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PREFACE.

TuERE are few men whose mechanical inventions have
contributed so much to the good of our country as those
of Oliver Evans; for my own part, I could name but two,
and they are Whitney and Fulton. There have, it is
true, within the last thirty years, been a great number
of original machiies invented, and a great many improve-
ments made on those for which we are indebted to other
countries, that do great credit to American genius, and
evince a peculiar aptitude to excel in mechanical con-
trivances: but few, however, of these inventions could be
denominated national, although they have been of high
importance in the various arts to which they are applied

The improvements in the flour mill, like the invention
of the cotten gin, apply to one of the great staples of our
country; and, although nearly forty years have elapsed
since Mr. Evans first made his improvements known to
the world in the present work, the general superiority of
American milis to those even of Great Britain, is still a
subject of remark by intelligent travellers. Mr. Evans,
however, experienced the fate of mest other meritorious
inventors; the combined powers of prejudice and of in-
terest deprived him of all benefit from his labours, and,
like Whitney, he was compelled to depend upon other
pursuits for the means of establishing himself in the
world. His reward, as an inventor, was a long continued
course of ruinous litigation, and the eventual success of
the powerful phalanx which was in league against him.




v PREFACE.

It is not the intention of the editor to pronounce &
panegyric on, or to write the history of, Oliver Evans;
but his sense of justice, and a confident hope that, in the
history of American inventions, posterity may accord to
him the piace which he really merits, have called forth
the preceding remarks.

Mr. Evans made no pretensions to literature ; he con-
sidered himself, as he really was, a plain, practical man;
and the main object of his writing this work was to in-
troduce his inventions to public notice; it has, however,
been extensively useful to the mill-wright and the milier,
as a general treatise, and an edition of it has been pub-
lished in the I'rench language. The present editor was
employed to revisz the work, a few years ago, and a new
edition being again called for, the same task has been
again assigned to him by the publishers. It has not
been thought proper to make any such alteratiens in it
as shouid destroy its identity; as it would, in that case,
be essentially a new work, to which it would not be
proper to attach the name of Mr. Evans as the author;
encouraged, however, by the general approval of the
alterations and additions formerly made, the editor has
thought himself justified in pursuing, in the present in-
stance, the snme course, to a greater extent; and although
some theoretical views are interwoven in the general
texture of the work which may be disputable, these can
detract but little from it= practical utility; and it is hoped
that the farther changes which have been made in the
phrascuiogy, as well as in some other points, will be
found to add to its worth in this respect.

THOMAS P. JONES.
City of Iushington, JApril, 1834,
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THE

YOUNG MILL-WRIGHT

AND

MILLER’S GUIDE.

FART THE FIRST.

CHAPTER L.

MECHANICS,

Of the General Properties of Bodiesyand the first Principles
of Mechanics.

ArTicLE 1.
PRELIMINARY REMARKS.

Avrtnovan there are many good, practical workmen
who are entirely ignorant of the theory of mechanics as
a science, it will be universally acknowledged that an
acquaintance with the general propertics of matter, and
the lnws of motion would notonly be gratifying to every
intclligent mind, but would introduce a certainty into
wany mechanical operations which would cnsure their
success ; and this is a truth, with the importance of which
the author of this work was so fully impressed, that he
devoted a whole chapter to its consideration. The pre-
sent cditor has thought it best to alter and modify the
original work, but he has been careful not caly to retain
all that appeared to him important in it, but to make such
additions, und give such an arrangement to the whole,
as have appeared to him calculated to place the subjects
of which it treats in a more familiar light.

2




18 MECHANICS, [cHar, 1

It is only, however, those properties of bodies, and
those laws of motion, which most intimately conceru the
practical mechanician, that it is thought proper, here, to
treat at any length, as any thing farther would be entire-
ly foreign to the object of this work.

ARTICLE 2,
OX THE ESSENTIAL PROPERTIES OF BODIES.

There are certain properties of bodies which helong
to matter in all its forms, these are called its cssential
properties, as they are those without whichit cannot ex-
1st; these ave Extension, Figure, Impeactrability, Divisi-
bility, Mohility, Inertia, and Attraction.

Extenzion,  We become acquainted with the existunce
of matter «::ly by the space which itoccupies, We can-
not conceive of a bhady without length, breadth, and
thickness, which are the three dimensions of extension.
These vary greatly {om each other in different bodies:
and in some they are all equal to each other, as ‘n the
sphere and the cube,

Fiaure, or shape, is the necessary result of extension,
and constitutes its limits, The business of the machinist
is to give to various substances those figures, or shapes.
which shall adapt them to his purpose.

Impenetrability is that property, by which a body oc-
cupies a certain space, which cannot, at the same time,
be occupicd by another body. If a nail be driven into
a piecc of weod, it removes a portion of the latter ont
of its way. Waterand other fuids may be made to enter
the porcs of wocd, but it is manifest that two distinct
particles of matter cannot exist in the same space with
each other.

Divisibelity 1s the susceptibility of matter to be divided
into any number of parts. If| in conceiving of the minute-
ness of the particles of matter, we carry the imagination
to its utmost himits, we must confess that a single parti-
cle must contain as many halves, uarters, and cighths, as
the largest masses, We are not to conclude from this,
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ilowever, that matter is actually infinitely divisible, al-
though it is mathematically so. It is probable that the
Creator has formed masses of matter of certain minute
particles, which are infinitely kard, and incapable, from
their nature, of mechanical division.

Mobility is onc of those essential properties of matter,
which form the very foundation of operative mechanics,
as it is the capabiluy of matter to be moved from the
place, or spice, which it now occupics. No mechanical
operatiorn, indeed, or any other change, can be effected 1n
matter without motion.

Inrrtia, or inactivity, is that negative property of mat-
ter by which it resists every change of state, whether of
rest or of motion. By this term we mean to express the
fuct that matter is powerless; that if at rest, it has no-
thing within itself’ tending to put it into motion; and if
L motion, its own tendency 15 o continue to move, which
it would consequently do perpetually, but for those ex-
francous resistances to which every thing upon the sur-
face of the carth is subjected.  The teym wis inertiay or
the power of inertia, is altogether objectionable, although
it is vory frequently cmployed, 11 nertia were a power
cxisting in a body, it must be i some definite quantity,
capable of being expreszed n numbers, and of resisting
o force less than itselfs but it is a fact, that any force im-
pressed, however small, will move any body, Liowever
areat,

Aftraction is that power which exists in particles or
in masses of matter, by which they tend to approach
cach other. It has been divided into five kinds; the at-
traction of Grawitation, of Colesion or agarcgation, of
Muagonctism, of Flectricity, and Chemical attraction. 1t
is the two fornter only of these attractions which claim
particular attention in their rdationshi; <o mechanies,

The attraction of cokesicn is thiat power by which par-
Gcles of matter hecome united together and form masses.
\We could conceive of the existanee of matter without at-
traction, but it must be in its oviginal constituent parti-
cles only. unformed into masses; all matter, however, 18
manifestly endowed with this property, and its particles
are, thercfore, capable of being united together.  In or-
der that the attraction of cohesion may be exerted, it 1s
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necessary that the particles of matter be in contact with
cach other, as it does not take place at sensible dis-
tances. By sawing, filing, grinding, and many other
mechanical operations, we destroy the attraction of co-
hesion; and this, indeed, is the great object of these pro-
cesses.  In those bodies which are capable of undergo-
ing fusion, as the metals, we can readily restore this at-
t-action, by subjecting the disintegrated particles to this
process.

The attraction of Gravilation is manifested in masses as
well asin particles of matter, by it all the bodies in na-
ture tend to approach each other. 'The sun, the carth,
the moon, and all the planets, notwithstanding their im-
mense distances, are subjected to this universal law. A
stone, or other substance, if unsupported, falls to the
carth, in consequence of the attraction existing between
it and the earth., What we call weight, results from
this attraction, and is the wmeasure of its force or
power, in different bodies, The weight of a body is the
sum of the attractive force exerted upon its individual
particles. A piece of lead, weighing two pounds, con-
tains twice as many particles as another weighing but
one pound, and it is therefore drawn to the earth with
double the force. It might be supposed that, in conse-
quence of this double quantity of attraction, the piece of
two pounds would fali with double the velocity of that
of one pound; but, upon making the experiment, the
time of their fall will be precisely the same in each.
"This arises from the inertia of matter, by which, when at
rost, it tends to remain so; and, thercfore, to move a
double quantity with the same velocity, must require a
double force. Gravitation munst be considered as act-
ing equally on each particle, and consequently, there ex-
i=ts no reason why a piecc weighing two pounds should
fall with any greater rapidity than would 1ts two halves,
were it divided. Light bodies, which expose a large
surface to the air, are retarded in their fall by the resist-
ance which it presents; were that removed, a feather
would fall with the same velocity as a piece of lead.

This fact is of high importance in practical mechanics,
as, in the greater number of instances, gravitation is the
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active agent in moving machines, and in the construction
of all, it is an clement which must enter into the caicula-
tion of their power.

ARTICLE 3.
AXIOMS, OR LAWS, OF MOTION AND REST.

1. Every body in a state of rest, will remain so; and
every body in motion will continue to move in a right
line, until a change is effected by the agency of some nse-
chanical force,

2, The change from rest to motion, and {from motion
to rest, is always proportional to the force producing
these changes.

3. Action and reaction are always equal, and in direc-
tions contrary to cach other; or, when two bodies act
upon cach other, the forces are always equal, and di-
rected towards contrary parts.

The first of these laws, results, necessarily from the
inertia of matter. The assertion, however, that a body
in motion would continue to move in a right line, may
require some illustration. That motion when once com-
municated would never cease, is fairly inferred from the
fact that the motion is continued in the exact proportion
in which the obstruction is diminished. A pendulum
will vibrate longer in air thap in water, and longer still
in an exhausted receiver, and stops at last in consequence
of the friction on its points of suspension, and the imper-
fection of the vacuum.

When a stone is thrown in a horizontal direction, as
motion is constantly retarded, it also moves in a curve,
and eventually falls to the ground. The retardation, in
this case, is exactly proportioned to the density of the
air, and the curve in which it moves is the consequence
of the force of gravity, which is always drawing it to-
wards the earth: the curve in which it moves is deter-
mined by this known force, and is precisely proportion-
ate to it. It necessarily follows, that, if the course of
retardation, and of deflection were both remeved, that the
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body would continue its course in a right line. 'The pre-
ceding remarks may serve to illustrate the second, as well
as the first law.

The third law is confirmed by all our observations on
the motions of the heavenly bodies, and by all our expe-
riments. If a glass bottle be struck by a hammer, or a
hammer by a glass bottle, the bottle will in either case be
broken by the same degree of moving power: were the
hammer equally fragile with the bottle, both would be
broken. Ifa stone be thrown against a pane of glass, the
glass would be broken and the stone retarded, in exact
proportion to the resistance offered by the glass.

To assert the contrary of this law would be to main-
tain an absurdity; for if action and reaction be not cqual,
one must be greater than the other, which would be to
say that the etfect was greater than, or not equal to, the
cause,

ARTICLE 4,
AN ABSOLUTE AND RELATIVE MOTION.

The idea intended to be conveyed by the term motion
1s too familiar to require a definition.

Motion is either absolute or relative.

Absolute motion is the removal of a body from one part
of space to another, as the motion of the earth in its
orbit.

Relative motion is the change of place which one body
undergoes in relationship to another: such, for example,
as the difference of motion in the flight of two birds, or
the sailing of two ships.

Were all the articles upon the surface of the earth to
retain their respective situations, they would still be in
ab olute motion with the earth in space, but they would
experience no relative motion, and would appear to us to
be at rest.

In the theory of mechanics, much information is de-
rived from our knowledge of the laws observed by the
heavenly bodies in their absolute motions; but, in prac-
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tical mechanics, we have to do with relative motion
only.

On equable, accelerated, and retarded motion.

Time must, of necessity, enter into the idea of motion,
as it is the measure of its velocity, Thus a body which
passes the distance of two miles in an hour, moves with
twice the velocity of another, which, in the same time,
travels but one mile.

A body in motion may continue to move with the same
velocity throughout its whole course; its motion is then
said to be equable: or,

Its motion may be perpetually increasing, as 1s the
case with falling bodies. Thisis denominated accelerated
motion.

Retarded motion, is that which is continually decreasing;
such is the motion of a stone, or of a cannon ball, pro-
jected perpendicularly upwards.

The cause of the equable acceleratioa of falling bodies,
and the retardation of such as are projected upwards from
the earth, will be rendered clear, by attending to the arti-
cle on falling bodies.

ARTICLE 9.
OF MOMENTUM.

It is known to every one that if the velocity of a moving
body be increased, the force with which it will strike
against another body will be increased also: the fact is
equally familiar, that if the weight of . body in motion
be increased, the result will be similar. It is evident,
therefore, that the force with which a body in motion
strikes against another body, must be in the compound
ratio of its velocity, and its mass or quantity of matter.
This force is called its momentum, which is the product
of its quantity of matter multiplied by its quantity of
motion; or, in other words, its weight multiplied by its
velocity.
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The effects produced by the collision Qf b d s against
each other differ greatly in these which astic, from
those that are non-elastic, which will be more particu]ar-

ly noticed presently.

—

ARTICLE 6.
ON POWER, OR FORCE, AND ON THE MOTIiVE POWERS.

Force, or power, in a mechanical sense, is that which
causes a change in the state of a body, from motion to
rest, or from rest “o motion.

When two or more forces act upon a body, in such a
way as to destroy the operation of each other, there is
then said to be an equilibrium of forces.

The Motive Powers, are those which we employ to
produce motion in machines; these are, the strength of
men, and of other animals; the descent of weights; the
force of water in motion; wind, or the motion of the air;
the elasticity of springs, and the clastic force of steam.
'The whole of these are included in the two principles of
Gravitation and Elasticity.

Attempts have been made to employ other agents as
motive powers, but these have either failed altogether, or
have not been attended with that success which justifies
the giving to them a place in a practical work. Among
these may be mentioned magnetism; electricity; con-
densed air; air rendered more y elastic by heating it; ex-
plosive gases and fulminating compounds.

ARTICLE 7.
ON THE EFFECTS OF COLLISION, OR IMPACT.

The striking of bodies against each other is denomi-
nated collision, or impact.

Bodies are divided into elastic, and non-elastic. By
elastic bodies are intended those which resume their di-
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mensions and form, when the force which changes them
is removed. Non-clastic bodies are those which not only
change their forms when struck, but remain permanently
altered in this particular. Although there are no solid
bodies which possess either of these properties in perfec-
tion, yet the difference between those which are most, and
those which are least elastic, is sufficiently great to justify
the division,

Ivory and hardened steel are eminently elastic. Such
bodies, when struck together, become flattened at the
point of contact; but immediately resuming their form,
they react upon each other, and rebound. Lead and soft
clay are non-elastic: if two balls of either of these
substances be struck together, a permanent flattening is
produced at their points of contact, and they do not re-
bound.

If two non-elastic bodies, A and B, fiz. 1, cach having
the same quantity of matter,move towards cach other with
equal velocities, they will come into contact, as at A B,
in the centre, where they will remain at rest after the
stroke, because their momentums were equal, and in op-
posite directions. That is, if each have two pounds of
matter, and a velocity which we may call ten, the mo-
mentum of each is twenty; and just sufficient, thercfore,
to destroy each other.

If, on the contrary, the bodics be perfectly elastic, they
will recede from each other with the same velocity with
which they met. In the former case, a permanent inden-
tation was produced on the bodies; in the present the flat-
tening is instantaneous only, and the particles resuming
their former position and arrangement, react upon each
other with a force equal to their action, and, after the
stroke, recede with undiminished velocity.

If two non-elastic bodies, A and B, fig. 2, moving in
the same direction with different velocities, impinge upon
each other, they will move on together after the stroke
with such velocity as being multiplied into the sum of
their weights, will produce the sum of the momentums
which they had before the strcke ; that is, if each weigh
one pound, and A has 3,and B 4 degrees of velocity,
the sum of their momentum 1s 12; 1 x 8 + 1 x 4 =12:
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then after the stroke their velocity will be 6; which,
multiplied into their quantity of matter 2, produces 12.
The quantity of motion before and after the stroke, or,
which is the same thing, their momentums, will be un-
changed.

If, on the contrary, they had both been elastic, and
moving as before, then, after the stroke, A would have
moved with four, and B with eight degrees of velocity:
they would consequently have interchanged velocities,
but the quantity of motion would remain unchanged.

If A and B be non-elastic bodies, equal in quantity of
matter, and A moving with a velocity 10, come into con-
tact with B at rest, they will move on together with the
velocity 5. The quantity of motion will thercfore remain
unchanged, a double mass moving with one half the ve-
locity. If the bodies A and B be both elastic, B, after
the stroke will fly off with the velocity 10, and A will
remain at rest. The quantity of motion will, as before,
remain unchanged. To understand this difference be-
tween elastic and non-elastic bodies, we may suppose
that when the two elastic bodies come into centact with
each other, they tend to move on together, like the non-
clastic, with one half the velocity of the body A ; that is,
A gives half its motion to B; but being elastic. the im-
pinging parts, which give way, instantaneously resume
their form, and react upon each other with a force equal
to their first action, which drives A back with a velocity
5, and B forward with an cqual velocity: the effect of
which must be to leave A at rest, and to accumulate the
whole motion in B,

ARTICLE 8.
ON COMPOUND MOTION.

If a body be struck by two equal forces, in contrary
directions, 1t will remain unmoved; but if the forces, in-
stead of acting on the body in directions exactly oppo-
site, strike it 1n two directions inclined to each other,
motion will be communicated to the body so struck ; but
its direction will not be that of either of the striking bo-
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dies, but somewhere between them, dependent upon the
power of the blows respectiveiy. The motion in this
case is manifestly compounded of the two possessed by
the striking bodies, and is therefore called a compound
motion.

If a body A, fig. 4, receive two strokes, or impulses
at the same time, in different directions, one which would
propel it from A to B ina given time, and another which
would propel it from A to D in an cqual time, then
this compound force will propel it from A to C, in the
same tune in which it would have arrived at B or D by
one impulse only. 1f lines be drawn from C, to join B,
and D, the parallelogram A B C D, will be formed, in
the diagenal of which the compound motion was per-
tormed. It the two impulses had been equal, then A D
would be equal to A B,and the parallelogram would be-
come i square.

ARTICLE 9.
OF NOX-ELASTICITY, AND OF FLUIDITY, IN IMPINGING BODIES.

If A and B, fig. 3, be two columns of matter in mo-
tion, meeting each other, and equal in non-elasticity,
quantity and veloeity, they will meet at the dotted line
¢ ¢,destroy each other’s motion, and remain at rest, pro-
vided none of their parts separate.

But if A be clastic, and B non-elastic, when they meet
at ¢ ¢, B will give way by battering up, and both will
move a little farther; that is, half the distance that B
shortens.

But if Bbe a column of fluid, and when it strikes A,
flies off in a lateral direction, perpendicular to A, then
whatever is the sum total of the momentums of these par-
ticles laterslly, has not been communicated to A.

But with what proportion of the striking velocity the
fluid, after the stroke, will move in the lateral direction,
I do not find determined; but, from some experiments I
have made, I suppose it to be more than one half; be-
cause water falling four feet, and striking a horizontal
plane with 16,2 fect velocity will cast some few drops to
the distance of 9 feet (say 10 feet, allowing one foot to
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be lost by friction, &c.) which we must suppose take
their direction at an angle of 45 degrees ; because a bod
projected at an angle of 45 dewrees, will describe the
greatest possible horizontal range. Itisknown also, that
a body falling 4 feet and reflected with its acquired ve-
locity 16,2 feet at 45 degrees, will reach 16 feet hori-
zontal range, or four times the distance of the fall. There-
fore, by this rule 1 of 10 feet, equal to 2,5 feet, is the fall
that ‘will produce the velocity necessary to this effect, viz.
velocity 12,64 feet per second, about three quarters of
the strllung velocity.

This side force cannot be applied to produce any far-
ther forward force, after it has struck the first obstacle,
because its action and reaction then balance each other;
which I demonstrated by fig. 27,

Let A be an obstacle, awamst which the column of
water G A, of quantity 16 with velocity per second 16,
strikes ; as it strikes A, suppose it to change its direction
at rmht angles with  velocity and to strike B B, then
to chanrre again and strike forward against C C, and back-
wards agamat D D; then again in the side direction
E E; and again in the forward and backward directionsg,
all of which forces counteract and balance each other,

Therefore, if we suppose the obstacle A to be the float
of an undershot water-wheel, the water can be of no far-
ther service in propelling it, ‘after the first impulse, but
rather a disadvantage; because the elasticity of the float
will cause it to rebound in a certain degree, and, instead
of keeping fully up with the float it struck, to react back
against the next float. It will be better, therefore, to let
it escape freely as soon as it has fully made the stroke:
not sooner, howe ver, as it will require a certain space to
act 1n, which will be in direct proportion to the distance
between the floats.

From these considerations, we may conclude, that the
greatest effect to be obtained from striking fluids, will not
amount to more than half the power w hich gives them
motion, and much less, if they be not applied to the best
advantage: and also that the effect produced by the col-
lision of non-elastic bodies, will be in proportion to their
non-elasticity.
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ARTICLE 10.

OF FALLING BODIES,

Bodies descending freely by their gravity,in vacuo, or
in a non-resisting me dium, are subject to the following

laws :—

1st. They are equally accelerated.

It is evident, that, inevery equal part of time, the body
must receive an equal impulse from gravity, which will
pxopel 1t at an eqml distance, and O‘I\rb it an equal addi-
tional velocity; it will, therefore, produce equal effects in
equal times ; and the velocity will be proportioned to the
time,

2d. Their velocity is always in proportion to the time
of their fall,and the time is as the square root of the dis-
tance fallen.

If the velocity, at the end of one second, be 32,4 fect,
at the end of two seconds, it will be 64,8; at the end of
three seconds, 97,2 feet per second, and SO on.

3d. The spaces through which they pass are as the
squares of the times and the velocities.

That is, as the square of one second is to the space
passed through 16,2, so 1s the squarc of two seconds,
which i1s 4, to 64,8 feet, passed through at the end of 2
seconds; and so on, for any number of seconds. "There-
fore the spaces pas ssed through at the end of cvery second
will be as the square numbers 1,4, 9, 16, 25, 36, &c., and
the spaces passed through, in cach second qepmate]},
will be as the odd numbers 1,3,5,7 9,11, 13, 15, &c.

4th, Their velocitiesare as 'the square root of the space
descended through, and their force, to produce cffect, as
their distances fd”bn, directly.

"That is, as the square root of 4, which is 2 2, is to 16,2,
the \e]ocn) acquired in falling four feet ; ; so1s the square
root of any other distance, to the velocity acquued in fall-
ing that distance.

5th. The spece passed through the first second, is very
nearly 16,2 feet, and the velocity acquired, at the lowest
point, is 32,4 feet, per second.

Gth, A b0(h will pass through twice the space, in a
horizontal dircction, with the last acquired velocity of
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the descending body, in the same time that its fall re-
quired.

‘That is, suppose the body, as it arrives at the lowest
point of its fall, and has acquired its greatest velocity,
were to be turned in a horizontal direction, or that the ac-
ccleration from gravity was at that moment to cease, and
the velocity to continue uniform, it would then pass over
double the distance that it had descended through, in the
same time.

“th. The total sum of the effective impulse acting on
falling bodies to give them velocity, is in direct propor-
tion to the space descended through :* and their velocity
being as the square root of the space descended through,
or, which is the same, as the square root of the total im-
pulse, Therefore,

Sth. Their momentums, or force to produce effects,
are as the squares of their velocities,t or directly as their
distances falien through ; and the times expended in pro-
ducing the cftects are as the square root of the distance
fallen through,

‘That is, it a body fall 16 feet,and strike a non-clastic
body, such as soft lead, clay, &c., it will strike with ve-
locity 32, and produce a certain effect in a certain time.
Again, if 1t fall 6.4 feet, it will strike with velocity 64, and
produce a quadruple efiect, in a double time; because if
a perfectly clastic body fall 16 feet (in one second of time,
and strike a perfectly clastic plane, with veloeity 32 feet,)
it will rise 16 feet in one sccond of time.  Again, it the
body fall two seconds of time, it will fall G4 feet, and
strike with velocity G4, and rize 64 feet in two seconds
ol time.  Now, if we call the rising of the body the effect
of the striking veiocity (which it really is) then all will
appear clear., I am aware that any thing here advanced,
wlich is contrary to the opinion of learned and ingenious
authors, ought to be deubted, wiless found to agree with
practice.

* This is evident from the consideration that in every equal part of distance it
deseends throush, it receives an equally effective impnlse from gravity. There-
ture, 4 times e distance gives | times the ¢fective impulse,

1 Thixas evident, when we consider that a quadruple distance, or impulse, pro-
duces only double velocity, and that a quadraple resistance will be required to
stop double velocity ; consequently, their foree is as the squares of their velocities,

which brings them to be directly as their distances descended through: and this
agrees with the second law of spouting fluids, Art. 45.
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This scale shows at one view all the laws observed by
falling bodies. The body O would fall from O to 1, equal
to 16,2 feet, in the first second, and acquire a velocity
that would carry it 32,4 feet from I to a, horizontally,
in the next second, by laws 5 and 6; this velocity would
also carry it down to three in the same time; but its gra-
vity, producing equal effects, in equal times, will acce-
lerate it so much as to take it to 4 in the same time, by
law 1. It will now have a velocity of 64,8 feet per se-
cond, that will take it to b horizontally, or down to 8,
but gravity will help it on to 9 in the same time. Its
velocity will now be 97,2 feet; which will take it hori-
zontally to ¢ or down to 15, but gravity will help it on
to 16; and its last acquired velocity will be 129,6 feet,
per second, which would carry it to d horizontally,

If either of these horizontal velocities be continued,
the body will pass over double the distance it fell, in the
same time, by law 6.

Again, if O be perfectly elastic, and falling, strikes a
perfectly clastic plane, either at 1,3, 5, or 7, the effec-
tive force of its stroke will cause it to rise again to O in
the same space of time it took to fall,

This shows, that in every equal part of distance, it
received an equally effective impulse from gravity, and
that the total sum of the effective impulse i as the dis-
tance fallen directly—and the effective force of the

stroke will be as the squares of the velocities, by laws 7
and 8.

ARTICLE 11.

OF BODIES DESCENDING INCLINED PLANES AND CURVED SURFACES,

Bopies descending inclined planes and curved sur-
faces, arc subject to the following laws:—
1. They are equably accelerated, because their motion
1s the effect of gravity.
2. The force of gravity propelling the body A, fig. 5,
to descend an inclined plane A D, is to the absolute gra-
3
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vity of the body as the height of the plane A C is to its
length A D.

3. The spaces descended through are as the squares
of the times.

4, The times in which the different planes A D, A H,
and A I, or the altitude A C, are passed over, are as their
lengths respectively.

5. The velocities acquired in desc>nding such planes,
in the lowest points, D, H, 1, or C, are all equal.

6. The times and velocities of bodies descending
through planes alike inclined to the hnrizon, are as the
square roots of their lengths.

7. Their velocities, in all cases, are as the square roots
of their perpendicular descent.

From these laws or properties of bodies descending
inclined planes, are deduced the following corollaries:
namely :—

1. That the times in which a body descends through
the diameter A C, or any chord A a, A e, or A |, are
equal: hence,

2, All the chords of a circle are described in equal
times.

3. The velocity acquired in descending through any
arch, or cherd of an arch, of a circle, as at C, in the
lowest point C, is equal to the velocity that would be ac-
quired in falling through the perpendicular height I' C.

Pendulums in motion have the same propertics, the
rod or string acting as the smooth, curved surface.

For illustrations of these properties, see Kater and
Tardner’s Mechanics, p. 79, or any general treatise on
that subject.

ArTICLE 12,

ON THE MOTION OF PROJECTILES,

A projectile is a body thrown, or projected, in any di-
rection ; such as a stone fromn the hand, water spouting
from any vessel, a ball from a cannon, &c., fig. 6.
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Every projectile 1s acted upon by two forces at the
same time; namely, Impulse and Gravity.

By impulse or the projectile force the body will pass
over equal distances, A B, B C, &c., in equal times by
1st general law of motion, Art. 7, and by gravity, it de-
scends through the spaces A G, G H, &c., which are as
the squares of the times, by 3d law of falling bodies, Art.
9, 'Therefore. by these forces compounded, the body will
describe the curve A Q, called a parabola; and this will
be the case in all, except perpendicular directions; the
curve will vary with the elevation, yet it will still be what
is called a parabola.

It the body be projected at an angle of 45 degraes ele-
vation, it will be thrown to the greatest horizontal dis-
tance possible; and if projected with double velocity, it
will describe a quadruple range.

ARTICLE 13.
OF CIRCULAR MOTION AND CENTRAL FORCES.

If a body A, fig. 7, be suspended by a string A C, and
causcd to move round the centre C, that tendency which
it has to fly from the centre, is called the centrifugal
force; and the action upon a body; which constantly so-
licits it towards a centre, is called the ceniripetal force.
This is represented by the string, which keeps the body
A.in the circle A M. Speaking of these two forces in-
differently, they are called central forces®

'T'he particular laws of this species of motion, are,

1. Equal bodies describing equal circles in equal times,
have cqual central forces.

2. Unequal bodies describing equal circles in unequal
times, their central forces are as their quantities of mat-
ter multiplied into their velocities,

* It may be well to observe here, that this central force is no real power, but
only an effect of the power that gives motion ta the body. Its inertia causes it
to recede from the centre, and fly off in a direct tangent, with the cirele it moves
in: therefore, this central force can neither add to, nor diminish, the power of

any mechanical or hydranlic engine unless it be by friction and inertia, where
water is the moving power, and the machine changes its direction.
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3. Equal bodies describing unequal circles in equal
times, their velocities and central forces are as their dis-
tances from their centres of motion, or as the radii of
their circles.®

4. Unequal bodies describing unequal circles in equal
times, their central forces are as their quantitics of matter
multiplied into their distances from their centres, or the
radii of their circles.

5. Equal bodies describing equal circles in unequal

.
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times, their central forces are as the gquares of their ve-
locities; or, in other words, a double velocity generates
a quadruple central force.t Therefore,

6. Unequal bodies describing equal circles in unequal
times, their central forces are as their quantities multi-
plied into their velocities.

7. Equal bodies describing unequal circles with equal
celerities, their central forces are inversely as their dis-
tances from their centres of motion, or the radii of their
circles.}

* This shows that when mi'l-stones are of unequal diameters, and revolve in
equal times, the largest should have the draught of their turrows less, in propor-
tion as their central force is more; which is in in -erse proportion; also, that the
dranght of a stone should vary, and be in inverse proportion to the Jistance from
the centre. That is, the greater the distance, the less the draught.

Hence, we conclude, that if stones revolve in equal times, their dranght must
L:e equal near the centre; that is, so much of the large stones as is equal to the
size ol the small ones, must be of equal draught. But that part which is greater
must have less draught in inverse proportion; as the distance from the centre is
greater, the furrows must cross at so much less angle, which will be nearly the
case (if their furrows lead to an equal distance from their centres) at any conside-
rable distance from the centre of the stone; Lut near the centre the angles become
greater than the proportion; if the furrows be straight, as appears by the lines,
ghh g2, h2 g3, hd,infig. 1, Pl. X1, the angles near the centre are too
great, which seems to indicate that the furrows of mill-stones should not be straight,
but a little curved ; but what this curve should be, is very difficult to lay down
exactly in practice. By theory it should be such as to cause the angle of furrows
crossing, to change in inverse proportion with the distance from the centre, which
will require the furrows to curve more as they approach the centre.

t This shows that mill-stones of equal diameters, having their velocities une-
gnal, should have the draught of their furrows as the square roots of their number
of revolutions per minute. Thus, suppose the revolutions of one stone, the fur-
rows of which are correctly made, to be 81 per minute, and the mean drauvght of
the rurrows d inches, and fonnd to be right, the revolutions of the other stone to
be 100; then, to find the draught, sav as the square root of 81, which is %, isto the
N inches, draught, =0 is the square roat of 100, which is 10, 10 1,5 inches, the draught
required (by inverse proportion,) because the draught must decrease as the cen-
tral force increases, .

Y That is, the ereater the distance, the less the central force. Thisshows that
mill-stones of different dhameters, having their peripheries revolving with equal
velocities, should have the angle of draught, with which their furrows cross each
other, in inverse proportion to their diameters, because their central forces are as
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8. Equal bodies describing unequal circles, having
their central forces equal; their periodical times are as
the square roots of their distances.

9. Therefore the squares of the periodical times are
proportional to the cubes of their distances, when neither
the periodical times nor the celerities-are given. In that
case,

10. The central forces are as the squares of the dis-
tances inversely.*

their diameters, by inverse proportion, direct!y; and the angle of druught should
increase, as the central force decreases, and decrease, as it increases.

But here we must consider, that, to give stones of different diameters equal
draughts, the distance of their furrows from the centre, must be in direct propor-
tion to their diameters. Thus, as 4 feet diameter is to 4 inches draught, so i1s 5
feet diameter to 5 inches draught. To make the furrows of each pair of stones
cross each other at equal angles, in all proportional distances from the centre, see
fiz. 1, Plate XI. whereg b, gd, g f, ha, hc,and h e, show the direction of the
furrows of the 4, H, and 6 feet stones, with their proportional draughts; now it is
obvious that they cross cach other at equal angles, because the respective lines
are paraliel, and cross in each stone near the middle of the radius; which shows
that in all proportional distances, tley cross at equal angles, consequently their
dranghts are equal,

But the draught must be farther increased withthe diameter of the stone, in order
to increase the angle of draught in the inverse ratio, as the central force decreases.

To do which, say,—If the 4 feet stone has central force equal I, what ceutral
force will the 5 feet stone have? Answer: 8, by the 7th law.

Then say,—If the central force 1 require 5 inches draught, for a 5 feet stone,
what will central force 8 require; Answer: 6.25 inches draught. This is, sup-
posing the verge of each stone to move with equal velocity. This rule may
bring out the draught nearly true, provided there be not much difference between
the diameter of the stones. But it appears to me, that neither the angie with
which the furrows cross, nor the distance of the point from the centre, to which
they direct, is a true measure of the draught.

* These are the laws of circular motion and central forces. For experimental
demonstrations of them, see Ferguson’s Lectures on Mechanics, page 27 to 47.

I may here observe that the whole planetary system is governed by these laws
of cireular motion and central forces. Gravity acting as the string, is the cen-
tripetal foree; and as the power of gravity decreases, as the square of the distance
increases, and as the centripetal and centrifugal forces must always be equal in
order to keep the body in a circle; hence appears the reason why the planets
most remote {rom the sun have their motion so slow, while those near him have
their motions swift; because their celerities must be such as to create a cen-
trifugal force eqnal to the attraction of gravity.
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ARTICLE 14.

Y

OF THE CENTRES OF MAGNITUDE, MOTION, AND GRAVITY,

1. The centre of magnitude is that point which is
equally distant from all the external parts of a body.

2. The centre of motion is that point which remains
at rest, while all other parts of the body move round it.

3. The centre of gravity of bodies, is of great conse-
quence to be well understood, it being the principle of
much mechanical motion; it possesses the following par-
ticular properties,

1. If a body be suspended on this point, as its centre
of motion, it will remain at rest in any position.

2. If a body be suspended on any other point than its
centre of gravity, it can rest only in such position, that a
right line drawn from the centre of the earth through the
centre of gravity will intersect the point of suspension.

3. When this point is supported, the whole body is
kept from falling.

4. When this point is at liberty to descend in a right
line, the whole body will fall.

5. The centre of gravity of all homogen=eal bodies, as
squares, circles, spheres, &c., is the middl2 point in a
line connecting any two opposite points or angles,

6. In a triangle, it is in a right line drawn from any
angle to bisect the opposite side, and at the distance of
one-third of its length from the side bisected.

7. In a hollow cone, it is in a right line passing from
the apex to the centre of the base, and at the distance of
one-third of the side from the base.

8. In a solid cone, it is one-fourth of the side from the
base, in a line drawn from the apex to the centre of the
base.

The solution of many curious phenomena, as, why
many bodies stand more firmly on their bases than others;
and why some bodies lcan considerably over without fall-
ing, depends upon a knowledge of the position of the cen-
tre of gravity.

Hence appears the reason, why wheel-carriages, load-
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A with I - ' . »
ed with stones, iron, or any heavy matter, will not over-

a

turn so easily, as when loaded with wood, hay, or any
light article; for when the load 1s not higher than a b,
fig. 22, a line from the centre of gravity will fall within
the centre of the base at c; but if the load be as high as
d, 1t will then fall outside the base of the wheels at e,
consequently it will overturn. From this appears the
error of those, who hastily rise in a coach or boat, when it
is likely to overset, thereby throwing the centre of gravi-
ty more out of the base, and increasing their danger.

CHAPTER 1I.

ARTICLE 1D.
OF THE MECHANICAL POWER.

Having premised and considered all that is necessary
for the better understanding those machines called me-
chanical powers, we now proceed to treatof them. They
are six in number; namely:

The Lever, the Pulley, the Wheel and Axle, the In-
clined Plane, and the Screw.

These are called Mechanical Powers, because they in-
crease our power of raising or moving heavy bodies.  Al-
though they are six in number, yet they are all governed
by one simple principle, which I shall call the first Gene-
ral Law of Mechanical Powers; it is this, the momenYums
of the power and weight are aliways equal, when the engine
ts in equilibrio,

Momentum, here means the product of the weight of
the body multiplied into the distance it moves; that is,
the power multiplied into its distance moved, or into its
distance from the centre of motion, or into its velocity,
is cqual to the weight multiplied into its distance moved,
or into its distance from the centre of motion, or into its
velocity ; or, the power multiplied into its perpendicular
descent, is equal to the weight multiplied into 1ts perpen-
dicular ascent,



40 MECHANICS. [caar. 1.

The Second General Law of Mechanical Powers, is,

The power of the engine, and velocity of the weight moved
are always in the inverse proportion to each other; that is,
the greater the velocity of the weight moved, the less it
must be; and the less the velocity the greater the weight
may be: and that universally in all cases.

The Third General Law, is,

Part of the original power is always lost in overcoming
Sriction, inertia, &c.,but no power can be gained by engines,
when time is considered in the calculation,

In the theory of this science, we suppose all planes to
be perfectly smooth and even, levers to have no weight,
cords to be perfectly pliable, and machines to have no
friction: in short, all imperfections are to be laid aside,
until the theory is established, and then proper allow-
ances are to be made for them.

ARTICLE 16.
OF THE LEVER.

A bar of Iron, of Wood, or of any other inflexible ma-
terial, one part of which is supported by a fulcrum or
prop, and all other parts turn or move on that prop, as
their centre of motion, is called a lever; when the lever
is extended on each side of the prop, these extensions
are called its arms; the velocity or motion of every part
of these arms, is directly as its distance from the centre
of motion, by the third law of circular motion.

With respect to the lever, when in equilibrium,—Ob-
serve the following laws:—

1. The power and weight are to each other, inverse-
ly as their distances from the prop, or centre of mo-
tion.

That is the power P, fig. 8, Plate I, which is one
multiplied into its distance B C, from the centre 12, 1s
equal to the weight 12 multiplied into its distance A B
1; each product being 12.
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2. The power is to the weight, as the distance the
weight moves is to the distance the power moves, re-
spectively.

That is, the power multiplied into its distance moved,
is equal to the weight multiplied into its distance moved.

3. The power is to the weight, as the perpendicular
ascent of the weight is to the perpendicular descent of
the power.

That is, the power multiplicd into its perpendicular
descent, is equal to the weight multiplied into ifs perpen-
dicular ascent.

4. Their velocities are as their distances from their cen-
tre of motion, by the 3d law of circular motion, p. 28.

These simple laws hold universally true, in all me-
chanical powers or engines; therefore it is easy (from
these simple principles) to compute the power of any
ecngine, either simple or compound; for it is only to find
how much swifter the power moves than the weight, or
how much farther it moves in the same time; and so
much is the power (and time of producing it) increased,
by the help of the engine,

ARTICLE 17.

GENELRAL RULES FOR COMPUTING THE POWER OF AXNY ENGINE.

1. Divide cither the distance of the power from its
centre of motion, by the distance of the weight trom its
centre of motion. Or,

2. Divide the space passed through by the power, by
the space passed through by the weight, (this space may
be counted either on the arch, or on the perpendicular
described by each,) and the quotient will show how much
the power 1s increased by the uelp of the engine; then
multiply the power applied to the engine, by that quo-
tient, and the product will be the power of the engine,
whether simple or compound.
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EXAMPLES.

Let A B C Plate L. fig. 8, represent a lever; then, to
compute its power, div ide the distance of the power P
from its centre of motion B C 12, by the dlstance ABI,
of the weight W, and the quotlentls 12: the power is
increased 12 times by the engine; w thh, multiplied by
the power applied 1, ‘produces 12, the power of the en-
gine at .\, or the “eurht W, that will balance P, and
hold the engine in cthbuo. But suppose the arm A
B to be continued to E, then, to find the power of the
cngine, divide the distance B C 12, by B E 6, and the
quotlent 1s two; which, multiplied by 1, the power ap-
plied, produces 2, the power of the engine, or weight W,
to balance, P.

Or divide the perpendicular descent C D of the power
equal to 6, by the perpendicular ascent IS IF equal 3; and
the quotlo nt 2, multiplied by the power P cqual 1, pro-
duces 2, the power of the engine at ¥

Or divide the velocity of the power P equal G, by the
velocity of the weight w equal 3;*and the quotient 2
mullnphed by the power 1, produces 2, the power of the
engine at K. If the power P had been applicd at 8 then
1t would have required to h'ue been 14 to balance W, or

: beeause 14 times 8 is 12, which is “the momentura of
botl weights W and w, If it had been applied at 6, it
must have been 2; if at 4, it must have been 3; and so

an for any other distance from the prop or centre of mo-
tion,

ARTICLE 18,

Or' THE DIFFERENT KINDS OF LEVERS.
There are four kinds of Levers.

1. The most common kind, where the prop is placed
between the weight and power, but generally nearest the
w mfrht as otherwise, there would be no aain of power.

2. When the prop is at one end, the power at the other,
and the weight between them,
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3. When the prop is at one end, the weight at the
other, and the power applied between them.

4. The bended lever, which differs only in form, but
not in properties, from the others.

Those of the first and second kind, have the same pro-
perties and powers, and produce real mechanical advan-
tage, because they increase the power; but the third kind
produces a decrease of power, and is only used to increase
velocity, as in clocks, watches, and mills, where the first
mover is slow, and the velocity is increased by the gear-
ing of the wheels,

The levers which nature employs in the machinery of
the human frame, are of the third kind ; for when we lift
a weight by the hand, the muscle that exerts the force
to raise the weight, is fastened at about one-tenth of the
distance from the elbow to the hand, and must exert a
force ten times as great as the weight raised ; therefore,
he that can lift 56 lbs. with his arm at a right angle at
the clbow, exerts a force equal to 560 Ibs. by the muscles
of his arm.

ARTICLE 19,
OF COMPOUND LEVERS.

Several levers may be applied to act one upon another,
as 213 in fig, 9, Plate I, where No. 1 is of the first
kind, No. 2 of the second, and No. 3 of the third, The
power of these levers, united to act on the weight W, is
tound by the following rule, which will hold universally
true in any number of levers united, or wheels (which
operate on the same principle) acting upon one another.

RULE.

1st. Multiply the power P, into the length of all the
driving levers successively, and note the product.

2d. Then multiply all the leading levers into one ano-
ther successively, and note the product.
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3d. Divide the first product by the last, and the quo-
tient will be the weight W, that will hold the machine in
equilibrio.

This rule is founded on the first law of the lever, Art.
16, and on this principle; namely:

Let the weight W, and power P, be such, that when
suspended on any compound maclune, whether of levers
united, or of wheels and axles, they hold the machine in
ethbrlo then if the power P be multiplied into the
radius of all the driving wheels, or lengths of the driving
levers, and the product noted, and the weight W multi-
plied in the radius of all the leadmw wheels, or lengths of
the leading levers, and the product “noted, these products
will be equal If we had taken the velocities, or the cir-
cumiferences of the wheels, instead of their radii, they
would have been equal also

Op this principle is founded all rules for calculating

the puwer and motion of wheels in mills, &c. Sce Art.
20.

EXAMPLES.

Given the power P equal to 4 on lever 2,at 8 distance
from the centre of motion. Required, with what force
im er 1, fastened at 2 from the centre of motion of lever

mu=~ act to hold the lever 2 in equilibrio.*

B the rule 4 x 8 the length of the long arm is 32, and
this dmdod by 2, the len«rth of the short arm, gives 16,
the force required.

Then 16 on the long arm, lever 1, at 6 from the contlo
of motion. Required The we cight on the short arm, at 2
to balance it,

By the rule, 16 x 6 = 96, which divided by 2, the short
arm, gives 48, for the weigit required.

Then 18 is on the lever 3, at 2 from the centre. Re-
quired the weight at 8 to balance it.

Then 48 x 3= 96, which divided by 8, the length of
the long arm, gives l" the weight required.

D
leen the power P = 4, on one end of the combination

* In order to abbreviate the work, I shall hereafter use the following Algebraic
signs, namely:
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of levers. Required, the weight W. on the other end, to
hold the whole in equilibrio.

Then by the rule,4 x 8 x 6 x 2 = 384 the product of
the power multiplied into the length of all the driving
levers,and 2 x 2 x 8 = 32 the product of all the leading
levers, and 384 = 32 = 12 the weight W required.

ArTICLE 20,
CALCULATING THE POWER OF WHEEL WORK.

The same rule holds good in calculating the power of
machines consisting of wheels, whether simple or com-
pound, by counting the radii of thie wheels as the levers;
and because the diameters and eircumferences of circles
arc proportional, we may take the circumferences instead
of the radii, and it will be the same result.  Then, again,
because the number of cogs in the Wheels constitute the
circle, we may take the number of cogs and rounds in-
stead of the circie or radii, and the result will still be the
same.

Lot fig. 11, Plate 11, represent a water mili (for grind-
ing orain) double geared.

Number 8 The water-wheel,

4 The great cog-wheel,

2 The wallower,

3 The counter cog-wheel,
1 The trundle,

2 The mill-stones,

And let the above numbers also represent the radius of
each wheel in feet.

Now suppose there be a power of 500 Ibs. on the water-
wheel required, what will be the force exerted on the
mill-stone, 2 feet from the centre.

The sign 4 plus, or more, for addition.
— minus, or less, for subtraction.
% multiplied, for multiplication.
= divided, for division.
= equal, for equality.
Then, instead of = more 4 equal 12, T shall write 8 4 4 = 12. Instead of 12 less
fequal 3,12 — 4 =% Instead of 6 maltiplied by fequal 21,6 X 1 = 2. And
instead of 21 divided by 3 equal 8, 2 =3 = 8.
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Then by therule, 500 x 8 x 2 x 1 = 8000,and 4 x 3
x 2 = 21, by which divide 8000, and it guotes 333,33 lbs.
the power or force required, excrted on the mill-stone two
feet from its centre which is the mean circle of a 6 feet
stone.—And as the velocities are as the distance from the
centre of motion, by the third law of circular motion, Art.
13, therefore, to find the velocity of the mean circle of the
stone 2, apply the following rule; namely :

1st. Multiply the velocity of the water-wheel into the
radii or circumferences of all the driving wheels, succes-
sively, and note the product.

2. Multiply the radii or circumferences of all the
leading wheels, successively, and note the product; di-
vide the first by the last product, and the quotient will
be the answer.

But observe here, that the driving wheels in this rule,
arc the leading levers on the last rule.

EXAMPLES.

Suppose the velocity of the water-wheel to be 12 feet
per second; then by the rule 12 x 4 x 3 x 2 = 288 and
8 x 2 x 1 = 16, by which divide the first product 288,
and this gives 18 feet per second, the velocity of the stone
2 feet {rom its centre,

S——

ARTICLE 2].
POWER DECREASES AS MOTION INCREASES.

It may be proper to observe here, that as the velocity
of the stone 1s increased, the power to move it is de-
creased, and as its veloeity 15 decreased, the power on it
to move 1t is increased, by the second general law of me-
chanical powers. This holds universally true in all en-
gines that can possibly be contrived; which is evident
from the first law of the lever when in equilibrium,
naniely, the power multiplied into its velocity or dis-
tance moved, 1s equal to the weight multiplied into 1ts
vclocity or distance moved.
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Hence the general rule to compute the power of any
engine, slmple or compound, Art. 17. If you have the
moving power, and its velocity or distance moved, given,
and the velomty or distance of the weight, then, to find
the weight, (which, in mills, is the force to move the
stone, &c.) divide that product by the velocity of the
weight or mill-stone, &c. and this gives the weight or
force exerted on the stone to move it. But a certain
quantity or proportion of this force is lost from friction

in order to obtain a velocity to the stonc; w lnch 1s shown
in Art. 31.

ARTICLE 22,
NO POWER GAINED BY ENLARGING OVERSHOT WATER-WHEELS.

This scems a proper time to show the absurdity of the
idea of increasing the power of the mill, by enlarging the
diameter of the water-w heel, on the pxmcnple of ]envthen-
Ing the lever; or by double gearing mills where &mnlc
gears will do; because the power can either be increased
or diminished by the help of engines, while the velocity
of the bady moved is to remain the same.

EXAMPLE.

Suppose we enlarge the diameter of the water-whecl
{rom 8 to 16 feet lﬂ(]lllw, fig. 11, Plate II. and leave the
other wheels unaltered; then, to find the velocity of the
stone, allowing the \clocm of the periphery of the water-
wheel to be the samc (12 fect per sccond;) by the rule
12 x4 x3x2=28%and16 x 2 x 1 =32, which
divide 288, which gives 9 fect in a second, for the velocity
of the stone,

'Then, to find the power by the rule for that purpose,
Art. 20,500 x 16 x 2 x 1 = }(‘OOO, and4 x 3 x 2 =
24, by which divide 16,000, it gives 666,66 lhs, the
power, Dut as velocity as well as power, is necegsary in
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mills, we shall be obliged, in order to restore the velocity,
to enlarge the great cocr-wheel from 4 to 8 radius.

Then to ﬁnd the veloc1tv, 12 x 8 x 3 x 2 = 576, and
16 x 2 x 1 = 32, by which divide 576, it gives 18 the
velocity as before.

‘Then to find the power by the rule, Art. 20, it will be
333,33 as before.

Therefore no power can be gained, upon the princi-
ple of lengthening the lever, by enlarging the water-
wheel.

The true advantages that large wheels have over small
ones, arise from the width of the buckets bearing but a
smiall proportion to the radius of the wheel; because if
the radius of the wheel be 8 feet, and the mdth of the
bucket or float board but 1 foct, the float takes up 1-8 of
the arm, and the water ay be said to act fairly upon
the end of the arm, and to advantage. But if the radius
of the wheel be but 2 fect, and the width of the float 1
foot, part of the water will act on the middle of the arm,
and of course, to disadvantage, as the float takes up half
the arm. ‘The large wheel also serves the purpose of a
fly-wheel (Art.30; 3 it likewise keeps 2 more regular mo-
tion, and casts off back water better. (See Art. 70.)

But the expense of these large wheels is to be taken
mto consideration, and then the builder will find that
there is a maximum size, (see Art.44,) or a size that will
vicld him the greatest profit.

ARTICLE 23.
NC POWER GAINED, BUT SOME LOST, BY DOUBLE GEARING MILLS.

I might go on to show that no power or advantage is
to be framcd by double gearing mills, upon any othcr
punmpleb than the following; namely:

. When the motion necessary for the stone cannot be
obtamed without having the trundle too small, we are
obliged to have the pltch of the cogs and rounds,and the
size of the spindle, large enough to bear the stress of the
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power; and this pitch of gear, and size of spindle, may
bear too great a proportion to the radius of the trundle,
(as does the size of the float to the radius of the water-
wheel, Art. 22,) and may work hard. There, therefore,
may be a loss of power on that account, greater than that
resulting from friction in doubie gearing.

2. By double gearing, the mill may be made more con-
venient for two pair of stones to one water-wheel.

Many and great have been the losses sustained by mill-
builders on account of their not properly understanding
these principles. I have often met with water wheels of
large diameter, where those of half the size and expense
would answer better; and double gears, where single
would be preferable.

ARTICLE 24.
OF THE PULLEY.

2. The pulley is a mechanical power well known.
One pulley, if it be moveable with the weight, doubles
the power, because each rope sustains half the weight.

If twc or more pulleys be joined together in the com-
mon way, then the easiest mode of computing their power
i, to count the number of rcpes that join to the lower or
moveable block, and so many times is the power increased;
becausec all these ropes have to be shortened, and all run
into one rope (called the fall) to which the moving power
is applicd. If there be 4 ropes, the power is increased
fourfold. See Plate I. fig. 10.

The objection to this engine is, that there is great loss
of power, by the friction of the pulleys, and in the bend-
ing of the ropes.

ARTICLE 2.
OF THE WHEEL AND AXLE.

3. The wheel and axle, fig. 17, is a mechanical power,
similar to the lever of the first kind; therefore, when
4
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the power is to the weight, as the-diameter of the axle is
to the diameter of the wheel or when the power multi-
plied into the radius of the w ‘heel is equal to the weight
multiplied into the radius of the axle, this engine is in
equilibrium.

The loss of power is but small in this instrument, be-
cause it has but little friction.

ARTICLE 20.
OF THE INCLINED PLANE.

4. The inclined plane is the fourth mechanical power;
and in this the power is to the weight, as the perpendicu-
lar height of the plane is to its len(rth This 1s of use in
rollmtr heavy bodics, such as bauels, hogsheads, &c., into
wheel carriages, &c., and for_letting them down again.
Sec Plate L fig. 5. If the height of the plane be half its
length, then half the foree will Toll the body up the plane,

that it would lift it perpendicularly to the same height,
but it has to travel double the distance.

ARTICLE 27.
OF THE WEDGE.

5. The wedge is only an inclined plane.  Whenee, in
die common form of it, the power applied will be to the
resistance to be overcome, as the thickness of the wedge
1s to the length thercof. This is a very useful mechani-
cal power, and, for some purposes, excels all the rest;
because with it we can eflect what we cannot with any
other in the same time; and its power, I think, may be
computed in the following manner.

If the wedge be 12 inches long and 2 inches thick,
then the power to hold it in equilibrio is as 1 to balance
12 resistance; that is 12 resistance pressing on each side
of the wed"e and when struck with a mallet the whole
force of the weight of the mallet, added to the whole
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force of the power exerted in the stroke,1s communu,ated
to the wedge in the time it continues to move: aud this
force to ploduce effect, is as the square of the velocity
with which the mallet strll\es, multiplied into its weight ;
therefore, the mallet should not be too large, because it
may be too heavy for the workman’s strength, and will
meet too much resistance from the air, so that it will lose
more by lessening the velocity, than it will gain by its
weight, Suppose a mallet of 10 1bs. strike with 5 velocity,
its effective momentum is 250; but if it strike with 10
velocity, then its effective momentum is 1000. The
effect produced by the strokes will be as 250 to 1000 ;
and all the force of each stroke, except what may be de-
stroved by the friction of the wedge, is added in the wedge,
until the sum of these forces amounts to more than the
resistance of the body to be split, which therefore must
give way; but when the wedge does not move, the whole
force is destr oyed by the fri iction; therefore the less the
inclination of the sides of the wedge, the greater the re-
sistance we can overcome by 1t, because it will be easier
moved by the stroke,

ARTICLE 28.

OF THE SCREW.

6. The screw is the last mentioned mechanical power,
and may be denominated a circular inclined plane, (as
will appear by wrapping a paper, cut in form of an in-
clined plane, round a cylinder.) It is used in combina-
tion with a lever of the first kind, (the lever being ap-
plied to force the weight upon the inclined plane:) this
compound mstlument is a mechanical power, of exten-
sive usc, both for pressure, and raising great weights.
The power applied is to the weight it will raise, as the
distance through which the weight moves, is to the dis-
tance throngh which the power moves; that 1s, as the dis-
tance of two contiguous threads of the screw is to the cir-
cle the power deqcubeQ so is the power to the weight it
will raise. If the distance of the thread be half an inch,
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and the lever be fifteen inches radius: and the power ap-
plied be 10 lbs. then the power will describe a circle of
94 inches, while the weight rises half an inch; then as
half an inch i1s to 94 1nches, so is 10 lbs, to 1880 lbs. the
weight the engine would raise with 10 lbs, power. But
this 1s supposing the screw to have no friction, of which
it has a great deal.

ARTICLE 29.
OF THE FLY-WHEEL AND ITS USE.

Before I dismiss the subject of mechanical powers, I
shall take some notice of the fly-wheel, the use of which
1s to regulate the motion of engines, it is best made of
cast iron, and should be of a circular form, that it may
not meet with much resistance from the air.

Many have supposed this wheel to be an increaser of
power, whereas it is, in reality, a considerable destroyer
of it: which appears evident, when we consider that it
has no motion of its own, but receives all its motion from
the first mover; and as the friction of the gudgeons, and
the resistance of the air are to be overcome, this cannot
be done without the loss of some power; yet this wheel
is of great use in many cases; namely:

1st. For regulating the power, where it is irregularly
applied, such as the trecadle and crank moved by the foot
or hand ; as in spinning-wheels, turning-lathes, flax-mills,
or where steam 1s applied, by a crank, to produce a cir-
cular motion.

2. Where the resistance is irregular, or by jerks, as
in saw-mills, forges, slitting-mills, powder mills, &c., the
fly-wheel by its inertia, regulates the motion; because
if it be very heavy, it will require a great many little
“shocks or impulses of power to give it a considerable
velocity ; and it will, of course, require as many equal
shocks to resist or destroy the velocity it has acquired.

While a rolling or slitting-mill is running empty, the
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force of the water is employed 1n generating momentum
in the fly-wheel ; which force accumulated in the fly, will
be sufficient to continue the motion without much abate-
ment, while the sheet of metal is running between the
rollers ; whereas, had the force of the water been lost
while the mill was empty, its motion might be destroyed
before the metal passed through the rollers. Where wa-
ter is scarce, its effect may be so far aided by a fly-wheel.
as to overcome a resistance to which the direct force of
the water is unequal, that is, where the power is required
at intervals only,

A heavy water-wheel frequently produces all the effect
of a fly-wheel, in addition to its direct office.

ARTICLE 30.
ON FRICTION.

We have hitherto considered the action and eflect of
the mechanical powers, as they would answer to the
strictness of mathematical theory, were there no such
thing as friction, or rubbing of parts upon each other ; but
it is generally allowed, that one-fourth of the eflect of a
machine is, at a medium, destroyed by 1t: 1t will be pro-
per to treat of it next 1n course.

From what I can gather from different authors, and by
my own cxperiments, it appears that the doctrine of fric-
tion is as follows, and we may say it is subject to the fol-
lowing laws; namely;

Laws of Friction.

1. Friction is greatly influenced by the smoothness or
roughness, hardness or softness, of the surface rubbing
against each other.

2. It is in proportion to the pressure, or load, that 1s,a
double pressure will produce a double amount of friction,
a triple pressure a triple amount of friction, and so of any
other proportionate increase of the load.

3. The friction does not depend upon the extent of
surface, the weight of the body remaining the same.
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Thus, if a parellelopiped, say of four inches in width and
one in thickness, as I', plate II. fig. 13, be made smooth,
and laid upon a smooth plane A.B.C.D. and the weight
P. hung over a pulley, it will require the weight P. to
draw the body F along, to be equal, whether it be laid on

+ ] ~
its side or on its eqge.

The experiments of Vince led him to conclude that the
law, as thus laid down, was not correct ; but, those more
recently performed justify the conclusion, that it is so,
the deviations being so trifling, as not to affect the gene-
ral resuit.

4. The friction is greater after the bodies have been
allowed to remain for some time at rest, in contact with
each other, than when they are first so placed; as, for
example, a wheel turning upon gudgeons will require a
greater weight to start it after remaining for some hours
at rest, than it would at first,

The cause of this appears to be, that the minute aspe-
ritics which exist even upon the smoothest bodies, gradu-
ally sink into the opposite spaces, and thus hold upon
cach other.

It is for the same reason, that a greater force is re-
quired to set a body in motion, than to keep it in motion.
If about 3 the amount of a weight be required to move
that weight along in the first instance, } will suffice to
keep it In motion,

5. The friction of axles does not at all depend upon
their velocity ; thus a rail-road car travelling at the rate
of twenty miles an hour, will not have been retarded by
friction, more than another which travels only ten miles
in that time.

It appears, thercfore; from the last three laws, that the
amount of friction is as the pressure directly, without re-
gard to surface, time or velocity.

6. Friction is greatly diminizhed by unguents, and this
diminution is as the nature of the unguents, without re-
ference to the substances moving over them.  The kind
of unguent which ought to be employed depends prin-
cipally upon the load; it ought to suflice just to prevent
the bodies from coming into contaet with each other.
The lighter the weight, therefore, the finer and more
fluid should be the unguent, and vice versa.
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ARTICLE 31.
ON THE FRICTIOK OF DIFFERENT SUBSTANCES.

It is well known that in general the friction of two dis-
similar substances is less than that of similar substances,
although alike in hardness. The most recent experi-
ments upon this subject are those of Mr. Rennie, of Eng-
land peilormed in the vear 1825, and publlshed in the
l’llll()b()plll(.«dl .ll'dllbd.l.,l.lUllb. .:\‘{dlly Uf Ui L.\pl‘.’-lllllblllb
were performed upon substinces which do not concern
the present work ; those with the metals, and other hard
substances, were trlod both with and without unguents.

The following facts were deduced from those in which
ungucnts were Tot cmployed :

Table showing the amount of fur!mn (without unguents) of different
subs((uu‘(’s, the insistent weight being 36 lbs., and within the lin:its
of abrasion of the softer substances.

Parts of the
whole weights.

Brass on wrought iron - - - - - - 7.38
Brass on cast iron - - - - - - - 711
Brass on steel - - - - - - - - 7.20
Soft stee]l on soft steel - - - - - - 6.85
Cast iron on steel - . - - - - - 6.62
Wrought iron on wrought iron - . - - - 6.26
Cast tron on castiron - - . N . - - 6.12
Hard brass on cast iron - - - - - - 6.00
(‘ast iron en wrought iron - - - . . - 5.87
Biruss on brass - - . - - - . - 570
1 oon east iron - - - - . - - - 559
Tin on wrought iron - - - - - - - 5.53

Soft steel on wrought iron 5.28

With unguents it was found that, with gun metal on
cast iron, mth oil intervening, the 1n=1~tent weight be-
ing 10 cwt. the friction amounted to 544 of the pressure;
that by a diminution of weight, the friction was rapidly
diminished,

That cast iron on cast iron, under similar circum-
stances, showed less friction; and that this was still far-
ther diminished by hog’s lard.
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That yellow brass, on cast iron, with anti-attrition com-
position of black lead and hog’s lard, increased friction
with light weights, and greatly diminished it with heavy
weights, showing extremely irregular results.

That yellow brass, on cast iron, with tallow, gave the
least friction, and may therefore be considered the best
substance under the circumstances tried.

That yellow brass, on cast iron, with soft soap, gave
the second best result, being superior to oil.

ARTICLE 32.
OF MECHANICAL CONTRIVANCES, TO REDUCE FRICTION.

Friction is considered as of two kinds, the first is oc-
casioned by the rubbing of the surfaces of bodies against
each other, the second by the rolling of a circular body,
as that of a carriage wheel upon the ground, or rollers
placed under a heavy load. In the preceding articles
the first kind of friction has been considered; it is that
which we most frequently have to encounter, and which
produces the greatest expenditure of power. When the
parts can be made to roll over cach other, the resistance
1s greatly diminished. To change one into the other has
been the object of those mechanical contrivances denomi-
nated friction wheels, and friction rollers.

A, in plate IL fig. 14, may represent the gudgeonof a
wheel set to run upon the peripheries of two wheels C, C,
which pass each other; these are called friction wheels.
'This gudgeon, instead of grinding, or rubbing its sur-
face, or the surface on which it presses, carries that sur-
face with it, causing the wheels C, C, to revolve. A
gudgeon, B, is sometimes set upon a single wheel, with
supporters to keep it on, which produces an analogous
effect.

Less advantage, however, has been derived from fric-
tion wheels in heavy machinery, than had been antici-
pated; and it has been found, in many cases, that they do
not compensate for the expense of construction, and their
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liability to get out of order. The rubbing friction still
exists in their gudgeons, and it has frequently bappened
that instead of turning them, the gudgeon resting upon
them has rolled round, whilst they have remained a
rest. ‘

The principle of the roller has already been noticed,
and its mode of action is shown in fig. 15, plate I1. where
A B may represent a body of a 100 tons weight, with the
under side perfectly smooth and even, set on 1 rollers per-
fectly hard and smocoth, rolling on a horizontal plane, C D,
perfectly hard, smooth, and horizontal. If these rollers
stand precisely paralle] to each other, the least imagina-
ble force would move the load; even a spider’s web would
be suflicient, were time allowed to overcome the inertia.

These suppositions, however, can never be realized.
and although in this mode of action therc will be the
least po~51ble rubbing friction, there will be enough to
produce considerable resistance.

It has been attempted to apply this principle to wheel
carriages, to the sheaves of blocks on ship board, and to
the axies of other machinery, by an ingenious con-
trivance called Garnett’s friction rollers, for which a
patent was obtained in England about fiftv years ayo.,
by an American Gentleman from New Jorsey. This
contrivance is shown at tig. 16, Plate Ii. The outside
ring B, C, D, may represent the box of a earriage wheel,
tho msulc ulclo A the axle; the circles a aaaa a the
rollers round the axle, and between it and the box; the
inner ring is a thin plate for the pivots of the rollers to run
in, to lxccp them at a proper distance from each other.
When the wheel turns, the rollers pass round on the
axle, and on the inside of the box, and that almost with-
out {riction, because there is no rubbing of the parts in
passing one another.

Such friction rollers, from the use of w lnch so much
was expected, have not been found to answer in practice.
If not made with the most perfect accuracy, they gather
as they roll, and thus increase the friction. “In carriages.
and indeed in every kind of machines, subject to an -
regular jolting motion, the rollers, and the cylinder with-
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in which tliey revolve, soon become indented, and are
then worse tian useless.

ARTICLE 93.
OF MAXIMUMS, OR THE GREATEST EFFECTS OF ANY MACHINE.

The effect of a machine is the distance to which it
moves a body of given weight, in a given time; or, in
other words, the resistance which 1t overcomes. The
weight of the body multiplied into its velocity, is the
measure of this effect.

The theory published by philosophers, and received
and taught as true, for several centuries past, is, that
any machine will work with its greatest perfection when
it 1s charged with just 4-9ths of the power that would
hold it in equilibrio, and then its velocity will be just &
of the greatest velocity of the moving power.

To explain this, we may suppose the water-wheel
Plate IT, fig. 17, to be of the undershot kind, 16 feet di-
ameter, turned by water issuing from under a 4 feet head,
with a gate drawn 1 foot wide, and 1 foot high, then the
force will be 250 lbs., because that is the weight of the
column of water above the gate, and its velocity will be
16,2 feet per second, as shall be shown under the head
of Hydraulics; the wheel will then be moved by a pow-
er of 230 Ibs,, and if let run empty, will move with a ve-
locity of 16 feet per second; butif the weight W be hung
by a rope to the axle of two feet diamcter, and we
continue to add to it until it stops the wheel, and holds
it in equilibrio, the weight will be found to be 2000 lbs.
by the rule, Art. 19; and then the effect of the machine
is nothing, because the velocity is nothing: but as we
decrease the weight W, the wheel begins to move, and
its velocity increases accordingly ; and then the product
of' the weight multiplied into its velocity, will increase
until the weight is decreased to 4-9ths of 2000 = 888,7,
which multiplied into its velocity or distance moved,
will produce the greatest effect, and the velocity of the
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wheol will then be & of 16 feet, or 5,33 feet per second.
So say those whio have treated-of it.

This will probably appear plainer to a beginner, if he
conceives this wheel to be applied to work an elevator,
as E, Plate II, fig. 17, to hoist wheat, and suppose that
the buckets, when all full, contain nine pecks, and will
hold the wheel in equilibrio, it is evident it will then
hoist none, because it has no motion; and in order to ob-
tain motion, we must lessen the quantity in the buckets,
when the wheel will begin to move, and hoist faster and
faster until the quantity 1s decreased to 4-9ths or 4 pecks,
and then, by the theory, the velocity of the machine will
be 3 of the greatest velocity, when it will hoist the great-
est quantity possible in a given time: for if we lessen the
quantity in the buckets below 4 pecks, the quantity hoist-
ed in any given time will be lessened; this is the esta-
blished theory.

ARTICLE 34.
OLD THEORY INVESTIGATEL:

In order to investigate this theory, and the better to
understand what has been said, let us consider as {ollows;
namely:

1. That the velocity of spouting water, under 4 feet
head, is 16 per sccond, nearly.

2. The scetion or arca of the gate drawn, in feet,
multiplicd by the height of the head in feet, gives the
cubic feet in the whole column, which multiplied by
62.5 (the weight ol a cubic foot of water) gives the
weight or force of the whole column pressi:g on the
wheel.

3. That the radius of the wheel, multiplied by the
force, and that product divided by the radius of the
axle, gives the weight that will hold the wheel in equi-
librio,

4. That the absolute velocity of the wheel, subtracted
from thic absolute velocity of the water, lcaves the re-
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lative velocity with which the water strikes the wheel
when in motion,

5. That as the radius of the wheel, is to the radius of
the axle, so is the velocity of the wheel, to the velocity
of the weight hoisted on the axle.

0. I‘hdt the effects of spouting fluids, are as the
squares of their velocities (see Art. 45, law 6,) but the
instant force of striking fluids is as their velocities
simply. See Art. 8.

7. ‘That the weight hoisted, multiplied into its per-
pendicular ascent gives the effect.

8. That the weight of water expended, muitiplied
into its pbrpendlcular descent, gives the power used per
second.

OGn thiese principles I have calculated the following
scale: first, supposing the force of striking fluids to be as
the square of their striking or relative velocity, which
brings out the maximum awrecably to the old theory,
namch

Wlhen the load at equilibrio is 2000, then the max-
mum load is 888,7 = 4-9ths of 2000, the cﬂ'ect being then
greatest, namely, 591,98, as appears in the sixth column;
and then the velocity of the wheel is 5,333 feet per se-
cond, equal to & of 16, the velocity of the water, as ap-
pears in the fifth line of the scale: but there is an evident
error 1n the first principle of this theory, by counting
the instant force of the water on the wheel to be as the
square of its striking vclocity, it cannot, therefore, be
true. Sce Art. 41.

I then calculate upon this principle, namely: that if
the instant force of striking fluids is as their velocity
simply, then the load that ‘the machine will carry, with
its diilerent \clocmes, will also be as the velocity s1mpl),
as appears in the 7th column and the load, at a maxi-
mum, as 1000 Ibs. = { of ‘)()OO the load at cquilibrio,
when the velocity of the wheel is 8 foet = L of 16, the
velocity of the water per second; and then the effect is
at its grcatest, as shown in the 8th column, namely,
1000, as appears in the 4th line of the scale.

This I call the new theory, (because 1 found that
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William Waring had also, about the same time, esta-
blished it, see Art. 37,) namely, that when any machine
is charged with just one-half of the load that will hold it
m equilibrio, its velocity will be just one-half of the na-
tural velocity of the moving power, and then its effect
will be at a maximum, or the greatest possible.

It thus appears that a great error has been long over-
looked by philosophers, and that this has rendered the

theory of no use in practice, but led many into expen-
sive fallures,
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ARTICLE 39.
NEW THEORY DOUBTED.

Although I know that the velocity of the wheel, by
this new theory, is, (though rather slow,) much nearer to
general practice than by the old, yet I am led to doubt its
correctness, for the following reasons; namely :

There are 16 cubic feet of water, equal to 1000 lbs.
expended in a second ; which, multiplied by its perpen-
dicular descent, 4 feet, produces the power 4000, The
ratio of the power and effect by the old theory, 1s as 10
to 1,47, and by the new, as 4 to 1,as appears in the 9th
column of the scale; thisis a proof that the old theory 13
incorrect, and suflicient to make us suspeet that there 1s
some crror in the new. And as the subject is of the
greatest consequence in practical mechanies, 1 therefore
have crdeavoured to discover a true theory, and will show
my work, in order that if' I establish a theory, it may be
the easicr understood, if right, or detected, it wrong.

ARTICLE 30.
ATTEMPT TO DEDUCE A TRUE THEORY.

I constructed the apparatus fig, 18, Plate 11, which re-
presents a simple wheel with a rope passing over it, and
the weight P, 100 lbs, at one end to act by its gravity,
ns n power to produce cflects, by hoisting the weight w
at the other end. ]

'This scems to be on the principles of the lever, and
overshot wheel ; but with this exception, that the quan-
tity of descending matter, acting as power, will still be
the same, although the velecity will be accelerated.
whereas, in overshot wheels, the power on the wheel s
inversely, as the velocity of the wacel.

Here we must consider,

1. That the perpendicular descent of the body P, per
sccond, ultiplied mto its weight, shows the power.

2. That the weight w, when multiplied into 1ts per-
pendicular ascent, gives the cileet.

3. That the natural velocity of the falling body P, is 16



64 MECHANICS. [cHaP. 1.

feet the first second, and the distance it has to fall 16
feet.

4. That we suppose the weight w, or resistance, will
occupy 1ts proportional part of the velocity, that is, if w
be = 1 P, the velocity with which P will then descend,
will be I 16 = 8 feet per second.

5. If wbe = P, there can be no velocity, consequently
no effect; and if w = o, then P will descend 16 feet in a
second, but produce no effect, because the power, although
1600 per sccond, is applied to hoist nothing.

Upon these principles I have calculated the following
scale.

A SCALE

FOR DETERMINING THE
Maximum Charge and Velocity of 100 Ibs.

DESCENDING BY ITS GRAVITY.
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By this scale it appears, that when the weight wis
= 50 = 1 P the power, the effect is at a maximum, name-
ly, 400, as appears in the 6th column, when the velocity
is balf the natural velocity, namely, 8 feet per second ; and
then the ratio of the power to the effect is as 10 to 5, as
appears in the 8th line.

By this scale it appears, that all engines that are moved
by one constant power, which is equally accelerated in
its velocity, must be charged with weight or resistance
equal to half the moving power, in order to produce
the greatest effect in a given time; but if time be not re-
garded, then the greater the charge, so as to leave any
velocity, the greater the effect, as appears by the 8th
column. So that it appears that an overshot wheel, if
it he made immensely capacious, and to move very slow-
Iy, may produce cffects in the ratio of 9,9 to 10 of the
powecr,

ARTICLE 37.
SCALE OF EXPERIMENTS.

The following is a scale of actual experiments made
to prove whether the resistance occupies its proportion
of the velocity, in order that I might judge whether the
foregoing scale was founded on true principles: the ex-
periments were not very accurately performed, but were
often repeated, and the results were always nearly the
same.  See Plate IL. fig. 18,

[y |
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By this scale it appears, that when the power P falls
freely without any load, it descends 40 feet in five equal
parts of time; but when charged with 3,5 lbs. = P,
which was 7 lbs., it then takes up 10 of those parts of
time to descend the same distance ; which seems to show,
that the charge occupies its proportional part of the
whole velocity, which was wanted to be known, and the
maximum appears as in the last scale. It also shows that
the effect is not as the weight multiplied into the square
of its ascending velocity, this being the measure of the
effect that would be produced by the stroke on a non-
clastic body.

Atwood, in his Treatise on Motion, gives a set of ac-
curate experiments, to prove (beyond doubt) that the
conclusion I have drawn is right; namely:—That the
charge occupies its proportional part of the whole velo-
city.

'These experiments partly confirmed me in what T have
called the New Theory; but still doubting, and afier I
had formed the foregoing tables, I called, for his assist-
ance, on the late ingenious and worthy friend, William
Waring, teacher in the Friends’ Academy, Philadel-
phia, who informed me that he had discovered the error
1 the old theory, and corrected it in a paper which he
had laid before the Philosophical Society of Philadelphia,
wherein he had shown that the velocity of the undershot
water-wheel, to produce a maximum effeet, must be just
ouc halt the velocity of the water,

ARTICLE 38,
WILLIAM WARING’S THEORY.

The following are extracts from the above mentioned
paper, published in the third volume of the transactions
of the American Philosophical Soctety, held at Philadel-
phia, p. 114,

After his learned and modest introduction, in which
he shows the necessity of correcting so great an error as
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the old theory, he begins with these words; namely:—

« But, to come to the point, I would just premise these

DEFINITIONS,

If a stream of water impinge against a wheel in mo-
tion, there are three different velocities to be considered
appertaining thereto; namely :

Ist. The absolute velocity of the water.

2d. The absolute velocity of the wheel.

3d. The relative velocity of the water to that of the
wheel; that is, the difference of the absolute velocities,
or the velocity with which the water overtakes or strikes
the wheel,

Now the mistake consists in supposing the momentum
or force of the water against the wheel, to be in the du-
p'icate ratio of the relative velocity; whereas:

Pror. 1.

The force of an invariable stream impinging against a
mill-wheel in motion, is in the simple proportion of the
rclative velocity,

For, if the relative velocity of a fluid against a single
plane be varied either by the motion of the plane or of
the fluid from a given aperture, or both, then the num-
ber of particles acting on the plane,in a given time, and
likewise the momentum of each particle being respec-
tively as the relative velocity, the force, on both these
accounts, must be in the duplicate ratio of the relative
velocity, agreeably to the common theory, with respect
to the single plane; but the number of these planes, or
parts of the wheel acted on in a given time, will be as
the velocity of the wheel, or inversely as the relative ve-
locity; therefore, the moving force of the wheel must be
as the simple ratio of the relative velocity. Q. U. D.

Or, the proposition is manifest from this consideration,
that while the stream is invariable, whatever be the ve-
locity of the wheel, the same number of particles, or
quantity of fluid, must strike it somewhere or otherin a
given time; consequently, the variation of the force is
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only on account of the varied impingent velocity of the
same body, occasioned by a change of motion in the
wheel ; that is, the momentum is as the relative velociiy.

Now this true principle, substituted for the erroneous
one in use, will bring the theory to agree remarkably
with the notable experiments of the ingenious Smeaton,
published in the Philosophical Traunsactions of the Royal
Society of London, for the year 1751, vol. 51; for which
the honorary annual medal was adjudged by the society,
and presented to the auathor by their president.

An instance or two of the importance of this correction
may be adduced, as follows:

Prop. 11.

The velocity of a wheel, moved by the impact of a
stream, mnust be half the velocity of the fluid, to produce
the greatest effect possible.

V = the velocity, M = the momentum, of the fluid.
v = the velocity, P = the power, of the wheel.
Then V—v = their relative velecity by definition 3d.

And asV:V—v:: M3 x V—v = P, (Prop. 1,) which
\Y
x V=D, vx¥x V—v*= a maximum; hence Vv—v* =
A\

a maximum, and its fluxion (v being a variable quantity)
= Vv—2vv = O therefore = 1 V; that is, the velocity of
the wheel = half that of the fluid, at the place of impact
when the efli:ct is a maximum. Q. E.D.

The usual theory givesv = % V, where the error isnot
less than one-sixth of the true velocity.

Wi, Warme,”
Philadelphia, Tth }
Ohmo. 1790, 4
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I here omit quoting Proposition III. as it is altogether
algebraical, and refers to a figure; I am not writing for
men of science, but for practical mechanics.

ARTICLE 39.

Lxtract from a further paper, read in the Philosophical So-
ciety, April 5th, 1793,

“Since the Philosophical Society were pleased to fa-
vour my crude observations on the theory of mills with
a publication in their transactions, I am apprehensive
some part thereof may be misapplied; it being therein
demonstrated, that ¢the force of an invariable stream im-
pinging against a mill-wheel in motion, is in the simple
direct ratio of therelative velocity,” Some may suppose
that the eflect produced should be in the same proportion,
and either fall into an error, or finding by experiment,
the effect to be as the square of the velocity, conclude the
new theory to be not well founded; I therefore wish
there had been a little added, to prevent such misapplica-
tion, before the Society had been troubled with the read-
ing of my paper on that subject, perhaps something like
the following.

The maximum effect of an undershot wheel, produced
by a given quantity of water,in a given time, is in the
duplicate ratio of the velocity of the water; for the effect
must be as the impetus acting on the wheel, multiplied
into the velocity thereof: but this impetus is demon-
strated to be simply as the relative velocity, Proposition
I, and the velocity of the wheel, preducing a maximum,
being half of the water, by Proposition 11, is.likewise as
the velocity of the water; hence the power acting on the
wheel multiplied into the velocity of the wheel, or the
effect produced, must be in the duplicate ratio of the ve-
locity of the water. Q. E. D.

Cororrary. Hence the effect of a given quantity of
water, in a given time, will be as the height of the head,
because this height is as the square of the velocity. This
also agrees.with experiment.
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If the force, acting on the wheel, were in duplicate
ratio of the water’s velocity, as is usually asserted, then
the effect would be as the cube thereof,”when the quan-
tity of water and time are given, which is contrary to the
result of experiment.”

ARTICLE 40.

WARING’S THEORY DOUBTED.

From the time I first called on William Waring, until
I read his publication on the subject (after his death,) I
had rested partly satisfied with the new theory, as I
have called 1t, with respect to the velocity of the wheel,
at least, but finding that he had not determined the
charge, as well as the velocity, by which we might have
compared the ratio of the power and the effect produced,
and that he had assigned somewhat difierent reasons for
the error, and having found the motion to be rather too
slow to agree with practice, I began to suspect the whole,
and resumed the search for a true theory; thinking that
perhaps no person had ever yet considered every thing

that effects the calculation; I therefore premised the fol-
lowing

POSTULATES.

1. A given quantity of perfectly etastic, or solid mat-
ter, impinging on a fixed obstacle, its effective force is
as the squares of its different velocities, although its in-
stant force may be as its velocities simply, because the
distance it will recede after the stroke through any re-
sisting medium, will be as the squares of its impinging
velocities,

2. An equal quantity of elastic matter, impinging on a
fixed obstacle with a double velocity, produces a quad-
ruple effect, their effects are as the squares of their velo-
cities. Consequently—

3. A double quantity of said matter, impinging with a
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double velocity, produces an octuple eflect, or their ef-
fects are as the cubes of their velocities, Art. 47 and 67.

4. If the impinging matter be non-elastic, such as
fluids, then the instant force will be but half, but the ra-
tio will be the same in each case.

5. A double velocity, through a given aperture, gives
a double quantity to strike the obstacle or wheel; there-
fore the effects will be as the cubes of the velocity. See
Art. 47.

6. But a double relative velocity cannot increase the
quantity that is to act on the wheel; therefore, the ef-
fect can only be as the square of the velocity, by postu-
late 2.

7. Although the instant force and effects of fluids
striking on fixed obstacles, are only as their simple velo-
cities, yet their effects, on moving wheels, are as the
squares of their velocities; because, 1st,a double striking
velocity gives a double instant force, which bears a dou-
ble load on the wheel; and 2d, a double velocity moves
the load a double distance in an equal time, and a double
load moves a double distance, is 2 quadruple efiect,

ARTICLE 41.
SEARCH FOR A TRUE THEORY, COMMENCED ON A NEW PLAN.

It appears that we have applied wrong principles in our
search after the true theory of the maximum velocity, and
load of undershot water-wheels, or other engines moved by
a constant power, that does not increase or decrease in
quantity on the engine, as on an overshot water-wheel, as
the velocity varies.

Let us suppose water to issue from under a head of 16
feet, on an undershot water-wheel; then, if the wheel move
freely with the water, its velocity will be 32,4 fect per se-
cond, but will bear no load.

Again; suppose we load it, so as to make its motion
equal only to the velocity of water spouting from under
a head of 15 feet; it appears evident that the load will
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then be just equal to the 1 foot of the head, the velocity
of which is checked ; and this load multiplied into the
velocity of the wheel; namely : 31,34 x 1=31,34, for the
effect.

This appears to be the true principle, from which we
must seck the maximum velocity and load, for such en-
gines as are moved by onc constant power; and on this
principle T bave calculated the following scale.

A SCALE
FOR DETERMINING THE
TRUE MAXIMUM VELOCITY AND LOAD

FOR
UNDERSHOT WHEELS,
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In this scale let us suppose the aperture of the gate to
be a square foot; then the greatest load that will balance
the head will be 16 cubic feet of water, and the different
loads will be shown in cubic feet of water.

It appears by this scale, that when the wheel is load-
ed with 10,66 cubic feet of water, just 2 of the greatest
load, its velocity will be 18,71 feet per second, just, 577
parts of the velocity of the water, and the effect produced
1s then at a maximum, or the greatest possible, namely :
199,41,

To make this more plain, let us suppose A B, Plate
IL fig. 19, to be a fall of water of 16 feet, which we
wish to apply to produce the greatest effect possnble, by
hoisting water on its side, oppomte to the power applied.
I'irst, on the undershot principle, where the water acts
by its impulse only. Let us suppose the water to strike
the wheel at I, then if we let the wheel move freely with-
out any load, it will move with the velocity of the water,
namely, 32,4 fect per sccond, but will produce no cflect,
if the water issue at C; aithouﬂh there be 32,4 cubic feet
of water expended, under 16 feet pcrpeudlcular descent.
Let the weight of a cubic foot of water be represented by
unity or 1, for ease in counting ; then 32,4 x 16 will show
the power expended, per second n'lmelv 518,4; and the
water it hoists multiplied into its perpendlcular ascent, or
height hoisted, will show the effect. Then in order to
obtain effect from the power, we load the wheel ; the sim-
plest way of doing which, is, to cause the tube of water C
D, to act on the back of the bucket at I; then, if C D be
eqml to A B, the wheel will be held in cquilibl 10; thisis
the greatest Ioad, and the whole of the fall A lB is ba-
].mced and no part left to give the wheel velocity; there-
fore the offect = 0. Butif'wemake C D =12 fect of A
B, then from 4 to A, = < feet, is left unbalanced, to give
velocity to the wheel, which being loaded with 12 iect,
would be exactly balanced by 12 on the other side, and
left perfectly free to move cither way by the least force
applied beyond this balance. Therck)re it 15 cvi-
dent that the w hole pressure or force of 4 feet of A B,
will act to give velocity to the wheel, and, as there is
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no resistance to oppose the pressure of these 4 feet, the
velocity will be that of water spouting from under a 4
feet head, namely, 16,2 feet per second, which is shown
by the horizontal line, 4 = 16,2 and the perpendicular
line, 12 = 12, represents the load of the wheel; the rec-
tangle or product of these two lines forms a parallelogram,
the area of which is a true representation of the effect,
nanely, the load 12 multiplied into 16,2, the distance it
moves per second = 194,4, the effect. In like manner we
may try the effect of different loads; the less the load, the
areater will be the velocity. The horizontal lines all
show the velocity of the wheel, produced by the respec-
tive heads left unbalanced, and the perpendicular lines
show the load on the wheel; and we find, that when the
load is 10,66 = % 16, the load at equilibrio, the velocity of
the wheel will be 18,71 feet per second, which is 75 parts,
or a little less than G tenths, or 2 the velocity of the water,
and the eflect is 199,44, the maximum, or greatest possi-
ble; and if the aperture of the gate be 1 foot, the quantity
will be 18,71 cubic feet per second. The power being
18,71 cubic fect expended per second, multiplied by 16
fect of the perpendicular descent, produce 299,36, the
ratio of the power and effect, being as 10 to 6, %, or
nearly as 3 : 2; but this is supposing nonc of the torce
lost by non-elasticity.

This may appear plainer, if we suppose the water to
descend in the tube A B, and by its pressure, to raise
the water in the tube C D; for it is evident, that if we
raise the water to D, we have no velocity, therefore,
cffect = o, Then again, if we open the gate at G, we
have 32,4 feet per sccond velocity; but because we do
not hoist the water to any height, effect is = o. There-
fore, the maximum is somewhere between C and D.
Then sappose we open gates of 1 foot arca, at different
heights, the velocity will show the quantity of cubic
feet raised; which multiplied by the perpendicular
height of the gate from C, or height raised, gives the
cffeet, and the maximum as before.  But here we must
consider that in both these cases the water acts as a
perfectly definite quantity, which will produce effects
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equal to elastic bodies, or equal to its gravity, (See Art.
59,) which is unattainable in practice: whereas, when it
acts by percussion only, it communicates only half of its
original force, on account of its non-elasticity, the other
half being spent in splashing about; therefore, the true
effect will be 3% (a little more than 3) of the moving
power; because nearly 4 is lost to obtain velocity, and
half of the remaining 2 is lost by non-elasticity. These
are the reasons why the effect produced by an undershot
wheel is only half that produced by an overshot wheel,
the perpendicular descent and quantity of water being
equal. And this agrees with Smeaton’s experiments
(See Art. 68;) but if we suppose the velocity of the wheel
to be one-third that of the water = 10,8, and the load to
be £ of 16, the greatest load at equilibrio, which is = 7,111,
as by old theory, then the effect will be 10,8 x 4,9 of 16
= 76,79 for the effect which is quite too little, the moving
power being 32,4 cubic feet of water multiplied by 16
feet descent = 518,4; the effect by this theory being less
than 2% of the power, about hall equal to the eflect, by
experiment, which effect is set on the outside of the dotted
circle in fig. 19. The dotted lines join the corner of the
parallelograms, formed by the lines that represent the
loads and velocities, in each experiment or supposition,
the arcas of which truly represent the effect, and the
dotted line A a d x, meeting the perpendicular line x I
in the point x, forming the parallelogram A B C x; truly
represents the power = 518,4.

Again, if we suppose the wheel to move with half the
velocity of the water, namely, 16,2 feet per second ; and
to be loaded with half the greatest load = 8 according to
Waring’s theory; then the effect will be 16,2 x 8 = 120,6
for the effect, about 2% of the power, which is still less
than by experiment. ~All this seems to confirm the maxi-
mum brought out on the new principles,

But, if we suppose, according to the new principle,
that when the wheel moves with the velocity of 16,2
feet per second, which is the velocity of a 4 feet head,
it will then bear as a load the remaining twelve fect, then
the effect will be 16,2 x 12 = 194,4 which nearly agreces
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with practice: but as most mills in practice move faster,
and few slower, than what I call the true maximum, this
shows 1t to be nearest the truth; the true maximum ve-
locity being ,577 of the velocit} of the water, and the mills
In practice moving with 3, and generally quncker.

This scale also establishes a true mayimum charge for
an overshot wheel; that is, if we suppose the pover,
or quantity of water on the wheel at once, to be always
the same, even although the velocity vary, which would
be the casc, if the buckets were kept always full; for,
suppose the water to be shot into the wheel at a, and
by its gravity to raise the whole water again on the op-
posite side; then as soon as the water rises in the wheel
to d, 1t 1s evident that the wheel will stop, and the effect
bb = o; therefore, we must let the water out of the
wheel, before it rises to d, which wil! be, in effect, to lose
part of the power to obtain velocity, If the buckets, both
descending and ascending, carry a column of \\alcr 1
foot square, then the \clocm of the wheel will show the
quantity hoisted as before, which multiplied by the per-
pendicular ascent, shows the effect; and the quantity
expended multiplied by the ponpcndlcular descent, shows
the pm\ er; and we find, that when the wheel is loaded
with % of the power, lhe effect will be at a maximum
that 1s, the whole of the water is hoisted, 2 of its whole

* The reason why the wheel bears so great aload at a maximum, appears to be
as follows; namely:—

A 16 feet head of water over a gate of 1 foot, issues 32,1 cubie feet of water in
a second, to strike the wheel 1 the same time, that a he avy body will take upin
falling through the height of the head.  Now, if 16 cubic feet of elastic matter
were 1o fall 16 feet, and strike un elastic plnm-, it would rise by the force of the
stroke to the height fram whenee it tell; or, in other words, it will have force suf-
ficicnt to bear a load of 16 cubic feet,

Awzain, if 32 cubic feet of ron-clastic matter, moving with the same velocity
(with which the 16 feet of elastic matter struck the plane } strike a wheel in the
same time, although it communicate only halt the force that gave it motion; yet
because there is a donble quantity striking in the same time, the effects will be
equal; that is, it will bear a load of 16 cubic feet, or the w holo, column, to hold it
in equilibrio.

Again, to cheek the whole velacity, requires the whole column that produces
the velocity : consequently, to check any part of the velocity, will require such a
part of the column, as is equal to the part chvd\ml, and we find by Art. 41, that,
to cheek the velocity of the wheel, so as to be [577 of the velocity of the water,
it requires 2-3ds of the whole column, and this is the maximum load. When the
velovity of the wheel is multiplied by 2-3ds of the column, it produces the effeet,
which will be to the power, as 35 to 1005 or, as 3,5 to 10, somewhat mor: than
1-3d, and the friction and resistance of the air may reduce it to 1-3d.
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descent; or £ of the water, the whole of the descent;
therefore, the ratio of the power to the effect is as3to 2,
or double the effect of an undershot wheel: but this is
supposing the quantity in the buckets to be always the
same, whereas, in overshot wheels, the quantity in the
buckets is inversely as the velocity of the wheel ; that is,
the slower the motion of the wheel, the greater the quan-
tity in the buckets, and the greater the velocity, the less
the quantity ; but again, as we are obliged to let the over-
shot wheel move with a considerable velocity, in order to
obtain a steady, regular motion to the mill, we shall find
this charge to be always nearly right; hence, I deduce
the following theory.

ARTICLE 12,
THEORY.
A TRUE THEORY DEDUCED.

This scale seems to have shown,

1. That when an undershot mill moves with ,577 or
nearly ,6 of the velocity of the water, it will then bear a
charge equal to 2 of the load that will hold the wheei in
equilibrio, and then the effect will be ata maximum.  ‘T'he
ratio of the power to the eflect will be as 3 to 1, nearly,

2, That when an overshot wheel is charged with 3 of
the weight of the water acting upon the wheel, then the
effect will he at a maximum; that is, the greatest eflect
that can be produced by said power in a given time, and
the ratio of the power to the effest will be as 3 to 2,
nearly. |

3. That 3 of the power isnecessarily lost, to obtain ve-
locity, or to overcoma the inertia of the matter ; and ihis
wijl hold true with all machinery that requires velocity
as well as power. This I believe to be the true thcory
of water-mill, for the following reasons ; namely ;

1. The theory is deduced from original rcasoning, with-
out depending much on calculation.
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2. It agrees better than any other theory with the in-
genious Smecaton’s experiments,

3. It agrees best with real practice, according to the
best of my information.

Yet I do not wish any person to receive it implicitly,
without first informing himself whether it be well founded,
and in accordance with actual experience ; for this reason
I have quoted the experiments of Smeaton at full length,
in this work, that the reader may compare them with the
theory.

TRUE THEOREM FOR FINDING THE MAXIMUM CHARGE FOR UNDER-
SHOT WHEELS.

As the square of the velocity of the water, or wheel
empty, is to the height of the head, or pressure, which
produced that velocity, so is the square of the velocity of
the wheel loaded, to the head, pressure, or force, which
will produce that velocity ; and this pressure, deducted
from the whole pressure or force, will leave the load
moved by the wheel, on its periphery or verae, which
lond multiplied by the velocity of the wheel, shows the
cllect.

PROBLENM.
Let V = 32,1, the velocity of the water or wheel,
> = 16, the pressure, foree, or load, at equilibrio,
V =

the veloeity of the wheel, supposed to be 16,2
feet, per second,
p = the pressure, foree, or head, to produce said
velocity,
] = the load on the wheel,
Then to find 1, the load, we must first find p;
'T'hen, by
Theorem VV :Piivy: p.
And P—p =]
VVp = wi
vl
P=—e—=4
\'A"
| =P—p =12, the load.
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Which, in words at length, is the square of the veiocity
of the wheel multiplied by the whole force, pressure or
head of the water, and divided by the square of the
velocity of the water, quotes the pressure, force, or head
of water, that is left unbalanced by the load to produce
the velocity of the wheel; which pressure, force, or head,
subtracted from the whole pressure, force, or head, lcaves
the load that is on the wheel.

ARTICLE 43,

Theorem for finding the velocity of the wheel, when we have
the velocity of the water, load at cquilibrio, and load on the
wheel given.

As the square root of the whole pressure, force or load
at cquilibrio, is to the velocity of the water,s0 1s the
square root of the diflerence, between the load on the
wheel, and the load at equilibrio, to the velocity of the
wheel.

PROBLEM.

Lct V = velocity of the water = 32,1, _
P = pressure, force, head or load at equilibrio =
16, I = the load on the wheel, suppose 12,
v = velocity of the wheel,
Then by the
‘Theorem P : Vs P—l:v
And P x v=VP—l:v
VV'P—-I n . e
; The velocity of
Vz —— = 16,2 RS
the wheel.
vP

That is,in words at length, the velocity of the water
32,4 multiplied by the square root of the diflerence, be-
tween the load on the wheel, 12, and the load at equili-
hrio 16 = 2 := 61,8 divided by the squarc root of the load
at equilibrio, quotes 16,2, the velocity of the wheel.

Now, it we seek for the maximum, by either of these
theorcms, it will be found as in the scale, fig. 19,
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Perhaps here may now appear the true cause of the
error in the old theory, Art. 34, by supposing the load
on the wheel to be as the square of the relative velocity
of the water and wheel.

And of the error in what I have called the new theo-
ry, by supposing the load to be in the simple ratio of
the relative or striking velocity of the water, Art. 38;
whereas it is to be found by neither of these proportions.

Neither the old nor the new theory agrees with prac-
tice; therefore we may suspect they are both founded in
error.

But if what I call the true theory should be found to
accord with experience, the practitioner need not be
much concerned on what it is founded.

ARTICLE 14,

Oy the Maximum Velocity for Overshot Wheels, or those
that arc moved by the weight of the Waler,

Before T dismiss the subject of maximums, T think it
best to consider, whether this doctrine will apply to the
motion of the overshot wheel. It seems to be the gene-
ral opinion of those who consider the matter, that it will
not; but that the slower the wheel moves, provided it be
capacious enough to hold all the water, without losing
any until it be delivered i the bottom of the wheel, the
arcater will be the effect, which appears to be the case
m theory (sce Art, 36,) but how far this theory will hold
voad in practice is to be considered. Having met with
the ingenious James Sweaton’s experiments, where he
shows that when the circumference of his little wheel,
of 24 inches diameter, (head 6 inches) moved with about
3,1 feet per sccond (although the greatest cffect was di-
minished about i of the whole) he obtained the best ef-
fect with a steady, regular motion. 1lence he concludes
about three feet to he the best velocity for the circum-
ference of overshot mills.  See Art. 68, T undertook to
compare this theory of hig with the best mills in practice,
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and finding that those of about 17 feet diameter general-
ly moved about 9 feet per second, being treble the velo-
city assigned by Smeaton, I be«ran to doubt the theory,
which led me to inquire into the principle that moves an
overshot wheel; and this 1 found to be that of a body de-
scending by its gravity, and subject to all the laws of fall-
ing bodies (Art. 10,) or of bodies descending inclined
planeq, and curved surfaces (Art. 11;) the motion being
equably accelerated in the whole of its descent, its vclocny
being as the square root of the distance descended through;
and, that the diameter of the wheel was the distance
tlnouwh which the water descended. Irom thence 1
conc]uded that the velocity of the circumference of
overshot wheels was as the square root of their diame-
ters, and of the distance the water has to descend, if it
be a breast or a pitch-back wheel: then, taking Smea-
ton’s experiments, with his wheel of two fect diameter,
for a foundation, I say, as the square root of the diame-
ter of Smeaton’s wheel is to its maximum velocity, so
is the square root of the diameter of any other wheel, to
its maxunum velocity,  Upon these principles I have
calculated the ('nllmunn table, and having compared it
with at least 50 mills in practice, found it to agree so
nearly with all those best constructed, that 1 have reason
to believe it is founded on true principles.

If an overshot wheel move frecly, without resistance.
it will require a mean velocity between that of the wa-
ter coming on the wheel, and the greatest velocity it
would acquire, by falling freely lhwunh its whole “de-
scent ¢ therefore, this mean \('lt)(‘lly will be greater than
the velocity of the water coming on the \\heol ; conse-
quently, the backs of the buckets will overtake tho
ter, and drive a great part of it out of the wheel. But
the velocity of the water being accelerated by its gra-
vity, overtakes the wheel, pmlnps half way down, and
presses on the buckets, until it leaves the wheel: there-
fore the water presses harder upon the buckets in the
lower than in the upper quarter of the wheel.  Ilince
appears the reason why some wheels cast their water:
which is always the case, when the head is not suflicient




CHAP, 1L ] MECHANICS. 83

to give it velocity enough to enter the buckets. But
this depends also much on the position of the buckets,
and the direction of the shute into them. It, however,
appears evident, that the head of water above the wheel,
should be nicely adjusted to suit the velocity of the
wheel. Here we may consider, that the head above the
wheel acts by percussion, or on the same principles with
the undershot wheel ; and, as we have shown, (Art. 40)
that the undershot wheel should move with nearly 2-3ds
of the velocity of the water, it appears, that we should
allow a head over the wheel, that will give such velocity
to the water, as will be to that of the wheel,as 3 to 2.
Thus, the whole descent of the water of a mill-seat,
should be nicely divided between head and fall, to suit
cach other, in order to obtain the best effect, and a
stcady-moving mill.  First, find the velocity with which
the wheel will move, by ihe weight of the water, for any
diameter you may suppose you will take for the wheel,
and divide said velocity into two parts; then try if your
head be such as will cause the water to come on with a
velocity of 3 such parts, making due allowances for the
friction of the water, according to the aperture, See Art.
55. Then, if the buckets and the direction of the shute
be right, the wiicel will receive the water well, and move
to the best advantage, keeping a steady, regular motion
when at work, loaded or charged with a resistance equal
to 2-3ds of its power. (Art. 41, 42.)
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A TABLE
OF
VELOCITIES OF THE CIRCUMFERENCE
OF
OVERSHOT WHEELS

Suitable to their Diameters, or rather to the Fall, after the Water strikes the
Wheel; and of the head of Water above the Wheel suitable to said Velocities;
also of the Number of Revolutions the Wheel will perform in a Minute, w hen
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This doctrine of maximums is very interesting, and is
to be met with, in many occurrences through life.

1. It has been shown, that there is a maximum load
and velocity for all engines, to suit the power and velo-
city of the moving power.

2. There is also a maximum size, velocity and feed
for mill-stones, to suit the power; a maximum velocity
for rolling screens, and bolting-reels, by which the great-
est work can be done in the best manner, in a given
time.

3. A maximum degree of perfection and closeness,
with which grain is to be manufactured into flour, so as
to yield the greatest profit by the mili in a day or week,
and this maximum is continually changing with the
prices in the market, so that what would be the greatest
profit at one time, will sink money at another. See
Art. 113.

4. A maximum weight {or mallets, axes, sledges, &c.,
according to the strength of those that use them.

A true attention to the principles of maximums, will
prevent us from running into many errors,
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CHAPTER IIL

HYDRAULICS.
PRELIMINARY REMARKS,

Tue science which treats upon the mechanical pro-
perties and effects of water and other fluids, has most
commonly been divided into two branches, Hyprosta-
tics and Hyoravrics. Hydrostatics treats of the weight,
pressure, and equilibrium of fluids, when in a state of
rest. Hg/draulics treats of water in motion, and the
means of raising, conducting and using it for moving
machinery, or for other purposes. These two divisions
are so intimately connected with each other, that the
latter could not be at all understood without an acquaint-
ance with the former; and it is not necessary, in a work
like the present, to treat of them separately. Considered
abstractedly, the same laws obtain in the pressure and
motion of water, as those which belong to solid bodiss,
and in the last chapter, on Mechanics, this similarity has
led to some notice of the effects produced by water,
which, strictly speaking, would belong to the present.
In doing this, utility has been preferred to a strict adhe-
rence to system.

In treating of the clementary principles of Hydrau-
lics, it is necessary to proceed upon theoretical prin-
ciples: but let it always be recollected that from various
causes resulting froni the constitution of fluids, and par-
ticularly from that essential property in them, the per-
fect mobility of their particles among each other, the
phenomena actually exhibited in nature or in the pro-
cesses of art,in which the motion of water is concerned,
deviate so very considerably from the deductions of the-
ory, that the latter must he considered as a very imper-
fect guide to the practical mill-wright and engineer. It
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is not to be inferred from this circumstance, that such
theoretical investigations are false and useless; they are
still approximations, which serve as guides to a certain
extent. Their defectiveness arises from our inability to
form an estimate of the many disturbing causes which
influence the motion of fluids ; whilst in the mechanics of
solids we have, in many cases, no other correction to
malke in our theoretical deductions, than to allow for the
effect of friction,

« The only really useful method of treating a branch
of knowledge so circumstanced, is to accompany a very
concise account of such general principles as are least
inapplicable to practice, by proportionately copious de-
tails of the most accurate experiments which have been
instituted, with a view to ascertain the actual circum-
stances of the various phenomena.” (Lardner’s Hydro-
stutics.) Such has been the course pursued, to a conside-
rable extent, by the author of this work, and in pursu-
ing this subject, under the present head of Hydraulics,
we shall consider only such parts of the science as im-
mediately relate to our purpose, namely, such as may
lead to the better understanding of the principles and
powers of water, acting on mill-wheels, and conveying
water to them.

ARTICLE 49.
OF SPOUTING FLUIDS.

Spouting fluids observe the following laws:

1. Their velocities and powers, under equal pressures,
or equal perpendicular heights, and equal apertures, are
equal in all cases.*

2, Their velocities, under different pressures or per-
pendicular heights, are as the square roots of those pres-

* It makes no difference whether the water stands perpendicularly, or inclined
above the aperture, [see Plate 111, fig. 22,] provided the perpendicular height be
the same; or whether the quantity be great or small, provided it be sufficient to
keep the fluid up to the same height.
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sures, or heiglts, and their perpendicular heights, or
pressures, are as the squares of their velocities.*

3. Their quantities expended through equal apertures,
in equal times, under unequal pressures, are as their ve-
locities simply.T

4, Their pressures or heights being the same, their
elfects are as their quantities expended.}

5. Their quantitics expended being the same, their
eflects ave as their pressure, or height of their head di-
rectly.§

6. Their instant forces with equal apertures, arc as
the squares of their velocitics, or as the height of their
heads directly.

7. Their cflects are as their quantities, multiplied into
the squares of their velocities.| Sce Art. 46.

8. Therefore, their eficcts or powers with equal aper-
turcs, arc as the cubes of their velocities.

* This law is similar fo the 4th law of falling bodies, their veloeities being as
the square root of their spaces passed throngh; and by experiment it is known,
that water will spout {rom under a four feet head, with a veloeity of 16,2 teet per
second, and from under a 16 feet head, 32,1 feet per second, which is only double
1o that of a @ feet head, although there be a quadruple pressure,  Therefore, by
this law, we can find the velocity of water spouting from under any given head:
for as the square root of 4 equal 2, is to 16,2 its velocity, co is the square root of
16 equal |1, to 32,0 squared, to 16, its head : by which ratio we can find the head
that will produce any velocity.

t 1t is evident, that a double velocity will vent a double quantity.

1 10 the pressure be equal, the velocity must be equal; and it is evident, that
double quantity, with equal veloeity, will produce a double effect.

§ T'hat is, il we suppose 16 cubic feet of water to issue (rom under a | feet head
in a second, and an equal quantity to issue in the same time from wnder o 16 feet
Lead, then their effeets will bhe as 1 to 16, But we must pote, that the aperture
n the last case, must be only halt of that in the fivst, as the velocity will be donble,

Il "This is evident from this consideration; namely : that a quadruple impalse 1s
required to produce a double velocity, by law 24, where the velocities are as the
square roots of their heads : therefore their effects must be as the squares of their
velocities,

1 The effects of striking fluids with equal apertures are as the cubes of their
velocities, for the following reasons, namely: Ist. If an equal quantity strike
with double velocity, the effect is quadruple on that account by the Tth law; and
a double velocity expends a double quantity by 3d law; therefore, the effect is

augmented to the cube of the velocity.—The theory for undershot wheels agrees
with this law also.
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9, Their velocity, under any head, is equal to the ve-
locity that a heavy body would acquire in falling from
the same height.*

10. Their velocity is such, under any head or height,
as will pass over a distance equal to twice the height of
the head, in a horizontal direction, in the time that a
heavy body falls the distance of the height of the head.

11. Their action and reaction are equal.t

12. They being non-elastic, communicate only haif
their real force by impulse, in striking obstacles; but by
their gravity produce effects equal to clastic or solid
bodies.

A SCALE.

Founded on the 3d, 6th, and 7th laws, showing the eJects of striking Fluids with
different Velocities.
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* The falling body is acted on by the whole force of its own gravity, in the
whole of its descent through any space; and the whole sum of this action that is
acquired as it arrives at the lowest point of its fall is equal to the pressure of the
whol]e head or perpendicular height above the issue ; therefore their velocities are
equal.

t That is, a fluid reacts back against the penstock with the same force that it
issues against the obstacle it strikes; this is the principle by which Barker’s mill,
and all those that are denominated improvements thereon, move.

t When non-elastic bodies strike an obstacle, one half of their force is spent in
a lateral divrectinn, in changing their ficure or in splashing about,  See Art. 9.

For want of due consideration or knowledge of this principle, many have been
the eriors committed by applying water to act by impulse, when it would Lave
produced a double effect by its gravity.
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ARTICLE 40,

DEMONSTRATION OF THE 7TH LAW OF SPOUTING FLUIDS.

Let A F. (plate III. fig. ©6,) represent a head of water 16 feet high,
and suppose it divided into 4 u.flerent heads of 4 feet each, as B C D
E; then suppose we draw a gate of 1 foot square at each head succes-
sively, always sinking the water in the head, so that it will be but 4
fect above the centre of the gate in cach case.

Now it is known that the velocny under a 4 feet head, is 16,2 feet
per second ; to avoid fractions say 16 feet, which will issue 16 cubic
feet of water per second ; and for sake of round numbers, let unity or
1 represent the quantity of a cubic foot of water; then, by the 7th law
the eflect will be as the quantity multiplied by the square of the ve-
locity; that is, 16 multiplied by 16 is equal to 256, which multiplied
by 16, the quantity, is equal to 4096, the effict of each 4 feet head,
and 4096 multip'ied by 4 is equal to 16384, for the sum of cflects of
all the 4 feet heads.

Then, .u the velocity under a 16 feet head is 32,4 feet, to avoid frac-
tions say 32, the gate must be drawn to only half the size, to vent the
16 cubie 1uet of water per second as before ( beeause the veloeity is
double ;) then to find the effect, 32 multiplied by 32 is equal to 1024;
which, multiplied by 16, the quantity, gives the ‘effact 16334, equal the
sum of all the 4 feet heads, which agrees with the practice and ex-
perience of the best teachers.  But if “heir effoets were as their veloci-
ties simply, then the etfieet of each 4 feet head would be, 16 multiplied
by 16, equal to 2563 which multiplied by 4, is equal to 1024, fof the
sum of the effects of all the 4 feet heads ; and 16 nnltiplied by 32 equal
to 512, for the effect of the 16 feet head, which is ounly half of the ef-
fect of the same head when divided into 4 parts; which is contrary to
both experiment and reason.

Again, let us suppose the body A of quantity 16, to be perfectly
clastie, to fall 16 feet and strike I, a perfectly elastic plane, it will
(by laws of fulling bodies) strike wuh a velocity of 32 feet per second,
and rise 16 feet to A again,

Butif it fall onlv to BB, 4 feet, it will strike with a velocity of 16 feet
per second, and rise 4 feet to A amin,  Herve the effeet of the 16 feet
fall is 4 times the eflect of the 4 feet fall, because the body rises 4 times
the height.

Jut iff we count the effective momentum of their strokes to be as
their velocities simply, then 16 multiplied by 32 is ~qual to 512, the
momentum of the 16 feet fall; and 16 multiplied by 16 is equal to 2.)6
which, multiplied by 4, is equal to 1024, for the sum of the momentums
of the strokes of 16 feet divided into 4 equal talls; which is absurd,
But if we count their momentums to be as the squares of their velocities,
the effeets will be equal,

Aguin, it is evident that whatever impulse or force is required to
give a body velocity, the same force or resistance will be required to
stop it 3 therefore, if the impulse be as the square of the velocity pro.
duced, the force or resistance will be as the squares of the velocity
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also. But the impulse is as the squares of the velocity produceq, which
is evident from this consideration: Suppose we place a light body at
the gate B, of 4 feet head, and pressed with 4 feet of water; when the
gate is drawn it will fly off with the velocity of 16 feet per second ;
and if we increase the head to 186 feet it will fly off with 32 feet per
second. Then, as the square of 16 equal to 256 is to the square of 32
equal to 1024,s0is 4 to 16. Q. E. D.

ARTICLE 47.

THE 7TH LAW 1S IN ACCORDANCE WITH PRACTICE.

Let us compare this 7th law with the theory of undershot mills, es-
tablished Art. 41, where it is shown that the power is to the effect as
3to 1. By the 7th law, the quantity shown by the scale, Plate IL., to
b2 32,4 multiplied by 1049,76, the square of the velocity, which is
equal to 3401,2124, the effect of the 16 feet head; then, for the effect
of a 4 feet head, with equal apertures, quantity by scale 16,2, multi-
plied by 262,44, the velocity squared, is equal to 425,1528; the effect
of a 4 feet head; here the ratio of the effect is as 8 to 1.

Then, by the theory, which shows that an undershot wheel will raise
1-3d of the water that turns it, to the whole height from which it de-
scended, the 1-3d of 82,4 the quantity, being equal to 80,8, multiplied
by 16, perpendicular ascent, which is equal to 172,8 eflectof a 16 feet
heuad: and 1-3d of 16,2 quantity, which is equal to 5,4 multiplied by
4, perpendicular ascent is equal to 21,6 effect of a 4 feet head, by the
theory ; and here again the ratio of the effects isas 8 to 1; and,

as 3401,2124, the effect of 16 feet head, by 7th |

is to 425,1825, the effect of a 4 feet head, g y aw,
g0 is 172,8, the effect of 6 feet head,

to 21,6, the cffect of 4 feet head, by the theory.

The quantities being equal, their effects are as the height of their
heads directly, as by 6th law, and as the squares of their velocities, as
by the 7th law. Ience it appears, that the theory agrees with the
established laws.

Application of the Laws of Motion to Undershot Wheels.

To give a short and comprehensive detail of the ideas
I have collected from different authors, and from the re-
sult of my own reasoning on the laws of motion and of
spouting fluids, as they apply to move undershot mills, I
refer to fig, 44, Plate V,

Let us suppose two large wheels, one of 12 feet, and
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the other of 24 feet radius, the circumference of the
largest will then be double that of the smallest: and let A
16, and C 186, be two penstocks of water, of 16 feet head
each, then,—

1. If we open a gate of 1 square foot at 4, to admit
water from the penstnck A 16, to 1mpinge on the small
wheel at I, the water being pressed by 4 feet head, will
move 16 feet per second (we omit fractions.) 'The instant
pressure or force on that gate being four cubic feet: of
water, it will require a resistance of 4 cubic feet of wa-
ter from the head C 16 to stop it, and hold it in equili-
brio, (but we suppose the water cannot escape, unless the
wheel moves, so that no force be lost by non-elasticity.)
Here equal quantities of matter, with equal velocities,
have their momentums equal.

2. Again, suppose we open a gate of 1 square foot at
A 16 under 16 feet head, it will strike the large wheel
at k, with velocity 32, its instant force or pressure being
16 cubic feet of water; it will require 16 cubic feet re-
sistance, from the head C 16, to stop or balancc it. In
this case, the pressure, or instant force, is quadruple to
the first, and so is the resistance, but the velocity only
double. In these two cases the forces and resistances
being equal quantities, with equal velocitics, their mo-
mentums are equal.

3. Again, suppose the head C 16 to be raised to E,
16 feet above 4, and a gate drawn 1-4th of a square foot,
then the instant pressure on the float I of the small wheel,
will be 4 cubic feet, pressing on 1-4th of a square foot,
and will exactly balance 4 cubic feet, pressing on 1
square {oot from the head A 16; and the wheel will be
in equilibrio, (supposing the water cannot escape until
the wheel moves as before,) although the onc has power
of velocity 32, and the other only 16, fect per second ;
their loads at equilibrio are equal, consequently, their
loads at a maximum velocity and charge will be equal,
but their velocities different.

Then, to try their effects, suppose, first, the wheel to
move by the 4 feet head, its maximum velocity to be
half the velocity of the water, which is 16, and its max-
imum load to be half its greatest load, which is 4, by
Waring’s theory; then the velocity 16-+-2 multlplted by
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the load 4 =— 2 = 16, the effect of the 4 feet head, with
16 cubic fect expended ; because the velocity of the wa-
ter is 16, and the gate 1 foot.

Again, suppose It to move by the 16 feet head and
gate of 1-4th of a foot ; then the velocity 3222 multiplied
by the load 4 = 2 = 32, the effect, with but 8 cu-
bic feet expended, because. the velocity of the water is
32, and the gate but 1-4th of a foot.

In this case the instant forces are equal, each being
4 ; but the one moving a body only 1-4th as heavy as the
other, meves with velocity 32, and preduces effect 32,
while the other, moving with velocity 16, produces ef-
fect 16. A double velocity, with equal instant pressure,
produces a double effect, which seems to be according
to the Newtonian theory. And in this sense the mo-
mentums, of bodies in motion are as their qualities mul-
tiplied into their simple velocities, and this is what I call
the instant momentums,

But when we consider, that in the above case it was
the quantity of matter put in motion, or water expend-
cd, that produced the cffect, we find that the quantity
16, with veloeity 16, produced effect 165 while quantity
8 with velocity 32, produced cflect 32, Here the cf-
fects are as their quantities, multiplicd into the squares
of their velocities, and this I call the effective momen-
tums,

Again, if the quantity expended under each head
had been equal, their effects would have been 16 and
6-1, which is as the squares of their velocities, 16 and
32,

4. Again, suppose both wheels to be on one shaft. and
let a gate of 1-8th of a square foot be drawn at 16 C, to
strike the wheel at K, the head being 16 feet, the instant
pressure on the gate will be 2 cubic feet of water, which
15 half of the 4 fcet head with 1 foot gate, from A 4
striking at I; but the 16 feet head with instant pres-
sure 2, acting on the great wheel, will balance 4 fect on
the small one, becauge the lever is of double length, and
the wheels will be in cquilibrio.  Then, by Waring’s
theory, the greatest load of the 16 feet head being 2, its
load at a maximum,will be 1, and the velocity of'the wa-
ter being 32, the maximum velocity of the wheel will be

—d
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16. Now the velocity 16 x 1 = 16, the effect of the 16
feet head ; and gate of 1-8th of a foot, the greatest loaa
of the 4 feet head being 4, its maximum load 2, the ve-
locity of the water 16, and the velocity of the wheel 8:
now 8 x 2 = 16, the effect. Here the effects are equal,
and here, again, the effects are as the instant pressures,
multiplied into their simple velocities: and the resist-
ances that would instantly stop them must be equal there-
to, in the same ratio.

But when we consider, that in this case the 4 ieet
head expended 16 cubic feet of water, with velocity 16,
and produced effect 16 ; while the 16 feet head expend-
ed only four cubic feet of water, with velocity 32, and
vroduced effect 16, we find that the effects are as their
quantities, multiplied inio the squares of their vclocities.

And when we consider, that the gate of 1-8th of a
square foot with velocity 32, produced effects equal tc
the gate of 1 square foot, with velocity 16, it is evident,
that if we make the gates equal, the cfiects will be as 8
to 1; that is, the effects of spouting fluids, with equal
apertures, are as the cubes of their velocitics; because,
their instant forces are as the squares of their velocities,
by 6th law, although the instant forces of solids are as
their velocities simply, and their effects as the squares
of their velocities, a double velocity does not double the
quantity of a solid body to strike in the same time.

ARTICLE 48.
THE HYDROSTATIC PARADOX.

The pressure of fluids is as their perpendicular heights,
without any regard to their quantity; and their pressure
upwards is equal to their pressure downwards. In short,
their pressure is every way equal, at any ecqual distance
from their surface.

In a vessel of cubic form, whose sides and bottom are
equal, the pressure on each side is just half the pres-
sure on the botton ; therefore, the pressure on the bot-
tom and sides is equal to three tines the pressure on the
bottom.
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And, in this sense, fluids may be said to act with three
times the force of solids. Solids act by gravity only,
but fluids by gravity and pressure jointly. Sohds act
with a force proportional to their quantity of matter, but
fluids act with a pressure proportional to their altitude
only.

To explain the law, that the pressure of fluids is as their perpendicular heights,
let A B C D, Plate 111. fig. 22, be a vessel of water of a cubical form, with a
small tube, as H, fixed therein; let a hole of the same size with the tube be made
at o, and covered with a piece of pliant leather nailed thereon, so as to hold the
water. Then fill the vessel with water by the tube H,and it will press upwards
against the leather, and raise it in a convex form, requiring just as much weight
to press it down, as will be equal to the weight of the water in the tube H. Or
if we set a glass tube over the hole at 0, and pour water therein, we shall find
that the water in the tube o, must be of the same height as that in the tube
H, before the leather will subside, even if the tube o be much larger than H;
which shows that the pressure upwards is equal to the pressure downwards; be-
cause the water pressed up against the leather with the whole weight of the water
in the tube H. Again, if we fill the vessel by the tube I, it will rise to the same
height in H that it is in I; the pressure being the same in every part of the vessel
as if it had been filed by H; and the pressure on the bottom of the vessel will
be the same, whether the tube H be of the whole size of the vessel, or only one
quarter of an inch diameter.  For suppose H to be 1-4th of an inch diameter, and
the whole top of the vessel of leather, as at o, and we pour water down H, 1t will
press the leather up with such foree, that it will require a column of water of the
whoie size of the vessel, and height of H, to cause the leather to subside. Q. E. D,

ARTICLE 49.

FRACTICAL RESULTS OF TH:® EQUAL PRESSURE.

And again, suppose we make two holes in the vessel, one close to the bottom,
and the othet in the bottom, both of one size, the water will issue with equal ve-
locity out of each; this may be proved by holling equal vessels under cach, which
will be filled in equal time; this shows that the pressure on the sides and hottom
is equal under equal distances from the surfuce. And this velocity will be the
same whether the tube be filled by pipe I, or H, or by a tube the whole size of
the vessels, provided the perpendicular height be egnal in all cases.

From what has been said, it appears, that it makes no ¢:fference in the powers
of water in mill-wheels, whether it be brought on in an open forebay and per-
pendicular penstock, or down an inclining one, as I C; or under ground in a close
tiunk, in any form that may best suit the sitnation and circumstances, provided
that the trunk be sufficiently large to supply the water fast enough to keep the
head from sinking.

T his principle of the Hydrostatic Paradox has sometimes operated in undershot
mills, by pressing up against the bottom of the buckets, thereby destroying or
counteracting, in great part, the force of impulse. Sec Art. 59.
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ARTICLE 90.

The weight of a cubic foot of water is found, by ex-
perience, to be 1000 ounces avoirdupois, or 62,5 lbs.  On
the principles explained 1n Art. 48 and 49, is founded the
following

THEOREM.

The area of the base or bottom, or any part of a vessel,
of whatever form, multiplied by the greatest perpendi-
cular height of any part of the fluid, above the centre of
the base or bottom, whatever be its positivn with the
Imriz?n, produces the pressure on the bottom of said
vessel,

PROBLEM 1.

Given, the length of the sides of the cubic vessel (fig.
22, Pl L) 6 feet, required the pressure on the bottom
when full of water.

Then 6 x 6 =36 feet, the arca, multiplied by 6, the al-
titude, = 216, the quantity or cubic feet of water, press-
ing on the bottom ; which multiplied by 62,5 = 13500 lbs.
the whole pressure on the bottom.

PROBLEM I,

Civen, the height of a penstock of water, 31,3 feet,
and its dimensions at bottom 3 by 3 feet inside, requived
the pressure on three feet high of one of its sides, meu-
suring {rom the bottom.

Then, 3 x 3 =09, the area, multiplied by 30 feet, the
perpendicular height or head above the centre of the 3
feet on the side = 270 cubic feet of water pressing, which
X 62,5 = 16873 lbs, the pressure on one yard square,
which shows what great strength is required to hold the
water under such great heads.
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ARTICLE D1.
RULE FOR FINDING THE VELOCITY OF SPOUTING WATER.

It has been found by experiment, that water will spout
from under a 4 feet head, with a velocity equal to 16,2
feet per second, and from under a 16 feet head, with a ve-
locity equal to 32,4 feet per second.

On these experiments, and the 2d Jaw of spouting
fluids, is founded the following theorem, or general rule,
for finding the velocity of water under any given hecad.

TREOREM.

As the square root of a 4 feet head (= 2) is to 16,2 feet,
the velocity of the woter spouting under it, so is the
square root of any other head, to the velocity of the wa-
ter spouting under it.

PROBLEM L

Given, the head of water 16 feet, required the velo-
city of water spouting under it. "

'T'hen, as the square root of 4 (= 2) is to 16,2 so is the
square root of 16, (= 4) to 32,1 the velocity of the water
under the 16 feet head.

PROBLEM 1L

Given, o head of water of 11 feet, required a velo-
city of water spouting under it.

‘Then, as 2:16,2:3.316:26,73 feet per sccond, the ve-
locity required.

ARTICLE 92.

EFFECT OF WATER UNDER A GIVEN HEAD.

I'rom the 1st and 2d laws of spouting fluids, (Art. 45,)
the theory for finding the maximum charge and veloci-
ty of undershot wheels, (Art. 41,) and from the princi-
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ple of non-elasticity, the following theorem is deduccd
for finding the effect of any gate drawn under any given
head upon an undershot water wheel.

THEOREM.

Find by the theorem (Art. 50,) the instantancous pres-
sure of the water, which is the load at equilibrio, and
R-3ds thereof is the maximum load, which, multiplicd by
077 of the velocity of the water, under the given head,
(found by the theorem, Art. 51,) produces the eficet.

PROBLEM.

G:iven, the head 16 feet, gate 4 feet wide, ,25 of a
foot drawn, required the effect of an undershot whecl,
per second, The measure of the effect to be the quan-
tity, multiplied into its distance moved (velocity,) cr
into its perpendicular ascent,

"Then, by the theorem (Art, 50) 4 x ,25 = 1 square foot
(the arca of the gate) x 16 = 16 the cubic feet pressing
but, for the sake of round numbers, we call cach cubic
foot 1, and although 32,4 cubic feet strike the wheel per
second, yet, on account of non-elasticity, only 16 cubiic
feet 1s the load at equilibrio, and 2-6ths of 16 is 10,664,
the maximum load.

Then, by thecorem (Art. 51) the veiocity is 32,4 ,077
of which is = 18,71, the maximum velocity of the whecl
x 10,66, the load = 199,1, the cflect,

This agrees with Smeaton’s observations, where he
says, (Art. 67,) « It is somewhat remarkable, that theagh
the velocity of the wheel in relation to the velocity of
the water, turns out to be more than 1-3d, vet the -
pulse of the water, in case of the maximumn, is more thei
double of what is assigued by theory; that is, instead of
4-9ths of the column, it is nearly equal to the whoie ce-
lumn.”  Hence, I conclude, that non-elasticity does not
operate so much against this application, as to reduee
the load to be less than 2-3ds.  And when we consider,
that 32,4 cubic feet of water, or a column 32,4 fect
long, strikes the wheel, while it moves only 18,71 feet,
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the velocity of the wheel being to the velocity of the
water as 577 to 1000, may not this be the reason why
the load is just 2-3ds of the head, which brings the ef-
fect to be just ,38 (a little more than 1-3 of the power?)
This I admit, because it agrees with experiment, al-
though it be difficult to assign the true reason thereof.
See Annotation, Art. 42.

Therefore, ,577 the velocity of the water = 18,71,
multiplied by 2-3ds of 16, the whole column, or instan-
taneous pressure, pressing on the wheel—Art. 50—
which is 10,66 produces 199,4, the eifect. Thisappears
to be the true effect, and if so, the true theorem will be
as follows ; namely:

THEOREM.

Find by the theorem Art. 50, the instantaneous pres-
sure of the water, and take 2-3ds for the maximum load;
multiply by ,577 of the velocity of the water—which
is the velocity of the wheel—and the product will be the
effect.

Then 16 cubic feet, the column, multiplied by 2-3ds
= 10,66, the load, which multiplied by 18,71, the velo-
city of the wheel, produces 1994, for the effect; and ir
we try different heads and different apertures, we find
the effects to bear the ratio to each other, that is agree-
able to the laws of spouting fluids.

ARTICLE 23.
WATER APPLIED ON WHEELS TO ACT BY GRAVITY.

When fluids are applied to act on wheels to produce ef-
fects by their gravity, they act on very different princi-
ples froin the foregoing, producing double cffects to what
they do by percussion, and then their powers are direct-
ly as their quantity, or weight, multiplied into their per-
pendicular descent.
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DEMONSTRATION.

Let D. B. fig. 19, Plate IIL. be a lever, turning on
its centre or fulcrum A. Let the long arm A B repre-
sent the perpendicular descent, 16 feet, the short arm
A D a descent of 4 feet, and suppose water to issue from
the trunk F, at the rate of 50 lbs. in a second, falling
into the buckets fastened to the léverat B. Now, from
the principles of the lever, Art. 16, it is cvident, that
50 1bs. in & second at D, will balance 200 1lbs. in a se-
cond, at D, issuing from the trunk G, on the short arm;
hecause 50 x 16 = 800, and 4 x 200 = 800. Perhaps
it may appear plainer, if we suppose the perpendicular
line or diameter I' C, to represent the descent of 16 feet,
and the diameter G T a descent of 4 feet. By the laws
of the lever—Art. 16—it is shown that to multiply 50
into its perpendicular descent 16 fect or distance moved,
is = 200 multiplied into its perpendicular descent 4 fect,
or distance moved ; that i1s, 50 x 16 = 200 x 4 = 800
that is, their power is as their quantity, multiplied into
their perpendicular descent; or, in other words, a fall of
4 feet will require 4 times as much water, as a fall of 16
fect to produce equal power and effects. Q. E. D.

Upon these principles is founded the following simple
thcorem, for measuring the power of an overshot mill,
or of a quantity of water, acting upon any mill-wheel by
its gravity,

THEOREM.

Causc the water to pass along a regular canal, and
multiply its depth in feet and parts, by its width in feet
and parts, for the arca of its section, which product
multiply by its velocity per second in feet and parts,
and the product is the cubic feet used per second, which
multiplied by 62,5 lbs. the weight of one cubic foot,
produces the weight of water per second, that falls on
the wheel, which multiplicd by its whole perpendicular
descent, gives a true measure of its power.
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PROBLEM I

Given a mill-seat with 16 feet fall, width of the canal
5,333 feet, depth 3 feet, velocity of the water passing
along it 2,03 feet per second, required the power per
second.

“Then, 5,333 x 3 = 15,999 feet the area of the section
of the stream, multiplicd by 2,03 feet, the velocity, is
equal 32,4 cubic feet, the quantity per second, multi-
plied by 62,5 is equal 2025 Ibs. the weight of the water
per second, multiplied by 16, the perpendicular de-
scent, is equal 32400, for the power of the seat per se-
cond.

PROBLEM II.

Given, the perpendicular descent 18,3 width of the
gate 2,66 feet, height 1,45 of a foot, velocity of the water
per sccond issuing on the wheel, 15,76 feet, required the

ower.
d Then, 2,66 x ,145 =,3857 the area of the gate, x 15,7
the velocity = 6,178 cubic feet expended per second,
x 62,5 = 375,8 lbs. per second, x 18,3 feet perpendicular
descent = 6877 for the measure of the power per second;
which has ground 3,75 lbs. per minute, equal ,373 bush-
cls in an hour, with a five feet pair of burr stones.

ARTICLE D4,
INVESTIGATION OF THE PRINCIPLES OF OVERSHOT MILLS.

Some have asserted, and many believed, that water
is applicd to great disadvantage on the principle of an
overshot null; because, they say, there are never more
than two buckets, at once, that can be said to act fairly
on the end of the lever, (as the arms of the wheel are
called in these arguments.) Dut we must examine well
the laws of bodies descending inclined planes, and curved
surfaces.  See Art. 11. This matter will be cleared
up, if we consider the circumference of the wheel to
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be the curved surface; for the fact is, that the water acts
to the best advantage, and produces effects equal to what
it would, in case the whole of it acted upon the very end
of the lever, in the whole of iis perpendicular descent,
The want of a knowledge of this fact has led to many
fatal errors in the application of water.

DEMONSTRATION.

Let A B C, Plate III. fig. 20, reprcsent a water-
wheel, and F H a trunk, bringing water to it from a
16 feet head. Now suppose I G and 16 H to be two
penstocks under equal heads, down which the water de-
scends, to act on the wheel at C on the principle of an
undersliot, on opposite sides of the float C with equal
apertures; it will be evident from the principles of
hydrostatics, shown by the paradox, (Art. 48, and the
first law of spouting fluide, Art. 45,) that the impulse
and pressure, will be equal from each penstock respec-
tively. Although the one be an inclined plane, and the
other a perpendicular, their forces are equal, because
their perpendicular heights are so; (Art. 48,) therefore,
the wheel will remain at rest, because each side of the
float is pressed on by a column of water of equal size and
height, as represented by the lines on each side of the
float. Then, suppose we shut the penstock I G, and
let the water down the cirenlar one r x which is close
to the point of the buckets; this makes it obvious, from
the same principles, that the wheel will be held in
cquilibrio, if the columns of each side be equal.  For,
although the column in the circular penstock is longer
than the perpendicular one, yet, because part of its
weight presses on the lower side of the penstock, its
pressure o the float is due only to its perpendicular
height,

Then, again, suppose the column of water in the circu-
lar penstock to be instantly thrown into the buckets, it
13 evident that the wheel will be still held in equilibrio,
and each bucket will then bear a proportional part of the
column that the bucicet C bore before; and that part of
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the weight of the circular column, which rested on the
under side of the circular penstock, is now on the gud-
geons of the wheel. This shows that the effect of a
strcam, applied on an overshot wheel, is equal to the ef-
fect of the same stream, applicd on the end of the lever,
in its whole perpendicular descent, as in fig. 21, where
the water is shot into the buckets fastened to a strap or
chain, revolving over two wheels; and here the whole
force of the gravity of the column acts on the very end
of the lever, in the whole of the descent. Although the
length of the column in action, in this case, is only 16
fect, whereas, on a 16 feet wheel, the length of the
column in action is 25,15, yet their powers are
equal.

Again, if we divide the half circle into three arches,
Ab, be, eC, the centre of gravity of the upper and lower
arches will fall near the point a, 3,9 fect from the cen-
tre of motion, and the centre of gravity of the middle
arch, near the point o, 7,6 feet from the centre of mo-
tion. Now, cach of these arches is 8,38 feet, and 8,38
x 2 x 3,9 =65,36,and 8,38 x 7,6 fcet, = 63,07, which two
products added = 128,43, for the momentum of the cir-
cular column, by the laws of the lever, and for the per-
pendicular column 16 x 8 the radius of the wheel = 128,
for the momentum; by which it appears, that if we could
determine the exact points on which the arches act, the
momentums would be equal: all which shows, that the
power of water on overshot wheels, is equal to the
whole power it can any way produce, through the whole
of its perpendicular descent, except what may be lost to
obtain velocity, (Art, 41,) overcome friction, or by spill-
ing a part of the water before it gets to the bottom of the
wheel, Q. E. D.

I may add, that I have made the following experi-
ment s namely: I fixed a truly circular wheel on nice pi-
votg, to avoid friction, and took a cylindrical rod of thick
wire, cutting one piece exactly the length of half the
circumfcrence of the wheel, and fastening it to one side,
close to the rim of the wheel its whole length, asat G x
ra. 1 then took another piece of the same wire, of a
length cqual to the diamecter of the wheel, and hung it
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on the opposite side, on the end of the lever or arm, as
at B, and the wheel was in equilibrio. Q. E. D.

ARTICLE 9.
ON THE FRICTION OF THE APERTURES OF SPOUTING FLUIDS.

The doctrine of this species of friction appears to be
as follows :—

1 The ratio of the friction of round apertures, is as
their diameters, nearly; while the quantity expended is
as the squares of their diameters.

2 The friction of an aperture of any regular or irre-
gular figure, is as the length of the sum of the circum-
scribing lines, nearly ; the quantities being as the areas
of the aperture.,®* Thercfore,

3. The less the head or pressure, and the larzer the
aperture, the less the ratio of the friction; therefore,

4. This friction need not be much regarded, in the
large openings or apertures of undershot mills, where the
gates are from 2 to 13 inches in their shortest sides; but
it very sensibly affects the small apertores of high over-
shot or undershot mills, with great heads, where their
shortest sides are from five-tenthsof an inch to twoinches.}

* This will plainly appear, if we consider that the frict.on does sensibly re-
tard the velocity of the flnid to a certain distance; say half an inch from the side
or edgo of the aperture, towards its centre; and we may reasonably conclude, that
this distance will be nearly the same in a 2 and 12 inch aperture; so that in the
2 inch aperture, a ring on the outside, half an inch wide, is sensibly retarded,
which is about 3-1ths of the whole: while, in the 12 inch aperture, there is aring
on the outside half an inch wide, retarded about one sixth of its whole area.

t This seems to be proved by Smeaton, in his experiments; (see table, Art. 67;)
where, when the head was 33 inches, the sluice small, drawn only to the ist hole,
the velocity was only such as is assigned by theory to a head of 15,85 inches,
which he calls virtual head. But when the sluice was larzer, drawn to the Gth
hole, and head 6 inches, the virtual head was 5,33 inches.  But seeing there is no
theorem, yet discovered, by which we can truly determine the quantity o: cffect of
the friction, according to the size of the aperture, and height of the head; we can-
not, therefore, by the established laws of hydrostatics, determine exactly the velo-
city or quantity expended through any small aperture; which renders the theory
in these cages but little better than conjecture.
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ARTICLE 56.
OF THE PRESSURE OF THE AIR ON FLUIDS.

Under certain circumstances, the rise of waier is
caused by the pressure of the air on the surface of its
rescrvoir, or source ; and this pressure is equal to that of
a head of water of about 33} feet perpendicular height ;
under which pressure or height of head, the velocity of
spouting water is 46,73 fect per sccond.

If, therefore, we could by any means take off the pres-
sure of the atmosphere, from any one part of the surface
of a fluid, that part would spout up with a velocity of
46,73 fect per second, and rise to the height of 333 fect
nearly.

All syphons, or cranes, and all pumps for raising wa-
ter by suction, as it is called, act on this principle.—~Let
fig. 23, Pl 111. represent a cask of water, with a syphon
therein, to extend 833 feet above the surface of the wa-
ter in the cask. Now, if the bung be made perfectly
air-tight round the syphon, so that no air can getinto
the cask, and the cask be full, and if all the air be then
drawn out of the syphon, the fluid will not rise in the
syphon, because the air cannot get to it to press 1t up;
but take out the plug I, and let the air into the cask,
to press on the surface of the water, and it will spout up
the short leg of the syphon B A, with the same force
and velocity, as if it had been pressed with a head of
water 333 feet high, and will run into the long leg and
fill it.  If we then turn the cock ¢, and let the water
run out, its weight in the long leg will overbalance the
weight in the short one, drawing the water out of the
cask until it sinks so low, that the leg B A will be 33}
feet hich, above the surface of the water in the cask; it
will then stop, because the weight of water in the legs,
in which it rises, will be equal to the weight of a column
of the air of equal size, and of the whole height of the
atmosphere. The water will not run out of the leg A
C, but will stand 3833 feet above its mouth, because the
air will press up the mouth C, with a force that will
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balance 333 feet of water in the leg C A. This will be
the case let the upper part of the leg be of any size what-
ever—and there will be a vacuum at the upper end of the
syphon.

It must not, howcvcr, be supposed that if the mouth
C be left open, after the water has ceased running, that
the portion of it which is in the leg A C, will remain
there, as air will be gradually admitted, and will press
upon the upper end of the column A B, which will then
descend in both legs.

ARTICLE 57,
OF PUMPS.

Let fig. 24, PL IIL. represent a pump of the common
kind uscd for drawi ing water out of wells. The moveable

alve or bucket A, is cased with leather, which springs
outwards, and fits thc tube so nicely, that neither air nor
water can pass freely by it.  'When the lever L is worked,
the valve A opens as it descends, letting the air or wa-
ter pass through it.  Asit ascends again, the valve shuts,
the water which is above the bucket A is raised, and
there would be a vacuum between the valves, but the
weight of the air presses on the surface of the water in
the well, at W, forcing it up through the valve B, to fill
the space between the buckets; and as the valve A de-
scends, B shuts, and prevents the water from descending
again.  Butif the upper valve A be set more than 33§
feet above the surface of the water in the well, the pump
sannot be made to draw, because the pressure of the at-
mo.phere will not cause the water to rise more than 33%
feet.  Although in theory the water would rise to the
height stated, \et in point of fact, the distance between
the valve in the piston, and the surface of the water in
the welly onght never to exceed 24 or 25 feet, or, from
the unpmtccuon of workmanship, and other causes, the
pump will lose water; and will cease to act.
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A TABLE FOR PUMP MAKERS.

Diameter of | Water discharged
Height of the the bore in a minute, in

pump, in feet, o = wine measure.

above the sur- | 5 oS

face of the | = S Q o}
well. 8 g3 = 2
: Ea w @

10 6 93 81 6

15 5 66 H4 4

20 4 90 40 7

25 4 38 32 6

30 4 00 27 2

35 3 Y0 23 3

40 3 46 20 3

415 3 27 18 1

50 3 10 16 3

b5 2 95 14 7

60 2 84 13 5

65 2 72 12 5

70 2 62 11 4

h 2 LX) 10 7

80 2 45 10 2

85 2 38 9 5

90 2 31 9 1

95 2 25 8 5

100 2 18 8 I

The preceding table is cxtracted from Ferguson’s Lectures, and its use is pointed
out by him in the subjoined quotation: before giving which, however, it will be
proper to remark, that it is a common practice to make the bore in the lower part
of the pump-tree smaller than the chamber, under the erroneous supposition that
there will be a less weight of water to lift in this than ina larger bore. The con-
sequence of this is, that the water has to rush with greater velocity in order to
il thelcnpacity of the chamber, by which much friction is caused, and much power
witsted,

« All pumps should be so constructed as to work with equal ease in raising the
water to any given height above tie surface of the well: and this may be done by
observing a due proportion between the diameter of that part of the pump-bore in
wl'xicl; the piston or bucket works, and the height to which the water must be
raised.

¢ or this purpose I have caleulated the above table; in which the handle of
the pump is supposed to be a lever, increasing the power five times: that is, the
distance or length of that part of the handle that lies between the pinon which it
moves, and the top of the pump rod to which it is fixed, to be ouly one-fifth part
of the length of the handle, from the said pin to the part where the man who
works the pump applies his force or power.

“In the first column of the table, tind the height at which the pump must dis-
charge the water above the surface of the well: then in the second column you
have the diameter of that part of the bore in which the piston or bucket works, in
inches und hundredth parts of an inch; in the third column is the quantity of
water (in wine measure) that a man of common strength can raise in a miaute —
And by constructing according to this method, pumps of all heights may be
wrought for a man of ordinary strength, so as to be able to hold out for an hour.”
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ARTICLE 58.
OF CONVEYING WATER UNDER VALLEYS AND OVER HILLS.

Water, by its own pressure, and the pressure of the at-
mosphere, may be conveyed under valleys and over hills,
to supply a family, a mill, or a town. In fig. 20, Pl
III. F H is a canal for conveying water to a mill- whecl
now let us suppese F G 16 H to be a tight tube or trunk,
—the water being let in at F, it will descend from F to
G, and its pressure at F will cause it to rise to H, which
shows how it may be conveyed under a valley; and it
may be conveyed over a hill by 2 tube, acting on the
principle of the syphon. (Art. 56.) But some who have
had occasion to convey water, under any obstacle, for
the convenience of a mill, have gone into the following
expensive error; they have made the tube at G 16,
smaller than they would if it had been on a level ; becausc,
say they, a greater quantity will pass throuﬂh a tube,
pressed by tlu. head G I, than on a le\el but, it should
be considered that the head GUFL,is balancod by the
head H 16, and the velocity throuah the tube G 16, will
be such only, as a head equal to the difference between
the perpendicular height of G F, and H 16, would give
it (see Art. 41, fig. 19 ;) thercfore, it should be as large
at G 16; as if on a level,

ARTICLE 9.

OF THE DIFFERENCE IN THE FORCE OF INDEFINITE AND DEFIXNITE
QUANTITIES OF WATER STRIKING A WHEEL.

DEFINITIONS.

1. By an indefinite quantity of water we here mean a
river, or quantity much larger than the float of the wheel,
so that, when 1t strikes the float, it has liberty to move
or cscape from it in every lateral dircetion.

2. By a definite quantity of water we mean a quantity
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passing through a given aperture, along a shute, to
strike a wheel; but as it strikes the float, it has hberty
to escape in every lateral direction.

3. By a perfectly definite quantity we mean a quan-
tity passing along a close tube, so confined that when it
strikes the float, it has not liberty to escape in any late-
ral direction.

First, When a float of a wheel is struck by an indefi-
nite quantity, the float is struck by a column of water,
the section of which is equal to the area of the float; and
as this column is confined on every side by the surround-
ing water which has equal motion, it cannot escape
sideways without some resistance; more of its force, there-
fore, is communicated to the float, than would be, if it
had free liberty to escape in every direction.

Secondly, The float being struck by a definite quan-
tity with liberty to escape freely in cvery lateral direc-
tion, it acts as the most perfectly non-elastic body; there-
fore (by Art. 9) it communicates only a part of its force,
the other part being spent in the lateral direction.
Hence it appears, that in the application of water to
act by impulse, we should draw the gate as near as possi-
sible, to the float-board, and confine it as much as possi-
ble from escaping sideways as it strikes the float;
but taking care, at the same time, that we do not bring
the principle of the Ilydrostatic Paradox into action.
(Art. 48))

What proportion of the force of the water is spent in
a lateral direction is not determined.

4, A perfectly definite quantity striking a plane,
communicates its whole force, because no part can escape
sideways ; and is equal in power to an elastic body, or to
the weight of the water on an overshot wheel, in its
whole perpendicular descent.  But this application of
water to wheels in this way, has hitherto proved imprac-
ticable; for whenever we attempt to confine the water,
totally from escaping sideways, we bring the principle
of the hydrostatic paradox into action, which defeats the
scheme.

To make this plain, let fig. 25, Pl II. be a water-
wheel, and, first, let us suppose the water to be brought
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to it, the penstock 41.6, to act by impulse on the float
board, having liberty to escape every way as it strikes;
then, by Art. 9, it will communicate but half its force,
But if it be conﬁned both at the sides and bottom,
and can escape only upwards, to which the gravity
will make some opposition, it will communicate mcre
than halt its force, and will not react back against the
float C; but if we put soaling to the wheel, to prevent
the water from escaping upwa rds, then the space between
the floats will be filled as soon as the wheel begins to be
retarded, and the paradoxical principle, Art. 48, 1is
brought fully into action; namely: the pressure of water
is every way equal; and it will press backwards against
the bottom of the float C, with a force equal to its pres-
surc on the top of the float b, and the wheel will imme-
diately stop, and be held in equilibrio, and will not start
again although all resistance be removed.  There are
miny il where this principle is, in part, brought into
action, which very much lessens their power,

ArRricLE 60,
OF THE MOTION oI BREAST AND PITCH-BACK WHEELS.

Many have been of opinion, that when water is put to
act on a low breast wheely as at a, (PL3 g, 25,) with
12 feet head, that then the tour feet tall, below the pnint
ol nn[n(t iy i3 totally lost because, say they, the impulse
of the 12 feet head will require the wheel to move with
seeh velocity to =ut the motion of the water, as to move
beiore the action of gravity, therefore, the water ciunot
act alter the strake; but if they will consider well the
privciples ot gravity acting on Clline bodies, (Art. 10)
they will find, that o the ulu(.tv of a falling body be
ever =0 oveat, the action ol gravity to causze it to move
faster is still the s sune; so thi ,dhll(lll“h an overshot wheel
may move before the power of the gravity of the water
thereon, yet no impulse downwards can give a wheel such
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velocity, as that the gravity of the water acting thereon
can be thereby lessened.®

Hence, it appears, that when a greater head is used
than that which is necessury to shoot the water fairly
into the wheel, the impulse should be directed a little
downward, as at D, (which is called pitch-back,) and it
should have a circular sheeting, to prevent the water
from lcaving the wheel; because if it be shot horizontaily
on the top of the wheel, the impulse in that case will not
give the water any gicater velocity downwards, and, in
this case, the fall would be lost, if the head were very
arcat: and if the wheel moved to suit the velocity of thie
impulse, the water would be thrown out of the buckets
by the centrifugal force; and if we attempt to retard the
wheel so as to retain the water, the mill would be so
ticklish - ud unsteady, that it would be almost impossible
to atten.

lience 1y appear the reason why breast-wheels gc-
nerally run quicker than overshots, although the fall,
alter the water strikes, be not so great,

1. There is generally more head allowed to breast-
wheels than to overshots; and the wheel will wcline to
move with nearly 2-3ds the velocity of the water spout-
ing from under the head. (Art. 41.)

2, If' the water were permitted to fall freely after it
issues from the gate, it wonld be aceelerated by the fall,
so that its velocity at the last point would be equal to its
veloeity had it spouted from under. a head equal to its
whole perpendicular descent. This aceelerated veloci-
ty of the water tends to accelerate the wheel; hence, to
find the velocity of a breast wheel, where the water
strikes it in the direction of a tangent, as in fig. 31, 32, 1
deduce the following

* If avavity could be either decreased by velocity downwards or increased by

velocity upwards, then 4 vertical wheel without friction, either of gudgeons or wir,
wonld require a great foree to continue its mation: becanse its veloeity waould Ao
crease the eravity of its deseending and ineveas that of its ascending side. which
world immediately stop it whereas, it is known that it requires no power to
continue its nvotion, but that which is necessary to overcome the triction ot the
gudzeons, &c.
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THEOREM.

1. Find the difference of the velocity of the water
under the head allowed to the wheel, above the point
of impact, and the velocity of a body, having falien the
whole perpendicular descent of the water.  Call this
difference the acceleration by the fall: Then say, As
the velocity a body would acquire in falling through the
diameter of any overshot wheel, is to the proper veloci-
ty of that wheel by the scale, (Art 43,) so 1is the acce-
leration by the fall of the water before it strikes the
wheel, to the acceleration of the wheel by its fall, after
it stlil\es

. Find the velocity of the water issuing on the
\\hool, take, BT7 of said veloceity, to which add the ac-
celerated velocity, and that sum will be the velocity of
the breast-wheel.

‘This rule will hold nearly true, when the head is con-
siderably greater than is assigned by the scale, (Art, 13;)
but as the head approaches “that assigned by the scale,
this rule will give the motion too quu.l\.

EXAMPLE.

Given, a high breast-wheel, fir, 23, where the water
1s shot on at D the point of lmp'lu-——ﬁ feet head, and
10 feet Mll——u,qun'ed the motion of the circumfcrence
of the wheel, working to the best advantage, or maxi-
mum cfleet.

The velocity of a falling body, having 16} 4, »1 feet

feet fall, the whole dcwcnt )

"Then the velocity of the water, issuing )
on the wheel, 6 feet head, $ 19,31, do.
Difference, - - - 13,06, do.

Then as the velocity under a 16 feet fall (32,4 feet)
is to the velocity of an overshot wheel = 8,70 tect, so 13
13,06 feet, to the 16 feet diameter \clocm accelerated,
wineh s oqu.nl 3,0 feet, to which add, 577 "ot 19,34 feet,
(being TH) feets) and this amounts to 14,63 feet per sc-
cond, the velocity of the breast-wheel
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ARTICLE 61.
RULE FOR CALCULATING THE POWER COF ANY MILL-SEAT.

The only loss of power sustained by using too much
head, in ihe application of water to turn a mill-wheel,
is from the head producing only half its power. There-
fore, in calculating the power of 16 cubic feet per se-
cond on the different applications of fig. 25, Pl. IIL
we must add half the head to the whole fall, and count
that sum the virtual perpendicular descent. 'Then, by
the thcorem in Art. 53, multiply the weight of the wa-
ter per second by its perpendicular descent, and you
have the true measure of its power.

But to simplify the rule, let us call each cubic foot 1,
and the rule will then be—Multiply the cubic feet ex-
pended per second, by its virtual perpendicular descent
in fect, and the product will be a true measure of the
power per sccond. This measure must have a name,
which 1 call Cuboch; that is, one cubic foot of water,
multiplied by one foot descent, is onec cuboch, or the
unit of power.

EXAMPLES,

1. Given, 16 cubic feet of water per second, to be ap-
plied by percussion alone, under 16 feet head, required
the power per second. '

Then, half 16 = 8 x 16 = 128 cubochs, for the mea-
surc of the power per second.

2. Given, 16 cubic feet per second, to be applied to
a hall breast of 4 feet fall and 12 feet head, required the

ower,

Then, half 12 = 6 + 4 = 10 x 16 = 160 cubochs for
the power.

3. Given, 16 cubic feet per second, to be applied 10 a
pitch-back or high-breast—fall 10, head 6 feet, required
the power,

8
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Then, half 6 =3 4 16 = 13 x 16 = 208 cubochs, for
the power per second.

4. Given, 16 cubic feet of water per second, to be ap-
plied as an overshot—head 4, fall 12 feet, required the
power.

Then, half 4 = 2 4 12 = 14 x 16 = 224 cubochs, for
the power.

The powers of equal quantities of water amounting to
16 cubic feet per second, the total perpendicular de-
scents being equal, stand thus by the different modes of
application:

16 feet head,*
The undershot, < 0 fall,
128 cubochs of power.
L 12 feet head,

4 feet fall,

160 cubochs of power.
%6 fcet head,

The half breast,

The high breast, < 10 feet fall,

208 cubochs of power.
4 feet head,

12 feet fall,

224 cubochs of power.
2,9 ecet head,

Ditto, 31,5 feet fall,

263 cubochs of power.

The last being the head necessary to shoot the water
fairly into the buckets, may be said to be the best appli-
cation, Sece Art. 43,

On these simple rules, and the rule laid down in Art.
43, for proportioning the head and fall, 1 have calcu-

The overshot,

* Water, by percussion, spends its force on the wheel in the following time,
which is in proportion to the distance apart of the float-boards «nd the ditference
of the velocity of the water and the wheel.

If the water runs with double th: vclacity of the wheel, it will spend all its foree
on the floats while the water runs to itie distance of two float-buards, and while
the wheel vuns to the distance of one ; therefore, the water need not be kept to act
on the wheel farther from the point of impact than the distance of about two tloat-
boards.

But if the wheel run with two-thirds of the velocity of the water, then, while
the wheel runs the distance of two tloat, and while the water would have run the
distance of three float, it spends all its force; therefore, the water need be kept
to act on the wheel the distance of three floais only past the point of impacts.

If it be cominued in action much longer, it will fall back, and ve-act against
the following bucket, and retard the wheel,
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lated the following table, or scale, of the different quan-
tities of water expended per second, with different per-
pendicular descents, to produce a certain power; in or-
der to present, at one view, the ratio of increase or de-
crease of quantity, as the perpendicular descent increases
or decreases.

A TABLE

Showing ihe quentity of water required, with different falls, to produce, by iis
gravity, 112 cubochs of power, which will drive a five feet stone about 97 revo-
lutions in a minute, grinding about five bushels of wheat in an hour.
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1 12 16 7
Q 56 17 6.58
3 37.3 18 6.22
4 28 19 5.99
5 42,4 20 5.6
6 18.6 21 5.33
7 16 92 5.1
8 14 93 487
9 1.4 21 4.66
10 1.2 25 A48
1 10,4 26 4.3
12 9.3 07 .15
13 8.6 28 4
14 8 2 3.86
15 7.46 40 3.73

ARTICLE G2,
THEORY AND PRACTICE COMPARED.

I will here give a table of 18 mills in actual practice,
out of about 50 of which I have taken an account,in or-
der to compare theory with practice, and in order to as-
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certain the power required on each superficial foot of the

acting parts of the stone. But I must premise the fol-
lowing

THEOREMS.

1. To find the circumference of any cirele, as of a
mill-stone, by the diameter, or the diameter by the cir-
cumference; say,

As 7 is to 22, so is the diameter of the stone to the
circumference; that is, multiply the diameter by 22, and
divide the product by 7, for the circumference; or mul-
tiply the circumference by 7, and divide the product by
22, for the diameter.

2. To find the arca of a circle, by the diameter: As
1, squared, is to ,7854, so is the square of the diameter
to the area; that is, multiply the square of the diameter
by ,7854, and, in a mill-stone, deduct onc foot for the
c¢ye, and you have the arca of the stone.

3. To find the quantity of surfuce passed by a mill-
stone: The area, squared, multiplied by the revolutions
of the stone, gives the number of superficial fvet, passed
in a given time.

OBSERVATIONS ON THE FOLLOWING TABLE OF EXPERIMENTS.

I have asserted, in Art. 44, that the head above the
cate of a wheel, on which the water acts by its gravity,
should be such, as to cause the waier t6 issue on the
wheel, with a velocity to that of the wheel, as 3 to 2.
Compare this with the following table of experiments.

1. Exr. Overshot. Velacity of the water 12,9 feet
per second, velocity of the wheel 82 feet per sccond,
which is a little less than 2-3ds of the velocity of the wa-
ter. This wheel received the water well. It is at Stan-
ton, in Delaware state,

2. Overshot.  Velocity of the water 11,17 feet per se-
cound, 2-3ds of which is 7.44 feet; velocity of the wheel
85 feet per second. This received the water pretty
well. It is at the above-mentioned place.
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3. Overshot. Velocity of the water 12,16 feet per
second, velocity of the wheel 10,2; throws out great part
of the water by the back of the buckets, which strikes it,
and makes a thumping noise. It is allowed to run too
fast; revolves faster than my theory directs. It is at
Brandywine, in Delaware state.

4. Overshot. Velocity of the water 14,4 feet per se-
cond, velocity of the wheel 9,3 feet, a little less than
2-3ds of the velocity of the water. It receives the wa-
ter very well; has a little more head than assigned by
theory, and runs a little faster; it is a very good mill, si-
tuated at Brandywine, in the state of Delaware.

6. Undershot. Velocity of the wheel, loaded, 16,
and when empty, 24 revolutions per minute, which con-
firms the theory of motion for undershot wheels. See
Art, 42,

7. Overshot. Velocity of the water 15,79 fect, velo-
city of the wheel 7,8 feet; less than 2-3ds of the velocity
of the water; motion slower and head more than as-
signed by theory. The miller said the wheel ran too
slowly, that he would have it altered ; and that it worked
best when the head was considerably sunk. This mill 1s
at Bush, Hartford county, Maryland.

8. Overshot. Velocity of the water 14,96 feet per se-
cond, velocity of the wheel 8,8 feet, less than 2-3ds,
very near the velocity assigned by the theory; but the
head is greater, and the wheel runs best when the head
is sunk a little: is counted the best mill, and is at the
same place with the last mentioned.

9,10, 11, 12. Undershot open whecls.  Velocity of
the wheels when loaded 20 and 10, and when cmpty 28
and 56 revolutions per minute, which is faster than my
theory for the motion of undershot mills, Ellicott’s
mills, near Baltimore, in Maryland, serve to confirm the
theory.

14. Overshot. Velocity of the water 16,2 feet, velo-
city ol the wheel 9,1 feet, less than 2-3ds of the water,
revolutions of the stone 144 per minute, the head nearly
the same as by theory, the velocity of the wheel less,
stone more. T'his shows the mill to be geared too high.
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The wheel receives the water well, and the mill is
counted a very good one, situated at Alexandria, in
Virginia.

15. Undershot. Velocity of the water, 24,3 per se-
cond, velocity of the wheel 16,67 feet, more than 2-3ds
the velomty of the water. Three of these mills are in
one house, at Richmond, Virginia—they confirm the
thcory of undershots, bemg very good mills.

16. Undershot. Velocity of the water 25,63 fect per
second, velocity of the wheel 19,05 feet, bcuur more than
2-3ds. Three of these mills are in one house, at Peters-
burg, in Virginia—they are very good mills, and confirm
the theory. See Art. 43.

18. Overshot wheel. Velocity of the water 11,4 feet
per second, velocity of the wheel 10,96 feet, nearly as
fast as the water. The backs of thc buckets strike the

water, and drive a great part over; and as the motion of
the stone 1s about right, and the motion of the wheel
faster than assigned by the theory, it shows the mill to
be too low rremc(l all which confirm the theory. Sce
Art. 43,

In the following table I have counted the diameter of
the mean circle to be 2-3ds of the diameter of the great
circle of the stone, which 1s not strictly true.  The mean
circle to contain half’ the area of any given circle, must
be ,707 parts of the diameter of the said cirele, differing
but little from ,7, and somewhat exeeeding 2-3ds,

Hence the following theorem, for ﬁndm«r the mean cip-
cle of any stone.

THEOREM.

Multiply the diameter of the stone by ,707, and the
product is the diameter of the mean circle.

EXAMPLE.

Given, the diameter of the stone 5 feet, required a
mean cnrclo that shall contain halt its area,

Then 5 x ,707 = 3,533 feet, the diameter of the mean
cirele.
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ARTICLE 03.
FARTHER OBSERVATIONS ON THE FOLLOWING TABLE.

1. The mean power used to turn the 5 feet stones in
the experiments (No. 1, 7,14, 17,)is 87,5 cubochs of
the measure established, Art. 61, and the mean velocity
is 104 revolutions of the stones in a minute, the velocity
of the mean circle being 18,37 feet per second, and their
mean quantity ground is 3,8 lbs.. per minute, which is
3,8 bushels per hour, and the mean power used to cach
foot of the area of the stone 1s 4,69 of the measure afore-
said, effected by 36582 superficial feet, passing cach
other in a minute. 1lence we may conclude,

1. That 87,5 cubochs of power per sccond will turn
a 5 feet stone, 104 revolutions in & minute, and grind
3,8 bushels in an hour.

2. That 46,9 cubochs of power are required to cvery
superficial foot of a mill-stone, when its mean circle
moves with a velocity of 18,37 feet per second.  Or,

3. That for every 36582 feet of the face of stones that
pass cach other, we may expect 3,8 Ibs. will be ground,
when the stones, grain, &c., are in the same state and
condition as they were in the above experiments.
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A TABLE OF EXPERIMENTS ON EIGHTEEN MILLS IN PRACTICE.
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In the 3d, 4th, 13th, and 18th experiments, in the above table, there are two pair
of stones to one water-wheel, the gears, &c. of which are shown by the braces,
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Obscrvations conlinued_from page 111,

As we cannot attain to a mathematical exactness in
those cascs, and as it is evident that all the stones in the
foregoing experiments have been working with too little
power, because it is known that a pair of good burr stones
of 5 fect diameter will grind, sufficiently well, about 125
bushels in 24 hours—that is, 5,2 bushels in an hour, which
would require 6,4 of power per sece id—we may, for the
sake of simplicity, say 6 cubochs, when 5 feet stoucs
arind 5 bushels per hour, Hence we deduce the follow-
ing simple theorem for determining the size of the stones
to suit the power of any given seat, or the power required
to any size of a stone.

THEOREM.

'ind the power by the theorem,in Art. 61; then di-
vide the power by 6, which is the power required, by 1
foot, and it will give you the avea of the stone that the
power will drive, to which add 1 foot for the eyve,and di-
vide by ,7851, and the quotient will be the square of the
diameier: or, if the power be great, divide by the pro-
duct of the arca of any sized stones you choose, multi-
plied by six, and the quotient will be the number of stones
the power will drive: or, if the size of the stone be given,
multiply the area by 6 cubochs, and the product 1s the
power required to drive it.

EXAMPLE.

1. Given, 9 cubic fect per second, 12 feet perpendicu-
lar, virtual, or effective descent, required the diameter of
the stone suitable thereto.

Then, by Art, 61,9 x 12 = 108, the power, and 108 =
6 =18, the area, and 18 x 1 =— 7834 = 24,2, the root of
which is 4,9 feet, the diameter of the stone required.

2. The velocities of the mean circles of the stones in
the table, are some below and some above 18 feet per se-
cond, the mean of them all being nearly 18 feet; there-
fore, T conclude that 18 feet per second is a good veloci-
ty, in general, for the mean circle of any sized stone.,
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Of the different quantity of Surfaces that are passed by
Mill-stones of differcnt diameters with different veloci-
ties.

Supposing the quantity ground by mill-stones, and the
power required to turn them, to be as the passing sur-
faces of their faces, cach superficial foot that passes over
another foot requires a certain power to grind a certain
quantity : to explain this, let us premise,

1. The circumferences and diameters of circles are di-
rectly proportional.  That is, a double diameter gives a
double circumference.

2, The areas of circles are as the squares of their di-
ameters., That is, a double diameter gives 4 times the
area,

3. The square of the diameter of a circle, multiplied
by 7804, gives its area.

4. The square of the area of a mill-stone, multiplied
by its numbier of revolutions, gives the surface passed.
Conscquently,

5. In stones of unequal diameters, revolving in equal
times, their passing surfuces, quantity ground, and power
required to drive them, will be as the squares of their
arcas, or as the biquadrate of their diameters.  That is,
2 double dinmeter will pass 16 times the surface.®

6. If the velocity of their mean circles or circumfe-
rences be equal, to their passing surfaces,quantity ground,
aud power required to move them, will be as the cubes
ol their diameters.}

7. I the diameters and velocities be unequal, their
passing surfaces, and quantity ground, &c., will be as

* The diameter of a 4 {veet stone squared, multiplied by (7334, equal 12,56, its
arew; which squared is 157,75 feet, the surtace passed at one revolution: and 3
multiplied by 8 equal 64, which multiplied by ,7854, equal 50,24, being the area of
an = feet stone; which squared is 29234,04, the surface passed, which surfaces ars
as 1 to 16, .

i Beeanse the 8§ feet stone will vevolve only half as often as the 4 feet ; therefors,
their quantity of surfuce passed, &e., can ouly be half as much more as it was in
the last case; that is, as N to 1,
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the squares of their areas, muitiplied by their revolu-
tions.

8, If their diameters be equal, the quantity of surfaces
passed, &c., are as their velocities or revolutions simply.

But we have been supposing theory and practice to
agree strictly, which they will by no means do in this
case. To the quantity ground, and the proportion of
power used by large stones more than by small ones, the
ratio assigned by the theory will not apply ; because the
meal having to pass a greater distance through the stone,
is operated upon oftener, which operation must be lighter,
else it will be overdone; large stones may, therefore, be
made- to grind equal quantities with small ones, and
with equal power, and to do it with less pressure ; there-
fore, the flour will be better.*  Sec Art. 111.

I'rom these considerations,added to experiments, I con-
clude, that the power required and quantity ground, will
be nearly as the area of the stones, multiplied into the
velocity of the mean eireles, or, which is nearly the same,
as the squares of their diameters.  But if the velocities
of their mean circles or circumicrences be equal, then it
will be as their arcas simply.

On these principles I have calculated the following
table, showing the power required, and quantity ground,
both by theory, and, what 1 suppose to be, the most cor-
rect practice,

* A French author (M. Fabre) says that he has found by experiments, that to
produce the best flour, o stone & feet dinmeter should revolve between 4y and 6t
tines inn minnte,  This is much slower than the practice in America, but we may
conclude that it is best to err on the side of a slower than of a faster motion than

that of common practice erpecially when the powet . too small for the size of the
Klaone,




HYDRAULICS, [cHAP. 11

A TABLE

OF THE AREA OF MILLSTONES
OF

DIFFERENT DIAMETERS,

And of the power required to move them with a mean velocity of 18 feet per
second, &c.
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Notr. One foot is deducted for the eye in each stone, and the reason why, in
the 7th column, the quantity ground is not exactly as the cubes of the diameter of
the stones, and, in the 9th column, not exactly as the squares of its diameter, is
the deduction for the eye, which being equal in each stone, destroys the propartion,

The engine of a paper-mill, roll 2 feet dinmeter, 2 foet long, revolving 160 timnes
in a minute, requires equal power witha 4 feet stone, grinding § bushels an hour,
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I have now laid down, in Art. 61, 62, and 63, a the-
ory for measuring the power of any mill-seat, and for as-
certaining the quantity of that power that mill-stones of
different diameters will require, by which we can find
the diameter of the stones to suit the power of the seat;
and have fixed on six cubochs of that power per second
to every superficial foot of the mill-stone, as requisite to
move the mean circle of th~ stone 18 feet per second,
when in the act of grinding with moderate and sufficient
feed; and have allowed the passing of 34804 feet per mi-
nute to grind 5 lbs. in the same time, which is the effect
of the five feet stone in the table, by which, if right, we
can calculate the quantity that a stone of any other size
will grind with any given velocity.

I have chosen a velocity of 18 feet per second for the
mean circle of all stones, which is slower than the com-
mon practice; but not too slow for making good flour,
Sce Art, 111, IHere will appear the advantage of large
stones over small ones; for if we will make small stones
grind as fast as large ones, we must give them such ve-
ocity as to heat the wcal.

But I must here inform the reader, that the experiments
from which I have deduced the quantity of power to
each superficial foot to be six cubochs, have not been
sufficiently exact to be relied on; but it will be easy for
every intelligent mill-wright to make accurate experi-
ments to satisfy himse!f as to this point.*

* After having published the first edition of this work, 1 have heen informed
that, by accurate expeaments misde at the expense of the British government, it
was aseertained that the power produced by 0,000 cubie feet of water descend-
ing 1 foot will grind and bolt § bushel of wheat. 11 this be true, then te tind the
quantity that any steeam will grind per hour, multiply the cubic feet of water that
it aftords per hour, by the virtual descent, (that is, halt of the head above the
wheel, added to the fall after it enters an overshot-wheel,) and divide that pro.

duct by 10,000, and the quotient will be the answer in bushels per hour that the
streamn will grind.

EXAMPLE.

Suppose a stream afford 32,000 cubic feet of water per hour, and the total fall
19,95 teet then, by the table for over-shot mills, Art 73, the wheel should be 14
feet dinmeter, head above the wheel 3,28 feet. Then half 3,25 = 1,61, which
wdded 1o 16 = 17,61 feet vietoal deseent,