










John Norton

John Norton

John Norton

John Norton

John Norton

John Norton

John Norton





Movement by
imperceptible
degrees for
greatest
effect.



Movement by imperceptible degrees for greatest effect. 

John Norton

John Norton

John Norton

John Norton


Machines in
general, not
particular
machines.



Machines in general, not particular machines. 

John Norton







John Norton





(éﬂ'(ef{hnur(} (s lMﬂW(ﬂ/Ié’

O - dx _ ndgs
M A+3"'

AV — BU










Perfectly
elastic
bodies
contrasted
with "hard"
bodies.
Hard =
inelastic














John Norton
Perfectly elastic bodies contrasted with "hard" bodies. Hard = inelastic










John Norton

John Norton


- Momentum _

First law is
conservation of
momentum.

Characterizes
fully inelastic
collisions.

Below: “hard” =
inelastic.


John Norton
Characterizes fully inelastic collisions.

Below: “hard” = inelastic.

John Norton

John Norton

John Norton

John Norton

John Norton

John Norton
= Momentum

John Norton
First law is conservation of momentum.


Hard =
inelastic T pe W

Problem
posed








John Norton
Hard = inelastic

John Norton

John Norton

John Norton

John Norton

John Norton

John Norton
Problem posed


Pefectly hard is -
incompressible, _ _ _

inextendible





John Norton
Pefectly hard is incompressible, inextendible

John Norton

John Norton

John Norton





I'm lost. Secondary literature identifies this asequlva*
_ conservation of mv/2. i.e. of kinetic energy.

Geometrical They are

movements bI
defined reversible.


John Norton
Geometrical movements defined

John Norton
I’m lost. Secondary literature identifies this as equivalent to conservation of mv^2.�

John Norton

John Norton

John Norton
They are reversible.

John Norton


Footnote makes clear that “geometrical motion” = motion admitted by the geometry of the rigid members,
independent of force considerations..


John Norton
Footnote makes clear that “geometrical motion” = motion admitted by the geometry of the rigid members, independent of force considerations..

John Norton





- P. 313. (F) is identified as a statement of the conservation o
momentum of an isolated, rigidly connected system of masses..


John Norton

John Norton

John Norton

John Norton
P. 313. (F) is identified as a statement of the conservation of momentum of an isolated, rigidly connected system of masses..




John Norton

John Norton

John Norton
















John Norton











Momentum is conserved in
inelastic collisions.


John Norton

John Norton

John Norton
Momentum is conserved in inelastic collisions.

John Norton


Resultant of inelastic collisions is that

geometrically possible motion that
_ minimizes sum mv/2, i.e. kinetic energy.


John Norton
Resultant of inelastic collisions is that geometrically possible motion that minimizes sum mv^2, i.e. kinetic energy. 

John Norton







John Norton




John Norton











THE
PHILOSOPHICAL MAGAZINE:

COMPREHENDING

THE VARIOUS BRANCHES OF SCIENCE,
THE LIBERAL AND FINE ARTS,

AGRICULTURE, MANUFACTURES,‘
AND

COMMERCE.

<

X
BY ALEXANDER TILLOCH, *
HONORARY MEMBER OF THE ROYAL IRISH ACaDEMY, &c. &c. &c.

~
¢ Nec aranearum sane textus ideo melior quia ex se fila gignunt, nec noster
vilior quia ex alienis libamus ut apes.”  Just. Lies. Monit, Polit, lib. i. cap. 1,

e R e
, VOL. XXXI.
For JUNE, JULY, AUGUSL and SEPTEMBER, 1308.

e e

LONDON:
PRINTED BY RICHARD TAYLOR AND CO., SHOE LANE:

And sold by Ricuarpson; Capkrr and Davies; Loweman, Hurst,
Regs, and Ormr; Symonps; Vernor, Hoop, and Suaree;
Harping; Hicurey; Londou: Bevntl and BrapruTk,
Edinburgh: Brasu & Reip, and D. Niven, Glasgow:
and Giusert and Hobcgs, Dublin,

S

P C LT £
ody NGO
NNy ,\

o




28 On Machines in General.

The analysis leaving nothing further to be done, the con-
tents of this water may be stated as follows, viz.

Contents in one Gallon. Inone Pint.
Grains. Grains.
Muriate of soda -« - 21975 27-46875
Sulphate of magnesia 9825 19:28125
Sulphate of soda - 8001 10°00125
Muriate of magnesia 40°00 5
Muriate of lime - - 3600 45
Carbonate of iron - 7:15 *89375
Sulphate of lime - 850l 10°62625
566°17 70°77125
Cubic inches. Cubic inches.
Carbonic acid gas - 12:07 1:50875
Oxygen gas - = = 403 50375
Atmospheric air - - 1-21 OGS
17°31 2:16375

[To be continued.]}

V. Essay upon Machines in General, By M. Carxot,
Memlber of the French Institute, &c. &c.

[Concluded from vol. xxx. p. 320.]

Fourta COROLLARY.

XXVI. I HAVE proved (XIX) that the indeterminate
_ contains all the laws of cquilibrium and of

movement in hard bodies: I now go further, and I say

that this equation EgEESEEHaly— o

50, and consequently this general jaw extends discrimi=
EEsiymosiisbosisssmmEme [0 fact. when several bodies,
which arc pmumissml, act upon cach other, in any given
manner, if we conceive the movement that each particle
would have taken, if it had been free, as decomposed into
two, one of which is what it would have really taken, the
other will be destroyed; whence it evidently follows, that
if the bodies had been hard, aud had not had other move-

mernits
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ments than the latter, there would have been an equilibrium :
these destroyed movements are therefore subjected to the
same laws, have the same relations to each other, and, lastly,
may be determined in the same manner as if the bodies were
hard, i.e. by the general equation (F). This equation (F)
is not confined therefore to hard bodies, it also belongs to
all the bodies in nature, and consequently contains all the
laws of equilibrium and of movement, not only for the first,
but even for all the others, whatever may be their degree of
compressibility : but thie difference consists in this ; that we
may, with respect to hard bodies, suppose z = V ; in such
amanner that s m V U cosine Z = 0 becomes one of the de-
terminate equations of the problem, whereas this does not
take place when the bodies are of a different nature: it is
therefore this determinate equation, which is the same with
the first fundamental equation (E), it is, Isay, this deter-
minate equation which characterizes hard bodies, and con-
sequently it is absolutely necessary to employ it at least un-
plicitly in all questions concerning these bodies ; and with
respect to any other kind of bodies, we must, besides the de-
terminate equations, which we may obtain by ascribing to %
m the indeterminate equation (F) different known values—
we must, I say, also extract from'it one which is analogous
to the equation (E), and which expresses in some measure
the nature of these bodies, in the same way as the latter (E)
expresses that of hard bodies. But as this inguiry has but a
very indirect relation to machines properly so called, we
shall at present confine ourselves to examining the case
where the degree of elasticity is the same with respect to all
bodies, . e.” Let us suppose, that in virtue of elasticity
the bodies exercise upon each other, pressures 7 times as
great as if the bodies were hard, z being the same for all
the bodies of the system ; let us next suppose that the pres-
sure and the restitution are made in an indivisible instant,
although in strictness that would be impossible.  This being
donc:

The reciprocal pressures F becoming # F, will have
among them the same relations as if the bodies were hard ;
therefore their results m U will not have changed their di-

rections,
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rections, but will merely have become n times as great ay
they would have been if the bedies had been hard : this
being done, since W is the result of V and U, we have V
cosine Z = W cosine Y — U thus the equation (E), for
which we are seeking one analogous, may be put under this
form sm W U cosine Y —sm U* = 0. Now, according
to what has been said, we must, in order to apply this equa-

: : ; U. .
tion to the case in question, place — in place of U, without
n

any change upon Y : therefore in the case we are examining
m U?

n2

=

. o U
the equation will he s » W — cosine Y — s =10 N0n
n

by multiplying by #*, nsm W U cosineY — sm U*=0;
or on account of \V cosine Y =V cosine Z + U, we

n

shall have sm VU cositne Z = s m U?: thus this

equation will be, with respect to the bodies in question,
what the equation (E) is with respect to hard bodies ; and
even the latter is the particular case where we have n = 1,
as 1s evident.

When 7 =¢, it is the case of bedies perfectly elastic, and
the equation becomes 2sm V U cosine Z + sm U =0;
but this equation relative to bodies perfectly elastic may be
expressed in a known and more simple manner, as follows :
Since W is the result of V and U, we have by trigonometry
W2= V24 U* 4 2V U cosine Z; and therefore s m W=
smV? + smU* 4+ 2 sm VU cosine Z. Adding to this
cquation that found above, and reducing, we have s m \WV=
= sm V?, which is precisely the principle of the preserva-
tion of active forces, i. e. this preservation is, with respect
to perfectly elastic bodies, what the equation (E) is with
respect to hard bodies, as we undertook to prove.

First Remark.

XXVII. T shall not dwell on the particular conse-
quences which [ might draw from the solution of the pre-
ceding problem ; but shall merely remark, that the velocities
W, V, U, being always in proportion to the three sides

3 of
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of a triangle, trigonometry may furnish the means of
giving a great number of different forms to the fundamental
equations (E) and (F) ; and 1 shall content myself with
indicating one of them, which is remarkable on account of
the method contrived by geometricians, of referring move-
ments to three plans perpendicular to each other; which
gives a great deal of elegance and simplicity to the solutions.
Let us imagine, therefore, at pleasure, three axes perpen-
dicular to each other ; and let us conceive that the veloci-
ties W, V, U and u, are each of them decomposed into
three others parallel to these axes. This being done, let
us call
Those which answer to W, W’ W» W,
Those which answer to V, V/ V» V7,
Those which azswer to U, U’ U” U”.
Those which answer to », o/, u’, u”.

Now if we pay a little attention, we shall easily see that the
first fundamental cquation (E) may be placed under this form,
sm V' U + smV'U" 4+ smV?” U” =0; and the second
(F) under the latter sm2’ U’ + smu' U’ +smu" U =0;
because in general every quantity which is the product of
two velocities A and B, by the cosines of the angle com-
prehended between them, is equal to the sum of three other
products A’ B’ + A" B’ 4+ A” B”; A’ A" A", being the
cstin ated velocity A of these three axes, and B’ B B” being
the estimated veloeity B in the ratio of these same ases:
i, e. A’ being the velocity A, and B’ the velocity B, esti-
mated parallel to the first of these axes ; A” and B” the same
velocities A and B’ estimated parallel to the second axis,
A" and B” the same velocities estimated parallel to the third
axis : this is easily proved by the elements of gecometry.

In the case of equilibrium, the first of thcse transformed
equations is reduced to 0 = 0; and the second, because in
this case W = U, becomes sm#’ W/ + smu" W” + sm
w” W” = 0; which expresses all the conditions of the
equilibrium.

When the movement changes by insensible degrees, we
have found (XXV.) that the fundamental equations become
smVptcosine R—smVdV =0, and smupd! cosine

r—smud
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r — smud (V cosine y) = 0; therefore by decomposing p
into three other forces parallel to the three axes, if these
component forces are designated by p’, p”, p”, the preceding
equations will become, the first, sm V' p'd ¢t + sm 'V’ p"dt
+smVriprdt =smVdAdV +smV'dV' + sm V"
d V"; and the second, smuwpdt +sm u prdt+
smu’prdt =smwdV + smu' dV' + smu”dV";
finally, m the case of equilibrivy, the first will vanish,
and the second will be reduced to s mw p' + smu’ p”’ 4
S e = é
Second Remark. :
XXVIII. Hitherto I have regarded wires, rads, levers, &c:
as bodies making of themsclves part of the system. And
this hypothesis entirely conforms to nature; but one thing
indispensably necessary to observe is, that, strictly speaking,
there is probably no absolutely fixed point in the universe,
no obstacle absolutely immoveable ; the fulerum of a lever
is not so, because it is supported upon the earth, which
is not fixed itself ; but the mass of which is almost infinitely
great in comparison of thosc the action and reaction of
which upon each other we gencrally comsider in machines :
in order to move the hypomochlion of a lever, we must
also put in motion the globe of the earth; and it isso in
fact, however feeble be the powers which act upon the ma-
chine #* : the quantity of movement which they produce upon
it, is equal to the resistance of the hypomochlion ; but this
finite quantity of movement distributing itelf into a mass
almost infinitely great, there results to this mass a velocity
almost infinitely small, and this is the reason why this move-
ment is not sensible, and may be neglected in practice.
Hence it follows, that what we call immoveable obstacles
in mechanics, are nothing else than bodies the mass of
‘which is so considerable, and consequently the velocity so
small, that their mmovement cannot be observed. We shall
therefore approach nearer nature, by considering the obstacles,

* M. Carnot does not exhibit here his usual accuracy. If the power ap-
plied to the lever belonged to any other system thaa that of the earth, the
earth would be moved; but in the case of the fact here assumed, it is not
moved, even in an irfnitely small degree.—Edis.

or
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or fixed points, as moveable bodies, as well as all the others ;
but of a mass infinitely large, or, what comes to the same
thing, as bodies of an infinite density, and which do not
diffef from all the other bodies of the system except in this
point. Hence a considerable advantage will result, as we
shall be able to make the system into which these bodies
enter, take any given geomctrical movements; for the instant
we suppose these obstacles moveable like all other bodiesy
they will become susceptible of assnming any movements,
and the general system must be regarded as an assemblage
of bodies perfectly moveable: consequently, the quantities
of movements absorbed by the obstacles may be estimated
as with respect to all the other parts of the system ; in such
a manuer, that if we call R the resistance of any given fixed
point, this quantity R will be in the equation (F), with re-
spect to the point in question, what m U is with respect to
the body m : we shall therefore find by this equation, this
same quantity R like all the other forces m U, which could
not be the case by considering the obstacles as absolutely im-
moveable, without having recourse to some new mechanical
principle, which we must have made concur with the general
equation (F), in order to attain the complete golution of each
particular problem. Thus this method of considering the
fixed points is not only the most conformable to nature, as
we have said before, but also the siniplest and the easiest.

As o the wires, rods, or any other portions of the system,
the masses of which may be supposed to be infinitely
small, we may neglect, i. e. suppose each of their mole-
cules m equal to zero, or, what comes to the same thing,
regard their density as infinitely small, or as nothing : our
equation (F) will thercfore become independent of these
quantities, i e. the same as if we had abstracted these
masses from the bodies; and it is thus that we shall easily
find the mathematical theory of cach machine, 7. e. by mak-
ing the abstractions spoken of (VIII.)

XXIX. From this remark it results, that although there
isonly a single kind of bodies in nature, we distinguish thein
however, for the facility of calculations, into three different
clusses, which are, 1st. Those which we consider as what

Vol. 31, No. 121. June 1508. © they
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they really are, and as nature presents them to us, 7. e.
which are of a finite density. 2d. Those to which we ascribe
a density infinitely great, and which, for this reason, must
be regarded as sensibly fixed and immoveable. 8d. Those
to which we ascribe a density infinitely small, or null,
and which, consequently, by their inertness, oppose no re-
sistance to their change of state. In practice we generally
regard as such, wires, rods, and generally all bedies which
do not influence sensibly, by their proper mass, the changes
which happen in the system ; but which are solely regarded
as means of communication between the different agents
which compose it.

Third Remark.

XXX. After having treated of equilibrium and of move-
ment in general, as much as my principal object permitted,
1 shall pass to what regards more particularly what we com-
monly understand by machines ; for although the theory of
every kind of equilibrium and movement always enters into
the preceding principles, since there are only, according to
the first law, bodies which can destroy or modify the move-
ment of other bodies; nevertheless there are cases where
we make abstraction of the mass of these bodies, merely
for the purpose of considering the effort they make : for ex-
ample, when a man draws a body by a wire, or pushes it
by a rod, we do not introduce into the calculation the mass
of this man, nor even the effort of which he is capable, but
solely that which he exerts upon the point to which he ap-
plies it; i. e. the tension of the wire, if it is by drawing that
it acts, or the pressure, if it be by pushing; and without
considering whether it be a man, an animal, a weight, a
spring, or a resistance occasioned by any obstacle, or by the
vis inertice of a moveable body*, a friction, au impulse caused

by

* Any body which we force to change its state of repose, er of movement,
resists (X1.) the agent which produces the change; and it is this resistance
which we call vis inertice. In order to find the value of this force, we must
decompote the actual movement of the body into two, one of which is that
which it will have the instant afterwards; for the other will be evidently
that which must be destroyed, in order to force the body to change its state;

%, ¢ the
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by a current of air, -or water, &e. e give in general the
name of power to the efiort exerted by the agent, .i. e. to
that pressure or tension hy which it acts upon- the body to
which it is applied ; and we compare these different-efforts
without regarding the agents which prodace them, because
the nature of the agents cannot change the forces which
they are obliged to cxercise in order to fulfil the different
objects for which machines are destined : the machine itself,
¢ e. the systein of fixed points, obstacles, rods, levers,
and other intermediate bodies, which serve to transmit these
different efforts from one agent to another; the machine,
itsclf, I say, is considered asabody stripped of its inertness :
its proper mass (when it is necessary to have regard to i,
whether on account of the movement which it absorbs, or
on account of its gravity or of other motive forces with
which it may be animated,) is regarded as a foreign power
applied to the systemn; in a word, a machinc properly so
called, is an assemblage of immaterial obstacles, and of
moveable particles incapable of reaction, or deprived of in-
ertness, 4. e. (XXIX.) a system of bodies the densities of
which are infinite or nothing. To this system we imagine
that different external agents, in the number of which we
comprehend the mass of the machine, are applied, and trans-
mit their reciprocal action by the intermedium of this machine.
Itis the pressure or other effort exercised by each agent upon
this intermediate body, which we call force or power; and
the relation which exists between these different forces,
forms the subject of the inquiry, which has forits object the
theory of machines properly so called. Now, it is in this
point of view that we procced to treat of equilibrium and
of movement ; but a force taken in this sense is not the less a
quantity of movement lost by the agent which exercises it,
whatever this agent may be in other respects, whether it acts
upon the machine by drawing it by a cord or by pushing
it by a rod ; the tension of this cord, or the pressure of this

i. e. the resistance which it opposes to this change, or its vis irertic; whence
it is easy to conclude, that the vis inertice of any lody 1s the result of its actual
mosement, and of @ movement eual and directly opposed to that which it should
have the instant afterwerds.

Ce e rod,
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r6d, expresses both the effort which it exercises upon the ma-
chine, and the quantity of movement which it loses itself by
the reaction it undergoes : if, therefore, we call F that force,
this quantity F will be the same thing with that which is
expressed by m U in our equations ¥, Thus, if we call Z
the angle comprehended between this force F, and the ve-
locity », which the point would have where we suppose it
applied, if we make the system assume any geometrical
movement, the general equation (F) will become s T 2 co-
sine Z =0 (AA). Itis therefore under this form that we
shall immediately employ this equation, by means of which
we may apply whatever we can mention, to any imagi-
nable kind of force ; and the principles exposed in this first
part will serve us to develop the general properties of ma-
chines properly so called, which are the object of the en-
suing division of the present work.

[To be continued.]

V1. On the Stratification of Matlock in Derlbyshire, point-
ing oul a Mistake of the late Mr. Joux WHITEHURST,
relative thereto; and on the Transmutation of Lime to
Silex. By Mr. Jonn FArEY, Mineralogical Surveyor.

To JMr. Tilloch.
SIR,

ld

r}m late Mr. John IFhitehurst, in his ¢ Tnquiry into the
_original State and Formation of the Earth,”” has given sec-
tions of the strata to be found in various parts of Derbyshire,

* It is evident that the quantity of movement lost 1 U, is the result of the
movement whicl: the body m would have had the instant afterwards, if it
had been free, and of the movement equal, and directly opposed to that
which it will really assume: now the first of these two movements is itself
the result of the acrual movement of m, and of its absolute motive force ;
therefore U is the result of three forces, which are: its absolute motive
force, its actual quantiy of movement, and the quantity of movement equal
and directly opposed to that which it should have the instant after: but ac-
coiding to the preceding note, these two last guantities of movement have
for their result the vis inerticz : therefore #i U or F is the result of the motive
‘force of m aud of its vis inertice; i. e the force exercised Ly any given body, at
each instant, is the result of iks alsoiute mutive force and of its vis inertiz.,

- which,
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consequence to the pleasure of the gentleman, as well as to
the profit of the gardener. .

Old as I am, [ certainly intend this vear to commence
experiments on the myrtle and the laurel : T trust, therefore,
it will not be thought presumptuous in me to invite those of
my brethren of this most useful Society, who are younger
than T am, and who of course will see the effect of more ge-
nerations than I shall do, to take measures for bringing to
the test of experiment the theory 1 have ventured to bring
forward, I hope not without some prospect of success.

The settlement lately made at New Holland gives a large
scope to these experiments: many plants have been brought
from thence which endure our climate with very little pro-
tection ; and some of these arrive at puberty at an early pe-
riod; we have already three from the south point of Van
Diemen’s [sland, where the climate cannot be wholly with«
out frost; mimosa verticillata, eucalyptus hirsuta, and ob-
liqua. The first of these appears to have produced flowers
within eight years of its first introduction ; but as a settle-
ment is now made very near the spot where the sceds of
these shrubs were collected, we may reasonably hope to re-
ceive further supplies, and, among them, the Winterana
aromatica, an inhabitant of the inhospitable shore of Terra
del Fuego, which Mr. Brown has discovered on the south
part of Van Diemen’s Island also.

XXVII. Essay upor Machines in General. By M. CARNOT,
Memler of the French Institute, &c. &Je.

[Continued from p. 36.]
Part I1. {Of Machines properly so called*.)
DEFINITIONS.

XXXL Anoxc the forces applied to 2 machine in mo-
tion, some are of sueh a nature that each of them forms
an acute angle with the velocity of the point at which it is

* Vide p. 36 of the present volume,

applied,
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applied, while others form obtuse angles with their points.

This being granted, I shall call the furmer—
IR  for instance, f &

- person raises a weight by means of a lever, a pulley, a screw,
&ec., it is clear that the weight and the velocity of the weight
necessarily form by thcir concurrence an obtuse angle;

otherwise it is evident that the weight would descend in

place of ascending ; but the vis mofrix and its velocny torm
an acute angle : thus, according to our definition, the

it is evident, in short, that the latter
tends to favour the actual movement of the machine, while
the other opposes it. s

We shall observe that the soliciting forces may be di-
rected in the same ratio with their velocities, since then the
angle formed by their concurrence is null, and consequently
acute, and the resisting forces may act in the direction pre-
cisely opposite to that of their velocities, since then the
angle formed by their concurrence is 180°, and cousequently
obtuse. :

It is also to be remarked, that any force which is soli-
citing might become resisting if the movement should
change; that any force which is resisting at a certain in-
stant, may become soliciting at another instant; and last-
ly, in order to judge of it at cach instant, we must consider
the angle which it makes with the velocity of the point
where we suppose it applied: if this angle be acute, the
force will be soliciting; and if it be obtuse, it will be resist-
ing, until the angle in question changes. We see from this,
that if we make any system of power assume a geometrical
mavement, each of them will be' soliciting or resisting 1n
respect of this geowetrical movement, accordingly as the
angle formed by this force and by s geometrical veloeity
shall be acute or obtuse.

XXXII. If a force P be moved with the velocity «, and
the angle formed by the concurrence of x and P be z, the
quantity [N, i - hich d ¢ expresses the clement
of time, will be named (TSR coumed
by the force P during d ¢; 1. e. the momentuin of activity

consumed

Moment of activity
= work done by
force P on body
moving at velocity
uin time dt.
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consumed by a force P, in a time infinitely short, is the
produce of this force estimated in the ratio of its veloeity,
by the path described in this infinitely short time by the
point to which it is applied.

I shali cail the consumed by
this force, [NEERoNNe EEEE of the momenta of ac-
tivity consumed by it at each instant, in such a manaer
that s P cosine zudt is the momenium of activity, con-
sumed by it in an indeterminate time:, for instance, if
P be a weight, the momentum of activity consumed in
an indeterminate (ime ¢ will be Psud¢ cosine z; let us
suppose, therefore, that after the time ¢, the weight P has
descended from the quantity H, we shall clearly have
dH =wud! cosine 2 ; therefore the momentum of activity
consumed during d ¢ will be Psd H = PH.

XXXIIT. When we are speaking of a system of forces
applied to a machine in movenent, [ shall call momentum
of activity, consumed by all the forces of the system,
the sum of the momenta of activity consumed at the
same time by cach of the forces which compose it: thus,
the momentum of activity consumed by the soliciting
forces, will be the sun of the momenta of activity con-
sumed at the same time by each of them: and the mo-
mentum  of activity consumed by the resisting forces
will be the sum of the momenta of activity consumed
by ecach of these forces: and as each resisting force makes
an obtuse angle with the direction of its velocity, the co-
sine of this angle is negative; the momentum of activity -
consumed by the resisting forces is therefore also a nega-
tive quantity ; and therctore the momentum of activity con-
sumed by all the forces of the system, is the same thing
as the difference between the momentum of activily consum-
ed by the soliciting forces, and the momentum of activity
consumed at the same time by the resisting forces consider-
ed as a positive quantity.

A force estimated in a sense directly opposite to that of
its velocity, and multiplied by the path described in an in-
finitely short time by the point where it is applied, will be
called the momentum of activily produced by this force in

this
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1this infinitely short time: in such a manner tha! the mo-
mentum of actwity consumed, and the momentum of uc-
tivity produced, are two equal quantities, but of contrary
signs; and there is a difference between them analogous to
that which we find (XXI) between the momenta of the
quantity of movement gained and lost, by a body, in respect
of any geometrical movement.

I shall also give the name of momentum of activity exer-
cised by a force, to what 1 have called its momentum of
activity consumed, if it be soliciting, and to what I bave
called its momentum of activity produced, if it be resisting:
thus, the momentum of activity exercised by any given force
in an infinitely short time is in gencral the produce of this
force, by the path which it describes in this infinitely short
time, and by the cosine of the smallest of the two angles
formed by the directions of this force and of its velacity ;

. whence it clearly follows, that this momentum of activity ex-
ercised is always a positive quantity.

We shall make, with respect to the quantities which we
call momenta of activity produced and momenta of activity
exercised, the same remarks with those we have made above,
upon the subject of momentum of activity consumed by a
force or system of powers in a given time.

These definitions being admiuted, I shall proceed to the
general principle of equilibrium and of movement, in ma-
chincs properly so called ; and the inquiry into which has
been the principal object of this essay.

General Principle of Equilibrium and. of Movement in Ma-
, chines.

XXXIV. W hatever is the state of repose or of movement in
which any given system of forces applicd to amachine exists,
if we make it all at once assume any given geometrical move-
ment, without changing these forces in any respect, the sum
of the products of each of them, by the velocity which the
point at which it is applied will have in the first instant, es-
timated in the direction of this force, will be equal to zcro.

sumaver » That
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That is to say, by calling F each of these forces *, « the
velocity which the point where it is applied will have at
the first instant, if we make the machine assume a geome-
trical movement, and z the angle comprehended between
the directions of F and of u, it must prove that we
shall have for the whole system s F z cosine x = 0. Now
this equation is precisely the equation (AA) found (XXX),
which is nothing else in the end but the same fundamental
equation (F), presented under another form.

It is easy to perceive that this general principle is, properly
speaking, nothing else than that of Descartes, to which
a sufficient extension is to he given, in order that it may con-
tain not only all the condiuons of the equilibrium between

* It will not perhaps be useless to anticipate an objection which might
occur to those who have not paid sufficient attention to what has been
said (XXX) upon the true meaning we ought to attach to the word force:
Let us imagine, for instance, they will say, a wheel and axle to the cylin-
der of which weights are suspended by means of cords; if there be equili-
brium, or if the movement be uniform, the weight attached to the wheel will
be to that of the cylinder as the radius of the cylinder is to the radius of the
wheel; which is conformable to the proposition. But the case is pot the same
when the machine assumes an accelerated or a retarded movement: it seems,
therefore, that here the forces are not in reciprocal ratio of their velocities es-
timated in the direction of these forces, as would follow from the proposition.
The auswer to that i<, that in the case where this movement is not uniform,
the weights in question are not the only forces exercised in the system ; for
the movement of each body changing continually, it also opposes at each
instant, by its wvis inerticr, a resistance to this change of state: we must,
thercfore, keep an account of this resistance. 'We have already said (XXX,
see the note,) how this force should be estimated, and we shall see further
on (XLI), how we should make it enter into the calculation. In the mean time
it is sufficient to remark, that the forces applied to the machine in question
are not the weights, but the quantities of movement lost by these weights
(XXX), which should be estimated by the tensions of the cords to which
they are suspended: now whether the machine be at rest or in motion,
whether this motion be uniform or not, the tension of the cord attached to
the wheel is to that of the cord attached to the cylinder, as the radius of the
cylinder is to the radius of the wheel, 7. e. these tensions are ahways in reci-
procal ratio of the velocities of the weights they support : this agrees with
the proposition. But these tensions are not equal to the weights; they are
(XXX. see the note) the results of these weights and of their vis inertice,
which are themsclves (XXX. see the note) the results of the actual move-
ments of these bodies, and of the movements equal and directly opposed to

those which they will really assume the instant afterwards.
First
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two forces, but also all those of equilibriam and of move-
ment, in a system composed of any number of powers: thus
the first consequence of this theorem will be the principle of
Descartes, rendered complete by the conditions which we
have seen were wanting in it (V).

FirsT CoroLLARY,

General Principle of Equilibrium between lwo Powers.

XXXV. [Then any two agents opplied to a machine
Jorm a mutuul equilibrium ; if we make this machine assume
any arbitrary geometrical movement : 1st, The forces exer-
cised by the agents will e in a reciprocal ratio to their ve-
locities estimated in the direction of these forces: od, One
of these powers will make an ucute angle with the direc-
tion of its velocity, and the other an obtuse angle with its
velocity.

For if the forces exercised by the agents are named F
and F’; their velocities # and 2/, the angles formed by these
powers and their velocities z and 2, we shall have by the
preceding theorem, F « cosine z + F"#/ cosine2” = 0: there-
fore F: F':: — o cosine 2’ ;  cosine %, which is the pro-
portion announced by the first part of this corollary, and by
which we see at the same time that the relation of cosine z
to cosine z’ is negative ; whence it follows that one of these
angles is necessarily acute, and the other obtuse.

Seconp CoLoLuaRry.
General Principle of Equilibrium in IWeighing Machines.

. XXXVI. When several weights applied to any given ma-
chine mutually Sform an pquzlzbnum if we make this ma-
chine assume any geometrical movement, the velocity of the
centre of gravity of the system, estimaled in the vertical di-

. rection, will be. null at the first instant.

For if we call M the total mass of the system, m that of
each of the bodies which compose it, z the absolute velocity

(of m, V’ the velncity of the centre of gravity estimated in
the vertical ratio, g the gravity, z the angle formed by z
and by the direction of the wcxght, we shall have, Jccnrdmg
to the theorem, sm gu cosine z = 0; but by the geometri-
cal properties of the centre of gravity we have smud ¢ co-

sine
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sinez =MV d¢, or smgu cosinez =MV g ; therefore;
since the first member of this equation is equal to zero, the
second is so also : therefore V = 0. Q. E.D.

In order to have all the conditions of the equilibrium in a
weighing machine, it 1s only necessary to make the machine
successively assume different geometrical movements, and
to cqual 1 cach of these cases the vertical velocity of the
centre of gravity at zero.

Tu1rp COROLLARY.
General Principle of Equilibrium between two Weights.

XXXVIL. When two weights form a mutual equilibrium,
if we make the machine assume any geomelrical movement :
ist, The velocities of these lodics, estimated in the vertical
ratio, will le in a reciprocal ratio to their weights: 2d, One
of these bodies will necessarily ascend, while t/ze other will
descend.

This proposition is a manifest consequence of the pre-
ceding corollary, and is still more evidently deduced from
the first corollary.

We may remark by the way, how essential it is for the
precision of all these propositions, that the movements im-
pressed upon the machine should be geometrical, and not
simply possible ; for the slightest attention will show by
some particular example, that without this condition all these
propositions would be absurd.

Remark.

XXXVIIl. We gencrally take the principle of equili-
brium in weighing machines when the centre of gravity of
the system is at the lowest possible point ; but we know
that this principle is not generally true; for besides that this
point would be in certain cases at the highest point, there
is an infinity of others where it is neither at the highest nor
at the lowest point : for instance, if the whole system be
reduced to a weighing body, and this moveahle article be
placed upon a curve which has a poiut of inflexion, the tan-
gent of which is horizontal, it will remain visibly in equili-
brium, if we place it upon this point of inflexion, which

nevertheless



On Machines in General. 143

nevertheless is not the lowest weight, nor the highest point
possible.

We may also take for the principle of equilibrium in a
weighing machine the proposition which we have already
given (1[), and which we shall repeat, in order to give a
rigorous demonstration of it.

In order to ascertain that several weights applied to any
given machine should mutually form an equililvium, it is
sufficient to prove, ihat if we ebandon this machine to itself,
the centre of gravity of the system will not descend.

In order to prove it, let us name M the total mass of the
system, m that of each of the weights which compose it,
g the gravity ; and suppose that 1t the machine did not
remain in equilibrimin, as [ assert that it should, the velo-
city of 7 afier the time ¢ would be V, the height from which
the centre of gravity would have descendad at the end of the
same time H, and that from which the body would have
descended m & ; we shall then have (XXIV) smgdh —sm
VdV =o0: therefore by integrating M g H = 1 s m V3;
but by hypothesis H = 0, therefore s m V> = 0 ; busides, V2
1s necessarily posilive, as is evident: therefore the cquation
sm V? = 0 cannot take place, unless we have V= 0, i. e,
unless there be equilibrium. Q. E. D.

Hence it follows, as we have said (ITI), that there is
necessarily equilibrinm in a system of weights, the centre
of gravity of which is at the lowest possible point ; but we
have seen (XXXVIII) that the inverse 1s not always true,
i. e. that every time there is equilibrium in a system of
weight, it does not always follow that the centre of gravity
is at the lowest point possible.

FourTi COROLLARY.
Particular Laws of Equilibrium in Machines.
XXXIX. If there le equilibrium Letween several powers
applied to @ machine, and having decomposed all the forces
of the system, as well those which are applied to the ma-
chine as those which are exercised ly the obstacles or fixed
points whick form part of it ; if we decompose them, I say,

cach
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each into three others paralicl to any three axes perpendicular
to each other :

1st. The sum of the component forces, which are parallel
to one and the same axis, and conspiring towards one and
the same side, is equal to the sum of those which, leing pa-
rallel to this same axis, conspire towards the opposite side:

od. The sum of the momenta of the component forces
which tend to turn around one and the same axis, and which
conspire in one and the same ratio, is equal to the sum of the
momenta of those which tend to turn around the same uxis,
but in a contrary direction.

In order to demonstrate this proposition, let us begin by
imagining, that in place of each of the forces exercised by
the resistance of obstacles, we substitute an active force equal
to this resistance, and directed in the same ratio: this change
does not alter the state of equilibrium, and makes of the
machine a system of powers perfectly free, 7. e. freed from
every obstacle. Tlis being grauted, if we make this system
assume any geonietrical movement, we shall have by the
fundamental theorem s F % cosine z = 0, by calling F each
of these forces, z its velocity, and = the angle comprehend-
ed between F and « : thus,

1st. If we suppose that # is the same with respect to all
the points of the system, and paralle] to any one of the axes,
the movement will be geometrical, and the equation, on ac-
count of = constant, will be reduced to s F cosine x = 0 :
i. e. the sum of the forces of the system estimated in the ratio
of the welocity u, impressed parallel to this axis, will be null;
which evidently reverts to the first part of the proposition.

2d. If we make the whole system turn round any one of
the axes, without changing in any respect the respective
position of the parts which compose it, this movement will
still be geometrical ; » will be proportional to the distance
of each power from the axis: and therefore might be ex-
pressed by A R, R expressing this distance, and A a con-
stant: thus the eqnation will be reduced tos F R cosine z=0;
which, as may easily be scen, reverts to the second part of
the proposition.

; [To be continued.]
XXVIII. Re-
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Firrin COROLLARY.

Particular Law concerning Machines, the Movement of
which changes by insensible Degrees.

XL. Iy o machine, the movement of which changes by
insensible degrees, the momentum of activity consumed
in a given time Ly the soliciting forces, is equal to the mo-
mentum of activity exercised a¢ the same time by the resist-
ing forces.*

-

That is to say (XXXIIT) that the pEmETTG
consumed by all the forces of the system, during the
SISO this will be clear (XXXII) if

we prove that the momentum of activity consumed at
each instant by these forces is null : now F expressing each
of these forces, V its velocity, Z the angle comprehended
between F and V, and d ¢ the elemeut of time, the momen-
tum of activity consumed by all the forces of the system
during d ¢, (XXXIII) s FV cosine Zd¢; we must there-
fore prove that we have s FV cosine Zdt =0; orsFV
cosine z = 0: now this is clear by the fundamental the-
orem: ergo &c.

The particular law here in question is certainly the most
important of the whole theory of the movement of machines
properly so called : we shall give some peculiar applications
when we enter upon the detail of the subject, in the scho-
lium which will suceced to the following corollary, and
which will conclude this essay.

XLI. Let us suppose, therefore, for instance, that the
powers applied to the machine are weights : let us call in
the mass of each of these hodies, m the total mass of the
system, g the gravity, V the actual velocity of the body m,
K its initial velocity, ¢ the time which has gone past since
the commencement of the movement, H the height from
which the centre of gravity of the system has descended

during
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during the time ¢, and lastly, W the velocity due to the
height H.

This being done, we must consider that there are two
sorts of forces applied to the machine, viz. those which
proceed from the gravity of the bodies, and those which
proceed from their vis inertice, or from the resistance which
they oppose to their change of state (note to XXX) : now
(XXXII) the momentum of activity consumed during the
time ¢ by the first of these forces, is, with respect to the
whole system, [NIGHEICEENVNE Lt us now sce what is
the momentum of activity consumed by the wvis inertice:
the velocity of m heing V, and becoming the instant after-
wards V 4 d V, itis clear (note to XXX) that its vis inertice

estimmated in the direction of V, is md V, or rather m pa

gy

therefore (XXX) the momentum of activity, exercised by

this force during d ¢, is m ‘%th, ormVd V; therefore the
‘

momentum of activity, consumed by this vis inerlie du-
ring the time ¢, is smV d 'V, or, by integrating and com-
pleting the integral, L m V? — 1m K*: therefore the momen-
tum of aﬁivity, consumed at the same time by the wis
inertice of all the bodies of the system, will be £ sm V2 — 1
sm K*: now this vis inertice is a resisting force, since it is
by it that badies resist their change of state : and the weight
is here a soliciting force, since the centre of gravity is
supposed to descend : thus, by the proposition of this co-
rollary, we should have M W2 = smV: —sm K, orsm
Vi=smK: 4+ MW:; i.e.

In a machine with weights, the movement of which changes
by insensille degrees, the sum of the active forces of the sy-
stem is, after any given lime, equal to the sum of the ini-
tial active forces, plus the sum of active force which would
take place if all the bodies of the system were animaled with
a common velocity, equal to that which is owing to the height
Srom which the centre of gravily of the system has descended.

XLII. If the movement of the machine be uniform, we
shall continually have V = K, and therefore W:* =0, or
I1 = 0: this teaches us that

In

Body of mass.
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as kinetic
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In a weight machine, the movement of which is uniform,
the centre of gravity of the system remains constantly at the
same height.

XLIIL. Since : M W2 or Mg H is (XXXII) the mo-
mentum of activity produced by a weight M g, which we
make to ascend to the height H, it follows cvidently
that

W hatever method we take to raise a certain weight to a
given height, the forces employed (o produce this effect con~
sume @ momentum of activity equal to the produce of this
weight, Ly the height to which we should raise it.

XLIV. In the same manner since (XLI) the momen-
tum of activity produced in a given time by the 2is inertice
of any body is equal to the half of the quantity by which
its active force augments during this time, we may con-
clude also, that

In order to make any given movement arise by insensible
degrees in a system of bodies, or to change that which has
arisen, it must follow that the powers destined to this effect
do conswme @ momentum of activity equal to the half of
the quantity by which the sum of the active forces of the sy-
stem will have leen augmented by Lhis change.

XLV. 1t follows evidently from these two last proposi-
tions, that in order to elevate a weight M g to a height H,
and make it assmne at the same time a velocity V, it must
happen, supposing this body in repose at the first instant,
that the forces employed to produce this effect consume
of themselves a momentum of activity equal to Mg H +
1 MVe,

XLVI. We have supposed in all that has been said, as
the title of this corollary announces, that the movement
changes by insensible degrees ; but if;, when procecding, any
sudden shock or change happens in the system, what we
have mentioned would not take place. Let us suppose, for
instance, that at the woment of this shock the centre of
gravity of the systein has descended from the height £; that
at this same instant the sum of the active forces is X im-
mediately before the shock, and Y ummediately after the

shock : let us call Q the momentum of activity, which
the
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the moving forces will have to consume during the whole
time of the movement, and g that which they will have to
consunie from the commencenient to the epoch of the
percussion : let us suppose finally, for the sake of morc
simplicity, that the system is at rest at the first instant, and
at the last, it is clear (XLV) that we shall have g = M g/
+ 4+ X; and that, by the same ratio, the momentum of ac-
tivity to consume by the forces moving after the shoek,
ine. Q —q, willbe Mg (H— /) — LY ; therefore Q =
MgH + 2 X — 1 Y: now (XXIil), itis clear that X > Y:
thus the momentum of activity to consnme in order to
raise in this case M to the height H, is necessarily greater
than if there had been no shock, since in this case we should
have simply had Q = M ¢ H (XLIII).

Hence it follows, that without consuming a greater
momentum of activity, the moving forces may, by avoiding
all shock, raise the same weight to a greater height H, for

then we shall have (XLV) Q = Mg, or H = 2.,
Q—3(X-Y)

while in the present case we have H =~ — - *:

Mg
whence we see, that X being greater than Y we must neces-
sarily have also H’ > II.

Sixti COrROLLARY.
Of Hydraulic Machines.

1 W may regard  uid 35 an assemblige of an

; we
may therefore apply to hydranlic machines all that we have
said of other machines: thus, for example, from the first
corollary (XXXV) we may conclude, that if a fluid mass
without gravity, be encloscd completely in a vessel, and,
that, having made two equal apertures in this vessel, we ap-
ply pistons to it; the forces which will act upon the fluid
mass on pushing these pistons must be cqual, if they wu-
tnally form an equilibrium ; /. e. that in a fluid mass the
pressure spreads equally in every direction : this is the fun-
damental principle of the equilibrium of fiuids, which we
generally regard as a truth purcly experimental.  We shall

even
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even prove (XXV), that the conservation of the active forces
takes place in incompressible fluids, the movement of which
changes by insensible degrees ; and in short, generally every
thing which we have proved of a system of hard bodies is
equally true with respect to a mass of incompressible fluid.

ScHoLIUM.

XLVIII. This scholium is destined for the development
of the principle laid down in the fifth corollary : this propo-
sition, in fact, contains the principal part of the theory of
machines in 4 state of motion, becanse most of them are
moved by agents which can only exercise dead forces, or
those of pressure : of this description are all animals, springs,
weights, &c., which is the cause why the machine gene-
rally changes its state by insensible degrees. It also most
frequently happens, that this machine passes very quickly
to uniformity of motion, for the following reason :

The agents which move this machine being at first a little
above the resisting forces, give rise to a small movement
which is afterwards gradualiy aceelerated ; but, whether as
a neeessary consequence of this acceleration, the soliciting
foree diminishes, whether the resistance increases, or, lastly,
if there happens any variation in the directions, it almost al-
ways happens that the relation of the two forces is brought
nearer and nearer to that in virtue of which they eould mu-
tually form equilibrium : these two forces are then destroyed,
and the machine is no longer moved, except in virtue of the
acquired movement, which, on account of the inertness of
the matter, generally remains uniform,

XLIX. I order to understand stilt better how this hap-
pens, itis only necessary to attend to the motion of a ship
which has the wind directly on her poop : this is a kind of
machine animated by two contrary forces, which are the im-
pulse of the wind, and the resistance of the finid upon wkich
it swims : if the first of these two forces, which may be ren
garded as soliciting, is greatest, the movement of the ship
will be accelerated: but this acceleration necessarily has
limits, for two reasons ; because, the more the movement of
the vessel is accelerated, 1st, the more is it subtracted from

the
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the 1inpulse of the wind ; 2d, on the other hand, the resist-
ance of the water increases : consequently these two forces
tend to equality : when they have attained this point they
will be mutually deswroyed; and therefore the vessel will be
moved as a free body, 7. e. its velocity will be constant.
If the wind fell, the resistance of the water would surpass
the soliciting foree ; the movement of the vessel would
slacken ; but, as a necessary eonsequence of this slackening,
the wind would act more efficaciously upon the sails; and
the resistanee of the water would at the same time diminish :
these two forees would still tend therefore to equality, and
the machine would at the same time attain an uniformity of
movement.

L. The same thing happens when the moving forees are
men, animals, or other agents of this kind : at first the
mover is a little above the resistance ; thence arises a small
movement, Wwhich is gradually accelerated by the repeated
efforts of the moving power; but the agent itself is obliged
to assume an accelerated movement, in :order to remain
attached to the body upon which it impresses motion.
This aceeleration, which it procures for itself, consumes a
part of ite cffort, in such a manner that it acts less cffica-
ciously upon the machine ; and the movement of the latter,
accelerating less and less, finishes by soon becoming uniform.
For instance : a man who could make a certain effort in the
case of equilibrium, would make a much less one if the
body he applies his strength to should yield, and if he was
obliged to follow it in order to act upon it : it is not because
the absolute labour of this man is less; but it is because his
effort is divided into two, one of which is employed in put~
ting the man himself in motion, and the other is transmitted
to the machine. Now itis from this last alone that the
effect is manifested in the object proposed.

I shall nevertheless continuc to consider machines under
a more general point of view : thus, I shall place in this
scholium several reflections applicable to the varied move-
ment. 1 shall only suppose that this variation takes place
by insensible degrees ; and 1 shall prove that this should in
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fact be the case, when we wish to employ them in the most
advantageous manner possible.

LI Lot o soercore (RN, <~ SSRGS

and by

this being done, whatever be
the movement of the machine, we shall always have, by
the fiith corollary, Q = g; in such a manner, for example,
that if each F of the soliciting forces be constant, its velo-
city V uniform, and the angle Z formed by the directions
of F and V always null, we shall have at the end of the time
tsFVi= g; and if all the soliciting forces are reduced to
a single one, we shall consequently have F V ¢ = g (XXXII
and XXXIilI).

LIl. We may in general regard the mothentum of ac-
tivity g, exercised by the resisting forces, as the effect pro-
duced by the soliciting forees : for instance, when it is re-
quisiie to raise a v\crght P to a given height H, it is very
easy to regard the cifect produced by the moving foree as
being in a compouud ratio of the weight, and the height to
which we have to raise it ; so that P H is what we thcn na-
turally understand by the effect produced. Now, on the other
hand, this quantity P H is precisely what we have called the
momenum of activity exercised by the resisting force P
thercfore this momentum of activity, or g, 1s what we na-
turally undersiand in this case by the effect produced.

Now, in the other cases, it is evident that ¢ is always a
quantity analogous to that just mentioned : this is the reasod
why 1 shall frequently, in the course of my subsequent ob-
servations, call this quantity g the effect produced : thus, by
the terms effrct produced, 1 shall inean the momentum of
activity exereised by the resisting forces; in such a manner
that, in virtue of the equation Q = ¢, we may establish as a
general rule, that the effect produced in a giver time ly any
systeny of moving forces, is cqual to the momentum of activity
consumed at the same time by all these forces.

LII{. We see by the equation FV ¢ = ¢, found in the
preceding article, that it is of no use to be acquainted with
the
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the figure of a machine, in order to know what effect any
power applied to it can produce, when we are acquainted
with that which it would produce without the machine : let
us suppose, for example, that a manis capable of exercising -
a continual effort of 25%, by moving his own hody conti-
nually with a velocity of three feet in the second : 1his being
granted, when we apply it to a machine, the momentum of
activity F V ¢, which this man will exercise, will be (XXXIT)
25883 pi (3l feet)it, i, e. we shall have FV: =ash 3 pi ¢,
¢ expressing the number of seconds : therefore, on account
of F Vt = g, we shall have ¢ = 25" 3 p! ¢, whatever be the
machine : therefore the effect g is alsolutely independent of
the figure of this machine, and can never surpass that which
the power is in a state to produce naturally, and without a
machipe.

Thus, for example, if this man with his effort of 25%, and
his veloeity of three feet in the second, is in a state with a
given machine, or witheut a machine, to raise, in a given
time, a weight p to a height H, we canunot invent any ma-
chine by which itis possible, with the same labour, (i.e. the
same force, and the same vclocity asn the first case,) to
raise, in tlie given time, the same weight to a greater height,
or a greater weight to the same height, or, finally, the same
weight to the same beight, in a shorter time : this {5 evi-
dent : since then g being (XXXII) equal to P H, we have,
by the preceding article, P H = 25' 3 pi ¢,

LIV. The advantages resulting from machines do not
therefore consist in producing areat effects from small causes,
but in affording the means of choosing, among diffcrent nmie-
thods which may be called equal, that which is most con-
venient in the existing circomstances. In order to force a
weight P to ascend to any height proposed, a spring 1o close
together in a given quantity, a body to assume any given
movement by insensible degrees, or, finally, any other given
agent to produce any given momentum of activity, the
nioving forees employed must of themselves consume a
momentuin of activity equal to the first : no macline can
dispense with it: but us this momcentum results from several
terms or factors, we may vary them at pleasure, by dimi-

P ishing
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nishing the force at the expense of the time, or the velocity
at the expense of the force; or rather by employing two or
more forces instead of one : this gives an infinity of resources
for producing the momentum of activity aecessary: but,
whatever we do, these means must always be equal, i. e.
the momentum of activity consumed by the soliciting forces,
1s equal to the effect or momentum exercised at the same
time by the resisting forces.

[To be continued.]

XLI. On the Planct Fesia. By S. GRooMBRIDGE, Esq.
To Mr. Tilloch.

SIR,

Thue discovery of the planet Vesta, on the 2gth of March
1807, having been communicated to this country by Dr.
Olbers ; on the 26th of April I found its place, and observed
the same on the meridian. I obtained a series of observa-
tions to the 20th of May ; after which, from the inerease of
daylight, it was no longer visible on the meridian. The
“observations which were afterwards made were with equa-
torial instraments ; and these cannot be depended on, for
sufficient accuracy in calculating the elements. I have,
however, used some of these, from the 29th of March to
the 22d of June, to determine the eccentricity; those which
were made on the meridian producing nearly the same ra-
dius. T thence discovered, that the planet was decreasing
in radius, and therefore conjecture that it was .in aphelio
about the time it was first seen.  When the planet was di3-
covered by Dr. Olbers on the 29th of March, it appears to
have been about seven days past the opposition; and it is
well known, not having that point of the orbit for a datum,
the difficulty of calculation is increased. I was thercfore
anxious to observe the planet before the ensuing opposition,
to obtain sufficient materials for ascertaining all the elements.
Tor this purpose, I assumed a mean radius of the extreme
observations ; which, if T was right in my conjecture of the
aphelium, would prove too great ; and therefore the planet
should be further advanced in the ecliptic.  On the 30th of
July, the evening being clear, and the mioon not risen, I
observed the difference of right ascension of several stars of

. the
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““Imnow proceed, in conformity with your suggestion,
to make a brief recapitulation of the most material parts of
this paper, and to endeavour to enumerate, and to place
one point of view, those articles recommended above, which
appear to me to be best calculated to answer the desired
purpose :

¢ Caustic potash, train oil, waste salt, mixture of salt
and oil, urine, oil of hartshorn, linseed oil, sea water, as-
safeetida, chaff and refuse oil.

¢ Any of these, in my opinion, might be employed with
perfect safety to the revenue.

¢¢ I bave the honour to be, gentlemen,
¢ your faithful and obedient humble servant,
¢t SAMUEL PaRkEs.”

LIIL. Essay upon Machines in General. By M. CArNOT,
Memler of the French Institute, &c. &e.

[Continued from p. 228.]

LV. THESE reflections should seem sufficient for unde-
ceiving those who think that with machines charged with
levers arranged mysteriously, we may put an agent, though
never so feeble, in a condition to produce the greatest effcets :
the error proceeds from persuading ourselves, that it is pos-
sible to apply to machines in movement what is not true
cxcept with respect to the case of equilibrium: from the
circumstance of a small power holding a very great weight
in equilibrium, many persons think that it could in the same
way raisc this weight as quickly as they please : now thisis a
very striking mistake, because, in order to succeed, theagent
must procure for itself a velocity beyond its faculties, or
which would at least make it lose so much the greater part
of its effort upon the machine as it would be obliged to
move itsclt more quickly. In the first case the agent has no
other object to attain than to make an effort capable of
counterhalancing the weight; in the second case, besides
this effort, there must be also another to overcome the iner-
tia, both of the body on which it impresses the movement
and of its own proper mass: the total effort which in the

4 T4 first
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first case would be employed entirely in conqueting the
weight of the body, is here divided into two, the first of
which continues to make an equilibrium in the weight, and
the other produces the movement. We therefore cannot aug-
ment one of these efforts except at the expense of the other;
and this is the reason why the effect of machines in motion
is always so limited that it can never surpass the momentum
of acuvity exercised by the agent which produces it.

It is, without doubt, for want of paying sufficient atten-
tion to these different effects of one and the same machine,
considered sometimes in a state of repose and sometimes ir
movement, that some persons not unacquainted with sound
theory frequently abandon themselves to the most chimerical
ideas, while we see simple workmen turning to advantage,
as it were by instinct, the real properties of machines, and
judging very accurately of their effects. Archimedes only
wanted a lever and a fixed point, in order to move the globe
of the earth ; how did it happen then, it may be said, that
so great a man as Archimedes could not, even when fur-
nished with the best machine in the world, raise a weight of
one hundred pounds in one hour to a sinall given height?
It is because the effect of a machine at rest and of one in
movement are two very different things, and somewhat he-
terogeneous : in the first case it is requisite to destroy and
to hinder the movement ; in the second, the object is to pro-
duce it and to keep it up; now it is clear that this last case
requires more consideration than the first : viz. the real ve-
locity of cach point of the system ;—but we shall better per-
ccive the reason of this difference by the following remark.

Any given fised points or obstacles are forces purely
passive, which may absorb a movement liowever great it may
be, but which can never produce one, let it be never so small,
in a body at rest: now it is very improperly that in the case
of equilibrium we say of a small power, that it destroys a
great one : it is not by the small power that the great one is
destroyed ; it is by the resistance of the fixed points: the
small power in reality destroys but a small part of the grear,
and the obstacles do the rest. If Archimedes had possessed
what he wished for, it would not have been he who would

have
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have supported the globe, it would have been his fixed
point: all his art would have consisted not in redoubling
his efforts to contend against the mass of' the globe, but to
put in opposition two great forces, the one active, and the
other passive, which he would have had at his disposal : if,
on the contrary, it had been requisite to produce an effective
movement, in this case Archimedes would have been obliged
to draw it entircly from his own proper person ; and yet it
would have been very small, even after several years: let us
not attribute therefore to active forces, what is owing to the
resistance of obstacles only, aud the effect will not appear
more disproportioned to the cause in machines at rest than
1n machines in motion.

LVI. \What is the true object thercfore of machmca n
monon?  We have already said, that itis to procure the
faculty of varving at pleasure the terms of the quantity Q,
or the momentum of activity which should be exercised by
the moving forces. If time be precious, if the effect must
be produced in a very short time, and if we have only a
power capable of very little velocity, but of a great effort, we
may find a machine capable of supplying the velocity neces-
sary for the force : if, on the contrary, we mnst raise a very
considerable weight, and we have buta weak power, al-
though capable of great velocity, we may contrive a ma-
chine with which the agent will be in a condition to com-
pensate by its velocity the force of which it is deficient,
Lastly, if the power is neither capable of a great effort nor
of a great velocity, we may still, with a proper machine,
make it produce the effcct desired, but then it will require
much time ;- and herein consists the well-known principle,
that in machines in movement, we always lose in tune orin
velocity v hat we gain in force.

Machines are therefore very useful, not by augmenting
the effect of which powers are naturally capable, but by
modifying this effect: it is true we shall never succeed by
means of them in diminishing the expense or momentim of
activity necessary for producing an effect proposed ; but they
will assist us in making a proper division of this quantity
for attaining the design in view : it is by their assistance

that
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that we shall succeed in determining, if not the absolute
movement of cach part of the system, at least in establishing
among these different particular movements the relations
which are most proper: it is by them, lastly, that we shall
give to the moving forces the niost convenient situations
and directions, the least fatiguing, and the most proper for
employing their faculties in the most advantageous manner.

LVII. This naturally leads us to the following interesting
question—,

?

The solution of this problem depends upon particular cir-
cumstances ; but we may hereupon make some general ob-
servations applicable to all cases. The following are among
the most esscntial.

The effect produced being the same thing (LIIL.) with
the momentum of activity exercised by the resisting forees,
the general condition is, that : now ¢ never
being able to surpass Q, The quantity Q must itself
be the greatest possible ; All this momentum Q must
be solely employed in producing the effect proposed.

In order to make Q a maximum, we must consider
that it viz.: upon the quantity of
force exercised by the agent which should produce the effect
g, upon its velocity, upon its direction, and upon the time
during which it acts. Now, 1st, As to what regards the di-
rection of the force, it is evident that this power should be
in every thing, besides being equal, directed in the same ratio
with its velacity, for the momentum of activity which du-
ring d ¢ a power F exercises, the velocity of which is V, and
the angle comprehended between F and V, Z, being
(XXXII) FVd¢ cosine 2, it is clear that this produce
will never be greater than when cosine z will be equal to
the total sinus, i. e. when the force and its velocity shall be
directed in the same ratio : 2dly, As to what regards the in-
tensity of the force cxercised, its velocity, and the time du-
ving which it is exercised ; we should not determine these
things
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things in an absolute manner, but solely place them in
the relations in which experience bas shown they will he of
most advantage: for instance, I shall suppose that a man
attached or eight hours in a day to a winch of one foot ra-
dius, . ight make continually an effort of 25 tons by making
one turn every two seconds, which nearly anmounts to the
velocity of three fect per second; but if we forced this man
to go quicker, thiunking thereby to hasten the business, we
should retard it, because he would not be in a condition to
make an effort of 25 tons, or could no longer work at the
ratc of eight hours a day. If, on the contrary, we diminish-
ed the velocity, the force would augment, but in a less de-
gree, and the momentum of activity would also diminish <
thus, according to experience, in order that this momentum
should be a maximum, we must proportion the machine so’
as to preserve to the power the veloeity of three feet per se-
cond, and not let it work more than eight hours a day.
Tt is well knowy that each kiud of agent has, in respect of
its physical nature or constitution, a maximum atalogous to
that of which we have spoken, and that this maximum can
in general only be found by experience.

LVIIL. This first condition being fulfilled, nothing re-
matns to be done, to produce with any given machine the
sreatest cficet possible, but to

for if this be done, we shall have ¢ = Q; and this is all we
can expect, since Q can never be less thau q.

Now in order to fulfil this condition, I say, in the first
place, that we should ENCIIEICHISIOCHOIISHIGCIICIaNEe
IR ; for it is casy to apply to all imaginable cases the
reasoning which has been laid down (XLVIIL.) as to ma-

chines with weights; whence it follows, that SRR

BB o2 the part of the soliciting forces; a loss so real
that the effect of it is necessarily diminished, as we have
shown with respeet to machines with weights in the above
article: it 1s therefore with reason that we have advanced
(LI.), that in order to make machines produce the greatest
eflect possible, they must of necessity

lllOVCﬂl(’.’l)t‘
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;—Wwe must solely
except those which by their very nature are subject to un-
dergo different percussions, like most kinds of mills; but

even in this case, it is clear that FEEIORENCCCISNE
LIX. We may conclude from this, for example, that the
method of producing the

DRI moved by a current of water, is not to

adapt a wheel to it, the wings of which receive the shock
of the fluid. In fact, | . o pro-
ducing in this way the greatest cfiects: the [l is, as we
have already said, because it is essential to avoid every kind
of percussion whatever ; the [JEEBlll is, becavse afler the
shock of the fluid there is still a velocity which remains to
it as a pure loss, since we shiould be able to employ this
remainder in still producing a new effect to be added to the
first. | EHRICHIOIERE the most perfect hydranlic machine,
7. e. capable of producing the greatest possible eftect, the
truc difficulty lies, [} Tn managing so as that the fluid may
lose absolutely all its movement by its action upon the ma-
chine, or at least that there should only remain precisely the
quantity necessary for escaping after its action ; [l Another
difficulty ocenrs in so far as it loses all this movement by
insensible degrees, and without there being any percussion,
either on the part of the fluid, or on the part of the solid
parts among themselves :

but this problem is very difficult to resolve

in general, not to say impossible ; it may even happen that
in the physical state of things, and in respect of their sim-
plicity, there can be nothing better than wheels moved by
shocks: and in this case as it i._
he more we wish to
make the fluid lose of its movement in order to attain the
first condition, the stronger will be the shock ; the more, on
the contrary, wewish to moderate the shock in order to ap-
proach the second, the less will the fluid lose of its move-
ment.
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ment. We perceive that there is [ [ il by means of

which we shall determine, if not in an absolute manner, at
least, having regard to the nature of the machine, that me-
thod which will be capable of the greatest effects.

LX. vhich is not less impor-
tant when we wish that machines should produce the greatest
possible effect, is, to contrive that the soliciting forces should
give rise to
If my object, for example, is to raise to a given height the
greatest quantity of water possible, whether with a pump or
otherwise, I should contrive that the water on flowing into
the upper reservoir should only have precisely as much ve-
locity as was necessary and no more, for all beyond this
quantity would uselessly consume the effort of the motive
power. Itis clear in fact (XLV.), that in this case this
power would have to consume an useless momentum of ac-
tivity, and which would be equal to the half of the real
force with which the water would have arrived in the re-
servoir.

It is not less evident, that in order to give the machines

the greatest effect poscible, e FENGENES
at least as much as possible, thdjESNGHDONEE such as
friction, rubbing of cords, the resistance of the air, which
are always, in whatever direction the machine moves, among
the number of the forces I have called resisting *.

It would be easy to extend these particular remarks, but’
my ohject 1s not to enter at present into any larger detail.

LXI. It may be concluded, from what has been said on
the subject of friction and other passive bodies, that [l

by only em-

ploying in order to produce it bodies which would not be
solicited by any motrix force, and even heavy bodies; for
What is not explicit here, but is in S Carnot: idea of running a machine in reverse.

* We often hear of passive forces ; l:ut where is the difference between an
active and a passive force? I think this guestion has never yet been an-
swered. Now it appears to me that the distinctive character of passive forces
consists ip this, that they never can become soliciting forces, whatever may
be the movement of the machine, while active forces can act sometimes in
the quality of soliciting and sometimes as resisting forces. In this view,
obstacles and fixed points arc evidenily passive forces, siace they can neither

act as soliciting nor as resisiing forces (XXXI).
these
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these passive forces from which notbing can be subtracted
being always resisting, it is evident that the movement must
continually slacken : and from what we have said (XLV.),
we see that if bodies are not solicited by any motrix force,
the amount of the uctive forces will be reduced to nothing ;
7. 2. the machine will be reduced to a state of rest, when
the imomentum of activity, produced by the friction since
the commencement of the motion, will have beconie equal
to half the amount of the initial active forces : and 1t the
bodies are heavy, the motion will finish when the niomen-
tum produced by the frictions shall be equal to half the
amount of the initial active forces, plus the half of the ac-
tive force which would take place if all the points of the
system had one common velocity, equal to that which is
owing to the height of the point where tlie centre of gravity
was at the first instant of the motion, above the lowest point
to which it can descend : this is evident from (XLII).

It is casy to apply the sane reasoning to the case of springs,
and in general to all cases in which the friction being sub-
tracted, the soliciting forces are obliged, in order to make
the machine pass from one position to anotlier, to cxercise
a momentum of activity as great as that which is produced
by the resisting forces when the machine returns from this
last position to the former.

The motion would end much sooner if some percussion
took place, since the sum of the active forces is always di-
minished in such cases (XXIIT).

Tt is therefore evident, that we ought entircly to despair
of producing what is called a pcrpeu-al motion, 1if it be true
that all the moving powers which exist in nature are no-
thing elsc than artractions, and that this force, as it should
scem, has a gencral property, that of being always the same
at equal distances between g'xvcn bodies, 7. e. of hcing a
function which only varies in cases where the distance of
these bodies itsclf varies.

LXII. One resulting from all that has
been said, is, that the kind of quantity to which I have given
the name of

OGO ~ - .. of moton

for
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for it is in generai this quantity which we must ceconomize
as much as possible, in order to draw all the effect we can
from one agent.

If it be required to - water for example, to
a given height; you will be able to raise more in a given
time, not from having exhausted a greater quantity of power,
but in proportion as you have exercised a greater momentum
of activity (XLIV).

If it be required to - cither by water, or wind,
or animals, it is not necessary that the shock of the water,
the wind, or the effort of the animal be greater ; but these
agents shculd be made to consume the greatest momentum
of activity possible.

If we wish to _ in the air in any way what-
ever, we must, in order. to succeed, consume a momentum of
activity as great as that which would be necessary for raising
to the height of 30 feet a volume of water equal to the
vacuum which we wish to produce. \

If it be a vacnum in an indefinite mass of water like the
sea, we must consume the same momentum of actiwity as if
the sea were a vacuum ; as if the vacuum which we wish to
make were a volume of sea water, aud as if we must raise
this volume to the height of the level of the sea.

If it be required to produce a vacuum in a vessel of a
given figure, it is evident that we cannot suceceed without
causing to ascend the centre of gravity of the total mass of
the fluid in a quantity determined by the figure of the vessel ;
we must therefore consyme a momentum of activity equal to
that which would be necessary to raise all the water in the
vessel in a quantity equal to that from which the eentre of
gravity of the fluid mnst ascend.

In a machine at rest, where there is no other force to
overcome except the vis inertice of the bodies, if we wish to
produce any movement by insensible degrees, the momentum
of activity which we have to coasume will be equal to half
the amount of the active forces we wish to produce ; and if
it be merely required to change the movement it has already,
the momentum of activity to be produced will only be the

quantity
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quantity 11 which this half amount will be increased by the
change (XLV).

Finally, supposing we have any system of bodies, that
these bedies attract each other, on account of any func-
tion of their distances; even supposing, if we please, that
this law 1s not the same with respect to all the parts of the
system, 1. e. that this attraction follows any law we please,
{providing that, between two given bodies, it only varies
when the distance of these bodies in itself varies,) and it be
required to make the system pass from any given position
to another : this being done, whatever be the path that we
wish each of the bodies to take, in urder to attain this ob-
jeet, whether we put all these bodies in inotion at once, or
the one after the other, whether we conduct them from one
place to another by a rectilinear or curvilinear motion, and
varied in any manner (providing no shock nor rapid change
occur) ; lastly, whether we employ any kind of machines
whatever, even by a spring, providing that in this case we
ultimately replace the springs in the same state of tension
in which they were at the first moment, the momentum of
activity which they will have to consume, in order to pro-
duce this effect, the external agents employed to move this
system, will always be 1he same, supposing the system to be
at rest at the first instant of the movement, and at the last
also.

And if, besides all this, it be necessary to produce in the
system any given movenient, or if 1t be already in motion at
the first moment ; and if it be requisitc to modify or change
this movement, the momentum of 5clizril?/ which the exter-
nal agents will have to consume will be equal to that which
it would be necessary to consume if it were merely requisite
to change the position of the system, without imprcssing
any motion npon it (& e. considered as at rest at the first
and last instants,) plus the half of the quantity by which
we must augment the sum of the active forces.

It is of very little importance therefore, as to the expen-
diture or momentum of activily to be consumed, that the
forecs employed are great or small, that they cmploy such

and
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and such machines, or that they act simultancously or not :
this momentum of activity is always equal to the produce of
a certain force, by a velocity, and by a time, or the sum of
geveral products of this nature ; and this sum should always
be the same, in whatever way we take it : the agents there-
fore will gain nothing on the one hand, which they do not
lnse on the other. .

To conclude, let us suppose that in general we have any.
system of animated bodics, of any motrix forces, and that
several external agents, such as men or animals, are em-
ployed to maove this system in various and different ways,
either by themselves or by machines :—This being granted,

IV hatever be the change occusioned in the system, the mo-
mentum of activity consumed during any time by the ex-
ternal powers, will be always equal to ihe half of the quan-
tity by which the sum of the active forces will have augment-
ed during this time, in the system of bodies to which they are
applied : minus the half of the quantity by which this same
sum of active forces would have aungmented, if each of the
bodies were freely moved upon the curve it has described, sup
posing that it had then undergone at each point of this curve
the same motrix force as that which it really undergoes :
providing always that the motion changes by .insensible de-
grees, and that if we employ machines with springs, we
leave these springs in the same state of tension in which we
found them. . [To be continued.]

LIV. DMemoirs of the late Erasmus Darwin, M. D.

[Continued from vol. xxx. p. 115:]

DARWINIANA.

¢ ;
HAVING laboured under a severe illness, the author of this
memoir must apologize for so long delaying the continuation
of the remarkable medical opinions of the great Dr. Darwin,
whose powers of mind, fully bent upon one important sub-
ject, namely health, and the causes of disease, apd the res
medies to be applied, with the rationale of <ach, cannot fail
to interest the philosophic world.
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