himself) to give
his opinion and design of the best mode of con-
structing this flour mill and impelling it by a
steam-engine. Smeaton’s report is in itself a
curiosity. He was the friend and correspondent
of Bolton and of Watt: he admired their con-
densing engine. He was warm at all times, and
in all places, in his recommendations to adopt it
in preference even to his own improved atmo-
spheric-engine ; but both the one and the other
were,in his opinion, unfit to be used directly as the
mover of a corn-mill. “ I apprehend,” says he,
¢ that no motion communicated from the recipro-
cating lever of a fire-engine can ever produce a

® Mr. Matthew Wasbrough was born at Bristol in 1753,
As the best evideuce of the estimation in which he was held
by his townsmen, we quote the record of his death, in his
twenty-eighth year, from the Bristol Gazette of 1781.

“ Sunday, October 21, Died, sincerely regretted by his
friends and acquaintance, Mr. Matthew Wasbrough. ~ The
public have to deplore in him the doss of one of the first me-
chanics in the kingdom, whose early genius brought to per-
fection that long-wished-for desideratum, the applying the
steam-engine to rotular movements : upon this princifle. he
lived long enough to plete several ing and com-

lete pieces of mechanism, in which the corn and flour-mills,
in Lievens Mead, are striking ts of his extensive
abilities; his name, therefore, will be banded down with
honour to posterity.” A
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perfect circular motion, like the rezular efflux of
water in turning a water-wheel. All the fire-engines
that I have seen are liable to sudden stoppages,and
may, in the course of a single stroke, pass from
almost the full power and motion, to a total ces-
sation ; for whenever, by inattention of the engine-
keeper, the elasticity of the steam becomes too
low, the engine will be incapable of continuing
its motion. The fire-engine seems peculiarly
adapted for raising water, and then a stoppage for
a few strokes is only a loss of so much time; but
such stoppages in the motion of millstones for
grinding corn would greatly confuse the regular
operation of the mill, as it would stop with the
stones full charged with corn, and before the
motion could be renewed the stones must be
raised up from their bearings. By the interven-
tion (he continues) of a water-wheel, these un-
certainties and difficulties are avoided, for the
work 1is, in fact, a water mill, and if there is a
sufficiency of water in the reservoir to work the
mill one minute, without sensible abatement, it
will seldom happen but that the engine may be
-set a-going again in less than half a minute after
it stops by any common accident, so that the
nill will continue regularly at work.”

No one was more sensible than Watt, that
until some scheme was devised for producing a
rotary motion, from a reciprocating one, he had
made but a comparatively small progress in
making his condensing engine available for any
use but that of a drawer of water. ‘ Among the
many schemes,” says he, “ which passed through
my mind, none appeared so likely to answer the
Ppurpose as an application of a crank, in the manner
of a common turning-lathe (an invention of great
merit, of which the humble inventor, and even its

2a
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era are unknown); but as the rotative motion is
produced in that machine by the impulse given
to the crank, in the descent of the foot only, and
i9 continued in its ascent by the acquired momen-
tum of the wheel, which here acts as a fly, and

being uuwilling to load my engine with a fly heavy
enough to continue the motion during the ascent
of the. piston, and even where a counter-weight
employed to act during that ascent of a fly heavy
enough to equalize the motion, I employ two en-
gines, acting on two cranks, by which means a
motion might be rendered nearly equal, and a
very light fly would only be requisite.”

His attention being at that time chiefly directed
to erecting engines for raising water, the trial of
his idea was postponed, and he did not attemnpt to
put them into practice until about 1778 or 1779,
when he says, bis attention was drawn to thq
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Tailure® of a mechanism similar to Fitzgeralds,
for which a Mr. Wasbrough, at Bristol, had obs
tained a patent. This model exceeded his ex-
toctations ; but having neglected to take etita
patent, the invention was communicatéd by &
workman, employed to make the model to some
of the people about Wasbrough’s engine. The
fact, continues Wdlt, was confessed by the op-
posite party; but he alleged it had occurred
to himself previous to his ever hearing of mine,
which might be a fact, as the application of it t6
a single crank was sufficiently obvious; and in
these circumstances he thought it better to accom-
plish the same end by other means than to
enter into litigation, and by demolishing the pa-
tent (Pickard’s) to lay the matter open to
everybody.”” Subsequently, it has been stated +,
that he used the crank when it suited his purpose,
il:! defiance of the patentee, who never molested
im.

The rivalry that so simple and obvious a contri-
vance called forth, and the great importance that
was attached to its exclusive possession, is one of
the many curious illustrations afforded in the pro-
gress of this machine of the great value of even
apparently trifling improvement. Watt mentions the
turning-lathe as suggesting the idea to his mind ;
bat at the moment, another elegant application
of the same contrivance was to be found in most
farm-houses in the country, and the common

® This is probably a misconception ; * for, so far from the
engine of Wasbrough being irregular, or defective, it con-
tinued in action thirty years, when it was destroyed by fire ;
with no other than casual repairs, and without any altera-
tion whatever in its mechanism.”
+ Supplement, Ency. Brit. vol. vi., art. WaTT,
262
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wheel for spinning flax was familiar to almost
every one from their infancy. Allthe mechanical
books. from Besson downwards, abound in con-
trivances for this purpose ; mills for grinding cop3
were turned by a lever having a reciprocating
motion, and a vertical alternating movement was
given to saws, from the continuous action of a
water-wheel, and the saws themselves were kept
in a vertical, rectilinear direction by their frames
moving in an inflexible groove; and, in fact, this
identical arrangement has been lately introduced
into machines of great elegance of form and ar-
‘rangement ; but they were overlooked by those
who were in search of them, and who rested satis-
fied with far less perfect contrivances.



CHAPTER SEVENTEENTH,
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¢ X WHO HAS LAID UP No MATERIALS CAN PRODUCE NO
COMBINATIONS, FOR INVENTION I8 BUT THE POWER OF
ARRANGING IDEAS SELECTED FROM THE STORES OF REMEM-
BRANCE.'—Hawkesworth.



ALL the machines which Watt had constructed,
being employed to raise water, the interval during
which the impulse of the steam was suspended,
while the counterweight drew the piston to the
top of the cylinder, if not necessary, was at least
not detrimental to the perfect action of the
pumping apparatus. But when it was attempted
to apply the same engine to move machinery re-
quiring a steady retary movement, the inactive or
returning stroke of the piston was as hurtful as
it was inconvenient. ‘

Some of these disadvantages, it was thought,
might be obviated by making the steam act on a
piston, which moved in a circular, instead of a
rectilineal path. With this view Watt suggested
the contrivance shown in the engraving (marked
‘WaTT Q., fig. 2.); a, isa portion of a cylinder,
or drum, shut at both ends; b, an axis; andc,a
piston fixed upon it, which moves within the
cylinder so as to be steam light ; d, a valve moving
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on a joint at ¢, and made to press against the cir-
cumference of the axis; f, a pipe, conducting
steam from the boiler into the drum; and g, a
pipe connecting the drum with a condenser.
When these parts are placed as shown ir the
figure, steam will issue from the boiler and fill
the space between ¢ and d, and the rest of the
cylinder will be open to the condenser. As the
valve, d, which acts as an abutment, presses
against the axis, b, the piston, ¢, is carried round
until it comes near the point, e, when the injection
and steam pipes, e, f, are closed by valves (which
are not shown in the figure), and the abutment
valve, d, is made to fall into the recess, k, by
means of a wheel or lever on the outside of the
drum. The momentum of a fly-wheel placed on
the axis, b, carries the piston, ¢, over this recess ;
the valve, d, is then again moved from its seat
into its former position, and at the same time the
injection and steam valves are opened ; a vacuum
is thus produced throughout the cylinder, except
in the space between ¢ and d, and the elasticity of
the vapour which flows into it carries the piston
round as before. 1t will be seen that from a
wheel placed on the outside of the drum the ro-
tary motion may be communicated to other ma-
chinery.

The valves which were omitted in the figure 2
will be understood from an inspection of figures
1 and 4, which represent what Watt called his
semirotary engine, in which a piston moving in a
circular channel, produced an alternating move~
ment. In this a vacuum is made alternately on
both sides of the piston ¢, and steam from the
boiler acts also alternately on the same surfaces,
In figure 1 the mechanism is represented as if the
piston had finished one stroke, and was at the
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commencement of another. The steam now flows
through the pipe m into the box ¢, and thence
through the valve # into the drum a: the valve
! being open, the drum has a communication
through it with the condenser, and the steam
through n presses the piston ¢ round, until it is
near the point w : the condenser valve /, and the
steam-valve % are then shut; the other valve n,
communicating with the condenser, and also the
steam-valve ¢ are opened; the steam then acts
on the opposite side of the piston, and the inside
of the drum communicates with the condenser,
through the valve n in the pipe f: the piston is
then impelled into its first position, and so on al-
ternately. The projecting box o contains a steam-
tight stuffing. The alternate revolving motion is
communicated to the pumps by a wheel p, (figures
3and 4), fixed on the axis b, and working into
racks on the pump rods 7, u. The same letters in
all the figures refer to the same parts.

Another rotary motion was produced directly
from the action of the steam by a mechanism
shown in the engraving, marked WaTT R.:—a, is
8 circular vessel, moving on pivots, r, 8, divided
Into two compartments, &, /, by the division, b;
¢ and d, are valves opening inwards, and e, f,
valves opening outwards; g, a pipe connecting
each of the divisions, &, /, in succession, with a
condenser, m ; pipe, n, supplies steam from the
boiler alternately to each division or chamber, so
that when the chamber, &, is open to the con-
denser, the chamber, /, is open (o the boiler : this
circular vessel is enclosed in a box, o, p, filled
vith water or some other fluid.

If now a vacuum were made in both of the
chambers, the water would rise through the valves,
¢ and d, and £ill them; and as long as the division,
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#, opens into the condenser, it will remain filled
with the fluid ; but ¢, being ogen to the boiler, the
steam presses the water which it contains through
the valve, and this re-acting on the waterin the box,
imparts a rotary motion to the circular vessel;
and wheh the chamber, , has moved so far round
as to be in the position of % in the figure, it will
be filled with the steam which has expelled the
water, and will also communicate with the con«
denser : a vacuum will thus be speedily produced
in it, and the water in the box will lift the valve d,
and flow upwards until it fills it; while the press
sure of the water will shut the valve, f, through
which it had issued. At the moment when the
thamber ! communicated with the condenser, the
chamber &, which was filled with water, was open~
ed to the boiler, and the steam from the pipe #,
pressed the water through the valve e, and its
Te-action on that in the box continued the rotary
movement until the chamber /, which was now
again filled with water, was in the position shewn
in the figures. All these machines on trial were
found defective. In the first scheme the abutment
valve was sooh put out of order, and the passage .
of the piston over the openings to the condenser
and boiler, quickly destroyed the tightness of the
stuffing of the piston. The semirotary engine,
although ingenious, was inferior to his common
condensing engine, with a vibrating lever-beam.
The re-action of the water, issuing from the re-
volving vessel on the fluid in the box, was found
to impart a force, altogether of trifiing amount.
‘W hat he failed in accomplishing by tgese contri-
vances, he succeeded in obtaining by another me-
thod. By a very slight alteration of the three valves
of his mechanism, and the introduction of a fourth,
Watt produted a new combination of the parts
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of his machine, by which all the practical diffi-
cultics that had baffled his predecessors were re-
moved. The scheme he had alieady explained
and described by a drawing, which he exhibited
to the House of Commons at the time when he
presented his petition for a prolongation of the
term of his patent. In that drawing, he showed
that after the piston had been pressed by the steam
to the bottom of the cylinder, by shutting off the
connexion between the upper part and the boiler,
and opening a communication between it and
the underside of the cylinder, the steam by this
means could be made to raise as well as depress
the piston, into a vacuous space which might be
maed above and below it alternately. By this
beautiful extension of his first idea it may be con-
sidered as having been perfected, and the mecha-
nism could now be freed from the dead weight of
counterpoises, with which it bad been encum-
bered and loaded ever since the attempts of
Newcomen.

The engraving marked WaTT, R., figures 1 and
11, are sections of the cylinder, and figure 8 an
end view ; which will explain the placing of the
valves and pipes, for connecting the upper and
under side of the cylinder with the condenser and
boiler : a, the piston ; b, the steam-pipe ; ¢, valve
admitting steam above the piston; d, valve for
admitting it beneath ; e, valve connecting upper
side of cylinder with the condenser; f, a similar
valve, opening the lower part to the same vessel,
When the valves ¢ and f are open, steam flows
above the piston, and presses it downwards, when
the piston reaches the bottom they are shut, and
the valves d and e are opened, the piston is then
pressed upwards. .

" 'The valves which appear in these figures are
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shown in the engraving marked WarT, D., fig. 2,
on a largerscale : m, a, are toothed segments, fixed
on spindles which are carried through the sides of
the valve-boxes; n is a rack to which the valves
s, b are fixed, and work into the toothed seg-
ments; m, a, ¢ are pieces of metal against which
the bhack of the racks slide, and serve to keep it
steady, and in its place ; this is also provided for
by the valve-stem, o, (or its tail,) which moves in
aring fixed by a bracket ; the seats of ihe upper
valve are shown square, they should be champered
as the lower one ; the operation of the mechanism
will be apparent from an inspection of the figure.
Figure 3 is a section of the piston of the single
impulse engine, to show the mode Watt adopted
of fixing it to the stem or rod, by forming its lower
end as a cone. Figure 4 is the same contrivance
adapted to the piston of his double impulse en-
gine. Figure 1 was the mode he framed his
working beams; =, ¢, d, f, e are iron ties or
braces, bolted to the king post m, and the beam a,
or to the arched ends of the working lever ; g, A,
chains to which the pump-rods are fastened.
Before the arrangement of the double impulse
engine could be of much use, some contrivance
was necessary, by which the motion produced
could be imparted upwards as well as downwards
to the vibrating lever. For the chain by which
the piston was attached to the working-beam,
although sufficient when the steam pressed the
piston downwards only, was useless when the
motion was reversed. The firstmechanism which
Watt employed, is shewn in the engraving marked
Warr, C., Fig.1: &, is the vibrating lever, z,
piston rod, and y, a rack fixed upon it, 0,2 toothed
wheel or pinion on the axis of the fly-wheel.
‘When the piston is in motion, the rack upon
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it moves the segment either upwards or down.-
wards, which gives motion to the pump rod.

Watt applied the fly-wheel, o, in order to
equalize the motion of the piston, when urged by
steam acting expansively. When the piston-rod,
z, “pulls down the end of the working-beam,
the toothed sector, z, working the pinion o, tliere~
by gives motion to the fly, and when the ascending
or descending velocity of the piston becomes less
than the velocity which the fly has acquired, its
impulse tends to equalize the motion of the piston.
The fly wheel o turned in contrary directions during
the rise and fall of the piston. When the engine
was large, this was a most inelegant and clumsy
contrivance, liable to be often out of order, and
produced an excessive noise at the instant when
the motion was changed. This was superseded by
another contrivance, which he called a PARALLEL
moTioN. Engraving marked WarT, B.

“ Concerning the steps by which Watt was di-
rected to this contrivance, different representations
have been given. One of these supported by the
authority of Prony, is that he was led to it by the
consideration of an instrument used for describing
a great variety of lines on paper known, by the
name of Suardi’s pen.

“ But this cannot be considered but as extremely
unlikely. It is very true that Suardi’s pen, if
known to him, may have suggested the idea,
that it was possible to describe, by a continued
motion, certain curves, portions of which, where
the curvature changes its direction, does not differ
essentially from straight lines. This, however,
was not a piece_of information very material to
be received, or such as any man accustomed to
the inspection of geometrical figures could have
any occasion to.look for from without. But the

2H
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information to be obtained from Suardi’s pen
could go no further than this, when considered
relatively to the conditions under which the pro-
blem of the parallel motion was to be resolved
in the steam-engine. In Suardi’s instrument, the
complication of wheels and pinions,and the con-
sequent description of cycloids and epicycloids
may be continued without end. When any line
whatever, therefore, is described by this instru~
ment, it is in consequence of a vast complication
of motions,such as Watt, or any man working upon
the scale he did, and with the means he must
employ, could have no power to imitate. The
complicated process of Suardi, if it could have
had any effect, must have led an engineer to
despair absolutely of describing similar lines by
the few simple motions which he had it in his
power to produce. Far from suggestingthe means
of overcoming the difficulties, it would have de-
terred him from any attempt to overcome them.

“ We may conclude, therefore, with great pro-
bability, that it was not in this way the Hiscavery
was made : there is a much more natural, and
more obvious view of the matter, by which we
are persuaded Watt was directed, and the reason.
ing we suppose to have passed in his mind is the
following.

“-By means of the angular motion of the beam
of a steam-engine, it is easy to make any point
move in the circumference of a circle with a re.
ciprocating motion. If it is the end of a beam or
bar which is made to move in this manner, the
other end of it may also be made to move in
another circle, by fixing it witha joint to a radius,
which has its other extremity fixed to a given

oint ; we shall thus have a beam of a given
pgth moving up and down with ils extremities
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in circles which turn their convexity towards one
another. Betwéen these two extremities, there-
fore, it should seem, that there imust be one
point, that will have the convexity of its path
turned neither way, if one may speak so; that
is to say, will be neither concdave nor convex,
but straight for a certain portion of its ascent or
descent. This was a simple view of the matter,
such as much practice in the construction of
machinery would very readily suggest to a man
of ingenuity, used to reflect on the gradual tran-
sition by which dll changes in the quantity or
direction of motion are effected. If, after taking
this general view of the matter, he should make
an appeal to a geometrical construction, he would
find his conjecture completely verified, and would
soon perceive in what manner the data of the pro~
blem might be so varied, as to give the line de-
sctibed whatever position was required. It is
certainly more probable, that he was guided by
the simple and direct) though perhaps refined rea-
soning just mentioned, than by any thing so cir-
cuitous and indirect as the study of a complicated
machine, with which the thing to be found out is
very remotely, if 4t all connected.”

This ingenious speculation hus much to re«
commend it} but from Watt’s habits, it is most
likely that his invention was rather by a tentative
process, than deduced from a chain of reasoning.
There are many arrangements in the old mecha-
nical authors,in which a thing nearly the same in
appearance, and applied to a similar purpose,
might from inspection have suggested a trial of
something like the parallel motion : in Schottus’
book there are several ; but from Watt’s known
candour, his own account should be relied upon.
.When he was asked by Playfair, whether he could

22 .
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trace its invention to any previous chain of rea-
soning, he replied in the negative ; adding, with his
characteristic candour, that “ he was surprised
himself at (he perfection of its action; and in
looking at it for the first time, he had all the
pleasure of novelty, which could have arisen,
had he been examining it as the invention of
another person.”

The problem in truth, is, however, a very easy
one, and after this solution of it, other combina-
tions were produced which have in many instan-
ces superseded his,or rather some ancient schemes
were revived whose application had now become
apparent.

Figure 1 is a side view, and figure 2 an end view
of the parallel motion, as it was applied in the
first engines which acted with a double impulse.
The main links, e, e, are connected to the working
beam and to each other by the cross-pin i, and
to the piston-rod by a similar cross-pin, the ends
of which are shown at b, in figure 2. The back
links, d, are also attached to the working-beam
by a cross-pin, and the parallel rod b, is fixed to
the lower end of the back and main links, d, e, in
the same manner. Oneend of the radius, or bridle
rod, ¢, is attached to the back links by the pin which
attaches them to the parallel rods, and the other
end A, is fixed by another cross-pin to the spring-
beam m. These cross-pins are the axes on which
the links and rods move in certain directions: as
the beam descends, the pin connecting the bridle
and parallel rods describesan arc of a circle, which
is turned in an opposite direction to the arc of a
circle that is described by the pin ¢, fixed on the
Jever-beam, but having about half of the deviation;
this being transmitted by the parallel rod b, to the
cross-pin at the lower extremity of the main link,
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e, the compensation causes the end of the piston-
rod to descend or ascend in a curve, which in
- practice approaches so nearly to a right line as
to answer all the purposes of a perfectly true
‘rectilineal motion. In the figures the same letters
refer to the same parts: f is the supply pump-rod ;
k, the axis of working-beam. Watt zave some
other varieties of combinations of levers, but not
differing in principle from the one described, which
is now known among mechanics as THE PARAL-
LEL MOTION.

The contrivance prodigiously increased what
were called the capabilities of the engine, and
little more was now wanting to its most perfect
form, than some scheme by which the alternate
motion gi-2n to the great lever could be converted
into a rotary one.

The crank, as we havealready seen, wasappropri-
ated to this purpose b‘{ll’icka , who could prevent
its use by another. att, who to use his own ex-
pression, ““ did not choose to demolish the patent,
and thus lay the invention open to every body,”
sought to accomplish the same purpose by other
means ; and the sun and planet-wheels motion,—
a perfectly novel combination in mechanics,—by
which he accomplished his purpose, was in some
cases preferable to the rival method. It has not
been stated whether Watt employed it before he
erected the celebrated enginesat the Albion Mills,
As it appeated there applied on a great scale, it
fs shown in figure 2, in the engraving marked
WaTT,C: the reciprocating motion produced by
the rise ‘and fall of the lever A, is converted into
a continuous rotary motion, by connecting a
toothed wheel b, to the inflexible rod ¢, d, f,
whieh is attached to the curved end g, of the
lever A, by a pin f; which :erves also as its axis.

2nu8
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A toothed wheel a, is fixed on the axis of the fly-
wheel i : the planet-wheel b, being fastened to the
connecting rod 8o as not to turn on its own centre,
as the beam rises it is drawn up on the circum-
ference of the sun-wheel, and turns it round,
causing the sun-wheel to make two revolutions
while the planet-wheel travels once over its cir-
cumference ; the momentum of the fly-wheel
being sufficiently powerful to preserve the ten-
dency of the machinery to revolve in the same
direction during the change of the motion in the
piston, and to urge the planet-wheel over the in-
active points in its circuit.

About the time when Watt erected these en-
gines, the attention of the court of Spain had
been drawnto the state of its Amerigan mines,
from some of the richest veins becoming nearly
unproductive, in consequence of the enormous
expense, and difficulty of keeping them clear of
water. Several of them required an outlay of
ninety thousand pounds a year for the expense of
drainage, and required the labour of from twelve
to fifteen hundred horses to get the water alone
to the surface. The power of steam-engines had
been suggested to supersede that of animals. A
Frenchman, Bettancourt, who had distinguished
himself as an engineer, was authorized by the
Spanish . government to proceed to England,
for the purpose of collecting information re-
garding steam-engines, with reference to their
introduction into South America. Bettancourt
visited Birmingham, and received from Bol-
ton and Watt the most ample and unreserved
explanation of their wonderful machines. During
his residence in London, he had an opportu-
nity of inspecting the far-famed machinery of
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the Albion Mills, and the principle of the appa-
. ratus ‘which actuated the whole: the double
impulse engine was explained to him on the
spot, either by Watt or Bolton. Considering how
many men were employed in the mill, and de-
pendent upon it, it was not to be expected that
either of these gentlemen should request the pro-
prietors to stop the machine, merely that a stran-
ger might gratify his curiosity by a minute in-
spection of the parts. Bettancourt, therefore, saw
this machine at work only, but the concealment
of any part of the mechanism was not intended.
In fact, there was nothing in the construction of
the double impulse, which shouldnot have been
evident upon & mere inspection of its external
parts, to any one who understood Watt’s single
engines, which Bettancourt had a full opportu-
nity of doing, even before he came to England,
by examining that made by Bolton and Watt for
the Periers, and erected at Chaillot in the year
1779, to supply the city of Paris with water. On
his return, Bettancourt, during his residence at
Paris, gave instructions to the Periers for a ma-
chine having a double impulse: the form of
valves, and one or two minor details, were how-
ever his own design, and these are the most im-
perfect parts of the engine. Prony describes this
engine, and almost insinuates that Watt and Bol-
ton in shewing Bettancourt the engine at the Al-
bion Mills, had concealed the mechanism of thy
valves: and on account of the defective addi-
tions by Bettancourt, and their construction be
the Periers, he founded for them a secondary
claim to the invention of the.engine, and. fora
long time succeeded in transferring to them, in the
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eyes of the greatest part of the contineni, the
merit of inventions which belong exclusively to
Watt.

At a latter period, when this was mentioned to
Watt, by Playfait, as requiring to be contradicted
for the sake of his own reputation, Watt, who
was indeed indifferent to it, replied, that he be-
lieved the mis-statement had been pointed out to
Prony, who had also promised to apologize for the
ertor and to correct it. But the philosopher lived
thirty years afterwards without finding an oppotr-
tunity to perform this act of justice.



CHAPTER EIGHTEENTH.



“ THE WISHED-FOR IMPROVEMENT I8 UNMADE, OFTENER
BECAUSK THE MEANS ARE OVERLOOKED, THAN RECAUSE
THEY ARE HIDDEN FROM US.*— ¥ arburton,



THE ingenuity which had been exerted in over-
coming the greater difficulties, had yet an ample
field left for its exercise, in regulating and trans-
mitting the power afterit had been produced. One
of the defects of the apparatus, which was mos
insisted on, was the irregular production of the
steam, from the varying heat of the fire under the
boiler giving an unequal pressure to the piston.
A similar irregularity in the motion of corn-
mills, from the varying force of the impelling ox
resisting forces, had early exercised the ingenuity
of millers. For as the stones moved faster or
slower, the meal which was produced was small in
guantity, and too fine, or it escaped in a state not
ne enough. One of the modes by which this
defect was remedied, was by making the stage on
which the spindle of the mill-stone rested, so as to
be raised or lowered, to preserve a uniformity in
the pressure of the stones upon the grain, This
Was 1o many cases dope by hand; but it was in
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others done by what was called a lifi-tenter,
which operated as a self-acting regulator. This
was a ball, fixed to a jointed rod, which was made
to revolve by a cord proceeding from a pulley
fixed on it, and which received its motion from
the mill-stones ; this ball was attached to the
stage, or “ bridle.” As the mill-stones revolved,
faster or slower, the ball at the end of the jointed
rod rose or fell by its centrifugal motion, from the
perpendic¢ular to ‘the horizontal direction; and
this, as it might be adjusted, raised or lowered the
stage on which the mill-stone spindle revolved.
Mr. James Mead, an ingenious mechanic at Hull,
had also applied this elegant contrivance to regu-
late another part of wind-mill machinery. He
attached a lift-tenter so as to receive its motion
from the axis on which the sails were placed, and
by means of cords and pulleys he made it an ex-
cellent regulator of the varying velocity. When
the wind was impelling the sails with too much
rapidity, the balls of the lift-tenter gave motion to
a mechanism by which a part of the canvass was
furled ; and as the speed of the air diminished,
the fall of the revolving balls acted to unfurl the
sails, and spread a greater surface to the aérial
lc'ue“:m’ by which means the motion was equa-
ized.

A Mr. Clarke, of Manchester, suggested the ap-
plication of this fine mechanism to the regulation
of the flow of steam from the boiler into the
cylinder. . The two balls, a, b, fixed to the levers
¢, d, have their common fulcrum at e, and are
attached to other levers, m, n, fixed by a moveable
joint to a slider, o, moving freely up and down on
the vertical rod, z. The horizontal lever, i, has
its fulcrum at #, and raises or lowers another lever
at 7, which is attached to a valve z, in the inside
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of the pipe. On the pulley is a cord g, proceeding
from the fly-wheel; by this means a rotary motion
is given to the vertical rod, and the balls, by
their centrifugal force, rising outwards, draw
downward the slider ; this last movement raises
the opposite end of the horizontal lever i, which,
acting on the lever, r, opens or shuts (as it may
be adjusted) the valve 2, in the inside of the pipe
J, and diminishes or enlarges the area by which
the steam flows into the cylinder. The fall of
the balls, when the motion decreases, reverses
all these movements; and by thus enlarging
or contracting the steam-way, and admitting more
or less steam into the cylinder, the impulse
of the piston is rendered much more uniform.
The valve has since received the name of the
throttle-valve, the conical pendulum that of the
governor. We know not if Clarke evet carried
his invention into practice ; but if he did not, his
suggestion fell on a genial soil, and Watt’s intro-
duction of it as a governor, or regulator of mo-
tion, was the last great improvement his engine
was to receive from his hand. It has sometimes
been described as having been invented by Watt ;
but that great mechanic was incapable of appro-
priating to himself an idea which belonged to
another. .

In the same document, in which Watt described
what is now called the parallel motion, he gave
an account of an adaptation of his mechanism to
the propulsion of land carriages. The boiler of
this apparatus, he proposed, should be made of
wooden staves, joined together, and fastened with
iron hoops, like a cask. The furnace to be of
iron, and placed in the inside of the boiler, so as
to be surrounded on every side with water. The
‘boiler waa to be placed on a carriage, the wheels

2x
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of which were to receive their motion from a pis-
ton working in a cylinder, the reciprocating mo-
tion being converted into a rotary one, by toothed
wheels, revolving with a sun and planet-wheel
motion, and producing the required velocity by a
¢ommon series of wheels and pinions. By means
of two systems of wheel work, differing in theit
proportion, he proposed to adapt the power of
the machine to the varied resistance it might have
to overcome from the state of the road. A cai-
riage for two persons might, he thought, bé
moved with a cylinder of seven inches in dianie-
ter, when the piston had a stroke of one foot,
and made sixty strokes a minute. Two cylin-
ders might also be employed to act on the
wheels, and the steam, after it had raised the
piston, might be allowed to escape into the at-
mosphere.

_ About this period, another attempt to extend
the use of steam power to navigation was madé
by the Marquis de Jouffroy, in 1782, on the
Saone, at Lyons. In his experiment a single cofi-
densing engine turned two wheels, one placed at
each side of a boat 140 feet long. But, although
his model was constructed with some skill, and
with all the éxperience arising from a knowledge
of d’Auxiron, and Perier’s trials, Jouffroy’s expe-
riments did not inspire very sanguine hopes of

is being able to make the vessel move briskly
Bgainst the current of the river. The framing
of the parts of the propelling machinery having
been but slight, the apparatus was so much de-
ranged in the trials, that from the expenses of ré-
pairing it, the Marquis postponed his further ope-
rations from time to time, until, by the political
troubles of his country, hé was not only obliged te
Bive up his scheme;,but to leave France ; and his pé-
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o0, and v, into the space under each piston. The
apparatus is now ready to make another stroke.
The cocks or valves, e, a, f, are opened at nearly
the same moment, and o, o, shut. The steam un-
der d, rushes through f, into the condenser, @,
placed in a cistern of cold water, and is instan-
taneously condensed, and the steam from the under
side of ¢, expanding through a, again presses d,
downwards into the vacuum, at the same moment
while the vapour from the boiler of double the’
density of that in ¢, presses the piston, e, also into’
its cylinder. And when they have reached the
limit of their stroke, the cocks, e, a, f, are shut,
and o, 0, opened, and the pistons are again raised
to the top of their cylinders. as before. The air
and water accumulated in the condenser is drawn
out by a pump, r, as has been described in Watt’s
engine. The mechanism by which the cocks were
opened and shut, made the apparatus a self-acting
one, but they are omitted in the figure,not to con-
fuse it. Some of the minutisee were, however, novel
and ingenious, especially the arrangement and
form of the cocks. :
It will have been observed, that this mechanism,
as it has been described, combines all Watt’s in-
ventions with that which Hornblower thought was
an idea of his own,—the use of a second cylinder.
But Watt was in possession of the sole right to use
a separate condenser ; and Hornblower’s attempt,’
by varying the construction to make use of the
same principle, was an infringement on the legal
right of Watt; and which, many years after this
period, became the ground of an action, brought by
Bolton, against some parties who had used Horn-
blower's machine; and although Hornblower
stated his engine to have a power equal to sixteen,
while Watt’s, with the same quantity of coal,
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eould ot be sated higher than ten; his theavetir
cal deduction was not borne out by practical
ebgervation, and it was afirmed by his rivals that
it even fell far short of their common engines;
a Mr. Wilson, who was an agent for the introduc«
tian of Watt’s enzines in Cornwall, resorted to a
well known English mode of deciding a knotty or
doubtful matter. He offered to bet a large sum
of money, that he would erect an engine, on the
same 1ine, using the same quantity of steam, pro-
duced from the same quantity of coals, that should
do more work than that which he challenged Horn-
blower to erect on his own plan on this occasiona
But the bet was prudently declined. In fact, there
aould not be a doubt that Hornblower’s mecha-
nism, aithough ingenious and skilfully combined,
was deficient in principle, even m “the part in
which he considered the improvement to rest—
the intreduction of a secand cylinder—and there.

could be still less doubt, that, but for his making.
use of Watt’s condenser, it would "have remained.
at an iofinite distance from the Soho engine m
every thing *.

Viewing thls matter, however, in its true hght,
nd considering Hornblower—the first who openly:
entered the field of competition with Watt—as"
excited by the feelings which mercantile rivalry,
often creates, his ingenuity merits onr approba-
tion, and its failure is entitled to our sympathy ;:
for it were, indeed, ungenerous, as well as unjust,
to consider his hostile opposition to Bolton and
Watt as. emanating solely from himself, when,:
ia fact, he was ounly thrust in front of the battle
by a part of the Cornwall mine-proprietors,

' At the explrahon of Homblower’s patent, he petitioned

for an e: of the usual tern of fourteen
,uu. but the application W;l nost attended to,
X
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whose cupidity was excited by the great gains
Bolton and Watt drew from their monopoly
These ungrateful mine owners, looking only to the
““third part” of the saving reserved by the pa-
tentees, forgot the other lwo-thirds which rested
in their own pockets. The Hornblowers, how-
ever, were eventually obliged to abandon their
pretensions; but not before they had nearly ruined
themselves. One of the brothers emigrated to
Sweden, where he was employed by a native of
that country from a respect for his talents, which
were considerable, and who valued him for his
integrity, which had never been impeached.

The different construction of Watt’s valves re-
quired a new arrangement of the hand-gear to move
them. In the atmospheric engines, the weight or
tumbling-bgbt the end of the levers, called the
Y piece, was placed there, so that its fall should
open the sliding valve,or the injection-cock, with
a jerk ; it exerted no influence whatever, in
keeping the valves in their places, at least it
was not introduced for that purpose. Watt also
sometimes atlached a weight to the spanners,
which opened or shut his valves. But it was ne-
cessary in some arrangements of these parts, that
they should be gradually shut, to prevent the in-
Jjury that would be occasioned by a sudden jerking
of the valves into their seats. This weight was,
therefore, sometimes formed like a piston, which
rose and fell in a cylinder filled .with water. The
weights, or plungers, were made of cast-iron, and
cylindrical, each fitted into a hollow cylinder,
placed in the condensing cistern, and covered with
water ; the plunger.is made somewhat less than.
the barrel, to allow a small space, by which,
when it descends, the water may rise between it
end the barrel; the lower end of each barrel is
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¢losed, except a small hole, which is covered by
a leather valve opening inwards. When the
plunger is drawn up, the water from the cistern
flows through this valve into the barrel, but
when the plunger descends, the valve closes, and
the water which is displaced rises between the
plunger and barrel, and the resistance which is
thus occasioned to the descent of the weight pre-
vents the concussion which would be produced
by its uninterrupted fall, and at the same time af-
fording a means of making the weight sufficiently
heavy to open the valve. a is the plunger, b the
balrrel. ¢ the barrel valve, d the rod from the steam
valve.

These weights, instead of falling into the water,
sometimes were hung on horizontal levers, which
moved on a joint ; the weights were moved back-
wards and forwards upon the levers or treddles,
so as to act with a greater or less force in open-
ing the valves as they might be adjusted. In the
figure 2, a b, are the treddles, and ¢ d, the weights
hung upon them, e f, are the rods attached to
the spanners or valve levers.

The single-impulse machine of Watt for pump-
ing water, may now be shortly described; a, the
working cylinder; b, the piston; ¢, the steam
valve; d,the equilibrium valve ; e,eduction valve ;
f, condenser ; g, jet pipe ; h, condenser or air-
pump; i, cistern into which the hot-water is
pumped from the condenser, and from which the
boiler is supplied ; %, the cold water cistern in
which the condenser is placed by the pumpo;
I, is the plug-frame; 1, 2, 8, spanners or levers
attached to the valves ¢ d ¢; m, equilibrium
pipe ; n,greatlever; o, cold water pump ; ‘p, mine
pump; g, tumbling-bob; r, pipe from boiler; s,

-~
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regulating valve, or throttle valve, which is showg
@8 moved by hand in the engraving. ‘
The pipe ¢ connects the condenser with ity
ump barrel, and has a valve at u opening in-
wards. The pipe w conveys the air and water
which is drawn from the condenser through the
valve w into the hot water cistern. The pump y
raises the hot water from the cistern ¢, to supply
the boiler. The cistern %, is constantly reple-
nished by the pump o, with cold water, drawn
from the mine, so as to keep the temperature of the
fluid, in which the condenscr is immersed, as low
as possible ; the water which has become heated
is allowed to escape by a pipe, which is not
shown in the figure; its position is immaterial.
The sieam-cylinder is fixed on a foundation of
solid masonry,and the other partsof the apparatus
are firmly united to each other, so asto ensure the
reatest possible truth in the various working
Eearings of the mechanism. . B
In the figure, the parts of the engine are shown
gs if the operation of expelling the air from the
interior of the cylinder and condenser has been
completed, and the machine ina position to begin
its first working stroke. .
The steam valve ¢, and the eduction valve e, are
open, as also the irjection cock ; that part of the
cylinder, therefore, beneath the piston, communi-
cates with the condenser, and the upper side of the
iston is open to the action of the steam Irom the
Eoiler. Whea the piston is forced by the steam
ownwards, nearly to the bottom of the cylinder,
%he plug-frame /, which is attached to the great
ever n, also descends, and the tappets, 7, 8, tixed
upon it, strike the spanners or valve levers 1,2, 8,
This action shuts the steam valve c, and the educ-
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tion valve e, and opens the equilibrium valve d ;
the motion of the piston is thus instantaneously
destroyed ; for the steam which lies above the
piston being admitted through d beneath it, it is
placed in equilibrium, and at this instant the
counterpoise on the opposite end of the great
lever begins to weigh it upwards,

- During the descent of the steam piston, the pis-
ton of the air-pump also moved from the top to
the bottom of its cylinder, and as its descent com-
pressed the air beneath its valves, these opening
only in the upward direction, are lifted up, and
when the piston has reached the bottom of the cy-
linder, all the water also which had accumulated
from the injection, and had flowed through the
pipe A, will Jie on the top of the piston ; the rise
of the lever beam, by the counterpoise, also ele-
vates thisair and injection water, and it is ex-
pelled through the pipe and valve winto the cisa,
tern i.

At the moment when the counterpoise has
raised the steam-piston a second time into the po-
sition shown in the figure, the tappets on the
Plug-frame strike the valve levers, and the entire
action of the machine is reversed ; ¢ and e are
here opened, and d is shut ; and by this means a
vacuum being produced below the piston, the
pressure of the steam above it forces it down-
wards as before.

The rods attached to the pumps for raising
water from the mine, and for supplying the cold
water cistern, and replenishing the boiler from the
hot water cistern, being fixed on the opposite end
of the great lever, are raised and depressed in the
same manner, as has been noticed in the descrip=
tion of former engines. .

The steam has been described as operating with
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its unimpaired energy during the entire stroke, but .
adjusting the tappets, so that they may strike on

the steam-valve lever, and shut it, when the piston

had reached a certain paintin its course; the

steam would then be said to act expansively.—

The small size of the figure precludes an exhibi-
tion of some of the minor details. Among those

appitted, which are usually placed on all engings,

is a rod which ig attached to one end of the valve.

levers, having the plunger, or a weight, suspended

at its extremity ; the tendency of which weight iy

te open the valve, as has been described. Each
lever is further provided with a catch, which acty.
to keeg the valve shut, when the weight has been
raised by the plug-frame. When this detent isun-

lacked, the valve opens, and one catch is con-

nected with the other in such a way, that when the

spanuners of the steam 3nd exhausting valves are
released, that of the equilibrium valve is locked.

The injection valve is also attached to the eduge,
tion valve, so that when the latter is opened, the

atrap, or chain, which connects them, apens the.
ipjection valve also. :

The ends of two iron pins project outwards
from the arch-head of the great lever, ip order
that they may strike on the uppery springa of the
spring beam B, and thus limit the length of the
atroke of the piston, should it atany time, through
accident, have a tendency to exceed its regulated,
limits. “ It once happened that the valve of the
pump-bucket breaking, the engine suddenly last,
1ts load or resistance, which occasioned the pis+
ton to descend, and strike on the spring beamy
for two or three successive strokes, with such vios
lence as to make the great piston rod quite
crooked. To prevent similar accidents, p smaller,
steam pipe was added a4 the gide of the vestical
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steam pipe, communicating with the passage into
the bottom of the cylinder. This pipe is kept
elosed by avalve, but if the engine descendsso
Tow as to strike on the spring beam, a catch pin
on the beam strikes a small lever, and by a wire
of communication opens the valve, and lets the
steam into the lower part of the cylinder beneath
the piston, and this destroys the vacuum so as to
prevent the further descent of the piston.”

The usual way of making the joints in the at-
mospheric engines, and which was also practised
by Smeaton, wasto interpose a thin ring of lead,
covered with glazier’s pulty, and to compress ii
very firmly between tﬁe flanges by means ol
screws. This was found to be sufficient for thé
joints of the atmospheric engine, but Watt’s én-
gine required joinings made with much greatet
delicacy, as the air had to be excluded froim
every pait of the apparatus with the nicest care,
since its presence, even a small quantity, greatly
impaired the energy of the mechanism, while, in
the atmospheric engine, this was not so sen-
sible. Instead of lead for the rings, Watt em-
ployed pasteboard; cut to fit the flanges, and
then soaked in warm water until it had become
quite soft; each piece was, in this state, laid upon
one of the flanges it was finally to be placed be-
tween, and small weights being laid uponit, it was
left in that position until it was quite dry. After
being thus moulded and adapted to their places,
the pasteboards were laid in a flat vessel, and
eovered with drying linseed oil, (heated to 212° by
@ water. bath,) and were allowed to soak ih it
until they emitted no air bubbles ; they were ther
taken out to be used, and being anointed on botk
sides with thin patty, made with very fine dr‘y
Whiting, ihtorpotated with the samé drying oil,
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and being interposed between the flanges, which
were previously made as smooth and true to each
otheras possible, they were firmly compressed by,
screw bolts. White lead was tried as a substitute
for the whiting, without being an improvement ;
the joints were good at first, but required to be
often rtenewed: the method was subsequently
changed for one more perfect; for this also we are
indebted to Watt : and, like every thing he pro-
duced, it is still the best of any in use; and so
erfect, as to leave little to he wished for ; dif-
ferent artists may deviate a little in the propor-
tion of the ingredients, Watt’s is, however, en-
titled to the preference. He jook sixteen parts of
clean cast-iron filings, or borings, two parts of
muriate of ammonia, and one part of flowers of
sulphur, and mixed them well together in a mor-
tar. This powder he kept dry until it was wanted
for use; when to one part of it he added twenty
parts of iron borings, and mixed them well by
trituration in a mortar. He then added as much
water as made the compound into a paste, and in-
troduced it into the joint, which was then firmly
united by screws. A chemical action was found
to take place between the cement and the faces of
the iron, which formed the joint, which scarcely
left any thing to be wished for on the score of the
most perfect impermeability to steam or air, or to
the durability of the joining *.

® Powdered gnicklime, mixed with bullock’s blood, is often
used by coppersmiths to lay over the rivets and edges of
sheets of corper in large boilers, as & security to the june-
tures, and also to prevent cocks from leakinf. .

Six parts of clay, one of iron filings and linseed oil, suffi-
cient to make & thick paste, make a good cement for stop-
ping cracks in iron boilers. . :

iled linseed oil, litharge, red lead, and white lead.
mixed together to a proper consistence, and applied on each
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The barometer gauge, which has been described
as placed onthe cylinder to indicate the degree of
force of the vapour within, was found by Watt to
be an inconvenient instrument, and objectionable
on account of the great vibration of the mercurial
column, during the exhaustion of the cylinder,
preventing the possibility of making any correct
observation. He employed another device, which
he called an indicator; this was a small truly
bored cylinder, @, from 1} to 2 inches in diame-
ter, and from 7 to 9 inches in length, fitted with a
small piston 5, having a stem projecting upwards
above the cylinder ; round the lower part of this
stem a spiral spring, ¢, was coiled, one end of
which he fixed to the small piston, and the other
end he fixed to a frame or bracket; above this
bracket he placed a scale, and the upper part of
the piston-stem’acted as an_index, to point out, in
degrees of this scale, the rise or fall of the small
piston.

The indicator being fixed to the cylinder, one
end is open to the air, and the other to the inside
of the cylinder; when the cylinder is filled with
air, the pressure is equal on both sides of the
indicator-piston, and the worm-spring is adjusted
then not to exert any of its elasticity ; this is the
point of the scale equalto O. When, however, a
vacuum is made in the cylinder, the pressure of
the atmosphere on the upper side of the indicator-
piston will extend the spring by pressing the
small piston downwards ; and the fall of the index

side of a piece of flannel, or even linen or paper, and put be-
tween two pieces of metal, before they are brought close to-
g:ther, will make a close and durable joint, that will resist

iling water, or even a considerable pressure of steam. The
proportion of the ingredients are not material, but the more
the red lead predomiuates, the sooner the cement will dry :
and on the contrary.—Uzrz’s Chem, Dict., p. 306,

2K
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to different points, as the vacuum is rhade more
and more perfect, will give points on the scale, in-
dicating, with great precision, the degrees of ex-
haustion in the steam cylinder; therefore, when
the working cylinder is filled with steam, the in<
dicator-piston will rise, being drawn up by the
contraction of thé worm-spring; and when the
steam flows into the condenser, it will fall to that
point corresponding to the degree of vacuum in
the condenser and cylinder, the worm-spring being
Fressed by the weight of the atmosphere. In
act, the indicator-piston is a correct, though mi-
hiature exhibition of the various degrees of forcé
exerted by the steam on the large piston of the
engine. A cafd is sometimes substituted in the
place of the scale, and a pencil is fixed in the én
of the stem, or index—so as to trace upon the
paper the rise and fall of the indicator-piston, and
thus preserve a rtecord at any particular time of
the operation of the machine. This elegant ads
Bition is mentioned here, although out of its place
{by a few years in the order of time), to give @
nore concise idea of the mechanism of which it
forms a part. It is stated to have been made hyd
Mr. Douglass, a person in the employ of Watt and
Bolton, in 1789. ,
. The engraving marked WATT, represents a secs
tion of his double impulse, or rotative engine,
and the engine is that which he erected to movée
the machinery at the Albion Mills. a, the steam
tylinder; &, the piston ; ¢,the parallel motion ;
thie plog frame; ¢ ¢, steam valves ; f, £, their leversy
¥ 9, exhausting or eduction valves ; h, b, theit
levers or spanners ; i, pipe to condenser ; ¥, cona
.denser pump; J, its piston ; m, injection valve; m,
aecorid condenser and air pump; o, hot-water ciia
tern ; 0, govertior, or conical pendulum; p, lever
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conmecting it with the throttle-valve ¢; r, boty
water pump for supplying boiler with the water
beated by the injection; s, cold water pump fop
l_upplyinf condenser cistern ; #, planet wheel; u,

1 wheel; ,rod connecting the planet wheel with

e great Yever w. .

From the ample description that has been givew
of the details of all the parts as they were in-
vented, a brief account of the action of this exe
quisite machine will suffice, to make it clearly
upderstood, In the figure, a communication i
qpen between the under side of the piston a
gondenser, and between the upper portion of the
cylinder and the boiler, and the pistan is at the
instant of heginning itsdownward stroke. When
it has moved through nearly three-fourths of its
whole course, the fall of the plug frame makes the
tappet 1, atrike on the spanuer 2, and this shuis o
the fyrther supply of steam from the boilar, and
the piston is carried downwards by the expansiva
propefty of the vapour within the cylipder ; an
the piston reaches to nearly the limit of its siroke,
the plug frame disengages the catch (not shawn)
which retained the shut exhaustion valve i ita
Position, and allows the fall of the plunger
weights to open it; a communioation is thus
formed between the upper side of the piston and.
the condepser. At the same mament that the
catch was uplacked from one valve, the other ex+
bausting valve was shut and retained in this posi=
tion by the other epd of the catch, while the steam
valve connected with it opens at the same meoe
ment. The pressure of the yapour is now under
the pision, and the vacuum above it, the mation
is thua reversed, and the piston is pressed upward,
and so on gliernately. The action of the air-

amps isthe seme as thgat i; the single engina 3
K
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and the impulse, both upwards and dowiiwards, is’
transmitted to the balanced lever by the parallel’
motion. The alternate action of the lever would -
also produce a reciprocating action at the end of
the planet wheel rod ; but this wheel is prevented

from moving in any part-but in the orbit of the sun-
wheel, and the impulse which the fly wheel has re-
ceived during the movement of the working beam
in either direction, carries the planet wheel be-
yond its inactive or neutral points, and thus not
only equalizes the motion, but makes it a conti~’
nuous rotary one, A cord or strap, #, proceeds
from a pulley on the axis of the fly-wheel, and
goes round another pulley on the spindle of the
governor; as the motion of the fly wheel is fast
or slow, so is also that of the governor, the balls

fly outwards as the speed increases, the lever b, is
depressed, and this being connected with the lever
that moves the throttle-valve, which is adjusted
to diminish the area for the steam, when the balls
fly outwards, and it is opened or enlarged when,

in their revolution, they fall nearer to their spindle.

The mechanism of the vessel which generates

the vapour, that actuates this powerful machine,

also received some ingenious additions from the
band of Watt; and the boiler of the engine he
constructed for the engine which has just been de-
scribed, was the first that had any pretensions to-
be considered as a self-acting, as well as a self-re-
gulating apparatus.

- The upright pipe a, by which water was intro-
duced to supply the place of that which had been-
converted into steam, descended through the roof
of the boiler, and its lower end was inserted into -
the water ; the other rose on'the outside, so high as .
to allow an elevation of about 84 or 36 inches for .
epch pound weight, that the vapour in the beiler
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oguld qppwrt,.abpve the preasure of the atmogy
phere; as Watt seldom used vapour of a greateg
jemperature, than to balance about 8 pound
weight above the atmospheric pressure, the fee
pipe seldom rose higher than 9 or 10 feetabove the
medium level of the water in the boiler. The
fop of this pipe was formed into a small cistern
having a valve d, opening upwards; thestem e ol
the valve waa fixed to a horizontal lever f, poige
on a bracket g; a thick wire & was suspended from
one end of this lever, and worked in an air-tight
manner through a box ¢, having a flat stone sus-
pended at its lower end, so asto float, as it were, on
the surface of the water; and to compensate for
the greater specific gravity of the stone, a weight
&, was hung at the opposite end of the lever, and
the stone-float, thus made buoyant on the surface
of the water, rose and fell with every change in
its level.

‘W hen, therefore, by the generation of steam, the
level of the water fell, the stone-fluat fell likewise,
and drew up the valve d, and allowed the water
which lay above it in the cistern, to descend
through the pipe into the boiler; as the wateg
tose in the beiler, the float rose also, and this shu¢
the valve. By this contrivance, it will be appas
Yent, that no water could flow into the boiler
heyoud the limit which was set by the adjustment
of the valve, as this shut when the water raised
the float to a certain height, and by this means
the necessary quantity of steam was always pres
served for the supply of the cylinder.

By the valve , Wattalso provided for anothet
contingency in the use of thisengine. When the
space in the boiler above the water was filled with
steam above 212 degrees, the weight of the atmos=
phere had ng tendqnczy t.«; crysh the boiler; bus

. K

-
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when, by any casualty, the vapour was condensed,
some contrivance was necessary to prevent the
sides of the boiler being pressed inwards by the
weight of the air. The valve  opens downwards,
and is kept closed by a lever #, having its opposite
end loaded with a weight, When the dome of the
boiler is filled 'with vapour of the ordinary elas-
ticity, this weight keeps it closed, ‘but as soon as
the condensation of the steam forms a vacuum
within the boiler, the pressure of the atmosphere
preponderates and thruststhe valve z downwards,
and the air then fills the space which had been
occupied by the vapour.

" The mode by which Watt allowed the steam
to escape when its elasticity had a tendency to
burst the boiler, differed from Smeaton’s ® and Sa-

® Jonn SmeaToN, F.R.S., was born at Austhorpe, near
Leeds, in 1724, At the age of fifteen years, he had made
all his own tools for working in wood and metal ; and among
other things a lathe, Ly which he cut a perpetual screw in
brass, a contrivance at that time little kuown, and of which
the invention is ascribed to a Mr, Henry Hindley, of York,
an inventive mechanic of the first order, with whom the young
artist afterwards formed.a lasting friendship. Smeaton,
having given up the study of thelaw, practised in London as
s hmaker, and b well known among scientific
R;n for his great skill. In 1763, he was admitted into the

yal Society: in the succecding year he visited Holland,
travelling mostly on foot and in passage-boats, tomake him-
self master with greator ease of the mechanical contrivances
of these conntries. The Earl of Macclesfield, at that time
President of the Royal Society, being applied to by some
Members of the Trinity House, to recommend a person who
could be entrusted with the erection of & new lighthouse on
the Eddystone rock, although his Lordship knew Sineaton
had nolrrnctice in such works, yet his character for caution
and skill stood so high, that he was pointed out by the Noble
President as the only person who posssessed the qualfications
both of mind and habat, which were required to carry. so ar-

duous a design into ’s more than
justified the expectations that were formed of him; the Eddy-
atone Lighthouse ranks as one of the grand productions of
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wery’s only in the valve heing inclosed in a stéam-
tight box, the spindle of which moved through a
stuffing box, and was attached to a short lever;
by this means, the vapour, instead of escaping into
the atmosphere at once, was conveyed through a

the age, and the account he gave of his operations is a model
for that kind of writing.
* The erection of this Pharos established his reputation;
and his after labours are connected with almost every great
ublic work of his time; ample details of which will be
ound in his *“Reports,” published after his death in 1797.
He had an ajppcintment on the Derwentwater estates—di-
yected the improvements on the River Calder—on Rams-
‘wate Harbour—~on London Bridge—and on the Forth and
Clyde Canal, &e. . )
 The rule of bis practice,” says one of his biographers,
* and one which he adhered to with the most undeviating
firmness, was never to trust to deductions drawn from a
theory, in any case where he could have an opportunity of
trial.” As he got older, he used to say, * Care not about any
tHeoryatall. A man of exgarience does not require it. In my
intercourse with mankind 1 have always found those who
would thrust theory into practical matters, at bottom, to be mes
of no judgment, and pure quacks. In my own practice, ulmost
every successive case would bave required an independent
theory of its own ; theory and quackery go hand in hand.’”

He spent much of his Ieisure in the cultivation of practical
astronomy, and had a small observatory at Austho:ﬂle,
which was furnished with some excellent instruments, His
manners were simple, his mode of life strictly abstemious;
and, above all, he was moderate in his pecuniary ambition.

Smeaton appeared to Playfair ** a3 a man of excellent un:
derstanding, improved more by very extensive experience
‘and observation, than by learning or education. He had
Snuch the appearance of an honest and worthy man; bis
manners not much polished ; his conversation most instruc-
tive in every thing that related to mechanics, or the business
of an engineer;” but in conversation the embarrassment of his
language was very great.

“Smeaton,” vays another of his biographers, “ had 8 warmth
of expression, that might appear, to those who did not know
him, to border upon harshness, But if he was sometimes
hasty and impetuous in his disposition, he would always
B 1596 his health began o décline, aftes which he gra-

ut 1786 his healt n to decline, after which he
dually Jinquish d profes iopa) ployment, He dudmﬁ”-

Lund
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retical illustration or reference, it might be neces-
sary to enter more at large into the mioutiee, and
adjustment of the parts of which it is composed.
But in our little book, addressed, as it is, to general
readers, these would be altogether out of place.
‘Here a popular notice (in its chronological posi-
tion) of the action of a machine, supposing it to be
constructed, is all that can be attempted. And in
enumerating various subsequent inventions, even
still greater brevity than that which has been
.used, will distinguish these descriptive sketthes;
for probably it would be considered a very
idle labour to describe, at length, many projects
which have been produced ; some of them are
first thoughts, and as such, worthy of preser-
vation for their ingenuity, but yet requiring no
minuteness of detail, to make the thought or ex-
periment of use to others. -To dwell on the mode
of joining.the parts, and of adjusting the secon-
darg mechanism,. would, in these cases, be ab-
surd. .. :

The steam machine that was invented by Mr.
Robert Cameron of London, in 1784,and which he
called a heliacal rotary engine, was, afteriWatt’s,
the first of a long series of attempts to obtain a
rotary, instead of an alternating movement from
the action of the steam; it was formed by a
piston, which moved in a path made in the cy-
linder ; the axis on which the piston was fixed,
acted like a screw moving forwards, at the same
time that it revolved about its centre of motion.
Another of his schemes was to move a piston ina
circular channel ; but his third contrivance,which
is a variation of the atmospheric engine, had
more pretension to practical merit, than his ro-
tary projects, and was applied to draw coals out of
a pit at Mountnoor, and to turn a mill at Battersea,
near London. ‘The cylinder had a partition in

~
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the middlg of its length, the pisten vad passed
through it, and had two pistaus, one werking ia
the upper division, and the second in the lower.
The upper compartment above ita piston, was
open to the air, the lower to the steam, and the
injection was introduced inta the cylinder, under
the pistan, while the other piston served the pur-
pose of ap air-pump.

This was a clever arrangement of Newcomen's
gngine, byt yet it could only be introduced where
1t was decided to use an atmospheric spparatus,
9ven although consuming three times the fuel than
was sufficient to work Watt’s condensing engine.
But it is true that this and similar schemes found
patrons ; for from prejudice, or some less worthy
wotive, there were individuals, who would neot
aceept the boon of Watt'a improvement, al-
though, by doing se, they would save a great
sum annyally, because the inventor insisted on
baving a part of this saving, as a reward for his
ingenuity. .
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 IT 18 OF VITAL IMPORTANOR TO KEEP PUBLIC OPINION,
ON TRE SYDX 'OF SPECULATION, OR ENTERPRISE ;| NOTHING
GREAT CAN BE ACHIEVED WITHOUT THIS IMPULSE TO EN-
TRUSIASM,"—Macculloch,



FroM the brief historical sketch Mr. John Fitch,
an American candidate for the honour of having
first navigated a vessel by a steam-engine, gave
of his progress, it appears, that, as early as 1775,
the samethought had also occurred toa Mr. Henry
of Lancaster, (Pennsylvania) ; and that in 1778,
the well-known Thomas Paine had mentioned a
similar project to Andrew Ellicot, famous in that
country, in his day, for his ingenuity. .
To Fitch, as it had been to some of his prede-
cessors, the project became a ruinous one. * I
confess,” says he, “that thefirstthought of a steam-
boat has been very unfortunate to me. The per-
Plexities and embarrassments through which it has
caused me to wade, far exceed any thing that the
common course of life ever presented to my view.”
Fitch had made a model of his contrivance, and
shown it to General Washington, who then recol-
lected, that a Mr. Rumsey of Virginia had men<
tioned the same subject to him in conversation
2L
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in the winter of 1784. But Fitch alleges that the
model then exhibited by Rumsey to the General,
was a boat to stem the current of rapid rivers, by
means of wheels, cranks, and poles ; a contrivance
which, Fitch says, had been tried, many years be-
fore either his or Rumsey’s had been thought of,
on the river Schuyllkill, by a farmer near Reading,
and the project failed. The inventions subse-
quently claimed by Rumsey, according to Fitch’s
statement; were improvements engrafted on his
first scheme at a later period ; and after Rumsey
had heard of his (Fitch’s) experiments, and for
which he had ample oppeortunities ; for as early
as 1783, Fitch, on the Delaware River, had suc-
ceeded in moving a boat by paddles, which de-
rived their motion from a steam-engine, and after
some public trials, he presented a model and de-
seription of his apparatusto a philosophical sos
;:_i;:y in Philadelphia, and also to Congress, in
5.

Both Fitch and Rumsey were supported by as~
Bociations of wealthy persons, who were to share
in the profits of the respective schemes, and who
advanced the money to make the experiments.

. Rumsey’s boat,about fifty feet long, with which
he made some short voyages on the Potomac, in
1787, was propelled by a vertical pump in the
middle of the vessel, by which the water was
drawn in at the bow, and expelled at the stern,
through an horizontal trunk in her bottom. The
reaction of the effluent water carried her at th
rate of three or four miles an hour, when load
with three tons, in addition to the weight of heg
engine of about a third of a ton. The boiler held
no more than five gallons of water, and needed
only a pint of water at a time § and the whole ma<

shinery did net oceupy a space greater than thet
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wquired for four barrels of flour. The fuel son,
sumed was not more.than feom four to six bushelq
of coals in twelve hours.

Rumsey’s second project was to apply the powes
of a steam-engine to long poles, which were to
reach the bottom of the river, and by that means
to push a boat against a rapid current.

Duriog these operations, Fitch and his friends,
fancying that a profitable harvest might be reaped
from the same invention, if put in operation iw
Bogland, sent drawinga of their apparatus to Bol:
ton and Watt, with instructions to procure am
English patent for it.

. This caming to the knowledge of Rumsey’s
company, they forthwith began to contend with.
Fitch, even on the distant ground which he had
selected as the scene of his future operations.
Doctor Benjamin Rush, a polemical physician,
entered the lists as a volunteer partisan of Rum-
sey’s on this occasion, but with little credit to him-
self; the petty malignity of his oppositian is the.
more extraordinary; for, although he is remem-
bered as having been & hasty tempered, he is go-
nerally consjdered to hiave heen a benevolent man.
_“ A certain Mr. Rumsey,” says Dr. Rush te
Dr. Lettsomm, “ from Virginia, strongly recom-
mended by General Washington, lately produced.
4 plan of a machise in eur city, for improving
the steam-engine, by reducing the fuel they con-
sumed to ope-eighth part of the usual quantity.
This plan, it is suapected, has been copied, with
a few trifling variations, by a person i this eity,
(equally known for plagiarism in philosophy, and
a licentions opposition to the proposed constitu-
tion of the United States,) and transmitted to Mr.
Bolton, of London, with a view of obtainiug a pa-
taptforite The only ge;ign of this letter ia to Te-.

L2
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quest-you to suggestto Mr. Bolton, and to assure
him that proper vouchers will be sent to him;
which will irrefragably prove that the sole honour
-of ‘the invention belongs to Mr. Rumsey, and that
if any emolument arises from it, he alone is en-
titled to. it.”’—* Mr. Rumsey,” continues the par-
tisan Doctor, “ possesses a very uncommon me-
chanical genius—he has invented a boat, which
sails by means of steam four miles an hour against
the stream ; he.expectsto increase the velocity of
his boat to ten miles an hour by the application
of the principles of his new steam-engine to the
discovery :. his modesty is equal to his talents
for invention.- In behalf of his friends, (who
are among the worthiest citizens,) I write to you
in his favour. Your name and character are well
known in our city—we look up to you to protect
genius, to detect and defeat fraud, and to reward
industry and integrity, in a country which has ex--
hibited so many shining examples of them all in
the promotion of science.” - ;

- To neutralize the effect of this letter, the
friends of Fitch also addressed a statement of
their case to the same “great man.” But the
communication of Mr. Thornton (since a senator)
ie characterized by candour, and kind temperate
feeling. .

. ** Ifind,” says he to Let(som, “ the company,
of which Mr. Rumsey is principal, has procured
a letter of introduction to thee from ourgood and
worthy friend Dr. Rush. . He pretends, Rumsey, I
mean, to be the inventor of the steam-boat; I
have, however, inclosed thee a couple of pam-
phlets, proving he got it from Mr. Fitch, of Phila-
delphia. These pamphlets were published before
I had any thing to do in the affair, and on be-
coming acquainted with it fully, I purchased four -
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shares, or one-tenth of the discovery. - The hoaf
§s to be tried this evening, or to-morrow, and }
will endeavour to give thee an &ccount of it,
Ours is moved with paddles placed at the stern,
and worked by a small steam-engine.” i

Fitch did nothing in England, and the boat
built, at tiee expense of his wealthy friends, on
the Hudson, served only to make some unsatis-
factory experiments, which did not even con-
vince himself that the ¢ paddle principle” was
objectionable. But he had oue consolation,—tha
if he had failed to obtain the confidence “of the
public, his oppanent, Rumsey’s experiments on
the Potomac passed equally unheeded. The fail«
ure of both to carry either of their schemes into
Practice, ip their case, ag it had previously dong
in another, setiled the dispute as to priority of
invention in America. :

Oliver Evans, a townsman of Fitch, and nearly
about the same periad, had been maturing a plaa
for using steam of an elasticity ten times greater
than that employed in the condensing and atmos-
pheric engines, And his proposal was further re-
markable, as embracing a device to propel wag-
gons on common roads, by a steam-engine instead
of horses. “ But all united,” says he, “ in con-
demning the acheme, except two gentlemen (one
of whom was a projector himself), and indeed
ope, who has the name of a celebrated engineer,
continued to oppose them for a long time after
they were fully in operation *.” In 1786, when

® One of his adversaries was a Mr. Latrobe, who uniformly
pposed steam-boat proj as well as those for steam-car-
siages. Fifteen years after this period, and three years ba-
fore they were ﬁnw established, (unfortunately for his re-
putation,) he printed a report against their practicability.—

e quote it as g some facts respecting steam-nayi-
gation,—* After the American :R.evolnnon. » sort of mnnia
‘SL
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Evans applied to the legislature of Pennsylvania,
for an exclusiye right to move land-carriages by
steam, *‘ they conceived me to be derdnged,”
says he, ¢ because I spoke of what they thought
impossible, and they refused to grant the privi<
lege 1 prayed for.” The authorities of Maryland,
to whom he nextapplied, with more wisdom than
theirneighbours, granted his petition, on the prin-
ciple, that what he asked for could injure no man,
‘and might cause him to produce something use-
ful.” But with all his perseverance, his reputa-

bef“ to prevail, which, indeed, has not yet entirely sub-
sided, for impelling.boats by steam-engines. Dr. Franklin
proposed to force forward the boat by the immediate action
of tm steam upon the water. Many attempts to simplify the
working of the engine, and ‘more fo employ & means of dis-
pensing with the beam in converting the libratory into a ro-
tary motion were made. For a short time a passage-boat,
rowed by a steam-engine, was established between Borden
Town and Philadelphia, but it was soon laid aside. The best
and most powerful steam-engine which has been emBloved
for this purpose (excepting, perhaps, one constructed by Dr.
Kinsey, with the performance of which I am not suﬂiclentlry
acquainted), belonged to a few gentlemen of New York. It
was made to act by way of experiment upon oars, upon
paddles, and upon flutter ‘wheels ; nothing in the success of
these cxperiments appeared to be sufficient compensation for
the expeuse, and extreme inconvenience of the steam-engine
in the vessel.

‘¢ There are, indeed, general objections to the use of the
steam-engine for impelling boats, from which no particular
modeof application can be free. These are—lst. the weight
of the engine and the fuel.—2d. The large space it occupies.
—3d, The tendency of its action to rack the vessel and ren-
der it leaky.—4th. The expense of maintenance.—5th. The
irregularity” of its motion, and the motion of the water
in the boiler and cistern. aud of the fuel vessel in rouﬁh
‘water.—6th. The difficulty arising from the liability of the
paddles or oars to break, if light, and from the weight, if
made strong. Nor have I ever heard of an instance veritied
by other testimony than that of the inventor, of a speedy and
agreeable voyage having been performed in a steam-boat of

Aany constryction,” |

N
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tion- for practical knowledge, and his privilege to
boot, Evans could not persuade any person of sub-
stance, to think so favourably of his steam-wag-
gon, as to furnish him with the means to try one
on a common road. Andthe drawingsand descrip-
tions of his scheme which he sent to England, to
find a patron there, produced no better result.

- The history of the result of another attempt to
navigate by steam, which was made in Scotland,
by Mr. Patrick Miller of Dalswinton, has been
lately given to the public by hisson *. Mr. Miller,
in 1787, had published a description and drawings
of a triple vessel,moved with wheels, and gave a
short account of the properties and advantages of
the invention. *“Inthe course of hisexplanations,
he suggested that the power of a steam-engine
may be applied to move the wheels so as to give
them a quicker motion, and consequently to in~
crease that of the ship. It may readily be be-
lieved, that this hint of his intention to apply the
power of steam to the wheels of his double and
triple vessels, was not hastily thrown out. In the
course of his various experiments on the compa«
rative velocity of his vessels, with those propelled
by sails, or by ordinary oars, which had given oc-
casjon to several interesting and animating- con-
tests for superiority, he had strongly felt the neces-
sity of employing a higher force than that of the
human arm, aided as it might be by the ordinary
mechanical contrivances; and in this view, various
suggestions were successively adopted, and in their
turn laid aside. Thus, at one time it occurred to
him, that the power of horses might be usefully

®« A ghort narrative of facts relative to the invention and
practice of steam-navigation, by the late Patrick Miller, Esq.
of Dalswinton, drawn up by’ his eldest son."-Edinlma
Philosophical Josrnal, 1824. to
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emplayed; while at another, the ajd of wind
itself seemed to furnish the means of counteract-
ing its own direct and ordinary operation. But
among all the passible varieties of force, that of
ateam presented itself to his mind, as at once the
most potent, the mast certain, and the most ma-
nageahle.” .
¢ In Miller’s family theye was at this time, as
tutor to his younger ¢hildren, Mr. James Taylor,
who had bestowed myuch attention on the steam-
engine, and whq was in the custom of assisting
Miller in his experiments on paval architecture,
and the sailing of boats ®*, One day, in the very
heat of a keen and breathless coptest in which
hey were engaged with g boat on the Leith esta-
lishment, this individyal called outto his patron,
¢ that they only wanted the assistance of a steam+
engine to beat their opponents ;* for the power of
the wheels did not moye the boat fasier than five
miles per hour. This was nos lost on Miller, and
it led to many discuasiong on the subject ; and i¢
was under very canfident helief in its success, thay
the allysion was made to it in the boak already
mentioned. .
“ n making his first experiments, Miller deomed
it advisable, in every point of view, to begin upon

. ® Mr. Miller, at varions periods of hig life, had embarked i
wany great schemes of improvement, and, among others, ha
expended large sums in experiments on the improvement of
artillery and naval architecture. It was in the course of
bis spepulations and ex(rerimenu an the Jatter subject thas
he was led to think of devising some mode of constructing
or propelling vessels in circnmstances where the ordinary
resources oigthe nautical art were insufficient or unavailingy
among these, the construction of double and triple vessels, to
bemaved by wheels placed in proper situations, had occu

o him, as calculated to prove of essential service, aud h¢
aceordiogly built and equipped several vessels of this des
scription.” . - . -
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-a small scale; yet a scale quite sufficient to
‘determine the problem which it was his object
to solve. He had constructed a very handsome
‘double vessel, with ' wheels; to be used as a plea-
sure boat on his lake at Dalswinton, and in this
little 'vessel he resolved to try the application of
steam.”  On looking round for a practical engi-
neer to execute the work, Taylor recommended
a Mr. William Symington to his attention,
whom he had known at school, and who had re-
cently contrived a mode of applying the force -of
steam to wheel carriages; and he accompanied
Miller to the house of a Mr. Gilbert Meason in
Edinburgh, to see the model. Pleased with this
specimen of Symington’s ingenuity, he ‘employed
him, in conjunction with his friend Taylor, to
superintend the construction of a small steam-en-
gine, to work a double or twin boat. And in the
autumn of the same year, the engine, which had’
brass cylinders of four inches in diameter, was
fixed in the pleasure-boat on- Dalswinton Loch.
“ Nothing could be more gratifying or complete
than the success of this first trial, and while for
several weeks it continued to delight Miller ‘and
his numerous visiters, it afforded him the fullest
assurance of the justness of his own anticipation,’
of the ‘possibility of applying to the propulsion of
His vessels, the unlimitable power of steam.- On
the approach of winter, the apparatus was re-'
moved from the boat, and placed as a sort of tro-
phy in his library at' Ralswinton, and is stil
preserved by his family, as a monument of -the
earliest instance of actual navigation by steam”
in Great Britain. ' ‘

* Symington, in the succeeding year, was again
commissioned by his patron to try the experi-
anent’ on ‘a greater scale ; a double- vessel, sixty *

e

4
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foet lang, was to be fiited with an emgine and re
volviog paddles, suited to the supposed exigencies
of the case. The engine and machinery were cop:
structed at Carron, and inthe course of six monthy
the vessel was ready to be put in motion. In De-
cember, 1789, it was taken into the Forth and Clyde
Canal, and in the presence of a vast number of specy
fators, the machinery was put in motion. “ Thig
second trial promised ta beevery way as pyosperoug
84 the ficst. It bappened, unluckily, however, that
the revolving paddles had not been made of sufliy
cient strength, and when they were brought inte
full action, several of the float-boards were carried
away, aud g very vexatious stop was, for that day,
put to the voyage. The damage was repaired,
and an the 25th of December, the steam-hoat wag
again put in motion, and carried along the canal
at the rate of seven miles an hour, without any
untoward accident, although it appeared evident
that the weight of the epgine was an overburden
for the vessel (her planking being only three
quarters of an inch thick), and that under such
a strain it would have been imprudent to venture
te sea. The experiment, however, was again res
peated on the two following days; and haviag
thus satisfied himself of the practicability of his,
scheme, he gave orders for unshipping the appa-
gatus, gnd laying it up in the storehouses of the
arron Company.”
. “ It may naturally occasion surprise and disap-
wintment,” continues his gon, * that I should
ave tq terminate here, thisaccount of my father’s
experiments qu steam-navigation ; that he did not
follow up these prosperous and decisive trials of
ity efficacy, with the same spirit and perseverance,
which had been so conspicuaus in many other in-,
stgnces, must for eves be matter of regret to his
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family, as it was to himself in the latter yéars of
his life.” The fact, however, was, * that he had
to complain of the enormous expense in which
he had been involved ; and I may be permitted to
add,” continues his son, ¢ that by this time my
father, in the prosecution of his various schemes
ofa purely public nature, and without the slight-
est chance or expectation of reimburséinént, had
expended upwards of thirty thousand pounds.”
And, being by this time ardently engaged in agri-
cultural pursuits, his attention was more easily
turned from the objects of his former speculations,
than those acquainted with his character would
have been prepared to anticipate.

“ Bethat as it may, it cannot be disputed, that in
point of fact he had fully established the practica-
bility of propelling vessels of any size, by means
of wheels or revolving paddles, and of adapting to
these the powers of the steam-engine, although,
in the subordinate details of execution, great room
remained for minor improvements.”

“ Of my father’s peculiar and undoulbited merits
as an inventdr, I have,” continues his son, with
a pardonable partiality, * endeavoured to givea
fair and unvarnished account ; and of the reality of
that invention, as carried into actual pfactice in
the years 1788 and 1789, no demonstration more
unequivocal can be desired than that, with bis
few but most satisfactory experiments, the prose-
cution of this momentous discovery remained
suspended for many years, in a state of inactivity
and neglect, till at a ‘period comparatively recent,
it was revived in America, and in this country, by
persons who can be proved to have derived their
first lights from the experiments at Dalswinton
and at Carron. But I have felt no other desire
than to record the facts immediately connected
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with my. father’s operations, and to establish the
priority of his claims to the credit of having ori-
ginated, and carried into practical execution, an
improvement in the nautical art, by far the most
important of which the present age has to boast;
and the ultimate effects of which, on the future
intercourse of mankind, the most sanguine imagi-
nation would attempt in vain to predict.” .
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“ THE BANE OF IMPROVEMENT I8 A HOPELESSNESS OF ITS
POSSIBILITY—~ANOTHER BANE I8 THK WANT OF JUDGMENT
TO SKE WHERE THE DEFECT LIES, AND PRACTISING ON THE
WRONG PART,”—Scott,



THE loss of power from the reciprocation of the
motion of the massive parts of the condensing en-
gine, was greatly magnified, by all those whose
attention had been given to the subject. Avoid-
ing this supposed evil, was one of the advantages
expected to arise from the invention of a rotary
- engine; but the steam-wheel described by Mr.
William Cook in 1787, isstill less adapted to prac-
tice than Watt’s,and it merits a description only as
being the first of a class. The wheel a, has valves
or flaps, ¢ & e, hung upon its circumference and
opening only in one direction; the half of the
wheel is enveloped in a case made steam and air«
tight; f, isa pipe leading from the boiler, g, a
pipe leading to the condenser, A, a piece of wood
which shuts the valves as they come into contact
with it ; and those which have passéd the condenser
pipe are shut by the horizontal part of the casing ;
as the steam issues through the pipe f, it presses
forward the valves ¢ d e, towards the condenser
2u2
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pipe, and the wheel is made to revolve as the
flaps or valves in the other parts of the circum-
ference enter the steam-tight casing. Cook made
his flaps to have an area of thirty-six square inches,
and thought his wheel would be forced round
with a force equal to flve hundred and thirty-one
pounds !

The nextattempt to produce a direct rotary move-
ment, was made by a man second to no one of his
time for the number, originality, and usefulness of
hisinventions. Joseph Bramah was the eldest son
of a small farmer, and followed in his youth his
father's occupation. His hours of relaxation from
the business of the farm were, however, generally
spent in attending a neighbouring blacksmith’s
shop, between whose tenant and himself was
shared the merit of several ingenious pieces of
mechanism. An accidental lameness in his
ancle unfitting him for agricultural labour, he
was apprenticed, in his sixteenth year, to a car-
penter and joiner ; at the expiration of his ser-
vitude he went to London in search of employ-
ment, and there he soon established himself as a
master in histrade. His extended means enabling
him to indulge his mechanical’ taste, he quickly
became known as a man possessing a fine inven-
tion, as well as great executive skill. The ad-
mirable lock which bears his name, was the most
perfect mechanism of its kind that had ever been
produced, and to this day it is unrivalled for
safety, durability, elegance and simplicity. The
pressure of fluids in every direction, had been com-
mented on, from the time of the Greek philoso-
phers downwards ; the disparting of mountains,
and the heaving of valleys, were explained by men
learned in hydraulic action, as produced by this
property of fluid matter; the form of the mode]
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by which they explained the prinoiple, is still
retained, and known as the Rydrostatical paradox ;
and who has not admired the beautiful toy? It
was Bramah who first called the latent power into
exertion, and in applying it to the purposes of life
produced a machine, by the aid of which, with
the puny force of a child’s arm, he could tear up
trees by the roots, and crush bars of iron as if
they were pieces of wax beneath it. If, as an
invention for developing power, it is equal in im-
portance to the steam-engine, it far exceeds it in
value as a machine of society : for its use is limited
by no circumstances of a local nature, nor depends
on a consumption of any extraneous substauce
whatever; two small pipes, each fitted with a
piston and a little water, which for years needs
no replenishing, gives to an ordinary man in all
situations the strength of a giant*.

* JoszrH BrAMAR, oneof the greatest mechanics England
has produced, was born on the 13th of April, 1749, at Stain-
borough, in Yorkshire : he exhibited, at a very early age, an
anusual talent for hanical contri , and ded,
when be was quite a boy, in making two violoncellos, which
‘were found to be very tolerable instruments; and in cutting
a single block of wood into a violin, chiefly by means of
tools, which were forged for him by a neighbouring black-
snuith, whom, at a subsequent period of his life, he induced to
assist him in London as his principal workman. The best
history of Bramah's futare life would be a history of his
inventions, but our limits will only permit our giving & bald
catalogue of a few of them. In 1784 he produced his cele-
brated lock, the peculiar character of which depends on the
arrangement of & number of levers, or sliders, to preserve,
when at rest, & uniform situation, and to be ol;l{ pressed
down by the key, to certain unequal depths which nothing
but the key cam ascertain—the levers not having any stop
to retain them in their required situation, except that
which forms part of the k:{. He added afterwards some
modifications ?or allowing the key to be varied at plea-
sure, The report that one of these locks had been readily
opened, before a Committee of the House of Commons, by

2u3
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In his designs for a rotary steam-engine, he was
associated with a Mr. Dickenson, but Bramah’s
genius is apparent throughout; his first scheme
will readily recall the general appearance of his

means of & common quill, was a_gross misrepresentation of
the fact; the quill having, in reality, been previously cut into
the required shape from the true key, an_experiment which
was only made to show the perfection of the workmanship,
and the very small force required to overcome the resistance
when properly applied. Ithas been subsequently stated, that
one of these locks had been in use for many years, and had
been opened and locked not less thun four hundred thousand
times, and apparently was as perfect as when it was first
constructed. His watercock, or valve, allowed the fluid a
more uninterrupted passage through it, than those did which
were on the common construction. His * rotative principle”
will be nnderstood by supposing water to be employed in-
stead of steam in the machines described in the text—a similar
idea was thrown out by Ramelli, Cavelleri, Amontons, and
others. The invention, however, for which he will probably be
best known to posterity, is his Aydraslic press, in which the
smallest imaginable force is capable. of holding in equili-
brium, the greatest imaginable pressure. This is one of the
most udml_nble machines in the whole compass of the arts;
some envious blockheads call it Pascal’s Machine, and
in their descriptions they almost say that Pascal invented
it; but that ingenious philosopher has about as much claim
to this great honour as the old woman who first discovered
her beard and her wrinkles, in her polished ter platter,
had to be idered as the in of the Newtonian te.
lescope. Before Bramah’stime, * Bonifaces were obliged to
trudge to the cellar for every drog of the beverage they mea~
sured out to their customers ; or have their barrels placed in
waiting on the same level with their parlour: in most states
of weather, this was a hazardous position—in some
states it was positively injurious.,” Bramsh, by his elegant
Beer Machine, enabled them to pump up into the measure
in the bar, the fermented juice contained in various casks
in the cellar—it is now in general use. His steam wheels
and valves have also been noticed in the text.

Machinery for smoothing surfaces was another of his elabo-
rate and beautiful speci of mechanism. It was d at
the National Arsenal at Woolwich with perfect success; the
axis of the principal shaft was supported on a pistonina
vessel of oil, which diminished the frict iderably, and
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lock; a hollow cylinder a, is divided in the middle
of its length, by a partition b, to which the axleis
fixed; c, a piston fixed on its circumference ; d e
apertures made on each side of the piston, d com-

could be accurately regulated by means of a small forcing
pump. He introduced also a mode of twrning spherical sur-
Jaces, either convex or concave, by a tool moveable on an
axis perpendicular to that of the lathe : and fixing a curved
tool in the same position he cut out concentric sheels. He
also described machinery for making paper in large sheets ;
for printing by means of a roller, composed of a number of
circular plates, turninﬁn the same axis, each bearing twenty-
six letters, capable of being shifted at pleasure, 3o as to ex-
rexs any single line by a proper combination of the plates,
is was pat in practice to ber bank-notes, bled
twenty clerks to perform the labour which heret

and
e ofore had re-
uired one hundred and twenti. His scheme for making and
olding pensis well ktown ; and his project for main pipes in
12, was, however, in some parts, more ingenious than practi-
cable. Tn describing them, he mentions having employed a hy-
drostatic pressure equal to that of & column of water t"ﬂi-tl’
thousand feet high, (about four tons for ever{e inch). o
asserts that he can form five hundred tubes, each five
feet long, capable of sliding within each other, and of bein,
extended, in a few seconds, by the pressure of air fore
into them, to a length of two thousand five hundred feet ;
with this power he pro];t;sed to raise wrecks, and regulate
the descent of weights. His improvements in wheel carriages
consisted in fixing each wheel to a separate moveable axis,
baving its bearings at two distinct points of its length, but
loosely inclosed between those points in a cylinder filled with
oil; in another, opposite wheels were to be fixed to the same
axis, though with a power of turning very stifly round it to
lessen the lateral motion in rough roads; and he suggests
pneumatic springs, formed by pistons sliding in cylinders, as
a substitute for springs of metal ; latterly, he improved the
machines for sawing stones and timber, and suggested some
alterations in the construction of bridges and canal locks. His
last illness was occasioned by a severe cold, taken during
some experiments on the tearing up of trees in Holt Forest.
He died on the 9th of December, 1‘54.
Bramah was_a sincere and unostentatious follower of the
precepts of Christianity—his conversation was animated, and
in its general tope and bias might be characterized as polemi-
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municating with one half of the cylinder and
condenser, and e with the other aperture and the
boiler; f g sliders, which, by means of the rota-
tion of an eccentric wheel, #, may be moved
inwards to ﬂress against the cylinder a, or with-
drawn into the recesses A i, so that the piston in
its revolution can pass freely over them ; it is so
arranged, that at the moment one slider is pressed
against the surface of the inner cylinder, the other
slider is drawn into fts recess. In the figure, the
slider g, is pressed upon the revolving cylinder,
and the steam enters through the aperture e, be-
tween g and ¢, while all the rest of the space
within the drum is open to the condenser through
the aperture d, the piston ?erefore is urged
towards f, and over it; when the slider f is moved
inwards, until it comes into contact with the
cylinder a, at the same moment the slider g is
drawn into its recess, until the steam which flows
into the space between fand c, has urged the piston
beyond it; it is then again pressed upon the
hellow cylinder, and the other slider is drawn
outwards; all the parts are then in the position
shown in the figure, and the piston has made a
completerevolution,and is commencing its second.
eal: to much facility of expression he added the most perfect
independ of opini he was a cheerful, benevolent, and
affectionate man—neat and methodical in his habits—and
koew well how to temper liberality with economy; and,
greatly to his honour, he often kept his workmen employed,
sqlel¥ for their sake, when the stagnation of trade prevented
him from disposing of the products of their labour. As a
manufacturer he was distinguished for his promptitude and
ﬁmblty. and he was celebrated for the exquisite finish which
e gave to his productions. In this excellence, which he was
the first to introd so he inued, as a model to be un-
rivalled. At his death he left his family in affluent circum-
stances, and his manufacturing establishments have, since his
death, been continued by his sons.—Memoir by Dr. BRowN.
N
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The two following figures, 2, 3, will be under-
stood from inspection ; sliders or valves a b, move
backwards or forwards in a hollow cylinder ¢,
which revolves within a fixed cylinder d; within
this fixed cylinder is a circular division e, which
at the point f, is brought into contact with the
revolving cylinder, and by this means makes a
division between the two halves of the cylinder.
The pipe g, connects the fixed cylinder with the
boiler, and opens a passage from it to the pipe
h with the condenser, one of the sliders will thus
always be interposed between the pipes gand 4 ;
a vacuum being made in the condenser, and steam
permitted to flow into the cylinder, it will act to
press the slider a towards the pipe A, and as it
comes into contact with the inner division e, it
is pressed into the revolving cylinder; but during
the revolution, the other slider, by coming into
contact, has been moved outwards so as to bear
agaiost the outer cylinder, and be interposed be-
tween g and A, and is pressed forward into the
vacuous space, by the steam from the boiler,
until it comes into contact with the division e, and
passes the condenser-pipe; during its progress to
this point, the other slider has again been pressed
outwards, and forms the partition between the
steam and the vacuum as before.

In the third figure, the inner division e is dis-

nsed with, aud the revolving cylinder is brought
mto contact with the outer or fixed cylinder. The
sliders are formed and placed in the same manner
as in the previous design, and are also moved
backwards and forwards, by their opposite ends
coming into contact with the outer cylinder.

Symington’scombination of the parts of Newco-
men’s engine was a clever attempt to reap the be-
nefit of an inventiop, andavoid the claims of itsau-
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thor. Thisapparatus was a very long cylinder, hav-
ing its lower end turned like an elbow, in a horizon-
tal position. The upper side of the steam piston
wasopen to the atmosphere, the inner, or air piston
hed a separate rod, which worked through a stuff-
ing box (so as to be air-tight) at the bottom, and
was attached to a horizontal lever, which was
moved by being fixed to a rod hanging from the
balanced lever. The steam piston never fell be«
low the steam-pipe opening, and the air piston
never roge above it; and if the stroke of the up-
per piston was forty inches, that of the under was
between five and six inches; a steam pipe and
valve was fixed about the middle of the vertical
cylinder, and an exhausting pipe and valve also
entered it nearly at the same place; this was car-
ried into the horizontal part, or elbow, and a
valve formed a communication between it and the
Tower part of the cylinder ; and a jet of water was
introduced as in Watt’s condenser, and to perform
the same office. An air valve, opening outwards,
was fixed at the lower part of the cylinder ; and the
lower piston had a similar valve opening upwards.
Supposing both pistonsto be at the highest limit
of their stroke, vapour flows through the steam
valve, and fills the space between the pistons.
The steam valve being shut, and the exhausting
valve opened, the jet playing in the elbow part
condensing the vapour which rushes in from the
cylinder, forms a vacuum beneath, in the space
between the pistons. The upper piston being
open to the atmosphere is pressed downwards,
while, at the same time, the lower piston being
attached to the balanced lever, is also drawn
down, and in its descent expels all the air and
water beneath itthrough the air valve into the at-
mosphere, or hot-water cistern. The steam and
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air pistonshaving reached the limit of their strokes,
the exhausting valve is closed, and the steam
valve opened ; the steam is again introduced be-
tween the two pistons, and thisallows the coun-
“erpoise to act to draw the steam piston to the top
of the cylinder, and to press the air piston into its
first position.

So palpable an imitation was not calculated to
effect the object of which Symington was in pur-
suit, and the use of one or two of these enginea
which had been erected was given up by their
owners, rather than risk a com parison being drawn
in a court of law, between this and Wait’s exquis
site mechanism.

The modificatian of Savery’s aptparatus, adopted
by Mr. Frangois, a professor o philosophy at
Lausanne, in the draining of a morass, between
the lakes of Neuchatel, Bienne, and Morat, re-
sembles Gensanne’s, (p. 199), but as a whole has
more practical merit. (See figure marked FRAN«

-018.) The lower end of the suction pipe, a, is
immersed in the water b, a valve in the bottom of
the recipient ¢, d cock and pipe from boiler; e
a lever with two tappets between a lever attached
to the steam cock plays ; fa pipe from the trough
g, which has a valve opening upwards, and moved

y the lever e; A, the eduction pipeand cock, m
arod, which acts between two tappets fixed on
the lever i, which is jointed to the balinced
troughk. When the recipient is nearly filled with
water (as in the figure), the steam and eduction
cocks are open, and the water is forced through m
into the balanced trough, which is nearly filled;
the end o preponderates, and the water is emptied
into the trough g.

The fall of the balanced trough raising the end
of the lever #, this shuts the eduction cock; at
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the same time the lever e shuts the steam cock,
and opens the small cock in the pipe f ; this allows
a jet of water to fall into the recipient to condense
the steam, and a vacuum being made in it, the
water from the morass rises through the suction
pipe, and raising the valve fills the recipient. This
is a very quick operation, for as soonas all the
water has been emptied from the trough, the
counterpoise n restores it to its first position, and
this movement makes the levers restore the cocks
to their first position. The eduction and steam
cocks are therefore opened, and the steam from
the boiler forces up the water as before,

The next contrivance for a rotary motion, dif-
fering widely from those by Bramah and Watt, is

described b{ Langsdorf, a German author, as the
invention of one Kempe), his countryman ; it will,
however, be recognised as of the same family
with that which has been described as Hero’s toy.
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The steam rising from a boiler through a ver-
tical pipe, flows into a horizontal tube, which
revolves on the vertical one, as on a pivot, the va-
pour issues from two small orifices made in the
side, at each end of the moveable arm, and its re-
action ou the air produces a rotary motion *.

Mr. James Sadler, of Oxford, in 1792, prac-
tised a similar method, but with the difference of
making steam, issuing with great velocity from a
Ppipe a, re-act upon the air inclosed in a casing c.
Sadler also reversed the motion, by introducing
a jet of cold water into the pipe ; the air then had
a tendency to enter it, and to carry it round its
axis.

The economy of the machine isgreatly improved
by the water produced by the injection, and con-
densation being made to perform a mechanical
office by falling into the reservoir of a Barker's
mill ; a hint that might, in a great many other
combinations, be acted upon with advantage.

Watt in one of his specifications described
a combination, by which the alternate action of
the pistons of two single impulse engines, on
the same cranked axis, would produce a motion
sufficiently uniform to be applied with advan-
tage as the first mover of machinery, where
the effect of what was called the neutral stroke
might be inconvenient or detrimental. His subse-
quent invention of the double impulse engine left
nothing on this head to be wished for.

But the spread of the cotton and woollen manu-
facture, and the practice which was now becom-
ing prevalent, of driving corn-mills by steam,
created a great demand for engines, in which this
power was the motive agent. Strong prejudices,

® Handbuch der Mechanik, Altenbarg, 1794,
2N
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however, at the same time, continued to operate
to exclude Watt’s perfect mechanism from being
employed in cases where its use was calculated to
afford the most signal advantage. This neces-
sarily turned attention to produce the same con-
tinuity of impulse, by introducing the double im-
pulse into Newcomen’s apparatus. The most me-
ritorious of the schemes, to accomplish this mat-
ter, which had any pretensions to originality, was
that of Mr. Francis Thompson, of Ashover. He
placed one cylinder, g, in an inverted position
over another, b, and connected their two pistons,
¢, d, with the same rod e ; which itself was attached
to the great lever f; g, a pipe conveying steam
from the boiler to the inverted and lower cylin-
ders, having valvesto shut it off, or admit it to
each, or both, at pleasure; A, the injection pipe,
proceeding to both cylinders from an elevated
cistern, with the usual cocks to regulate, or stop
its flow ; i, air and water valves opening outwards.
If the engine is supposedto beready to commence
a stroke, the pistons will be in the position shown
in the figure. The steam valve of the inverted cy
linder is open, and its injection valve is shut, but
the steam valve of the lower cylinder is closed,
and its injection cock open ; a vacuum is, there-
fore, existing below the lower piston, and the
steam lays on the upper. It will be obvious, that
as the pressure of the steam on this piston ba-
lances the upward pressure of the atmosphere on
its opposite side, the piston is in equilibrio ;
but as there is a vacuum beneath the lower pis-
ton, the air’s weight presses that downwards into
its cylinder, drawing the upper piston along with
it ; this makes the downward stroke. The posi-
tion of the valves being then reversed, the steam
is prevented from flowing into the upper cylinder,
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and a jet falling into it from the injection
pipe, forms a vacuum above the piston, and the
pressure of the atmosphere on its opposite side
forces it upwards, while steam being admitted to
flow into the lower cylinder, allows the piston
placed in it to rise in equilibrio; this forms the
upward stroke; and when the valves are again re-
versed, the downward stroke commences as before.
Some machines of a large size were erected on
this model, to move the machinery of woollenand
cotton manufaclories at Nottingham and Man-
chester, which, as far as uniformity of motion
went, answered the expectations of their owners;
buttheir consumption of fuel was excessive. The
same variety of engine was also constructed with
a separate air pump and condenser, but these
additions were plagiarisms, which deservedly
brought those who used them into a court of
law, where they never failed receiving the pu-
nishment of pirates. A similar effect was pro.
duced by placing two cylinders at opposite sides
of a toothed-wheel, which received an alternate
movement from working in racks made on the
piston rods; and the reciprocating motion was
converted into a rotary one by a crank and a fly
wheel. This was nearly Watt’s idea, and getting
rid of the counterpoises is not the least of its merits.
Some were also erected with condensers and air-
pump ; but the same fate followed these attempts,
that had fallen on their predecessors in the same
practice.

Whatever were the reasons which induced
Rumsey to desist from his attempts in America,
to move a boat by a steam-engine, they were not
sufficient to convince him that better success
could not attend a trial of a similar mechanism on
an English river ; for, azubsequently, he even suc-

N2
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ceeded ininducing a wealthy American merchant,
then residing in London, and some equally san-
guine natives, to disburse the expenses ofanother
experiment. Rumsey had spent two years, nearly,
in preparations, and was on the eve of putting the
last hand to his steam-boat when he died. The
parties, however, who were associated with him
in the enterprise got the vessel afloat, in February,
1798, and sailed her many times on the Thames
against wind and tide, with the speed of four
knots an hour. The propelling machinery was
on the same principle as that of the boat Rum-
sey constructed on the Potomac.—* The pump,
two feet in diameter, wrought by a steam-engiue,
forced a quantity of water up through the keel ;
the valve was then shut by the return of the
stroke, which at the same time forced the water
through a channel or pipe, about six inches
square, (lying above, or parallel to, the kelson,)
out at the stern under the rudder, which had a
less depth than usual, to permit the exit of the
water. The impetus of this water forced through
the square channel against the exterior water,
acted as an impelling power upon the vessel.”
The project of Genevois, to impel boats by an
oar, formed after the model of those exhibited by
nature, was revived by the Earl of Stanhope * in

® CHARLES STANHOPE, third EARL of STANHOPE, was
Dorn at Chevening, Kent, in August 1753. In hispinth year
he was sent to Eton, and at this early age he began to give
proofs of his strong bias to mechanical and mathematical
pursui In his teenth year he was removed to Geneva,
and placed under the tuition of Le Sage ; and, a few months
afterwards, he gained a prize, offered by a foreign national
Academy, for tﬁe best paper, written in French, on the con-
struction of the pendulum,

The Earl was the author of a great number of inventions
and improvements in the arts and philosophy, Among those
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1795, the paddles made to open and shut like the
feet of a duck, were placed under the quarters of
the vessel: the engine which gave them motion
was of great power, and acted on machinery that

which attracted most attention were his electrical experi-
ments; his scheme for securing buildings from fire; a ma-
chine for solving problems in arithmetic ; a modé of roofin
houses ; and a Riln for burning lime ; a steam-boat ; a double
inclined {Iaue for remedying the inconveniences attending
canal locks. Thjs was suggested to the Earl while he was
engaged in forming a cgnal in Devonshire, the line of which
he surveyed himself, and during this employment he carried
for days'the theodolite on his own shoulders. Experiments
Oa stercotype printing ; an esteemed printing press, which
bears his name ; a plan for preventing Jorgeries, in coin and
bank notes, &c. In putting his ideas into practice he was
assisted by Mr. Varley, one of the most expert practical
mechanics of the day,

But numerous and important as his labours were to the
arts, they were even, in a public view, exceeded in import-
ance by the impulse which Riu patronage gave to mechanical
artists. His purest pleasure seemed to consist in bringing
them, and their productions, before the public; and in further-
ance of this design he spent a large portion of his ample for-
tune, and almost the whole of his thoughts and time.

atever view different men might take of the soundness

or tendency of the political opinions of Earl Stanhope,
all were convinced that they sprang from the honest con-
viction of his mind, uninfluenced by the most remotely in-
terested motive, for he uniformly declined place, pension, or
additional honours. If his projects, both political and me-
h 1, were ionall idered to be impracticable,
they were neither sordid nor selish. His speeches in the
ﬂouse. of Lords, and in public, on whatever topic, were
full of ingenious and recondite matter—acute in argument—
perspscuous in arrangement and language, and not deticient
in force and spirit. %ut it was often as difficult to answer
them, as it was to coincide with them ; for he seldom adapted
bis opinions to the state of public affairs, but reasoned from
some abstract standard of moral or political right, that was
seldom in accordance, either with the principles of party, or
with state expediency. He was sometimes eloquent; but as
his illustrations not onl y wanted elegance, but were often re-
markable for their 1acy eccentricity, and as there was a cer-
tain quaintness in his manner, the effect was often quite ir-

2N3
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produced a horizontal stroke ; but, notwithstanding
the diminution of surface which was produced by
the conformation of the oars, the re-action of their
being drawn backwards was so great, that the flat-

resistible, even to producing laughter from the Qnarded and
studied gravity of the bent on the w k. His
Lordship’s activity and perseverance were amazing ; for not-
withstanding the multiplicity of his projects and experi-
ments, he assuredly was pro! onnd:ly learned in every thing
that regarded the constitution and ecclesiastical polity of
his country ; and when on these subjects he might be (Par-
doned the "exclamation—* That he iad taught the judges
law, and the bishops religion.” When questions arose which
required a practical knowledge of the exact sciences, or
their application to the arts, i¥ he were not the only man,
he was at least the ablest one, in the House, to expound,
discuss, and decide them: on such occasions he acted with
great judgment. .

Earl Stanhope married Hester Pitt, a daughter of the
great Earl of Chatham, whose political principles he vene-
rated with a feeling little removed from idolatg ; and in
the early part of his public career he acted cordially with
his brother-in-law, Mr. Pitt. But the circumstances which

dnced that sta to alter his opinions,
had not the same effect on the Earl, and their political
connexion was dissolved. On this separation taking place,
a domestic schism was produced at Chevening, by the Earl
wishing his children to devote themselves to acquire some
useful calling as he had done, by which, when the fatal day
of public calamity came, and of which he imagined that he
foresaw the rapid approach, they might secure independence
Ly their own personal ingenuity and labour.—* Charles
Stanhope,” his Lordship said, ** as a carpeater, & black-
smith, or & millwright, could in any couatry, or in an
times, preserve his independence, and bring up his family i
honest and industrious courses, without soliciting either the
bounty of friends, or the charity of strangers.”—But his
family preferring the patronage of their uncle, the minister,
to the protection of the paternal roof, the Earl declared
that, as they chose to be saddled on the public purse, they
must take the ccnuqrences. They were not, therefore,
mentioned in his will, but they were entitled to certain sums
by a marriage settlement, and the present Earl succeeded
to the family estates, worth about twelve thousand pounds
a year,

Earl




CHANCELLOR LIVINGSTON, 415

bottomed vessel with which the experiment was
made, in Greenland dock, did not move with a ve-
locity exceeding three miles per hour. It has
been mentioned that paddle-wheels were suggest-
ed to his lordship, during these trials, as more
likely than the duck-foot oars to produce the
required speed; but the hint, though meant to be
a broad one, was thrown away upon the noble
projector *.

In the succeeding year, 1797, Chancellor Li-
vingston also made some experiments to build
a steam-boat on the Hudson, with the assistance
of a person of the name of Nisbet,who went from
England to America +. And Mr. Brunel, who has

Earl Stanhc;pe was singular in his dress and person, and
his plain, ted iabl 8, were also considered
to be singular for a man of his high rauk and connexions;
but they conciliated affection in many cases spproaching to de-
votion, and his general integrity commanded cordial respect.
He was a considerate and kind landlord, an ardent friend,
and his purse and influence were ever open to the claims of
the helpless and the poor. He died in December, 1815,

® Mr. Robert Fulton, an American, then living at Torbay,
in Devonshire, had some correspondence with Lord Stanhope,
on the subject of moving ships by a steam-enﬁme, The
drawings he made of his apparatus, are dated in 1793 ; and
his proposal to submit them to Lord Stanhope for his inspec-
tion, appears from his Lordship’s reply, to bave been made
previous to October 1794. At the time, and for manz years
after, Fulton had gone no further than drawing his ma-
chinery.— Colden’s Memoir of Fulton.

+ When the Chancellor, in 1797, applied to the legislature
of the State of New York, for a privilege to navigate boats
by a steam-engine, the project was considered so visionary,
that when the matter was under consideration, the gentleman
who introduced it says, * the wags and the lawyers were
generally op‘posed to it, and I had to encounter all the jokes,
and the whole of their logic. One main ground of objection
was, that it was an idle and whimsical project, unworthy
of legislative attention, It was a standing subject of ridi-
cule, and whenever there was a disposition in any of the
younger members to indulge a little levity, they would call
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since %0 greatly distinguished himself as an engi-
neer, was associated with the projectors on this
occasion. The engine was found incapable of
driving the boat through the water®.

The steam-wheel of Dr. Cartwright is similar
to that of Watt. He attached three pistons to the
revolving axle; two pipes of communication
with the condenser, and two with the boiler, were
placed in pairs at opposite sides of the circum-
ference of the cylinder, and instead of one abut-
ment-valve, as in Watt’s scheme, he introduces
two. The mode of action of both is the same.

In arranging the parts of the condensing engine,
Cartwright dispensed with the beam or working
lever, and gave what he considered to be a more
convenient form to the condenser than Watt
had done. Producing condensation, by bring-
ing the steam into contact with a cold metallic
surface, instead of a jet of cold water, Cartwright
intended that the water formed from the con-
densed steam, should be returned incessantly into
the boiler, and that in many cases a great saving
could be made by using alcohol instead of water,
as that could be condemsed and rarefied alternately,
without admixture with the condensing medium,
On this account his engine was adapted to he
introduced into distilleries, with great economy of
fuel, as the alcoholic vapour, in the process of

up the steam-boat bill, that they might divert themselves at
the expense of the project and its advocates.

* Notwithstanding these sallies, the bill was passed, con-
taining the condition that the Chancellor should within a
twelvemonth, produce a vessel, the mean rate of whose pro-
gress should notjbe less than four miles an hour. The experi-
mental boa® of thirty tons burden, propelled by a steam-
engine, being, on trial, found incompetent to fulfil the condi-
tion of the grant, it b bsolete, and Livingston gave
up his project.”—Colden.

# Quarterly Review, vol. x1x. p. 354.
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rectification, might be introduced under the pis-
ton, and after raising it by, its elasticity, be con-
densed, and from the lower temperature required
for converting the spirit into vapour, having a ten-
sion equal to balancing the weight of the atmos-
phere, there should be, on this account alone, a
smaller consumption of fuel under the boiler.
The piston z, (in the engraving marked CarT-
WRIGHT,) moving in a cylinder a, has its rod pro-
longed downwards, terminated by another piston
¢ working in a small cylinder b, and which forms a
continuation of the larger cylindera. The piston
« has a valve (shown on a larger scale in the
figure) by which a communication is always
opened between the cylinder, either above or
below the steam piston, with the condenser b FEA
is the steam valve; A, steam pipe from the boiler;
?, a horizontal bar or lever, connecting the piston
rod with the wheels o p, which give motion to
the pinion %, placed on the axisof the fly-wheel s ;
g 8n air valve, which is opened and shut by the
fall orrise of a ball which floats on the surface of
the water; during the descent of the piston x,
by the steam issuing through i, the air and water
which had fallen from the condenser below
the piston ¢, was pressed up the pipe e, into the
box g ; when the piston = has nearly reached the
bottom, the tail of the valve #, coming into con-
tact with the the bottom of the cylinder, the valve
is Jifted up at the same time that the steam valve i,
is closed by the fall of the lever /. A communica-
tion is thus established between the space above
the piston and the condenser ; and the piston ¢,
being at the bottom of the cylinder b, all the air
and water which it contained has been pressed up
the pipe e, these being prevented from returning
into the condenser by a valve (not shown in the
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engraving) which opens upwards, where the con-
denser pipe joins to it. The vacuum being thus
both above and below the piston, the force which
has been accumulating in the fly-wheel s during
the descent of the piston, has accumulated a suf-
ficient energy to draw the piston # to the top of
the cylinder, and the rise of the lower piston
forming a partial vacuum beneath it also, the
water and air from the condenser rise through the
pipe which connects it with the lower cylinder;
the valve # being then pressed down and i opened,
the steam urges the piston downwards a second
time.

Some small single engines on this construction,
erected near London, did not fulfil the expectations
of their accomplished inventor*®; the condensa-

* EpmuNp CArTwrIien?, D.D., was born in 1743, in Not-
tinghamshire, at Marnham, an estate which had long been
in possession of his family. He was the youngest of three
brothers, all of whom were remarkable men. His second
brother, Captain #illiam Cartwright, a man of great enter-
prise and energy of character, after a residence of sixteen
years on_the Coast of Labrador, returned to England in 1793,
and published his journal, which gave the first authentic
account of the Esquimaux nations. His elder brother, Major
Jokn Cartwright, was for forty years distinguished as an
enthusiastic and })ersevering advocate for what is called
Parliamentary Reform; and notwithstanding the many tur-
bulent scenes in which he appeared in %ublic, in domestic
life he was plary as an amiable, affectionate, and be-
nevolent man ; as a political leader he was truly consistent,
and even his enemies have borne testimony to his being per-
fectly disinterested.

Edmund, the younger brother, being destined for the
church, was placed under Mr. Clarke,of Wakefield, and the
celebrated Dr. Langhorne. He afterwards studied at Ox-
ford, where he was early distinguished for his literary at-
tainments, and was elected a Fellow of Magdalen College.
On entering the church, he retired to a small living in the
gift of his family, where he discovered the application of
yeast a8 a remedy in putrid fevers, and became known as &
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tian by contact was not sufficiently rapid, and the
action of the valves was found not to be so pre«
cise as was desirable.

A double engine on the same plan turned a mill

poet. His legendary tale of “ Armine and Elvira” was
greatly admired for its pathos and elegant simplicity. His
¢ Prince of Peace,” in a loftier style of composition, also
excited much attention at its appearance. He married in
1772, and afterwards went to reside at Doncaster, but s#ill
auiduousl{ continued his literary labours. Between 1774
and 1784, he was one of the principal contributors to the
 Monthly Review.” The origin of his invention of weaving

by machinery, instead of 1 labour, has been minutely
detailed by ilmself. in a letter written to Mr, Dugald Ban-
natyne, of Glasgow

" Happening to be at Matlock in the summer of 1784, I
fell in company with some Kentlemen of Manchester, when
the conversation turned on Arkwright’s spinning machinery.
One of the company observed, that as soon as Arkwright's
patent expired, so maanills would be erected, and so much
cotton spun, that hands never could be found to weave it,
To this observation I replied, that Arkwright must then set
his wits to work to invent a weaving machine. This brought
on a conversation on the subject, in which the Manchester
gentlemen unanimously agreed, that the thing was imprac-
ticable, and in def of their opinion, they adduced argu.
ments which [ certainly was ineompetent to answer, or even
to comprehend, being totally ignorant of the subject, havin,
never, at that time, seen 8 person weave. I controverted,
however, the impracticability of the thing, by remarking
that there had lately been exhibited in London an automa-
ton figure which Played at chess ; ‘now you will not assert,
gentlemen,’ said I, *'that it is more difficult to construct a
machine that shall weave, than one which shall make all the
varietfy of moves which are required in that complicated

ame ¢’

e Some little time afterwards, a particular circumstance
recalling this circumstance to my mind, it struck me that, as
in plain weaving, according to the conception I then had of the
business, there could be only three movements, which were
to follow each other in succession, there would be little dif-
ficulty in producing and repeating them. Full of these ideas,
1 immediately employed 8 carpenter and smith to carry
them into effect, As soon as the machine was finished 1 got
8 weaver to put in the warp, which was of such materials as
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at Wisbeach, but was taken down, and afterwards
erected at Woburn, where it wasin a few yearsal-
lowed to fall into decay. The defective condensa-
tion was much more apparent in this than in the

v
sail cloth is usually made of. To my 'freac deliiht, a piece
of cloth, such as it was, was the produce: as I had never
before tnrned my_thoughts to any thing mechanical, either
in gheory or practice, nor had ever seen a loom at work, or
knfw any thing of its construction, it will readily be sup-
posed that my first loom must have been a most rude piece
of machinery. The warp was placed perpendicularly, the
reed fell with a force of at least half a hundred weight, and
the springs which threw the shuttle were strong enough to
have thrown a Conflreve rocket; in short it required the
power of two powerful men to work the machine at a slow
rate only for a short time. Conceiving, in my great simpli-
city, that I had accomplished all that was required, I then
secured what I thought a most valuable property, by a patent
in April, 1785. This being done, I then condescended to see
how other people wove, and you will guess my astonishment
when I compared their easy modes of operation with mine.
Availing myself, however, of what I then saw, I made &
loom, in its general principles, nearly as they are now made,
but it wasnot until the year 1787 that I completed my in-
vention, when I took out my last weaving patent in August
in that year.”

This also included the art of weaving checks, which the
most skilful mechanuics, even after they had seen his first ma-
chines in operation, deemed to be impossible by any except
manual means.

The weaving factory, which was erected at Doncaster by
some of Cartwriq_ht.'s friends, with his license, was unsuc-
cessful ; and v tablishment, taining five hundred
looms, built at Manchester, was destroyed by an exaspe-
rated mob, in 1790. The invention, however, has surmounted
all opposition, and at the time of the Doctor's death it was
stated, that steam-looms had increased so rapidly, that the
were!tlhen performing the labour of two hundred thousan:
men

Cartwright's next invention was a method to comb wool
with machinery, which excited, if possible, a still greater
ferment among the working classes than even the power
looms, The whole body of woolcombers petitioned Parlia-
ment to suppress the obnoxious machines, but without of-
foct; and the corbing engines began to be used by some ma-
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machinesacting by a single impulse. Itshould not,
however, be forgotten, that these engines were first
experiments, and that Watt had spent thirty years
of his life in perfecting that machine with which

nufacturers, who at the same time attempted to evade Cart-
wright's claim as their inventor, After a trial, which occupied
the Court for twenty-six hours, he established his right, and
gained a verdict for damages forone th d d inst
the pirates.
Notwithstanding the benefit these inventions were to the
cotton gnd woollen manufactures, their author had reaped
no emolument from them, but, on the contrary, had drawn
on his family and himself a heayy loss; for although his
claim latterly was unquestioned, and Parli t, to en-
courage his meritorious exertions, had liberally extended
the term of his patent right, he had all along to contend
with the opposition of the working classes, and the fears
of the manufacturers in general, who were not only deterred
by the threats of the incendiaries, but the actual destruction
by fire of the establishment at Manchester, soon after a
few of the machines had been put into action. Besides, his
clerical character prevented him from introducing his en-
gines, or disposi their produce as a facturer, In
deration of these cir tances, and on the petition of
a number of commercial men at Manchester, and other
places, Parliament, in 1810, made the Doctor a grant of ten
thousand pounds as a reward for the ingenuity of hisinven-
tions, which had already become of national importance.
This sum, although munificent as a present, was barely ade-
quate even to repay the sums the Doctor had expended in
experiments, His family has rnred no pecuniary benefit
from his ing and ful lat persevered in
during a long and active life; yet the results of these exer-
tions are now ranked among the valuable elements of our
national manufacturing superiority ; and are acknowledged
to have realized large fortunes to many individuals since
they became public property. .

r Cartwright was the author of numerous other in-
ventions in the arts and agriculture, for several of which he
received ?remiuma from the Board of Agricnlture and the
Bociety of Arts, Among other things, he contrived a car-
riage, with which he often astonished the natives of London,
by working and steering it through the streets without
horses ; and he expr: himself with great confidence, that
this child of his old age wonld, ere long, be adopted into ge~
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they were put into competition. The general
arrangement of the parts is excellent, the details
are ingenious, and altogether the machine was
worthy of much greater perseverance heing given,
to its improvement, than appears to have been
bestowed by its excellent author.

The contrivance, however, for which Cart-
wright is better remembered, as an improver
of steam mechanism, is a very unobtrusive,
yet most impertant, alteration in the construc-
tion of the piston. In the modes hitherto,
and even at this time practised, a layer of
hemp, or of some other elastic substance, well
soaked in oil or tallow, was wrapsed round the
external edge of the piston, and by different
means was pressed outwards so as to be steam-~
tight, and yet allow the piston to be moved easily
upwards and downwards.

As will be readily understood, this packing was
far from being durable, and of course the piston
could not long continuet o be effective. Besides,
all the steam which escaped past the sides of the
piston produced no effect and was a waste of fuel.
The mode of packing to make the piston steam-
tifht, also became another Proliﬁc source of loss
of power; for it was so tightly rammed as in

neral use; and that, in a few years, similar oarriages would:
travel turnpike roads without horses.

Till within a few days of his death he retained all the fa«
culties of his mind perfectly unimpaired, and was occupied
almost to his last moments on the details of a novel and
extraordinary invention, of & new power, for moving ma-
chines. Gunpowder is said to have been the initial agent in
his discovery.

He died in the winter of 1828. He had been twiee mar-
ried, and left a son and three daughters by his first wife,
Alice, a daughter of ‘Whitaker, Esq., of Doncaster.
His second wife was a daughter of Dr, Kearney, a dignitary
of the Irish church.
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many cases to absorb a very great propottion of
the power of the engine to move the piston—
this was an expensive as well as vexatious defect,
for the time required to open the cylinder,and re-
adjust the packing, was a serious hinderance to
the general business of the manufactory, as well
as a loss to its proprietor.

The device Cartwright proposed to obviate all
these objections was an excellent one. Instead
of hemp, he used segments of brass plate-rings
laid above each other, so as to break the conti-
buity of the vertical joints; and these segments
were kept in their position by means of small
springs, placed at the joining of each two pieces.
The fitst figure in the engraving marked p1sTONS, is
given from Cartwright’s own illustration. It has
since his time received some modifications, which
form the other figures on the same engraving.

Sadler’s skill in mechanical combination is
seen to much greater advantage in his reciprocat-
ing engine, than in his steam-wheel. It had the
great honour, also, of being the first engine intro-
duced into a national naval establishment—a cir-
tumstance not a little extraordinary, for, although,
compared with some other attempts, its claims are
considerable, even in its most perfect form, it is
greatly inferior to the condensing engine. Yet,
notwithstanding the merit of the Soho engine, it
was refected in the competition; but some years
afterwards, when Sadler’s apparatus (of about ten
horse power) was taken down, in consequence of
a more powerful apparatus being found necessary,
one on Watt's model was substituted. 1In the
figure, the parts of Sadler’s machine are shown, in
the position they would assume at the commence-
ment of a stroke ; the steam valve e, is open, and
a jet rises in the condenser, which is open at top
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to the atmosphere—this jet condensing the vapour
forms a vacuum under the steam piston, which is

ressed downwards by the elasticity of the vapour.
&’hen the piston arrives near to the bottom of the
cylinder, the steam and injection valves are closed,
and the equilibrium valve, z, in the piston is
opened, and this forms an equilibrium between
the top and bottom of the piston b, and the mo-
mentum of the fly then raises the pistons to their
first position, and at this instant the steam and
injection valves e, A, are opened, and the piston
valve z shut, and the same action again com-
mences.

But when the fall of the piston b, had opened
the equilibrium valve, «, the elasticity of the
steam which issued through it, lifted up the con-
denser valve, and expelled the greater portion of
the air and injection water, which the condenser
contained, through the drain pipe m, and the
valve f, in the air-pump piston. The diameter of
the condenser was equal to that of the working
cylinder, but its stroke was only half of the length
of that of the steam-piston. The air-pump being
open to the atmosphere, the great weight on it,
which is required to be raised by the momen-
tum of the fly-wheel, would appear to be a loss
of power, without the least advantage; but this
is returned to the machine in the effective stroke.
The reciprocating motion is converted into a ro-
tary one, by the mechanism shown in the sketch ;
the great lever was dispensed with.

In engines on every form, it was of great conse.
quence to preserve a uniformity in the rate of the
production of steam in the boiler; for the ele-
gant contrivance which was so happily adapted
by Watt, for regulating the quantity of steam flow-
ing into the cylinder, was partially ineffective, as
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long as the elasticity of the vapour itself varied
every instant. Only two ways were known of ob-
viating this defect—one was to regulate the sup-
ply of fuel, and the other to regulate the admis.
sion of the air which assisted in its combus-
tion ; but both the one and the other had to be
done by the hand f the fireman, and on his atten-
tion and regularity depended the uniformity of
motion in the engine ; and it could not be a mat-
ter of surprise, that even with the most careful
management, the steam accumulated sometimes to
a dangerous elasticity in the boiler. Mr. Matthew
Murray, whose manufactory at Leeds was rapidly
extending to become a competitor with Soho,
in its hitherto exclusive manufacture, placed a
cylinder and piston on the boiler, whose toothed-
rod worked into a wheel, the axis of which was
prolonged, and formed the axis of a valve which
was placed within the flue of the boiler chim-
ney; when the accumulation of steam in the
boiler increased its elasticity, it lifted up
the piston in the pipe, and this acted to turn the
spindle on which the valve was fixed ; this dimi-
nished the smoke-way, and continued to do so
until the combustion of the fuel was so much
lessened, and the steam in the boiler reduced to
the ordinary quantity ; when the elasticity was
lessened, the piston had a tendency to descend,
which was increased by a weight which had been
wound up by the ascent, and the valve or self-re-
ﬁ]lating damper wasreturned into its first position.

urray also made some engines with the piston
working in a horizonta? position ; and at the same
time described a combination for converting the
reciprocating motion of the beam into a continu-
ous one. But Watt’s contrivance becoming soon
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after the property of the public, its use superseded
this and many other rotary movements.

Murdoch’s steam-wheel, or rather wheels, is
shown in one of the figures of the plate marked
ROTARY MOTIONS : the vapour enters at a, and a
vacuum is maintained by means of a condenser
b; a rotary motion is produced by means of the
Jeaves of the wheels working into each other.
Murdoch’s elegant contrivance for connecting the
upper and lower valves by the same spindle,
and forming that hollow to serve asan eduction
pipe to either end of the cylinder, freed the
engine from a pair of valves. And his invention
for opening and shutting these valves, by a circu-
lar motion produced from the revolution of the
axis of the crank or fly-wheel, is one of those
which is now found in the greater number of the
best constructed machines, in place of the clumsy
plug frame.

Bishop’s engine was something like an overshot
water wheel ; the lower buckets in their revolu-
tion, were filled on one side with steam, and the
upper buckets on the other side were filled with
water; the wheel also moved in water, and thedif-
ference in the gravity of these two portions of the
circumference gave a circular motion.

During the continuance of Watt’s monopoly,
many schemes had been tried to adapt the con-
denser to the atmospheric engine. Yet, no hint
had been thrown out, that this addition would
save heat and economise power, if applied to Sa-
very’s engine, until Mr. John Nuncarrow, a native
of Devonshire, who had settled at Philadelphia,
gave a description of an apparatus for this pur-
pose *.

® Trans. American Philosophical Society, vol, i. p. 309,
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In the figure marked NUNCARROW, the steam is
issuing from the boiler a, through the pipe b,and
valve ¢, into the receiver d, and is forcing the
water which it contains through the valve m, into
the reservoir p, whence it falls on float-boards on
the wheel s, and makes it revolve. When all the
water above the level of the valve m, has been
raised into the reservoir, the steam valve ¢ is
closed, and the condenser valve e is opened, at the
same time that a jet of water rises into the con-
denser pipe #, a vacuum is made in d, the pres-
sure of the atmosphere then raises water through
the valves i 4, which open upwards only, and the
valve m is shut by the pressure of the water above
it; the receiver d is thus again filled with water ;
the valve o is then shut,and ¢ opened, and the water
is pressed through the valve m as before; the pres-
sure of the water which opens it, shuts the two
lower valves i 4, as in the engraving.

Whatever opinion may be formed concerning
the practical merit of Hornblower’s steam-wheel,
it must always be considered as a machine, origi-~
nal in its conception, displaying in its develop-
ment great skill in mechanical combination, and
as a whole, placing its author far above the rank
he has been classed in from his previous labours
on the reciprocating engine.

It had not escaped Homblower’s observation,
that the passage of a piston over. a slider or
valve, or any opening or groove, was a circum-
stance alone sufficient to be fatal to the durability
of every mechanism in which it was practised.
Hempen packing was destroyed by being torn
out of its place, and the edges or surface of the
grooves or sliders, if metallic packing were used,
would be acted on, by the passage of the piston
pver them, s0 as to destroy that sharpness of finish,
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which it is essential to preserve in all the rubbed
or rubbing parts, in order to their being steath
tight, or to their smooth and, of course, durable
action. In Bramah's designs this defect was very
apparent, and in the schemes of his predecessors
it is ;reatly magnified, with the exception of
Sadler’s, which in effect was a mere toy.
Hornblower’s mechanism was well calculated to
avoid these objections, for the inside of his cylin-
der was preserved free from all grooves or perfo-
rations, efther for the admission of steam, or for
the beds of valves or sliders, by operating with
two moveable diaphragms or pistons, each of
which alternately acted as the steam piston, and
as the abutment valve. The same letter, in all
the figures ofthe engraving marked HORNBLOWER,
B, refers to the 'same part ; a, is one of the dia~
phragms or pistons; b, the other; d, e, are their
axles, which are formed hollow; the axle a, com-
municates by the opening f, with the box g,
which is open to a condenser by the pipe & ; and
the axle b, communicates by the opening i, with
the box 4, which is open to the boiler by the pipe
1; the motion of both pistons is independent of
each other, each moving round the solid axle m,
in the same manner as a door-hinge ; this solid
axle transmits the motion of the piston d, to the
machinery, by a contrivance not shown in the
engraving. To each axle jointed levers, shown
in figure 2, are attached, and these are arranged
80, that when the diaphragms move forward, they
slide without offering any resistance, in a circular
groove; but upon the least tendency in the pis-
tons to a retrograde movement, the levers o, o, act
to press the part p, p, forcibly against the circum-
ference of the groove, and to retain the piston
firmly in that position. This system of levers will
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therefore, be sliding in their peculiar groove,
while the lower series attached to the other pis-
ton, are pressing the levers p, p, forcibly against
the circumference of the groove in which
they slide, preventing the diaphragm to which
they are attached from moving. If steam flows
into the piston chamber, through the valve r, into
the space between the pistons a and b, the piston
b will move towards #, and the series of levers at-
tached to it will slide in their grooves; but as the
elasticity of the steam presses the other piston b,
in an opposite direction, this tendency to retro-
grade acts to make the levers attached to it, press
against the circumference of their groove, and to
keep it firmly fixed in its position. When the
moving piston has approached very near to the
fixed one, the tail of the closed steam valve
coming into contact with a projection on the
other piston, thatvalve is opened, and at the same
time, the valve at the other side of the piston is
shat. The steam now acts on the opposite side
of the piston, which gives it a tendency to retro-
grade, and this brings the jointed levers or clamps
into operation, to fix it in its position; it is now
the abutment valve; but at the instaut when the
steam valves were reversed, the valves in the
other piston were reversed also, that which had
opened the entrance to the condenser from the
cylinder, was shat, and the corresponding valve
on the other side the piston, was opened ; this
piston is, therefore, now the moving one; for
being impelled in the assigned direction, its levers
are arranged to slide in their groove, while those
attached to the other piston, as has been de-
scribed, act to fix it in its position. When, in its
revolation, the piston b, approaches very near to
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this fixed diaphragm, the valves in both pistons
are again reversed, and so on alternately.

The small wheel u, acts in the screw to shift
the ring w, upwards or downwards, on the axle,
and to regulate the size of the orifice, through
which steam flows from the boiler.
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“ ALL MEN NATURALLY THINK THEMSELVES XQUALLY
WISE ; AND, THEREFORE, AS ANY SHIP THAT SAILS VASTER
THAN ANOTHER, IS SAID, IN 8XA PHRASE, TO WROKG IT, 80
MEN ARE APT TO THINK THEMSELVES WRONGED BY THOSE
WHO, WITH BETTER TALENTS THAN THEY, OR GREATER
SKILL IN THEIR USE, GEKT BXYOND THEM.”—Hartlib,



Ir Watt throughout has been remarkable for his
good fortune, his merits seem equal to the highest
success. But that very prosperity which should
have been a source of pride and satisfaction to all
ingenious men, seemed only calculated to excite
their mercenary hostility. Many of the schemes
which have been put forth as improvements,
aspire to no higher character than attempts to
make use of Watt’s ideas, but to evade hisclaims ;
and if, during the last ten years, in his engines
improvement appeared to have been nearly sta-
tionary, and the invention of their author to be
apparently in a state of repose, while that of his
enemies was in incessant activity, yet he must
be considered as having been reclining on any
thing but a bed of roses. In fact, he had long
been harassed by a series of insidious and per-
severing attacks, both on his reputation as an in-
ventors, and on his rights as a patentee; and in
Pyt .
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repelling these, years of his time had been thrown
away.

T¥1e condenser was the part coveted, and its
shape, action, position, had all been altered, or
disguised in the progress of evasion.

One course alone was open to Watt and Bolton,
and that course they pursued silently but vigorous-
ly. And probably there is no other instance of
a patent being the subject of so many appeals to
the law, coming out unimpaired of the struggle.

When it was contested on the plea of being
wanting in originality and merit—men of the high-
est personal and professional character, united in
the most unqualified commendation of the singular
value of the condensing engine, which they de«
scribed to be as original in its conception, as it was
transcendant inthe ingenuity of the means by which
the idea was carried into effect; and the witnesses,
jury, and judges, felt and acknowledged its im-
portance, as an element of national prosperity.
‘When overwhelmed by the concurrent testimony
of a host of eminent men, Watt’s opponents were
driven off the ground they themselves had chosen,
a fresh attack was organised and commenced
on the patent, on the plea of the written descrip-
tion which Watt had given in 1769, shortly
after he had made the discovery of the condenser
being imperfect. This, as has been already stated,
was drawn up, after the erection of a rude model,
at Kinneil, which was all that his means or his pa-
tron enabled him to construct—and with no more
experience than he had acquired from this coarse
experiment.

But twenty years afterwards, or rather after a
series of experiments in which he had been en-
gaged for twenty years, to develope his_ideas, the
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splendid result of his genius and perseverance—
the perfect machine—was raised up in judgment
against him, to prove that between the years 1790
and 1800, the engines which were sent from Soho,
were more perfect than could be fabricated from
the description he gave of the one he erected in
1769!! Generous rivals! nay, several of his ad-
versaries confessed, that the machine was yet the
subject of expensive and elaborate experiments;
for they had, it seems, seen recent engines with
very varied proportions,—and thgy went so far
as to acknowledge that some of the parts which
Watt had introduced, did not appear to them to
be essential to the precise, or effective action
of the mechanism ; yet these parts were pointed
out as having no existence in the document of
1769—and, because they had not, Watt, in their
opinion, was not entitled to the reward of his
admirable invention. Consistent reasoners! But
when men of genius come into hostile collision,
we seek to finda spark of that spirit, which raises
them above the vulgar herd, tempering, and in-
fusing a generous feeling into their rivalry—and
it is on this account, that among all those who
gave vent to their splenetic disappointment, in
their opposition tp Watt, the name most con-
spicuous, and one most to be regretted as being -
found there, isthat of the excellent Bramah ; and
yet from his known regard to truth, and his per-
sonal integrity, his opposition, notwithstanding
its asperity, must be considered far removed from
the imputation of being tainted by corrupt, or
even interested motives.

His printed letter to the Judge, who presided at
a trial, in which Bramah appeared as a witness, on
the side opposed to Watt, evinces great acuteness,
a perfect ﬂnowledg‘e of the subject, a caustic wit,

2p2
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and a sturdiness of opinion, which made him a
formidable opponent. But resting on the neces-
sity of a rigid adherence to the very letter of the
law, he lost sight of its kind and benevolent in-
tention as well as of the broadest principles of
justice.

His production throughout is a series of ad-
missions of the value of Watt’s contrivances ; and
he points out inventions that had escaped the
notice of others, with all the fine feeling of what
is beautiful in #@n art, in which he himself was a
master; and while displaying them, he extols their
ingenuity. But he ceases not by inference to ask,
if the inventor hasdescribed these ina proper man-
ner ; and he comes always to the conclusion, that
because he has not, therefore he is not entitled to
any reward for his superlative invention. Itdid
not once occur to this gifted individual, to refer
to the form of the first machine, from which only,
Watt could write a description.

Some of the judges who had paused at points
raised by the sophistry of counsel in a former
trial, were unanimous on this. “ Every new in-
vention,” says the Chief Justice, * is of import-
ance to the wealth and convenience of the public,
and when they are enjoying the fruits of a useful
discovery, it would be hard on the inventor to
deprive him of his reward—the Jury have found
that the inventor has sufficiently described the
nature of his invention, and I think he is, in point
of law, as well as justice, entitled to the benefit
which was intended to be .conferred on him, by
the patent and Act of Parliament.” *

® «Taws for securing MENTAL PROPERTY meet with but
little of the respect paid to those which guarantee the enjoy-
ment of more substantial and visible acquisitions. It is not
difficult for the artful and avaricious, to make it be believed
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But in point of fact, no more unanswerable ar«
guments could be adduced in favour of Watt’s
claims, than this identical letter, which was meant
to destroy them. Its author might be pointed
to as the greatest and most gifted of his oppo-
nents—as a man of experience, almost equal to
Watt himself, in mechanical labours—and pos |
sessing an imagination, of a cast as creative as
his—himself the author of inventions described in
more than twenty patents—some of them equal, in
their value to society, even with the steam-engine.
And above all, as connected with this matter,
Bramah was well learned, in what may be called
the erudition of his art—a knowledge of what
had been done by others. Yet even he, in oppos-
ing Watt, stood on no higher ground, could justify
his volunteer opposition, on no other princi-
ple, than the technical imperfections of a do-
cument, drawn up by a man, at that time possess-
ing little skill in the matter he was describing,
and still less in the art of putting what he meant
to say, upon paper.

It 1s not, however, to be regretted, for the fame
of Watt, that he had so acute and so powerful an
adversary ; for the weakness of the ground that
could alone be occupied against him isa test of
the strength of his own position.

But it had been more gratifying to have seen
Bramah, with more kind feeling in his rivalry, for

that they are unmerited and odious monopolies, or to per-
suade that the adversary of exclusive rights is their friend.
Very many think there is no injustice in attacking or evad-
ing patents; on the contrary, if the letter of the law can ba
evaded by any sabterfuge, “they think it would be merito-
rious to doit.” They consider a patentoe’s privileges as fair
objects of plunder, and have no hesitation to endeavour to
rob him of them under the most frivolous pretences.”—Col-
den, p. 148,
2pr8
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-it does not require the gift of prophecy to foretell,

that the names of Watt and Bramah, who lived
in the same age, and adorned the same art by
their exquisite inventions, will be classed to-
-gether, as entitled to the grateful remembrance
.of posterity, for the benefits their labours have
conferred on their country.

It is probable that the harassing nature of the
opposition he had for years encountered, had
‘some influence in determining Watt’s resolution
‘to withdraw altogether from business, on the ex-
piration of his patent. Resigning to his son, and
the son of his colleague, the future management of
that establishment which his genius had matured,
-and to ‘which it had given a celebrity, as wide as
the boundaries of civilization, he retired to the
-enjoyment of the fortune, which he had accumu-
lated from the meritorious and well directed ex-
-ertions of a life distinguished for its activity and
usefulness.

The period, in our narrative, at which we have
now arrived, had long been anticipated with great
anxiety, by all those engaged in the manufacture
of steam-engines, and by the still more nume-
rous class interested in their use and extension.
"The term of twenty-live years, during which Par-
liament had granted to Watt the sole benefit
arising from the condensing engines, expired in
1800, when the fabrication of his beautiful ma-
chines was thrown open to the public.

Numerous schemes in embryo, it was supposed,
would make their appearance when their authors
could bring them into being, with all the advan
tages of an unrestrained participation in Watt's
contrivances ; not a few failures also were to be
retrieved, when the parts which were held forth as
being essential to their perfect action might be
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added :—there were a crowd of mechanics, who,
without so mueh ambition as to aspire to the cha-
racter of inventors, yet saw a great field open for
improvement, in the opportunities for putting their
‘own ideas, of the best forms and proportions, into
practice. Allannounced the commencement of a
new era, in which exertions, hitherto borne down
by the Soho monopoly, were, at their emancipation,
to expand and give the finishing touches to the
perfection of the mechanism in those parts, al-
lowed on all hands to be capable of great im-
provement.

A point on which practical men were, however,
well agreed, was the effect of the unrestricted use
. -of Watt’s engine leading to its more general in-
troduction asa first mover, into manufactories; for
although the ¢ third part of the savings of fuel,”
which was reserved by Bolton and Watt, ought, in
reason and fairness, to have been considered as an
.index only of the benefit conferred by Watt’s in-
vention, it was more often felt asan oppressive and
heavy tax, particularly by those whose knowledge
of steam-engines was acquired from their expe-
rience with Watt’s alone, and who only knew of
Newcomen’s machine from its connexion with the
payment they were called upon to transmit to
8oho ; and this feeling- made many persevere in
employing Newcomen’s apparatus, or the labour
of animals, until the invention became common
property. In Cornwall, however, where, from the
dearness of fuel, its advantages were seen in the
true light, its use had become nearly general.
But in other districts, where coals were cheaper,
it had made but comparatively slow progress;
aud, strange as it must appear to us, where a con-
tinuous rotary motion was indispensable, New-
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comen’s engine was still resorted to; and even
Savery’s machine was used in many places to
pump water to turn a water-w heel.

In London, at the expiration of the patent, not
more than a power equal to the energy of six hun-
dred and fifty horses was exerted by Watt’s en-
gines ; in Manchester about four hundred and tifty
horse-powers; and at Leeds about three hundred
horse-powers, and at the same time (in 1800) not
more than four steam-engines of any importance
were at work in the whole continent of America.
One of these supplied New York with water, and
the other two belonged to the corporation of Phila-
delphia.

These facts will give some notion of the ex-
tent to which steam was appliedas a first moving-
power in other places; and from its limited
amount will offer a remarkable illustration of the
effect of an exclusive privilege in fettering pro-
duction, even although the monopoly was one
held by the fairest claim, and managed on the
most liberal system ; and showing that a diffusion
of interest is essential to the spread of improve-
ment. In this particular instance, a circumstance,
which hasalready been adverted to*, as being a for-
tunate one for Watt’s reputation asan inventor, his
becoming the sole manufacturer of his machines,
had great influence in exciting the commercial hos-
tility against its introduction in a class which
might have been conciliated by permitting it to
participate in the manufacture of the engines.
The fact is extraordinary, that in five years after
the patent had expired, the number of Watt’s
engines in London had doubled, and in that time
‘Watt and Bolton had sold a greater number of ma=

® Page 271,
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chines than they had done in an equal time, when
they possessed the sole right to manufactureall the
engines used in England.

The first invention which is recorded in the new
era is Crowther’s. He placed the fly-wheel above
the cylinder, in the same manner as Cartwright
did, and connected it to the steam piston rod, with-
out the intervention of a great lever. The com-
bination, although not altogether original, was
clever, but yet it offered no advantage to machines
constructed on the common model. InCartwright’s
second project, he only professed to combine the
parts of the condensing engine, to produce a more
portable, light, and compact machine. Hase, in-
stead of conducting the steam which had moved
the piston at once from the cylinder into the con-
denser, made it pass through a number of small
pipes, all of which communicated with the con-
denser; these being inclosed in a vessel surrounded
with cold water, some of the heat was extricated
from the vapour, and the water which by this
means became heated, was pumped into the
boiler,at a temperature higher than could be done
by the common mode of using that which had
been heated by the air-pump, or drawn from the
condenser.

Murray’s ingenuity was again exhibited in his
construction of a pump to discharge the air with-
out the use of valves, as in the common method,
and also to discharge the air and water separately.

The pump isshown as attached to the con
denser; b, the piston; c,a pipe connecting the top
and bottom of the air-pumip, having a valve d
opening downwards into the cylinder; another
valve e, on the top of the pump, opens upward ;
f, pipe connecting the air and water pump, of
which 4 is the bucket ; when the piston b is at

-~
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the top of the cylinder, the air which remains
after condensation, occupies the area of the air-
pump and the condenser. When the piston b
descends, the air which was benegth it flows
through the pipe ¢, into the space above it, and
when it ascends, the air being prevented from re-
turning by the valve d, it is forced out through
the valve e; the water falling into the pipe g, is
lifted by the bucket A.

In another part of the same engine, he intro-
duced a capital improvement in the arrange-
ment and construction of his valves, the axis of
one was inserted through the spindle of the other;
this, in appearance, was similar to Murdoch’s, but
the form adopted by Murray was excellent, and is
now very generally used in steam-engines.

Murdoch, to whom, on the retirement of Mr.
Watt, the management of the manufacture of
steam-engines at Soho was confided, had, before
the date of Murray’s patent, putin practice a simi-
lar mode of forming the spindles of the steam
valves like tubes, to allow the spindles of the
other valves to slide through them, but it does
not appear that he had made public any descrip-
tion of his improvement; although it must be
admitted, the transition from the spindle being
made hollow to serve as an eduction-pipe, to a
solid spindle, was so obvious, as to follow almost
as a matter of course; and this coincidence be-
tween the inventions gave rise to a lawsuit, in
which the opinion of the court was given against
the patentee; and the other schemes which were
described in the same document, and which all al-
lowed to be original and remained unquestioned,
were at the same time thrown open to the public,
or rather destroyed to the inventor ; inaccordance
with that most extraordinary principle of the
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equitable law, that a patent must be good for
every thing contained in it, or good for nothing.

The three engravings marked MurRrAY exhibit
an elevation,and a vertical and horizontal sections
of a species of engine, usually constructed by this
engineer ; and although this identical form should
have been described a few years later, it is placed
here to give an idea of Murray’s style of mecha-
nism in connexion with a notice of his improve-
ments upon it generally.

Murray, and his associates, Fenton and Wood,
at Leeds, were among the first who studied to im-
prove the general symmetry of appearance of the
steam-engine, by arranging its parts with a view
to elegance, as an object of taste, as well as to its
portability, compactness, and durability as a me-
chanical agent; in the attempt they were emi-
nently successful ; for on an inspection—

« Of this frame, the bearings and the ties,

The strong tions, nice dependenci

Gradationsjust” , . . .
it will challenge our unqualified admiration, as a
specimen of the most picturesque elegance in
forms and grouping ; and this machine, capable of
exerting a power equal to that of forty or fifty
horses, (or that of between 200 and 300 men,) from
its tasteful ornamental appearance, may vie, as a
decoration of a drawing-room cabinet, with the
most costly piece of embellished clockwork me«
chanism.

It were superfluous to describe the action of
this fine machine,—this will be easily understood
by a mere enumeration of its parts, and an inspec-
tion of the figures.

a, the cast iron frame, within which the engine
is placed, and to which its parts are firmly united 3
b, the steam-cylinder; ¢, steam-piston ; d, piston
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rod attached to the parallel motion; e, beam ; f;
connecting rod ; g, crank with globe pin; ¢, fly
wheel ; %, condensing cistern; !, air-pump; m,
hot well ; n, condenser; o, eduction-pipe ; p, cold
water pump ; g, hot water pump ; 7, governor;
s, steam pipe; t, valve case. The manner of ad-
mitting the steam above and below the piston, is
different from any that have been described—it is
by a sliding valve ; this contrivance was introduced
by Murdoch, into some of the small engines made
at Soho, and called by him the D valve—it was
also much used by Murray and Fenton, ia the en-
gines they fabricated at Leeds, and with some va-
riation. We know not, however, whether to
ascribe its invention to Watt, or Murdoch, or
Murray. It is very simple, and on a small scale ;
it can be made very effective, and is easily kept
in order.

Froni Bramah the four-way cock of Papin re-
ceived a great improv t, by the passage for
the steam being made at the larger end of the
revolving cone, and passing off at the smaller
end ; by the pressure of the vapour being upon
one extremity of the cone, while the oppo-
site one was relieved from it, the valve was always
kept tight in its socket. And instead of the cock
being turned into its position, and returned alter-
nately, Bramah by an alteration in the tappets,
made it act so as to revolve continually.

In the erection of machinery, Mr. John Rober-
ton, of Glasgow, had acquired much local celebrity ;
and his practice on the large scale, particularly at
the formation and extension of the great esta-
blishment on the Isle of Bute, opened to him
some original views on hydraulic action, of which
he availed himself with much skill in his sub-
pequent practice. Roberton made a very inge-
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nious alteration on Watt’s mode of producing the
combustion of the smoke, and which was ap-
plied in numerous instances with a gnod effect;
some improvements, which he introduced in ma-
chinery for the manufacture of cotton, have
since his time been revived, and the merit appro-
priated by others.

In the hands of even the most expert fabricators
of steam-engines, a considerable portion of steam
found its way past the piston, into the coundenser.
To avoid this, he employed two cylinders, placed
over each other; the under one, b, of somewhat
larger diameter than the upper one, a, of which it
formed a continuation. When the valves were in
the position shown in the engraving, the steam
which escaped past the upper piston ¢, filled the
annular space d e, and assisted to depress the
lower piston.

Roberton enumerated several of theadvantages
of this mechanism, in the description of its con-
struction which he gave to the public, and
erected some machines on this peculiar plan,
which gave satisfaction to their proprietors, be-
sides one in his own manufactory ; but the perfec~
tion which shortly afterwards was given to the
mechanism of the piston and cylinder, removing
many of the objections which his clever me-
chanism was introduced to avoid, it is now pro-
bably obsolete in practice.

The narrative which Mr. Miller gave of his
father’s attempt to construct a steam-boat, and
from which we have made some copious extracts,
agrees with an account of the same experiments
which was given in a sketch of navigation by
steam, inserted in the Supplement to the Ency-
clopedia Britannica.

Symington, who.appears to have been more

2Q
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sanzuine than his first patron, of the practicabi-
lity of navigating vessels by steam, nearly twelve
years after his experiments at Dalswinton Loch,
found an opportunity to bring his scheme under
the notice of a nobleman, who was zealous to en-
courage projects which had for their object the
improvement of inland navigation. Symington,
who imagined that a boat moved by wheels could
be introduced with great economy, as a substi-
tute for horses, in towing boats on canals, suce
ceeded in inducing Lord Dundas, of Kerse, to
assist him to make an experiment, on a great
scale, on the Forth and Clyde Canal, with ma-
chinery, resembling in its principle that of the
Dalswinton model, but modified to suit the pur-
pose which he had more immediately in con-
templation.

The result of this application,and the charac-
ter of his patron, may here be noticed with re-
ference to Symington on another account, be-
sides its connexion with a history of his experi-
ment. From an expression in Miller’s narrative,
that his father was discouraged from proceeding
farther from a feeling of disgust at having been
involved in unnecessary expenses, an inference
might be drawn unfavourable to the memory of
an ingenious and worthy man.

But Miller's complaint is, in truth, avery com.
mon one ; and the estimates even of the most ex-
perienced mechanics will probably continue to
differ widely from the final outlay, even although
those artists have been experimenting on their
own means. But patrons can hardly be blamed
for their keen expression of disappointment at the
cost of labours purely executive, being so little
understood by practical men, though operators,
on the other hand, will cast the reproaches from
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themselves as being groundless and unmerited,
from viewing their object through a medium
somewhat tinged with enthusiasm. Nothing, how»
ever, can be more clear, than that Lord Dundas,
himself a man of experience, and who had the best
means of being correctly informed on every point
connected with the operation at Dalswinton, was .
satisfied with Symington’s conduct and judgment
on’ that occasion ; for those experiments which
were made at his Lordship’s cost, and on which
a large sum of money was expended, were con-
ducted solely under Symington’s superintendence ;
and he, also, subsequently, received the commen-
dations of his noble patron for his exertions.

“ Mr. Miller,” says Symington, in his narra-
tive, “ being very much engaged in improving
his estate in Dumfriesshire, and I also employed
in constructing large machinery, for the lead
mines at Wanlockhead, the idea of carrying the
experiments at that time any further, was entirely
given up, till meeting with the late Thomas Lord
Dundas of Kerse, who wished that 1 would con-
struct a steam-boat for dragging vessels on the
Forth and Clyde Canal, instead of horses. Agree.
ably to his Lordship’s request, a series of experi-
ments, which cost nearly three thousand pounds,
were set on foot in 1801, and ending in 1802, upon
a larger scale (than those on Dalswinton Loch)
and more improved plan, having a steam cylinder
twenty-two inches diameter, and four feet stroke,
which proved itself very much adapted for the in-
tended purposes. Having previously made vari.
ous experiments in March 1802, on the Forth and
Clyde Canal, Lord Dundas and several other gen-
tlemen being on board, the steam-packet took in
tow two loaded vessels, each of seventy tons bur-
den, and moved with gr;at ease through the canal,

Q2
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a distance of nineteen and a half miles in six
hours, although the whole time it blew a strong
breeze right a-head of us, so much so, that no
other vessels could move to windward in the canal
that day but those we had in tow, which put be-
yond the possibility of a doubt, the utility of the
scheme in canals and rivers, and ultimately in
open seas. Though in this state of forwardness,
it was opposed by some narrow-minded proprie-
tors of the canal, under a very mistaken idea
that the undulation of the water, occasioned by
the motion of the wheel, would wash and injure
its banks. In consequence, it was with great re-
luctance laid up in a creek of the canal, exposed
for years to public view, where Henry Bell from
Glasgow, who also frequently inspected the steam
boat at Carron, in 1789, did also particularly
examire this.” .
During the time that he was engaged in this
experiment, Symington received a visit froma Mr.
Fulton, “ who,” says he, * politely made himself
known, and candidly told me, he was lately from
North America, and intended to return thither in
a few months); but having heard of our steam-boat
operations, he could not think of leaving the
country without first waiting upon me, in expec-
tation of seeing the boat, and procuring such in-
formation regarding it as 1 might be pleased to
communicate. He at the same time mentioned,
however advantageous such an invention might
be to Great Britain, it would certainly be more
80 to North America, on account of the many ex-
tensive navigable rivers in that country. And as
timber of the first quality for building the vessels,
and also for fuel to the engines, could be pur-
chased there at a small expense, he was decidedly of
opinion, it could hardly fail, in a few years, to {»-
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come very beneficial to trade in that part of the
world; and that his carrying the plan to North
America, could not turn out otherwise than to m
advantage; as if I were inclined to do it, bot
the making and superintending of such vessels
would naturally fall upon me, provided my en-
gagements with steam-boats at home did not oc-
cupy so much of my time, as to prevent me from
paying any attention to those which might after-
wards be constructed abroad. In compliance
with his earnest request, I caused the engine fire
to be lighted up, and in a short time thereafter
put the steam-boat in motion, and carrying him
four miles on the canal, returned to the place of
starting, to the great astonishment of Fulton and
several gentlemen, who at our request came on
board. During the above trip, Fulton asked me,
¢ if 1 had any objections to his taking notes respect-
ing the steam-boat? to which question, I said
‘none;’ and after putting several pointed questions
respecting the general construction and effect of
the machine, which I answered in a most explicit
manner, he jotted down, particularly, every thing
then described, with his own remarks upon the
boat ;* * but he seems,” says Symington, « to
have been altogether forgetful of this, as, notwith-
standing his fair promises, I never heard anything
more of him till reading in a newspaper an ac-
count of his death.”

From these facts, the author of the sketch thinks
it is very evident Symington was the first person
who had the merit of successfully applying the
power of the steam-engine to the propulsion of
vessels, and that there can be but one opinion, that
in its influence on the fate of a most ingenious
man, there existed not enterprise enough in Scot-
land, to encourage this excellent artisan to repeat

2¢ 3
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his intéresting and important experiments on the
river Clyde.

About the time Symington had abandoned
his experiments, M. Des Blanc, a watchmaker at
Trevoux, had built a steam-boat, and made some
experiments with it on the river Soane. The
first attempts were so successful as to bring forth
the Marquis de Jouffroi, with his prior claim ;
the final result, however, was as hapless as the
Marquis’s.




CHAPTER TWENTY-ONE.



¢ LIKE ONE THAT DRAWS THE MODEL OF A HOUSE
BEYOND HIS POWER TO BUILD IT; WHO HALF THROUGH
GIVES 0’ER, AND LEAVES HIS PART-CREATED COST
A NAKED SUBJECT TO THE WEEPING CLOUDS,
AND WASTE FOR CHURLISH WINTER'S TYRANNY.”

Shakspeare.



OF the numerous projects afloat, one apparently
very seductive to mechanical men, as well as
most important to the public, was a mechanism to
move a carriage along roads, by means of a steam-
engine, in place of the power of horses.

If Cugnot’s experiment had ever been known
in England, no traces of it can now be disco-
vered; and the carriage Watt described can be
considered but as a crude first thought ; for it is
difficult to imagine any modification of the con-
densing engine, which could ever make it be-
come the means of moving a steam-carriage.
In itself it was complex, bulky, and ponderous;
the water for condensation required to be con-
tinually renewed, and this alone would almost
operate as an exclusive bar against its adoption.
In fact, instead of so unwieldy a mechanism mov-
ing a long train of heavy carriages from its sur-
plus power, it might have required some extra
neous power to move it along.
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Leupold’s scheme was not matured, and al-
though Watt * had mentioned it when mentioning
his carriage, it is certain he never carried it into
practice: indeed, his idea of condensing the
steam by air, is sufficient to show that his descrip-
tion was a mere thought; and his account of
moving pistons by steam against the air, forty-five
years after it had been promulgated by Leupold,
was, however, in terms so vague, as to warrant the
belief that he had never seen the German’s account
of it. Besides, to the period of his death he re-
tained rooted prejudices against the use of steam
of a high temperature, on account of its danger,
as well as because he considered its use gave no
economical advantage over vapour of a much
lower elastic power.

If the invention of a steam-waggon were not,
therefore, a hopeless project, it was one sufficiently
improbable to deter plodding prudent men from
engaging in it, with the mechanical means then in
their power.

It will be obhvious, that from the nature of the
objections to the use of the condensing engine, as
a mover of carriages, either that steam must be
given up, or some other mode of applying its im-
pulse must be resorted to, than had been yet prac-
tised ; for, in fact, the intermediate mechanism by
which the carriage was to be propelled, was in
this case a matter of secondary importance only.

® « [ soon relinquished the idea of constrncting an engine
upon this principle, from being sensible it would be liable to
some of the objections against Savery’s engine, viz. the dan-
ger of bursting the boiler, and also that a great part of the

wer of the steam would be lost, because no vacuum was
ormed to assist the descent of the piston.

“ I however described this engine in the fourth article of
my patent, in 1769, and again in the specification of another
patent, in the year 1784, together with a mode of applying it
to wheel carriages.”—/att’s Narrative,
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In a bolddeviation from the beaten track, it was
the good fortune of Mr. Richard Trevithick and Mr.
Andrew Vivian, two engineers residing at Cam-
bourne, in Cornwall, to find the path which con-
ducted them to their object; rejecting the absurd
prejudices which had made high-pressure steam
be excluded from practice, they saw in the for-
midable qualities which had excited the fears of
‘Wattand others, those very properties which fitted

* it to become the actuating principle in their port-
able apparatus. Above all the other considera-
tions which swayed them in their preference of
steam of a high temperature, was the power it
gave of dispensing with the use of the condenser
altogether, a part which, from its cumbrousness,
and the difficulty of supplying it with water, in fact,
made Newcomen’s imperfect apparatus better
adapted to locomotive purposes than even the
Soho engine. It is somewhat singular, too, that al-
though during the thirty years that Watt’s mo-
nopoly existed, the whole ingenuity of practical
men appeared to be directed to form an appara-
tus, in which the use of the cond: r was n
tial to its proper action, yet no sooner had this
invention become public property—the same year
—than a scheme was matured, and carried into ef-
fect, which, of all the applications of this power,
as a whole, touches not in any point—does not
even approximate to any of Watt’s ideas as ex-
hibited in his condensing engine.

The boiler a in the engravisg (marked TREBVI-
raICK and VIVIAN) is made of a circular form,
and is inclosed in a case b, luted with fire-clay ;
¢, the piston cylinder, the greatest part of which
is inclosed within the boiler ; d, a cock for per-
mitting steam to pass from the boiler into the cy-




456 HIGH-PRESSURE ENGINE.

linder, by the pipe e, the area of which is dimi-
nished or enlarged by a throttle valve; if the cock
d is moved a quarter of a turn, it will open or shut
the passage to the upper or under side of the cy-
linder; f, a piston rod moving between guides,
driving the crank g &, by means of the rod i ; the
fly % is placed on the axis ! of thisrod; m, is a
double snail or eccentric wheel, which in its rota-
tion presses down the small wheel », and raises the
weighta, by itsmotion onthe jointat o; from which
proceeds downwards an arm or lever p, and con-
sequently, the extremity is at the same time moved
outwards; this action draws the horizontal bar o,
and carries the lever or handle s, (which moves
upon the axis of the cock d,) through one-fourth
of a circle. There is also a click, or ratchet-
wheel on the axis which is coiling during the pas-
sage of the baro outwards, and does not then act to
move the steam-cock ; but when the extremity «,
of the snail, touches the wheel, the piston will
then beabout the top of its stroke, and the wheel
r suddenly rises into the concavity of the snail ;
this causes the horizountal bar to move the steam-
cock, which turns the steam upon the top of
the piston, and also affords a passage for the
steam to escape from beneath the piston ; every
stroke of the piston whether up or down produces
this action.

There were some other adjusting contrivances
introduced, but which, from the small scale of the
figure, could not be exhibited with clearness, and
are therefore omitted ; the water, for instance, for
the supply of the boiler, was heated before its in-
troduction, by the steam which had moved the
piston, passing under a false bottom, perforated
with small holes; a portion of it so heated, was
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driven into the boiler at every revolution of the fly,
by means of a forcing pump *.

When Trevithick and Vivian produced a va-
cuum, and worked their mechanism by high-pres-
sure steam, they injected the ¢ water above the
bucket of the air-pump, and by this means, ren-
dered the space usually left between the bucket
and the foot-valve unnecessary, and thus perfectly
excluded the admission of any elastic fluid from
the injection water, into the internal working
spaces of the engine.”

The admission of the steam may be regulated,
as in the condensing engine, by a governor. The
safety valves on the boiler may be constructed on
the common plan; a plug of lead, or any metallic
compound fusible ata given heat, may be inserted
into the boiler, which will melt when the steam
rises to a cerlain temperature, or when the water
falls below a certain level, and let it escape into
the atmosphere.

Such is the simple and powerful machine of
Trevithick and Vivian; and it is but justice to
these most ingenious men to observe, that the
engraved figure has been selected, as being that
which they gave as the illustration of their first
apparatus, although much less perfect than some
others which they were called on to erect after-
wards ; but still it exhibits in construction the most
beautiful simplicity of parts, the most sagacious
selection of appropriate forms, their most conve-
nient and effective arrangement and connexion ;
uniting strength with elegance, the necessary so-
lidity with the greatest portability, possessing
unlimited power, with a wonderful plasticity to
accommodate it to a varying resistance;—it

® Repertory of Arts, vol. iv. p. 344,
2R
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may indeed be called, by way of distinction, THE
STEAM-ENGINE.

It were extraordinary if so admirable a design
offered no point to be objected to: we have
seen Watt was hostile to the use of steam of
a very high temperature, from an opinion of
its danger, but experience has shown, that this
is more imaginary than real. Contrivances to
ensure safety have been multiplied ; and as far as
human foresight and contrivance can guard against
accidents, accidents may be as effectually guarded
against in an engine on this construction as in one
acting by the condensing process. There is not—
there cannot be,anything in its formation oraction,
where these are resorted to, to occasion the least
ground of alarm. If the same care, therefore, be
applied to a high-pressure engine, it must be as safe
asalow pressure one ; indeed, notwithstanding the
operation of vulgar and absurd prejudices against
its safety, and the effect this necessarily has to
limit our knowledge of its properties, and also to
circumscribe its use, the engine of Trevithick and
Vivian may now be considered a rival, so
formidable, as to justify the opinion that, at no
very remote period, it may claim to divide the
palm of merit with the condensing engine.

The carriage, of which this beautiful apparatus
was to form a part, which also may be considered
as the first successful experiment, on a great scale, to
apply steam to locomotive purposes, resembled in
its form those used in the common stage coaches,
for the conveyance of passengers. ‘ A square
iron case, containing the boiler and cylinder, is
placed behind the large or hinder wheels of the
carriage, and is attached ta a frame supported from
the axles of those wheels. The cylinder was in a
horizontal position, and the piston rod was pro-
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jected backwards and forwards in the line of the
road towards the front of the carriage. Acrossthe
square frame, supported by the wheel of the
carriage, an axle was extended, reaching a little
beyond the frame on each side; this axle was
cranked in the middle, in a line with the centre
of the cylinder,and a connecting rod, passing from
the end of the piston, turned this axle round, and
produced a continued rotary motion of it, when
the piston was moved backwards and forwards
in the cylinder; upon both ends of this axle, cog-
wheels were fixed, which worked into similar cog-
wheels upon the axles of the wheels of the car-
riages, so that when a rotary motion was produced
in the cranked-axle by the piston rod, the rotary
motion was communicated to the axle of the
larger or hinder wheels of the carriages, and these
wheels, being fixed upon and tarning round with
the axle,gave a progressive motion to the carriage,
Upon one end of this axle, was fixed a fly-wheel,
to secure a rotary motion in the axle at the termi-
nation of each stroke.”

The fore wheels of the carriage were of the
usual form, which, turning to different angles with
the body of the carriage, directed its motion upon
the road ; and, in cases where abrupt turns of the
road required sudden changes in the direction of
the carriage, the toothed or cog-wheels, on either
side, could be thrown out of geer,and the opposite
wheel made to drive the carriage into the proper
obliquity of the road. Upon the periphery of the
fly-wheel, a brake was attached to regulate the
descent down steep hills. The contrivances to
effect the requisite motions of the various parts of
this machine are extremely ingenious, and con-
sidering it as the first which directed public atten-

2R2
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tion to the subject, is entitled to great’ commen-
dation ; but the many objections to its applica-
tion upon turnpike roads, operated to prevent the
patentees from carrying it into practice in the
manner described in their specification; they,
therefore, very properly directed their attention
to its use upon rail-roads.

1t was not until two years after the date of this
patent (1804), that Trevithick and Vivian had op-
portunity to make an experiment upon the Merthyr
Tydvil rail-road: the engine had an eight-inch
cylinder, and the piston had a four-feet six inches
stroke ; it travelled at the rate of five miles an
hour, and drew as many carriages as carried ten
tons of iron, for a distance of nine miles, with-
out requiring any water to be introduced into the
boiler from the period of its starting until it had
reached the end of its journey ; the great obstacle
to its introduction at the time, was the supposed
want of hold, or adhesion of the wheels upon the
rails, to effect the locomotion of the engine.

The persevering and ingenious Evans of
Pennsylvania, who has been already mentioned,
as having, some time before this period, been
engaged in the pursuit of constructing a steam-
waggon, appears from his narrative, which is a
characteristic one, merely to have described this
mechanism, and deposited the description in the
oftice of the state of Maryland. For he admits,
that he never carried the scheme into practice
until some time in the winter of 1804, and then,
finding that the engine he had thought of for the
prime mover, was different from any he had con-
structed before, he gave up for a time his waggon
project, and applied his engine to move a mill
for grinding plaster of Paris,
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In the engraving marked Evans, @ is an end
view of the boiler, consisting of two cylindrical
tubes, the lesser inside the greater; the fire is
kindled in the inner one, which serves as a furnace,
and the water to be heated lies between them ;
the smoke passing to the other end is turned under
the supply boiler b, to heat the water for supplying
the waste occasioned by working; ¢, a supply
pipe which brings the water up, and forces it into
the supply boiler, at every stroke of the engine ;
the steam ascends the pipe, and if the throttle
valve d be lifted to let the steam into the engine,
and valves e and f be opened, the steam drives the
piston g to the lower end of the cylinder, as it
appears in the engraving, the steam escaping before
the piston through the valve f; as soon as the
piston is down, the valves e f shut, and A ¢ open,
the steam enters at A, to drive the piston up again,
and escapes before the piston through the valve i s
these four valves are wrought by two wheels % /,
with cams on their sides, which strike against
four levers, (not shown in the ﬂgure,) to which the
stems of the valves are attached, and which open
and shut them at the proper times; the motion
of the piston g gives motion to the lever m n,and
the rod m o, connected to the crank, puts it in
motion, and the fly-wheel g r keeps its motion
vegular ; the spur-wheels s ¢, of equal size, move
the valve wheels ! & ; the lever m n works the
supply pump ¢; thus the motion is continued.
The steam, after it leaves the engine, escapes
up the pipe 2 z, through the roof of the house, or
into a condenser, if one be used, or through the
supply boiler to heat the water; g a safety valve,
kept down by a lever graduated like a steel-yard,
to weigh the power of the steam : this valve will
also lift, to let the steam escape when its power

RS .
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is too great, and if the pipe of the safety-valve be
turned into the flue of the furnace, then, by lifting-
the valve; the ashes may be blown out of the flue.
Evans found that, in an engine working ten saws,
when it was put in motion with steam of the elas-
ticity to drive one saw only, and suffer the piston
to move briskly, the steam was carried off from
the boiler as fast as it was generated, and fuel
consumed and time spent to little purpose ; but
when the steam was confined, and retained in
the boiler until it lifts the safety-valve with a
power sufficient to drive ten saws, it will do that
work all day, and cousume but little more fuel ;
and if the working cylinder be eight inches in
diameter, it will drive a pair of five-feet millstones.

This engine, it will be seen from the figure,
deviates little from the condensing engine of
Watt, except in the boiler, the form of which is
excellent *.

*® One of his first boilers was a cast iron cylinder, twenty
inches in diameter, and twenty feet long, cased on the outside
with wood. In other cases, hé made the fire surround the cy-
linder, and inclosed the flue by brick work.

His boilers were made strong enough by estimation, to bear
a pressure of 1500 pounds on each square inch, but he gene-
rally worked with a pressure of from fifty to one hundred
pounds on the square inch, He thought, in comparing the
economy of using steam at thishigh temperature, in an engine
without & condenser, with that from 212° to 220° used with
a condenser, that, by doubling the fuel, he produced sixteen
times the effect. The water was supplied to the boiler by a
small forcing pump: he experienced great loss of power, by
using cold water as & supply, “for although it lowers the
heat but little, yet as it has been shown that a small increase
of heat, 30°, doubles the power, so an equal decrease reduces
it a half, from one hundred and twenty pounds tosixty pounds

ressure.” p. 37. Evans therefore used a second or supply
iler, the water of which was heated either by the steam
which escn(fed from the cylinder, or by passing the flue of the
furnace under it ; as we may suppose that cold water receives
‘heat more freely than hot, he sometimes made his boiler in
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- Evans also worked his engines with steam
used expansively, and this was probably their most
economical application ; he raised the tempera-
ture of the vapour, to make its elasticity equal to
120 pounds on each square inch, and shut off its
entrange into the cylinder when the piston had
made a part of its stroke, as practised by Watt
and others, withsteam of the common temperature.,
“Thus the piston isdriven by strong puffs of steam,
the same as an air-gun drives its bullets, with this
difference, the air-gun is soon exhausted, but the
fire keeps up the power of the steam ; the whole
power of the steam is expended on the piston
before it leaves the cylinder, except what is neces-
sary to resist the atmosphere *.”

several parts, passing the flue of the furnace through them all,
and forcing the supply of water into that part furthest from
the fire, to pass from the one to the other, by small connect-
ing %ipes meeting the fire.—Young Steam Engineer’s Guide,
p. 4

* « Newcomen’s invention was the ficst step,an enormous
stride, from the simple paths of nature. Here they lost sight
of the true principle described by Lord Worcester.
Newcomen constructed a strong boiler, such as used by
Savery, and applied the force of steam simply to lift the
piston, and the piston to lift the pump-rod to make a stroke,
and let his steam escape uncondensed, he would have per-
for;bed at least treble the work with the same fuel.”—Ibid.

* It is evident Watt in his experiments on rotary engines,
used weak steam, and placed dependence on the use of a con-
denser. Had he, in his experiment with Barker’s mill, lessened
the apertures by which the steam issued, so as to confine the
steam until the power in the boiler was equal to one hundred
pounds to the inch, he would have been astonished to see it
revolve about one thousand times in a minute, snpposing the
rotary tube to have been three feet in length. . My rotary
tube was three feet long, the elastic power of steam about
fifty six pounds to the inch; it revolved with a velocity of
seven hundred or one thousand times per minute; the aper-
tures by which the steam issued, were two-tenths of an inch

.in diameter ; it exerted more than the power of two men, and
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This engine, however, will not bear a compari-
son with that of Trevithick and Vivian. But the
practice of Evans, and his publication on the sub-
ject, the first which was professedly of a prac-
tical nature, has produced a general impression
in favour of using steam of a high temperagure in
North America ; and by thus dispelling the vulgar
prejudice which still exists against its use in
England, the foundation has been laid for the in-
troduction of improvement, ona principle whichis
yet thought to be capable of a great and beneficial
extension *.

would answer to turn lathes, grindstones, &c., where fuel is
cheap.”—Ibid. p. 94. -

* In the same book Evans describes some other projects,
#£rom which three are selected t—the first, & mechanism similar
to Amonton’s wheel, suggested by a pulse glass, on which he
made & rough experiment. * A hollow metal wheel was filled
balf full with spirits of wine, or water. Afterexpelling the air
S0 a8 to form a vacuum in the uq;er part of the wheel, it was
closed up, so as to be steam and air tight. There were no
working cocks or valves, or movin‘l‘znts. except the axle,
which i8 like thatof a water-wheel. 'The wheelbeing set over
a fire, with theflue confined, 50 as to embrace about one-fourth
part of its circumference, the heat of the fire generated
steam in the lower and risini quarter of the wheel, and
forced the lignid to the descending and upper quarter, and
-the wheel turned slowly by the weight of the water being
greater in the descending’ than in the ascending side. By
-using steam of 272 degrees, its gower in the lower quarter
will be 60 pounds to the inch, and in the upper quarter, re-
duced (b&)a small shower of cold water applied on the upper
side) t030 pounds, the water will be driven with great ve-
locity from the lower to the upper quarter, and it will move
round r:gidly and with great power. He constructed a
“¢ wheel of lead on this principle, which moved slowly,” and
he thinks that, considering its great simplicity, and that when
once ﬁllegl with the spirits of wine, it would never require to
be replenished, as no vapour is suffered to escape, it is the
simplest and most philosophical steam-engine ever conceived.”
He adds, that he was satisfied with his high pressure engine,
* but thatif he expected to live one hundred years longer,
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Evans, too, had rivals to dispute even his se-
condary claims to invention. A Mr. John Ste«
vens, of Hoboken, near New York, had been
making experiments to apply steam of & high

and could spare the money and time, he would think it worthy
of a full experiment.”’

The construction of his volcanic steam-engine is also re-
ferred to another but not so definitea date. “In our pursuit,”
says. Evans, “of means to prevent the logs of heat which is
carried up the chimney of the furnace, let us have recourse to
the works of nature ; view the natural volcanoes, where the
fire burns without the aid of atmospheric air ; where all the
elastic fluid generated by the fire dissolving the fuel, and all
the steam formed by the water that may occasionally come
in contact with the fire, united, forms the most tenixu and
powerful of all steam-engines; in which the furnace, boiler,
and working cylinder are united in one, working on the simple
principle on applying great elastic power ; casting up moun-
tains and making the earth quake as she brings her strokes.
To apply these principles as far as we can, we make a cylin-
dric boiler about thirty-six inches in diameter, eight or ten
feet hiﬁ , with a furnace inside of it, eighteen or nineteen
inches diameter; both the boiler and furnace are united to the
same heads, the fire being inside of the water, and the smoke
flue turned downwards through the water to the bottom,
where the smoke is vented, and rises in many streams of
small bubbles, that it may impart all its heat to the water to
generate steam. The elastic fluid, generated by the combus-
tion of the fuel, which we may sng se is 2000 times the bulk
of the fuel, and the airused to kindle the fire, expanded by the
heat to double its original bulk, unites with the increased
quantity of steam, to work the engine with great elastic
power. But, until we can discover a fuel that will burn with-
ont the ‘aid of atmospheric air, or until we can find means for
kindling the fire with a blast of atmospheric air, as may be
the case in volcanoes, we use a forcing pump to force in air
to kindle the fire. This form of engine will work with much

ess fuel, and be much lighter than any other ; it would there-
forebe more suitable for boats or land-carriages. I made,
continues our speculator, a small boiler on this princi%le.
which operated favonrably, but being weary of the trouble
and expense of putting new principles intopractice, I declined
the pursuit, until better prospects open, or a more favourable

opwrmnity offers.”—1Ibid. p. 42. . "
hen this principle is put in operation, in addition to those
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temperature, by generating it in a boiler formed of
small copper tubes, each about one inch in diame-
ter and two feet long, inserted at each end into a
brass plate ; these plates were closed at each end of
the pipes by a strong cap of cast iron or brass,
leaving the space of an inch or two between the

lates. The necessary supply of water was injected

y means of a forcing pump at one end, through
a tube inserted at the other end ; one of these
boilers six feet long, two feet deep, and four feet
wide, exposed four hundred feet of surface in the
most advantageous manner to the action of the fire.
Stevens said his object was to form a machine

already explained, I conclude, that all the principlesof nature,
suited to aid us in the working of steam-engines, are taken in,
excepting one, which would enable us to work a steam-engine
without fuel, which I conceive is only to be done by plane
mirrors, and, perhaps, with much less expense than may at
present be supposed, (see pages 6, 11,29.) Many may think
this idea chimerical, until they discover that water exposed to
the single perpendicular ra.¥s of the sun, in a suitable vessel,
will soon acquire the heat of human blood, in 92 degrees. not-
withstanding the constant evaporation going on, which carries
off the heat asfast as generated. Ex{)enmenfs may determine
how many single rays must be collected, to triple the heat
from 92 to 276 degrees in the water, which, by the table, would
produce steam o{ elastic power sixty pounds to the inch ; this
would work a very powerful engine, to raise water in hot
countries for various purposes. The rays collected to a focus
by a convex lens, thirty-six inches diameter, produced a
far greater degree of heat than any furnace ever had. How
many lenses can we suppose would be y to work an
engine ? But we need not go to the expense of lenses ; one hun-
dred plane mirrors, containing each nine superficial feet, and
which might be constructed of nine small glasses, one foot
eacl, fixed in a frame, may collect rays sufficient for a power-
ful engine. The time will come, when water will be raised
by the heat of the sun at a very small expense.  But the ex-
pense of such inventions cannot be borne by those who have
the mental powers to design them ; at least it is highly im-
prudent for them to risk it. In such cases, aid from govern.
went becomen necessary.”——Jbid, p. 199, ‘
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adapted more immediately to the propelling of
a boat. “ He tried a rotary engine, on the axis of
which revolved a wheel at the stern of the boat,
like a windmill or smoke-jack, but he found it
impossible to preserve a sufficient degree of tight-
ness in the packing ; a second modification of his
rotary apparatus, on trial, proved no better than
the first. At last he had recourse to Watt’s engine,
with a cylinder 4} inches in diameter and a nine
inch stroke ; the beam was omitted ; the boiler,
two feet long, fifteen inches wide, twelve inches
high, consisted of eighty-one tubes each an inch
indiameter ; his boat was twenty-five feet long and
five feet wide. This was tried in May 1804, and
had a velocity of four miles an hour; after having
made repeated trials with her, his son undertook
to cross from Hoboken to New York, when un-
fortunately, as the boat nearly reached the wharf,
the steam-pipe gave way, having been put on
with soft solder. This boiler being damaged, the
next one was constructed with the tubes placed
vertically. The engine was kept going for a fort-
pight or three weeks, the boat making excursions
of two or three miles up and down the river; fora
short distance he could make it sail at a rate of
not less than seven or eight miles an hour*.”

In the same year, his rival constructed, for the
Board of Health in Philadelphia, a machine for
cleaning docks. Evans, who was a clever man
with a plain name, considering that a sounding
cognomen would do no harm to a simple ma-
chine, christened his mud-scraper, the Orukter
Amphibolos. This wasa heavy flat-bottomed boat,
thirty feet long, and twelve feet broad, with a
chain of buckets to bring up the mud, and hooks

®Colone] Stevenstook out a patent for his boiler in England,
in 1805, .
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‘to clear away sticks, stones, and other obstacles.
A small steam-engine was placed in the boat to
work the buckets, having a cylinder five inches in
diameter, and a stroke of nineteen inches. ¢ It
was constructed one mile and a half from the river
Schuylkill ; the boat was mounted on wheels,
which were moved by the engine ; the whole, weigh-
ing about 42,000 pounds, was moved with a gentle
motion up Market Street in Philadelphia, and
around the Centre Square ; and he concluded from
the experiment, that the engine was able to rise
any ascent allowed by law on turnpike roads,
which isnot more than four degrees; and when
the Orukter Amphibolos was launched, he fixed a
simple wheel at her stern to propel her through
the water by the engine ; she drew nineteen inches
of water; and he inferred, that if the power had
been applied to give the paddle-wheel the proper
motion, he could have stemmed the tide of the
Delaware.”

Stevens went no further with his experiment, and
Evans also stopped with this exhibition; indis-
cussing their claims, Evans declared, that he had
spent two thousand dollars orrhis project ; Stevens-
lamented that he had been ““ twenty years of hislife
on his, and spent twenty thousand dollars, without
deriving a shilling benefit.” Stevensthought some
of Evans’s projects were absurd : Evaus retorted,
¢ that the colonel’s setting himself up as an ob-
stacle to his improvements, had done more to
perpetuate his (the colonel’s,) memory than his
twenty years’ hard work, and the loss of his twenty
thousand dollars.” Be that as it may, although in
their lives their schemes were opposed, our respect
for their memories shall not be divided, and they
shall together enjoy that immortality which our
little book, we hope, will confer upon them.
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The rotary engine by Hornblower, which has
already been described, is complex. His second
one, though simpler, is liable to the same objec-
tion. It hasa rotary motion within itself by the
actions of four vanes, like those of a smoke-jack,
but formed of iron of some considerable thickness,
sufficient to form a groove Lo hold some stuffing, for
the purpose of being steam-tight during their ac
tion—they are mounted on an arbour, which hasa
hollow nave in the middle ; the tails of the vanes
are inserted into this nave, and each opposite vane
is affected alike, by having a steady connexion
with its opposite one ; so that, should the angle
or position of one of the vanes be altered, the op-
posite one (attached to it) will be altered likewise,
and they are not set in the same plane but at right
angles to each other. If we conceive these vanes
to be held in a vertical position like the sails of a
windmill, when one vane is flatly opposed to the
wind, the opposite vane will present its edge to it ;
and this they are constandy doing in their rota-
tion, on their common arbour, and the steam acts
against the vane on its face in propelling it into
action, for about the quarter of a circle, or 90°, in
the box wherein it acts, and then it instantly turns
its edge to the steam, while at the same time ano-
ther vane has entered the working part of the box,
and the rotation proceeds without interruption.”
Doctor Gregory observed, that in this mechanism,
as the stuffed parts (or those which move and re-
quire to be made steam-tight) are of great extent,
with regard to the magnitude of the machinery,
and exhibit rapid variations of shape, they would
be found difficult to keep in order.

Trevithick seldom loaded the safety-valve of his
engine with a weight beyond three or four atmos-
pheres.  Buta Mr. Wilcox of Bristol thought the

28
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vapour might bhe raised to a temperature having
a pressure of ten or twelve. High-pressure steam,
however, was in no instance more skilfully or eco-
nomically applied, than by Mr. Arthur Woolfe of
Cambourne in Cornwall. He operated with vapour
of a temperature as high as Trevithick, but instead
of permitting it to escape into the atmosphere
after it had elevated the piston, he introduced the
steam into a cylinder of much greater size, (also
fitted with a piston,) which communicated with a
condenser. he high-pressure vapour, as it
escaped from the smaller cylinder, expanding in
the larger cylinder, raised its piston, into a vacuum
made on the other side of it. And as the steam
acted alternately on both sides of the smaller pis-
ton, it was also introduced both above and below
the piston in the larger cylinder. )

The expansive property of steam, which was
applied so skilfully in this engine, was, as has
been described, used in almost all of his engines
by Watt, and now that his monopoly had expired,
it was also used by others. And Falck and Horn-
blower also, had even employed its action in two
cylinders. But neither Watt nor his followers
raised the vapour beyond three or four pounds
above the pressure of the atmosphere. Woolfe
began where Watt ended.

n carrying the modification into practice,
Woolfe informs us, he was led to observe the law
of the expansion of elastic vapour, at very high
temperatures, and he found that steam, for in-
stance, having an elasticity of four or five pounds
above that equal to the atmospheric pressure,
would expand to four or five times its bulk, and
still preserve a force equal to that of the atmos-
phere ; and that vapour, equal to resisting five,
six, ten, twenty, or on¢ hundred pounds above
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the pressure of the atmosphete, would expand
into five, six, ten, twenty, or one hundred times
its balk, and still balance the atmosphere, withe
out receiving any additional supply of heat.

This property, therefore, influenced the pro+
portions of his cylinders ; if he used steam of five
or ten pounds above the atmospheric pressure,
the second cylinder was made five or six times
larger than the other.

Experience, however, soon sobered the hopes
that were raised by what was called a discovery.
Tn fact, Woolfe himself was among the first who
observed the fallacy; and it is quite certain,
that in all his after-practice, he was guided by a
rule, very different from that which has been
stated, and he proportioned his cylinders, so asto
allow the steam to expand into double its bulk, for
every ten or twelve pounds which it could support
above the atmospheric pressure; and he also
found that the economy of allowing the expansion
to proceed beyond eight or nine times the primi-
tive bulk, was problematical.

it is now, by experiment, put beyond a doubt,
that this mode of using a second cylinder produces
a very considerable saving of fuel; in some cases
which have been detailed, it amounts almost to a
fourth, even whenthe comparison was made with
one of the condensing engines in the best working
condition.

The mechanism will be easily understood, by
referring to the diagram of Hornblower’s engine.

To diminish the expense of boring the cylinders,
they were recommended, by Mr. Job Rider, to be
lined with a softer metal, and to be finished by
what istechnically called draw-boring. Rider also
made the piston rod hollow to serve as an educ-
tion pipe, and regulated the admission of steam

28¢
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to the cylinder, by a weight wound up on a
drum or barrel, which received its motion from a
series of wheels. The motion of the barrel draws
up this. weight, which, being attached to the end
of a lever connected with the steam valve, opens
or shuts it, as it may be adjusted. The opening
of the valve is formed conical, having its smaller
end nearest the boiler, and the valve itself is a
corresponding portion of a cone, which is ad-
vanced into its seat, or withdrawn, to diminish or
enlarge the steam-way. Mr. William Deverel,
who, it also appears, was aware of the fallacy of
Woolfe’s statement, recommended that the cylin.
ders should have the proportion of one to three,
if the steam in the boiler was equal to forty-four
poundson each circular inch; and he also consi-
dered, that after the steam had raised the small
piston, it should be conducted into a separate ves-
sel to expand, before being admitted to act on the
Piston in the large cylinder.

The manner Mr. James Boaz, of Glasgow, pre-
vented the cylinder, containing the steam, from
being cooled by the water which was raised into
it, was to make the steam, which acts on the
Eiston a, press the mercury beneath it, (indicated

y a darker shade) up the pipe b, and by its
motion force the water through the pipe ¢, into
the reservoir. When the mercury has been
nearly all expelled from the cylinder, the steam-
cock e is shut, and the ajr-cock opened, the
vapour escapes into the atmosphere, and the
weight of the mercury raises the piston in the
cylinder, and this leaving a vacuum in the pipe,
the pressure of the atmosphere raises the water
through 4 to replenish it,

In Mr. William Trotters steam-wheel, a is an
immoveable cylinder, in which another cylinder
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b revolves on its axis: & piston ¢ placed on i
circumference, in its rotation, fills the space be-
tween it and the outer vessel; d is an eccentric
cylinder, having an aperture in its circumference
through which the piston protrudes. In its revo-
lution, a point of the pariphery of the eccentric
cylinder always touches the surface of the steam
case, 50 as to form a steam tight division be-
tween the two sides of the piston or slider.
When steam is introduced behind the piston,
all the space on the other side is open to the
condenser, and the inner cylinder is carried for-
ward. The eccentric cylinder being also car-
ried round by the piston, always, forms, at the
‘point of contact, the separation between the va.
caum and the steam. Itis not known whether
this clever thought was ever carried into effect §
a later speculation—the founding of the magnifi-
cent Bazaar in Soho 8quare, where the most be-
nevolent purpose is seen directed by the finest
method—has conferred on the author of this
steam-wheel-a wide and enviable celebrity as a
practical philanthropist.

Mr. Andrew Flint’s scheme is a modification of
Bramal’s first idea ; the novelty is produced in
the valves. The outer cylinder 1s fixed, and the
inner cylinder, which revolves, is divided into two
compartments, one of which communicates with
the boiler, the other with the condenser, by a hol-
low axle. . The two valves ¢, d, are each formed
of a portion of a cylinder, and they are moved by
a mechanism on the outside of the fixed cylinder
being attached to their axes, by which they are
shut and opened by the motion of the inner cy-
linder. The action is the same as Watt’s, the
steam being introduced through the opening e,
fills the space betweengthe valve ¢ and the piston

8
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which is carried forward to beyond the valve d ;
it is then turned round so as to come into con-
tact with the revolving cylinder, at the same time
that the other valve. is turned into its recess to
allow the piston to pass over it, when it is again
placed in the position shown in the drawing.

The amended projects of Mr. Wilcox of Bristol,
with the exception of one scheme, are nearly
the same as Watt's and Bramah’s, the one
forming the exception is the least practical of -
any, and more complex than them all. By means
of short levers, and a rack and pinion, the piston
is moved on a hinge, so that in passing the .abut-
ment valve, (which thus requires to be opened
only to a half of the width of the piston channel,)
it is moved nearer to the surface of the revolving
cylinder, and is then drawn into its first position;
the abutment valve is then moved outwards, and
the rotary motion is continued.



CHAPTER TWENTY-TWO.



£00N SHALL THY ARM, UNCONQUERED STEAM ! AFAR

DRAG THE SLOW BARGE, OR DRIVE THE RAPID CAR;

OR, ON WIDE WAVING WINGS, EXPANDED BRAR

THE FLYING CHARIOT TRROUGH TAE FIXLDS OF AIR.
Darwin.



THERE is probably no one, whose name is asso-
ciated with the history of this mechanism, and
whose labours have received so large a share of
applause, appears to have less claim to notice as
an inventor, than Robert Fulton,

His father was a poor Irish labourer, a na-
tive of Kilkenny, who emigrated to Pennsylvania,
where Robert was bom in 1765; and it was his
misfortune, when he was little more than three
years old, to lose, by the death of his father,
even the slender -protection which this homely
Iot in life afforded. In the village school he
was taught to read and write a little, and in Phil-
adelphia, he afterwards followed, with varied
success, a youthful partiality for drawing and me-
chanics; in a few years, hisperseverance enabled
him to rise a little above the humble circumstances
of his family, and to earn a livelihood by the sale
of his portraits and landscapes. His frugal habits
soon enabled him to purchase a small farm in the
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neighbourhood of Philadelphia, which he settled
upon his family ; and coming to London in 1786,
he experienced the, kindness and patronage of
Benjamin West, as his countryman and an artist.
Under him he made some progress in design : he
was clever, without giving indications of possessing
a talent, that would rise above mediocrity; as an
artist, he had diligence and perseverance, but he
had no taste, and little invention: this was attri-
buted to a divided, and, of course, a desultory
application; for mechanics, which had always
some share of his attention, soon engrossed the
whole. :

He spent two years near Exeter, where he be-
came known to the Duke of Bridgewater and to
the Earl of Stanhope, with the latter of whom
he communicated in 1793, on the subject of apply-
ing steam to move boats ; and for the following
eighteen months he lived at Birmingham, where
‘he matured his scheme for small canals. This pro-
ject receiving no attention from government, he
published it in 1796. The character of this book
was that of its author ; it contained nothing ori-
ginal, either in matter or manner, But from his
acquirements as an artist, the engravings were
superior to those usually given in similar books ;
and, as exhibiting industry, was considered for a
young man to be a respectable production®.

# In this treatise he attempts to prove, that small canals,
navigable by boats of littleburden, were preferable to canals
and vessels of the large dimensions then in use ; an opinion,
of which the ruinous fallacy is confirmed by every day’s ex-

erience, and the small returns received, in the majority of
nstances, from the immense sums expended in excavating
and preserving some of this species of navigable ditches in
England. “To continue traflic over mountainous countries,
he proposed inclined planes, upon which vessels and their
cargoes, navigating the canal, should be raised or lowered
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He received, in 1794, the thanks of two societies
for accounts of various projects, and he had pa-
tents for improvements en sawing marble, and
making cordage, but they did not turn out pro-
ductive to those who became his colleagues. In
1796 he went to France, but there his private
schemes met with less regard than in England.
As he was not wanting in a certain sort of jodge
ment, he revived a project which had been ofterr
suggested, and attracted the public eye, by a pro-
posal to blow up ships, by a machine of hisinven-
ntion, which “moved entirely under water, and
thus he hogd to deliver France and the whole
world from British tyranny and oppression ®.”

He applied to the Directory for pecuniary’
assistance : he was referred to the Minister of
Marine, who promounced the project impracti.
cable. Fulton, with his model under his arm,
again presented himself to the Directory ; and the
persons whom they pamed to inspect it gave an
opinion in ifs favour, but the inexorable Minister
of Marine finally rejected it. Three years had
thus been wasted, w Fulton offered his mode}

from one level to another; or by lifting or lowering the
boat and her freight ﬁarpendicnlarly. by machinery, which
was to be moved by the power of water taken from the sa-
perior height, and applied to a water wheel; or by the
weight of a body of water received into a coffer, which was
to move in a direct line between the higher and lower lavel,
through a perpendicular shaft, or well, made in the earth
for that purpose ; and, in another place, he proposes to pass
over a valley, from one summit to the other, by double in-
clined planes. In these projects he only claims the per-
pendicular lift, and the connexion of the inclined planes with
machinery, as new ideas.”—Colden’s Memoir, p. 15.
® “ His first experiment, 1797, made on the Seine, (int
company with Joel Barlow, with whom he lived for seven
years,) was to impart to carcasses of gunpowder a pro-
motion under water, and there to explode.them:
¢ was disappointed in this machine,”~Ibid,, p.28.,
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to the Batavian Directory : to the heavy Dutch-
men it appeared as impracticable as to their
lighter neighbours; and M. Vanstaphast, an
opulent citizen, who had a better opinion of it
than his colleagues, after disbursing the expenses
of several trials, also gave it up in despair.

From Napoleon Bonaparte, afler his elevation
to the Consulate, he at last succeeded in obtaining
money to make an experiment on a large scale at
Havre, in the winter of 1801. And in sailing be-
tween that and Brest in the following year, he
amused himself by alarming the gunners on some
parts of the coast, by plunging his nautilus under
water,and then re-appearing at some little distance ;
‘¢ but this amusement was all that his patrons had
for their money.” At Brest, however, he suc-
ceeded in immersing his nautilus to the depths of
five, ten, and twenty-five feet, remaining under the
surface of the water for an hour®. Inanother ex-

®  During this time they were in utter darkness. After.
wards he descended with candles, but found a great disad-
vnnuie from their consumption of vital air. He next fitted,
near the bow of bis boat, an aperture, one inch and a half in
diameter, with glass, and he found this admitted light suffi-
cient to enable him to count the minutes on his watch.
Finding he could descend to any depth, and rise to the sur-
face with facility, his next object was to try her movements
as well on the surface as beneath it, His boat had one mast,
a mainsail, and jib. He weighed anchor and hoisted sail,
(July, 1801,) there was only a light breeze, and, therefore,
she did not move on the surface at more than the rate of two
miles an hour; but it was found she would tack and steer,
and sail on & wind, or before it, as well as any common sail-
ing boat. He then struck her mast and sails, and perfectly
to prepare the boat for plunging required about two minutes.
Having plunged to a certain depth, he placed two men at the
engine, which was intended to give her progressive motion,
and one at the helm, while he, with a barometer before him,
governed the machine, which kept her balanced between
the upper and lower waters, He found that with the ex-
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periment, he moved about the fifth of a8 mile under
water ; and in a subsequent one, accompanied by
three other persons, by means of a globe, having
about a foot of cubic capacity, and in which he
had condensed air under a pressure of two hun-
dred atmospheres, they remained under water for
several hours ®.

Having acquired some practice in sub-marine
navigation, he wasallowed to demolish an old brig
in Brest Harbour; and during the same summer
he nnxiouslgsougbt to test his art on some English
ships, which daily advanced to the Roads, when
once, as he was on the point of attaching his * in-
fernal machine” to a man-of-war, * it fortunately
changed its position and escaped from the threat-
ened annihilation.

Bonaparte now turned a deaf ear to his appli-
cations for further assistance, considering him to
be a quack and a sharper, whose enterprises were
only meansto supply himself with money +. Ful-

ertion of one hand only be could keep her at any depth be
pleased ; the propelling engine was then put in motion,
on coming to the surface he had moved about five hundred
yards; he then again plunged, turned her round while under
water, and returned to near the place he an to move
from : this he did several dais successively. He found that
the boat was as obedient to her helm under water, as any
boat could be on the surface, and that the maguetic needle
traversed as well in the one situation as in the other.”—
Colden, p. 34. .

® « He descended to the depth of five feet ; at the expiration
of an hour and forty minutes he began to take small supplies
of pure air from his reservoir, and he did so, as he found oc-
casion, for four hours and twenty minutes; he then came to
the surface, without having ezperieaced any inconvenience
from having been so long under water.”—Ibud., p. 35. 3

.t “ Bonaparte, dont le gofit pour les innovations diminuait
a que son pouvoir augmentait, avait déja cessé d’at-
tacher aucun prix aux inventions sous-marines; et il traitait
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ton, more fortunate in his appropriations, hav.
ing made himself acquainted with Panoramas be-
fore leaving England, established the first of that
kind of exhibition at Paris; in a pecuniary view,
this speculation more than answered his expecta-
tions.

It wasduring his journey from London to Paris,
that he was introduced to Doctor Cartwright,
then residing in the neighbourhood of Dover.
The Doctor explained to him a mechanism to
move vessels by steam, and he drew a plan of it, in
the presence of some of his family, which he pre-
sented to Fulton, expressing his regret, that his
circumstances at that time were not so favourable
as to enable him te be at the expense of making
the experiment. The Doctor's idea was not
forgotten, when, during the state of incertitude
with regard to his nautilus, Fulton turned his at-
tention to propelling boats by a steam-engine.

Soon after his arrival in Paris, Fulton had
formed a friendship with Mr. Robert Livingstone,
then minister from the United Statesto the Court
of France. Intheir conversations, this gentleman
communicated to Fulton his opinion on the im-
portance of steam-koats to their common coun-
try, informed him of what had been attempted
in America, and his resolution to resume the pur-
suit on his return, and advised Fulton to turn
his mind to the subject. It was agreed between
them to embark in the enterprise, and imme-
diately to make such experiments as would en-
able them to determine how far, in spite of former
failures, the object was attainable; and to Ful-

leurs auteurs d’extravagans, on d'imbéciles, et ajoutait,d I'é-
gard de Fulton, que cet Americain était un charlatan, un
escroc qui voulait seulement attraper de l'argent.”—Mont-
gery, p. 24,
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ton, says the Chancellor, was left the principal di-
rection of these experiments,

. Among the schemes which Fulton thought of,
but discarded, was that of Franklin, and those by
Fitch, as well as Rumsey. By paddles and duck-
feet oars, he saw it was impossible to drive a boat
six miles an hour, and he thought it was to such
defective applications of power, and not to &
want of it in the engine, that all experiments
had hitherto failed.

Endless chains, with resisting boards upon
them as propellers, appeared to him greatly pre~
ferable to any other method which had beea
tried ; and as he was desirous of proving their ef-
fect by actual experiment, for which he wished
for more retirement than the waters near Paris
would afford, he accompanied Mrs. Barlow, whe
had been ordered by her physicians to Plom-
bieres ; andon a little rivalet, which runs through
that village, he made a course of experiments
with a set of models he had constructed for the
purpose: the results of these gave him strong as-
surances of success.

During ‘the time Fulton was engaged in these
experiments, a M. des Blancs, whose boat on the
Soane has already been noticed, deposited a model
of his apparatus in the Repository of Machines
at Paris. In this he used a horizontal cylinder, by
which endless chains, with resisting boards upon
them, or what he called chaplets, were to be
worked from stem to stern alongside of the vessel.

From Fulton’s report of his experiments at
Plombieres, on models of his own invention, it
was understood, says Livingstone, that e had de-
veloped the true principles upon which steam-
boats should be built, and for the want of know-
ing which, all previous experiments had led to no
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useful result. But as many things, which wereap-
rnrently perfect when tried on'a small scale, had
ailed when practised on a large one, they deter-
mined to go to the expense of building an “ ope-
rating boat > upon the Seine.

During the construction of this vessel, Des
Blancs called the public attention to Fulton’s ope-
rations as an invasion of his patent right; ‘“and
he also addressed a remonstrance to Fulton him-
self on the subject. In reply the American ex-
pldined, that his plan differed materially from
Des Blance’, for his boat was to be prope{led by
wheels, not by chains. He also, at the same
time, communicated to Des Blancs his own expe-
riments with the chaplet mechanism and paddle
wheels; and informed him, that the result de-
cided him to adopt the latter. Fulton concluded
by offering his rival a share in the advantages of
the discovery which he had made, if he would
bear his proportion of the expense. But no no-
tice’was taken of this offer, or even of the let-
ter®.

Livingstone and Fulton’s experimental boat was
completed early in the spring of 1803—* And they
were on the point of making an experiment with
her, when one morning as Fulton was rising from
a bed, in which anxiety had allowed him but
litile rest, a messenger from the boat, whose pre-
cipitation and apparent consternation announced
that he was the bearer of sad tidings, presented
himself to him, and exclaimed—*‘ Oh, sir, the
boat has broken in pieces, and gone to the bot-
tom!’”—For the first time in his life he felt a vivid
emotion of despondency, but this wasonly fora
moment. Onexamination he found that the boat

® Colden, p. 159,
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had been {00 weakly framed to beht the great
weight of the machinery, and in consequence of
an agitation by the wind on the preceding night,
what the messenger had represented had literally
happened. By great exzertions the parts were
raised from the bottom, and the greater part of
the boat was rebuilt. Her length was eixty-six
feet, and her width eight feet. Fulton’s experi-
ment drew a great concourse of spectators, in
August, 1808; the wheels and other machinery
acted according to his expectations, although her
speed wasnot so great as he calculated upon her
machinery producing ®*. Such entire confidence

® « Blasco de Garay, a sea captain, exhibited to the Em-
peror and King Charles V., in the year 1543, an engine :I
which ships and vessels of the largest size could be propelled,
even in a calm, without the aid of oars orsails, .

“ Notwithstanding the oplposifion which this project en-
countered, the Emperor resolved that an experiment should
be made, as in fact it was, with success, in the harbour of
Barcelona, on the 17th of June, 1543.”

“ Garay never gublic] exposed the construction of his en-
gine, but 1t was observed at the time of his experiment, m
it isted of a large caldron or vessel of boiling water,

a moveable wheel attached to each side of the ship. .

« The experiment was made on a ship of 209 tons, arrived
from Calibre, to discharge a cargo of wheat at Barcelona;
it was called the Trinity, and the captain's name was Peter
de Scarza,

« By order of Charles V. and the Prince Philip the Second,
his son, there were present at the time, Henry de Toledo, the
governor, Peter Cardona, the treasurer, Ravago, the vice-
chancellor, Francis Gralla, and many other persons of rank,
both Castilians and Catalonians ; and among others, several
gea captains witnessed the operation, some in the vessel,
and others on the shore.

*“ The Emperor and Prince, and others with them, applauded
the engine, and especially the expertness with which the ship
could be tacked. The treasurer Ravago, an enemy to the
project, said it-would move two leagues in three hours. It
was very complicated and expensive, and exposed to th
constant danger of bursting the boiler. The other commis-
sioners affirmed, that the veﬁsel8 could be tacked twice as

2T
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did_he and his associate acquire from this trial,
that he writ instructions to Watt and Bolton, to’

pare a steam-engine for him, and which was to
gesent to New York, to which place he prepared
to return, in order to introduce his invention on
the American waters*; and soon afterwards Liv-
ingstone succeeded, by means of his friends at
New York, in having his privilege of navigating
all the waters of that State by steam, which had

quick as a galley, served by the common method, and that at
its slowest rate it would move a league in an hour.

“ The exhibition being finished, Garay took from the ship
his engine, and having deposited the wood work in the arse-
nal of Barcelona, kept the rest to himself. N

« Notwithstanding the difficulties and opposition thrown in
the way by Ravago, the invention was approved ; and if the
expedition in which Charles V. was then engaged, had not
failed, -it would undoubtedly have been favoured by him.
As it was, he raised Garay to a higher station, gave him a
sum of money (200,000 maravedies) as a present, ordered all
the expenses of the experiment to be paid out of the general
treasury, and conferred upon him other rewards.

« Such are the facts collected from the original registers

reserved in the Royal archives at Samancas, and among
the public papers of Catalonia, and those of the Secretary at
War, for the year 1543.”
" This remarkable statement appears as a note in the first
wolume of original papers relating to the voyages of Colum-
bus, lately published in Sgain, by one of the Secretaries of
the King, and printed at the Royal Press, was communicated
1o the author, in a letter from Thomas Gonzales, dated at
Salamanca, 27th August, 1825; ‘and it would seem he had
recently consulted the public records to which he refers,
The editor of the Frankiia Journal, from whom this extract
has been made, observes, “ when the ¢ Public Records®
shall ap) in an authentic form, their evidence must be
admitted ; until then he should not be inclined to commence
the history of the invention of the steam-boat, so far back
as 1543. "For ci tial as the t is, it seems to
have been written since the days of Fulton.”"

® « ]t is said, that the shore of the Mississippi, and of the
rivers' which flow into it that are navigable for steam-boats,
are equal to an extent of fifty thousand miles.”
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become obsolete, re-granted to Fulton and him-
self, for a period of twenty years. . o

‘Fulton, whose nautilus had never risen fairly to
the surface,found means of communicating his ex-
periments to the Earl of Stanhope; and coming to
England, through his lordship’s influence, Fulton,
received permission from the government to turn
the scheme Bonaparte so much despised, against
himself. Fulton was sent to the fleet stationed off
Boulogne, and had there an opportunity of making
an experiment on two French gun-boats, but . the
nautilus exploding before the proper time, did
not even frighten those whom it was sent to de-
stroy. Although the impression against the
scheme was decisive, yet, by the influence of his
noble patron, he was permitied, a fortnight after~
wards, to make another experiment onan old ves-
sel lying in Walmer Roads,” and with the assist-
ance of Sir Home Popham, and two boats’ crews,
succeeded, after an unresisted attack of two days, in
blowing up this poor old carcass *.”

This failure again left him at leisure to attend
to his steam-boat project, for which Bolton and
Watt had nearly constructed an engine on their
peculiar principle, but with some modifications to
adapt it to propela vessel ; during its progress, he
visited Scotland, and inspected Symington’s steam-
boat on the Forth and Clyde Canal.

Fulton remained in England until -October;
and, on his arrival at New York, .in. Decem-
ber, 1806, he commenced his operations to per-
fect his torpedoes, or submarine bombs, and .to
build his steam-boat ; but finding, when erecting
her, that the expenses would greatly exceed his

*® On_our side of the water, mechanics had not_been idle ;

for Lord Stanhope had invented a submarine machine to de-
stroy the nautilus!! . . R

y
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calculation, he endeavoured to lessen the pressare
on his finances, by offering & third share of his
exclusive right, to navigate steam-boats in the State
of New York, to some individuals, for a propor-
tionate contribution to the expense of this experi-
ment; but he found no one willing to aid him in
this enterprise.

In the spring of 1807, notwithstanding the pe-
cuniary and mechanical -obatacles opposed to his
project, Fulton had completed the vessel, and it
was soon after launched on the East River. The
engine which had been sent from Watt ‘and Bel-
ton, by this time had arrived, and with the as-
sistance of the working engineers, who had ac-
companied it from Soho, it was fixed in the boat;
and in August, 1807, Fulton had the satisfaction
of seeing this celebrated vessel moved by her
machinery from her birth-place to the Jersey shore.
On this occasion Livingstone and Fulton had in-
vited many of their friends to attend the first trial;
¢ and nothing,” says Colden, ‘‘ could exceed the
surprise and admiration of all who witnessed the
experiment. The minds of the most incredulous
were changed in a few minutes—before the boat
bad made the progress of a quarter of a mile, the
greatest unbeliever must have been converted.
The man, who, while he looked on the expensive
machine, thanked his stars that he had more
wisdom than to waste his money on such idle
schemes, changed the expression of his features
as the boat moved from the wharf and gained her
speed: his complacent smile gradually stiffened
into an expression of wonder—the jeers of the ig-
norant, who had neither sense nor feeling enough
to repress their contemptuous ridicule and rude
jokes, were silenced for the moment by a vulgar
astonishment, which deprived them of the power-
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of utterance, till the triumph of Genius extorted
from the incredulous multitude, which crowded
the shores, shouts and acclamations of congratu-
lations and applause.” Though her performance
far exceeded the expectations of 'his friends, Ful-
ton perceived that there was an error in the con-
struction of her water-wheels—he lessened their
diameter, so that they did not dip so deep into
the water, and it was manifest that the alteration
had tended to increase the speed.
¢ This famed vessel, which was named the
Clermont, soon after sailed for Albany; and, on
her first voyage, arrived at her destination without
any accident. She excited the astonishment of
the inhabitants of the shores of the Hudson, man
of whom had not heard even of an engine, muc
less of a steam-boat. There were many descrip-
tions of the effects of her first appearance upon
the people of the banks of the river. Some of
them were ridiculous, but some of them were of
such a character as nothing but an object of real
andeur could have excited. She was described
y some, who had indistinctly seen her passing
in the night, to those who had not a view of
her, as a monster moving on the waters, defying
the winds and tide, and breathing flames and
smoke.” -
« She had the most terrific appearance from
other vessels, which were navigating the river
when she was making her passage. The first
steam-boats, as others yet do, used dry pine wood
for fuel, which sends forth a column of ignited va-
pour, many feet above the flue, and whenever the
fire is stirred, a galaxy of sparks fly off, which in
the night have an airy, brilliant, and beautiful
appearance. This uncommon light first attracted
the attention of the crews of other vessels. Not--
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withstanding the wind aad tide were adverse to ile
approach, they saw with astonishment that it was
rapidly coming towards them; and when it came
#0 near, as that the noise of the machinery and
the paddles were heard, the crews, in some in-
stances, shrunk beueath their decks from the ter-
rific sight ; and others left their vessels to go on
shore, while others prostrated themselves, and be-
sought Providence to protect them from the ap-

roach of the horrible monster which was march-
g on the tides,and lighting its path by the fires
which it vomited *.”

In this first voyage the distance run was about
ove hundred and fifty miles, which was accom-
plished in thirty-two hours, giving a speed of
about five miles an hour. The voyage back was
made in the same time ; and both going and re-
turning, the wind (a light breeze) being a. head, the
whole was performed by the steam-engine and
wheels. The voyagers overtook many sloops and
schoopers beating to windward, and parted with
them as if they had been atanchor.

This triumphant experiment established Ful-
ton’s reputation; and, soon after, this fine vessel
plied between New York and Albany, as a pas-
sage-boat, and her “success raised Fulton to a
well-merited independence.

“ It would have been an extraordinary circum-
stance if her machinery had been like the men of
Cadmus, perfect at its birth; and it would have
been quite as extraordinary, if its effects could
not have been produced by an arrangement or
combination of its parts, not precisely that adopted
by Fulton +.”

® Colden, p. 173.

-+ The dimensions of the Cr.eRuoNT were—longth of boat,
133 feet ; depth, 7 feet; breadth, 18 feet, The boiler was
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Yet the men who refused to share in his chances
of gain, when he offered them for sale, were
greedy of his profits, and envious of his fame,
- after he had established, by an experiment of an
immense cost, the practicability of the invention,
and seizing upon some obvious and trivial de=
fects, for which they proposed a remedy, or sugs
gested some slight variations in the arrangement
of the machinery, on these grounds contested his
Tight as an inventor, and put forth claims to a
share in his hard-earned emoluments. Another
source of annoyance arose from the prejudices
of those who considered the introduction of
steam-boats on the American waters destruc~
tive to the interests of the common navigators:
by these Fulton was spoken of as if he had in-
troduced some .project baneful to society; and
the Clermont became the object towards which
their hostility wasdirected. She was often inten-
tionally run foul off to produce damage ; and this
spirit of hostility had shown itself so openly, that
the Legislature passed a law to punish, by fine
and imprisonment, all those who made wilful
attempts to destroy her ¥. But notwithstanding

20 feet long, 7 feet deep, and 8 foet broad. The steam-cyline
der 2 feet in diameter ; and the piston made a stroke of 4
feet. The diameter of the water-wheels was 15 feet, the
bucket 4 feet long, and dipped 2 feet into the water. The
burden 160 tons. Built 1806, .

The Car or NEPTUNE, built in 1807, earrying 295 toms,
was 175 feet long, 8 feet deep, and 24 feet wider. The
boiler 18 feet long, 8 fect deep, 9 feet broad. Steam-cylin<
der 33 inches in diameter: the piston had a stroke of 34
inches; the water-wheels 14 feet in diameter; 4 feet long
buckets, which were immersed 2 feet 4 inches in water.

® The Legislature of New York were o fully convinced of
the great utility of the invention, and of the interest the

blichad in its encouragement, that they made a new contracs
Rﬂ@).whh Livingstone and Fulton, by which the terms

y 2
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these demonstrations of animosity, the confidence
of the public in her performances was increasing,
and the Clermont continued to run, loaded with
passengers, for the remainder of the summer.
To provide accommodation for an anticipated in-
crease of voyagers, she was enlarged in her dimen-
sions in the winter of 1808.

Fulton again renewed his experiments with his
nautilus and torpedoes, but the opinion of his
countrymen was as decidedly against them, as that
of those persons who had witnessed his trials in
France and England.

Divesting his labours, of all the claim he
makes for them, of being undertaken with a pa-
triotic motive, when compared with his country-
man Oliver Evans, a labourer also in the same
vineyard, he falls greatly below him in practical
knowledge, as well as in the power of invention.
There was great perseverance in both. Neither
hesitated to talk of themselves and their works, in
terms which had been used in a better taste by
their friends or admirers, But Evans, viewed as
one whose ingenuity will probably be less con-

idered than the of his enterprising con-
temporary, had a sturdy ingenuousness, which
it was one of the greatest blemishes in Fulton’s
character that he did not possess. But yet Ful-
ton’s merit is still of no ordinary kind. Under
circumstances where others had given way to
despondency, and had sunk under their repeated
failures, he persevered in experiment until he
produced a successful result; and the splendid

(originally twenty years from 1807) of their exclusive right
to the profit of all steam-boats on this peculiar plan, which
should navigate the waters of that State, should be ex-
tended five years for ‘every additional boat they should
build, provided the whole term did not-exceed thirty years.
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effects which have arisen from his practical intro~
duction of steam-navigation has given him a well-
merited claim to rank foremost with those whose
enterprise has conferred a lasting benefit on his
country.

It is not clear whether it was after the erection
of this vessel, that Fulton had some correspond-
ence on the subject of steam-boats, with an indivi-
dual whom we have already mentioned with appro-
bation. ¢ Fulton,” says Mr. Bell, “ had occasion
to write to me about some plans of machinery in
this country, and begged the favour of me to callon
Mr. Miller of Dalswinton, and see how he had
succeeded in his steam-boat scheme ; and if it an-
swered the end, I was to send him a drawing and
full description of it, along with my machinery.
This led me to have a conversation with Mr.
Miller, and he gave me every information I could
wish for at the time. 1 told him where, in my
opinion, he had erred, or was misled by his engi-
neer, and at the same time, I told him that I in-
tended to give Fulton my opinion on steam-boats.
Two years thereafter, 1 had a letter from Fulton,
letting me know that he had constructed a steam-
boat, from the different drawings of machinery
that I had sent out, which was likely to answer
ths. e’nd, but required some improvement upon
ite)

Rumsey’s plan of propelling a vessel by means
of the re-action of a stream of water +, was again

® Caledonian Mercury, 1816.

.t Mr, Watt informed Buchanan that he tried a pump
similar to Linaker's, to propel a vessel for Rumsey, but its
effect in moving a boat was very small. Watt, however,
justly observed, that Rumsey applied the power to great dis-
advantage, because he forced the water through a very s!

22U
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made the subject of experiment by Mr. William
Linaker, master shipwright in Portsmouth Doek.
yard.- From some memorandums, found among his
papers after his death, it appears that as early as
1793, he had made a set of experiments on pros
pelling a vessel by machinery, but it was not until
1808 that he applied for a patent. Linaker had
two plans, one was to work pistons horizontally,
in pumps drawing water in at the bow, and dis-
charging it at the stern cof the vessel: the other
was fo work a vertical pump in the middle of the
vessel, also drawing the water in at the bow, and
expelling it at the stern. This idea he proceeded
to put into practice on a scale of some magnitude,
and had a steam-engine constructed by Murray and
Wood. ¢ But, I am uncertain,” says Buchanan,
¢ whether he lived to try it on board hishoat.”
When the second plan was tried, the motion of
the vessel was far from being uniform, and it
went by jerks at each stroke of the pump; this
irregularity Buchanan thought might have been
remedied by attaching air-vessels to the pumps,
and the stream of water would, hy their aid, have
been made continuous. It was the opinion of the
same excellent mechanic, that if the pumping

pipe, and that the pipe should havo been as large as the
pump barrel.”

« From one of Linaker’s papers without a date, it would
appear; that he had tried a boat on this plan. It was a
heavy boat, 3] feet long, 6 feet wide; and although it had but
one trunk, which was much against the uniformity of its
motion, it moved nearly 4 miles an hour, with 8 men working
30 strokes per minute; 6 men working 25 strokes per minute,
moved it at the rate of 3 miles an hour; the length of the
bucket stroke was 6 feet, inside of trunk 5 inches by 18
inches : when the valve wasopen, the water aﬁe was very
free, the metal being cast thin; the trunk had its sides
parallel from end to end.” BucBANAN on Steam-Boats, p. 58.
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principle were as effective as paddle wheels, it
would be a preferable mode in rough water.

After Linaker’s death, a partial but imperfect
trial of a similar apparatus was made on the
Thames. The steam-engine had no piston, but
drew in the water, and expelled it on the prin-
ciple of Savery's engine; an application, by the
way, of this form of machine which of all others
appears the most injudicious.
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CHAPTER TWENTY-THREE.

Susl



“ SOME INVENTORS DO THINK IT NECESSARY TO KEEP
THEIR DISCOVERIKS VERY SECRET, FOR FEAR OTHER PEOPLE
IMITATING THEM SHOULD SHARE IN THXIR PROFITS. THIS
FALSE OPINION HATH BEREAVED THE WORLD OF SEVERAL
GOOD SECRETS, AND THE INVENTORS HAVE ALSO BEEN DE-
PRIVED OF ALL THEIR PROFITS, BECAUSE THEY WERK
AFRAID TO LOSE A PART OF THEM."—Papin,



IN the variety of attempts, which have been de-
scribed, to construct a steam-wheel, and several of
them made on a scale of magnitude, even those
which promised considerable advantage over re-
ciprocating engines were gradually abandoned by
their authors, and recourse was had to machines
on the usual model. It is not, however, quite clear,
whether these repeated failures arose from a want
of perseverance on the part of their inventors, in
mastering, probably, some niceties of construc-
tion which were essential to their action, and
which perseverance in experiment could alone
discover and remove ; of whether failure might be
traced to the adoption of a favourite but defec-
tive form. .

In the earlier attempts, it is quite possible to
conceive that the fibrous nature of the material
emfloyed to make the piston steam-tight, would,
under many circumstances, render any attempt
to produce a rotary engine abortive; for in the
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revolution of the piston, the packing would in-
fallibly be torn out of its position, and thus
destroy the trim of the engine. But after Cart-
wright had proposed his metallic packing, this
objection was in part removed. The “abutment
valves®’ also, as they are called, were in almost all
the projects formed like hinges, and no attention
appears to have been paid, except by Bramah, to
assist their action, or to make it more gradual by
means of springs: the effect of the vibrations of
the parts, in increasing the difficulty of making
them steam-tight, does not yet appear to have
been noticed by any one.

A steam-wheel, on a peculiar construction, was
tried at Soho, about 1806. “ A remarkable inci-
dent,” says its author, “ occurred on that oc-
casion. Whilst the engine was at work, Mr. Bol-
ton was called out of the room; on his return
he informed me, that he had been requested by
an American gentleman, to give his advice on
the same invention, and that one of us must have
borrowed it from the other. This, however,
proved not to be the case; and on a more
minute examination, there appeared a consi-
derable difference in the mode of constructing
the American engine, which was, I think, the best
of the two, if used with waler only. These en~
gines are so simple in principle, and so cheap
and durable, that on many, occasions the anony,
mous inventor thinks they might be applied with
great advantage. The power of them is derived
from the tendency of light bodies to float when
immersed in heavy fluids, or, 1o speak more cor-
rectly, of the heavy fluids to displace them.”

The wheel shown in the figure is placed in heated
mercury, or.a mixture of eight parts of bismuth,
five of lead, and three of tin, which is fluid at the
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temperature of 212°; each of the cells, a, b, &c. in
the series, into which the circumference of the
wheel is divided, is connected by a pipe 1, 2, &c.
which radiating to the centre terminates in the
nave e. ‘The steam pipe f, which has a perfora-
tion g, is inserted into this hollow nave, and the
wheel turns upon it as an axle; in its revolution
each of the radiating pipes comes opposite the per-
foration in the steam-pipe, and the cell with which
it communicates is then at the lowest part of the
circumference: the vapour forces the fluid metal
out of the cell through the perforation or valve i,
and the preponderance of the cells on the opposite
portion of the circumference raises the cell filled
with vapour,and brings another filled with the
metal opposite to the perforation in the steam.

ipe,—as each cell approaches the highest point
in the path of its revolution, the steam escapes
into the space above the fluid; “ and where the
expansive force only is used, the steam escapes
from the top through 4 ; but if this be connected
with a condenser and air-pumps, as usual, the full
power will be obtained with the metallic fluids.
Each cubic foot of steam when moving in water
will give ‘sixty pounds in power; in the metallic
mixture about six hundred pounds, and the velo-
city with which this supply can be afforded, and
the height it can rise, will give the remaining ele-
ments for calculating the power of the engine.
¢ The metallic mixture is subject to oxidation by
the hot water, but it may be easily restored again,
by melting the oxide under tallow. When the
water only is used, the whole machine may be
made of wood, in the form of a common bucket
water-wheel : a steam-pipe is introduced through
the’bottom of the trough, just under the side of
the wheel, where the buckets are inverted when
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they become filled with steam in succession, and
thus a stream of steam effects as much, bulk for
bulk, as a stream of water ®*:”’ this was the form
of the American engine.

Mr. Henry Maudslay directed his attention
more to the combination of a portable and com=

t machine, than to the introduction of any no-
velty in the application of a principle, or in con
struction ; and he succeeded in producing en en-
gine, combining much elegance with extraordi-
pary compactness, and without any sacrifice of
power in the attainment of these advantages.

The many previous failures did not discourage
Mead from altempting a new form of a steam-
wheel ; resembling Hornblower’s in the pistons
becoming alternately abutment valves, but which
are brought to rest and fixed by a mechanism on the
eatside of the steam ring.

- In the engraving marked Meap, fig. 1, is a
vertical section of the apparatus; and fig. 2 isa
borizontal view of it; a, b, are the two pistons
attached to the axles 4, d, by the flat rings e, f,
9 h, levers, and ¢, 4, friction wheels moving in &
grooved frame /, m, tixed onthe fly-wheel n; steam
is admitted into the hollow ring,in which the pis-
tons move by an opening in its circumference ; and
by a similar opening a communication is formed
with a condenser, or with the air. The axis of
the engine is placed excentric with the axis of the
fly-wheel; when the wheel to which the groove
is fized is tarned half way round, one of the fric-
tion wheels, being laced in its axis, will remain
passive ; or be loosed, and the valve to which it
is attached will thus be the abutment valve, while
the other friction wheel, with its lever and pis-

® Mook, Mag., vol, iv. p. 187,
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ton attached to it, will make a revolution round
the centre of its motion ; and when the revolution
is completed, it will be nearly in the centre of the
groove in the fly-wheel, and will then be locked,
when its piston will become the abutment valve ¢
at this moment the friction wheel, which had been
locked, is disengaged, and moving towards the
circumference, the pistonattached to it will make
a complete revolution round its centre of mo-
tion; and at the instant it has done. so it will be
locked in its turn, and the other piston will begin
its revolution, and its friction wheel move towards
the circumference, and so on.

Mead made some engines on this principle,
but their fate did not vary from those which bad
preceded them. The great friction of the cir-
cular plates by which the pistons were attached
to the axle, and their consequent wear, was, in
practice, a bar to this apparatus becoming ge~
nerally useful. It is inferior to Homblower’s in
the circumstance of the piston moving over the
perforations made for the steam and condencer
pipes, but it excels the model in the means for
making one of the pistons alternately become the
abutment ; and also in.the vapour acting on the

iston at a distance from the centre of motion :

ut, ingenious as it is, it yields to that designed
by Mr. Semuel Clegg, in simplicity and porta.
bility. Taken as a whole, Clegg’s may be con-
sidered as one of the moast ingenious combina.
tions which has been produced for this purpose,
and although it has not been received into practice,
it must be ranked as one of the most elegant ma-
chines of the period. It is to be regretted that
its author, like many others, has been deterred
from persevering to give it the modifications ne-
cessary to ity perfection, by the great expense of
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experimental trials. The rotary part is shown in
fig. 1, (engraving marked CLEG@) which is a view
of the under side of the top plate of the steam
chamber, supposing the under plate were removed,
and looking upwards. Fig. 2, a section of the
complete apparatus; the same letters refer to ihe
same parts in both figuves: a, a, a, are blocks of
segments formed of the breadth, and fitted intoa
groove b, b, but of a somewhat less depth ; their
sides are ground flat and plain so as to make them
fit and be air tight, or nearly so, and their under
surfaces are made to form one complete flat surface,
excepting a space taken up by adjusting screws or
springs, but which are placed so far below the
surface, as to let a roller pass clear of them: the
bar or radius ¢, of any convenient breadth, but not
more in thickness than will be necessary for its
strength when it moves with freedom in the inter-
val between the under side of the blocks and the
plate d. To this bar is attached a roller e, which,
when it is in motion, precedes it, having its upper
surface so much higher than the upper surface of
the radius, that it presses upwards against each
block in succession, to raise them, and permit
the radiusto pass beneath it ; and in order to make
this raising easy and gradual, a part of the lower
face of each block is rounded in the manner shown
in fig. 3; the piston is fixed at the end of the
radius and moves in a semicircular ring ; and
the abutment valve g, moves on a hinge, and is
pressed upwards into the recess by the passage
of the piston over it. When steam is therefore
introduced by an aperture near A, the piston will
recede from the ‘elastic pressure, and the air on
the opposite side of the piston will pass through
the spaces i, i, and during this movement, the
segments being in fair bearing everywhere upon
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3, (except when raised by the roller ¢,) will keep
the space tight and well closed ; as soon as the
piston approaches the abutment valve, it forces it
upwards into the recess, and during this interval
the rotary motion is kept up by the momentum of
afly wheel. After the piston has passed the valve
it falls by its own gravity into its former position,
and again acts to divide the steam from the atmos-
phere, ‘and the steam which had urged the piston
will escape by the opening. Each block or seg-
ment is of sufficient magnitude to counteract the
Ppressure on that part of its under surface which
i8 over the piston chamber. The space, says the
inventor, through whicha piston of a steam engine
will generally revolve, will be about twenty feet,
and the weight of the series of segments about
five hundred pounds; the flat facing on which the
blocks are ground is about three inches broad.

In the figures, the piston is supposed to be
moved by high-pressure steam against the pressure
of the atmosphere. In a third design a ratary
movement was attached to a condenser ; and here
may be observed some ideas, estimable for their
novelty and elegance. . The rod forming the axis
of the piston bar is prolonged downwards, and
has an inclined spiral plane attached to it. The
rod of the air pump is a hollow tube, baving a
cross bar with a wheel at each end. As the piston
xevolves, the inclined spiral plane which is attached
to itsrod in its revolution acts on the wheels on
the cross bar, and moves the valves and also the
air pump piston upwards and downwards.: The
injection water is made to fall from the upper
side of the blocks, and the hot water is pumped
into the well. Clegg erected some of these
engines on a large scale ; the objection we believe
which operated against their introduction. was

2Xx
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the great liability of the abutment valve to get out
of order.

Hitherto Bolton has been exhibited as a co-
labourer with Watt, in the fabrication oi con-
densing engines; but, although circumstances
made that the most prominent, it was not the
only one, nor even the greatest, of his speculations,
Long before Watt was known to him his speci-
mens of inlaid steel were unrivalled for their
elegance and beauty, and his ornaments in gold,
in silver, and in enamels, were admired through-
out Europe. Seeking for a power to actuate the
machines by which these splendid thiogs were
made, drew, as we have seen, his attention to
Watt and his invention. Aftervards when bhis
mechanism had been perfected, Bolton employed
it to move presses for coining provincial tokens,
when that kind of money was permitted to be cir-
calated in England. He also struck gold and
silver coin for the Ruesian nation ; silver money
for the colony of Sierra Leone; copper coin for
the merchant-kings of India; and money of the
same material for “ the king of those kings—the
king of the sea’”” When regal pride required
the symbols of sovereign power to be formed
in a natiomal establishment-—still Bolton, the in
comparable worker in metal, continued to coin
the money of gold, of silver,and of copper: for
the machines in the royal mints, were not only
formed after the model of those with which bhe
had operated, but they were constructed in every
part at Soho, and put together and afterwards
superintended by engineers sent from that estab-
lishment. A complete and powerful ocoining
-apparatas was erected for the Empress Catherine
at St. Petersburgh : another for the “ majesty of
Denmark”’ at Copenbagen; and a third in the



BOLTON'S COINAGES. 807

English iint—a fourth at this time was in pro.
gress for the Emperor of Brazil. By these self-
ting coining hines the ingots were lamina

the plates cut into pieces of the proper size—an:

placed under the dies, and with the assistance
of a little boy only, eighty beautiful specimens
of the medallic art were produced from each
mould in a minute. During the entire progress
of the operation, all possibility of embezzlement
by the workmen was prevented, and a fruitful
source of crime was also extinguished in those
countries where the money was circulated ; from
the admirable means employed in its fabrication,
a piece could not be imitated by a single artist for
its current value, and without similar machinery
there were parts, which the most expert coiner
could not imitate at all. In former money, the
genuineness of the specimen could be estimated
by its weight only when an inspection satisfied us
that the metal was of the standard purity. Here
was a wide and fatal field, inviting the practices
of infatuated men; they alloyed the metal, and by
making the counterfeit have the same weight and
appearance, their deception was perfect. For the
first time in the history of numismatics, Bolton
applied another test to money : even if the metal of
which a coin was composed had been taken from
the same ingot, and was of the same weight, un-
less the piece could be passed through a perfora-
tion of a ceértain size, it had not received its im
press from Bolton. These coinages and mints
were, however, oiily sonie of his in¢idental manu-
factures, undertaken without disturbing the routine
of his establishment ip its staple and more im+
portant productions. The cost of the steel trinkets,
and buttons only, made at Soho, was probably
squal in value to all the coin, and mints, and

2x3
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steam-engines sent from it. Some of Bolton’s toys
of iron far surpassed in value those formed of
gold and silver.

The magnitude of the scale on which he traded,
although it might excite the cupidity and envy of
rivals was of subordinate importance to the pub-
lic, when compared with the influence which his
modes of business, and his incessant exertions,
and disregard of expense in attaining the art of
giving the utmost beauty to his productions, had
in stimulating his contemporaries to follow him
at what distance they could. In this pursuit of

rfection on the one hand, and the endeavour at
imitation on the other, the trade in metallic and
enamelled ornaments underwent a complete revo-
lution: from an importing country in the more
expensive articles, England became an exporting
one, and that under circumstances most flattering
to Bolton’s exertion and ingenuity : long after his
productions had been brought to great perfection
the whim of English trinket buyers could be
gratified with foreign baubles only. Bolton, who
always managed these matters with address, on
the present occasion showed no falling off in his
knowledge of business and of the world ; articles
adapted to this squeamishly refined taste were
sent from Soho to the continent, whence they re-
turned to England as the handiworks of foreign
artists, in finish and in form so exquisite, as to he
quite unapproachable, by plodding clumsy Eng-
lish artisans.

The machinery which performed all these
wonders was, in itself, still more wonderful; even
in the moulding and polishing of a watch chain,
or a buckle, machines were put in action of the
most complicated and ingenious  contrivance.
And, although, it cannot be said that all the
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am:lamtul which formed the magical display at
Soho was invented by Bolton, or even designed at
first for his purposes, yet his was the knowledge
to direct its appropriation,—the ekill to decide
on its modifications, and the ingenuity to devise
the links for its application in an efficient manner
—surely the wish and endeavour to surronnd hime-
self with a galaxy of ingenious men, to direct and
assist him in his labour, was in itself an honour.
able ambition, and sprung from true greatness of
mind,—even keeping the munificence with which
he remunerated them, and the candour with which
he acknowledged their assistance, altogether out
of the question.

With regard to Watt, Bolton was in truth his pro-
tecting angel. But who that ever was connected
with the master of Soho, could say, fortune passed
by while he faultered midway fram fear or languor ?
Even after success had produced confidence in his
own powers, Watt never evinced that energy of pur-
pose and love of business which could have cat-
ried him beyond the first steps in the race towards
the goal of honour, where his colleague left him.
The supine and amiable author of the condensing
engine showed none of that decision of character
which could have justified ah observer pointing
him out as one likely to form an exception to
the melancholy list of men of genius, who ap-
pear to adorn and_benefit society, and to become
victims to its neglect, ingratitude, or injustice.
Watt himself was sensible of the peculiarities
of his temperament when beatitg teetimon{ to
the virtues and talents of the princely Bolton.
¢ Our friendship,” says he, “ continued to the
ctlose of his life. As a memorial due to that
friendship, I avail myself of probably a last public
opportunity of stating, tha; ‘o his friendly encou-

2Xx




510 CHAPMAN'S STEAM-WHEEL.

ragement, to his partiality for scientific improve--
ments, and his ready application of them to the
processes of art, to his intimate knowledge of
business and manufactures, and to his exalted
views, and liberal spirit of enterprise, must in a
great measure be ascribed whatsoever success has
attended my exertions.”

" The lassitude of a lingering disease had no
effect in depressing the active habits of Bolton’s
mind, and he continued in his declining age to
direct the varied and complicated operations at
Soho. At length nature, which for years had been
sinking, fell apace,and in August 1809, his mag-
nificent spirit was quenched in death. His body
was borne to its tomb, in Handsworth church, by
six of his eldest workmen, and six hundred of his
artisans formed the train of moumers for their
friend and master.

Mr. William Chapman’s steam-wheel is an
improvement on Cooke’s, and supplies some parts
in which his was very deficient ; a division be«
tween the condenser and the steam can be made
by the stop or abutment a, and this can be tight-
ened at pleasure from the outside, by means of a
screw ¢, the valves are shut as they approach the
abutment d, by a roller. ¢ In the experimental
engine erected at an iron work, the joints could
not be kept steam tight, and the strokes of the
hinged valves against the roller, were likened to
those proceeding from a tilt hammer *.” A second
and a larger engine was given up for the same
reason.

. The next project differs from all previous ones,
in actually producing a rotary movement, by
making the common reciprocating engines (ar-

. ® Hgsxa1's Register of Inventions, vol, iv. p. 438,
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ranged round an axis,) form a regulating body in-
stead of a fly wheel, by weights alternately drawn
to and driven from a centre, round which,a working
cylinderor cylinders revolved ; weights attached to
the piston rod or rods, were drawn as near as
possible to the centre on the ascending side, and
projected outwards as far as possible from the axis
on the descending side. Witty, ina second scheme,
dispensed with these weights,and made the piston
impel the machinery round while its own motion
was both rectilineal and rotary. The most prac~
tical of his schemes for this purpose, is a clever
adaptation of Mead’s method, by which he en-
geged and then disengaged his pistons, by their
axes moving in an inflexible groove.

‘Woolfe, some of whose improvements have al-
ready been described, suggested, that in many
cases his first mechanism could be improved by
usinga working cylinder(similar to Papin’s) having
.no bottom, which he would surround with a se-
cond cylinder, and fill the space between with oil,
His scheme for tightening the packing of steam
Ppistons, without removing the cover of the cyline
der, is one of great practical value.

The scheme of Mr. William Onions, of Bristol,
singular from its novelty, was a hollow ring
moving on an axis, connected by hollow arms or
spokes with passages leading into the boiler, or
condenser. A metallic composition of bismuth,
mercury, and lead, fusible at the temperature of
boiling water, was forced by the vapour up
one side of a wheel, in order to produce a pre-
ponderance over the other, on the principle
of Amonton’s wheel. The periphery of the wheel
had two valves within it at opposite sides, but
opening in the same direction, and the steam
by being admitted between a valve.and the fluid,
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caused that fluid to rise and pass through the
next valve, so as to make one side of the wheel
heavier than the other; consequently it moves
partly ronnd, by which the cocks or valves for
regulating the direction of the steam are moved
and varied, and the steam already in the wheel is
permitted to escape through another of the arms,
at the end of the hollow axis opposite to that by
which it had been admitted, while a new quantity
of steam, is at the same time admitted into the
other half of the periphery, to maintain the eleva-
tion of the fluid. Its inventor discovered a curious
fact, in the use of the fusible alloy, (composed of
bismuth eight patts, five of lead, three of tin, and
one of quicksilver,) in this machine, that, like
water by cooling and crystalizing, when it became
solid; its dimensions increased. Unless, therefors,
the metal was kept hot, or removed while in a
fluid state, it burst open the pipes in which it was
contained. In fact, the apparatus was burst from
this cause during Onion’s experiment. :
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ART TRRIVES MOST,
WHERE COMMERCE HAS ENRICHED THE BUSY COAST,
HE CATCHES ALL IMPROVEMENTS IN HIS FLIGHT,
SPREADS FOREIGN WONDERS IN HIS COUNTRY'S SIGHT,
IMPORTS WHAT OTHERS HAVE INVENTED WELTL,
AND STIRS HIS OWN TO MATCH THEM, OR :xcn..-—Cowper.



WHILE one of the most brilliant applications of
the steam-power had been made by its intro-
duction to navigation, one hardly less important
was contemplated by an enterprising Spaniard,
who witnessing the decay of the Mexican mines,
from the insufficiency of the usual methods of
draining them, conceived the project of raising
the water by steam-engines. These machines
beiog unknown in Mexico, he was led, in 1811,
to make a veyage to London, in order to pro~
cure the necessary information respecting them.
In England, however, he met with little encou-
ragement, in consequence of his inquiries being
directed to the introduction of the atmospheric
engines, which would act with a greatly im«

ired energy, in an atmosphere so rare as that
wm which the Peruvian mines are situated, added
to an almost impracticability of conveying the
parts which would be yequired fog those Jarge



516 M. UVILLE.

engines, over mountains inaccessible to any spe-
cies of wheel-carriage.

About, says Mr. Boase, in a memoir inserted in
the Transactions of the Cornwall Geological So-
ciety, to leave England in despair of ever being able
to accomplish his grand project, and passing by a
street leading from Fitzroy-square, he accidentally
saw a small steam engine exposed for sale in the
shop of a Mr. Roland. This was a working model
which Trevithic had made of his high-pressure
engine, to give a better idea of its construction and
action, and whichbeing highly finished, had found
its way into the hands of its present possessor,
and was ex{)]oaed for sale as a cabinet curiosity.
When M. Uvillé became the purchaser of this
model, he felt he now had the means either of
carrying forward his scheme, or of setting the fever
of his mind at rest, by satisfying himself by an
experiment as to the possibility of achieving his
project by the medium of the steam-engine. Car-
rying the model to Lima, he hastened to try its
power on the highest ridges of Pasco, which
form the site of the mines. To his unspeakable
joy, the experiment exceeded even his most san-
guine wishes. He now formed an association
with two opulent merchants of Lima, and, under
the patronage of the Viceroy, procured the pri-
vilege of working some of the neglected mines,
on the condition of giving to the state a fourth
part of the produce which might be brought to
the surface. ¢ M. Uvillé again embarked for Eu~
rope, and reaching Jamaica, he took his passage for
Falmouth. During the voyage, his mind was too
full of the flattering prospects which his scheme
inspired, not to be making frequent inquiries
among -his fellow passengers about mines and'
engines, One day while conversing with a pas-
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senger, and having expressed an anxious wish to
find out if possible the author of the model, with
which he had made his experiment, he was most
agreeably surprised to hear Mr. Teague, the pas-
senger, reply, ¢ that Mr. Trevithic was his near
relative, and within a few hours after our arrival
at Falmouth, I can bring you together;’ it hap-
pened accordingly, and M. Uvillé resided many
months at Cambomne, with Captain Trevithic,
receiving instructions from this highly talented
individual on the construction and management of
machinery. Theyafterwards visited together other
mining districts, and in their tour they came to
Soho ; M. Uvillé explained to the celebrated engi-
neers who directed that establishment, the nature
of his project, and enumerated some of its diffi-
culties; above all,. the great elevation of the
mines above the. level of the sea, the moun-
tainous precipices which were to be surmounted,
and the absence of roads for the carriage of large
masses in these extraordinary regions, But he
failed in inducing these gentlemen to engage in
the project. . .
 The enthusiasm of M. Uvillé, and the perse-
vering enterprise of his companion, received no-
discouragement from this refusal. Trevithic him~
self engaged to provide the necessary engines ; and
“his operations were so energetic, that in about six
months afterwards, he had constructed nine beauti«
ful machines on his own admirable model, which
in September, 1814, were shipped at Portsmouth
on board of a vessel proceeding to Lima, and M.
Uvillé, with three Cornish miners; embarked at the
same time. On theirarrival at Lima, the projectors
were. welcomed with a royal salate, and public
rejoicings; but,the local difficulties to be surmount-
ed were 80 great, that it wasnot until the middle of
2Y
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1818, that one of the enginea could be set in operae
tion. This, the first ever seen in South America,
excited intenae curiosity, and the most distinguish-
ed honours were conferred on the projectors by the
Vice Regal Government. . The official deputation,
appointed to superintend this new and extraordi.
nary operation, in their report to the Viceroy, say,
“ that immense labours and boundless expense
have conguered difficulties hitherto deemed insue
perable, and that they had with unlimited admira-
tiou, witnessed the erection and astonishing ope.
ration of the first steam engine eatablished in the
royal mineral territory of Tauricocha, in the proe
vince of Tarma, and that they also had thefelicity of
having seen the draip of the first shaft in the Santa
Rosa mine, in the noble district of Pasco;” “ we
are ambitious,” they add, ¢ of transmitting to pos-
terity the details of an undertaking of such pro<
digious magnitude, from which we anticipate a
torrent of silver, that shall fill sutrounding nations
with astonishment.”

While these interesting operations were going
on in Peru, Trevithic in England was vigoronsly
engaged in providiog further supplies of steam
engibes, and in constructing an apparatus for the
Peruvian mint; but, above all, he was constract.
ing furnaces for purifying the silver ore by fusion;
a project which had become of inqalculable ime"
portance to Peru, from the increasing scarcity of
quicksilver.

Trevithic accompanied these engines from Eng.
Jand, in October, 1816; his arrival at Lima in
February, 1817, was announced in the Gazette, and
he was immediately presented to the Viceroy,and
graciously received. In the same official docu.
ment, the second engine is also described as bavi
been erected, and as being supesior in poweza
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beauty to the first, and that seme parcels of oré
of extraordinary richness had been raised from
mines restored to use by the operation of these
machines.

But that which the Peruvians considered to be
of still greater importance, was the arrival of
Don Ricardo Trevithic himself, who is described
as an eminent professor of mechanics, machinery,
and mineralogy,inventorand constructor of engines
of the last patent,and who directed in England the
execution ofthe machinery now at work at Pasco.
¢ This Professor,” says the Gazette, “ with the as-
sistance of workmen who ac¢ompany him, can con-
struct a¥ many engines as shall be wanted in Perwv,
‘without the necessity of sending to Europe for any
part of these vast machines. The excellent cha.
racter of Don Ricardo,and his ardent desire to pro-
mote the interests of Peru, recommend him to the
highest degree of public estimation, and make us
hope that his arrival in thiskingdom, will form the
epoch of its prosperity, through the enjoyment of
its internal riches, which could not be realized
without such assistance, or if the British govern-
ment had not permitted the exportation from
England of his machines; an object hitherto
deemed unattainable, by all who know how jealous
that nation is of all her superior inventions in the
arts and sciences.”

So much importance was attached to Don
Ricardo Trevithic’s personal superintendence, that
the Viceroy ordered the Lord Warden of the mines
to escort him with a guard of honour to the mining
district, where the news of his arrival in Peru,
caused the greatest rejoicings, and many of the
chief men came to Lima, a distance of many days
journey, to see him and weloome him. M. Uvillé
in 1819, had written toshis associates, that heaven

Y3 .
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had sent him out for the prosperity of the mines,
and that the Lord Warden had proposed to erect
his statue in massy silver. - -

The realities for a time kept pace, it would ap-
pear, with the promises ;—Don Ricardo’s labours
were successful, and the coining machinery in-
creased sixfold. .

The year before Trevithic left England he made
a considerable improvement on his engine, by
forming the piston so that a ring of water should
run all round it, and render the whole air-tight;
as in practice he found, that a very moderate
degree of tightness in the packing, produces this
effect ; and he revived the idea of giving motionto -
steam waggons, by means of the re-action of the
steam made to spout against the atmosphere;
and suggested the use of a spiral-wheel, revolving
at the stern of a vessel as a means to propel it for-
ward, preferable to paddle wheels at each side. -
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¢ RESPECT AND PITY ARE DUE TO THE CHARACTER OF A
PROJECTOR—RESPECT, BECAUSE SOCIETY OWES TO IT MANY
OBLIGATIONS, AND MUCH OF THE PROGRESS OF THE USEFUL
ARTS HUS‘T BE Ascnlbtn TO ITS EXISTENCE; BUT PITY,
BECAUSE IT I8 UNFRIENDLY TO THE INTERESTS OF THE INDI-
VIDUAL, AND GENERALLY PLUNGES HIM FROM AFFLUENCE
INTO RUIN,”—Evans,



)74

THE apparatus which Symington had nearly per-
fected, and with which he made his successful
experiment, had been for years laid up to rot in a
corner of the canal on which it was first exhibited;
and chagrin and disappointment were perpe-
trating on the mind and fortune of its excellent in-
ventor a havoc similar to that which the elements
were spreading over his beautiful mechanism.
He could now only be a nerveless spectator of the
triumph which another man was reaping from the
same invention, in a shape hardly more perfect
than his own ; and which, probably, derived some
of its practical merit from an inspection of his
neglected steam-boat.

 Henry Bell, a self-taught engineer, to whom,
as we have seen, Fulton had written regarding
Miller’s experiments on the Dalswinton Loch,
being placed in a more favourable situation than
Symington, on receiving the letter from Fulton,
was led, he says, to think of the absurdity of
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sending his opinions on these matters to other
countries, and not putting them in practice him-
self in his own ; and from these considerations,
he says, ““ I was roused to set on foot a steam-
boat, for which I had made a number of different
models before I was satisfied. When I was con-
vinced they would answer the end, I contracted
with a ship-builder in Greenock, to build me a
steam vessel according to my plans, with a forty-
feet keel, BI!d a ten and a half-feet beam, which
I fitted up with a small portable engine having the
power of three horses, and paddles, and called her
the CoMET, because she was built and finished the
same year thata comet appeared inthe north-west
of Scotland. This vessel is the first steam-boat
(built in Europe) that answered the end, and is
still upon the best and simplest method of any
of them +.)”
* From a pprehension of an ex ion in Mr. Bell's
examination, the Committee of the House of Commons, ia,
their Fifth Report on Steam-Boats, state, * that the whole
merit of constructing steam-boats is due to the natives of
Great Britain. Mr, Henry Bell, of Glasgow, gave the first
model of them to Mr. Fulton, and went ovor to America to
assist him in establishing them.” This account, we fear, has
operated to the prejudice of an ingenious and deserving man.
r. Bell's claims to public reward need no bolstered state-
ments or Pretensinns. and we bave reason to believe that he has.
bimself diselaimed both the d fact and its inference,
Mr. James Cleland,a warm and judicious friend of Mr. Bell,
places his merit in its proper position when he says, “that,
withont assuming for Bell the merit of instructing Fulton, o»
believing that he ever crossed the Atlantic, as has been errg«
neously stated elsewhere, there cannot be a doubt that he wag
the first person in Kurope who successfully impelled vessels
by steam.” Cleland mentions another circumstance, whick
refleots great honour on some of his townsmen. * In 1813, after
Mr, Bell had expended a larger sum of money than he could
well afiord, on experiments, (many of which I witnessed,) &
number of his fellow-citizens requested him to allow them to
O4fray part of Ms eubisy, Amutong thos¢ who wers foremost
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At the same moment, that Mr. Bell was exert-
ing himself on the Clyde, a Mr. Dawson was also
making some experiments in Ireland, and according
to his own statement, had, in 1811, built an expe-
rimental steam-boat of fifty tons burden, and
worked her by a small high pressure steam-engine ;
by a most extraordinary coincidence, he also
named his vessel the Comet. “ In 1818 the same
individual established a steam-packet on the
Thames, to ply between Gravesend and London *,
which was the first that did so for public accom-
modation, although a Mr. Lawrence of Bristol, who
introduced a steam-boat on the Severn, soon after
the successful operations on the Clyde, had her
carried to London to plyon the Thames ; but from
the opposition of the watermen to the innovation,
he was in the end obliged to take her to her first
station+t.” . . .

in this act of justice were, Mr. Kirkman Finlay, then Mem-
ber of Parliament for Glasgow ; Mr. Archibald Campbell,
the present Member l895}; Mr. Henry Monteith, now Mem-
ber for Lanark ; and Mr. John Buchanan, Member for Dum-
bartonshire.”—CLELAND’s Hist. Account, p. 68. .

® This vessel was afterwards sent to Spain, and plied be-
tween Seville and San Lucar.

+ The opposition of the watermen to the introduction of
steam-boats, especially to those which navigated above the
bridges, was made on the ground that they had, by charter,
an exclusive right to carry J)assengers on the Thames within
a certain jurisdiction; and also from an apprehension of
injury to their individual meaus of obtaining a livelihood. In
one or two instances they succeeded in deterring individuals
from sailing steam-boats; but the attempt at monopoly ulti-
mately was “foiled, by the extensive le%nl knowledge of Mr.
Tyrrell, the City Remembrancer, oneof the most early and
liberal friends of the Richmond steam-yachts; and expe-
rience has proved_that, .instead of injuring, the watermen
bave been greatly benefited by the surprismg number of per-
sons they have to put on board and to land, and who, but
for this enticing mode of carriage, would not have required
boats.”—DooD on Steam Boats, p. 233, . .
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‘Notwithstanding the meritorious nature of his
enterprise, the first year Bell's speculation turned
out to be a losing one; “forso t,”” says he,
“ was the prejudice against steam-boat navigation,
by the hue and cry raised by the fly boat and
coach proprietors, that for the first six months very
few would venture their precious lives in her.
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Glasgow and Greenotk. These two vessels having
encountered all the vicissitudes of wind and
weather, incidental to a navigation of twenty-seven
miles on a tide-river, in some parts four miles
wide, inspired such deserved confidence in this
kind of navigation, that other individuals were led
to the erection of larger and more commodious
vessels to ply on the same route.

The third steam-boat on the Ciyde was ine
tended to be an improvement on the common
construction; Mr, Robertson Buchanans, an en-

® RosxaTsoN BuoHANAN was born at in 17693
his father was a cadet of an ancient family, which had been
long seated in that part of the country ; and his mother was
a daughter of Mr. A. Robertson, who held the office of Cham-
berlain of the city, and was one of its most influential inha~
bitants. His grand uncle, Mr. Neil Buchanan, represented
the borough in parliament. His father, who traded as a
merchant to America, during the war which ended in the
independ the Colonies, having lost the whole of his
property, :?ou Teceiving some calamitous tidings, in &
pearoxysm of despair felt life to be insupportable. His family
was left totally unprovided for. George, his eldest son, after-
wards settled in Jamaica, where he rose to affluence, and
veturned to England in 1817. Robertson, at the death of his
father, being in his sixteenth year, having given indications of
a taste for drawing and mechanics, was placed for a short
period with a carpenter, in order to give him a practical

ledge of that branch of construction, and he also subse-
znll{vworkod as a millwright, with the view of emigrating
fo the West Indies as an engineer. Leaving Glasgow * for

p t”” he resided, for about a year, near Dartford
in Kent; after which he returned to his native town
commenced business on his own account. This he was

pted to relinquish for the direction of the great cotton
spinning establishment in the Isle of Bute, in which une
fortunately he accepted of a share as partner. In this un.
Pprosperous comeern, he lost .l‘n‘is health as well as his pro-

P of the p Y
In 1796, during his residence. in Bute, he had taken out &
t for a {mp which was not liable to be choked, and at
eaving the Island in 1801, he went to London for the pur-
pose. of bringing his iavemtion iato actice, Governmest
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gineer, well known as a practical mechanic of the
first order, made the paddles of the water-wheels
enter the water perpendicularly to its surface, and

afforded him facilities for making experiments with his ur'
paratus on board a ship of war, and he was personal
noticed by George III. His hopes, which had been mucl
excited, in consequence of the high quarters from which he
was enconraged to' proceed, were not to be realized; the
pump failed in lifting water from the depth which was re-
quired before it could become useful on shipboard, Nearly
two thousand pounds had been expended on the inventi
when its author reluctantly left it to its fate.

At his return to Glasgow, he engaged a second time in the
cotton manufacture, and was the first who succeeded in
introducing cotton-thread, as a substitute generally for that
made from flax, which hitherto had been exclusively used by
sempstresses. This was known as Adelphi sewing cotton,
from the name of his manufactory, Sin which he was asso-
ciated with Mr. Robert Thomson,) and the machine by which
the thread was wound into elegant balls was, it is said, of his
invention. When in London, he had formed friendships
with Professor Pictet and Count Rumford ; and his attention
being directed to the count’s method of warming buildings, he
gave & account in & small pamphlet, printed at Glasgow
1n 1807, of his success in heating the Adelphi works by
steam. [ll health again compelled him to abandon an em-
ployment which he found to be pernicious; and resuming his
early and more congenial pursuits he commenced his future
profession of & consulting-engineer. After this he was fully
employed in givingd.esighns and instructions for the erection of
machinery: that which he planned for some large bleacheries
brought him much reputati He superi ded the erec-
tion of the works on Cranstonhill, for supplying the city of
Glasgow with water ; he made a survey of a rail road between
Sanquhar and Dumfries, His report on this project is an

ion to such prod in general, in its freedom from
exaggeration; it is brief, clear, comprehensive, and above
all, candid. The bridges he erected at Inchinan in the
county of Renfrew, are unique in their plan. The rivers Griff
Cart, and White Cart, unite into one stream before they
empty themselves into the Clyde, dividing the highway be-
tween Glasgow and Greenock.  On the tongue of land a{ the
junction of their currents is a road to Paisley, Buchanan
threw a bridge across each river at right angles to their
pective and g their re ing angles
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fise from it nearly in the same manner, thus imi-
tating what was considered to be the advantageous
part of the action of a common oar. Buchanan
was associated with two other wealthy citizens,
both of whom had some experience]in machinery ;
their operations excited much local interest, and
their boat was called that of the “Three Wise
Men.” The mechanism was an ingenious one, but

by a revetment wall, he made the road to Paisly branch off
opposite their junction; a bird’s-eye view, therefore, shows
ree roads meeting each other at an angle of 120 degree:é

They are probably the most or 1 public str:
the zind in the kingd Their archi 1 detailsarein &
good style, which may be d for, from B ¥

early cultivation of a tine natural taste, and which also per-
vaded—strongly pervaded—bis conduct in his general inter-
course with society. His habits were simple, his address
frank and unaffected, and in his various social relations his
life was an example of every Christian virtue, without the

hadow of a p ion to the p ionof any. Asa relative
and a friend, he was tender, conciliating, and trusty ; and his
memory is still cherished with reverence and affection, by
those with whom he was connected as a master. In his life-
time they regarded him with attachment for his amiable dis-
position, and the disinterested, unwearied, and benevolent
zeal he showed to p their happi and welfare, As
an author, his works have been very favourably received by
the -public—they are valued by practical men for the great
mass of useful facts which forms their staple, and for the
soundness of the practical dednctions he draws from them.
Mis first work was Observations on Heating Buildings by
Steam : this be enlarged and republished in 1810, under the
title of an ** Essay on the Management of Heat and Economy
of Fuel.” An E’uay on the Tgcth of Wheels.—Six Essays
on Millwork were printed in 1814; and a Treatise on Steam-
Boatsin 1816 ; some of his papers were inserted in the earlier
volumes of the * Repertory of Arts,” and his account of the
articles Cotton Manufacture, and Life of Sir Richard Ark«
wright, in * Brewster's Ene:‘clopedia."

e died in July 1816, at Creech St. Michael, near Taunton,
to which place he had gone, a few weeks before, on a visit to
his uncle, Doctor Inues, to try the effect of a change of air as
the last remedy, hope pointed out to his friends, for arresting
the rapid progress of & fatal disorder,

2z
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the friction from the eccentric movement, which
produced the parallelism of the paddles, being
enormous, the scheme was abandoned.

Fulton having ded in establishing the va-
lidity of the grant made to Livingstone and him-
self by the Legislature of New York, of the sole
right to navigate the waters of the State’ by wheel
steam-boats, against numerous successive en-
croachments *, was assiduous in introducing his
vessels on these waters ; and about this time he
was actively employed in the construction of a
floating battery, to be moved by wheels and a
steam-engine, the keels of which were laid in June,
1814 : she was ahout one hundred and fifty-six
feet long, and fifty-six feet broad ; the cylmder
was four feet in diameter ; and the piston made a
stroke of five feet; the water-wheel was sixteen
feet in diameter; and the paddles dipped four feet
into the water. Her burden was about two thou-
sand five hundred tons.

¢ This steam-frigate was a structure resting upon
two boats and keels, separate from end to end by
a canal fifteen feet wide, and sixty feet long : one
boat contained the caldrons, made of copper, to

® One of the most notable of these opposition schemes,
which were started on the Hudson River to annoy Fulton,
was a vessel propelled by a pendulum! * which, according
to the calculations of some ingenious gentlemen, would give
a greater power than steam ; but when the boat came to be
put into the water, they found that their wheels, which were
tarned with great facility and velocity, while their vessel
was on the stocks, could not be made to perform their fune-
tions without the application of a gveat power to the pendus
lum ; the projectors were utterly at a loss to account for so
extraordinary a phenomenon, and could not conceive wh
the wheels, which had moved so much to their satifaction,
when they were resisted by the air only, should require o
mnch force when they turned in the “water, and were to
drag the weight of the vessell| ”—Coldew, '
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prepate hersteam ; the vast cylinder of iron, with
1ts piston levers and wheels, occupied a part of the
other boat ; the great water wheel revolved in the
space between them *; the main, or gun, deck
supported her armament, and was protected by &
bulwark, four feet ten inches thick, and of solid
timber; this was pierced by thirty -port-holes, to
enable as many thirty-two pounders to fire red hot
balls; her upper, orspar deck, on which several
thousand men might parade, was plain, and sur~
rounded with a bulwark, and she could be propelled
by her machinery alone; but to enable her to take
advantage of the wind, she was furnished with two
stout masts to support latteen sails, and bowsprits
for jibs, with the necessary rigging, and four rud-
ders, one at each end. Fulton also intended to
have fitted an apparatus for discharging an im-
mense column of water upon the decks, and
through the port-holes of an enemy, and thereby
deluge her armament and ammunition; and also

® « Mr. Richard Wright, late of Yarmouth, constructed
& vessel called the Eagle, nearly on this plan:—she wus un-
commonly slow ; this was erroneously attributed to want of
power in the engine, and another engine of much greater
power was placed on board; yet this but little increased her
speed, which appeared about three miles and a half aa hour,
whereas the same engine, with paddles over the sides pro-
s:rly ituated, would undoubtedly have produced nearly

uble that rate of going. A person, named Greathead, tried
nearly a similar experiment, at a vast expense, and totally
failed.” —Dopp, p. 235.

** 1n 1819, three scientific gentlemen of Glasgow conceived
the idea of propelling vessels without paddles, the scheme
waa to discharge water from behind the vessel with great ve-
looity, from pipes placed under the surface, by which she
was to be propelled, After an ive preparation an ex-
glrimont was made on the Clyde in November, when it was

nd that the propelling power was not sufficient to move &
vessel against the tide—the scheme was therefore aban«

doned,”—CLELAND, P, 60,
2z3
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to suspend from each bow two two-hundred pound
columbiads, to discharge a ball of that size be-
low the antagonist’s water line.”’

In July, 1815, this colossal vessel made a
voyage of fifty-three miles to the ocean and back,
in about eight hours and twenty minutes ; and in
her third voyage, when she had nearly the whole
of her armament on board, and her draft of water
about eleven feet, she made another voyage to
the ocean, solely impelled by her machinery, and
moved with a speed equal to five miles and a half
an hour. “ During this voyage she changed her
course, by inverting the motion of her wheels,
without the necessity of putting about. She was
perfectly obedient to her double helm, and per-
formed some beautiful manceuvres round a na-
tional frigate; fired several salutes, in which it
was observed the explosion of the powder pro-
duced very little concussion, and the machinery
was not affected by,it in the slightest degree.” But
Fulton was not destined to enjoy the satisfaction
of witnessing the successof this magnificent ex-

eriment ; he was seized with inflammation,

rought on by exposure to cold, during one of his
visits to inspect the progress of the workmen,
which terminated fatally in February, 1815 *.

@ « It was not known that Mr, Fulton’s illness was dan-
gerous till a very short time before his death, which was un-
expected by his friends, and still more so by the community.
As soon as it was known, all means were taken to testi{y.
publicly the universal regret at hisloss, and respect for his
memory. The newspapers that announced the event had
those marks of mourning which are usual in our country
when they notice the death of public characters. The corpo-
ration of our city, (New York,) the different literary insti-
tutions, and other societies, assembled, and expressed their.
estimations of his worth, and regret at his loss ; they also de-
termined to attend his funeral, and that the members should
wear badges of mourning for a certain time ; the Legislature,.
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+ The boats which had been established on the
American rivers, and on the Clyde, had occa-
sionally experienced some heavy swellings of the

fhon in Session at Albany, exp d their participation in
the general sentiment, by resolving that the members of both
Houses should wear mourning for some weeks.

¢ This is the only instance, we believe, of such public tes.
timonials of regret, esteem, and respect, being offered on thé
death of a private citizen, who never held any office, and was
only dutmguis.hed by bis virtues, his genius, and the em-
ployment of his talents,
" * His funeral was attended by all the officers of the na-
tional and state governments then in the city; by the magi-
stracy, il, b ieties, and a greater
numnber of citizens, than have been collected on any similar
occasion ; and during the progressof the procession minute
gmns were fired from the steam-frigate and West battery:
and shortly afterwards a principal street, which was open
by the corporation, was called by his name.

¢¢ Mr. Fnlton, in contributing his proportion to the magni.
ficent boats on the Hudson, each of which cost from forty to
sixty, and the last one which was built, upwards of a hun-
dred thousand dollars, expended immense sums of money.
The experiments he was always making required very large
disbursements ; and the law suits in which he was inces-
santly engaged, fromn the moment his boats were seen in suc-
eoseful operation, were very expensive. Owing to these,
among some other circumstances, although he lived without
ostentation or extravagance, he left his estate most exces-
sively involved ; and it is certain, that unless some stability
be given to the exclusive grants from the State, the only pa-
trimony of his children will be that load of debt which their
parent contracted in those pursuits which ought to command
the gratitude, as they do the admiration, of mankind, "=
CovpEN, g‘ 257. . .

* Mr. Fulton,” says the same warm friend and admirer,
“ was about six feet high ; his person was slender, but well
proportioned ; nature had made him & gentleman, and be-
stowed upon him ease and gracefulness; he had too much

sense for the least ion, and 8 modest confid
n his own worth and talents gave him an unembarraseed de-
portment in all companies : nis features were strong, and of
% maaly beanty ; he had large dark eyes, and a_projecting
brow, ex ive of intelligence and’ thought; his temper
mnmhbdhmiﬁnnvdn 2o was foxd of sosiety,
2z
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sea ; but the impression among pautical men was
against the notion, that they could. ever be de-
nended unon to remain at sea, in weather which
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vessel was about ninety feet long, and fourteen
and a half feet broad, had a burden of about
seventy-five tons; the engine was calculated, to

with distinction asa issary under the Duke of Wel.
lington. Fanay Dodd, whose present situation makes her
indeed an object deserving the merciful assistance of the
benevolent—the misfortunes of her family and her personal
privations, unhappy gentlewoman | have threatened the total
wreck of ber mind. "George Dodd, the third son, is the indi-
vidual mentioned in the text. He was the desiqmsr and
author of Waterloo Bridge, and held for a time a lucrative
\pr t as its eng which, from some unexplained
eir to the surprise of his friends he resigned.
His nautical skill was displayed to advantage at the first
introduction of steam-p boats on the Thames, and
his practice in altering and improving several of these
vessels was directed by good tact and judgment; he intro-
duced the mechanism’ of the lowering chimney, but his
little success as a co-proprietor in some boats did not cor-
respond with his exertions to deserve better fortune. In the
excitement produced by the use of wine, he endeavoured to
seek relief from the depression of mind occasioned by &
waning fortune; but this only plunged him deeper into embar-
rassments and accclerated their fearful termination, The close
of his life was awful. He had hired lodgings at the house of
& person to whom he was unknown ; but returning at a very
late hour to take possession of them, in a state of ebriety,
the inhuman landlord thrust the wretched man into the street,
where he was found lying almost in a state of insensibility
by the patrol, and carried to Giltspur Street Compter. Next
morning he was taken before the Lord Mayor as a vagrant.
“ His Lordship, who knew him in the days of his prosperity,
recognised him amoni the crowd of paupers who appeared
craving relief, and asked some kind (uestions, which, how-
Fmoor Dodd seemed uawilling to answer. He indeed ap-

as if ** sharp misery had worn him to the bone,” and
e evidently laboured under an infirmity of intellect. All he
asked was liberty to stay at the Compter until he could
make drrangements for his removal—his request was cheer-
fully complied with. But, the unfortunate man, suspecting
that it was intended to give him poison, refused to put his ligs
to any thing that would do him good ; he lingered for eight
days when he expired.”
@ was the reputed projector of the Gravesend Tunnel, and
had very lately taken out a pateat for an ingenious maching
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have 8 power of fourteen horses, and the wheels
were nine feet in diameter. She was rigged .with:
8 square. sail on the chimney-mast, a bowsprit
sail, and another on the mainmast. The crew
consisted of a maté, four seamen of the first order,
an engineer, a furnaceman, and a ship’s boy.
This was the first vessel of the kind that any one
had ever dared to venture in on the tempestuous
sea that termipates St, George’s Channel in doub«
lin‘g Cape Lizard.

The commencement of his voyage was not
happy. The weather was very bad, and in the.
narrow channel which separates Scotland from
Ireland, the sea is sometimes terrible, by the ren-
contre of the ebb tide with the heavy swell that
comes from the Atlantic Ocean. He was forced
to seek shelter in Loch Ryan, owing to the igno~
rance and presumption of the pilot, who, after the
captain had retired to rest, altered the course he
had been ordered to steer during the night, to gain
the coast of Ireland by moming. At break of
day the crew disturbed t{w captain to warn him
of his danger : he immediately discovered that the
wind had freshened to a heavy gale, attended with
a high and irregular sea ; and that instead of his
vessel being on the coast of Ireland, she was within
half a league of a lee rock-bound shore, two miles
to the north of Port Patrick, Scotland. It blew
too violent to attempt beating off this coast by
sails and steam united ; he, therefore, struck the
little sail that was standing, and the mainmast

for extinguishing fires on board ship, which it appeared, from

letters found in his pocket after his death, had been intro-

duaced into some vessels of war: the contrivance is described,

::f iuiiﬁgur;s:f it x.fiven. il;‘ Hsn:;.r’s fReg;'.s!er [ Invegtiou.
- . p. #9¢. He was the author of & Treatise on Steam-
"W, - Boats, pablished in 1818,
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constructed to lower, and depending entirely on
the power of his engine, laid the vessel’s head di-
rectly to windward, and ordered the log to be kept
constantly going, which quickly ascertained, that
the vessel was clearing the coast, and gaing direct
in the wind’seye, at the rate of three knots and. a
half per hour. When he made a sufficient offing
he bere away for Loch Ryan,and soon came. up.
with a brig in distress, ranning for the same place,
haying carried away her main-topmast during .the.
gale: a d attempt ded, and gained the
coast of Ireland. No other power than that of.
steam would have impelled the vessel against that
wind, and saved it from destruction. .

“ On leaving Dublin,” coatinues Weld, “ we
left far behind us all the vessels that set out with
the same tide, and next morning, as we passed
Wexford, the thick smoke which 1ssued from the.
mast, wasobserved from the heights near that city,.
and it was concluded that the vessel was on fire.
At the instant all the pilots put to sea to fly to
our asgsistance, and at the arrival of the first who
reached us, - it is impossible to describe the atti-
tude of surprise, mingled with disappointment,
which they evinced at beholding us in very good.
condition, and which frustrated their claim for
salvage. While we were crossing St. George’s
Channel one of the paddle blades, which was
put out of order, was cut away by a steel chisel.
Some hours afterwards, a similar accident hap-
pening to the other wheel, it was remedied in the
same way., It was not perceivable that one
paddle-blade less in each wheel produced any
sensible effect in the progress of the vessel.

“ At the entrance of the chanpel into St.
Bridge’s Bay, from the tide descending Ramsey
Channel, in a straight and boisterous current, and
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the tide rising on the other side in an opposite di-
rection, the waves were very high, and dashed
againat each other in all directions ; and their tur<
bulence, when we came into contact with them,
was truly alarming : we often found ourselves so
low between two waves that they hid the sight of
the coast from us, although it is very high; bat
the vessel made way over all these obstacles in
the finest style. A small fleet of merchantmen
quitted the pass and endeavoured to follow us,
but in the passage of the hay alone we outrun
them all hull down.

“ On the other side of St. Bridge's Bay the.
pilot warned us of the danger there was in en-
deavouring to pass a strait passage, called Jack
Sound, except at high tide, and with a good
wind. ¢ There were,” he said, ¢ a most rapid tide,
and whirlpools, which would seize the ship and
oarry it on rocks level with the water’s edge. Cap-
tain Dodd, who knew the power of his wheels, in-
sisted on going forward, which would save us, pro=
bably, another night at sea. The pilot re-urged
his remonstrances, and trembled with fear, but.
we crossed all these whirlpools freely, and with~
out appearance of danger. Nothing, however,
was more frightfal than the appearance of these
rocks, and the sea strikes against them in hollow
waves that resound on all sides. Our situation
there at the beginning of night, in a vessel that
had no other resource than the wind to get out,
would have been very perilous, but our powerful
and indefatigable wheels soon extricated us out of
this danger, and brought us safe and sound into
Milford Road. -

¢ In approaching that place we met the king's
mket-boat, with all sails spread to the wind, and

passed it about & quarter of & mile when the
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ocaptain bethought him to transmit some letters by
jt: we put about and reached it in @ few minutes,
and went round it, notwithstanding it continued
under weigh; and after delivering our commu-
nications to the captain, we went round it a second
time and regained Milford Point.

¢ When anchored in the port of Hayle, a vessel
which contained eleven persons, with a party of
pleasure, just at the mouth of the river, had been
carried away by the tide and wind, and hurried on
the rocks hefore any person perceived the dan-
ger. Captain Dodd discovered the vessel and its
perilous situation : scarcely had hetime to declare
it when the calamity was at its height. This
brave man, confident in his four rowers, boldly
advanced amongst these rocks and breakers, and
at the imminent risk of their lives succeeded in
snatching from the waves four of the wretched
individuals who still had signs of life. But notwith=
standing the indefatigable cares of Captain Dodd,
and of those persons fo whom he dictated the
means prescribed by the Humane Society, only
two of them survived this sad event.

¢ In doubling the Cape of Cornwall, the first of
those two great promontories which terminate
England on ‘the west, a frightful swell met us,
with all the weight of the Atlantic; whilst the
tide, which running down St. George’s Channel,
met those waves and raised them to a height
which it appeared impossible to overcome, and
equally dangerous to have in the rear if there
were occasion to put about. The vessel appeared
to suffer, and the repeated dashings against the
case of the wheels alarmed the pilot, who heard
them for the first time ; night approached without
any port offering itself to us. In this state of
things Captain Dodd observed that the vessel

-
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sailed better before the waves than’ in any other
direction ; he, therefore, made a long tack, close
hauled, so that we might get out of the latitude
where the swell struggled against the tide. We
spread some sails, which always contributed to
the equilibrium of the vessel, and at the end of
some hours we had doubled the Land’s-End, when
we found ourselves in a.tranquil sea. After this
there was nothing more in the voyage either labo-
rious or remarkable ; we were then at the entrance
of the British Channel, which is said to be always
more calm than the Irish Sea. The sun shone on
us, the sea sparkled with its beams, and the coast
unfolded all its beauties—we beheld its woods, its
villages, its rich cultivation.” *

This interesting voyage, 158 nautic miles, was
run in about 122 hours.

® Account of a Passage to London in a Steam-boat, by
Isaac Weld, Esq., Journal des Mines, for September, 1815 ;—
extracted by Dodd in his Z'reatise on Steam-Boats.
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“ NOTHING I8 HERE FOR TEARS, NOTHING TO WAIL,
OR KNOCK THK BREAST; NO WEAKNESS, NO CONTEMPT,
DISPRAISE OR BLAME; NOTHING BUT WELL AND FAIR,
AND WHAT MAY QUIET US IN DEATH SO NOBLE.”
Milton,
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details of architecture, music, and law. He was
well acquainted too with several of the modern lan-
guages, and familiar with their most recent litera-
ture. Nor was it at all extraordinary to hear the
great mechanician and engineer detailing and ex-
pounding, for hours together, the metaphysical
theories of the German logicians, or criticising
the measures or the matter of the German poets.

¢ He still took a lively interest in those pro-
jects which were afloat in the mechanical world,
and kept up an intercourse with his former asso-
ciates ;" and occasionally accepted of invitations
to give his opinion and assistance as an engineer.
But this he did but rarely, for his pecuniary am-
bition being satisfied, he valued his ease, as leav-
ing him perfectly independent in the disposal of
his time.

It has aleo been noticed by some who were
ignorant of the peculiarities of his character, to
be a circumstance somewhat extraordinary, that
this long period of philosophic retirement was
undistinguished by a single invention from his
hand. Nay, even that although his whole life
had been spent among mechanics, and he was ac-
knowledged to possess a superlatively fertile ima-
gination, he is known as an inventor solely for
his labours on the single mechanism of the steam-
engine. For his method of copying writings, the
pneumatic apparatus, designed for Dr. Beddoes,
and the pipe for conveying water across the Clyde,
which accommodated itself to the bend of the
river, are but trifles, even when compared with
the devices of hundreds of hjs cotemporaries,
This anomaly is the effect of a very striking pecu-
liarity in the constitution of Watt’s mind,~his
apparently perfect indifference, or rather total in-
sensibility to personal distinction, ar to the fame
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of an inventor. He Jooked at his projects only as
a squrce of profit ; provided he had this, he cared
nat who had the merit of being their author ; and
when he saw emolument could not be drawn from
them, numerous inventions were thrown aside,
and allowed to sink into oblivion—to perpetuate
them by a description never entered into his ima-
.gination ; and even those improvements on the
steam-engine, on which his fortune, and that of
hig family, depended, were about as unknown to
the public as some of his neglected contrivances.
He not only had never imparted any account of
these inyentions himself, but he even shrunk from
the task of enabling his friends to give them, in
order to repel the insinuations which were
thrown profusely upon him, for the purpose of in-
validating his patent; and when Bolton appealed
to the law, Watt was uneasy under the publicity
which the proceeding gaye to his operations—tp
the homgge which was paid to bis geniug, At
length, when he was urged to revise a sketch
given by Dr. Robison *, he contented himself with
adding a few notes to his friend’s work, remark.
able for their candour, and for their utter freedom
from all affectation and pxe(ension. Indeed, his
own opinpion of his own inventions was quite ap-
posite to that of his friends and the public; he
valued them lightly, probably as having cost him
but little effort to produce them; and thosg
contrivances, which had carried his name tq
every corner of the warld, he considered to be so
ebviqys, that they must have occurred to thoy-
pands of otheps hefore his time, and that he wag

* Elements of Mechanical Philosophy, vol. ii. art. Steam-

Eugine, 33 . -
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“more fortunate only than they, from being thé first
who had put the thought to the test of experiment.
« His knowledge was, however, of a usefal
kind, and, unlike some of his cotemporaries, he
‘valued it for its practical tendency, not for the
manner in which it was, or could be imparted ;
he had po relish for what was called abstruse me-
"chanical discussion, and on theoretic deduction he
never placed any dependence. In this he re-
‘sembled Smeaton ; every thing was done by a sort
of feeling, or tact, as if the knowledge had been
born with him. In his opinions he seldom went
either before or beyond the direct inference which
could be drawn from an experiment; but so
‘great was his sagacity, that few bearings of an ex-
‘periment were omitted or overlooked. Not the
east extraordinary part of his character was his
indifference to the study of mechanics asa science,
or even as an art ; and few men, who had read so
much on general topics, ever read less on this,
the knowledge of which, of all others, we might
consider to have been essential to the proper de-
velopment of his conceptions; and he never was,
at any period of his life, a scientific man, in the
g:esent absurd acceptation of the term: it has
‘been said, that he never resolved an algebraic
equatior’ in his life. Like Ferguson; he got at
the truth by geometrical methods; and at one pe-
riod of his life it was his favourite amusement to
represent, by geometrical figures, various tables
‘which he had occasion to consultin directing the
proportions of his engines. These, it is said,
gave his pupil, Playfair, the idea of his ingenious
system of linear arithmetic *.”

* STUART’s Des, Hist, of the Steam Engine, p. 190.
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Playfair observes* that he was ignorant whether
“‘ he_ever was a dexterous operative mechanic,”
but he certainly never attempted to assist in

® WiLLIAM PLAYZAIR was the third sonof the Rev. James
Playfair of Benyie in Forfarshire, where he was born in 1759;
The death of his father happening while he was voung, his
education and maintenance chiefly devolved on Jon his elder
brother, the late distinguished proft of natural philosoph
in the University of Edinburgh.

William, having shown an early taste for the mechanical
arts, was apprenticed, for a short period, to Andrew Meikle,
the inventor of the threshing machine; here he had the late
Mr. Rennie, the engineer, as his shopmate. _Playfair, having
acquired considerable facility in mechanical drawing, * with
that instinctive partiality for the south, which does no dis.
honour to Scotchmen, but which may have been of advantage
to both countries,” went to Birmingham in 1780, as a
draughtsman to Mr. James Watt, and remsained with him for
several years. From this intimacy is derived almost all
that.is known of the early habits of the great improver of the
steam-engine. L
. At leaving Soho, Playfair aspired to literary distinction,
and in an evil hour essayed to become a political advocate.
At first, however, the writing mania divided his attention
with mechanics, for he found time to carry into execution a
method of making what he called El Dorado window-
sashes and doors, of a metal composed of copper, zinc, and
iron. He also invented a machine for forming the ornamental
fret work on articles of silver, which had bitherto been done
by hand, and opened a shop for the sale of plate of this manu-
facture : by the same engine he fabricated coach or t
buckles, and horse-shoes; of the latter he could produce ten
in a minute.

' This adventure, which wanted only a little perseverance
and attention to have made it b aper 1y Incrativ

one, did not make returns fast enonfgh to satisfly Playfair's
restless activity, He went to Paris, for the purpose of intro-
ducing a new rolling-mill, and Cort’s improvement in manu-
facturing iron; and, as an encouragement for him to proceed
in the erection of his factory, he ved a grant of a
piece of land from the court. The unsettled state of French
affairs was unfs able to this project. Joel Barlow had
been dispatched to Paris, as agent for a company which had
purchased a tract of nearly three millions of acres of and on
the river Sioto, which empties iteelf into the Obio, Experi-
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-making medels or putting any of his oyn plans
into execution after he came to England, whatever
he might bave done at an earlier period of his life.

encing great difficalty in_the disposal of the lands, he induced
Playfair to undertake the busincss. In two months he sold
fifty thousand acres. This, though not a very fiourishing, is
yet an improving settlement ; and Playfair, in his old age,
consoled himself, that when much of what he had written oa
litics was forgotten, his name would be remembered, from
is connection with the Sioto colony. The great scarcity of
silver coin at Paris making paper money of every kind nearly
useless, Playfair's next speculation was & good one. He
opened a bank for the issue, at a small premium, of his ows
motes, payable on demand, for quarter frascs, half frascs,
and frascs. This manufacture was every thing he could
wish for on the score both of extent and profit ; for bis nated
were demanded in thousands and tens of thousands, and the
were returned occasionally only in fives and tens. Playfaif,
however, having expressed himself with incautious freedom
regarding some measures of the French government, his
bank was regarded as fair prey. From a friend at heads
quarters he received, in the afternoon, intelligence of what
was in contemplation, in time to remove a large sum
of the national notes, for which he had exchanged his own.
Next morning a small party of gens-d’armes march
into his office, accompanied by an officer of the police,
who took a list of the stock, aad, sealing it u;')l., he left &
couple of soldiers to look after the premises. The banker's
body was also anxiously sought for, to be described in the
javentory ; but Playfair was on his way to Holland, which
ke reached in safety. Hap g to be at Frank ; t on the
Maine, when a ber of the Parl t of Boprdeaux
arrived at the same inn, and described a telegraph which had
been erected on the mountain of Belville, Playfair instantly
began a model, which, on the third day after, he sent to the
Dhuke of York, and thus the J)hn and an alphabet of this ap~
paratus first came to England. L. ‘
" At his return to London in conjunction with Mr. Hartsinck,
of the celebrated house of the Hopes at Amsterdam, and the
Rev. Mr, Hutchi he blished what he called &
Security Baak, for advancing money or transferable notes,
on valuable property, but of a nature which prevented its
being essily bronght to market. In thisevery thing depended
ca 3 peifect knowledge of property of all kinds, and the ex-
-\-.ot the most rigid casiion; these wers found wenlisg,

\
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He employed most of his time in drawing and
writing letters, but very litlle of it in superin-
tending the operations that were going on. This

and bankruptey followed. The affairs of the company were
thrown into C| y ; and it is said they remain there still
—all the partuers have gone to their long account. .

After this wreck, Playfair became an author by profession ;
and his future life was a chequered one, even for that of a
man of letters. He wrote ou a variety of topics, bat politics
and national-economics wers his favourite subjects, and almost
every popular question of the day elicited a pamphlet from
bis hand. Many of these were eminently successful. His

eatest work, and the one too for which (if we except his
akill in linear tables. which he turned to good account in his
charts of domestic chronologies) he was the least fitted, was
his Family Antiquitics, in nine” large quarto volumes; this
was published at forty-five gui But his Statistical
Breviary and Atlas are, perhaps, the works which best ex-
hibit his ingenuity ; these i d him to many high poli-
tical characters, and, among others, to the late nx]ms of

sdowne. He added Notes to Smith’s Wealth of Nations,
and was the anthor of Oddy’'s Ewropean Commorce. France
es it is: not Lady llorgu’: France, was a later publication.
But that which he spoke of with the greatest affection was
his Decline and Fall of W ealthy Nations, printed in 1805.
- He had taken out five patents, two of which have beem
described ; a third was for a scheme to take advantage of the
wind to bend springs, which were applied to act as reservoirs
of power, for increasing the s of a ship by their re-
action.

In the later years of his life he was often reduced to great
‘want, and his friend idered his neglect by government
to be a deep stigma on its justice ; for they instanced him as
being, during his whole life, a consistent and often a powerful
and convincing advocate, of loyal principles—and, without
hope of fee or d, he often i d exp to pro-
mote their di ination, which his fi could ill bear.
In the auturan of 1822, he was released from the prison in
which he had been confined many months for a debt (for
which he had been surety for a friend) of a few guineas;
and had nearly finished a model in relief of the surface
of the Holy Land, of which he intended to make a public

hibition, when a di in his legs, which had made
him & cripple for years, took an unfavourable turn, and

- showing symptoms of mortification, poor unfortunate Playfair
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probably srose fiom his feeling that he theught
and contrived to the best purpose, when his mind
was left entirely to itself; though, on the other
hand it had the disadvantage that much more time
was taken in realizing his ideas than otherwise
would have been. The house in which he lived
was two miles from Soho, where all the machines
were manufactured. To this he seldom went
above once a-week, to see what was doing, and
;Ivhen' he did go there he seldom staid half an
our.”

In this house he had continued to reside, and
here, on the 23d of August, 1819, this venerable
man closed a life illustrious for its usefulness.
f* He had suffered some inconvenience through the
summer, but was not seriously indisposed till
within a few weeks from his death. He then be-
came perfectly aware of the event which was
approaching, and, with his usual tranquillity and
benevolence of nature, seemed only anxious to

was carried to an hospital for the purpose of undergoing an
peration, where heosp,' d on thepinlth of Febmary,gclm.

In his best time he had sretensions to elegance both of
person and manners; but althongh he was a man of strong
sense, his misfortunes and poverty had no effect in narrow-
ing, or correcting (in the language of the world) the reckless
generosity of his heart. Yet his total disregard of money
cannot_fairly be urged to his blame, for they to whem he
stood in the relation of husband and father shared in his
mean fortune without repining ; feeling, probably, that a
life, in which subsistence depends on the result of a suce
cession of precarious speculations, is unfavourable, from its
excitement, for the formation and ise of that steadi
of mind and sin%lenen of purpose which accompany, if they
do not produce, habits of caution and self-denial.

He left 2 widow and four children. One of his daughters
was born blind. His eldest son, who held & commission of
lieutenant in a regiment which at the peace was disbanded in
Canada, preferring to remain in the colony, received from
governmeat & gzans of land, See Momoir by Byeriey, &e,
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rﬁ't out, to the ftiends around him, the many
urces of consolation which were afforded by the
circumstances under which it was about to take
place. He expressed his sincere gratitude to Pro+
vidence for the length of days with which he had
been blessed, and his exemption from most of the
infirmities of age, as well as for the calm and
cheerful evening of life that he had been per.
mitted to enjoy after the honourable labours of
the day had been concluded. And thus, full of
{lears and honour, in all calmness and tranguillity,

e yielded up his soul without a pang or a
struggle, and passed from the bosom of his family
to that of his God.” :

‘“ His name fortundtely needs no commemo-
ration of ours, for he that bore it survived to sed
it crowned with undisputed and unenvied honours,
and many generations will probably pass away
before it shall have gathered all its fame, 1t had
been said that Mr. Watt was the great improver
of the steam-engine ; but,in truth, as to all that is
admirable in its structure, or vast in its utility, he
should rather be described as its inventor. It was

his invention that its action was so regulated
43 to make it capable of being applied to the
finest and most delicate manufactures, and its
power so increased as to set weight dnd solidity at
deflance. By his admirable contrivances, it has
become a thing alike stupendous for its force and
flexibility, for the prodigious power which it car
exert, and the ease, and precision, and ductility,
ivitlll which they can be varied, distributed, and
applied.

“ It would be difficult to estimate the value of
the benefits these inventions have conferred uioﬂ
the country. There is no branch of industry that
has mot been indebted to them; and in all the most
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material they have not only widened, most magni-
ficently, the field of its exertions, but multiplied a
thousand fold the amount of its productions. It
has armed the feeble hand of man, in short, with
a power to which no limits can be assigned, com-
pleted the dominion of mind over matter, and laid
a sure foundation for all those future miracles of
mechanic power which are to aid and reward the
labour of after generations.” .
¢« This will be the fame of Watt withfuture gene~
rations, and it is sufficient for his race and country.
But to those to whom he more immediately be-
longed, who lived in his society and enjoyed his
conversation, it is not, perhaps, the character in
which he will be most frequently recalled, most
deeply lamented, or even most highly admired.
¢ No man could be more social in his spirit, less
assuming or fastidious in his manners, or more
kind and indulgent towards all who approached
him. His talk, though overflowing with infor-
mation, was full of colloquial spirit and pleasure.
He had a certain quiet and grave humour, which
yan through most of his conversation, and a vein
of temperate jocularity which gave infinite zest
and effect to the condensed and inexhaustible in-
. formation, which formed its main staple and cha-
racteristic. His voice was deep and powerful,
though he commonly spoke in a low and some-
what meonotonous tone, which harmonized admi-
rably with the weight and brevity of his obser-
vations, and set off, to the greatest advantage, the
pleasant anecdotes, which he delivered with the
same grave brow, and the same calm smile play-
ing soberly on his lips. He had in his character
the utmost abhorrence forall sorts of forwardness,
parade, and pretension ; and, indeed, never failed
to put such impostors out of countepance by the
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maaly plainness and honest intrepidity of his lan-
guage and deportment. In his temper and dis-
position he was not only kind and affectionate, but
generous and considerate of the feelings of all
around him, and gave the most liberal assistance
and encouragement to all young persons who
shewed any indications of talent, or applied to
him for patronage or advice. His health, which
was delicate from his youth upwards, seemed
to become firmer as he advanced in years, and he
possessed, up to the last moment of his existence,
not only the full command of his extraordinary
intellect, but all the alacrity of spirit and the
zcia,l’ gaiety which had illuminated his happiest
ys.

His remains were deposited in the parochial
church of Handsworth, near those of his friend and
colleague, the princely Bolton ; and, in this temple
.of peace, filial piety has erected a statue to trans-
mit the corporeal lineaments of a revered parent
to posterity.

The piston a, of Mr. Tumer's steam-wheel,
moves in a circular channel or ring &, and is
attached to the axle ¢, by a thin plate, similar to
the piston of Mead’s engine. The two abutment
valves or sliders, d, ¢, recede from the channel
into recesses, as the piston approaches them in its
revolution, when they are again moved into the
channel after the piston passes beyond them. One
of the sliders is always placed across the channel
‘while the other is being withdrawn—or during
the instant that it is totally within its recess; so
that the steam which issues from either of the
openings is enclosed between one of the abutment
valves and the piston, which is thus carried for-
ward, the opposite ppexsxing always forms a com-

B
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municatioh with the condénser. When the pidtost
is carried beyond a slider, that slider is moved
into the ring, and the other slider begins to be
shifted into the recess, at the same time the steam
is shut off from one of the openings, and admitted
into the opposite one; what was a passage from
the boiler is how that to the condenser, and this
alteration takes place every revolution. The clever
means by which these passages were revetsed ap=~
pears on the engraving ; i, or &, may either be the
condenser or steam- chamber, and the passages
into it dre opened or shut by the rise or fall of the
lever slide, n; a wheel, o, fixed on the axis, ¢,
communicates the rotary motion to the other
machinery. The sliders are shifted by an excentrie
movement attached to the axle, c. A very detailed
description of this apparatus, with some excellent
illustrative figures, is given in that mine of mecha<
hical inventions,—the Repertory of Arts,

In Mr. Routledge’s steam-wheel, the vapour en
ters the box through the pipea, and a pipe ¢, leads
to the condenser. One side of the revolving piston
being formed like a curve, in its passage upwards
will gradually shut the abutment valve e, and as
this is pressed downwards by the steami from the
boiler, (which flows by a pipe through the valve
box,) it will slide down the inclined plane on the
other side of the piston, until it comes in contact
with the inner cylinder, to which the piston i
fixed, and will thus form an abutment valve, until it
is again displaced by the piston in its revolution.

Mr. John Malam, who has distinguished himself
@8 an improver of the apparatus for gas-lighting
puorposes, arranged the parts of his rotary engine in
@ different manner: to his outer cylinder, which
revolved, he fixed three valves, and the piston
whiclt may here be considered #s the abutmen
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vhlve, was made of lead, and of a size that wonld
by its weight make it always remain at the lowest
part of the cylinder: the three valves in their ro-
tation shut as they approach the piston, and when
they have passed heneath it, the steam forceseach
outwards until it comes into contactwith the fixed
cylinder, and 80 on in succession. In the second
scheme, there are three circular drums or cases,
the quter one forming a jacket to the second, in
which the inner one revolves. The area of this is
divided by curved partitions like the float boards of
a water wheel ; each of these chambers, in its ro-
tation, communicates when at its lowest position
with the hollow axle, through which steam flows
from the boiler, and pressing upon the fluid,
fusible metal, or mercury, forces it up one side of
the wheel, while the buckets on the other side being
filled oply with vapour, give a preponderance to
the loaded side,which produces a rotary movement.
Its principle will be easily understood, by a refer-
ence to Amonton’s wheel, of which it may be con.
sidered as a variety.

Mr. Moore produced a rotary motion, by making
the outer case of the circular channel immove.
able, and the inner one, which bhad valves, or pro-
pellers fixed upon it, turned on its axis within the
fixed case. Steam is admitted by the pipes, 4, b,
from the boiler into the steam-channel, and the
pipes, d, ¢, also connect the chaanel, with the
condenser; the valves, f, g, are opened and shut
by coming into contact with the angular. pieces,
h,i. It is obvious, that when steam flows into
the spaces, 2, y, if the spaces, o, 8, communicate
with the condenser, that the moveable part of the
wheel will perform a revolution on its axis. The
situation of the different valves in the figure will
suficiently explain theus action.

' B2
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given of some other steam-whegls, from the greater
care which has been bestowed to carry the idea
into practice. Its inventor, Mr. Thomas Master~
man, is a brewer, whose ale is as famous for its
exhilarating and substantial qualities, as his me-
chanical productions are estimable for their inge-
nuity,

Aring is divided into six compartments by means
of as mapy valves, a, b,c,d, e, f, which are opened
and shat in one direction only, by means of a
Jever loaded with a weight fised on the axis of
each; every compartment communicates with a
pipe forming one of the spokes, g, A,3, &, 7, m, of
the wheel, and rupning into the nave open on its
surface, (as shown in figure 2,) and which is ground
Perfectly smooth and flat; to this flat surface
18 fixed another flat plate or mask having three
apenings : one of these perforations, #, opens to a
pipe 1, leading to the condenser, the second, y, to
8 pipe 2,communicating with a reservoir of water,
or mercyry, and the third , to a pipe 8, coming
from the boiler. This mask is fixed, and when the
wheel revolves, each of the six openings in its
nave is brought in its turn opposite each of the
three openings in the fixed plate *.

. When the wheel is in the situation shown in the
figure, the part having the darkest shade is open
to the condenser through the spoke g, communi-
catipg with the perforation g, in the mask ; the
part having the middle tint shade, is filled with
steam, which flows from the boiler through the
Pipe 8, and perforation 2 ; and the partwhich has
the darkest shade is filled with water or mercury,
through the pipe ¢, and perforation y, communi-'

# Partington, gi,d.s Ascoysf, p. 163,
B
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cating with the spoke ; when the weights place the
valves in the situation shown in the figure, the
steam in one portion of the wheel is condensed 3
and as a vacuum is made in the upper part, the
water rising through the valves on one side of the
wheel, causes it to revolve : the perforationwhich
opened to the boiler, is now placed opposite to the
condenser, and that which opened to the cond
ser, communicates with the water cistern, and the
steam flows through the spoke which admitted the
water, this continues the preponderance; and
the wheel makes a complete revolution.

Here, it will be obvious, the power is had by the
weight of water in the rim of the wheel, and if it
is worked by medium-pressure steam, the fluid
column cannot much exceed twenty-eight feet in
height ; but the horizontal section of the rim may
be made of that dimension which will give any
required power.. It may also be worked with
high-pressure steam and a column of mercury of
considerable height. Masterman erected some of
his engines on a scale of magnitude, but their use
has been given up. It was said, that a great deal
of heat was lost, by the radiation from the great
surface that was exposed to the action of the air;
but a very obvious remedy might have been ap-
plied—the wheel could have revolved in a non-ra-
diating casing : the difficulty of keeping sogreat a
number of valves steam-tight was a more serious
objection, and when used with mercury, it was
found that the motion of the wheel .comminuted
the fluid metal, so that it rose in vapour into the
condenser; and the upper surface of the water,
(whichwasmuch heated,) when that fluid wasused,
exhaled a considerable portion of steam:—these,
however,donot appear objections so veryinsuper-
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able as to excuse its ingenious author giving up
his trials on a beautiful principle to some more
persevering rival®.

To those, whose fears were excited at the ex-
tension of the practice of operating with steam, of
a pressure recommended by Trevithic and Woolfe,
the announcement of an attempt to heat water,
under a pressure of sixty thousand pounds to each
square inch, was sufficiently improbable to be con-
sidered as an impossibility, until the eyes of each
doubting philosopher should themselves behold
it. On view, Perkins, an enterprising American,
was found to have vapour of four or five hundred
atmospheres more under his controul, than was
usually thought could ever be had over any which
was generated under a pressure of four or five.

It had been long known, that a prodigous in-
crease of elasticity could be imparted to vapour
generated under a great pressure; and practical
men were familiar with the fact, that the expense
of fuel to produce this additional elasticity did
not increase in proportion to the power that was
geained by it. But in former experiments, the steam
was always raised in contact with the water from
which it was produced, which necessarily re-
quired boilers olP a large size, and to give these
large vessels the proper strength, was at all times
expensive, and often nearly impracticable.

But this ingenious individual followed a new
tract: he subjected water in a vessel to an enor-
mous hydraulic pressure, and in this state, ex-
posed it to a vivid heat; no steam was in contact
with it or could escape from it; when he wanted
steam, he pumped a small portion of cold water

® Description of Masterman's Rotatory Steam-Engine,
Lond. 1822, In this the valves are moved jn a different
smanner from those of the figure,
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Vaughdn’s atmospheric engine may be described
‘as a double engine on Newcomen’s construction,
which is formed by using a very long cylinder,
divided by a diaphragm in the middle of its length;
each half has a piston, and these are connected
together by the same rod, a. The top of one
portion of the cylinder, and the bottom of the
opposite one are open to the atmosphere ; and the
pistons are rlaced 80, that one is at the outermost
extremity of one cylinder, while the other piston
is at the innermost part of the other. The steam
is introduced between a diaphragm and a piston,
while the vapour beneath the opposite one is
flowing into the atmosphere. This arrangement
is nearly the same as that practised by Thompzon
and other manufacturers, when Watt and Bolton
had the monopoly of their condensing engine.

Dr. Alban, a physician of the town of Rostock,
in the Grand Duchy of Mecklenberg, generated
steam by means of tubes of small diameter, which
were calculated to sustain a very great pressure.
These pipes were immersed in an easily fusible
metal, contained in a cast-iron box; this box was
exposed to the fire of the furnace, and heating the
metal converted the water in the pipes into vapour.
The water was injected into the pipes by a
forcing pump, and at each stroke of the engine, as
much fluid was thrown into the generators as
sufficed to produce vapour for the next stroke ;—
Alban regulated his injection pump to diminish or
suspend its discharge according to the pressure of
the vapour in the pipes; “ and when it was wished
to stop the engine, the forcing pump was merely
put out of action.” In order to prevent the metal
in fusion from being overheated, Alban also intro-
duced a regulator, to correct the intensity of the
fire. This mechanism will be found described
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and figured in-a treatise nearly ready for publi=
.eation, on  THE PRINCIPLES AND PRACTICE OF
SHE CONSTRUOTION OF 8TEAM-ENGINES.” This
Jistle book, which will be printed to correspond in
size with these anecdotes, will contain numerous
yules and lables for assisting those engaged in the
construction and manufacture of steam-engines. In
illustration of the text, numerous engravings will
be given of the parts, in detail, of machines con-
siructed by engineers of eminence. The rules have
been drawn from an extensive series of observa-
tions on engines in actual use ; and their appli-
cation by plain men will be made easy, by the
suthor's adopting & plain manner of staling them,
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“ BUILD HIM
A MONUMENT, AND PLANT IT ROUND WITH SHADE

OF LAUREL, EVERGREEN, AND BRANCHING PALM, '
WITH ALL HIS TROPRIES HUNG, AXD ACTS INBOLL'D
IN COPIOUS LEGEND, OR SWEET LYRIC 8ONG.”

Milton,



THE expression of public feeling, which Watt’s
retiring and modest habits had shrunk from and
discouraged in his lifetime, found vent at his
death. The anniversary of his birth was cele-
brated by the principal inbhabitants of Greenock,
on the 19th of January, 1821; and aJarge sub-
scription was subsequently collected, for the pur-
pose of erecting a statue, to perpetuate their admi-
ration of his virtues and genius. *

® « Several of the principal inhabitants of Greenock
formed themselves into a society, and at one of their meet-
ings, in 1821, in testimony of their admiration of the cha-
racter and talents of their distinguished townsman, it was
resolved, that from henceforth it should be called the Jaurs
Warr CLus. Having thus honoured the man, the club de-
sired to venerate the house in which he was born; and hav-
ing ascertained from two of Mr. Watt’s old and intimate
friends, that he was born in 8 house lately taken down, to
make room for the Greenock Tavern, the club unanimously
resolved to hold their future meetings there. Soon after this
they changed its name to that of the James #att Tavern,
and one of the members, (Mr. Jobn Fleming,) an eminent

- 8¢
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This manifestation of respect, although in per-
fect unison with public feeling, could only be con-
sidered as of a local nature. Public gratitude,
which had raised statues in honour of poets, war-
riors, philosophers, and statesmen, selected Watt
as the first of his class, whose genius should be
commemorated by the erection, in the metropolis,
of a monument worthy of the powerful community
which had so largely benefited by his inventions.
The KING, the munificent patron of all that is cul-
tivated and refined, had graciously expressed his
deep sense of the merits of Mr. Watt, and of the
benefits which had resulted to the country from
his labours; and, through a generous participa-
tion in the national feeling, his Majesty intimated
ananxiety that his name should be placed at the,
head of the list of those who had met to honour
the genius of this gifted mechanic. The Earl of
Liverpool, who was delegated to convey a muni-
ficent donation from his Majesty, in aid of this

urpose, took occasion to observe,—“ that Mr.

att was one of the most excellent, as well as

A irahl

Portrait painter, p ted the society with an pors
trait of Mr. Watt, now hung upin the club-room,”—CLELAND’S
Hist. Account, p. 65. .

Those mechanic-pilgrims, whose devotion leads them to
visit Greenock, will find, that in this Tavern they may invoke,
the genius of Watt, in & shrine which has been described

. as the Temple of Hospitality. G wices, exquisi
mountain-dew, and the very choice of the fatness of the
land will be spread before them in profusion. After hav-

ing discharged their duty to the dead, they may cross the
ferry to Helensborg, and” offer their homage to the living ;
and from Mr. HENRY BELL, THE FaTHER of NavieaTion

»y Steam 1N Evgorr, they will meet with the most grati-

fying attention. In this worthy old man they will observe
mechanical attainments of a high order, uniteg to a spiritlso

'&my.tl;t rl:‘l:d 8001%1, glatheven tl;; pr%asure of a long seria

misfortunes, and the chagrin ublic neglect, have B
Tbeen able to depress or .tmpd‘xrr it, ? gt
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meost oxtraordinary men that this conntry had pro-
duced; that he was to be ranked among the
greatest benefactors of mankind, because there
are pone who deserve more of their country than
those who add to the productive powers of in-
dustry ; and with respect to his private character,
there never was a more amiable or more honour-
able man.” But there was another part of his
Lordship’s address, which gave uanfeigned plea~
sure to those who admired the virtues of the living
statesman, and who felt that his honour, as well
as the gloty of their country, was concerned in
the distribution of its personal national distinc-
tions.—“ If Mr. Watt,” continued the Premier,
¥ did not in his lifetime meet with the patron-
age * and consideration due to his great talents,

@ « We feel most deeply the reproach conveyed in the pas-
sage extracted from Dupin’s Travels in Great Britain, that
% To a citizen of Glasgow belongs the glory of having givea
%o industry one of the greatest impulses known in the history
of the arts. To the imp ts i "bg.t;e leb
‘Watt it is owing, that the steam-engine is become an uai-
‘versal moving power: no invention ever befors compre-
hended, within so small a compass, and at a fourth of the
ordinary expense, 8 power so great, so constant, s0 regular,
In Watt we behold one of the benefactors of his country—yet
when I earnestly inquire what brilliant testimony he has ro-
oeived of the mational gratitud m{1 sti ins un-

wered. It app that neither king, nor ministers, nor
perliament have yet discovered that they owe any thing te
the life and memory of one, to whom the ancients would have
erected statues and altars. The ashes of the player Garrick
under the sacred vaults of Westminster, while the

ashes of Watt moulder in & nook of some obscure cemetery.”

* The forcible appeal, says the , to the national
feeliag was not made in vain, nor suffered to remain lo:g un-
snswered ; almost immediately after, M. Dapin has had the
satisfaction of seeing the king’s first minister and represen-
tative presiding and issioned, by his royal master, to
preside at a public meeting for erecting a monuinent to the
memory of James Wi ”—&‘ochauiu Magazine, vol. ii. p. 348,

Mr. Turner of Godstone, Surrey, with whom we belisve the

3cg
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‘it was solely owing to his simplicity of character,
the modesty of his nature, the absence of every
thing like presumption or ostentation, and that
disinclination to obtrude himself, not only on
the great and powerful, but even on the scientific

affair originated, in repelling the charges made by M. Dupin,
in this extract, and the comment upon it says, * without de-
tracting in the smallest degree from the candour of M. Dupin,
who has, with the utmost liberality, borne testimony to the
merits of Mr, Watt, I cannot but feel it due to those personal
friends of the latter gentleman, at whose instance the
measure was brought forward, to state, that at the time it
was first agitated, and even at the moment when the public
meeting took place, M. Dupin’s work alluded to was alto-
gether unknown to most, if not to all of them. The matter
as stated in your journal implies a national reflection, as if
the country at large had not sufficient discernment to appre-
ciate their obligations to Mr. Watt's talents, and were
equally wanting in gratitude to commemorate them. This
public meeting was not called b{ his majesty’s ministers ;
they were applied to by the g with whom the mea-
sure originated,in the hope that a parliamentary grant might
have been recommended ; this, for many reasons, was not
deemed advisable; but the Earl of Liverpool and others of
his majesty’s mini P th lves to support the
measure u{opted. and redeemed their pledge by their attend-
ance at the public meeting—to which above all they added
the tion of his Majesty's approbation.” As to the con-
cluding paragraph of M. Dupin's charge, Mr. Turner pro-
ery observes, that * surely the neighbourhood where Mr.

att and Mr. Bolton lived cannot be obscure—nor could the
spot where their ashes repose remain unknown, even if it had
not been illustrated by the finest work of modern art.”—
Mechanics' Magazine, vol. ii. p. 306.

Lord Liverpool's declaration, in the text, is a satis-
factory refutation of the chtrﬁe of government having been
indifferent to Watt's merits in his lifetime. * His Lord-
ship's statement only Fave publicity to the fact, which was
known but to a few of Mr. Watt’s friends, that a personal
distinction had been offered to him. We know uot which is
most to be envied, the feelings of the statesman who had the
discernment and Katpot_is!n to offer & performance of this
duty, or those of the individual whose self-denial made him
decline the proffered honour,” '
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world, of which he himself was so great, so bright
an ornament. I feel much satisfaction in being
able, from my own personal knowledge, to say so
much,”

¢ The Archimedes of the ancient world, by his
mechanical inventions,” Sir Humphrey Davy re-
marked, “ arrested the course of the Romans, and
stayed for a while the downfall of his country.
How much more has our modern Archimedes
done. He has permanently elevated the strength
and wealth of this great empire, and his inventions
bave enabled Britain to display a power and re-
sources infinitely above what might have beea
expected from the numerical strength of her popu-
lation. Archimedes valued principally abstract
science. Watt, on the contrary, brought every
principle to some practical use, and, as it were,
made science descend from heaven to earth. The
great inventions of the Syracusan died with him;
those of our philosopher live, and their utility
and importance are more daily felt: they are
among the grand results which place civilized
above savage men, which secure the triumph of
intellect, and exalt genius and moral force over
mere brute strength, courage, and numbers.”

Mr. Bolton, the son of Watt’s celebrated col-
league, said, ‘ that at the period of the construc-
tion of the first condensing ‘steam-engine at Soho,
the intelligent and judicious Smeaton, who had
been invited to satisfy himself of the performance
of this engine, by his own experiments upon it,
hed been convinced of its superiority over New-
comen’s, doubted the practicability of getting the
different parts executed with the requisite preci-
sion, and augured, from' the extreme difficulty of
attaining this desideratum, that their powerful
machine, in its impm;ed form, would pever be

c3
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generally introduced ; and the low state of the
mechanic arts, at that period, fully justified his
opinion. But a body of workmen was speedily
formed, and the parts of the machine were fabri-
cated with a skill and accuracy, till then unknown
in the construction of massive machinery. The
effectual adaptation of the condensing engine to
the varied operations of our manufactures, and
which is now almost a matter of routine, was at-
tained by the efforts, continued for a successicn
of years, of a deeply reflecting mechanical mind,
and by a series of ingenious experiments through-
out the whole scope of British manufacture. In
this investigation Mr. Watt had the co-operation
of some highly enlightened colleagues, to whose
merits and exertions he has paid a just tribute of
acknowledgment. A power equal to that which
would require the maintenance of one hundred
thousand horses, has been furnished from Soho
alone, and assuming that power to be exerted
during three hundred days in the course of the
year, the saving arising from the substitution of
“steam power in lieu of the exertions of the ani-
mals themselves, would not be less than two and.
a half millions of pounds per annum.”

. % I should be wrong,” said Mr. Huskisson, * if
1 remained silent ; for it is a gratification to feel
that such a man was born in this country; but it
is a still greater gratification that we lived in the
same age with him, and had an opportunity of
.epjoying all the benefits and' advantages which
he, under God, has been the instrument of con-
ferring. He who doubts Mr. Watt’s rights to be
placed in the first class of men of genius, has not
properly reflected upon the influence of chemical
and mechanical science on the moral condition
of society. By hisinvention labour was abridged,
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and the manufacture was executed with perfection
and rapidity; and in the almost indefinite pro-
duction of every article, the wishes, the wants,
and convenience of every people were suited. By
this the moral condition of mankind is improved,
for by creating new wants in the minds even of
savage nations, you infuse new ideas, and a spirit
of exertion, which will stimulate them to ine
dustry and an improvement of their condition;
and if the former savage of Otaheite has mow
exchanged his nakedness for the linens and cloths
of England ; and if the articles of his household
furniture be changed in the same way, it is mainly
owing to the facility the steam-engine atfords of
manufacturing these articles at a cheap rate, and
with great celerity; and it has thus acted as a
great moral lever to raise a degraded, and before
uncivilized, people to a state of comparative civi-
lization and a sense of independence; and bat
for those important mechanical and scientific
inventions, making, as they did, a gradual, silent,
but certain accession to the wealth and industry
of this country, we might have been obliged to
sue for a humiliating peace before all the
energies of Nelson were called forth at Trafalgar,
or before the military sway of Napoleon was
broken down by the Duke of Wellington, and the
seal set to the peace of Europe by the battle of
Waterloo.”

¢ I may refer,” says Sir James Mackintosh, ‘“on
this occasion, to one of the greatest philosophers
this country ever produced,—my Lord Bacon, who
in his New Atlantis, a wotk, I believe, bat little
read, describes a voyage to an imaginary country,
in which he mentions what he calls Solomon’s
house, and sometimes the college of the six-days’
works. In that house he describes a magnificent
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gallery for men of science,a part of which is filled
with the statues of inventors. The great and un«
rivalled wisdom of that philosopher did not dis-
dain to place, among the first rank of the culti-
yators of science, those inventors who benefited
their country by their inventions. In one place
was seen the inventor of glass, in another the in-
ventor of the management and use of the silk-
worm. What place, I would ask, would my Lord
Bacon have given to Mr. Watt had he lived in his
time? He would undoubtedly have placed him
at the head of all inventors of all ages. That
great philosopher goes on to state, that whereas
lawgivers, extirpators of tyrants, fathers of their
country, and the like, are honoured as demigods,
inventors are honoured with the title of goda.
But sixty years have elapsed since the introduc-
tion of this great power, and a much shorter since
Mr. Watt applied it to the purposes of practical
utility ; let us look over the globe, and we.now
find its powers every where in motion, in the
bowels of the earth, upon the highest mountains,
upon the face of the waters; all the great rivers
of South America are now navigated by steam, so
that the savage who inhabits the forests of Guiana
becomes alarmed at the appearance of a monster,
which makes its way upon the waters, withoutap»

rent effort or moral agency. If so much has
E:en done in so short a time, what may not a
sanguine hope whisper to itself as to the future.
I entertain trembling hopes which I would not
wish to expose to the eye of the scorner, but I
feel that still nobler things are reserved in the une
opened volumes of destiny.’” Mr. Brougham fel¢
#¢ that he might safely call on those who were ace
quainted with Watt’s domestic habits, to bear
testimopy to his private worth; nothing,” he cons
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tinued, “ could be more pure, more simple, or
more scrupulously loving of justice, than his con-
duct in every situation ; it was hard to say which
was most to be admired, the extent of his under-
standing, or the nicety with which he was able to
reduce it to the smallest circumstances,—while it
could expand to the greatest designs, it could at all
times descend even to the niceties of verbal or
classical criticism. He was eminently distin-
guished, too, by the total want of jealousy in all his
proceedings; he was conspicuous fora most care-
ful self-denial in all his actions, lest he should
appear to be desirous of appropriating to himself
the honour that was due to others. It was this
that always made him decline what every body
was willing to concede to him, the honour of
being called the inventor of the steam-engine—
contenting himself with the title of its improver,
though to doubt of his right to this honour were
as absurd as to doubt the original genius of Sir
Isaac Newton, because Descartes in one line, and
Galileo in another, had preceded him. Mr. Watt
took peculiar delight in adjusting the conflicting
claims of others to scientific discoveries, and giving
to each individual his due, and though he was a
man of the mildest temper, he was always ruffled
by adulation towards himself, or ascribing to the
genius of one what was justly the property of an-
other. It is to do honour to all these rare excellen-
cies of character that we are now assembled to vote
a monument to his memory; not that a monument
is wanting to immortalize him, for his memory
will be as lasting as the power which he subdued
to the use of man ; but to consecrate his example
before the world, to hold forth to others, that a
man of transcendent genius cannot better employ
it, than in conferring a benefit on all mankind:
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and where can the monument of this great man be
more appropriately placed, than in a temple of
that religion which teaches peace to all. The
temples of the pagans were adorned by statues of
wartiors, who dealt desolation on their race; but
ours shall be graced with the statues of those who
have contributed to the triumph of humanity
sad science ; and, among others, to him who has
achieved what bas been an honour and a benefis
to the hnman race.”

M. Littleton had endeavoured to ascertain data
from which to estimate the total saying made by
steam-engines. The number of steam-engines
mdy be near the mark if stated to be about ten
thousand; and taking these, on an average, to be
about equal to twenty-horse power each, we have
two hundred thousand horses acting together for
a total power employed in manufactures, mines,
&c. during & period of from ten to twenty-two
hours [per day: there must have been from two
to two and a half sets of horses to perform a work
of this description, which wonld raise the total
number to batween four hundred and five hundred
thousand horses. The difference of cost between
the coals consurned by these engines and the keep
of that number of horses would amount annually
to above twenty millions of pounds sterling. 1f
the calculation were carried further to the savin
in actual labour, there would be a result almost
incredible.

Mr. Peel observed, ¢ that he was one of the
numberless persons who had derived a direct per-
sonal benefit from the inventions of Mr. Watt,—
from the cotton trade, which had received fresh
life and spirit from the introduction of the steam-
engine ¢ before the year 1790, the manufactories
had existed in remote districts, and depended
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61most entirely on the exertion of animal or watep
power; but the improvement of the steam-engine
transported the factories, from wild and inaccess
sible places, to towns and cities, and enabled
every branch of the process to be united under
the same roof, so that in a wonderfully short timé
the raw material is converted into the finished
cloth. When I recollect what took place thirty
gears ago, and look at the fortunes that have been
made, the towns that have sprung into existence,
I cannot but offer my unfeigned admiration to the
genius which has produced this effect. 1 feel
that the class of society, from which I have risen,
has been ennobled by Mr. Watt’s genius; but it
is less on that account than of the honour which
he has conferred on the whole nation, that I join
in the wish to see his statue among those of out
illastrious dead.” The Earl of Aberdeen, Mr.
Frankland Lewis, and Mr. Wedgewood expressed
their entire concurrence in the opinions of those
who had preceded them; and Mr. Wilberforce
congratulated the Earl of Liverpool, that his pre«
siding on this occasion was a proof that his Lord-
shiprecognized the properuse that was to be made
of superior rank and station. * It isthe glory of the
country in which we live—a glory, to which, in
the whole history of the world, no country was
ever before entitled in so eminent a degree—that
individuals, by the honourable exercise of their
own superior talents, and virtuous industry, may
tise to the highest rank, and most abundant
affluence. It is to the free constitution of this
country, it is to the enjoyment of equal laws, that
we owe these blessings; and many an ingenious
man, in a humble and obscure situation, may be
cheered and animated in his toilsome and ex~
hausting course, by calling to mind this day’s pro-
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ceedings, and by feeling that, by travelling the
same path which he travelled, whose genius we
bave assembled to commemorate, he will reach
the same goal of glory and honour.”

Meetings to co-operate in the same grateful
work were shortly afterwards held at Manchester,
Edinburgh, and other places. In that which
was held at Glasgow, Professor Jardine said, that
¢ though men of genius may be said to be pro-
perly of every country, those of the same country
consider themselves as having a particular interest
in them. We have a particular interest in Mr.
‘Watt ; he belongs to this part of the country by
birth and education; and we feel, like others,
some shade of conscious pride in this claim of
ours, as to whether there should be separate monu-
ments in different places, or one great, and mag-
nificent one in the most appropriate place: I
acknowledge, my leaning is to one great, magni-
ficent, and sublime monument which shall com-
mand the attention of all. Iam for a monument
which shall be durable, and such as shall wear
out the teeth, as has been well said, of envious
Time;” but after the meeting was addressed by
the Lord Provost, Mr. Henry Monteith, Mr. Kirk-
man Finlay, Mr. James Ewing, Mr. William
Smith, Doctor Thomas Thomson, Mr. Henry
Houldsworth, and Doctor Andrew Ure, it was
resolved, that, in consequence of the early con-
nexion of Mr. Watt with their city, they should
erect a separate monument to perpetuate the cir-
cumstance—not that fifty years ago the corpora-
tion had expelled him from its jurisdiction, but
because since that time his fame had grown so
great, that it reflected honour on themselves as
living in the same city of which he also in his
youth had been an inhabitant.
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If national distinctions are conferred with the
view of exciting emulation, yet there are few
principles in legislation founded on a surer basis,
than those leaving individual enterprise solely
to its own exertion for its ultimate reward. To
remunerate, from public sources, the lossattending
a failure in projects undertaken with the spirit,
and for the purposes of individual gain, were to
hold out a premium to a defective, or a too
sanguine, judgment; and yet there have been
cases, in which an undeviating observance of this
salutary maxim would have been as unfeeling to-
wards individuals as impolitic to the best interests
of the state. .

Prompted by this feeling, exceptions have been
made to the general rule,and some projectors have
been looked on with favour,who, by their own act,
were beyond the pale of any claim whatever to a
compensation from the public ; for by entrenching
their right with a patent, they virtually refused to
the community any participation in the benefits
arising from their invention, excepting with a
reservation of emolument to themselves. Govern-
ment has even sanctioned a grant to a patentee,
after the expiration of the renewed term, which
Parliament had extended to the duration of his
patent, on purpose to assist him in reaping per-
sonal benefit from his ingenuity; although that
extension was all that a patentee could claim,
and, it may be added, was all that, under any
circumstances whatever, the most liberal govern-
ment ought to have bestowed.

Other exceptions to the general principle have
been made on less objectionable grounds; for in-
stance, where the improvement was of importance
to the public, but was of such a nature as to render

3o
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it impossible to protect an exclusive - interest
in it—after a patent had been granted, a fair
claim was urged to some compensation. In an-
other case the indemnity sought was for a pro-
ject, also of moment, which had been thrown
open to the public, without the inventor applying
for a patent at all. Nay, parliament has even re-
warded an individual, who had previously accu-
mulated a fortune by carrying his improvement
into practice. The grantto the improver of our
roads was made under these circumstances; in
Mr. Macadam’s case there was no exhibition of
genius or inventive power, This indefatigable
American did not even claim any originality in
his practice.

The most extraordinary circumstance cone
nected with the generous interposition of public
sympathy in softening the rigour of a principle,
where its operation might press with undue se-
verity, is that very few demonstrations of this
comEassionaLe feeling have been made in favour
of that meritorious class, from which alone all
candidates for public reward should be taken,—
from among those who, either from poverty or
patriotism, had not taken legal steps to appro-
priate the benefits of their improvements to them-
selves; but after having exhausted their re-
sources in experiments, of which their country
was reaping the benefit, they were left to pine in
indigence and in obscurity. In our own time, the
benefits flowing to the pation from one improve«
ment have been so splendid, as even to obscure
the name and services and merit of the very man
by whose enterprise it was introduced, and who
has only reaped ruin from what has made the for-
tunes of many, and added fo the enjoyment and
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convenience of hundreds of thousands of his
cotemporaries.
One of the topics which forcibly arrested the
admiration of all those powerful and learned
rsons, who paid their homage to the genius of
att, was the introduction of steam-power into
navigation. Are they too sanguine who see in its
further development a great revolution in naval
tactics—in the attack and defence of kingdoms—
in the importance of ancient maritime stations—
in the increased energy given to internal im-
provement—in its international effects, uniting
countries and places which Nature had dis-
joined, and which natural causes would for
ever have acted to continue the separation;
¢ gathering in, as it were, the nations in har-
mony with each other, in love and unity and
peace and concord ;” already a power, probably
equal to a sixth part of all the steam-engines in
being, is arpropriated to propelling vessels. At
the end of 1823, there had been ninety steam-
boats built in Scotland, the cost of which, ave-
raging about four thousand pounds each, will give
an amount of three hundred and eighty thousand
gounds of sunk capital; of that number forty-
ve were sold from the Clyde. In the year pre-
vious to this, fifty-five steam-vessels were plying
in Scotland, thirty-two of them belonging to the
Clyde : supposing these fifty-five vessels to em-
ploy five hundred and fifty men and officers, their
yearly wages will amount to thirty-two thousand
pounds ; the coals consumed to thirty-two thou-
sand; harbour dues, six thousand five hundred
pounds ; tear and wear on all the boats, twenty-two
thousand pounds; profit on capital invested at
ten per cent.: altogether, this is an annual dis-
3p 2
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bursement, which proves the receipt of one hun-
dred and fourteen thousand pounds per annum
for the fare of passengers on the rivers of Scot-
land; and if we only estimate each passenger
to pay four shillings, this will give nearly siz
hundred thousand persons who, in one year, have
availed themselves of the convenience of a steam«
boat.

But if we extend the calculation to all the
steam-boats in Britain, the result will be alto-
gether magnificent. At this moment the capital
sunk will not amount to less than three millions,
and the annual income must exceed six hundred
thousand pounds annaally ; and this amazing pro-
gress has been made in a period of not more than
nine years,and steam navigation is still extending
so rapidly that we are justified in considering it to
be, as yet, in its infancy. At present, we may
have an idea of its direct extension, but who
can tell the ramifications in which it already be-
gins to influence every thing in the nature of com-
mercial intercourse. Yet in this glorious race, the
original father of the design, Mr. HENRY BELL,
was fated to be not only distanced by his rivals,
but 2o be ruined in the petition, and reduced to
indigence. His own account of his misfortunes
pleads forcibly in his favour:—*“ I opened up,”
says Mr. Bell, “ most of the different stations where
steam-boats ply, and all this single-handed. I
sold the first steam-boat that went to London,
and also the first that went to France. The
CoMET was lost on the 15th of December, 1820,
on the west coast of Scotland ; and, on the 9th of
September, 1821, another steam-boat of mine was
burnt down to the water’s edge on a Sunday morn-
ing, while lying at anchor. Neither of the two
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were insured ; and, independent of this, I expe-
rienced a great loss, in opening up all the different
grounds single-handed, which as soon as they
wete seen to pay, induced large and powerful com-
panies to embark in steam-boat speculation, with
larger boats and greater power, so that they could
go quicker, and, of course, I, and my steam-boats,
were left behind ; but I have almost served my
day and generation, as my supply of fuel is now
getting small, my steam is getting weaker, and, at
last, my capacity of making way must cease. I
have been these six months laid up in dock un-
der repairs, but should the Head Carpenter give
the order that all is right, I may once more be
launched afloat.”

Mr. Bell was happily restored to health, but a
yenewal of physical strength brought no acces-
sion to his pecuniary resources ; and since that
period, it is feared, they have not been in a more
prosperous condition. One hope, however, may
still be cherished, that should his case meet the
eye of any of those powerful and generous
persons, who did themselves and the coun-
try so much honour, by the zeal with which they
enlogized the inventions and merit of Mr. Watt,
they may be induced to extend their assistance in
bringing the claims of a neglected and deserving
man before the public; for, next to the great
improver of the steam-engine, he may be con-
sidered as that individual who, in Europe, led the
way to its most important application. A
FARTHING ONLY from each person who, dur-
ing one year, made a voyage in a steam-boat,
would place this meritorious and worthy man
(the moderation of whose wishes is said to be
equal to his other m:rit)sinaaituation to look

b .
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upon the infirmities of old age without an appre-
hension, that as his useful, but chequered, life ap-
proaches its natural termination, penury may not
be added to neglect in imbittering its final close.




CHAPTER TWENTY-NINE.



¢ NATURE IN HER PRODUCTIONS SLOW, ASPIRES
BY JUST DEGREES TO REACH PERFECTION'S HEIGHT;
80 MIMIC ART WORKS LEISURELY TILL TIME
IMPROVE THE PIECE, OR WISE EXPERIENCE GIVE
THE PROPER FINISHING." Somervile.



A SINGULAR attempt to deviate from the beaten
track, and employ another agent than steam to
raise a piston, was made in 1791, by Mr. Robert
Street, who described an apparatus, in which tur-
pentine falling on a hot iron was raised into va-
pour, that was afterwards inflamed in a cylinder
beneath a piston, which wasraised by the impulse
of its expansion. Street considered this could be
used as a prime mover, with as much economy as
steam.

A still better application of a similar idea was
made by M. de Rivaz in 1807. A cylindrical ves-
sel 4} inches in diameter was fitted with a piston.
At the bottom of this cylinder was a smaller one
also fitted with a piston, the rod of which de-
scended. downwards, and was attached to the
middle of a horizontal lever, by which it might be
moved upwards or downwards. This piston had
a perforation which was closed with a valve
opening downwards; from the top of the small
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cylinder, a short tube passed horizontally out-
wards, having a skin bag filled with hydrogen gas
fixed at its external end. This tube had also a
cock with two passages, one of which admitted
the hydrogen, and the second common air, and
its third position prevented all external commu-
nication.

To charge this apparatus with the explosive
mixture, the lower piston is to be raised by the
lever until it touches the upper piston, which will
cause all the air between the two to be expelled
through the lower valve, which is to be opened
for that purpose. When it is made to descend,
the cock in the horizontal pipe is opened, and it
will draw in at pleasure a quantity of hydrogen
gas, and of common air, inthe proportions of sixty
inches of hydrogen, and one hundred and twenty
of common air, or thirty inches of ¢ vegetable
hydrogen,” mixed with one hundred and eighty
inches of common air, sufficient to work a piston
of eleven pounds weight regularly. De Rivaz
moved a locomotive carriage by the power
he derived in this manner: he also inflamed
the gaseous mixture, by transmitting the electric
spark to a button, from which it was conveyed
sideways through a thick wire, to a plate at the
bottom of the upper j)iston; ¢¢ the explosion in-
stantly took place, and the piston was driven far
upwards, when the dose of the fulminating mixture
was sufficiently powerful”” The apparatus, it is
clear, may be charged with any kind of a&riform
and concrete substances capable of explosion,

For this scheme a patent was granted by the
French government in 1807, but it was not pub-
lished before 1824, four years after the period
when an idea of procuring a motive power from
the inflammation of a mixture of air and hydro-
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gen, was carried into practice by the Reverend
Mr. Cecil of Cambridge. In 1820 this gentle-
man exhibited a model of his machine, and in
the same year gave a minute and detailed de-
scription of its construction and effects, in the
“ Transactions of the Cambridge Philosophical
Society.”” From this lucidaccount the description
and drawing is extracted: indeed, nothing can
be fuller or better developed than this fine essay,
which considered as the production of one whose
ordinary pursuits are far removed from those con-
nected with the combination of machinery, it is
one of the most estimable first attempts with
which we are acquainted.

“It may safely be laid down,” says Mr. Cecil,
“ as g principle, that any explosion may be safely
opposed by an elastic force, (the force of con-
densed air for example,) if the elastic force has
little or no inertia connected with it; on the con-
trary, the smallest quantity of inertia exposed to an
exploding mixture fully ignited is nearly equiva-
lent to an immovable obstacle, Thus a small
quantity of gunpowder, or a mixture of oxygen
and hydrogen, may be safely ignited in a large
close vessel filled with air; for the pressure of the
exploding substance against the sides of the vessel
can never be much greater than the elasticity of
the air which it condenses.

““If a small quantity of card, or a piece of paper,
be inserted in the middle of a gun charged with
powder only, the gun will commonly burst upon
being fired: for in this case the powder after
being fully ignited comes to act upon a body at
rest baving inertia ; and such a body cannot be
moved out of the way in an indefinitely small time,
without a force indefinitely great; orit is equivae
lent 10 an immovable obstacle.
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¢ Of all exploding mixtures, therefore, having
the same field of expansion, those are the most dan-
gerous, and the least adapted to produce a moving
force, which are ignited with the greatest rapidity.
Thusa mixture of oxygen and hydrogen, of which
the ignition is extremely rapid, is far less adapted
for such purposes than the mixture of common
air and hydrogen, which is ignited more slowly.
There is scarcely any exploding mixture which is
ignited so slowly as gunpowder; this, therefore,
notwithstanding its great force and field of expan-
sion, is peculiarly adapted to produce either mo-
mentum or moving force : but great care must be
taken to place the mass opposed in close contact
with the powder, so that the exploding force may
begin to act upon it the instant the ignition com-
mences, and that the action may cease before the
ignition is completed. In a common musket, if
a ball be placed at a short distance, the gun will
burst, as it becomes an immovable obstacle. It
is here supposed that the exploding mixture has
itself no inertia, or that it is capable of following
up the body, on which it acts with a velocity in-
comparably greater than that body can acquire.”

A small steam-engine, not exceeding the power
of one man, cannot, Mr. Cecil found, be brought
into action in less than half an hour; and a
four-horse engine in less than two hours prepa-
ration. The engine in which hydrogen gas is em-
ployed to produce moving force, was intended to
unite two principal advantages of water and steam,
80 as to be capable of acting in any place without
the delay and labour of preparation.

“The general principle of this apparatus is
founded upon the property which hydrogen gas
mixed with atmospheric air possesses of exploding
upon ignition, 50 as to produce a large imperfect
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vacuum: if two and a half measures, by bulk, of
atmospheric air be mixed with one measure of
- hydrogen, and a flame be applied, the mixed gas
will expand into a space rather greater than three
times its original bulk. The products of the ex-
plosion are a globule of water formed by the
union of the hydrogen with the oxygen of the
atmospheric air, and a quantity of azote, which
in its natural state constituted 1.556 of the
bulk of the mixed gas. The same quantity of
azote is now expanded into a space somewhat
greater than three times the original bulk of the
mixed gas; thatis, into about six times the space
which it before occupied : its density, therefore,
is about one sixth, that of the atmosphere being
unity. If the external air be prevented, by a
proper apparatus, from returning into this im-
perfect vacuum, the pressure of the atmosphere
may be employed as a moving force, nearly in the
same manner as in a common steam-engine ; the
difference consists merely in the way of forming
the vacuum.
 Any quantity of pure hydrogen gas will pro-
duce more than five times the effect of the same
bulk of steam, and in practice their disproportion
is still greater. 1t is here supposed that steam
produces by condensation a perfect vacuum equal
to itsown bulk, but thisis far from being the case ;
much of the power is lost by needless condensa-
tion, by the escape of steam through the piston,
besides a considerable deduction for working an
air-pump, and two water-pumps, which are neces-
sary to a steam.engine: if a close cylinder, ten
incheslongand two inches in diameter, be made of
thin tin, seamed up one side, and close soldered,
the ends being well secured, it will easily sustain
without bursting the whole force of the exploding
3 E
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mixture: the internal pressure against the sides of
the vessel, in this case, is about one hundred
and eighty pounds to the square inch, ar twelve
atmospheres nearly ; but if an explosive mixture,
having a pressure of twelve atmospheres, be al-
lowed to expand into a space rather more than
three times its original bulk, its initial force is at an
end, gnd it balances the weight of the atmosphere
eqyal to fifteen pounds on the square inch, for the
exploding force varies as the square of the space
occupied by expanding fluid. The model of this
gas engine was found tp work very freely when
hydrogen did not exceed one fifth of the mixed
gas; but jts greatest effect was obtained when hy-
drogen formed two sevenths of the mixture.”

A, B,C, D, a long, narrow, vertical ecylinder,
divided into two parts at a, b, d, 5o that the upper
part A, B, a, b, may be one third part of the whole
cylinder. In the partition a, b, d,is a large cir-
cular hole, covered by a choke valve, turning
upon an axis a, b, which passes through a smal}
stuffing-box at a, on the side of the cylinder. At
the point e, in the axle b, a, produced is an up-
right handle e, f, connected by a cross bar, f, r,
with the lever g, 7, 5, moveable about ¢. In the
upper division A, B, a, b, of the cylinder, is a
piston g, A, k, connected by two upright rads F, 11,
G, K, jointed at their extremities with the hori-
zonta) frame N, L, I, moveable about the fixed
axle [,, M. The frame is cppnecied at the point
N, with a crank on the gxle P, Q, which carries a
fly wheel at P. Immediately ahove the pagtition
a, b,d, a pipe n, g, enters the cylinder from 3 ves-
sel containing hydrogen gas, which is mixed with
common air by an apparatys already described,
Upen the pipe n, 0, isa stop-cock, which js opened
upon the appulse of the piston to the partition
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w, b, d, and Sliut again upon its appulse to the top
of the cylinder. AtC, D, is 4 light valve R, S, T,
described above, moderately air tight and opening
downwards.

The piston, during itsascent, draws in from the
pipe n, o, a charge of mixed gas, which is ex-
ploded on the appulse of the piston to the top of
the cylinder by the flame of a gas-light absorbed
at the touch-hole ¢, which is opened for a single
instant by the motion of a small sliding plate.
The common air is expelled from the lower divi-
sion a, b, C, D, of the cylinder at the valve R, S, T,

- leaving an imperfect vacuum density, one sixth in
the whole cylinder, A, B,C, D. The piston de-
scends from = A, to d, by the pressure of the at-
mosphete,and is raised again by the momentum of
the fly-wheel, being followed in its ascent by a
fresh portion of mixed gas, drawn it fro the
pipe n,0. The upper division A, B, a,b, isa
cylinder of brass, accutately hored; the lowet
division a, b, A,C, D, requires no accuracy of
bore and but very little strenglh. It may, there-
fore, be made of sheet copper, with a strong flange
at the bottom, presenting a flat face to the valve
R,8, T. To remedy the hoise which is occa-
sioned by the ex'Blos'ion, the lower end of the
cylinder; A, B, C, D, may be buried in a well ; or
it may be enclo#ed ina large air-tight vessel: this
vessel will be filled with condensed air, expelled,
together with a qtantity of water from the cylin-
der g, b, C, D. 'This condensed air thay be made
to co-operate with the vacuum in working the
engine, and will occasion a considerable increase
of power without adding to the friction.

¢ In the model, power is had from the pressure
of the atthosphere upon an imperfect vacuum ; but
an engine may be constructed to work with an

3e2
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exploding force only, or by the exploding force
and pressure of atmosphere jointly.”

The manner in which Mr. Samuel Brown pro-
duced a power, from the inflammation of a mix-
ture of air and hydrogen gas, was similar in his
first trials to the method shewn by Cecil :. but
here his second and greatly improved mechanism
will be selected for description.

The inflammable gas is conducted by a pipe a,
to a bumer ¢, fixed in a cylinder ¢, which is in-
closed by a another cylinder d, having a groove
made at its upper part, into which a cover e falls ;
this cover has a small valve = opening outwards.
The pipe f opens a passage for the atmosphere,
and the innercylinder ¢ ; g is a vibrating lever to
which the covers are attached ; A another vibrat-
ing lever or cylinder, which acts to open and shut
the cocks on the pipes f, a; i,a pipe proceeding
from the inner cylinder into a reservoir; 4, , two
rods attached to the greater vibrating lever, having
hollow floats at their other extremity, which rise
and fall in the reservoirs m, m ; o, o, valves
opened by the rods p, p; g, a valve on a piper;
8, a pipe proceeding from the gas pipe at both
ends ; the gas is kept constantly inflamed, Gas is
admitted through the holes in the burner ¢, and
flowing into the open cylinder mixes with the air,
and at the same time the valve g being opened,
the flame communicates to the mixture of gas and
air in the cylinder—at the moment of inflamma-
tion the cover is pressed down, and the valve g is
closed, a part of the heated air escapes through
the valve in its top ; the water from the reservoir
rises up the pipe r, and flows into the inner cy-
linder, whence it escapes through the pipe ¢ upon
a wheel, or into areservoir ; during this operation,
the cover of the other cylinder is being lifted up,
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for the water in the pipe u, falling into w, raises
the hollow float in thé reservoir m, and in its as-
tent the tappets fixed upon it gpen the valves on
that side of the mechanism, dnd teversing the posi-
tion of those which have just been described, bring
the parts of the opposite cylinder into action, and
thus continue the working stroke of the engine.

The inventor also explained a method of work-
ing pistons, by making a vacuum in each cylinder
alternately, either above or below them.

Brown, although he failed ih introducing his
machine, received liberal assistance in establish-
ing ils powers, by experiment on a large scale.
A company was formed to catry the scheme
into execution, and ample funds were placed,
for that purpose, at the disposal of certain indi-
viduals of fespectability. The trial was made
in the presence of these parties to move a boat,
and they were perfectly satisfied that, as far as the
power went, it was as effective and precise as
steam. But in their opinion the great expense of
the gas would entirely prevent its coming into
competition with steam, as an economical power;
and, from the nature of the machine, it must on
this account yield even to Newcomen’s engine.
The construction of the machine, and especially
the inflammation of the gas in an open vessel, pre-
sent many difficulties to a correct explanation of
the means by which the effect was produced;
much that has been written on this subject is
mere conjecture, and the discussion added no new
facts or reasonings to those contained in Cecil’s
description of his model. They who are seeking
information, with regard to the peculiarities and
advantages of a motivg power produced by the
inflammation of a mixture of air and hydrogen

3ES
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gas, will find it worth their pains to refer to Cecil’s
account of his experiments.

In adjusting the claims of Cecil and Brown,
the first it must be remembered exhibited and de-
scribed his model in 1820. Brown said nothing
of his before 1823, and a greater time elapsed
before his model was exhibited to the public ; but
if priority of idea be due to the machine of the
scholar, Brown’s supplies parts which make it
more practical. And though the claim of inven-
tion rests with Cecil, Brown must be commended
for his emendations. By producing combustion in
an open vessel, Brown insured the most perfect
safety to the apparatus; but probably this alter-
ation cannot be considered to have been an im-
provement, when viewed with refercnce to the
economical application of the exploding mixture,




CHAPTER THIRTY.
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“ THEY WHO AIM VIGOROUSLY AT PERFECTION, WILL COME
NEARER TO IT, THAN THOSE WHOSE LAZINESS OR DEKPOND-
ENCY MAKES THEM GIVE UP ITS PURSUIT, FROM THE FEELING
OF ITS BEING UNATTAINABLE.”—Chesterfield.



MgR. FARADAY, in his experiments on the com-
pressibility of the gases, found that liquid car-
bonic acid at a temperature of 32° exerted an
expansive power equal to that of air compressed
with a weight of thirty-five atmospheres; and
that an increase of heat of from 12°to 32° gave
a difference in expansive power of nearly thirteen
atmospheres, and at higher temperatures the
increase was upwards of twelve pounds weight, on
each inch, for every additional degree of heat.

The task of turning this amazing elasticity into
a means of obtaining a portable and powerful
mechanical agent was delegated to the celebrated
fabricator of the block machinery; and Brunel’s
was a very simple mechanism, The fluid gas was
heated by means of pipes filled with hot water or
steam ; and cooled by allowing cold water to flow
through the same channels, and the difference
in volume between the fluid gas at the two tem-
peratures will be the power developed in this
mechanism.
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Brunel arranged five cylinders, so that the two
external ones should contain the fluid gas; the
next two were what he called expanding vessels,
and the middle one the working cylinder fitted
with a piston.

The receiver a, is a vessel of thick gun metal,
firmly closed at top and bottom; thin copper
pipes b, b, pass through it, which terminate at top
and bottom, in a chamber ¢, ¢. These chambers
have a communication with two pipes,e, f, g, A,
the pipes ¢, g, supply cold water, f,4, hot-water
or steam; the cocks i, &, shut off the com-
munication between the one set of pipes, and
open it with the other; the cock m opens or
closes the passage of the fluid gas, to flow into
the expanding vessel n, in which o is a float, rest-
ing on the surface of the oil, and p, a pipe con-
hecting it with the working cylindet q.

In the figure, the hot water is flowing through
g into the chamber ¢, and thence through the
pipes inlo the receiver, and escapes through the
pipe h. The fllid gas beihg heated, i3 expanded
dand flows into the vessel 7, wHich forces the oil
downwards throiigh the pipe p, into the working
cylinder, dnd raises its piston; the cocks are now
turned, ahd cold watet flows through pipe a,
into the chambet ¢, into the pipes inserted in
the gas, and the voluthe of the gas is then dimi-
nished. At the same time that this operation
was reversed, the fluid gas in the opposite cylinder
was heated in the same manher, but the expansive
vessel communicated with the top of the cylinder,
and it was thus pressed downwards, and the cooled
gas in the cylinder was again forced from the ex-
panding vessel intd the first cylinder, to be heated
when the piston had made itsmovement; the cold
water would also be introduced in its turrd into
the second vessel.
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Even in hands so noted for ingenuity, it is still pro-
blematical whether the expanse of heat may pot
be as great on this as on any other arrangement.

Barton’s piston is gn improvement on Cart-
wright’s, and is much in use. Its most approved
construction wijll he shewn in the Trealise on
the Principles qnd Construction of Steam-Engines,
Jessop’s is a spiral hoop to wrap round hempen
packing ; by scre\ving down the upper and lower
glates of the piston it is pressed oulwards, and

ears more or less against the sides of the cy-
linder. This also will be descrihed in the treatise
alluded to.

In Howard’s alcoholic vapaur engine the two
cylinders a, and b, were coppected to each othef
by the pipe or trough, ¢, a piston was fitted into &,
and open on its upper surlace to the air. The
other cylinder was closed at top. From this pro-
ceeded a pipe, d, that fermed a communication
with a condenser. Another pipe, e, was the con-
tinuation of a small forcing pumr. One of the
cylinders was nearly filled with oil, and a flat thin
metallic dish floated on the surface of the oil in
the closed cylinder. Lamps, f, g, were placed
under the bottoms of the cylinders, and Leated the
oil. A smal] quantity of f]cohol ar ether, heing
thrown upon the dish, (heated from its contact
with the oil,) vapour was generated, and as this
accumulated jt displaced the qil, and pressed it
downwaids through the pipe or trough, e, into
the cylinder, ¢, and raised its piston: when the
oil had been nearly expelled from one cylinder
inmo the other, the flow of alcohol or ether
through the pipe, e, was stopped, and 3 commu-
pication was opened with the condenser by means
of the pipe, d ;—g vacuum is thys made abpve
the floating dish in the cylindeg g, and the pres-
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sure of the atmosphere on the piston,’é, forced it
downwards, pressing the oil beneath it through
the trough into the first cylinder : when that ves-
sel was nearly filled with oil, the passage to the
condenser was closed, and the fluid pipe was
opened—a fresh portion of alcohol was thrown
upon the floating dish, which being converted
into vapour, itagain pressed the oil downwards in
one cylinder, and upwards in the other. The
alcoholic vapour which flowed into the condenser
was condensed by coming into contact with a
metallic vessel immersed in cold water; and the
reproduced fluid falling to the bottom was pumped
up through the pipe,e. No more vapour was
produced by this mechanism, than was necessary
for each stroke ; a boiler was dispensed with, as
the expansion took place in the cylinder itself;
the vapour being re-condensed without the access
of air, or mixing with the water, when the appa-
ratus was charged with alcohol,—its expansion
and coundensation, under those circumstances,
being produced alternately, all waste of the fluid
was prevented.

Captain Walter Foreman’s steam-wheel differs
from some others we have described, in having a
wheel a, to shut the valves b, ¢, down as they ap-
proach the abutment d, and in the valves being
formed conical to prevent the friction of those
usually called rectangular ones. Eve’s wheel is
an alteration of Flint’s, and his second scheme, of
Murdoch’s, but with a decided improvement;
these have been tried on a great scale, and are said
to answer. The operation will be apparent from
an inspection. The Marquis de Combis’ is the
same as Bramah’s first scheme. To which also
may be referred Mr. Elijah Galloway’s; but this
last has pretensions to more practical merit than
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almost any other on the same principle. The
mode of bringing the sliders to rest by means of
springs, and the neat and artist-like arrangement
of the whole apparatus, does the ingenious Ameri-
can much credit®.

Perkins, now in the eighth year of his experi-
ments, has lately stated that the difficulties which
had heretoforeretarded the introduction of his en-
gine into practice have been surmounted. The tal-
low and other substances which he employed to lu-
bricate his piston, and which were almost instantly
converted into charcoal or volatilized, he can now
dispense with altogether, by the invention of a me-
tallic alloy for his piston, requiring no lubricating
substance whatever. He joins his pipes by means
of a short piece of metal, resembling frustrums of
two cones united at their bases, with their apexes
inserted into the pipes,in the manner practised
when joining a series of wooden water-pipes:
the flanges of the pipes are connected by bolts
and regulating screws; thisgivesagreat facility in
making and keeping them steam-tight. Perkins
has applied his peculiar improvements to some
engines,and the value of hisinvention will be thus,
it 1s hoped, speedily estimated in public opinion ;
his own is, that, by his mechanism, the same
power is produced by halfa measure of coals, as
by a whole measure with those on the common
construction. He isan experimenter of no com-
mon cast, and we anticipate much from hisknown
ingenuity and unconquerable perseverance.

In this list of projects may be included the
scheme of steam-artillery and steam-muskets.
Mr. Watt tried something of that kind, but this

® A detailed account of this machine, with good figures, is
given in HEBER'S Register of Arts, vol.v.p. 33,
3
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man of peace did not proceed far with the warlike
project. Jonathap Homblower also constructed
what he called a steam-rocket; and the I'rench
general, Chasscloup, proposed, some few yearsg
“later, (in 1805,) a similar plan for the defence of
besieged places. M. Gerard, a French ofticer of
engineers, is stated by Montgery to have can'ie(}
this idea in practice in 1814, for the purpose o
defending Paris at the approach of the allies. The
boiler was moved on a carriage, and supplied
steam for propelling balls from six gun-barrels,
the breeches of which could be opened at plea-
sure; on turning a handle, the six guns received
each a ball, and the steam at the same time—by
a mechanjsm like what is seen in magazine ajx
guns. The longest shots were made by turning
the handle slowly, and one hundred and eighty
balls were thrown in a minute; a waggon attended
the machine to supply fuel and bullets. The capi-
tulation of Paris prevented this novel artillery from
being brought into action ; and shortly afterwardg
the apparatus was taken to pieces. A similar
invention was the subject of an American patent
(in 1819); and the effects were described to be
almost equal to those produced hy the agency of
gunpowder. The most recent attempt in the same
way is that of Mr. Perkins ; and it might, indeed,
be considered to be almost exclusively in the ling
of his style of daring experiments. The sounds
produced by his steam-guns were compared to g
Tapid running fire of musketry, accompanied with
@ rustling sound or roar, that quite deafened the
unaccustomed ear. In his experiments hefore the
Duke of Wellington, and a numerous party of
engineer officers, the balls, at first, were dis-
charged at short intervals, in imitation of artillery
firing against an irop target, at the distance of
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thitty-five yards, and stich was the intensity of the
propelling fotce, that they were completely shat-
tettd to atoms. In the next trial the balls were
fired at a framing of wood, and they actually
passed through eleven plauks, each one inch thick,
of the hardest deal, placed at a distance of an inch
from each other. Balls, also, which were fired
against an iron plate, one-fourth of an inch thick,
passed easily through it ; on all hands this was de-
clared to be the utmost force that gunpowder could
effect ; yet the pressure of steam required to pro-
duce this Perkins estimated not much to exceed
sixty-five atmospheres, ot nine hundred pounds oh
edch square inch. To demonstrate the rapidity
with which musket-balls might be thrown, he
screwed on to a gun-barrel a tube filled with balls,
which falling down by their own gravity into the
barrel, were projected one by one with such ex-
traordinary velocity as to demonstrate, that by
means of a succession of tubes filled with balls,
fixed in a wheel,a model of which was exhibited,
nearly one thousand balls per minute might be
discharged. The next experiments were of a
more interesting kind, and appear to have been
made as much with a view of destroying a bull, as
of demolishing a target; and this, no doubt, in
compliment to his Grace, who is so great an ho-
four to the Emerald Isle. Tbo the gun-barrel was
attached a moveable joint, a lateral ditection was
then given to it, and the balls perforated a lineal
series of holesin a plank nearly twelve feet long.
Thus had the musket or gun been opposed to the
regiment in line, it might have been made to act
from one extremity of the alignment to the other.
A similar plank was then placed perpendicularly,
and in like manner there was a string of shot
holes (rom one end to the other ; and it was thus
3r2
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demonstrated - that steam-guns could be easily
made to shoot round a corner ! In fact, it was
doubtful whether they could not do the greatest
execution in this way. The expense of this new
mode of warfare was thus calculated by Perkins :—
Suppose two hundred and fifty balls are dis-
charged in a minute by the single-barrel gun, or
fifteen thousand per hour; this for sixteen hours
would require about fifteen thousand pounds
weight of powder, which, atseventy shillings per
hundred weight, would be five hundred and
twenty-five pounds sterling. But the same num-
ber of balls can be thrown in succession, and in
the same time, for the price of five bushels of
coals per hour, or between three and four pounds
sterling for sixteen hours!!!

After some experiments made at Greenwich,
before Prince Polignac, and the French engineers
who had been sent by the Duke d’Angouleme to
make a report to him concerning them, Perkins
received instructions to form a piece of ordnance
to throw sixty balls of four pounds each in a
minute, and this he guaranteed should be done
with the correctness of a rifle musket, and to a
proportionate distance. A musket will also be
attached to the same generator for throwing a
stream of lead from the bastion of a fort, and will
be made so far portable, as to be capable of
being moved from one bastion to another. Mr.
Perkins states, from experiment, that he is within
the truth when he estimates that with one pound
weight of coals, he will do as much as with four
pounds weight of gunpowder.

Perkins atiributes his failure in engaging the
English government to adopt this novel species of
artillery to the “ gratuitous and false statements
of certain engineers, who declared, that though
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he could make a great display at a public exhi-
bition, he had never made a generator which had
stood for a week, and that he could not keep the
steam up for more than two or three minutes at a
time.” To these disingenuous opinions Perkins
opposes fact and experiment; and an engineet of
great experience—a man of character and respect-
ability, who witnessed the trials before the French
engineers, has undertaken to make the engines;
and to guarantee a saving of half the fuel used by
one of the best condensing engines. An engine for
a boat, with a nine inch cylinder, and a twenty
inch stroke, the patentee and manufacturer gua-
rantee shall be equal to the power of sixty horses:
this stands in the sixth part of the space ofa con«
densing engine.

In looking at Mr. Perkins’s labours, the mass of
prejudice with which he has been and continues
to be assailed forcibly arrests attention: keeping
the great value of his experiments totally out
of view, his is no small share of merit for the
steadiness of purpose with which he has borne up
against the interests and spleen arrayed against
him ; for it cannot he concealed that his exertions
have been spoken of in terms both contemptuous
and harsh, although throughout they have been
of that laudable and meritorious kind, that even
failure in them should have brought him honour.

These prejudices, which cannot but have deeply
injured the interests of a worthy, unassuming man,
have yet had their origin in a circumstance highly
complimentary to his talents and to his genius.
At the announcement of his invention to heat
water under an enormous pressure, the public was
led, from statements which were neither sanctioned
nor promulgated by the inventor, to indulge in the

3r38
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most extravagant speculations on the power and
economy to be derived from his discovery. The
disappointment of these absurd expectations was
magnified into a reproach against the experi-
menter, although in fact Perkins performed all he
bad promised to do ; and his scheme was only
not completed from a practical difficulty in getting
a suitable material for his generator,—an obstacle
neither insuperable nor unforeseen.

" One thing is certain, that viewing his exertions
from first to last, no other mechanic of the day
has done more to illustrate an obscure branch of
philosophy by a series of difficult, dangerous,
and expensive experiments—no one’s labours
have been more deserving of cheering encou-
ragement, and no one has received less: even
in their present state his experiments are open-
ing new fields for philosophical research, and
his mechanism bids fair to introduce a new style
into the proportions, construction, and form of
steam-machinery.

We will here collect a few schemes which
have been thrown out, for machines acting by the
agency of heat. .

The first is M. Woisard’s, for rendering varia-
tions of atmospheric temperature useful as a me-
chanical agent, by means somewhat different from
those described in a former chapter; two vessels
communicate by a vertical tube, and the lower
one is immersed in water. The upper vessel, ex-
posed to the action of the solar rays, incloses a
balloon made of a flexible material ; this is filled
with air, gnd has also a small quantity of ex-
pansible liquid, such as ether, introduced with-
in it.

As the atmospheric temperature falls, the bal-
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loon will diminish in bulk; the air surrounding
it will become rarer, and the water will introduce
itself into the machine through a'valve; and when
the temperature again rises, the pressure exerted.
within the machine, by theincreasingvolume ofthe
balloon, will cause the excess of water to flow out,
M. Woisard calculated, that if sulphuric ether was
employed, and the machine of proper dimensions,
it would raise to the height of one etre, as many
times five hundred litres as there are cubic metres
in the capacity of the outer vessel, whenever the
temperature varies from fifty-nine to seventy-seven
degrees Fahrenheit. -

Mr. Samuel Morey, an American gentleman,
produced a vacuum in the cylinder by firing an
. explosive mixture of atmospheric air and vapours,
from common proof spirits, mixed with a small
portion of spirits of turpentine. A working modek
was set in motion and kept at work, without ele-
vating the temperature of the fluid from which the
vapouris produced, to a higher degree than that
of blood heat. :

Mr. Montgery’s turpentine explosive engine is
an idea similar to Street’s. Buchanan’s capil-
lary steam-engine is described as having had a
generator made of a copper tube one hundred:
eet long and § inch in diameter, and weighing
about sixteen pounds. The cylinder was of sheet:
copper, three inches in diameter, twenty-seven
inches stroke, and with all its appendages weighed
twenty-five pounds; the whole engine when put
together weighed one hundred and fifteen pounds.
It was calculated for a four-horse power, but
on trial exerted not more than the power of &
single horse, because the generator was coiled
up too compactly to admit the -application of
sufficient fuel, and the force pump did not



608 BUCHANAN’S ENGINE,

supply sufficient water. This engine, it is said,
afterwards worked a cotton manufactory at Nicho-
l%svillc: it went forty double strokes in a minute,
afld the steam was cut off in the middle of its
stroke : no safety-valve was necessary, there being
mo limit on the part of the generator to the
sttength to which it may be rdised with perfect
sifety. The limit exists in the valves and joints,
whicli cannot probably he made to resist more
than three or four hundred pounds to the inch.
Galvanism hasalso been called in aid of naviga-
tion. The vessel to be propelled is to be con-
verted under the flooring into one gredt galvanic
trough, or furnished with a series of smaller ones,
according as the one or the other may be proved
most efficient in decomposing water, having also a
receiver to contain the compound gas, which is
known to be pure oxygen and hydrogen, in the
groportion that forms water again when ignited.
here is to be a cylinder open at the top, with &
Piston similar to that of an atmospheric engine ;
also a condensing vessel immersed in cold water.
The cylihder is to have a communication, at the
1ower end, with both the receiver and the conden-
sing vessel, with a valve to each. The vessel to
have a Harrow platform on each side, with arow of
sdddles on each side in a perpendicular position.
he galvinic troughs were to be charged with sea
Water, to save the etpense of acid. ‘‘ We shall,”
days it4 athor, ““suppose it in action, and the re-
deivef filled with gas; let the gas open into the
cylinder, the gas will enter, and raise the piston,
which is so connected with the paddles as to move
them fotward, which done, shut this valve, and
opett that into the condensing vessel, where the gas
is to be ignited ; & vacuum will then be produced
under the piston, whith will be forced down by
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the pressure of the atmosphere, causing the pad-
dles to expand and move backwards *.”

A like thought had, at the same moment, oc-
curred to Mr. Thomas Hodgskint ; and as some
points are much better explained in his descrip-
tion than in the preceding extract from the Glas-
gow Mechanics’ Magazine, we will give his illus-
trations in his own words. ¢ The great principle,”
he says, ¢ is the application of voltaic electricity
to the purposes of producing mechanic power.
There is .an instrument which produces, by the
continued production of electricity, a perpetual,
though not an equable motion. This principle
has only been hitherto applied to make mere
toys : but the voltaic battery, the most powerful
instrument with which science has yet armed the
hand of man, presents continual renewal of the
electric current.—Why cannot we apply this
instrument to produce a perpetual mechanic
power?

 In Brown’s pneumatic engine, the source of
the power consists in burning hydrogen gas in
atmospheric air. Brown found it very difficult to
get rid of the nitrogen: but if we decompose
water, by means of galvanic electricity, we can
produce abundance of oxygen and hydrogen in
those exact proportions in which they combine;
and when flame or the electric spark is applied,
they will condense into each other, and produce
the most perfect vacuum which the art of man
can form. A new power, hitherto never thought
of, never put to any use, may be generated by de-
composing water by means of galvanic electricity,

# Glasgow Mechanics® Mag. vol. I. p. 210. .
4 See the Chemist, a wee| riodical, edited by this gen.
tleman, vol. IL. p. 141, Ipm{ Tﬂﬁ.
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and réstomposing thé resulting gases by menns
either of flame, or the electric spark. By this
means we generate & power, (the two gases,) in
the first place equal to an additional atmosphere ;
and when we have thus generated this atmosphere,
we may form & perfect vacaum by inflaming and
condensing the gases. We have thus a fitst power
equal to the atmosphére, which Brown does not
ptoduce, and after that we have the power derived
from & far more perfect vacaum than he can pos-
gibly form; for the volume of the gases is dimi-
pished neatly two thousand times: Thus by &
continued production of electricity, which is
generated by a voltaic battery, we may go on for
&ver decomposing and recomposing to the end of
the world, &n enormous power with appatently in-
adequate theatis,

“The objections,” continues Mr. Hodgskin,
“ to this apparatus amount in substance to two,
The first is, that the expense of generating a suffi-
tiency of the two gases will be so gredt in pto-
Eortion to the quantity obtained, that it can nevet

e so econontic @ power as steam. The value of
this objection amourits to this,—that codls are now
¢omparatively cheap in England, and copper,
ginc, and sulphuric acid are comparatively dear :
but there ate countries differently situated. But
those who make this objection are quite in the
dark as to the quantity of the gases generated by a
voltaic battery. No expetiments, in fact, have
ever been made to ascertain what quantity of
gases dre produced with a given voltaic battery
within a given tinme,

“The expense of a voltaic battery containing
ten pair of plates, each plate containing four square
superficidl inches, is about forty-four shillings:
four hundred pair of plates will, thetefore; cost
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eighty-sight pounds; with the ordinary wear and
tear of such a battery,it will last about two years,
Let us suppose that ours will be more frequently
in action, and will last for ong year. The troughs,
which want no renewing,cost ten shillings; and the
acid employed costs three pence 8 paund weight.
The proportion recommended is one pound
weight of acid to sixty pounds weight of water;
and supposing that the acid requires renewing
every day, we shall have, for the daily expense of
this substance, three shillings and four pence.
The labour of managing this part of the business
will be a mere trifle,—so that for a capital of
eighty-eight pounds, and an annual charge of
sixty pounds, we may get a very considerable
power; the cost of its application is another
thing, and must be decided upon other principles.
In our opinion, it is a considerable recommenda-
tion of the voltaic mechanic power, that all the
materials which go to produce it are, in a great
measure, the product of labour, and will get cheap
as that labour is made more efficient: another
thing, also, which requires to be observed is,
that the copper and zinc and the acid employed
would not be annihilated and might be recovered ;
consequently the expense of supplying these
articles will be little more than the expense neces-
sary to recover them after being used. Thus the
power actually employed is only that immaterial
agent which is made manifest on the decompo-
sition and recomposition, and which, as it is
measureless, is inexhaustible. If, therefore, the
suggestion may be of great utility, where fuel is
dear, or where it cannot be procured even where
it is cheap, a voltaic mechanic power may still
have some recommendations. The space into
which it may be put is small; itemits no smell,
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and sends forth no smoke; it will annoy nobody,
and never be a nuisance ; it does not depend for its
operations on the elements; the materials for its
production are all easy of carriage, and may thus
serve to equalize the gifts of nature, and liberate
industry from the fetters of local restriction.”




CHAPTER THIRTY-ONE.



It may be asked what security have we, that we shall be
able to retain this branch of manufacture, now that other
countries, over which we possess no exclusive natural advan-
tage, are using efforts to participate in its benefits? these
rest upon our persevering industry, our economy, and our
great capital. The start we have got of our competitors in
the career of invention and discovery is anotber important
advantage, for invention is progressive, every discovery that
is made having the effect to unfold principles leading to other
discoveries, or to analogous applications; and, when the
manufacturing class has once received this impulse, those
who condnot the p and those employed in the opera-
tive part of them, have their thoughts constantly turned to the
means of enlarging the powers of the machines they are in
possession of, or to the discovery of other machines for exe-
cuting work still performed by hand—there is a progress also
of art in the use of that machinery, of contrivance to supply
its defects, and of little, undefinable, subsidiary aids for the
furtherance of the work, which contribute to give a supe-
riority to it over every undertaking of a more recent date.

Dugald Bannatyne.
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Mr. Gill, and the * London Jowrnal of Science,” edited

by Mr. Newton, have followed the same path.
publications have made the

cellent and useful monthly

Patent-Office, which previously to their ap]
become in practice (what
a fountain whence the experience and

been a pool of oblivion,
was in theory)

These ex-

earance had
at it always

inventions of ingenious individuals flow throughout the com-
munity. In 'h.;i pages of these journals will be found detailed
descriptions an

ip engravings
oconnected with steam-engine machiner:

of many inventions
, of which, from the

plan of onr work, a catalogue only could be given. To these

works may

be added three others of

more recent origin.

« The Mechanics' Magazine,” « Heber's Register of Inven-

tions,” and the * New

London Mechanics’ Magazine,” (all

poblished weekly,) The last named, although it gives
accounts of the more imgortunt inventions, is not so ex-
e

clusively ‘mechanical as t

Magazine,” embracing a great range of
sanly brief in its descriptions;
Inventions especially it is less copious than ** Heber’s
i ted almost exclusively to this class of

Patent
Register,” which is d
subjects. * The Monthly Mag

two former, * The Mechanics

subjects, is neces-

and in the department of

Y from its

ew
1. As

M

ave ;ﬁpu]ar analyses of patents without figures;
onthly Magazine” follows the same plan. "}
i ine,” especially the earlier volumes, containg

and “ The
“ The Phi-

deatgriptive no’tic.es of many inventions; when engraved illus-
trations were given they were sometimes beautiful. And
« Nicholson's Journal,” so long as it was conducted by its first

editor, also noticed many patent mechanical inventions.

To

these books we lrgfer those in search of detailed informa.ltion on

F)

in this , and

many of the ts

out our book generally. To have acknowledged the obligation

in every instance in which we availed
stores, might have been considered an affectation

ourselves of their
both of

industry and gratitude, in & work like this which is professedly

a compilation.
1630,

Davip RAMSEYE, groom of
the privy-chamber to Charles
the First, had a patent for in-
'ventions ** to raise water from
low pits by fire—to make any
sort of mills go on standing-
waters, by continual motion,
without the help of wind,
water, or horse ; and fo raise

water from low places, and
mines, and coal-pits by & new
way never yet inuse.” These
apparently are all variations
of the same scheme,

In addition to the notice
given of Decaus, p. 27, may be
added, that, ** he was a native
of Normandy, When he left
the service ‘of the Prince of
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Wales, he went to Bavaria as
engineer to the Elector. He
published a book on Le Per-
spective avec la raison des om-

res ct miroirs. Lond. 1612. Le
raisons des forces mouvantes,
Francfort, 1615; reprinted at
Paris, 1624. The translation of
this into German ran through
several editions; the third
part, treating of organs, is very
remarkable. Hortus Palatinus,
Francfort, 1620, with figures
by de Br{. of the embel-
lishments he formed in the
Elector’s gardens at Heidel-
berg. Institution Harmonique.
Francfort, 1615, dedicated to
Anne Queen of England. La
Pratique et le Demonstration
des horloges Solaires. Paris,
1624 ; all these works are in
folio, and of great rarity. He
died in France about 1630.”
~—Roquefort.

1698.

Tromas SAvery, London,
raising water by the direct
ressure of steam on its sur-

817

* The venerable improver of
the steam-engine ma{ have
been writing from recollection
when he stated this opinion.
Condensation was produced in
all Savery's engines by cold
water thrown on the outside of
the receivers. In an eugine
erected by Savery himself in
1710, the injection was not
used ; and, in the Minesr's
Friend, there is no mention of
any contrivance like it.”

1705.

TaomAs NewcomEwn, and
JouN CAwLEY, g:r Calley,)
Dartmouth; and TroMaS
Saverv, London, admittin,
stedm under a piston attuchei
to a lever—condensing the va-
pour, a weight is raised by the
atmosphere pressing the piston
downwards.

Henry BrieHTON is 8aid to
have had a patent for an im-
provement on the mechanism
called a hand-gear, for open-
ing and shutting the valves—e
and Joun PoTteR for someim-

ace, and densing the va-
pour which had expelled it,
the air's weight forced an
equivalent column of water
into the empty receiver.

“ It does not appear,” says
Mr. Watt, * that the Mar-

uis of Worcester knew any-
thing of the use of an injection,
as the machine described by
him operated only by the ex-
pansive force of steam ; where-
as the injection was used in
Savery’s engine from the be-

inning, and is, in all proba-
gillity. his invention.”—Robi-
sun’s Mec; Phil, vol. ii, p. b0.

T oh the valves and
boiler, but the date kias not

been given.

Charles Prince of Hesse
visited England and inspected
Savery’s engine; and had

its action exglained to - him
several times by the inventor.
The prince wished Savery to
accompany him to Cassel.
In 1706, 'a gentleman from
the Prince of Hesse requested
Savery’s assistance to alter a
model of an engine on Papin's
plan, which could not be made
toact. Savery made the neces-
sary alterations uwpon it. In

3e¢3
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the fac similes of handwriting,
that given is the autograph of
William Landgrave of Hesse,
the father of Prince Charles—
they were both excellent me-
chanics and patrons of Papin.

1710.

NxwcoMmeN and CALLEY erect-
ed their first effective engine ;
and Savery erected an engine
at York-Buildings Water-
Works; but whether as an
experiment, or at the expense
of the company, is not known.

1714

A fire-engine, erected, at a
mine, near Austhorpe, York-
shire, The patentees agreed
to work and keep the engine
in order for two hundred and
fifty pounds a year: during
the four years it was in ope-
ration they burned out four
boilers. The ecylinder, ac-
cording to Smeaton, who de.
rived his information from an
old man who had attended
the engine, was twenty-three
inches 1n diameter, and had a
six feet stroke; it made fifteen
strokes each minute when
worked by hand; twelve
when moved by handgear.
Calley superintended its erec-
tion. ~ Only three others were
in existence—two of these
were at Newcastle—the third,
at Coventry, had no workin,
ar, but the cocks were mov
y hand,

1716.

Sir MARTIN TRIEWALD was
aSwede, who came to England
iu 1716, to obtain information
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nﬁudin the mode of mining
fo owedgat Newcastle—he re-

mained in that neighbourhood
for some years, and was em-
ployed as an engineer at a
coal-mine; he was a pupil of
Desaguliers, and some of his
improvements on the diving-
beﬁ are described in the
Doctor’s Experimental Philo-
sophy. He returned to Swe-
den in 1726, and erected an
atmospheric-engine, the parts
of which he got fabricated in
England. He was captain of
mechanics, and military archi-
tect to the King of Sweden ;
and was in correspondence
with some of his friends in the
Royal Society until his death.
He invented a mode of warm-
ing conservatori¢s by hot
walter.

1n7.

Mg. JorN CALLEY, one of the
great improvers of the steam-
engine, died this year at
Austhorpe in Yorkshire.

¢ Mz. BE1gHTON'S account
of an experiment which he
made on the fire-engine, to
know what quantity of steam
a cubical inch of water pro-
duces.

* I found by several experi-
ments by a divided steelyard,
on the pn)ifaet or safety-valve
of the boilers, at Gnff and
‘Wasington, that when the
elasticity of steam was just
one pound avoirdupois on a
square inch, it was sufficient
to work the engine, and that
about five pints in a minute
would feed the boiler, as fast
as it consumed in boiling, apd
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steam for the cylinder sixteen®
strokes in a minate. The Griff
eylinder held one hundred and
t{irteen allons of steam,
everg stroke in a minute equal
to 1808 ale gallons—so five
pints of water produced 1808
gallons of steam, 38'2 cubic
inches in one pint—then 38-2
inches : 1808 gallons : : 1 inch:
47.3 gallons—hence it appears
one' cubic_inch of water, by
boiling till its elasticity is
capable of overcoming a{out
1-15 of the atmosphere, will
make 13338 cubic inches of
steam.

* By experiment I Lave found
that from the eduction valve
of a thirty-two inch cylinder,
there comes out one” gallon
each stroke. Itis surprising
how that gteam, which 1smade
of about three cubic inches of
water, should heat one gallon
of cold water so as to have it
come out scalding hot, which it
does, and the cylinder in all
its upper part’is but warm
when' the piston is down.”—
Desaguliers  Ezper. Phil.
vol. 1. p. 533

‘The mistake in the calcu-
lation which gave 13338 cubic
inches of steam, instead’ of
ouly 2893, has been noticed by
many authors, from Smeaton
downwards, The great heat
imparted to cold water, by a
small quantity in the form of
steam, was a fact which could
not be explained until the
discoveries of Doctor Black,
nen'::‘v forty years after this
period,

Newcomen’s way of finding
the power of the atmospheric
engine was this, * From

619

the diameter squared he cut
off the last figure, callin
the figure on the left han
long hundreds, and writing &
cypher on the right hand
called the number on that side
pounds; and this he reckoned
pretty exact at a mean, Or
rather when the barometer
stood at thirty and the air was
heavy—this “ makes between
eleven and twelve pounds
upon every superficial ronnd
inch—then he allowed -be-
tween one third and one fourth

rt for what is lost in the

riction of the several parts

and for accident, and this will
agree pretty well with the
work at Griff engine; there
being lifted at every stroke
between two-thirds and three-
fourths of the weight of the
atmospherical column press-
ing on the piston.

* This engine at a coal mine
at Griff, from whence the
draught was taken, did dis-
charge as much water as did
before employ more than fifty
borses, at an expense not less
than 900/, a year. Whereas
the fire, in coals, attendance,
and repairs, did never cost
more thanll)501. :‘ ear ;n this
engine."—Desagulicrs’ Exper.
Phgz?l. vol. ii, p‘.'g489.

Beighton supplies water to
the boiler from the eduction
pipe of the cylinder, instead
of using that which had lain
on the top of the piston.

1723,

PorTeR, anEnglishman, erects
8 steam-engine at a mine at
Koningsberg in Hungary—the
mode he employed to open the
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steam-cocks is shown in the
engraving.  The cylinder
was thirty inches in dia-
meter. He was long after-
wards considered in Germany
to be the inventor of the engine
itself, in consequence of Leu-

1d’s  assigning him that

onour in his Theatrum Ma-
chinarum,

1735,

Krwcomen’s engine gene-
rally employed to drain the
collieries at Newcastle.
Andrew Wauchope of Ed-
monstone, Mid Lothian, ob-
tains a license from the com-
mittee in London appointed by
the Kroprietors of the patent
for the engine for raising water
by fire. The engine he is to
erect at his own cost is to be
after the manner of that used
at the Elphinstone coal-work
—the steam cylinder is not to
exceed nine feet in length, and
twenty-eight inches in diame-
ter—Mr. Wauchope engages
to pay 80/. a year for eight
years for this licence. The
committee agree to provide
the cylinder, regulator, and
other brass-work, at the cost
of the proprietor. The work-
men who erected it were all
from somewhere beybnd Lon-

don.

Mr. Bald has given the fol-
lowing account of the cost of
the particular parts of this
engine:

A cylinder 20 in. £ s. d.
in' diameter with
workmanship,
carriage to Lon-
don,and all other
clnrgel I 250 - 0 0
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A piston . . .
A brass barrel 7 ft.
long . . . .
A brass bucketand
clack . . .
Paid for elm pump
pipes at London
Two cast metal
barrels 9 ft. long
9 {t. diameter,
and expenses cons
nected with them
Two brass buckets
and two clacks,
9 in. diametet;
a brass regula-
tor and injection
cock, and other
cocks, sinking-
vouls, injection
caps, snuffing
vouls, and feed-
ing vouls . . .
One jack for the wy
Plates and rivet
iron, for making
the boiler o .
Six Swedish iron
plates . .+ o+
Plumber's bill for
lead, and a lead
top for the boiler,
with sheet lead,
and lead pipes .
Solder . . . .
Timber, bought in
Yorkshire, for
the engine, with
carriage by land
and water and
freight to New-
castle. . . .
44 cwt. 1qr. 14 1bs,
of chains, screw-
work, and all
other iron work
#bout the engine,
except the hoops

53 4

41 16

7 10
6 3

78 10
15 10

82 16

Q@ @ 9 9

S
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of the pumps, at
5d.per pound . 103 10 10
Ropes 1916 0

Cast-metal bars for
the furnace . ,
A hand-screw . .
Two brass codds
for the regula-

1614 0
117 0

torbeam . . . 514 0
Plank for the

plug-holes in the

pumps * ., . , 210 6
Leather . . . ., 1813 0
Iron hoops for

the pumps, with

screw-bolts and

plates for do., 18

cwt. at 4d. per

pound ., .,
Two copper Pipes 080
Carriage of the

materials, from

London andNew-

castletoScotland
John Potter, pains

of going = and
coming upon ac-
count of kdmon-
stone engine .,
Travelling expen-
ses of the work-
men, and their

wages, . . ., 5218 0

Bix workmen were sent
from England—they had 15s.
a week as wages, besides
their expenses paid.

John and Abraham Potter,
of the bishopric of Durham,
were the engineers. They en-
gaged to make it an eflicient
engine to draw water by

umps of seven and nine inches

ore. The engine exerted be-
tween seven and eleven horse
power. All the expenses of
erection were to be paid in the
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first instance by the engineers
—to be repaid with a pre-
mium of 10 per cent. out of
the price and profit of the first
coals that should be raised by
it. Abraham Potter was to
be paid 200/. a year for his
pains, and for keeping work-
men to attend the engine, and
for wear and tear in repairing.
He was to be furnished with
coals gratis, and be allowed a
reasonable time for repairs—
and the expenses of any acci-
dent that might happen to the
engine were to be taken from
the profits of the mine—after
the first cost of the engine the
annual expense of coals ta
work it and the repairs and
salary to the engineers—the
engineers were to have half
of the remaining profit of the
coal mine—with a stipulation
that, if the engine was mot
capable of draining the mine,
the engineers might take
away all the materials fur
nished by them, with a rea-
sonable allowance for their
labour and expenses.

Some of these stipulations
will lead to the inference that
the mine had previously been
of small value to thé pro-
prietor, and that he entered
mto the bargain upon the
principle that even a very
small gain was better than
none at all, The licence, in- -
deed, commences by stating
that the Kdmonstone colliery
could not be wrought in con-
sequence of the increase of
water, .

The patent under which the
licenge was granted is not
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kilown—Did Newcotnen and
Calley obtain a remewal of
their exclusive privilege?

1726.

APRIL—A steam-engine used
at York-Buildings, London,
for raising water; itconsumed
two chaldrons of coals in
twenty-four hours, and raised
Afty tons of water per hour.

1731

TrE Evening Post, of Sep. 16,
1731, says, “ We hear that
the York-Buildings Company
have given over working their
fire-engine; and that the
houses which were formerly
supplied with water from the
teservoir at Marylebone will
be no longer supplied from
thence—great numbers of the
inhabitants having alread
dpplied themselves to the col-
lectors belonging to the Chel-
sea Water-Works, in order to
be served with water from
the reservoirs in St. James’s
and Hyde-Parks, who have
new laid their pipes accord-
ingly. We ajso hear that the
mud, which formerly lodged
ih the canals belonging to the
said water-works, is washed
out, and that the same are
now constantly kept clean by
means of a back-water con-
triyed for that purpose, except
a ridge of mud, which is pur-

sely left in the middle of
he great canal, which divides
itinto two canals, which are
found more convenient than
whea it lay all in one.” The
engine named is probably one
on Savery’s constraction,
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1732.

MorrAYe gives a view of
the York-g:tildings Water:
Works. Savery’s engine is
represented standing beside
Newcomen’s. Mortraye men-
tions three engimes; one is
placed between the water-
engine of London Bridge, an.
other towards Chelsea, and
the third towards Islington;
the first is said to have the
appearance of & colamn 02
tower.

1736.

JonaTHAN HuLLs’ first patent
for aboat impelled by wheels,
moved by Newcomen's engine.
Hulls was a native of Exeter.
The following extract is made
from the Edinburgh Ency-
clopedia, published while this
sheet was passing through
the press: * Mr. Robert Stu-
art, in his excellent De-
scriptive History of _the
Steam- Engine, page 83, Lon-
don, 1824, seems to us to have
committed a very serious
mistake, in_ascribing the in-
vention of the crank to Jona.
than Hulls, and thus de-
iving Mr. Watt of the
onour of an invention which
he had conside: so com-
letely his own as to secure it
gy a patent. In this scheme
meaning Hulls,) says Mr.
Stuart, * it was necessary to
convert the alternate recti-
lineal motion of a piston rod
into a continuous rotary one,
and which he ingeniously sug-
gested might be accomplished
y means of a crank, ‘i’lu- is
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now with jugtioe considered
to be that invention, which
introduced the steam-engine
8s 8 first mover of every
variety of machinery. Hulls
was unable to interest the
Ppublic in his project, and his
made of applying the crank
was so completely forgotten
that, at its revival, about forty
years after this period, a pa-
tent was obtained for the in-
vention, and the merit of the
application was also claimed
by the celebrated Mr. Watt,
evidently without any know-
ledge o{ Hulls' suggestion.’
In Hulls’ method the rotary
motion was effected by ropes
and wheels, as will be seen in
the drawing which will be
iven under our article Steam-
vat, and no crank is ever
mentioned. It is true that
Hulls afterwards says, * up
upland rivers, where the bot.
tom can possiblz'ebe reached,
the fans may taken out,
and the cranks placed at the
hindmost axis, to strike a
shaft to the bottom of the
river, which will drive the
vessel forward with the
reater force ; but thiscannot,
ty any stretch of criticism,
be considered as the conver-
sion of 8 regiprocating into 8
Totary motion, by means of
a crank. Had "“Hulls once
got hold of the idea, of apply-
ing the crank in this way, he
would never have adopted the
other contriyance, the expo-
sure of which to the injury of
the sea he obviously considers
as an objection. " Mr, Watt

must, | e, bo allowed
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t

ti

th. . SavLavAs VA WUT P
ton into & continued rotatory
motion,”|— Edigburgh Ency-
clopedia, vol. xviii. p. 364,

* The substitution of the
power of horses, or of steam,
or of heated air,in place of
the strength of men, a pears
to us no invention at all; if it
were, we should have nume-
rous rivals contending for the
honour of applying the steam-
engine to the threshing ma-.
chine. When Mr, Jonathan
Hulls therefore, in the year
1786, took out a patent for the
application of one of Newco-
men’s steam-engines to a ves-
sel for towing ships in and
out of harbour, he merely pro-
posed to substitute the power
of steam in the place of the
power of men: his proposal
was neither characterised by
sagacity nor inventive genins ;
and the intermediate mechan-
ism, by which the recipro-
cating ‘motion of the piston
was converted into the ro-
tary motion of the paddle-
wheels, or fans as he called
them, was clumsy and imper-
foct.”— Brewster, in Ferg. Me-
chanics, yol. ii.p, 113, ‘In an-
ticipating a similar objection,
Hulls gives a fair answer to
it: ¢ I?it should be said that
this is not a new invention,
because I make use of the
same power to driye my ma-
chine that others have made
use of to drive theirs for
other purposes, I answer, the
application of this power isno
more than the application of
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any common or known in-
strument, used in mechanism
for new invented purposes.”—
Hulls. * It is not always a
fair way to judge of the value
of a contrivance by its im-
portance, as estimated in
times of comparatively refined
invention.—At this moment,
1824, we should call the appli-
cation of the steam-engine to
move balloons, a very fine in-
vention, although the engine
itself should be the identical
one that had moved a thresh-
ing machine or a coal-wag-
gous.;'—-Stuart’t Des. History,

P. 84.
. In_the article Ship-Build-
ing, in the Edinburgh Ency-
clopedia, Hulls' project 18
mentioned. * This important
and original thought was,
however, never carried into
practical execution by Hulls,
robably from the want of
unds, and sufficient encon-
ragement.” —vol. xviii.p. 216.
ERNARD BELIDOR, a
French engineer, describes
8 steam-engine erected at
Fresnes.

1741,

PARLIAMENT granted a draw-
back of all the daty on coals
used for steam-engines em-
ployed in the Cornish tin and
copper mines,

1752.
NEWCOMENs engine, first ap-
plied by Champion, near Bris-
ol, to pump up water to sup-
Pply a water-wheel.

“In the year 1757, Mr.
Keane Fitsgerald communi-
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cated to the Royal Socief
of London & paper, entitled,
An Attempt to improve the
Manner of working the Ven-
tilator by the help of a Fire.
engine. As the lever of the
fire-engine works up and
down alternately, and per-
forms, at a common medium,
about a dozen strokes in a
minute, it was necessary to
contrive some way to make
the beam, though moving al-
ternately, to turn a wheel con-
stantly round one way, and
also to increase the number of
strokes to fifty or sixty in a
minate. Dr.” Robison had,
without due consideration, re-
arded this contrivance of Mr,
itzgerald as involving the
invention of a crank, with
which Mr. Watt had after-
wards converted the vertical
motion of the piston into &

rotar¥ motion, and had,
therefore, deprived Mr. Watt
of that honmour. Mr, Watt,

who, as it will afterwards be
seen, had been particularly.
harassed regarding the sub-
ject of the crank, corrected to
a certain degree this error in
his annotations on Dr. Robi-
son’s paper; but in a letter
which he wrote to Dr. Brew-
ster, (February 23, 1814,) he
speaks still more decidedly—
¢ Dr. Robison,’ says ‘he,
¢ mentions, that Mr,” Keane-
Fitzgerald published in the
Transactions & method of
convemng the reciprocating
motion of the steam-engine
into a continued rotary mo-
tion, by means of a crank or
a train of wheel work, and
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®dds, “ by this contrivance he
hoped to” render it of most
extensive use; and that he,
and others assnciated with
him, obtained a patent for it;
they also published proposals
for erecting mills of all kinds
driven by steam-engines, and
stated fairly their powers,
and their advantages.”
“¢Now I find,” continues
Mr. Watt, ¢ that in the Phi.
losophical Transactions, there
is an_invention by Mr. Fitz-
gerald, for working ventila-
tors by means of & steam.
engine, in which the rotative
motion is prodnced by a train
of wheel-work, which ulti-
mately turns a crank, which
works the ventilators, a very
different thing from rotary
motion produced by the inter-

vention of a crank.” As to the s

mill scheme, we can find no
trace of it, norof the patent,
and being a matter of some
consequence to clear up, I
have written to some friends
in London about it, but have
a8 yet received no answer.
1 shall thank you, if you can-
mot otherwise find ‘out the
matter of fact, to get a search
wmade among Dr. Robison’s
memoranda, to learn upon
what authority he made the
assertion. If nothing more is
learned about it, I must con-
clude the note to be a mis-
take, and comment upon it
accordingly—no record of a
atent was found at the pub.
ic offices, and Mr. Watt ac.
cordingly made those altera-
tions on Dr. Robison’s papers
‘which are already before the

<
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public’ It is impossible to
pass over this statement, re-
specting the crank, withont
calling the attention of the
reader to the annoyances to
which an inventor is exposed,
by the rash decisions and cri-
ticisms of his friends. If Dr.
Robison and Mr. Stuart, men
of talents and character, and
great admirers of Mr. Wait,
have, under a sense of justice,
attributed one of his finest in-
ventions, the one to Mr. Fitz-
gerald, and the other to Jona-
than Hulls, without any other
foundation than the recom-
mendation of a crank as part
of the machinery, it is not to
be wondered at that writers of
inferior judgment and inte-
grity should so often commit
the same mistake. To this
cies of persecution Mr,
att has been particularly
exposed; and yet the whole
history of science does not pre-
sent to us an individual whose
inventions were more origi-
nal, and to which less ap-
proach had been made by the
ingenuity of his predeces-
sors.”—Ency. art. Steam En-
gine, vol. xviii. p. 365,

These pnssa%es concerning
Keane Fitzgerald, and that re-
lating to Jonathan Hulls, con-
taining charges against him-
self, Mr. Stuart quotes at
length, as u penance, and
he pleads guilty to the
charge of * a rash decision on
Hulls’ invention.” It may,
however, be a slight extenu-
ation of his offence, that The
Descriptive History of the
Steam-Engine, in which that

3n
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opinion was hazarded, was &
first performance. The sub-
ject also on which it treated
was new to the public, and
many of the sources from
which he could have corrected
the scanty information found
in other authors, if not un-
known, were then inacces-
sible to him. The unexampled
success of this Descriptive
History, as a literary specula-
tion, put several opportu-
nities in the author's power,
for correcting both facts and
their inferences. But these
apportunities were lost, from
the circumstance of the first
edition being printed from ste-
reotypes, which were used in
all the subsequent impres-
sions. The bankruptcy of
the booksellers, who pub-
lished the three first editions,
having made these stereo-
plates become the property of
wmore respectable parties—
there is now some chance of
their errors being corrected.
These Anecdotes of Steam-
Engines may, however, be
idered as an extension of
the author’s design (sketched
in his Descriptive History) of
giving a popular view ot the
pm%wu towardsperfection of
the beautiful combinations ex-
hibited in_steam-engine ma-
chinery. Many of the hasty
opinions in his first work the
author hopes will be found
corrected in this. Andit af-
fords him some pleasure that
the cases quoted above from
the Edinburgh Encyclopedia,
were corrected in those por-
tions of the Anccdotes of
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Stoam-Engines which were
published at least twelve
months before the appearance
of the volume of the Encyclo-
pedia containing the animad«
versions referred to.

1754.

EMERSON gives some ruleg
for estimating the power of
the atmospheric engine. His
laboured approximation wag
no nearer the truth, than that
had by the short exqpirical
rule of Newcomen.—Twenty
years after this period he ex-
tended his problem further—
but without making it of the
least use to practical men,

1759.

JAMES BRINDLEY, engineer to
the Duke of Bridgewater, im-
provements on boilers.

“ Newcastle, February 26,
1763. Landed at Winkham
Lee Coal Staith, for the use of
the Walker Colliery, a fire-en-
gine cylinder, the largest that
has ever been seen in this
country or perbaps in any
other; 104 feet long : the bore
measures 74 inches, weighs,
exclusive of bottoms and pis-
ton, 130 cwt. or 6} tons, ta-
gether with piston and bot-
tom contains between 10 and
11 tons of metal. The bore is
turned perfectly round and
well polished, and the whole
is so complets and noble a
giece of iron work, that it

oes the greatest honour to
the place where it was cast—

Coalbrook Dale, Salop. When
the engine is Saished, it will
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have the foreé to raise at
stroke 307 ewts. of water.”
1762.

JorN Oxrry constructed an
en%ine at A mine near Seaton
Delaval, to turn a machine
with a continuous circular mo-
tion derived directly from the
great lever—it worked some
years, and was given ap.

Hindley of York, a clock-
maker, made gn engine for
the water-works of Kingston
upon Hull. Itworked without
4 great lever; the pump was
placed beneath the cylinder;
the piston rod of the engine
was connected to that of the
pump by a frame which
moved np and down like &
sash window; the #tmos-
phere pressed down the pis-
ton.—Hiudle{ intended to
have made the steam press
the piston upwards, to get rid
of the counterweight; but he
died while the engine was
in progress.—Smeaton after-
wards altered this engine to
his own model.

By his theory of latent héat,
Dr. Black explains the fact
noticed by Beighton, of the
great quantity of heat in
steam; and which was also at
this time observed by Watt.

1766.
JorN Btaxey, London, an
improvement on Savery’s en-
gine.

An engine on Savery’s plan,
erected for some salt works at
Castiglione, near Grosseto, &
town in Tuscany, by Cambray

3H2
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de Rigny. Great care was
bestowed by Cambray in ad-
justing the “proportions of its
parts; and he added various
ingenious methods for opening
and shutting the valves, so
as to render the mechanism
nearly a self-regulating one.
De Cambray’s experiments,
which were” published, are
more valuable than any that
had been made on the engine.
The machine cost 50,000
livres. The expenses“ d’ad-
ministration” are thus stated :

Wages ‘ d’'un Maitre tivres..
Machiniste” for a year 1200
Three * Maitres au four-
neau,” night and day
for six months . . 1400
“Trois manceuvres,” for
the same time , . .
Wood “ pour Ventretien
dufeu™ ., PR
Carriage, repairs, and
accidents

1769.

Dudarp Cramxe, London,
contintous from a reciproca-
ting motion. He erected an
engine at London.

Ames Warr, Glasgow,—
excluding atmosphere from
cylinder—keeping cylinder as
hot as the steam—condensa-
tion produced in separate
vess.els —air extracted from

umps—pist
pressed byythe steam —a
steam-wheel—partial conden-
sation of steam—using oil and
wax instead of water: Janu-
ary 5, 1769,
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1770.

ABouT eighteen large engines
at work 1n Cornwall, exert-
ing a power equal to that of
490 horses.
1771

J. CaryseL, London: con-
struction of furnace—this was

pplied to the factare of
salt: he published a short
pamphlet detailing some of its
advantages.

1774,

JONATHAN GREENAL, of Parr,
Lancashire: Fire-engine for
draining mines, coal-pits, and
lands of water.

1775.

A p1sT of the weights and
prices of some of the parts
made of cast iron of the Chace-
water engine manufactured at
Carron. -

.. Weights.
Cylinder, bored through
7% inches, diameter 105 feet
long, flayed at its ends and
in the middle for the purpose
of fastening it to the beams—
4 tons, 16 cwt. 4 lbs.
Hemisghgricul cylinder bot-
tom, with its plunge; short
steam-pipe ; necks for injec.
tion pipe, souffing pipe, and
;gulf)twn pipe—1 ton, 13 cwt.
S.

Cup or circular to fix on
top of cylinder—13 cwt.
Cast " iron piston—14 cwt.
10 ébs.
ast iron axis from workin
beam—16 cw!t 14 lbs, d
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Cast iron part of regulator
or steam valve—1 cwt. 981bs,
See the engraving marked.
Prices of éam‘ng delivered in

ornwall.

Bored cylinders, working~
barrels, regulator-valves —
28s. per cwt.

Clock and buckets turned—
21s. per cwt. .

Cylinder bottom, piston,
cup, clack door pieces for
pumps—I18s. per cwt.

Axis and similar castings—
16s. per cwt.

Common pipes, for pumps 3
otherplain pipe-work, furnace
doors—14s. per cwt.

Grate bars, bearer bars,
hearth plates, weights— 11s.

_ percwt.

Wrought iron screw bolts.
and nuts—5d. per 1b.

Brass castings for pump
clack seats, regulator valve,
injection cock—16d. per lb.
without tarning and fitting.

1776.

AN atrospheric engine placed
in a coal-mine, feet be-
low the surface, near White-
haven. In 1778, another simi-
lar engine, having a cylinder
70 inches in diameter, was
placed at the bottom of Yates-
toop mine; 600 feet under the
surface—another engine was
placed at the surface from
which the mine pump rod, or
¢ dry-spear,” descended to
work & pump placed at the
bottom; this was 600 feet
long! The boiler flue was
carried up in the mine shaft;
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the boiler was 20 feet in dia-
meter, and the excavation in
the rock in which it and thé
;nog;ne-house was erected cost

A LARE near Rotterdam
ww'ini about 7000 acres,
which had been embanked,
was drained by 34 wind-mills.
Van Liender, 1 1776, erected
a Iq:lge atmospheric engine
in aid of the mills; ithad a
cylinder 52 inches in diameter
and 9 feet long— the iron work
came from England—it was
not very effective.

SueAToN erected an oil-
mill at Hull—an atmospheric
engine pumped the wateron a
wheel: after this the method
may be considered as an esta-
blished one for producing a
eontinuous motion.

1777.
JouN STEWART préseiits to
the Royal Society a scheme to
accomplish the samé purpose
as that of Clarke, in 1769.
Two endless chains, revolving
over pnllies fixed in a frame,
which rose and fell by the
motion of the engine—joint-
pins in the chains acted upon
the teeth, at opposite sides of
a wheel which received a eir-
cular motion, by one chain
acting on one side, and the
other chain acting on the
other side alternately. Stew-
art says, ‘* a crank or winch,
althongh a mode of obtain-
ing a circular motion, would
in this case be inapplicable,”
for some reasons which were
then considered to be unan-
swerable, but which experi-
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ence has long since shewn to
have been erroneous.

Warr erects one of his en-.
gines for blowing an iron fur-
nace at Wilson House, Lanca-
shire—this was the first appli-
cation of the blowing cylinder
for furnaces.

1778.

BortoN computed the ex-
penditure of fuel in his engine
at this time, thus :—

The space in the eylinder
moved through by the piston
in cubic feet, multiplied by the
load on each square inch of
the piston in pounds, the pro-
duct will be the number of
pounds - weight of coal con-
suned for every 1800 strokes
of the engine—l{is is equal to
an effect of 2175 millions of
Eounds weight raised one foot

y a bushel of coal.

BAaTAvIAN SocieTY, at Rot-
terdam, offers a premium for
a plan of an apparatus, to be
annexed to a steam engine
to make it capable of raising
water to all heights tnder
five feet.

PAYENTS,

1779.

MaTTHEW WASBROUGH, Bris-
tol, rotative from alternate
rectilineal motion.
1780.

James Picrarp, Birming.
bam, application of cran
to steam-engines—Wasbrough
and Pickard joined their -
terest.

Watt and Bolton send the
lmrts of the engine at Chail-
ot to Paris,

3us
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1781,

JoNATRAN  HORNBLOWER,
Peunryn,—two cylinders, steam
leaving one enters the other—
condensing by bringing the
steam in contact with the me-
talline surfaces—discharges
water bty a pipe, equal in
length to the column of water
balanced by the atmosphere—
air enters a separate vessel,
from which it is expelled by
the steam —separate vessel
for condensing vapour —piston
having steam round its peri-
phery.

1781.

James Warr, Birmingham,
several methods for regulating
motion. Sun and  planet
wheels. .

M. D'ArNAL, at Nismes,
works flour mills by two
steam-engines— they pumped
water into a reservoir to be
conducted on ten small wheels
each of which turned a mill-
stone,

1782.

JamEs Warr, Birmingham,
Double impulse engine. Ex-
pansive engine. Contrivances
for regulating motion — two
cylinders—rack and sector or
great lever—semi-rotary en-
gine—steam-wheel,

Warr and BoLToN erect
one of their engines with a
crank and fly-wheel, at Pim-
lico Wharf, for the Chelsea
Water Works; and another,
double impulse, at the Brad-
ley Iron Works,
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1783.

ARKWRIGHT builds a cotton-
mill on Shude Hill, near Man-
chester; from an ill-judged
economy he used an atmo-
spheric-engine to pump up
water on a wheel, to give mo-
tion to the machinery.
»

1784,

JamEs Warr, Birmingham,
rotary engine. Parallel mo-
tions—mode of applying en-
gine to move pumps, and
mills, and lif} hammers and

p of opening
valves. Portable steawm-en-
gine, and steam-carriage.

WaATT makes some experi-
ments on the power of horses;
he found that a strong horse,
such as those used by London
brewers, could draw a weight
of 150 pounds avoirdupois,
attached to a rope moving
over a pulley, so as to raise
it at the rate of 220 feet
per minute—this is_equal to
33000 pounds raised one foot,
or 528 cubic feet of water.,
This he denominated a horse-
power, and estimated the
power of his engines accord-
mglr. R
Albion flour mills, London,
began to be erected — the
machinery to be moved solely
by means of two of Watt's
double impulse engines, hav-
ing cylinders 34 inches in
diameter. The justly-cele-
trated Rennie superintended
the erection of the mill work,
and Wyatt designed the build-
ing; the engines were of 5Q
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horse power each, driving
20 pair of mill-stones; the
wheels, and axes, and other
garls which previously had
een formed of wood, were all
of cast iron.

RoerrT CaMERON, Lon-
don: Heliacal engine—im-
provement on Newcomen's,

1785.

JauEs WATT, of Birmingham.
Furnaces for consuming smoke
—These will be described in
Stuart’s Practical Treatise on
the construction of Steam-
engines.

BoLtoN and WaATT erect
one of their double impulse en-
gines for Messrs. Robinson,
at Papplewick, Nottingham-
shire—the first instance of the
direct application of steam to
this purpose.

A CoLoNy of h
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working beam passing round
a cylinder furnished with a
ratchet wheel, &c.

1790.

BeTTANCOURT publishes his
experiments on steam.

wn"r and BoLToN send an
engine to Nantes: it was put
together by workmen from
Soho. The furnace consumed
its smoke,

1791

EARrLy in the moraning of the
3d of March, the Albion Mills
were observed to be on fire.
The entire edifice and stock
of grain was destroyed ; the

remises were ensured for

,0000. and the stock for
35,0007, : 4000 sacks of corn
were consumed. 1t was con.
sidered to have been the act

from Scotland, established in
1786, at St. Petersburg, by
Mr. Gascoigne, who had the
management of the practical
department of the Carron
works under Mr. Garbet. He
was patronised by the Empress
Catherine, and received a title
of nobility. Steam-engines
were fabricated here shortly
afterwards.

1788,

MinT for copper coin set up
at Soho—driven by Watt's
engine.

1789.
Tuomas Burcxss, London:
a rotative from a vibrating
motion, by a rope from the

of an 'y, who was
never discovered—from its be-
inning strong prejudices ex-
ls:ted fu;ninstg tphe establish-
ment, in those classes who ulti-
mately would have been the
most benefited by its opera-
tion. This successful adapta-
tion of the double condensing
engine to grinding corn, de-
cided the point as to its supe-
riority over Newcoinen’s appa-
ratus—from this time it began
rapidly to supersede the rival
mechanism.
James SADLER, Oxford :
steam-wheel.

1792,

WiLLiam Symineron, Kin-
nard : condensing engine.
MR, ScorT began spinning
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cottori by stem power at
Glasgow — the manufactor

wassituated on the south ban

of the river Clyde, directly
opposite the Delft works,
where Watt erected the first
model of his condensing en-
gine, before be applied for his

patent:
1793

Francis Taoursox, London :
atmospheric engine—two cy-
linders.

BensAMIN GoTT erects o
woollen manufactory at Leeds
—its machinery drivenby a 40
horse power condensing en-
gine. This was the first ma-
nufactory of the kind which
depended entirely on steam
power as a first mover.

MARSHALL, the same year,
at Leeds, began to spin flax by
a 28 horse power condensing
engine.

ARKES, at Worcester, also
applied it toa worsted 8pin«
ning mill. )
~ Davison and HAWEKESLEY
had begun spinning worsted
at Arnold, near Nottingham.
by means of a water wheel
supplied by Savery’s engine
—this was _given up for
Thompson of Ashover’s im-
proved atmospheric engine.

1794

Roperr StrEET, London:
‘ Inflammable vapour force,
by means of liquid fire and air,
for communicating motion”—
Turpentine falling on a plate
of hot iron, the vapour which
is dp\-odm:ed being inflamed
under a piston raises it,

LA8¥ UP PATENTS,

lm‘
Borron and WATT bring an
action against a Mr. Bull,

who had erected an_eungine
at Oatfield Copper Mine.—
Watt's claim was resisted on
the plea of an imperfect spe-
cification—The jury gave a
verdict in favour of the pa-
tentees—Points were reserved
for the decision of the Judges,
which were twice argued be-
fore them; thé majority gave
their opinion in favour of
Watt and Boltor.

1796.

VaLeNTINE CLnSE, Henley:
Saving fuel.

Joun PeprEr, Newcastle :
Saving fuel—construction of
boiler.

Joun Strona, Bingham:
Method of constructing the
valves.

WittiaM BaTiLEy, Man-
chester; Method of working
the engine.

Francis LLoyp, Woolstan-
ton: Construction of furnace,

1797.

AT Sheffield two large con-
densing engines erected for
grinding cutlery. .
EpmuNp  CARTWRIGHT,
Middlesex: Condensing engine
— metallic  piston. Steam-
wheel, Oue of the clauses in
the specification was “ that
instead of water the boiler is to
be filled with distillers’ wash,
to produce the steam with
which the engine is to be
worked,"—the engine operates
as & still and & fitst mover.
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Jonn GRrovER, Chesham :
Boiler and furnace,

1798,

WiLLiam Ravrey, Newbald,
Yorkshire: Philosophical fur-
nace and boiler, with an actu-
ating wheel as an appendage.

BoLToN erects a mint at St.
Petersburgh,

JaMEs  SaprEr, Oxford:
Double cylinders—a combi-
nation of Cartwright’s and
Watt’s engines.

JoNATHAN HORNBLOWER,
Pearyn: Steam-wheel, which
failed after numerous trials
bad been made of it, from the
difficulty of keeping the pack-
in%tight.

EORGE BLuNDEL, London:
Machine for saving fuel.

JonN DicksoN, Dockhead:
Method of constructing.

Francrsco Rarozo, Lis.
bon : Alterations on cylinder
and valves,

J. QuiEroz, London: Alte-
ration on cylinder: method of
forming boiler.

TromAs RouNTrEE, Lon-
don : Improvementsin fornace
and boiler,

179,

BoLToN and WATT bring
an action for piracy against
Hornblower and Maberly, for

erecting one of his double cy- .

linder-engines, with Watf's
improvewents—one in 1796,
at Meux's Brewery, London.
The court gave a decision in
favour of the patentees, This
action should be considered as
far as Bollon and Watt were

638

concerned, rather as a vindi-
cation of character than an
action for damages—their ex-
clusive privilege expired a
few months after the suit was
decided in their favour—and
it was stated, that but for un-
fair and invidious comparisons
being drawn by their adver-
saries, and their forbearance
being considered as a proof of
their own opinion of the
weakness of their claim,
Bolton and Watt would not
have taken this case into

coygt, at all.
ErT DELaP, Banville:
Ecoomical boiler.

JouN WiLkiNsoN, Castle-
head: Boiler—saving fuel.

MaRrQu1s CHABANNES, Lon-
don : Improvement on fuel.

MATTHEW MURRAY, Leeds:
Boiler — self-regulating damp-
er—horizontal cylinder.

A. G. EcRHARDT, London :
Saving fuel.

WiLLiam MurpocH, Red-
ruth: Casting cylinder—im-
provements in valves—a
steam-wheel.

James Bunrns, Glasgow :
Saving fuel by alteratious on
furnace. .

James Bisuor, Counecti-
cut: Steam-wheel,

Samuer REeHE, London:
Transmitting the force of any
fluid, -

T. CookE, London : Carbo-
frugalist—mode of applying
fire to caldronic implements,

1800.

Tne term of twent{-ﬁve years
Wanted by Parliament to
att and ~Bolton expires—
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Mr. Watt retires from busi-
ness, and the mauufactor
of steam-engines at Soho
laced under the direction of

r. Murdoch of Redruth, who
had been Bolton and Watt's
agent in Cornwall, and Mr,
Southern. .

BELLCRANK engine, madé
at Soho.

Peter Devey, London:
Improved fuel—same as the
burning balls of Liege.

Puineas CRowTHER, New-
castle: C.r;nk t:otioll:. dis-

ensing with working beaw.
pJ om«gand.! AMES Rognt#&u,
Glasgow : Furnace for on-
stiming smoke—saving steam
by a construction of piston,

1801.

Eomunp CarTwrIierT, Mid-
dlésex: Portable engine—rte:
gulating velocity.

A sugar-mill, moved by a
steam-engine of eight horse
power, constructed at Soho,
sent to Demerara—John Ren-
nie, the Great in Millwork,
designed the mill machinery—
it f‘erformed excellently.

1caARD WiLcox, Bristol ¢
Engine and furnace.

truiam  Hase, Bax-
thorpe : improvements on con:
dénser and boiler.

JaMES ANDERSON, Mounie :
Saving fuel.

MatraewMorray, Leeds ;
Air-pump — valves — parallel
motion,

* Hunter and Dickenson, in
1801, tried a steam-boat on
the Thames?”

_Tmorny Braman, Pim-
lico : Revolving valve:

LiST 6F PATRNN

Eakt  of
Saving fuel,

Georee MepuumsT, Lon-
don: Converting alternating
into circular motion.

GeorGE STRATTON, Lon-
don : Saving fuel—the method
is recommended more to its
application in open fires than
furnaces.

JaMES GLAZEBROOKE, Cole-

rooke Dale: Working ma-
chines by means of properties
of air.

Roserr Youwe, Bath:
Saving fuel.

WiLL1A M SyMiNgTON, Kin-
nard: Steam-boat engine
without a working beam—
stampers for breaking ice.

James WRITE, an English
mechanic then residing i
France, receives a medalfrom
Napoleon Bonaparte, for att
improved parallel motion.

1803,

James SHARPLESS, Bath:
Combinations of the mechani=
cal powers app) to the
steam engine.

THomAs PARKINSON, Lon-
don: Conveying steam and
fluids.

Rrcuarp TreviTHIC, and
ANDREW ViviaN, Camborne :
High pressure stédih-engine.

RYAN Hraoins, London 2
Suving fuel—adapted for eva-
porating.

MaTTHEW MURRAY, Leeds :
Portable engine—pump and
some other improvements.

Trnomas MarTIN, Brent-
wood: Applying fire by
means of cerfain machinery
to heating water,

Sraxnore:.
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THOMAS SarNT, Bristol:
Boiler and farnace,

JoserH LEw1s, Brinscombe :
Furnace. ’

MatTHEw  BruniNesiey,
London: A very great im-
provement in the machinery
for boring cylinders.

“ Some years ago,” says
Paley, at this time, “ a plan
was suggested of producing
e:‘opnlsnon Ly reaction in this

ay; by the force of a steam-
engine, a stream of water was
to be shot out of the stern of a
boat; the impulse of which
stream upon the water in the
river, was to push the boat
itself forward. Tt is, in truth,
the principle by which sky-
rockets ascend in the air; and
if naturalists are to be believed,
it is exactly the device which
nature has made use of for
the motion of some species of
aquatic insects. The larva of
the dragon-fly, according to

dams, “swims by ejecting
water from its tail, and is
driven forward by thereaction
of water in the pool upon the
current issuing in a direction
backward from its body.”

1804.

Riemarp WiLcox, Bristol:
Air-pump—furnace boiler,

JaMES BaRrgeT, Saffron
.Walden : Economizing fuel.

ARTHUR WooLFE, London :
Two cylinders and high pres-
sure steam; experience hgs
stamped this to be a great im-
provement,

Mr. Lavaysie mentions, that
Mr. Lushington introduced a

condensing engine into Trinj.

885

dad, and estimated its effect
8s saving two-thirds of the
expense of cattle mills,

1805.

JAMESRIDER, Belfast : Lining
cylinder—steam regulator.

Cuanves Cox, London : Ap-
plication of heat.

JoNaTHAN HORNBLOWER,
Penryn : Steam-wheel.
WiLLian EARLE,
pool :  Working and

structing.

Joun " STEVENS, London:
Boiler. Colonel Stevens was
an American who has been
mentioned in the text, as at-
templing to introduce steam-
boats into America — The
boiler was formed by a collec-
tion of tubes.

ALEXANDER Bropig, Lon-
don: Furnace and boiler.

James M‘NaveHTEN, Lon-
don: Saving fuel—fire-place.

Liver-
con-

AMES Boaz, Glasgow:
Mercury engine.
ARTHUR WooLre, London:

Open bottomed cylinder—and
an excellent contrivance for
tightening the packing of pis-
ton.

Rarer  Dobp, London:
Saving fuel.

WiLLiau DeveREL, Black-
wall: Furnace and boiler.

SAMUEL MiILLER, London :
Working and constructing.

Joun TroTTER, London:
Steam-wheel.

ANDREW FrINT, London :
Steam-wheel.

1806.

Wittiam Lxstz, London;
Steam-wheel.
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J. BounrNe, W. CHAMBERS,
and C. Govrp, WARrwICK:
This patent, in an especial
manner, has a relation to the
attendants on a steam-engine ;
it was for roasting meat by
steam.

Racrra Dopp, London: Sim-
plification of machinery.

Joun Lams, New York:
Application of heat.

El. WiLcox, London : Vari-
ous steam-wheels.

Jos1as Rosins, Liverpool ¢
Furnace.

WirLiau NicroLsowN, Lon-
don: Application of steam.

SAMUEL MisLER, London:
Additions to a former patent.

1807.

AvnaN Poirock, Glasgow:
Saving fuel.

Henmy Maupstay, Lon-
don : Portable engine.

Rarra Dopp, London : Dis-
tribution of heat; applicable
only to chamber fire-places.

James Brapoiy, London:
Iron for furnace bars.

1808.

TroMas Meap, Hull: Steam.
wheel.

‘THomas Prick, Bilston:
Arrangement of parts,

Jamxs LiNaker, Ports-
mouth: Steam-boat: draw-
ings of this were given by
Mr. Buchanan.

J. CowpeN, and J. Par-
;‘n;nax, London: Saving of
uel,

.

Tnomas PrestoN, Lon-
don: Construction of fur-
nace, .
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1809,

Jarrs GrELLIER, Aldborough
Hatch: Saving of fuel—fur-
nace.

Mark NosLe, Battersea:
Arrangement of parts.

JouN MurrAy and ADAM
ANnDERYON, Edinburgh: Ap-
plication of heat.

W, C. EveLisH, Twicken-
ham: Saving fuel—heating
chambers more especially.

EpwArp LaNE, Stoke on
Trent: Arrangement of parts
of engine.

J.F. Frsenmeyez, London :
Arrangement of parts, and
working.

J. F. Arcasorp, London:
Application of heat in apart-
ments and in carriages.

W. JounsoN, Blackheath =
Heating fluids—evaporation.

NvuaeeNt Booxgr, Dublin:
Saving fuel.

Ricuarp SCANTLEBURY,
Redruth: Certain improve-
ments.

SamurL CLeea, Manches-
ter: Steam-wheel.

1810.

Davip Cocx, London: Heat-
ing fluids.

ArTnur Woorre, Lon-
don: Constructing—working
—saviag fuel.

WiLLiam Docksky, Bris-
tol: Application of heat.

WiLLiam Crerx, Edin-
burgh : Regulation of heat.

ILLIAM CHAPMAN, New-
castle: Steam-wheel,

Ricuarp Wirrry, Hull;
Making — arranging — com-
bining,
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John Justice, Dundee:
Application of heat.
STEDMAN Apam, Connec-
ticut: Certain improvements.
Joun CRAlG1e, Quebec:
Saving fuel.

1811,

Josepr  Miems, London:
Saving fuel,

Ricaarp Wirry, Hull:
Additions to former patent.

CHARLEY Broperip, Lon-
don: Improvements in con-
struction.

MicuasL LoaaN, Rother-
hithe: Generation of fire.

WiLriam Goop, London:
Valves.

Joun TrorTER, London:
Steam-wheel.

GeoRreE GILPIN, Sheffield :
ApFlicltion of steam.

The proprietors of steam-
engines in Cornwall appoint
an inspector, to report month-
ly on the quantity of coals
used by each engine.

In August the first average
of eight engines, 15,760,000
pounds raised afoot high with
one bushel of coal.

In December average of
nine engines 17,075,000

In January 1812, fourteen
engines 20,162,000, nearly a
saving of a fourth part of all
the coal used,from the greater
care taken in feeding the fur-
nace.

HeNgy James, Birming-
ham: Steam-boat.

‘I'momas Deaxin, London :
Saving fuel.

J. BLENKINsSoP, Leeds:
Steam-carriage, and improve-
ment in railways. A toothed

est

wheel moved by the engine
works into teeth formed in
the rail, which prevents the
slipping that was found to be
an objection to Trevithic and
Vivian’s apparatus, These
engines have been in dail
use at the Middleton Colliery
near Leeds.

1812.

JouN SuTHERLAND, Liver-
pool : Boiler—evaporation.

HeNnry OsBorN, Bordesly =
Manufacture of cylinders.

R. W, Fox and JoEL LEAN,
Falmouth: Certain improve-
ments—additional apparatus.

Henry Hieeinson, Lon-
don: Steam-boat.

JEREMIAM STEELE, Liver-
pool: Application of heat.

WirLiam ON1oNs, Poultonz
Steam-wheel,

1813.

RoBerRT DunkiN, Peazanve:
Saving fuel. :

WiLLiam BrUNTON,. But-
terly Iron Works: Manu-
facture and arrangements of
parts —steam-carriage, the

ropellers were fashiomed' to

ave an action similar to the
legs of horses. This patent
describes numerous vadieties
of {cct. On the whole, nat-
withstanding i plicated
appearance, something of this
sort may. enable a steam-
waggon to pass over acclivi-
ties, which to a carriage with
wheels only would be inac-
cessible, Mr. Brunton calls
it a * Mechanicsl Traveller.”
RoBerTsoN  Bucuanaw,

31
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Glasgow: Steam-boat ma-
chinery.
Joun BarToN, London:

Applying the heat which es-
capes from distillers’, dyers’,
and other furnaces to work an
engine—* cock for reversing
the steam with two sides cut
out, by which the cock re-

uires to be turned only the
sixth part of its circumference
round; uses a very short
piston, which has holes cast or
drilled nearly through the
piston between the screws,
which tighten the cap to put
in tallow; this escapes by
small holes drilled horizon-
tally into the holes where the
tallow is, which keeps the
packing always greasy;” this
also contains a scheme for
boiling in vacuo.

JouN SUTHERLAND, Liver-

1: Furnace.

JosepH WHITE, Leeds: Va-
rious improvements,

CuarLEs Bropgrip, Lon-
don: Boiler.

1814.

Ortver Evans has the term
of his patent extended to ten
years_after this date by the
American legislature.

¢« Mr. J. Carter Hornblower
was born of Cornish parents,

LIST OF PATENTS,

have a wider seope. About
1768 and 1770 he was engaged
to erect & steam-engine an

some other machinery at Rot-
terdam, to which placehe was
a second time invited to super-
intend similar operations. The
improvements ~which _forty
years ago were made in the
towns of ro and Tewks.
bury, and the erection of the
Penitentiary at Northleach,
were entirely under his direc-
tion. Some of the circume
stances which led to the trial
in which he, along with his
brother Jonathan, were op:
posgd to Bolton and Watt, have
alread{been noticed. To this
trial their opponents brought
the resolution to succeed, whick
was aided by their great
wealth, and ‘the F)pulm_’ity
which success usually inspires
—the injunctions which were
laid on the engines that the
brothers erected proved deeply
injurious to others as well as
to themselves. J. C. Horn-
blower afterwards had a pa-
tent for a method of glazing
calicoes by steam power, &
process at that period of great
importance to & very exten:
sive branch of English manu-
factures; a steam-engine and
some of the }hzin machines

al

at Brosely in Shropshire, in
1744. His father wished him
to study the law, but consult-
ing his own inclination e was
placed under a carpenter; a
nutual unsuitability of temper
led to an early ‘separation,
and Hornblower  immediately
sought an employment where
his  mechanical *bias would

were t nd pieces of
calico of the usual length were
glazed in two minutes. In
this stage of the contrivance it
was found, that the prepara-
tory process of waxing the
fabric could not be done by
hand except at an_expense
which would overbalance the
saving made by the glazing
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the remuneration which had
been allowed for his superin-
tendence was generously con-
tinued to be paid to him after
his labours for his patron had
ceased. He returned to Eng-
1and in 1813, and died in Lon-
don in 1814.

« Mr, Hornblower was one of
those of whom, without look-
ing to a higher source, it might
be said, that Disappointment

—¢ marked him for her own.’

Destitute of capital, and
with the constantly increas-
ing wants of a large family to
mrply. he could only exert his
talents under the control of
others. In this unpropitious
situation he was alternately
the sport of hope ard disap-
pointment; and in his efforts
to emerge from that condition
in which

¢ Where penury is felt
The mind is chm?

it may have been that his in.
tegrity was not accompanie
by that flexibility of disposi.
tion which the world exacts
from those it permits to be in
the ‘ way to rise’ He was
fortunate, however, ih ac-
quiring the confidence and re-
gard of individuals of bigh
character and talent with
whom he had been connected
in his professional career. His
exemplary tenderness, affec-
tion, and self-denial, in his do-
mestic relations should above
all be recorded to his honour.”
—Memoir by A. Hillhouse.

W. A.NoBLE, London: Ars
rangemeit,

12
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- A steam-boat, 40 tons
burthen, put in motion in the
canal near Limeb (the
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by an endless chaln—spiked
wheels working into the links
icated motion to the

Lord Mayor on board ;) it ran
& mile and returned in sixteen
minutes.”

JouN RasTrICK, Bridge-
north : Certain improvements,

R. W. Kine, London:
Boiling water.
THomas Tupan, York:
steam-carriages.

Joun SLATER, Birmingham :
Boiler.

Mr. Koxnta, a Saxonprinter,
succeeds in constructing a
printing press, to be moved by
& steam-engine. The Times
newspaper, of Monday, the
28th November, 1814, was the
first publication printed in this
way. Konig was associated
with Mr. Bensley, senior, and
Mr. Richard ‘Taylor. Konig's
first scheme went no farther
than to increase the speed of
the common press,

1815.

R. Dobp, and G. STEPHEN-
soN, Killingworth: Steam-
carriage — the resistance is
produced by the wheel on the
rail as in Trevithic and Vivi-
an’s locomotive; & pin upon
one of the spokes of the wheel
had the lower end of the con-
necting rod fastened to it by
a ball-and-socket joint — the
other end is connected to the
cross beam moved b‘y: the pis-
ton. The pin upon the spokes
converted the reciprocating
motion of the piston into &
rotary one: the carriage was
placed on six wheels, which
were attached to each qther

series,

WitLiam Losu, Northum-
berland : Furnace.

HEeNRY HouLpsworr,
Glasgow :  Discharging the
condensed steam; permitting
air to enter a series of pipes to
preveut the strain from atmos-
pheric pressure. The expan-
sion and contraction of the
pipes opening or shutting a
valve.

Marreew  BiLLiNasLEyY,
Bradford : Improvements.

Ricsarp TrEviTHIC, Cam-
borme: Making piston air-
tight—rotative engine—impel-
ling a steam waggon or boat.

WiLLiam MourT, London:
Furnace.

Joun CurtrER, London:
Supplying fire with fuel. The
fuel was made to rise from
the bottom of the grate, so
that all the gas, as it exhaled
from the fresh portion of fuel,
'was ignited in passing through
the burning coals which lay
uppermost. This _ingenious
and elegant contrivance in-
volved its author in & law-suit,
in which the quibbles of his
mercenary rivals in trade pre-
vailed over the fairest claim to
the protection of a patent.

. and M. BEvaN, Glamor-
gan: Furnace.

MarQuis DE CHABANNES.
A method of heating air. The
Marquis applied the scheme
to boilers.

1816.
J. Dawes, Bromwich: trans.
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mitting the alternating im-
pulse of a steam piston.

J. F. MunTz, Birmingham :
Destroying  smoke — saving
products—furnace.

Bryan Donkin, Suarrey:
Boiling water.

ArLexanper Roaers, Hali-
fax: Saving fuel — setting
boilers.

Paiute TavLor, Bromley :
Application of heat.

1LLIAM STENSON, Cole-
ford : Improved engine.

RoBerT STIRLING, Edin-
bargh : Saving fuel.

JouNn Barron, London:
An excellent metallic piston
—an improvement on Cart-
wright's—wedges acted on by
springs, keeping the outer
series of pieces, or the packing
pressed to the face of the
cylinder.

Georage Boprry, Exeter:
Certain improvements.

Josepn TumNER, Layton:
Steam wheel.

Joun NeviLLE, London:
Generating and  applying
steam.

Josepn GREGSON, London:
Supplying fuel.
1.L1aM Losn, Newcastle :
Furnace.

1817.
W. A, OspomnE, Bordesley :
Boring cylinder.

Georax MAINWARING,
Lambeth: Certain improve-
ments.

Joan OrpuHam, Daublin:
Steam boats.

GeorGE STRATTON, LoON-
don: Saving fuel,

841

Moses Poore, London:
Qertain improvements.
1818.

Lorp Cocnrang, and A
GarLoway,London: Machine
for consuming smoke.

WiLLiam Mouvt, London ¢
Certain improvements,

ALEXANDER HALIBURTONS
Wigan: Furnace,

JorN Scorr, Penge : Steam-
boat.

Partir TavLor, Bromley :
A;})lication of heat.

. Mu~ro, London, and
BARNABAS LanNaToN, New-
York: Certain improvements.

Josaua RouTLEDGE, Bolton
le Moor: Steam-wheel.

James Ixin, Christchurchs
Hollow furnace bars.

Wuaiam Crurcn, Lon-
don: Certain improvements,

WiLLiaM JoHNsTON, Lon-
don: Destroying smoke—fur:
nace.

MARQUIS DE CHABANNES,
London : Boiler of tubes.

Jones and PrimLEY, Birm-
ingham: Certain improve.
ments.

Hengy CrergHTON, Glas-
gow : regulating admission of
steam into pipes.

Joun Maray, Londont
Steam-wheels.

Sir WiLLiaM CONGREVE,
London : Steam-wheel.

James Fraser, London:
Junction of tunnels in boiler.

RicHARD WRiIGHT, n-
don: Construction — subse-
quent employment of steam.

JoaN Seawarp, Londons
Generating steam.

313

.
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. WiLtxau BrusToN, Birm-
ingham: An ingenious revolv-
ing furnace, which feeds itself
with fuel, and is regulated with
great precision; 1t is by far
the best mec};‘anism for bthis
purpose which has yet been
prog:eed.

Engravings of its details
and some particulars of its
effects will be given in Stxart’s
Practical Treatise on the Con-
struction of Steam-Engines.

Grorox KxrLEy, Briggan :
Constructing.

JorN PoNTEFEX, London:

- An elegant, effective, portable
and self-regulatiug engine, on
the principle of Savery’s ma-
chine.

1820,

Joun OrprAM, Dublin: Ad-
ditions to former patent.

JouN WakEeFIELD, Man-
chester : Furnace, and method
of supplying it with fael.

October 18th.— A steam-
brig sailed from port L'Orient,
which arrived at Senegal in
sixteen days.

‘WiLLiaM BrRuNTON, Birm-
ingham : Additions to a former
patent.

WiLLiam CARTER, Middle.
sex: Steam-wheel—an im-
provement on Hornblower's
tirst scheme, in that part of
the mechanism which made
the pistons become alternately
the abutment valves. Carter’s
clamps were portions of a
spiral curve, formed so as to
slide in its box, when the
piston attached to it received
its direct motion—Dbut to press
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against its sides when the
piston, or diaphragm was im-
pelled in_the contrary direc-
tion—a slight turning of the
lever relieved the pressure,
and it then moved freely as
before.

Joun BarTtoN, London:
Engines and boilers for steam-

boats.
Joun Haeue, London:
Constructing.

Josern ParkEs, Warwick :
Consuming smoke.

JoB RIDER, Belfast: Steam-
wheel. A figure of this is

iven in the plate marked

AUGHAN, &c. ; it will be re-
cognised as a variety of Bra-
mah’s. Rider is said to have
erected several large engines
of this kind—their perform-
ance has not been stated.

JouN  Moorg, Dublin:
Steam-wheel.
WiLLiax PRITCEARD,
Leeds : Furnace,

1831.

WiLLiaM ALDERSLEY, Mid-
dlesex: Substitute for the
crank.

Joun BaTes, Bradford:
Surplying fuel to furnace.

‘I'noyas MasTERMAN, Lon-
don: Steam-wheel.

RoserT DELAP, Belfast:
Among other matters in this
patent is a steam-wheel of the
same kind as Cooke's,

RoBerT STEIN, London:
Certain improvements.

JoraTuaN Dicxson, Lon-
don : Transmitting heat.

HenNry PenNeck, Pea-
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zance: Furnace lessening con-
sumption of fuel.

Perer Devey, London:
Preparing fuel; a sort of
burning balls, by mixing
coals and other substances to
gether. 'I;_he fuel, as to ap-

arance, for many purposes
ll)::’be'.ter than cmdyu goal—iu
economy is doubtful.

Henry BrowN, Derby:
Furnace—consuming smoke.

PuiLips LonpoN, London:
Furnace.-

AaroN Mansy, Horsley:
Mannfacture of details.

ToomAs BENNETT, Bewd-
ley: Certain improvements.

Francis A. EorLrs, Lon-
don: Improvement in details,

Sir WiLLiaM CONGREVE,
London: Addition to former
patent.

CHARLES BroperIP, Lon-
don : Construction.

NeiL Arnor, London: Fur-
nace and boiler.
. Jurius GriFFITH, London:
Steam-carriage; this is the
first scheme 1n which the en-
gine is placed on springs—a
machine it was understood
was_constructing by Bramah
at Pimlico; we know not if
it has ever been exhibited.

1822.

RicEARD OrMROD, Manches-
ter: Construction of boiler.
G. A. PaLmer, London:
Furnace for consuming smoke,
GeorGe STEPHENSON, Beq:
ton: Certain improvements.
ALexanDEr CLARK, Fife:
Boiler and condenser. .
M, J. BauneL, Chelsea:

643

Placing cylinder inclined to
the horizon.

JoserH Smits, Sheffield:
Boiler.

JouN StanLev, Manches.
ter: Supplying fuel to fur.
naces.

J. and J. Binws, London:
Boiler.

J. Leacs, London: Steam-
wheel.

Jacos PEerkINs, London:
Boiler.

Bainsrinox and THAYERy
London: Rotatory engine.

1823,

James Neviire, Londons
Furnace and boiler.

WiLLiam JorNsoN, Great
Totham: Furnace and boiler.

RoBerT CoreLanD, Lon-
don: New combinations for
gaining power.

NATHANIEL PaTriDOE,
Stroud : Setting boilers,

H. Prick, Neath Abbey:
Machinery for steam-boats.

WiLrLiam Jessop, Butter-
ley: An ingenious metallic
piston —*“ A~ spiral spring
coiled round the rabbing part
of the piston between the
upper and under plates ex-
pands outwards as the piston
screws are tightened; it hag
been used in many cases with
good effect.”

Jacos Pxaxins, London :
Boiler.

THomAs PExL, Manchester:
Steam-wheel, :

The Diana steam-boat, built
in Mr. Kyd’s yard, at Kidder~
pore near Calcutta, lauached
on the 12th of July; and on
the same day she made her
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odls, atid allow every fite-
eeder to mix them to his ownt
aste.

Jacos Perkins, London:
Zurnace—boiler.

Samuer Brow¥, London ¢
Jas-engine.

WiLtiam FurNivar, Droite
wich: Boiler.

James SmrrH, Droitwich$
Boiler.

1834,

Moses Isaacs, London: Ime
provements in details.

Mavurice pE Jovan, War-
rington: Combining coke oven
with an engine boiler,

Samuel Hay, Basford:
Decomposing the steam in &
greater or lesser degree in its
passage from the boiler to the
cylinder, under a pressure
superior to that of the atmos-
phere. The furnaces are
made air tight, and the vapour
which rises from the watet
enters the furnace, and this
mixtare of dgases and vapout
is conducted into the cylinder.

GeorGE VAUGHAN, Shef-
field: Double atmospherie en-
gine.

J. T. Pauy, London: Boiler
—a long copper pipe of small
diameter coiled round the in-
side of the furnace, g\'odncin
a conical figure, within whic|
the fuel is placed; a small
forcing pump injects the water
at one end, which escapes in
the form of steam at the other:
160 feet of a pipe 3-16th of an
inch internal diameter, suffi-
cient for a two horse power;
% ’plpes may be coated witlt
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. W. H. JaMes, Birmingham:
Steam-carriage.

S12GeoreECAvLEY, York:
Locomotive apparatus.

Joun M‘Curpy, London:
Tube boiler. “ One of these
tubes 11 feet 6 inches long,
6 inches diameter at the larger
end, .and 3 inches at the
smaller, produced as much
steam as a boiler containing
150 cubic feet.” This tube
is placed in a furnace, and
water is forced into it by a
forcing pump through a small
pipe called the injection bar-
rel;  “esch. chamber with
about a cubic inch of water,
injected at everystroke of the
gumy. will supply an engine

aving & four horse power.”

Pniute TayLor, London:
Horizontal cylinder— contri-
vance to stiffen the piston rod,
and lessen the tendency of the
gravitating action of the pis-
ton to alter the form of the
eyinder.

WiLLiam ForeMAN, Bath:
Steam-wheel.

PiERRe ALEGRE, London:
Boiler.

“ The Robert Fulton,
steam-ship, completely armned,
and filled with military stores,
and navigated by 30° Ameri-
can seamen, sailed from Bos-
ton, in September, for Greece ;
she was a present from the
freemen of America to the
freemen of the Levant.”

JouN MooRrk, Bristol : Con-

struction. -
Davip Gorpox, London:
Steam-carriage.
“Mr. Gordon’s application
of legs and feet differs from

643

Mr. Brunton’s (in 1813), ine
asmuch ax Mr. Brunton uses
a pair of feet only with their
leg appendages—these have a
reciprocating parallel mo-
tion. Mr. Gordon’s feet, or
rather his carriage feet, are
six in number, forming a con-
tinuous series by their being
attached to revolving cranks.
** The feet are placed in the
fore part of the carriage, and
raised by a light six throw
crank ; by its revolution they
are forced out against the
round in the manner of the
ind legs of & horse—the rods
or *leg boues’ are formed
hollow (as in nature); these
iron-rods are filled with wood,
(instead of marrow,) to com-
bine lightness with strength ;
the legs are attached to what
may be considered substitutes
for horses’ feet, although their
form Leing segments of circles
is very different.” * They
press against the ground by a
rolling sort of motion, causing
a sufficient adhesion to the sar-
face without either slipping
or digging it up, and adapt
themselves to any slight turn
of the carriage. The under
art of these feet (query soles)
1s_formed of cork, short hair,
whalebone, or any other stiff
and elastic material, placed
endways and supported by
iron teeth, which would take
effect in the event of the pack-
ing failing. In countries
where sledges are used for
travelling over snow, the ma.
chine may be placed on skates,
and the feet shud with suit-
able iron teeth,” Snow shoes .
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in this c¢ase, we doubt not,
would give all the resistance
wanted. The entire me-
chanism is one of the l;)est
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that has yet been prod
SamueL Browwn, Com-
mander in the Royal Navy:
Steam-boat machinery.
Mavupsray and FieLp, Lon:
don: Changing continually
the water used in the boilers
of steam-boat-engines, and
thus preventing the deposition
of salt.
1825.
WitLiaM Frangriy, Lon-
don: Self-acting feeder for

high pressure boilers.
i)n. A. TicrocH, London:

A steam-wheel. The Doctor's G

death happened before he
had completed a description
of this stheme—it was simi-
lar to Amonton’s wheel.
Burstart and Hiur, Lon.
don: Steam-catriage.
WiLLIAM GRISENTHWAITE,
Notts: Air-engine.
Steam-engines in operation,
at Glasgow, as stated by Mr,
Cleland: ;
L. Horse Power.
8pinning Cotton .......
Weaving. .o.vvvuniines
Raising.»s.... .
Bleaching, dyeing, print-
ing and discharging..
Calendeting ...
Grain grinding ........ 1
Fonnding.........

268

ceisaene

treesene

cecee

Distilling.......00neee 119
Engine making........ 62
Chemical operations.,.. 39
Machine making....... 37

Cartied Forward , %714

Ho#se Pother.
Brought Forward . . 2714
Snuff making.......... 23
Fine Brick making. 19
Sugar refining..... 18
Lamp-black making. ... 18
Twisting yarn......... 18
Bmith work..... 18
Grinding drugs .. 14
Coach making... 12
Glass grinding......... 12
Grinding malt and pump-
ing worts..... ceeeses 80
Grinding colours..... 14
Veneer sawing.. 10
Tambouring. .. . 10
Cautting wood. .. 18
‘Wool carding. 8
Pottery. .ooooooeneenes 1
Singeing muslins. . 6
LT AN [ |
Coppersmith....eeeeee. 4
L S
176 Engines exerting... 2970
58 Engines at coal mines 1411
7 Engines at stone guar-
Ties..... [
68 Engihes in steam-
boatS. .. ...eeeneens. 1926
Clyde Iron Work...... 60

Total 310 engines having 6406
horse powers; the average
33'" of each engine about

6 horse power.

This is exclusive of the en-
gines in nearly all the exten-
sive cotton works in the die
trict around Glasgow.

“ The difference of cost be-
tween the price of coals con-
sumed by an engine and the
keeg of horses must ever vary
with circumstances—a heavy
horse will consume 15 poutds
avoirdupois of oats, and 14
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saund: aveirdupois of hay &
ay. An engine of 30 horse
power, working 10 hours per
day in a mill, will consume,
on an average, in summer and
Wwinter, about 4 tons of coal
dross.”

N S AS8 Teceiv
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veasels, equidistant from each
other, placed over the fire;
their Plvots are placed oute
side of the furnace, a cog-
wheel on each of these axles
is made to revolve by a fifth
wheel, placed in the centrs
bet the four; water is

3 premium from the ise
trates of Glasgow for his im-
Rroved piston packing.

Lorp CocrrANE, Londan:
A method of propelling ships.

J. SunNDERLAND, Black-
heath: Combination of fuel—
one part of tar,one part of
saw-dust, and one part of
clay, mixed secundum artem,
and spread out for three
months—the mass may be
afterwards made into boluses,
and ‘“used as wanted;” a
dozen * will move” a four-
horse-power.

J. C. RADDATZ, and E, Ax-
BAN, Boiler,

'W. H. Jauzs, Birmingham:
Boiler,

GeoRGE CHAPMAN, of Whit-
by, proposes a scheme to pre-
vent the air which is to assist
in the combustion of the fuel
from getting into the furnace
in its' cold state, by casting
the grate bars hollow, which
open into two boxes: the front

has a register ; the back
box opens directly under the
fire bridge, which is made
double; the air in,
through the bars and tubes
is heated before it issues from
the back box to mingle with
the vapour which is to be
ignited.

‘TeomsoN and Burg, Chel-
sea: Boiler, Four cylindrical

supplied to the vessels by a
forcing pump; as the vessels
revolve, every part of the sure
face of each is submitted to
the action of the furnace.

Samuer BrowN, London:
Additions to former patent.
L'M’dJ' Bruxzr, London:

1qu en, 8e

3. Agu'l‘xg;x, London:
Construction.

16th August—The Enter-
prisesteam-packet leaves Fale
mouth for the East Indies—
arrives at the Cape of Good
Hope on the 13th of October.

“ Signal," says the Cape-
town Gazette, * having been
made soon after day light,
that she was standing into
Table Bay, a vast concourse
of people assembled on Green-
yomt, and at other places
rom whence a view of the
bay can be obtained. The
wind being light from the
southward the vessel steamed
to her anchorage in magni-
ficent style, uader a salute
from the castle. The greatest
distance run in any twenty-
four hours was one hundred
and ninesy miles by sailing—
by steaming one hundred and
sixty miles.”

‘HoMas Howarp, London:

Alcoholic vapour engine.

Josrax Easten, Bradford :

Stea iage and rail-readsy
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GOLDSWORTHY
London. Mr. Gurney trusts
to wheels for propelling his
carri; along level roads.
In up-hill work he calls in the
aid of legs and {cel. which
have been unkindly denomi-
nated crutches.

JouN GiLMAN,
SowerBy, London: Intro-
ducing vapour under the
igniu fuel in a farnace—to

P it, and p
heat by the inflammation of
its hydrogen !!

L.”"W. WgzierT, London:
Steam-wheel.

F. HaLLipay, Ham: Rota-
tory engine.

};SEPH Eve, Liverpool:
Steam-wheels.

J. M‘Curpy, London: Ge-
nerating steam.

JounN REEDHEAD, Heworth :
Machinery for steam-boats.

Joun “Moorg, Bristol:
Boiler—vertical tubes com-
municating with a steam-
chamber—the tubes are ar-
ran in a circular row,
within which the fire is
placed.

J. SurrEy, London : Appli-
cation of heat to boilers.

Davip GorpoN, London:
BSteam-boat—encloses the pad-
dle wheels in a case furnished
with & sluice for regulating
the supply of water; the
-water enters the case entirely
below the water ling; a ves-
sel or tank d over

GURNRY,

and W.
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with ‘a chevaux de frise, set
with pikes like a hedge-ho{s
back to break the force of the
waves rolling on board of &
vessel ; or a chevaux de frise
may be made to float on the
water to protect a ship when
at anchor, when lying- to, or
scudding through a heavy sea.

J. BLooMFIELD, and ! Lu-
cock, Birmingham: Propel-
ing vessels.

1826.

Jonn PooLx, Sheffield: Boiler.
—A series of flat vessels
placed one over the other;
communicating with each other
by means of short pipes.

A. A. Lorent, London:
Aljplying steam.

aMEs NeviiLe, London:
Generating steam.

BENNET W00DCROFT, Man-
chester: Paddles for steam-
boats. .

Samurr. Broww, London:
Additions to former patents—
propelling boats.

Henry HieainsoN, Lon-
don: Steam-boat.

MarqQuis pE Compis, Lon-
don : Rotatory engine.

RoBeRT MEIKELAM, -Lon-
don: Inflammation of gas in
aclosed cylinder toraise a pis-
ton—producing vapour from
alcohol within the cylinder,
by means of a piston heated
by a current of oil; a small
model on this plan acted with

weather side of boat, at a
considerable distance from it,
to keep the boat on an even
%eel ; surrounding a boat at
the height of the gunwale

iderable effect and preci-
sion. But Mr. Meikelam
found, in the slowness with
which the oil transmitted
heat, a difficulty in keeping
the surfaces which. had gene



L157 OF PATENSS,

rated the vspour at the re.
quired temperature.

‘WirLiax RosinsoN, Lon-
don: Steam-boat—the appa-
ratus is moveable, and may be
attached either to the stern or
stem of the boat,

Count EuGeNE DE Rosew,
London : For communicating
power.

T. B. WiLks, Tunbridge-
Hall: Generating steam.

James Yanpan, London:
Method of condensing vapour
b{ opposite currents—he ap-
g ies it in distilling ; and it has

een thought applicable to the
condenser of a steam-engine.

BursTary and Hivy, Leith:
Additions to former patent
for steam-carriage.

ELwag GarLoway, Lon-
don: Steam-wheel.

Joun CosTiaIN, Louth: Cy-
linder placed horizontal—a
method of preventing the ef-
fects of gravity in destroyin,
the figure of the cylinder ah
piston — boiler of “tubes— he
places boilers far apart from
the cylinders —and recom-
mends four cylinders.

CosTIGIN Tevives the me-
thod of guiding and impelling
ships by a stream of water
ejected from the stern—b
which a ship may be place:
in any position even after her
masts and rudder have been
lost. A small horizontal cy-
linder works two force pumps
—it differs little from Lin-
aker's scheme; all the ma-
chinery is placed below the
water line.

e4v

Improvements i the methed
of casting cylinders,

He exhausts the air from
the moulds by an air-pump,
and forces the fluid metal from
an air-tight reservoir beneath
into the moulds; air-holes,
honeycombs, and other flaws
are prevented, by this process,
from being formed in the
casting,

1827,

James ¥mazemr, London:
Boiler,

RoszrT CorPELAND, Lon.
don: Addition to former
patent.

RoBERT BARLOW, Chelsea ¢
Substitute for crank.

James and ROBERT STIR-
LING, Glasgow { Air-engines.

JonN Wuire, Southamp-
ton: Piston and valves.

W. PaARgINsoN, Barton™
Constructing and working an
engine for - communicating
power and motion.

Tromas Prck, London:
Revolving steam-engine.

Perer Bust, Limehouse:
Improved engine. )

o8N OLDHAN, Dublin:
Steam-boat machinery wheels.

WiLLiaM STRATTON, Lon-
don : Heating air by steam.

S12 W. CoNGREVE, Lon«
don: New motive gower.

Fox and Lean, Falmouth s
Various improvements.

Jacos Prrxins, London:
Additions to former patents,

-J. S. Hovuanp, Londons
Steam-carriage machinery.

P. STEINSTREET, Lon

W. CHURCH, Birmingham 3 Steam-boat machinery.
K
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Joux L. Steemxns, Ply.
mouth: Steam-boat machi-

nery.
Ay. M. Skenx, London:
Steam-boat machinery.
1828,

GoLpsworTHY GURNEY, Lon-
: Steam-carriage.
J. GiLBERTSON, Hertford :
Smoke-consumging furnace.
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Joun Evans, Wallingford:
Certain improvements.
J. T. BeALE, London : Com-
municating heat.
London :

J. NEviLLE,
Steam-carriage.

GEoRGE JACKSON, Dublin ¢
Steam-boat machinery.

FrEpERIC ApaMs, Essex:
Steam-carriage.

W. Haug, Colchester:
Steam-boat machinery.

FINIS,



Preparing for Publication by the same Author.
—_——
A

PRACTICAL TREATISE

ON THE

CONSTRUCTION

or

STEAM-ENGINES.

This will contain many rules for proportioning
their parts, and Tables for facilitating their appli-
cation in practice.

ILLUSTRATED BY NUMEROUS ENGRAVINGS.

It will be printed to correspond in size with the
“ Anecdotes of Steam-Engines,” and will form a
useful companion to these two volumes,
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