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XXVII, An Experimental Examination of the Quantity
and Proportion of Mechanic Power neceflary to be em-
ployed in giving different Degrees of Velocity to Heavy
Bodies from a State of Reff. By Mr. John Smeaton,
F.R.S.

R P;I;f;é 25, BOUT the year 1686 Sir ISAAC NEW-

i ton firft publithed his Principia, and,
conformably to the language of mathematicians of thofe
times defined, that  the quantity of motiop is the
¢ meafure of the fame, arifing from the velocity and
¢ quantity of matter conjointly.” Very foon after this
publication, the truth or propriety of this definition was
difputed by certain philofophers, who contended, that
the meafure of the quantity of motion fhould be efti-
mated by taking the quantity of matter and the fquare
of the velocity conjointly. There is nothing more
certain, than that from equal impelling powers, aéting
for equal intervals of time, equal increafes of velocity
are acquired by given bodies, when unrefifted by a me-
dium; thus gravity caufes a body, in obeying its impulfe
during one fecond of time, to acquire a velocity which
would carry it uniformly forward, without any addi-
tional impulfe, at the rate of 32 ft. 2 in. per fecond; and
if gravity is fuffered to act uvon it for two feconds, it

3 will
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will have, in that time, acquired a velocity that would
carry it, at an uniform rate, juft double of the former;
that is, at the rate of 64 ft. 4 in. per fecond. Now, if in
confequence of this equal increafe of velocity, in an
equal increafe of time, by the continuance of the fanme
impelling power, we define that to be a double quantity
of motion, which is generated in a given quantity of
matter, by the action of the fame¢ impelling power for
a double time; this will be co-incident with Sir 1sAAc
NEWTON’s definition abovementioned ; whereas, intrying
experiments upon the total effects of bodies in motion,
it appears, that when a body is put in motion, by what-
ever caufe, the impreffion it will make upon an uni-
formly refifting medium, or upon uniformly yielding
{ubftanees, will be as the mafs of matter of the moving
body, multiplied by the {quare of its velocity: the quef-
tion, therefore, properly is, whether thofe terms, the
quantity of motion, the momenta of bodies in motion, or
Jorces of bodies in motion, which have generally been
efteemed {ynonymous, are with the moft propriety of
language to be efteemed equal, double, or triple, when
they have been generated by an equable impulfe, aéting
for an equal, double, or triple time; or that it fhould be
meafured by the effeéts being equal, double, or triple, in
overcoming refiftances before a body in motion can be
ftopped? For, according as thofe terms are underftood in
this or that way, it will neceflarily follow, that the »z0-
menta of equal bodies will be as the velocities, or as the
fquares of the velocities refpectively; it being certain,

VoL. LXVI. Ooo that,
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that, whichever we take for the proper definition of the
term quantity of motion, by paying a proper regard to
the collateral circumtances that attend the application of
it, the fame conclufion, in point of computation, will re-
fult. I fhould not, therefore, have thought it worth
while to trouble the Society upon this fubject, had I not
found, that not only myfelf and other pratical artifts,
but alfo fome of the moft approved writers, had been
Hable to fall into errors, in applying thefe do@rines to
practical mechanics, by fometimes forgetting or neg-
leéting the due regard which ought to be had to thefe
collateral circumftances. Some of thefe errors are not
only very confiderable in themielves, but alfo of great
canfequence to the public, as they tend greatly to miflead
the practical artift in works that occur daily, and which
often require very great fums of money in their exe-

cution. I fhall mention the following inftances.
DESAGULIERS, in his fecond volume of Experimental
Philofophy, treating upon the queftion concerning the
forces of bodies in motion, after taking much pains to
thew that the difpute, which had then fubfifted fifty
years, was a difpute about the meaning of words; and
that the {fame conchufion will be brought out, when
things are rightly underftood, either upon the old or
new opinion, as he diftinguithes them; among other
things, tells us, that the old and rew opinion may be
eafily reconciled in. this inftance: that the wheel of an
underfhot water-mill is capable of doing quadruple work
when the velocity of the water is doubled, inftead of
4 double
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-double work only; ¢ becaufe (the adjutage being the
¢ fame), fays he, we find, that as the water’s velocity is-
¢ double, there are twice the number of particles of
¢ water that iflue out, and therefore the ladle-board is
¢ ftruck by twice the matter, which matter moving with
¢ twice the velocity that it had in the firft cafe, the
¢ whole effe¢t muft be quadruple, though the inftan-
¢ taneous ftroke of each particle is increafed only in a
¢¢ fimple proportion of the velocity.” See vol. II. Anno-
tations on lecture 6th, p. 92.

Again, in the fame volume, leéture 1 2th, p. 424. re-
ferring to what went before, he tells us, ¢ The know-
¢ ledge of the foregoing particulars is abfolutely necef-
¢ fary for fetting an underfhot wheel to work ; but the
¢ advantage to be reaped from it would be ftill guefs-
¢ work, and we fhould be ftill at a lofs to find out'the
¢ utmoft it can perform, if we had not an ingenious
¢ propofition of that excellent mechanic M. PARENT, of
¢ the Royal Academy of Sciences, who has given us a
“ maximum in this cafe, by thewing, that an underfhot
¢ wheel can do the moft work, when its velocity is equal
¢ to the third part of the velocity of the water that
¢ drives it, &c. becaufe then two-thirds of the water is
¢ employed in driving the wheel with a force propor-
“ tionable to the fquare of its velocity. If we mul-
¢ tiply the furface of the adjutage or opening by the
“ height of the water, we fhall have the column of wa~
¢ ter that moves the wheel. The wheel thus moved will
“ fuftain on the oppofite fide only four-ninths of that

Ooo2 “ weight,
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¢ weight, which will keep it in equilibrio; but what it
¢ can move with the velocity it goes with, will be but
¢ one-third of that weight of equilibriumj; that is, £ths
¢ of the weight of the firft column, &c.—This is the
“ utmott that can be expected.”

The fame conclufion is likewife adopted by macrLavu-
RIN, in art. go7. p. 728. of his Fluxions, where, giving
the fluxionary deduction of M. PARENT’s propofition,
he fays, “that if A reprefents the weight which would
¢¢ balance the force of the ftream, when its velocity is
¢ g3 and U reprefents the velocity of the part of the en-
‘ gine, which it ftrikes when the motion of the machine
¢ is uniform, &c.—the machine will have the greateft
“ effect when v is equal tog; that is, if the weight that
“ is raifed by the engine be lefs than the weight which
¢ would balance the power, in the proportion of 4 to 9,
¢ and the momentum of the weight is i}f

Finding that thefe conclufions were far from the
truth ; and feeing, from many other circumitances, that
the practical theory of making water and wind-mills was
but very imperfetly delivered by any author I had then
an opportunity of confulting(+; in the year 17 51 Ibegan

a courfe

3

(a) BELIDOR, Architeture Hydraulique, greatly prefers the application of
water to an underfhot mill, inftead of an overfhot; and attempts to demonftrate,
that water applied underfhot will do fix times more execution than the fame
applied overfhot, See vol L. p.286. While DEsAGULIERS, endeavouring to

invalidate what had been advanced by BELIDOR, and greatly preferring an over-
thot
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a courfe of experiments upon this fubjet. Thefe expe-
riments, with the conclufions drawn from them, have
already been communicated to this Society, who printed
them in vol. LI. of their Tranfactions for the year 1759,
and for this communicationIhad the honourof receiving
the annual medal of Sir GODFREY COPLEY, from the
hands of our very worthy Prefident the late Earl of
MACCLESFIELD. Thofe experiments and conclufions
ftand uncontroverted, fo far as I know, to this day; and
having fince that time been concerned in direting the
conftruétion of a great number of mills, which were all
executed upon the principles deduced from them, I have
by that means had many opportunities of comparing the
effe¢ts actually produced with the effects which might
be expected from the calculation; and the agreement,
I have always found between thefe two, appears to
me fully to eftablith the truth of the principles upon

fhot to an underfhot, fays, Annotat, on lefture r2. vol. IL. p. 532. that from
his own experience, ¢ a well-made overfhot mill ground as much corn in the
¢ fame time with ten times lefs water ;” fo that betwixt BELIDOR and DEsA-
GULIERSs here is a difference of no lefs than 60 to 1.

Again, BELIDOR, vol. Il. p. 72. fays, that the center of gravity of each fail
of a wind-mill fhould travel in its own circle with one-third of tlie velocity of
the wind ; fo that, taking the diftance of this center of gravity from the center
of motion at 20 feet, as he ftates it p. 38. art. 849. the circumference will be
exceeding 126 feet Englifh meafure: a wind, therefore, to make the mill go
twenty turns per minute, which they frequently do with a frefh wind and all
their cloth fpread, would require the wind to move above eighty miles an hour ;
a velocity perhaps hardly equalled in the greateft florms we experience in this

elimate. .
which
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which they were conftructed, when applied to great
works, as well as upon a fmaller {cale in models.

Refpelting the explanatory deduction of pEsaGu-
1Li1ERs in the firft example abovementioned, which, in-
deed, I have found to be the commonly received doétrine
among theoretical mechanics, it is thewn, Phil. Tranf.
vol. LI. p. 120, 121, and 123. part I. maxim 4. that,
where the velocity of water is double, the adjutage or
aperture of the fluice remaining the fame, the effect is
eight times; that is, not as the {quare but as the cube of
the velocity; and the fame is inveftigated concerning the
power of the wind arifing from difference of velocity,
p. 156. being part 3. maxim 4.

The conclufion in the fecond example' abovemen-
tioned, adopted both by DESAGULIERS and MACLAURIN,
is not lefs wide of the truth than the foregoing; for if
that conclufion were true, only ;tths of the water ex-
pended could be raifed back again to the height of the
refervoir from which it had defcended, exclufively of all
kinds of fri¢tion, &c. which would make the aétual
quantity raifed back again ftill lefs; that is, lefs than
one-feventh of the whole; whereas it appears, from table
I p. 115. of the faid volume, that in fome of the expe-
riments there related, even upon the {mall {cale on which
they were tried, the work done was equivalent to the
raifing back again about one quarter of the water ex-
pended; and in large works the effect is ftill greater, ap-
proaching towards half, which feems to be the limit for
the underfhot mills, as the whole would be the limit for

the
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the overfhot mills, if it were poffible to fet afide all fric-
tion, refiftance from the air, &c. fee p. 130.

The velocity alfo of the wheel, which, according to:
M. PARENT’s determination, adopted by DESAGULIERS.
and MACLAURIN, ought to be no more than one-third of
that of the water, varies at the maximum in the above-
mentioned experiments of table 1. between one third:
and one half; but in all the cafes there related, in which.
the moft work is performed in proportion to the water ex-
pended, and which approach the neareft to the circuin-
ftances of great works, when properly executed, the
maximum lies much nearer to one half than one third;
one half feeming tobe the true maximum, if nothing were
loft by the refiftance of the air, the fcattering of the water
carried up by the wheel, and thrown eff by the centri-
fugal force, &c. all which tend to diminith the effect
more, at what would be the maximum if thefe did not
take place, than they do when the motion is a little
flower.

Finding thefe matters, as well as others, to come out:
in the experiments, fo very different from the opinions
and calculations of authors of the firft reputation, who,
reafoning according to the Newtonian definition, muft
have been led into thefe errors from a want of attending to
the proper collateral circumftances; I thought it very ma-
terial, efpecially for the practical artift, that he thould
make ufe of a kind of reafoning in which he thould not
be {o liable to miftakes; in order, therefore, to. make this
matter perfedly clear to myfelf, and poflibly fo to others,

L refolved
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I refolved to try a fet of experiments from whence it
might be inferred, what proportion or quantity of me-
chanical power is expended in giving the fame body dif-
ferent degrees of velocity. This {cheme was put in exe-
cution in the year 17 59, and the experiments were then
fhewn to feveral friends, particularly my very worthy and
ingenious friend Mr. WILLIAM RUSSELL.

In my experimental inquiry concerning the powers
of water and wind before referred to, I have, p. 1035.
part 1. defined what I meant by power, as applied to
pradtical mechanics, that is, what I now call mechanical
power; which, in terms fynonymous to thofe there ufed,
may be f{aid to be meafured by multiplying the weight
of the body into the perpendicular height from which it
can defcend; thus the fame weight, defcending from a
double height, is capable of producing a double me-
chanical effect, and is therefore a double mechanical
power. A double weight defcending from the fame
height is alfo a double power, becaufe it likewife is capa-~
ble of producing a double effect; and a given body, de-
{cending through a given perpendicular height, is the
fame power as a double body defcending through half
that perpendicular; for, by the intervention of proper
levers, they will counter-balance one another, conforma-
bly to the known laws of mechanics, which have never
been controverted. It muft, however, be always un-
derftood, that the defcending body, when ating as a
meafure of power, is fuppofed to defcend flowly, like the
weight of a clock or a jack; for, if quickly defcending,

3 it
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it is fenfibly compounded with another law, vi%. the
law of acceleration by gravity.

DESCRIPTION OF THE MACHINE.

AB is the bafe of the machine placed upon a table.

Ac is a pillar or ftandard.

cD is an arm, upon the extremity of which is fixed a
plate fg, whichis herefeen edge-ways, through which is a
fmall hole for receiving a fmall fteel pivot ¢, fixed in the
top of the upright axis eB; the lower end of this axis
finithes in a conical fteel point, which refts upon a {fmall
cup of hard fteel polifhed at .

H1 is a cylinder of white fir, which paffes through a
perforation in the axis, and therein fixes; and, upon the
two arms formed thereby, are capable of {liding

KL two cylindric weights of lead of equal fize, which
are capable of being fixed upon any part of the cylindric
arms, from the axis to their extremities, by means of two
thin wedges of wood. The two weights, therefore, being
at equal diftances from the center, and the axis perpen-
dicular, the whole will be balanced upon the point at B,
and moveable thereupon by an impelling power, with
very little friction.

Upon the upper part of the axis are formed mn, two
cylindrical barrels, whereof ™ is double the diameter
of N; they have a little pin ftuck into one fide of each
at 0, p. ’

Qs a piece capable of {liding higher or lower, as occa-
fion requires; and carries

Vor. LXVIL, Ppp Ra



460 Mr. SMEATON o0#n Mechanic Power.

R a light pulley of about three inches diameter, hung
‘upon a fteel axis, and moveable upon two fmall pivots.

The plane of the pulley, however, is not directed to the
middle of the upright axis, but a little on one fide, o as
to point (at a mean) between the furface of the bigger
barrel and the lefs.

s is a light fcale for receiving weights, and hangs by a
fmall twine, cord, or line, that paffes the pulley, and ter-
minates either upon the bigger barrel or the lef$, as may
be required ; the fliding-piece @ being moved higher or
lower for each, that the line, in pafling from the pulley
to the barrel, may be nearly horizontal. The end
of the line, that is furtheft from the fcale, is termi-
nated by a {mall loop, which hangs on upon the pin o, or
the pin p, according as the bigger or the lefler barrel is to

. be ufed.

Now, having wound up a certain number of turns of
the line upon the barrel, and having placed a weight in
the fcale s, it is obvious, that it will caufe the axis to turn
round, and give motion to its arms, and to the weights of
lead placed thereon, which are the heavy bodies to be
put in motion by the impulfe of the weight in the {cale;
and when the line is wound off to the pin, the loop flips
off, and the fcale then falling down, the weight will ceafe
to accelerate the motion of the heavy bodies, and leave
them revolving, equably forward, with the velocity they
have acquired, except fo far as it muft be gradually lef-
{ened by the fri¢tion of the machine and refiftance of the
air, which being fmall, the bodies will revolve fometime
before their velocity is apparently diminifhed.

MEASURES
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MEASURES OF SOME PARTS OF THE MACHINE.

inches.
Diameter of the cylinders of lead, or the heavy
. } 2,57
bodies,
Length of ditto, 1,56
Diameter of the hole therein, 37 2

Weight of each cylinder 3 1bs. Avoirdupois.
Greater diftance of the middle of each body }
. 8,25
from the center of the axis,
The {maller diftance of ditto, 3,92

10 turns of the fmaller barrel raifes the f{cale, }2 ”s
5 ditto of the bigger ditto, 525

When the bodies are at the {maller diftance above {pe~-
cified from the axis of rotation, they are then in effect at
half the greater diftance from that axis; for, fince the axis
itfelf, and the cylindric arms of wood, keep an unvaried
diftance from the center of rotation, the bodies them-
felves muft be moved nearer than half their former
diftance, in order that, compounded with the unvariable
parts, they may be virtually at the half diftance. In
order to find this half diftance nearly, I put in an arm of
the fame wood, that only went through the axis, without
extending in the oppofite direction; one of the bodies
being put upon the end of this arm, at the diftance of
8,25 inches, the whole machine was inclined till the
body and arm became a kind of pendulum, and vibrated

Ppp2 at
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at the rate of g2 times per minute; and as a pendulum of
the half length vibrates quicker in the proportion of
~1 to /23 that is, in the proportion of g2 to 130 nearly;
therefore, keeping the fame inclination of the machine, the
weight was moved upon the arm till it made 130 vibra-
tions per minute; which was found to be, when it was at
3,92 inches diftance from the center as above ftated,
which is about xths of an inch nearer than the half
diftance. The double arm was then put in, and marked
accordingly, and the bodies being mounted thereon,
the whole was adjufted ready for ufe; and with it were
tried the following experiments, each of which was re-
peated {o many times as to be fully fatisfactory.

TABLE
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TABLE OF EXPERIMENTS.

Ounces Barrel ufed, | 'The Arms, |Number of Time of the |Time in mak-
Avoirdu- |M the bigger, |W the whole, |Turns of the [Defcent of the|ing 20 Revolu-f
No| pois in the |N the fmaller. |H the Half-  |Linc wound onfWeight in the |tions withequa-
Scale. length. the Barrel. Scale. ble Motion.
" i
| 8 M w 5 147 29 |
2| 8 N w 10 282 297
3| 8 N W 2f | 14 | 582
4| 32 M w 5 7 14
5| 32 N w 10 14 143
6| 32 N w 25 7 283
3
70 8 M H 5 7 I43
8| 8 N H 10 14 15
9/ 8 N H 21 7 30%
Il 2 3 4 5 6 7

The 58”2 in number 3, column 7, was deter-
mined in fact from 29”;, being the time of making 10
equable revolutions, after the weight was dropped off,
in order to prevent the fenfible retardation that might
take place, and afte¢t the obfervation, if continued for 20
revolutions made fo {lowly.

FURTHER
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FURTHER DEFINITION S.

I have already defined what I mean by mechanic
power ; but, before I proceed further, it will be neceffary
alfo to define the following terms:

Impulfe or Impulfion, By all which, I under-

Impulfive Force or Power, } ftand the uniform en-

Impelling Force or Power, J deavour that one body
exerts upon another, in order to make it move; and that,
whether it produces or generates motion by this endea-
vour or not; and the quantity of this impelling power
may be meafured either by its being a weight of itfelf,
or by being counter-balanced by a weight. It may alfo
act either immediately upon the body to be moved, {o
that if motion is the confequence, they move with the
fame velocity; and that, either by a fimple contaét, or by
being drawn as by a cord, or pufhed as by a ftaff: or it
may act by the intervention of a lever or other mechanic
inftrument, in which the velocity of the body to be
moved may be very different from the velocity of the
impelling power or mover; but in comparing them, the
impelling powers muft be reduced according to the pro-
portional velocities of the mover and moved; or, in levers
of different lengths, they may be compared by a ftandard
length of lever, which is the method taken in the {fubfe-
quent reafoning upon the preceding experiments. An
impelling power, therefore, confifting of a double
weight, or requiring a double weight to counter-balance
it, when acting with equal levers, is a double impelling
power, or an impelling power of double the intenfity.

' OBSER-
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OBSERVATIONS AND DEDUCTIONS FROM THE PRECEDING
EXPERIMENTS.

1{t, By the firft experiment it appears, that the me-
chanic power employed, confifting of 8 ounces in the
{cale, deliberately defcending (by 5 turns of the bigger
barrel) through a perpendicular {pace 2 5 inches, will
reprefent the quantity of mechanic power which caufes
the two heavy bodies, from a ftate of reft, to acquire a
velocity, fuch as to carry them equably through 20 cir-
cumferences of their circle of revolution in the {pace of
29”5 and that the time in which the mechanic power
produced this effect was 14, as appears by column 6th.
And this mechanic power we fhall exprefs by the num-
ber 202, the product of the number of ounces in the
{calemultiplied by the inches in its perpendicular defcent,
for 8x 25;=202.

2d, By the fecond experiment, as 10 turns of the
{maller barrel are equal to the fame perpendicular height
as 5 turns of the bigger, it follows, that the fame me-
chanic power, /. 202, acting upon the fame heavy
bodies to accelerate them, produces the very fame effect
in generating motion in the bodies as it did before, v/z.
2.0 revolutions in 29”3, the fmall difference of 1 of a fe-
cond being no more than may reafonably be attributed to
the unavoidable errors arifing from fri¢tion of the ma-
chine, want of perfect accuracy in its meafures, refiftance
of the air, and imperfections in the obfervations them-
felves, which muft not only be allowed for in this, but

2 the
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the reft; but as the impelling power is acting here upon
a lever of but half the length, and, confequently, but
half the intenfity, when referred to the bodies to be
moved, it takes juft double the time to generate the fame
velocity therein.

DEDUCTION. It appears from hence, that the fame
mechanic power is capable of producing the fame velo-
city in a given body, whether it is applied fo as to pro-
duce it in a greater or a lefler time; but that the time
taken to produce a given velocity, by an uniformly con-
tinued action, is in a fimple inverfe proportion of the
intenfity of the impulfive power.

3dly, The third experiment being made with 2 turns
of the leffer barrel, the fame weight in the fcale of 8
ounces defcending only one quarter part of the former
perpendicular, the mechanic power employed will be
only one quarter part of the former, viz. gol; but as
one quarter part of the mechanic power produces half
of the former velocity in the heavy bodies; that is, they
make 20 revolutions in 58”73 that is, nearly 10 revolu-
tions in 29”; we may conclude, in this inftance, that
the mechanic power, employed in producing motion, is
as the {quare of the velocity produced in the fame body;
and that the velocity produced is as the time that an
impelling power, of the fame intenfity, continues to act
upon it, as appears by the near agreement of numbers
2 and 3, column 6th.

4thly, In the fourth experiment, the apparatus is the
{fame as the firft, only here the weight in the fcale is 32

ounces; that is, the impelling power is the quadruple of
the
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the firft, and hereby a double velocity is given to the bo-
dies; for they make 20 revolutions in ¥4/y which is a
fmall matter lefs than half the time taken up in making
20 revolutions in the firft experiment. It alfo appears,
that the velocity acquired is fimply as the impelling
power compounded with the time of its action; for a
quadruple impulfion acting for 7” inftead of 14" gene-
rates a double velocity, while the mechanic power em-
ployed to generate it is quadruple, for 32x25;=808.
And here the mechanic power employed being four
times greater than the firft, it holds here alfo, that the
mechanic power, to be neceflarily employed; is as the
fquare of the velocity tobe generated ; that is, in the fame
proportion as turned out in the third experiment, where
the mechanic power employed was only a quarter part
of the firft.

sthly, The fifth and fixth experiments were made
with a mechanic power four times greater than thofe
employed in numbers 2 and 3 refpe&ively; and fince
the fame deductions refult from hence as from numbers
2 and 3, they are additional confirmations of the con«
clufions drawn from them and from the laft article.

6thly, In the feventh experiment, the difpofition of
the apparatus is the fame as number 1, only here the
bodies are placed upon the arms at the half-length ; from
whence it appears, that the fame mechanic power ftill
produces the fame velocity in the fame bodies; forthough
20 revolutions were performed in 143 (fee column 7)

VoL. LXVIL Qqgq which
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which is nearly half the time that 20 revolutions were
performed in the firft experiment; yet, fince the circles
in which the bodies revolved in the {eventh are only of
half the circumference as thofe of number 1, it is ob-
wvious, that the abfolute velocity acquired by the moving
bodies in the two cafes is equal. But, by column 6th,
the time in which it was generated is only half; yet, not-
withftanding, this will coincide with the former conclu-
fions, if the intenfity of the impelling power is com-
pounded therewith; for, though the barrel was the fame
with the fame number of turns as in number 1, and
therefore the lever the fame, by which the impelling
power acted, yet, as the bodies, upon which this lever was
to a&, were placed upon a lever of only half the length
from the center, the impelling power, ating by the firft
lever, would a¢t upon the fecond with double the inten-
fity, according to the known laws of mechanics; that is,
it would require a double weight oppofing the bodies, to
prevent their moving, in order to balance it. Animpul-
five power, therefore, of double the intenfity, aéting for
half the time, produces the fame effect in generating mo-
tion, as an impulfive power, of half the intenfity, acting
for the whole time.

#thly, The eighth and ninth experiments afford the
fame deduéctions and confirmationsrelative to the {feventh
experiment, that the fifth and fixth do refpeéting the
fourth, and that the fecond and third do refpecting the
firft; and from the near agreement of the whole, when

the
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the neceflary allowances before mentioned are made, to~
gether with fome {mall inequality arifing from the me-
chanical power loft by the difference of the motion given
by gravity to the weight in the {cale: I fay, from thefe
agreements, under the very different mechanical powers
applied, which were varied in the proportion of 1 to 16,
we may fafely conclude, that this is the univerfal law of
nature, refpeting the capacities of bodies in motion to
produce mechanical effects, and the quantity of mechanic
power neceflary to be employed to produce or generate
different velocities (the bodies being fuppofed equal in
their quantity of matter) ; that the mechanic powers to
be expended are as the fquares of the velocities to be ge-
nerated, and vice ver/d; and that the fimple velocities
generated are as the impelling power compounded with,
or multiplied by, the time of its action, and vice ver/d.

We fhall, perhaps, form a ftill clearer conception of
the relation between velocities produced, and the quan-
tities of mechanic power required to produce them; to-
gether with the collateral circumftances attending, by
which thefe propofitions, feemingly two, are reconciled
and united, by ftating the following popular elucidation,
which, indeed, was the original idea that occurred to me
on confidering this fubject; to put which to an experi-
mental proof gave birth to the foregoing apparatus and
experiments. ‘

Suppofe then a large iron ball of 10 feet diameter,
turned truly fpherical, and fet upon an extended plane of
the fame metal, and truly level. Now, if a man begins to

Qqqz2 puth
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pufh at it, he will find it very refifting to motion at firft ;
but, by continuing the impulfe,he will gradually getitinto
motion, and having nothing to refift it but the air, he will,
by continuing his efforts, at length get it to roll almoft as
faft as he can run. Suppofe now, in the firft minute he
gets it rolled through a fpace of one yard; by this motion,
proceeding from reft (fimilar to what happens to falling
bodies) it would continue to roll forward at the rate of
two yards per minute, without further help; but fup-
pofing him to continue his endeavours, at the end of ano-
ther minute he will have given it a velocity capable of
carrying it through a fpace of two yards more, in addition
to the former, that is, at the rate of four yards per mi-
nute ; and at the end of the third minute, hie has again
added an equal increafe of velocity, and made it proceed
at the rate of fix yards per minute; and fo on, increafing
its velocity at the rate of two yards in every minute. The
man, therefore, in the {pace of every minute exerts an
equal impulfe upon the ball, and generates an equal in-
creafe of movement correfpondent to the definition of
Sir 1IsAAC NEWTON. But let us fee what happens befides :
the man, in the firft minute, has moved but one yard
from where he fet out; but he muft in the fecond minute
move two yards more, in order to keep up with the ball;
and as he exerted an impulfe upon it, o as at the end of
fecond minute to have given it an additional velocity of
the two yards, he muft alfo in this time have gradually
changed its velocity from the rate of two yards per mi-
nute to that of four, and the {pace, that he will of confe-

3 quence
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quence have a&tually been obliged to go through in the
fecond minute, will be according to the mean of the ex~
tremes of velocity at the beginning and end thereof,
that is, three yards in the {econd minute; fo that being
one yard from his original place at the beginning of the
fecond minate, at the end of it he will have moved the
fum of the journies of the firft and fecond minute, that
is, in the whole four yards from his original place. As
he has now generated a velocity in the ball of four yards
per minute, in the third minute he muit travel four yards
to keep up with the ball, and one more in generating the
equal increment of velocity; fo that in the third minute,
he muft travel five yards to keep up the fame impelling
power upon the ball that he did in the firft minute in
travelling one, fo that thefe five yards. in the third mi-
nute, added to the four yards that he had travelled in the
two preceding minutes, fets him at the end of the third
minute nine yards from whence he fét out, having then
given the ball a velocity capable of carrying it uniformly
forward at the rate of fix yards per minute, as before
ftated. We may now leave the further pur{uit of thefe
proportions, and: fee how the account ftands. He gene-
rated avelocity of twoyards per minute in the firt minute,
the {quare of which is four, when he had moved but one
yard from his place; and he had generated a velocity of fix
yards per minute, the fquare of which is.thirty-fix, at the
end of the third minute, when he had travelled nine
'yards from his place. Now, fince the {quare of the ve-

locity, generated at the end of the firft minute, is to that
ot
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of the velocity generated at the end of the third minute,
as 4: 36, that is, as 1 : 9; and fince the fpaces, moved
through by the man to communicate thefe velocities, are
alfo as 1 : 9, it follows, that the {paces through which
thé man mutit travel, in order to generate thefe velocities
refpectively (preferving the impelling power perfectly
equal), muft be as the fquares of the velocities that are
communicated to the ball; for, if the man was to be
brought back again to his original place by a mechanical
power, equally exerted upon the man equally refifting,
this would be the meafure of what the man has done in
order to give motion to the ball. It therefore directly
follows, conformably to what has been deduced from the
experiments, that the mechanic. power that muft of ne-
ceflity be employed in giving different degrees of velocity
to the fame body, muft be as the {quare of that velocity;
and if the converfe of this propofition did not hold, v7z.
that if a body in motion, in being ftopped, would not
produce a mechanical effeét equal or proportional to the
fquare of its velocity, or to the mechanical power em-
ployed in producing it, the effe would not correfpond
with its producing caufe.

Thus the confequences of generating motion upon a
level plane exactly correfpond with the generating of
motion by gravity; o7z. that though in two feconds of
time the equal impulfive power of gravity gives twice the
velocity to a body that it does in one fecond, yet this col-
lateral circumftance attends it, that at the end of the
double time, in confequence of the velocity acquired in

2 the
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the firft half, the body has fallen from where it fet for-
ward through four times the perpendicular; and, there-
fore, though the velocity is only doubled, yet four times
the mechanical power has been confumed in producing
it, as four times the mechanical power muft be expended
in bringing up the fallen body to its firft place.

This then appears to be the foundation, not only of
the difputes that have arifen, but of the miftakes that
have been made, in the application of the different defi-
nitions of quantity of motion; that while thofe, that
have adhered to the definition of Sir 1saAc NEWTON,
have complained of their adverfaries, in not confidering
the time in which effeés are produced, they themfelves
hdve riot always taken into the account the {pace that
the impelling power is obliged to travel through, in pro-
ducing the different degrees of velocity. It feems, there-
fore, that, without taking in the collateral circumftances
both of time and fpace, the terms, quantity of motion,
momentum, and force of bodies in motion, are abfolutely
indefinite; and that they cannot be fo eafily, diftinély,
and fundamentally compared, as by having recourfe to
the common meafure, viz. mechanic power.

Fromthe whole of what has been inveftigated, itthere-~
fore appears, that time, properly fpeaking, has nothing
to do with the production of mechanical effects, other-
wife than as, by equally flowing, it becomes a common
meafure; fo that, whatever mechairiical effect is found to
be produced in a given time, the uniform continuance of
the action of the {fame mechanical power will, in a double

time,
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time, produce two fuch effets, or twice that effect. A
mechanical power, therefore, properly {peaking, is mea=
{ured by the whole of its mechanical effe¢t produced,
whether that effe¢t is produced in a greater or a lefler
time; thus, having treafured up rooo tuns of water,
which I.can let out upon the over-fhot wheel of a mill,
and defcending through a perpendicular of 20 feet, this
power applied to proper mechanic infiruments, will pro-
duce a certain effect, that is, it will grind a certain quan-
tity of corn; and that, at a certain rate of expending it,
it will grind this corn in an hour. But fuppofe the mill
equally adapted to produce a proportionable effect, by
the application of a greater impulfive power as with a
lefs, then, if I let out the water twice as faft upon the
wheel, it will grind the corn twice as faft, and both the
-water will be expended and the corn ground in half an
hour. Here the fame mechanical effect is produced;
viz. the grinding a given quantity of corn, by the fame
mechanical power, /2. 1000 tuns of water defcending
through a given perpendicular of 20 feet, and yet this
effe¢t is in one cafe produced in half the time of the
other. What time, therefore, has to do in the bufinefs
is this: let the rate of doing the bufinefs, or producing
the effect, be what it will, if this rate is uniform, when I
have found by experiment what is done in a given time,
then, proceeding at the {fame rate, twice the effet will be
produced in twice the time, on fuppofition that I have a
fupply of mechanic power to go on with. Thus 1000
tuns of water, defcending through 20 feet of perpen-

dicular,
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dicular, being, as has been fhewn, a given mechanic
power, let me expend it at what rateIwill, if when this is
expended, I muft wait another hour before it be renewed,
by the natural flow of a river, or otherwife, I can then
only expend twelve fuch quantities of power in 24
hours; but if, while I am expending 1000 tuns in one
hour, the ftream renews me the fame quantity, then I
can expend 24 fuch quantities of power in 24 hours;
that is, I can go on continually at that rate, and the pro-
duct or effect will be in proportion to time, which is the
common meafure; but the quantity of mechanic power
arifing from the flow of the two rivers, compared by
taking an equal portion of time, is double in the one to
the other, though each has a mill, that, when going, will
grind an equal quantity of corn in an hour.

Vor. LXVI. Rrr XXVIII. 4new



