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PREFACE

BY THE EDITOR.

True original work by Joun Imsox, entitled «“The
School of Arts,” was some years ago put into the
hands of the present editor, for the purpose of
adapting it to the improved state of Philoso-
phical Science. e engaged in the task the more
readily, as he conceived that, by giving a general
and concise view of the principles of Natural
Philosophy and Chemistry, and of their application
to the arts, he might be, in some degree, instru-
mental in promoting the diffusion of science
among persons deprived of the advantages of a
regular education.

Having had many opportunities, in the course
of his profession, of observing the great use of
even a small portion of scientific knowledge to a
valuable class of the community, mechanics, he
kept it particularly in his view to treat the various
subjects, so as to render them as easily intelligible
as possible; and, in general, to adapt the ex-
planation of them to that class for which the work
was intended by the original author.
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vl PREFACE.

In pursuance of this plan, the alterations from
the original ¢ School of Arts,”” and also the ad-
ditions to it, became so considerable, that the work
has assumed nearly the appearance of a new pro-
duction ; and some apology is perhaps due for
altering the features of Imison’s book so far, that it
is no longer recognizeable. In this form it has
passed through several editions, a circumstance
that induces the hope, that the labour of the
present editor has not been altogether useless.

In a book intended to exhibit only the popular
elements of science, it would be in vain to expect
much original matter. To draw from authentic
sources, and to arrange and describe with clear-
ness and precision the principal known facts, ap-
pears to be all that the nature of the undertaking
admits of. The following work, therefore, is de-
rived from the discoveries of others; but it will be
found upon perusal, that in several instances,
where the editor’s profession or opportunities of
observation enabled him to add any thing to the
stock of particular knowledge, he has not failed to
make the attempt.

With respect to the present edition, he has
merely to notice, that a considerable part of it has
been re-written ; the whole has been revised ; and
every endeavour has been made to render it a
source of entertainment and instruction to those
who have not the opportunity of' consulting more
detailed treatises on the several subjects which are
here considered.

T. W.
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ELEMENTS OF SCIENCE.

MECHANICS.

OF MATTER AND ITS PROPERTIES.

MJTTER, substance, or body, is a mode of exist-
ence distinguished by its possessing certain known
properties, by which it is rendered evident to our
Senses.

Some sorts of matter are wisible, or capable of
being seen; as wood, stone, &c.; which depends
upon the property they have of not permitting the
rays of light to pass through them, the rays being
reflected to our eyes, as will be seen when we come
to treat of optics.

Other bodies are always invisible, on account of
their perfect transparency; such as the atmo-
spheric air by which we are surrounded, which,
though perfectly invisible when dry and pure, yet
is substance or matter, as much as the hardest
stone.

The existence of other species of matter is still
more difficult to perceive, being ascertained only
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Q . OF MATTER AND ITS PROPERTIES.

from their effects in particular states; such as tiie
matter of heat, electricity, &c.; and there may
perhaps be kinds of matter that have not yet been
discovéred. An enumeration of all the known
varietieswill be found under the article Chemistry.

Every species of matter that has hitherto come
under our observation has been found to possess
the following characteristics, or properties; and,
therefore, we are perhaps justifiable in considering
them as belonging to all bodies whatever; viz.
solidity or impenetrability, divisibility, and mobility,

Some species of bodies have other qualilies,
which are not common to all; and perhaps matter
in general possesses properties which we are yet
ignorant of.

When the terms solidity and impenetrability are
used to express one of the properties of matter,
they are not taken in the same sense as when
opposed to fluidity, but as that property which
every body possesses, of' not permitting another
substance to occupy the same place with it at the
same time. If a piece of wood, or stone, occupy
a certain space, before you can put another body
into that space, you must first remove the stone,
or wood; and though fluids, from their nature,
do not appear at first to oppose such resistance,
yet, in proper circumstances, they will be found
to possess this property in an equal degree. Put
some water into a tube closed at one end, and

- insert into it a piston, or piece of wood or metal
that perfectly fits the inside; you will find that
it will be impossible, by any pressure, to get the
piston to the bottom.

If you try the same experiment with the tube

» empty, (as it is commonly called,) but in reality
filled with the air of the atmosphere, you will find



OF MATTER AND ITS PROPERTIES. 3

the same impossibility of pushing the piston to the
farthest end of the tube; so that both water, and
air, and every other fluid, are equally impenetrable,
in this sense of the word, with the hardest body.

By solidity, or impenetrability, in common lan-
guage, is sometimes understood the property of not
being easily separated into parts; which is better
expressed by the term hardness, and is very differ-
ent from the above meaning.

Divisibility is that property by which matter is
capable of being separated into parts that can be
removed from each other.

This divisibility is evident in bodies of a sensible
magnitude. Every one kiows that they may be
divided into two, four, ten, or a thousand parts;
nor can we ever, by subdividing, arrive at a part
so small, but we can conceive that it consists of
two halves.

Matter is therefore, in imaginatfan, i'nﬁuitely
divisible; but it is the opinion of some philoso-
phers, that the actual divisibility of matter cannot
be carried on ad infinitum ; but that it is consti-
tuted of extremely minute atoms or particles, that
are not capable of subdivision; these ultimate
atoms, if' they exist, must be inconceivably small;
nor can we by any means ever arrive at them, since
any one grain of the finest powder that can be
formed by any process consists of an immense
number of atoms. Some have supposed that the
atoms or molecules of each kind of matter were
created distinct from each other, and that they are
incapable of alteration or destruction; a collection
of each forming the different elementary or simple
bodies. By various combinations of these simple
bodies, all the varieties that we see are formed.
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4 OF MATTER AND ITS PROPERTIES.

It is extremely curious to observe to what an
amazing extent the actual division of matter may
be carried. A grain of gold is hammered by the
gold-beaters, until it is the thirty thousandth part
of a line in thickness, and will cover fifty square
inches. Each square inch may be divided into
two hundred strips, and each strip into two
hundred parts, each of which may be seen by the
eye; consequently a square inch contains forty
thousand visible parts, which, multiplied by fifty,
the number of square inches which a grain of gold
will make, gives two million parts which may be
seen by the naked eye. A still more striking in-
stance is afforded by the manufacturer of gold
lace. In making this, they gild a bar of silver,
and afterwards draw it out into wire, by passing it
successively through holes of various magnitudes
in plates of steel. By this means, the surface is
prodigiously augmented; notwithstanding which,
it remains gilded, so as to preserve an uniform
appearance, even when examined with the micro-
scope. It has been calculated that sixteen ounces
of gold, which, if in the form of a cube, would not
measure one inch and a quarter in its side, will
completely gild a quantity of silver wire suflicient
to circumscribe the whole globe of the earth,

In animalcules which can be seen only by the
microscope, we perceive an organization which is
probably accompanied by a circulation of certain
fluids, in the same manner as in larger animals.
How inconceivably small must then be the particles
of their blood or juices through parts of their
bodies which are too small to be discerned by the
highest magnifiers !

Odoriferous bodies also afford extraordinary
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mstances of the extreme minuteness of the ulti-
mate atoms of matter. ‘

A single grain of musk will fill for several years
with its odour an apartment where the air is often
renewed; and if we consider that the musk must
send off particles continually to mix with every
part of the air of the apartment, it will be readily
perceived, that they must be inconceivably minute.

The particles of light also, as will be more par-
ticularly explained when we treat of optics, must
be small beyond all conception.

Mobility means that property by which matter
1s capable of being moved from one part of space
to another.

Extension has, by some, been considered as a
distinguishing property of matter; but as space is
also extended, this cannot be reckoned a charac-
teristic. Mere space differs essentially from matter,
having no other property except extension: it may
be resolved into parts by the mind, but these parts
are not capable of actual separation from each
other, and it cannot give any resistance to bodies
moving through it.

Besides these, matter possesses a property which
is called inertia, or inactivity ; by which it would
always continue in whatever state it was put,
whether of rest or motion, unless prevented by
some external force.

Most of the bodies with which we are generally
acquainted are capable of existing in two distinct
states; viz. that of solidity and fluidity.

In solids, the parts cohere together, and the
body must be moved in a mass: a block of stone
and a piece of wood are familiar instances.

In fluids, the particles are but weakly con-
nected, their mutual cohesion being in a great
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6 OF MATTER AND ITS PROPERTIES.

measure prevented by some interfering cause,
Fluids have been defined to be bodies whose parts
yield to the smallest force impressed, and by
yielding, are easily moved among each other,
It should be observed, however, that all fluids
offer some resistance to bodies moving through
them. The essential difference between the state
of solidity and that of fluidity is not accurately
known ; it has been supposed by some, that the
particles of fluids are spherical, and hence admitted
of free motion over each other, whilst those of
solids are angular, which occasioned an entangling :
but solids and fluids are often convertible into each
other; as water into ice, metals into a state of
fusion, mercury into a solid state by freezing, &c.;
and it cannot be supposed that in these cases the
figures of the particles are changed.

Others have supposed that the particles of fluids
are never in actual contact, being kept apart by
caloric, or the matter of heat: this doctrine is ren-
dered plausible, by observing that mest solids are
rendered fluid by the addition of a sufficient quan-
tity of heat; and, on the contrary, most fluids are
reduced to the solid state by its abstraction; but
while we are ignorant of the actual form and mode
of existence of the particles of matter, this subject
must remain extremely obscure.

Fluids are distinguished into non-elastic and
elastic. Non-elastic Fluids are those whose dimen-
sions are not, at least as to ordinary sense, affected
by compression; hence they are also called incom-
pressible fluids; such as water, oil, mercury, &ec.

Of non-elastic fluids, some are distinguished by
the property of liguidity or humidity; which im-
plies wetting or adhering to other substances: thus
water, oil, milk, &c. are liquids. Melted metals
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and mercury, thﬂggh fluids, have not this property
of adhering to bodies in contact with them.

Elastic fluids, on the contrary, are those which
are reduced into less space by pressure, and which
refurn to their former volume when the pressure is
withdrawn ; hence they are called also compressible
fluids: such are the different kinds of" air.

As all bodies seem to possess attraction, in a
greater or less degree, it has been considered by
some as one of the properties of matter; but this
quality does not necessarily enter into our idea of
body or substance, as distinguished from mere
space; and while we are ignorant of the cause of
attraction, and also of the nature of many species
of bodies, it would be too much to assume this as
necessary to the existence of matter: and we are
uncertain whether it be an adventitious quality, or
whether it forms one of the essential properties of
substance.

MOTION.

Motion has been defined to be a change of place.
or the act by which a body corresponds with differ-
ent parts of space at different times. It is by motion
alone that we know the existence of bodies, and
that a relation is established between them and
our senses: all the phenomena of nature, all the
changes that happen in the system of bodies, de-
pend immediately upon it; hence modern philoso-
phers have applied themselves with peculiar ardour
to investigate its laws.

In considering motion, several circumstances
must be attended to.

1. The force which impresses the motion.

2. The direction of the motion.

3. The space passed over by the moving body.
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10 MOTION.

If a body be acted upon only by one foree, or
by several in the same direction, its motion will be
in the same direction in which the moving force
acts; such is the motion of a boat which a man
draws to him with a rope. This is called simple
motion. But if several powers, differently directed,
act upon it at the same time, as it cannot obey
them all, it will move in a direction somewhere be-
tween them; this is denominated compound motion.

Suppose a body A (plate 1. fig 1.) to be acted
upon by another body in the direction A B; while
at the same time it is impelled by another in the
direction A C; then it will move in the direction
A D; and if the lines A B, A C, be made of
lengths proportionate to the forces, and the lines
C D, D B, drawn parallel to them, so as to com-
plete the parallelogram A B C D; then the line
which the body A will describe, will be the diago-
nal A Dj; and the length of this line will represent
the force with which the body will move. Itis
evident, that if a body be impelled by equal forces
acting at right angles to each other, that it will
move in the diagonal of a square; but whatever
may be the direction, or degree of force by which
the powers act, the above method will always give
the direction and force of the moving body.

It follows from this, that if we know the effect
which the joint action of two powers have upon a
body, and the force and direction of one of them,
it is easy to find that of the other. For suppose A D
to be the direction and force with which the body
moves, and A B to be one of the impelling forces,
then, by completing the parallelogram, the other
power A C is found.

Instances in nature, of motion produced by
several powers acting at the same time, are innu-
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MOTION. 11

merable. A ship impelled by the wind and tide is
well known. A paper kite acted upon by the
wind and the string, is another,

A body is said to have an uniform metion, when
it moves over equal spaces in equal times. Motion
is said to be accelerated, it its velocity con-
tinually inecreases; to be uniformly accelerated, if
its velocity increases equally in equal times.

If we suppose a body to be put in motion by a
single impulse, and moving uniformly, to receive a
a new impulse from the same direction, its velocity
will be augmented, and it will go on with the
augmented velocity. 1f at each instance of its
motion, it receive a new impulse, the velocity will
be continually increasing ; and if this impulse be
always equal, the velocity will be uniformly
accelerated.

Motion is said to be retarded, if its velocity con-
tinually decreases; and to be uniformly refarded,
if its velocity decreases equally in equal times.

Motion has been also divided into absolute and
relative.

Absolute motion is the change of absolute place,
or the application of a body to different parts of
infinite and immoveable space.

Relative motion is a change of the situation of the
body with respect to other bodies.

These two kinds of motions may be explained in
the following manner: were the earth immoveably
fixed, then a boat going down a river would be in
absolute motion, while a man sitting on the deck
would partake of this motion, yet he would not
change his situation with respect to the parts of the
boat.

Again, if the man were to walk on the deck
from the stem to the stern, just as fast as the boat
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moved, he would be in motion relatively to the
boat, but would not change his situation with
respect to the banks of' the river, and would, in
fact, be absolutely at rest.

But, in strictness, as the earth is in constant
motion round its own axis, and also round the sun,
all the bodies on its surface can only be considered
as relatively at rest, the whole partaking in reality
of the motion of the earth. Again, we can only
judge of the motion of the earth relatively to the
sun, which seems the fixed body; yet it is the
opinion of astronomers, that the sun, and perhaps
all the stars, are in motion; but we can have
no idea of their absolute motion, because we have
no knowledge of any heavenly body we can be
certain is absolutely at rest, to which we can refer
their motions.

Hence we can consider all the motions with
which we are acquainted only as relative ; abso-
lute motion we have no means of ascertaining.

The force with which a body moves, or which it
would exert upon another body opposed to it, is
always in proportion to its velocity multiplied by
its weight or quantity of matter. This force is
called the momentum of the body; for if two equal
bodies move with different velocities, it is evident
that their forces, or momenta, are as their velo-
cities; and if two bodies move with the same
velocity, their momenta are as their quantities of
matter; therefore, in all cases, their momenta
must be as the products of their quantities of mat-
ter and their velocities. This rule is the foun.
dation of’ mechanics.

ATTRACTION,

By attraction, we mean the tendency that bodies
have to approach each other
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Attraction is distinguished into various Kinds;
but as the causes of each are entirely unknown, it
is uncertain whether some of them be not different
modifications of the same.

They are, the attraction of cohesion, of gravi-
tation, of electricity, of magnetism, and chemical
attractions.

The attraction of cokesion takes place between
bodies only, when they are at such very small dis-
tances from each other, that they appear to the
eye to be in contact.

If two pieces of lead be scraped clean with a
knife, and squeezed together, they will adhere so
firmly, that they can scarcely be separated. The
same will take place with planes of glass, or mar-
ble, which have been wetted with water.

[t is probably the various degrees of cohesion
which different sorts of matter possess, that give
their relative degrees of tenacity or hardness.

The attraction of solids acting on fluids at very
small distances constitutes eapillary attraction. If
a glass tube with a fine bore be held perpen-
dicularly in water, it will be perceived that the
water will rise in the tube above the level of that
in the vessel: and if a number of tubes having
bores of different diameters be used together, it
will be seen that the water will rise highest in the
tube with the smallest bore. Also, if two pieces
of glass be kept perpendicularly, and very near to
each other in water, the fluid will rise between the
glasses. This is owing to the attraction of the
glass which acts upon the water. If a woollen
thread be hung over the edge of a basin full of
water, the water will be attracted by the thread,
and made to flow over in drops.
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It is by this attraction that the sap rises in trees
and plants, and that water will ascend in a sponge,
or other porous substance.

The attraction of gravifation or gravity is the
force which all the masses of matter exert upon
each other at all distances.

The reason why a body falls to the ground was
long unknown, and it was Sir Isaac Newton who
firstaccounted forit, by the attraction of gravitation.

This idea is said to have occurred to him, on
observing an apple fall whilst sitting in his garden,
which is a striking instance of the use to which a
man of genius turns every observation he makes:
he supposed that the stone fell towards the earth,
because it was drawn, or allracted by it. DBy re-
flecting upon this principle, he extended it to
account for many of the phenomena which till
then could not be explained.

It is now considered as one of the laws of
nature, that every particle of matter is endued
with an attractive power, which it exerts at all
distances on every other particle, though the
attraction diminishes in proportion to the distance.

By this attraction, the heavenly bodies are re-
tained in their places by their action on each
other; the planets and comets all gravitating
towards the sun and towards each other, as well
as the sun towards them, and that in proportion to
the quantity of matter in each.

If two bodies, which contain equal quantities of
matter, were placed at ever so great a distance from
one another, and then left at liberty in free space,
and if' there were no other bodies in the universe
to affect them, they would fall equally swift towards
each other, and would meet in a point which was
half’ way between them at first. Or if two bodies,
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éontaining unequal quantities of matter, were
placed at any distance, and left in the same manner
at liberty, they would fall towards one another
with velocities which would be in an inverse pro-
portion to their respective quantities of matter;
and moving faster and faster in their mutual ap-
proach, would at last meet in a point as much
nearer to the place from which the heavier body
began to fall, than to the place from which the
lighter began to fall, as the quantity of matter in
the former exceeded that in the latter.

The earth attracts all bodies on its surface, and
they are all drawn towards the center ofthe earth;
consequently bodies fall every where perpendicular
to its surface, and therefore in opposite directions
en opposite sides of the ecarth. As it acts upon
all bodies in proportion to their quantities of mat-
fer, it is this attractive force that constitutes the
weight of bodies.

In all places equidistant from the center oi the
globe, the force of gravity is equal: but this
power is greatest at the earth’s surface, from
whence it decreases both upwards and downwards,
but not both ways in the same proportion; for,
upwards, the force of gravity decreases as the
square of the distance from the centre increases;
so that at a double distance from the centre above
the surface, the force would be only one fourth
of what it is at the surface: but below the surface
of the earth, the power decreases in such a manner
that its intensity is directly as the distance from
the centre, and not as the square of the distance;
so that at the distance of half a semi-diameter
from the centre, the force would be but half what
it is at the surface; at one third of the semi-
diameter, the force would be one third, and so on.



16 ATTRACTION.

As all bodies gravitate towards the earth, so does
the earth gravitate towards all bodies, as well as
bodies to particular parts of the earth, as has been
proved by the attraction which mountains exhibit
on a plumb-line, drawing it towards them so that
it does not tend exactly to the centre of the earth,

The cause of gravity is totally unknown.

It is observed that bodies fall to the earth with
a velocity constantly increasing, which is aun in-
stance of accelerated motion caused by the con-
stant action of gravity.

Toillustrate this, let us suppose the time of de-
scent of a falling body to be divided into a number
of very small equal parts; the impression of gravity
in the first instant would make the body descend
with a proportionate and uniform velocity; but in
the second instant, the body, receiving a new im-
pulse from gravity in addition to the first, would
move with twice the velocity as before; in the
third instant, it would have three times the velocity,
and so on.

To illustrate the doctrine of accelerated motion,
let us suppose that, in the triangle A B C, (Plate 1.
fig 2.) A B expresses the time which a body
takes to fall, and B C the velocity acquired at the
end of the fall. Let A B be divided into a number
of equal parts indefinitely small, and from each of
these divisions suppose lines, as D E, drawn parallel
to B C; it is evident from what has been said, that
those lines will express the velocities of the falling
body in the several respective points of time, each
being greater than the other, by a certain quantity
of increase, which follows from the nature of the
triangle. Now, the spaces described in the same
time are in proportion to the velocities; and the
sum of the spaces described in all the small portions
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thrice the time, with nine times the velocity, &c.;
for, in the first time, there was but one space run
over; the square of 1 is 1; at the end of the
second time there are four spaces run over, one in
the first, and three in the second; the square of 2
is 4 : at the end of the third time, there are nine
spaces run over; the square of 3 is 9: and so on,
This may be seen in the figure.

It is found by experiment, that a body falling
from a height moves at the rate of 16.% feet in the
first second ; and, as has been shown above, ac-
quires a velocity of twice that, or 32% feet in a
second. At the end of the next second, it will
have fallen 641 feet, the space being as the square
of the time: the square of 2 is 4, and 4 times 16",
is 641. By the same rule it may be found, that
in the third second it will fall 144 feet; in the
next 2506 feet, and so on. It is to be understood,
however, that by this velocity is meant, what
bodies would acquire, if they were to fall through
a space where there was no air ; for its resistance
considerably diminishes their velocity in falling.

It has been already shown, that if two forces
act uniformly upon a body, they will cause it to
move in a straight line ; but if' one only, or both,
continually change their direction, or intensity of
force, the body will describe a curve. If one of
the forces uniformly impel the body in a straight
line, while the other uniformly draws it towards a
centre, the body will move in a circle: an ex-
ample of which is seen in a stone in a sling that is
swung round by the hand. %fa.t any point of the
revolution one of the forces should cease to act,
then the body will obey the other force ; if, for
instance, the string be let go, the stone will fly off
in a straight line, which will be a tangent to the
circle in which it moved.
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It is this tendency to recede from the centre
which is called the centrifugal force : the power
which draws it to the centre is called the centri-
petal force.

If the direction of the forces continue the same,
and if one of them is accelerating or retarding, the
body will likewise describe a curve. Thus if a
ball be projected from a cannon, it receives an
impulse, which, if there was no resistance from the
air, and if it were not acted upon by gravity,
would cause it to move always in a straight line:
but as soon as it leaves the mouth of the cannon,
gravity acts upon it in a direction perpendicular to
the ground, and continuing to do so, becomes an
uniformly accelerating force : hence the ball comes
at length to the ground, having described in a
course a curved line.

If the air were wanting, it can be calculated
that this curve would be a parabola; and this is
the foundation of the theory of projectiles and the
art of gunnery. But the resistance of the air and
other causes occasion projected bodies to deviate
considerably from the parabolic curve, and render
it more difficult than it would otherwise be to cal-
culate the distance to which they may be sent.

Although it has been stated above, that probably
all bodies bave attraction, yet in several acknow-
ledged species of matter no weight is discoverable.
Matter has accordingly been divided also into pon-
derable and imponderable.

The first consists of all known solid bodies
and non-elastic fluids, together with air or
gas, all of which have a sensible weight or
gravity. The second includes caloric or the
matter of heat, light, electricity, the magnetic
fluid, &c.; none of which can be discovered to

o @
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have any weight. But it should be noticed, that
we are not yet sufficiently acquainted with this
latter class: among modern philosophers, there
are various opinions even as to their existence as
distinct species of matter, some considering the
phenomena occasioned by them as arising from
various modifications of motion only.

CENTRE OF GRAVITY.

The centre of gravity of a body is that point
about which all its parts exactly balance each
other.

Hence if a body be suspended or supported by
this point, it will rest in any position into which it
is put. Also, whatever supports that point bears
the weight of the whole body ; and while it is sup-
ported, the body cannot fall. We may therefore
consider the whole weight of a body as centred in
this point.

The common centre of gravity of two or more
bodies is the point about which they would equi-
ponderate or rest in any position. If' the centres
of gravity of two bodies, A and B, (Plate 1.
fic. 3.) be connected by the right line A B, the
distances A C, and B C, from the common centre
of gravity C, are reciprocally as the weights or
bodies A and B; thatis, AC:BC::B: A.

If a line be drawn from the centre of gravity of
a body, perpendicular to the horizon, it is called
the line of direction, because it is the line that the
centre of gravity would deeribe if the body fell
freely. ,

It is the property of this line, that while it falls
within the base upon which the body stands, the
body cannot fall ; but if" it fall without the base,

1o
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the body will tumble. Thus the inclining body
A B CD (fig. 4.) whose centre of gravity is L,
stands firmly on its base C D I K, because the line
of direction E I falls within the base. But if a
weight, as A B G H, be laid upon the top of the
body, the centre of gravity of the whole body and
weight together is raised to L : and then, as the
line of direction L. D falls without the base at D,
the centre of gravity is not supported, and the
whole body and weight will tumble down tegether.

Hence appears the absurdity of people’s rising
hastily in a coach or boat, when it is likely to
overset; for by that means, they raise the centre of
gravity so far as to endanger throwing it quite out
of the base, and if they do, they overset the
vehicle effectually : whereas, had they kept down
to the bottom, they would have brought the line
of direction, and consequently the centre of gra-
vity, farther within the base, and by that means
might have saved themselves.

The broader the base, and the nearer the line of
direction is to the middle or centre of it, the more
firmly does the body stand. On the contrary, the
narrower the base, and the nearer the line of direc-
tion is to the side of it, the more easily may the
body be overthrown; a less change of position
being sufficient to remove the line of direction out
of the base in the latter case than in the former.
And hence it 1s, that a sphere is so easily rolled
upon a horizontal plane; and that it is so difficult,
it not impossible, to make things which are sharp-
pointed, to stand upright on the point.

From what has been said, it plainly appears,
that if’ the plane on which a heavy body is placed,
be inclined, the body will slide down upon the
plane, whilst the line of direction falls within the

c3
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base; but it will tumble or roll down, when that
line falls without the base. Thus the body E
(fig. 5.) will only slide down the inclined plane C D,
whilst the body B rolls down upon it.

When the line of direction falls within the base
of our feet, we stand, and most firmly, when it is
in the middle; but when it is out of the base, we
immediately fall. And it is amusing to reflect
upon the ‘various methods and postures which we
use, to retain this position, or to recover it when
lost, without our being sensible of it. Thus we
bend our body forward when we rise from a chair,
or when we go up stairs; and for this purpose a
man leans forward when he carries a burden upon
his back, and backward when he carries it on his
breast; and to the right or left side, as he carries
it on the opposite side. :

Many of the feats of balancing depend solely
upon this principle.

REPULSION.

As observation has shewn us, that there are
powers in nature, by which not only the larger
masses, but also the smaller portions of matter have
a general tendency to approach each other, so the
same experience convinces us that matter is, in
some cases, endowed with a repulsive power, by
which the parts recede or fly off from each
other. Striking instances of this may be seen in
the magnet, when the disagreeing poles are pre-
sented to each other; and also in electricity. It
would appear that all, or most bodies, are sur-
rounded by a power of rep’ﬁlsion,’ by which they
are prevented from being in actual contact, even
when they appear to the sight to touch: and it
may be calculated, that it requires a considerable
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pressure to overcome this repulsion, so as to make
bodies really touch each other. Sir Isaac Newton
states, that when two pieces of glass are placed
so as to appear to be in contact, they are still dis-
tant from each other rsdss of an inch; and that
by pressure this distance is diminished, although
perhaps the contact is never quite perfect.

Oil and water seem to repel each other; and
when drops of rain run over green cabbage leaves,
it may be seen that there is no actual contact, from
the light that is refdected from the under surface
of the drop, and from the leaf not being wetted.
Many other familiar instances might be adduced
of the existence of a repulsive power. Its laws are
less known than those of attraction, and its cause
is equally obscure.

MECHANIC POWERS.

The mechanical powers are simple instruments
by which men are enabled to raise weights, move
heavy bodies, and overcome resistances, which
they could not do with their natural strength alone.

These simple machines are six in number: the
lever, the pulley, the wheel and axis, the inclined
plane, the wedge, and the screw; and of combi-
nations of these all mechanical engines consist.

To calculate the effect produced by these, as
well as by all other machines, it 15 necessary, first,
to consider what must be the power to keep the
weight or resistance in a state of equilibrium or
balance: and for thisipurpose, in the theoretical
part of the calculation, all planes are considered
as perfectly smooth ; levers to be inflexible, and
without thickness or weight; cords perfectly pli-
able, and without diameter ; and machines to have

c 4 :
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no friction or inertia. When this equilibrium is
established, it will be then necessary to add so
much more power as will be sufficient to overcome
the friction of the machine, and to give the requi-
site velocity.

THE LEVER.

The lever is the simplest of all machines, and
is only a straight bar of iron, wood, or other ma-
terial, supported on, and moveable round, a prop
called the fiderum.

In the lever, there are three circumstances to be
principally attended to: 1. The_ fiderum, or prop,
by which it is supported, or on which it turns as an
axis, or centre of motion: 2. The power to raise
and support the weight: 3. The resistance or
weight to be raised or sustained.

The points of suspension are those points where
the weights really are, or from which they hang
freely.

The power and the weight are always supposed
to act at right angles to the lever, except it be
otherwise expressed.

The lever is distinguished into three sorts, ac-
cording to the different situations of the fulecrum
and the power, with respect to each other.

1. When the fulcrum is placed between the
power and the weight.

2. When the fulcrum is at one end of the lever, the
power at the other, and the weight between them.

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

A poker, in stirring the fire, is a lever of the first
sort ; the bar of the grate upon which it rests is the
fulerum ; the fire, the weight to be overcome; and
the hand is the power. The lever of the first
kind is principally used for loosening large stones;
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or to raise great weights to small heights, in order
to get ropes under them, or other means of raising
them to still greater heights.

A B C (Plate 1. fig. 6.) is this lever; in which B
is the fulerum, A the end at which the power is
applied, and C the end where the weight acts.

To find when an equilibrium will take place be-
tween the power and the weight, in this asin every
other species of lever, it is necessary to recur to
what has formerly been mentioned, that when the
momenta, or quantities of force, in two bodies were
equal, they would balance each other. Now, let us
consider when this will take place in the lever. Sup-
pose the lever A B (fig. 7.) to be turned on its axis,
or fulerum, so as to come into the situation D C;
as the end D is farthest from the centre of motion,
and as it has moved through the arch A D in the
same time as the end B moved through the arch
B C, it is evident that the velocity of A B must
have been greater than that of B. But the mo-
menta being the products of the quantities of mat-
ter multiplied into the velocities, the greater the
velocity, the less the quantity of matter need be to
get the same product. Therefore, as the velocity
of A is the greatest, it will require less matter to
produce an equilibrium than B.

Let us next see how much more weight B will re-
quire than A, to balance. As the radii of circles
are in proportion to their circumferences, they are
also proportionate to similar parts of them; there-
fore, as the arches A D, C B, are similar, the ra-
dius, or arm, D E, bears the same proportion to
E C that the arch A D bears to C B. But the
arches A D and C B represent the velocities of the
ends of the lever, because they are the spaces
which they moved over in the same time; therefore
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the arms D B and E C may also represent these
velocities,

It is evident then, that an equilibrium will take
place, when the length of the arm A E multi-
plied into the power A, shall equal E B multiplied
into the weight B; and consequently, that the
shorter E B is, the greater must be the weight B;
that is, the power and the weight must be to each
other inversely as their distances from the fulerum.
Thus, suppose A E, the distance of the power from
the prop, to be twenty inches; and E B, the distance
of the weight from the prop, to be eight inches;
also the weight to be raised at B to be five pounds;
then the power to be applied at A must be two
pounds; because the distance of the weight from
the fulcrum eight, multiplied into the weight five,
makes forty ; therefore twenty, the distance of the
power from the prop, must be multiplied by two, to
get an equal product; which will produce an equili-
brium.

It is obvious, that while the distance of the power
from the fulerum exceeds that of the weight from
the fulcrum, a power less than the weight will raise
it, so that then the lever affords a mechanical ad-
vantage: when the distance of the power is less
than that of the weight from the prop, the power
must be greater than the weight to raise it; when
both the arms are equal, the power and the weight
must be equal, to be in equilibrio.

The second kind of lever, when the weight is be-
tween the fulcrum and the power, is represented by
Plate 1. fig 8. in which A is the fulerum, B the
weight, and C the power. The advantage gained
by this lever, as in the first, is as great as the dis-
tance of the power from the prop exceeds the dis-
tance of the weight from it.  Thus, if'the point «,
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on which the power acts, be seven times as far
from A as the point Z, on which the weight acts,
then one pound applied at C will raise seven pounds
at B.

This lever shews the reason why two men carry-
ing a burden upon a stick between them, bear shares
of the burden which are to one another in the in-
verse proportion of their distances from it. Forit
is well known, that the nearer either of them is to
the burden, the greater share he bears of it; and
if he go directly under it, he bears the whole. So
it one man be at A, and the other at g, having the
pole or stick resting on their shoulders; and if the
burden or weight B be placed five times as near
the man at A, as it is to the man at «, the former
will bear five times as much weight as the latter.

This is likewise applicable to the case of two
horses of unequal strength being so yoked, as that
each horse may draw a part proportionable to his
strength ; which is done by so dividing the beam
they pull, that the point of traction may be as
much nearer to the stronger horse than to the

weaker, as the strength of the former exceeds that
of the latter.

To this kind of lever may be reduced oars, rud-
ders of ships, doors turning upon hinges, cutting-
knives which are fixed at the point, &c.

If in this lever we suppose the power and weight
to change places, so that the power may be be-
tween the weight and the prop, it will become a
lever of the third kind ; in which, that there may
be a balance between the power and the weight,
the intensity of the power must exceed the inten-
sity of the weight just as much as the distance of
the weight from the prop exceeds the distance of
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the power. Thus, let E (fig. 9.) be the prop of
the lever E F, and W a weight of one pound,
placed three times as far from the prop as the
power P acts at F, by the cord going over the
fixed pulley D : in this case, the power must be
equal to three pounds, in order to support the
weight of one pound.

To this sort of lever are generally referred the
bones of a man’s arm; for when he lifts a weight
by the hand, the muscle that exerts its force to
raise that weight is fixed to the bone about one-
tenth part as far below the elbow as the hand is.
And the elbow being the centre round which the
lower part of the arm turns, the muscle must there-
fore exert a force ten times as great as the weight
that is raised.

Since in this kind of lever there is a loss of power,
it is used only through convenience; as in the
case of raising a ladder, which being fixed at one
one end, is by the strength of a man’s arms reared
against a wall.

What is called the hammer-lever differs in no-
thing but its form from a lever of the first kind.
Its name is derived from its use, that of drawing a
nail out of wood by a hammer.

Suppose the shaft of a hammer to be five times
as long as the iron part which draws the nail, the
lower part resting on the board as a fulcrum ;
then, by pulling backwards the end of the shaft, a
man will draw a nail with one-fifth part of the
power that he must use to pull it out straight with
a pair of pincers; in which case, the nail would
move as fast as his hand ; but with the hammer,
the hand moves five times as much as the nail, by
the time that the nail is drawn out.
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Let ACB (fig. 10.) represent a lever of this
sort, bended at C, which is its prop, or centre of
motion. P is a power acting upon the longer arm
A C, at A, by the means of the cord D A going
over the pulley D ; and W is a weight or resist-
ance acting upon the end B of the shorter arm
C B. If the power be to the weight as CDB is to
C A, they are in equilibrio: thus, suppose W to
be five pounds, acting at the distance of' one foot
from the centre of motion C, and P to be one
pound, acting at A, five feet from the centre C,
the power and weight will just balance each other.

Thus we see, that in every species of lever there
will be an equilibrium, when the power is to the
weight as the distance of the weight from the ful-
crum is to the distance of the power from the
fulerum.

In making experiments with models of the
mechanic powers, some difficulties arise from the
weight of the materials; but as it is impossible
to find any that are without weight, care must be
taken that they are perfectly balanced, before the
weights and powers are applied. Thus the bar,
used in making experiments on levers, has the
short end so much thicker than the long arm, as

will be sufficient to balance it on the prop.
If the weight to be raised be of considerable

bulk, and if it be fixed either above or below the
end of the lever, it will vary in its intensity, ac-
cording to the position of the lever. Let A B
(fig. 11.) represent a lever having a weight fixed
above it, as A, of which the centre of gravity is «,
and the line of direction ¢ b; then is 4 the point
in the lever on which the weights acts : but if the
lever be moved into the position C D, the line of
direction of the weight will fall nearer to the ful-
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crum of the lever, and consequently act with less
force upon it; but if it be placed in the position
E T, the line of direction will fall farther from the
fulcrum, and therefore act more on the lever.

On the contrary, it is evident from fig. 12. that
opposite effects take place, when the weight is
below the lever.

Nothing of this kind can happen, when the
weight is suspended from the lever by a rope, be-
cause the point of suspension, or point of action,
is not altered.

When two draymen carry a barrel on a coulstaff,
to which it is suspended by a chain, the point on
which the weight acts not being altercd by inclin-
ing the staff' in going up or down hill, there will
be no variation in the weight that each man had
to support on beginning. But if they carry the
barrel upon two dogs, then the weight does not
swing, and the centre of gravity is below the lever;
therefore the point on which the weight acts, will,
by inclining the lever, be made to approach the
highest end; and the first man, in going down
hill, by having this point removed from him, will be
eased in part of his burden ; and the last man will
have his equally increased.

Hitherto we have supposed that the power and
weight acted perpendicularly upon the lever; but
if they do not, they act with less force upon it;
the power should, therefore, if possible, be always
made to act at right angles to the lever.

If several levers be combined together in such a
manner, as that a weight being appended to the
first lever, may be supported by a power applied
to the last, as in Plate 1. fig. 13. which consists of’
three levers of the first kind, and is so contrived,
that a power applied at the point L of the lever C,

9
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May sustain a weight at the point S of the lever A,
the power must here be to the weight in a ratio,
or proportion, compounded of the several ratios
which those powers that can sustain the weight by
the help of each lever, when used singly and apart
from the rest, have to the weight. For instance,
if the power which can sustain the weight P, by
the help of the lever A, be to the weight as 1 to 5;
and if the power which can sustain the same
weight, by the lever B alone, be to the weight as
1 to 4; and if the power which could sustain the
same weight by the lever C, be to the weight as
1 to 5; then the power which will sustain the
weight by help of the three levers joined together,
will be to the weight in a proportion consisting of
the several proportions multiplied together, of 1 to
4, and 1 to 5 ; thatis, of 1 to 100,

For since, in the lever A, a power equal to one-
fifth of the weight P pressing down the lever at L,
is sufficient to balance the weight, and since it is
the same thing whether that power be applied to
the lever A at L, or the lever B at S, the point S
bearing on the point L, a power equal to one-fifth
of the weight P, being applied to the point S of
the lever B, will support the weight; but one-
fourth of the same power being applied to the
point L of the lever B, and pushing the same up-
ward, will as effectually depress the point S of the
same lever, as if the whole power were applied at
S ; consequently a power equal to one-fourth of
one-fifth, that is, one-twentieth of the weight P,
being applied to the point L of the lever B, and
and pushing up the same, will support the weight:
in like manner, it matters not whether that force
be applied to the point L of the lever B, or to the
point S of the lever C, since, if S be raised, L,
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which rests on it, must be raised also; but one-
fifth of the power applied at the point L of the
lever C, and pressing it downwards, will as effec-
tually raise the point S of the same lever, as if the
whole power were applied at S, and pushed up the
same ; consequently a power equal to one-fifth of
one-twentieth, that is, one-hundredth part of the
weight P, being applied to ‘the point L of the
lever C, will balance the weight at the point S of
the lever A.

This method of cumbmmg levers is frequently
used in machines and instruments, and is of' great
service, either in obtaining a greater power, or in
applying it with more convenience.

The balance, an instrument of very extensive
use in comparing the weights of bodies, is a lever
of the first kind, whose arms are of equal length.
The points from which the weights are suspended,
being equally distant from the centre of motion,
will move with equal velocity ; consequently, if
equal weights be applied, their momenta will be
equal, and the balance will remain in equilibrio.

In order to have a balance as perfect as possible,
it is necessary to attend to the following circum-
stances :

1. The arms of the beam ought to be exactly
equal, both as to weight and length.

2. The points from which the scales are sus-
pended should be in a right line passing through
the centre of gravity of the beam ; for by this, the
weights will act directly against each other, and
no part of either will be lost on account of any
oblique direction.

8. 1f the fulerum, or point upon whiéh the beam
turns, be placed in the centre of gravity of the
beam, and if the fulcrum and the points of suspen-
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sion be in the same right line, the balance will
have no tendency to one position more than an-
other, but will rest in any position it may be
placed in, whether the scales be on or off, empty
or loaded.

If the centre of gravity of the beam, when level,
be immediately above the fulcrum, the beam will
overset by the smallest action ; that is, the end
which is lowest will descend ; and it will do this
with more swiftness, the higher the centre of gravity
be, and the less the points of suspension be loaded.

But if the centre of gravity of the beam be im- -
mediately below the fulcrum, the beam will not
rest in any position but when level; and if dis-
turbed from that position, and then left at liberty,
it will vibrate, and at last come to rest on the level.
In a balance, therefore, the fulcrum ought always
to be placed a little above the centre of gravity.
Its vibrations will be quicker, and its horizontal
tendency stronger, the lower the centre of gra-
vity, and the less the weight upon the points of
suspension,

4. The friction of the beam upon the axis ought
to be as little as possible ; because, should the
friction be great, it will require a considerable
force to overcome it; upon which account, though
one weight should a little exceed the other, it will
not preponderate, the excess not being sufficient to
overcome the friction, and bear down the beam.
The axis of motion should be formed with an edge
like a knife, and made very hard : these edges are
at first made sharp, and then rounded with a fine
hone, or piece of buff leather, which causes a suffi-
cient bluntness, or rolling edge. On the regular
form andl excellence of this axis depends chleﬂy
the perfection of this instrument.

VOL. I. D



34 MECHANIC POWERS,

5. The pivots, which form the axis or fulerum,
should be in a straight line, and at right angles to
the beam.

6. The arms should be as long as possible, rela-
tively to their thickness, and the purposes for
which they are intended ; as the longer they are,
the more sensible is the balance.

They should also be made as stiff’ and inflexible
as possible ; for if the beam be too weak, it will
bend, and become untrue.

7. The rings, or the pieces on which the axis
bears, should be hard and well polished, parallel
to each other, and of an oval form; that the axis
may always keep its proper bearing, or remain
always at the lowest point.

8. If the arms of a balance be unequal, the
weights in equipoise will be unequal in the same
proportion. The equality of the arms is of use,
in scientific pursuits, chiefly in the making of
weights by bisection. A balance with unequal
arms will weigh as accurately as another of the
same workmanship with equal arms, provided the
standard weight itself’ be first counterpoised, then
taken out of the scale, and the thing to be weighed
be put into the scale, and adjusted against the
counterpoise. Or, when proportional quantities only
are considered, the bodies under examination may
be weighed against the weights, taking care always
to put the weights in the same scale; for then,
though the bodies may not be really equal to the
weights, yet their proportions amongst each other
will be the same as if they had been accurately so.

9. Very delicate balances are not only useful in
nice experiments, but are likewise much more ex-
peditious than others in common weighing. If a
pair of scales with a certain load be barely sensible
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to one-tenth of a grain, it will require a consider-
able time to ascertain the weight to that degree of
accuracy, because the turn must be observed
several times over, and is very small. But if no
greater accuracy were required, and scales were
used which would turn with one-hundredth of a
grain, a tenth of a grain more or less would make
so great a difference in the turn, that it would be
seen immediately.

10. If a balance be found to turn with a certain
addition, and is not moved by any smaller weight,
a greater sensibility may be given to the balance
by producing a tremulous motion in its parts.
Thus, if the edge of a blunt saw, a file, or other
similar instrument, be drawn along any part of the
case or support of the balance, it will produce a
jarring which will diminish the friction in the mov-
ing parts so much, that the turn will be evident
with one-third, or one-fourth of the addition that
would else have been required. In this way, a
beam, which would barely turn by the addition of
the tenth of a grain, will turn with the thirtieth or
fortieth of a grain.

To those who are engaged in making nice philo-
sophical experiments, an accurate balance is of the
greatest importance. One of the best ever made
is that belonging to the Royal Society, executed
by the late Mr. Ramsden.

The statera, or Roman steel-yard, is a lever of
the first kind ; and is used for finding the weights
of different bodies, by one single weight placed at
different distances from the prop or centre of
motion D (fig. 14.) The shorter arm D G 13 of
such a weight as exactly to counterpoise the longer
arm D X. If this arm be divided into as many

D 2
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equal parts as it will contain, each equal to G D,
the single weight P (which we may suppose to be
one pound) will serve for weighing any thing as
heavy as itself, or as many times heavier as there are
divisions in the arm D X, or any quantity between
its own weight and that quantity. As for ex-
ample, if P be one pound, and placed at the first
division 1 in the arm D X, it will balance one
pound in the scale at W ; if it be removed to the
second division at 2, it will balance two pounds in
the scale; if to the third, three pounds; and so
on to the end of the arm D X. If any of these
integral divisions be subdivided into as many equal
parts as a pound contains ounces, and the weight
P be placed at any of these subdivisions, so as to
counterpoise what is in the scale, the pounds and
odd ounces therein will by that means be ascer-
tained.
THE WHEEL AND AXIS,

This mechanic power consists of a wheel with
an axis or axle fixed to it, so as to turn round with
it ; the power being applied at the circumference
of the wheel, the weight to be raised is fastened to
a rope which coils round the axle.

A B (Plate 2. fig. 1.) is a wheel, and C D an
axis fixed to it, and which moves round with it.
If the rope which goes round the wheel be pulled,
and the wheel turned once round, it is evident that
as much rope will be drawn off as the circumfer-
ence of the wheel; but while the wheel turns
once round, the axis turns once round ; and con-
sequently the rope by which the weight is sus-
pended will wind once round the axis, and the
weight will be raised through a space equal to the
circumference of the axis.
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The velocity of the power, therefore, will be to
that of the weight, as the circumference of the
wheel to that of the axis.

That the power and the weight may be in equi-
librio, therefore, the power must be to the weight
as the circumference of the wheel to that of the
axis,

It is proved by geometry, that the circumfer-
ences of different circles bear the same proportion
to each other as their respective diameters do;
consequently the power is to the weight, as the
diameter also of the axis to that of the wheel.

Thus, suppose the diameter of the wheel to be
eight inches, and the diameter of the axis to be
one inch; then one ounce acting as the power P
will balance eight ounces as a weight W; and a
small additional force will cause the wheel to turn
with its axis, and raise the weight; and for every
inch which the weight rises, the power will fall
eight inches.

The wheel and axis may be considered as a kind
of perpetual lever, of which the fulecrum is the
centre axis, and the long and short arms the dia-
meter of the wheel and the diameter of the axis.
See Plate 2. fig. 2.

From this it is evident, that the longer the
wheel, and the smaller the axis, the stronger is the
power of this machine ; but then the weight must
rise slower in proportion.

A capstan is a cylinder of wood, with holes in
it, into which are put bars, or levers, to turn it
round ; these are like the spokes of a wheel with-
out the rim.

Sometimes the axis is turned by a winch fas-
tened to it, which, in this respect, serves for a
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wheel, and is more powertul, in proportion to the
largeness of the eircle it deseribes, compared with
the diameter of the axis.

When the parts of the axis differ in thickness,
and weights are suspended at the different parts,
they may be sustained by one and the same power
applied to the circumference of the wheel, pro-
vided the product arising from the multiplication
of the power into the diameter of the wheel, be
equal to the sum of the products arising from the -
multiplication of the several weights into the dia-
meters of those parts of the axis from which they
are suspended.

In considering the theory of the wheel and axis,
we have supposed the rope that goes round the
axis to have no sensible thickness; but, as in
practice this cannot be the case, if it be a thick
rope, or if’ there be several folds of it round the
axis, we must measure to the middle of the outside
rope, to obtain the diameter of the axis; for the
distance of the weight from the centre is increased
by the coiling up of the rope.

If teeth be cut in the circumference of a wheel,
and if they work in the teeth of another wheel of
the same size as Plate 2. fig. 8. it is evident that
both the wheels will revolve in the same time; and
the weight appended to the axis of the wheel B
will be raised in the same time as if the axis had
been fixed to the wheel A. But if the teeth of
the second wheel be made to work in teeth made in
the axis of the first, as at fig. 4., since every part of
the circumference of the second wheel is applied
successively to the circumference of the axle of
the first, and since the former is much greater than
the latter, it is evident that the first wheel must go
round as many times more than the second, as the
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circumference of the second wheel exceeds that of
the first axis.

In order to a balance here, the power must be to
the weight, as the product of the circumferences,
or diameters of the two axes multiplied together,
is to the circumferences or diameters of the two
wheels.

This will become sufficiently clear, if it be con-
sidered as a compound lever, which was explained
above. Instead of a combination of two wheels,
three or four wheels may work in each other, or
any number ; and by thus increasing the number
of wheels, or by proportioning the wheels to the
axes, any degree of power may acquired.

To this sort of engine belong all cranes for rais-
ing great weights; and in this case, the wheel may
have cogs all round it instead of handles; and a
small lanthorn, or trundle, may be made to work
in the cogs, and be turned by a winch; which
will make the power of the engine to exceed the
power of the man who works it, as much as the
number of revolutions of the winch exceeds those
of the axle C D/ (Plate 2. fig. 1). when multiplied
by the excess of the length of the wineh above the
length of' the semi-diameter of the axle, added to
the semi-diameter or half-thickness of the rope K
by which the weight is drawn up. Thus, suppose
the diameter of the rope and axis taken together
to be 13 inches, and consequently half their dia-
meter to be 6} inches, so that the weight W will
hang at 6} inches perpendicular distance from
below the centre of the axle : now, let us suppose
the wheel A B, whiel is fixed on the axle, to
have 80 cogs, and to be turned by means of a
winch 6} inches long, fixed on the axle of a
trundle of eight staves, or rounds, working in the
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cogs of the wheel ; here it is plain, that the winch
- and trundle would make ten revolutions for one of
the wheel A B and its axis C D on which the rope
K winds in raising the weight W ; and the winch
being no longer than the sum of the semi-dia-
meters of the great axle and rope, the trundle
could have no more power on the wheel than a
man could have by pulling it round by the edge,
because the winch would have no greater velocity
than the edge of the wheel has, which we here
suppose to be ten times as great as the velocity of
the rising weight ; so that, in this case, the power
gained would be as is 10 to 1. But if the length
of the winch be 13 inches, the power gained will be
as 20 to 1; if 194 inches (which is long enough
for any man to work by), the power gained will be
as 30 to 1; that is, a man could raise 30 times as
much by such an engine, as he could do by his
natural strength without it, because the velocity
of the handle of the winch would be 30 times as
great as the velocity of the rising weight; the
absolute force of any engine being in proportion
of the velocity of the power, to the velocity of the
weight raised by it. But then, just as much power
or advantage as is gained by the engine, so much
time is lost in working it ; which is common in all
mechanical cases whatever.

In this sort of machines, it is requisite to have a
ratchel wheel on the end of the axle C, with a
calch to fall into its teeth ; which will at any time
support the weight, and keep it from descending,
if the person who turns the handle should, through
inadvertency or carelessness, quit his hold while
the weight is raising. By this means, the danger
is prevented which might otherwise happen by the
running down of the weight when left at liberty,

\ *]
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THE PULLEY.

The pulley is a small wheel turning on an axis,
with a drawing rope passing over it: the small
wheel is usually called a sheeve, and is so fixed in a
boa, or block, as to be moveable round a pin passing
through its centre.

Pulleys are of two kinds. 1. Fived, which do
not move out of their places. 2. Moveable, which
rise and fall with the weight.

When a pulley is fixed, as Plate 2. fig. 5. two
equal weights, suspended to the ends of a rope
passing over it, will balance each other; for they
stretch the rope equally ; and if either of them be
pulled down through any given space, the other
will rise through an equal space in the same time;
and consequently, as the velocities of both are
equal, they must balance each other. This kind
of pulley, therefore, gives no mechanical advan-
tage; so that you can raise no greater weight by
it than you could do by your natural strength. Its
use counsists in changing the direction” of the
power, and sometimes enabling it to be applied
with more convenience. By it, a man may raise a
weight to any point, without moving from the
place he is in ; whereas, otherwise, he would have
been obliged to ascend with the weight: it also
enables several men together to apply their strength
to the weight by means of the rope.

The moveable pulley represented at A, (Plate 2.
fig. 06.) is fixed to the weight W, and rises and
falls with it. In comparing this to a lever, the ful-
crum must be considered as at A (Fig. 6.); the
weight acts upon the centre ¢ and the power is
applied at the extremity of the lever D, The power,
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therefore, being twice as far from the fulcrum as
the weight is, the proportion between the power
and weight, in order to balance each other, must be
as 1 to 2. Whence it appears, that the use of this.
pulley doubles the power; and that a man may
raise twice as much by it as by his strength alone.
Or it may be considered in this way; every move-
able pulley hangs by two ropes equally stretched,
and which must, consequently, bear equal parts of
the weight; but the rope A B being made fast at
B, half the weight is sustained by it; and the other
part of the rope, to which the power is applied,
has but half the weight to support; consequently,
the advantage gained by this pulley is as 2 to 1.

When the upper and fixed block contains two
pulleys which only turn upon their axis, and the
lower moveable block contains also two, which not
only turn on their axis, but rise with the weight F
(Fig. 7.) the advantage gained is as 4 to 1; for
each lower pulley will be acted upon by an equal
part of the weight; and, because in each pulley
that moves with the weight, a double increase of
power is gained, the force by which F may be sus-
tained will be equal to half the weight divided by
the number of lower pulleys; that is, as twice the
number of lower pulleys is to 1, so is the weight
suspended to the power.

But if the extremity C (Fig. 8.) be fixed to the
lower block, it will sustain half'as much as a pulley:
consequenily here the rule ‘will be, as twice the
number of pulleys adding unity is to 1, so is the
weight to the power.

These rules hold good, whatever may be the
number of pulleys in the blocks.

If, instead of one rope going round all the pulleys,
the rope belonging to each pulley be made fast at'
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Let A B (Tig. 3.) be a plane parallel to the hori-
zon, and A D a plane inclined to it; and suppose
the whole length A D to be three times as great as
the perpendicular D B. In this case, the cylinder
E will be supported upon the plane D A, and kept
from rolling, by a power equal to a third part of
the weight of the cylinder; therefore a weight may
be rolled up in this inclined plane by a third part
of the power which would be sufficient to draw it
up by the side of an upright wall.

1t must also be evident, that the less the angle
of elevation, or the gentler the ascent is, the
greater will be the weight which a given power
can draw up; for the steeper the inclined plane is,
the less does it support of the weight; and the
greater the tendency which the weight has to roll,
consequently the more difficult for the power to
support it: the advantage gained by this mechanical
power, thercfore, is as great as its length exceeds
its perpendicular height.

To the inclined plane may be reduced all hat-
chets, chisels, and other edge-tools.

THE WEDGE.

The wedge may be considered as two equally
inclined planes, joined together at their bases; then
D C (Plate 3. fig. 4.) is the whole thickness of the
wedge at its back A B C I), where the power is
applied; E F is the depth or height of the wedge;
B F the length of one of its sides; and O F isits
sharp edge, which is entered into the wood intended
to be split by the force of a hammer or mallet
striking perpendicularly on its back. Thus, A B
(Fig. 5.) is a wedge driven into the cleft CE D of
the wood F G.

When the wood does not cleave at any distance
before the wedge, there will be an equilibrium be-
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tween the power impelling the wedge downward
and the resistance of the wood acting against the
two sides of the wedge, when the power is to the
resistance, as half the thickness of the wedge at
its back is to the length of either of its sides; be-
cause the resistance then acts perpendicular to the
sides of the wedge. But when the resistance on
each side acts parallel to the back, the power that
balances the resistances on both sides will be, as
the length of the whole back of the wedge is to
double its perpendicular height.

When the wood cleaves at any distance before
the wedge (as it generally does) the power impell-
ing the wedge will not be to the resistance of the
wood as the length on the back of the wedge is to
the length of both its sides, but as half the length
of the back is to the length of either side of the
cleft estimated from the top or acting part of the
wedge. For, if we suppose the wedge to be
lengthened down from the top C E to the bottom
of the cleft at D, the same proportion will hold;
namely, that the power will be to the resistance, as
half the length of the back of the wedge is to the
length of either of its sides: or, which amounts to
the same thing, as the whole length nf' the back is
to the length of both the sides. -

The wedge is a mechanic power of great effect,
since not only wood, but even rocks, can be split
by it; which it would be impossible to accomplish
by the lever, wheel and axle, or pulley; for the
force of the blow or stroke shakes the cohering
parts, and thereby makes them separate more
easily.

THE SCREW.

The screw can scarcely be called a simple ma-
chine, because it is never used without the appli-
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cation of a lever or winch to assist in turning it;
and then it becomes a compound engine of a very
great force, either in pressing the parts of bodies
closer together, or in raising great weights. It
may be conceived to be made by cutting a piece of
paper, A B C (Plate 8. fig. 6.) into the form of an
inclined plane or half wedge, and then wrapping
it round a cylinder (Fig. 7.) the edge of the paper
A C will form a spiral line round the cylinder,
which will give the thread of the screw. It being
evident, that the winch must turn the cylinder
once round, before the weight of resistance can be
moved from one spiral winding to another, as from
d to c; therefore, as much as the circumference of
a circle described by the handle of the winch is
greater than the interval or distance between the
spirals, so much is the force of the screw. Thus,
supposing the distance of the spirals to be half an
inch, and the length of the winch 12 inches,
the circle described by the handle of the winch
where the power acts will be 76 inches nearly, or
about 152 half inches; and consequently 152 times
as great as the distance between the spirals: and
therefore a power at the handle, whose intensity is
equal to no more than a single pound, will balance
152 pounds acting against the screw; and as much
additional force as is suflicient to overcome the
friction will raise the 152 pounds; and the velocity
of the power will be to the velocity of the weight,
as 152 to 1. Hence it appears, that the longer the
winch is, and the nearer the spirals are to one
another, so much the greater is the force of the
screw. ' .

A machine for showing the force or power of the
screw may be contrived in the following manner.
Let the wheel C have a serew (Tig. 8.) on ifs axis,



MECHANIC POWERS, 47

working in the teeth of the wheel D, which sup-
pose to be 48 in number. Itis plain, that for every
time the wheel C and the screw are turned round
by the winch A, the wheel D will be moved one
tooth by the screw; and therefore, in 48 revolutions
of the winch, the wheel D will be turned once
round. Then, if the circumference of a circle, de-
scribed by the handle of the winch A, be equal to
the circumference of a groove round the wheel D,
the velocity of the handle will be 48 times as great
as the velocity of any given point in the groove.
Consequently, if a line G goes round the groove,
and has a weight of 48 pounds hung to it, a power
equal to one pound at the handle will balance and
support the weight. To prove this by experiment,
let the circumferences of the grooves of the wheels
C and D be equal to one another; and then if a
weight H, of one pound, be suspended by a line
going round the groove of the wheel C, it will
balance a weight of 48 pounds hanging by the line
G; and a small addition to the weight H will
cause it to descend, and so raise up the other
weight.

It a line G, instead of going round the groove
of the wheel D, goes round itsaxle I, the power of
the machine will be as much increased as the cir-
cumference of the groove exceedsthe circumference
of the axis: supposing it to be six times, then one
pound at H will balance six times 48, or 288
pounds, hung to the line on the axis: and hence
the power or advantage of this machine will be as
288 to 1. 'That is to say, a man, who by his
natural strength could lift a hundred weight, will
be able to raise 288 cwts. by this engine. Ifa
system of pulleys were applied to the cord H, the
power would be increased to an amazing degree.
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When a screw acts in a wheel in this manner,
it 1s called an endless screw.

When the screw is not employed in turning a
wheel, it consists of two parts: the first is called
the male, or outside screw, being cut in such a
manner as to have a prominent part going round
the cylinder in a spiral manner, which prominent
part is called the thread of the screw: the other
part, which is called the fémale, or inside screw, is
a solid body, containing a hollow cylinder, whose
concave surface is cut in the same manner as the
convex surface of the male screw, so that the pro-
minent parts of the one may fit the concave parts
of the other.

A very considerable degree of friction always
acts against the power in a screw; but this is fully
compensated by other advantages: for on this ac-
count the screw continues to sustain a weight, even
after the power is removed, or ceases to act, and
presses upon the body against which it is driven.
Hence the screw will sustain very great weights;
insomuch, that several screws, properly applied,
would support a large building, whilst the foun-
dation was mending, or renewed.

OF COMPOUND MACHINES.

Although it be evident from the principles de-
livered above, that any one of the mechanic
powers is capable of overcoming the greatest
possible resistance, in theory: yet, in practice, if
used singly, for producing very great effects, they
would be frequently so unwieldy and unmanageable,
as to render it impossible to apply them. For this
reason, 1t is generally found more advantageous to
combine them together; by which means the power
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1s more easily applied, and many other advantages
obtained. In all machines, simple as well as com-
pound, what is gained in power is lostin time. Sup-
pose that a man, by a fixed pulley, raise a beam to
the top of a house in two minutes, it is clear that
he will be able to raise six beains in twelve minutes;
but by means of a tackle, with three lower pulleys,
he will raise the six beams at once with the same
ease as he before raized one; but then he will be
six times as long about it, that is, twelve minutes:
thus the work is performed in the same time
whether the mechanical power be used or not.
But the convenience gained by the power is very
great; for if the six beams be joined in one, they
may be raised by the tackle, though it would be
impossible to move them by the unassisted strength
of one man,

Consequently, if by any power you are able to
raise a pound with- a given velocity, it will be im-
possible, by the help of any machine, to raise two
pounds with the same velocity; yet, by the assist-
ance of a machine, you may raise two pounds with
half that velocity, or even one thousand with the
thousandth part of that velocity; but still there is
no greater quantity of motion produced, when a
thousand pounds are moved, than when one pound
is moved; the thousand pounds moving propor-
tionally slower.

No real gain of force is, therefore, obtained by
mechanical contrivances: on the contrary, from
friction, and other causes, force is always lost; but
by machines we are able to give a more convenient
direction to the moving power, and to apply its
action at somardistance from the body to be moved,
which is a circumstance of infinite importance. By
machines, also, we can so modify the energy of the
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moving power, as to obtain effects which it could
not produce without this modification.

In machines composed of several of the mecha-
nic powers, the power will be to the weight, when
they are in equilibrio, in a proportion formed by
the multiplication of the several proportions which
the power bears to the weight in every separate me-
chanic power of which the machine consists.

Suppose a machine, for instance, composed of
the axis in the wheel, and a pulley; let the axis
and wheel be such, that a power consisting of one-
sixth of the weight will balance it; and let the pul-
leys be such, that by means of them alone, a power
equal to one-fourth of the weight would support it:
then, by means of the axis in the wheel, and the
pulleys combined, a power equal to one-fourth of
one-sixth, that is, 1-24th of the weight, will be in
equilibrio with it.

In contriving machines, simplicity ought particu-
larly to be attended to; for a complicated machine
is not only more expensive, and more apt to be out
of order, but there is also a greater degree of
friction in proportion to the number of rubbing
parts.

Whatever be the construction of a machine, its
power will always be in proportion to the velocity
of the power to the weight; and so that this is ob-
tained in the greatest degree that circumstances
will admit, or that are necessary, then the fewer
parts the better,

It 1s evident, from what has been said above,
that the velocity of a wheel is to that of a pinion,
or smaller wheel which is driven by it, in pro-
portion to the diameter, circumference, or number
of teeth in the pinion to that of the wheel. Thus,

it the number of teeth in a wheel be 60, and those
10
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of the pinion 5, then the pinion will go 12 times
round for once of the wheel, because 60, divided
by 5, gives 12 for a quotient.

Hence, if you have any number of wheels act-
ing on so many pinions, you must divide the product
of the teeth in the wheels by those in the pinions;
and the quotient will give the number of turns of
the last pinion in one turn of the first wheel. Thus,
if a wheel A (Plate 3. fig. 9. of 48, acts on a pinion
B of 8, on whose axis there is a wheel C of 40,
driving a pinion D of 6, carrying a wheel E of 36,
which moves a pinion I of 6, carrying an index:
then the number of turns made by the index, will
be found in this manner: ¥ X% x%¥="3{;°=240,
the number of turns which the index will make
while the wheel A goes once round.

Any number of teeth on the wheels and pinions
having the same ratio, will give the same number
of revolutions to an axis: thus, #X*° X% ="1%"°
=240, as before. It therefore depends upon the
skill of the engineer, or mechanic, to determine
what numbers will best suit his design.

It is evident, that the same motion may be per-
formed, ecither by one wheel and pinion, or by
many wheels and pinions, provided the number of
turns of all the wheels bear the same proportion
to all the pinions which that one wheel bears to its
pinion.

When a wheel is moved immediately by the
power, it is called a leader ; and if there is another
wheel on the same axis, it is called the follower,
Thus A, being moved immediately by the power, is
to be considered as a leader, and B as a follower;
the wheel C being driven by B becomes a leader,
and D a follower; E (Fig. 10.) is a leader, and the
cylinder F may be considered as a follower.

2



52 MOVING POWERS IN MACHINERY.

Sometimes the same wheel acts both as a leader
and a follower; as in Fig. 11, where B is moved by
A, and consequently is a leader; while, as it drives
C, it is also a follower. Therefore, as to multiply
both the divisors and dividend by the same number
does not alter the quotient, so in mechanical cal-
culations, every wheel that is both a leader and a
follower may be entirely omitted.

The power of a machine is not at all altered by
the size of the wheels, provided the proportions
to each other are the same. Formertly the wheels
of engines being mostly of wood, they were made
of a large size, on account of strength; but now
that wheels are so easily made of cast iron, the
size of them is very much diminished, which has
the advantage of occupying much less room, with
greater durability.

MOVING POWERS IN MACHINERY.

The motion of machines must be excited and
kept up by some cause which is called the moving
power

These powers may be, the strength of men and
other animals; or inanimate, as wind, water, steam,
gravity, or elasticity.

In working machines, the choice of the moving
power must be regulated by convenience and
economical considerations, and also by the regu-
larity and intensity of its action.

Weights and running water are most uniform in
their action, and steam is that which is capable of’
the greatest intensity. The strength of animals is
the most unequal.

A horse draws with the greatest advantage, when
the line of draught is not level with his breast; but
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inclines upwards, making a small angle with the
horizontal plane.

A horse drawing a weight over a single pulley,
can draw 200 Ibs. for eight hours a day, and walk-
ing at the rate of 2% miles in an hour, which is
about 3% feetin a second; and if the same horse be
made to draw 240 Ibs., he can work but six hours a
day, and cannot go quite so fast. To this may be
referred the working ot horses in all sorts of mills
and water-works, where we ought to know, as near
as we can, how much we make every horse draw,
that we may judge of what the effect will be when
proper allowance shall have been made for all the
frictions and hindrances, before we cause any ma-
chine to be erected.

When a horse draws in a mill, or gin of any
kind, great care should be taken that the horse-
walk, or circle in which he moves, be large enough
in diameter, otherwise the horse cannot exert all
his strength; for, in a small circle, the tangent
in which the horse draws deviates more from the
circle in which he is obliged to go, than in a
larger circle. The horse-walk should not be less
than 40 feet in diameter, when there is room for it.
In a walk of 19 diameter, it has been calculated
that a horse loses two-fifths of his strength.

The worst way of applying the force of a horse
is to make him carry or draw up hill; for, if the hill
be steep, three men will do more than a horse;
cach man loaded with 100 lbs. will move up faster
than a horse that is loaded with 300 lbs. This is
owing to the position of the parts of a man’s body,
which are better adapted for climbing than those
of a horse.

As a horse, from the structure of his body, can
exert most strength in drawing almost horizontally

E 3



.§~l~ MOVING POWERS IN MACHINERY.

in a straight line, a man exerts the least strength
that way; as, for example, if a man weighing
140 Ibs., walking by a river or canal side, draws
along a boat, or barge, by means of a rope coming
over his shoulders, or otherwise fastened to his
body, he cannot draw above 27 lbs., or about 1-27th
of what a horse can draw in that case. Five men
are about equal in strength to one horse, and can
with the same ease push round the horizontal
beam in a 40 foot walk; but three of the same
men will push round a beam in a 19 foot walk,
which a horse, (otherwise equal to five men) can
but draw round.

A man turning a horizontal windlass by a
handle, or winch, should not have above 80 Ibs.
weight acting against him, if’ he is to work ten
hours a day, and raise the weight at the rate of
three feet and a half'in a second. This supposes,
however, that the semi-diameter of the windlass is
equal to the distance from the centre to the elbow
of the handle ; for if there be a mechanical advan-
tage, as there usually is, by having the diameter of
the axle on which the rope winds four or five times
less than the diameter of the circle described by
the hand, then may the weight (taking in also the
resistance, on account of the friction and stiffness
of the rope) be four or five times greater than
30 Ibs. ; that is, so much as it rises slower than the
hand moves.

In this operation, the effect of a man’s force
varies in every part of the circle described by the
handle. The greatest force is, when a man pulls
the handle upwards from about the height of his
knees ; and the least force when (the handle being
at top) he thrusts from him horizontally ; then
again the effect becomes greater, as a man lays on
his weight to push down the handle; but that
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action cannot be so great as when he pulls up,
because he lays on no more than the whole weight
of his body; whereas, in pulling, he can exert his
whole strength. Lastly, he has but small force to
pull the handle towards him horizontally, when at
its lowest.

Let us suppose a man of moderate strength to
weigh 140 lbs. ; he may in the four principal parts
of pushing and pulling, in the whole circumference
of motion, exert the following forces; viz. in the
strongest point, a force equal to 160 lbs. ; in the
weakest, a force equal to 27 lbs. ; in the next strong
point, 130 lbs. ; and in the last, or second weak
point, 30 lbs. Let us add all these forces together,
which will make 347 ; which divide by 4, and we
shall have 844 Ibs. for the weight that a man might
lift by a winch, it he could exert his whole force
continually, without stopping to take breath ; but
as that cannot be, the weight must return, and
overpower at the first weak point, especially when
the handle moves slowly, as it must, if a man would
exert his whole strength all round. Besides, for
raising such a weight, we must suppose the man
acting always along the tangent of the circle of
motion, which does not happen in the operation.
Then there must be a sufficient velocity given,
that the force applied at the strong points may not
be spent before the hand comes to the weak ones,
so that it is difficult for a man to continue that
irregular motion ; and, therefore, when there are
no other advantages, the resistance ought to be but
30 lbs. If afly be added to the windlass when the
motion is pretty quick, as about four or five feet
in a second, a man may for a little while act with
a force of 80 lbs, and work a whole day with a re-
sistance of 40 lbs,
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If two men work at the end of a roller, or wind-
lags, as in drawing up coals or ore from a mine, or
water from a well, they may more easily draw up
70 lbs. (still supposing the weight and power to
have equal velocities) than one man can 30 lbs.,
provided the elbow of one of the handles be at
right angles to the other ; for then one man will
act at the strongest point when the other acts at
the weakest point of the revolution; by which
means the two men will mutually and successively
help one another. A very common way is to put
on the handles opposite to one another, which
cannot give the advantage above-mentioned, though
there is some little force gained even in that posi-
tion, because one man pulling while the other
thrusts, works at the strongest of the two weak
points, whilst the other works at the weakest, and
so helps him a little.

When a man carries a burden upon his back, he
exerts a great force very effectually, many muscles
being at once employed in that operation; the
muscles of his neck, back, and loins, keep his body
and head in the proper position to sustain the
weight ; those of his shoulders and arms help to
keep it in its place; and the muscles of his legs
and thighs raise the weight of all the body and
burden as the man walks along. In this way of
working, three men do much more than a horse,
and two often do as much, as may be observed in
the daily labour of the London porters. A porter
will carry 200 lbs. and walk at the rate of three
miles an hour ; a coal-heaver will carry 250 Ibs. ;
but then he does not go far with his load. Chair-
men do not act with the same muscles as porters ;-
but as they have straps brought down  from their
shoulders to the poles of the chair, the muscles of
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the loins and back are concerned, and likewise the
extensors of the legs and thighs ; two of them will
walk with 300 lbs. (that is, 150 lbs. each,) at the
rate of four miles an hour.

The last and most effectual way of a man’s ex-
erting his strength, is in rowing a boat; he there
acts with more muscles than in any other oper-
ation ; and the weight of his body also assists him.

FRICTION.

By friction is meant the rubbing of bodies
against each other. The subject of friction is of
great importance in mechanics, as, in consequence
of it, the actual performance of machines is much
less than what might be expected from calculation.

However smooth bodies may appear to the eye,
yet if they are examined with a microscope, nume-
rous inequalities will be observed, and when sur-
faces move over each other, the prominences of
one tall into the hollows of another, and some
force must be required to lift or drag one over the
other, or its prominences must be broken off.

Friction is greater in moving bodies in propor-
tion to their weight or pressure against each other:
and also in some degree in proportion to the velo-
city of their motion.

Polished substances, as might be expected, have
less friction than rough ones; and oil, grease, and
black lead, by filling up the inequalities of the
surfaces of bodies, lessen the friction.

Metals have more friction when moving on
etals of the same kind, than when they move on |
different metals, Thus, steel and brass are fre-
quently employed together to lessen the friction :
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this may be seen in clocks and watches, where the
wheels are of brass, and the pinions of steel.

Hard substances, also, being less subject to wear,
are employed to diminish friction ; thus jewels are
used in watches for the axles of the wheels to
work 1n.

Hard wood rubbing against hard wood has less
friction than when rubbing against soft wood.

The wearing of the parts of a machine, by
altering the shapes of the parts, and increasing the
inequalities, occasions more friction.

The friction of a single lever is very little.

The friction of the wheel and axle is in propor-
tion to the weight, velocity, and the diameter of
the axle ; the smaller the diameter of the axle, the
less will be the friction.

The friction of pulleys is very great, on account
of the smallness of their diameters in proportion to
that of their axes; because they very often bear
against the blocks, and through the wearing of
their wheels and axles. .

In the wedge and screw, there is a great deal of
friction. Screws with sharp threads have more
friction than those with square threads; and end-
less screws have more than either.

The most complete method of lessening the
friction of wheels is to make their axles turn on
the surfaces of smaller wheels, which hence are
called: friction wheels.

OF THE COMMUNICATION OF MOTION IN
MACHINES.

Numerous are the methods by which motion
may be communicated from one part of a machine
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to another ; and much of the skill of the engineer
consists in his adapting certain methods to his par-
ticular purposes.

Sometimes a simple cord, or a cord with pulleys,
may be used. Levers, either simple or combined,
and either straight or bent, are employed to com-
municate, and also change the direction of the
motion. Rods also are employed, which may be
carried to a great distance by being connected
together. ’

But of all the methods of communicating mo-
tion, that by means of wheels is the most frequent.

Wheels may be made to turn each other even
by the simple contact of their surfaces when
pressed together; or their circumferences may be
formed into brushes with short thick hair, which
enable them to turn each other with considerable
power ; or they may have cords or straps of leather
or chains, passing from one to another, and then
sometimes there are points or protuberances on
the rims of the wheels.

The most usual method, however, of making
wheels drive each other is by means of teeth.
These are either cut into the substance of which
the wheel is formed when it is metal; or formed at
the same time as the rest of the wheel when this is
cast metal ; or formed by inserting them when the
wheels are of wood.

The proper method of shaping the teeth of
wheels, so as to communicate the motion equably,
and with as little friction as possible, is a matter of
very great nicety, and has given rise to much
study among mechanics. The ends of the teeth
should be curves, but not parts of circles. They
may be formed of the curve called the epicycloid ;
or of the involutes of circles, which are curves de-
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scribed by a point of a thread which has been
wound round the wheel while it is uncoiled. '

A wheel which has teeth cut upon the circum-
ferences so as to project out in the plane of its
face, is called a spur wheel, (Plate 25. fig. 1.); and
when the projection of the teeth is at right angles
to the face of the wheel and parallel to the axis,
the wheel is called a crown, or contrate wheel, as
at B: Cis a spur wheel.

Sometimes the faces of the two wheels are in
the same plane, and consequently the axes parallel
as at fig. 1; sometimes the axes are at right angles
to each other, as fig. 2., one being a spur and the
other a contrate wheel : sometimes also the axes
are inclined to each other at various angles.

A method much used for placing the teeth of
wheels, is by bevelling the edge, and cutting the
teeth on the bevel, by which means wheels can turn
each, though variously inclined, and the teeth have
also great strength. ‘'These are called bevelled
wheels, or bevel geer.

Their principle consists in two cones rolling on
the surface of each other, as the cone A and B
revolving on their centres a b, a ¢ (Plate 4. fig. 4);
if’ their bases are equal, they will perform their
revolutions in one and the same time; or any other
two points equally distant from the centre a, as
d1,d2 d3s, &e. will revolve in the same time as

1, %, 8, &c. In the liker manner, if the
cones @ d e be twice the diameters at the base d e,
as the cones a fe are, then if they turn about their
centres when the cone a f d (Fig. 5. and 6.) has
made one revolution, the cone a d e will have
made but half a revolution; or when a f e has
made two revolutions, @ d ¢ will have made but
one, and every part equally distant from the centre.
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a,as 1, £ 2, f8, &c. will have made two revo-
lutions toe 1, ¢ 2, ¢ 3, &ec. and if the cones were
fluted, or had teeth cut in them, diverging from
the centre a to the bases d ¢, ¢ f (Fig. 7), they
would then become bevel-geer. The teeth at the
point of the cone being small, and of little use,
may be cut off at E and F (Fig. 7. and 8.) where
the upright shaft a b, with the bevel-wheel ¢ 4,
turns the bevel-wheel ¢ f* with its shaft & g, and
the teeth work freely into each other.s The teeth
may be made of any dimension, according to the
strength required; and this method will enable
them to overcome a much greater resistance, and
work smoother than a face-wheel and wallower of
the common form can possibly do ; besides, it is of
great use to convey a motion in any direction, or
to any part of a building, with the least trouble
and friction.

The method of conveying motion in any direc-
tion, and proportioning or shaping the wheels
thereto, is as follows : Let the line « & fig. 9. re-
present a shaft coming from a wheel; draw the
line ¢ d to intersect the line ¢ & in the direction
that the motion to be conveyed is intended, which
will now represent a shaft to the intended motion.

Again, suppose the shaft ¢ d is to revolve three
times, whilst the shaft ¢ & revolves once; draw
the parallel line 7 7, at any distance not too great
(suppose one foot by a scale,) then draw the
parallel line / £ at three feet distance; after which,
draw the dotted line w 2 through the intersection
of the shafts « b and ¢ d, and likewise through the
intersection of the parallel lines 7 7 and % £, in the
points 2 and y, which will be the pitch-line of the
two bevel-wheels, or the line where the teeth of
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the motion of the machine slackens, it helps it
forward : if it tends to move too fast, it will keep
it back.

Every regulating-wheel should be fixed upon
that axis where the motion is swiftest, and should
be heavy when the motion is designed to be slow,
and light where it is designed to be swift. In all
cases, the centre of motion should coincide with
the centre of gravity of the wheel. 'The axis may
be either perpendicular, or parallel to the horizon.

A small force is sufficient to put a heavy wheel
in motion, which, if long continued, will accumu-
late in such a manner, as to produce effects in
raising weights and overcoming resistances, that
could not by any means be accomplished by the
application of the original moving force.

On this subject, Mr. Atwood has demonstrated,
that a force of 20 pounds applied for 37 seconds to
the circumference of a cylinder of a 10 feet radius,
and weighing 4713 pounds, would, at the distance
of one foot from the centre, give an impulse to a
musket ball equivalent to what it receives from a
full charge of gunpowder. The same effect would
be produced in six minutes and ten seconds by a
man turning the cylinder with a winch one foot
long, in which he constantly exerted a force of 20
pounds. In this case, however, there is no abso-
lute increase of power; for the cylinder has no
principle of motion in itself, and cannot have more
than it receives.

This accumulation of motion, however, in heavy
wheels, is of great service in the construction of
machines for various purposes, rendering them
much more powerful, and easy to be worked by
animals, as well as more regular and steady, when
set in motion by water, or any inanimate power.
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Hence the use of flies, ballast-wheels, &e¢. which
are commonly supposed to increase the power of a
machine, though in reality they take something
from it, and act upon a different principle.

In all machines in which flies are used, a consi-
derably greater force must at first be applied than
what is necessary to move the machine without it,
or the fly must have been set in motion some time
before it is applied to the machine. I'his super-
fluous power is collected by the fly, which serves
as a kind of reservoir from whence the machine
may be supplied when the motion slackens.

This, we must observe, will always be the case .
with machines worked by animals, for none are
able to exert a great power with absolute con-
stancy : some intervals of rest, even though almost
mmperceptible, are requisite, otherwise the crea-
ture’s strength would in a short time be exhausted.
When he begins to move in a machine, he is vigor-
ous, and exerts a great power ; in consequence of
which he overcomes not only the resistance of the
machine itself, but communicates a considerable
degree of’ power to the fly. "The machine, when
moving, yields for a time to a smaller impulse ;
during which time the fly itself acts as a moving
power, and the animal recovers the strength he has
lost. By degrees, however, the motion of the
machine decreases, and the animal is obliged to
renew his efforts. The velocity of the machine
would now be considerably increased, were it not
that the fly now acts as a resisting power, and the
greatest part of the superfluous motion is lodged
- in it, so that the increase of velocity is scarcely
perceptibie. Thus the animal has time to rest
himself, until the machine again requires an in-
creased impulse, and so on alternately.
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The case is the same with a machine moved by
water, or by a weight ; for though the strength of
these does not exhaust itself like that of’ an animal,
yet the yielding of the parts of the machine renders
the impulse much less after it begins to move;
hence its velocity is accelerated for some time,
until the impulse becomes so small, that the ma-
chine requires an increase of power to keep up the
necessary motion. Then the machine slackens its
pace, the water meets with more resistance, and of
consequence exerts its power more fully, and the
machine recovers its velocity.

But when a fly is added to the other parts, this
acts first as a power of resistance, so that the
machine does not acquire the velocity it would
otherwise do. When it next begins to yield to the
pressure of the water, and the impulse of course to

" slacken, the fly communicates part of'its motion to
the other parts; so that if the machine be well
made, there is very little difference in the velocity
perceptible.

The truth of what is here advanced will easily
be seen, from considering the inequality of motion
in a clock, when the pendulum is off, and how
very regularly it goes when regulated by a pen-
dulum, which here acts as a fly.

Flies are particularly useful in any kind of work
which is done by alternate strokes, as the lifting
of large pestles, pumping of water, &c. In this
case, the weight of the wheel employed is a prin-
cipal object ; and the method of caleulating this is
to compare it with the weight to be raised at each
stroke of the machine. Thus, suppose it is re-
quired to raise a pestle 30 pounds weight to the
height of one foot, 60 times in a minute ; let the
diameter of the fly be seven feet, and suppose the

VOL. I. F
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pestle to be lifted once at every revolution of the
fly ; we must then consider what weight, passing
through 22 feet in a second, will be equivalent to
80 pounds moving through one foot in a second.
This will be 30 divided by 22, or 1 pounds.
Were a fly of this kind to be applied, therefore,
and the machine set a-going, the fly would just be
able to lift the pestle once, after the moving power
was withdrawn : but by increasing the weight of
the fly to 10, 12, or 20 pounds, the machine, when
left to itself, would make a considerable number of’
strokes, and be worked with much less labour than
if no fly had been used, though, no doubt, at the
first, it would be found a considerable incumbrance
to the motion.

This is equally applicable to the action of
pumps ; but the weight which can be most advan-
tageously given to a fly, has never yet been deter-
mined by mechanics. It is certain, however, that
the fly does not communicate any absolute increase
of power to the machine ; for if a man, or other
animal, is not able to set any engine in motion
without a fly, he will not be able to do it though a
fly be applied, nor will be able to keep it in motion,
though set a-going with a fly, by means of a greater
power.

This may seem to be contradicted by the ex-
ample of a common clock ; for if the pendulum be
once stopped, the weight is not able to set it in
motion again, though it will keep it going when
once put in motion by an external power. This,
however, depends not upon the insufficiency of
the weight, but on the particular mechanism of
the pallet-wheel, which is such, that when once
the pendulum is stopped, it would require a much
greater weight than that commonly applied to set

10



OF MILLS. 67

it in motion ; and if the usual weight were to act
fairly, it would be more than sufficient to move all
the machinery, and make the pendulum vibrate
also with much greater force than it does.

OF MILLS.

A mill, in the strict sense of the word, signifies
a machine for grinding corn, though the term mzll-
work 1s frequently applied to all kinds of ma-
chinery where large wheels are used.

Mills are distinguished into various kinds, either
according to the powers by which they are
moved, or the uses to which they are applied.
Thus, there are water-mills, horse-mills, and wind-
mills ; corn-mills, fulling-mills, powder-mills, boring-
aills, &c.

The limits of this work not permitting us to
enter into the detail of all these different sorts of
mills, we shall confine ourselves to that most useful
machine, the corn-mill.

In ancient times, corn was ground only by hand-
mills consisting of two stones similar to those used
in water-mills, but much smaller, the upper one
having a piece of wood fixed into it to move it by.
They are still used in some parts of Scotland, and
are called querns.

These, however, have given place to water-mills
and wind-mills, which are now commonly used.

Water-mills are of three kinds:—breast-malls,
undershot-mills, and overshot-mills, according to the
manner in which the water is applied to the great
wheel. In the first, the water falls down upon the
wheel at right angles to the float-boards, or bucket,
placed all round the wheel to receive it. In the
second, which is used where there is no fall of
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water, the stream strikes the float-boards at the
lower part of the wheel. In the third, the water
is poured over the top, and is received in buckets
formed all round the wheel.

The following is a description of a corn-mill of
the most common sort :

A B (Plate 8. fig. 12.) is the water wheel, which
is generally from 18 to 24 feet in diameter, reck-
oned from the outermost edge of any float-board at
A, to that of the opposite one at B. 'The water
striking on the floats of this wheel, drives it round,
and gives motion to the mill. The wheel is fixed
upon a very strong axis, or shaft C, one end of
which rests on D, and the other on E, within the
mill-house.

On this shaft, or axis, and within the mill-house,
is a wheel F, about eight or nine feet in diameter,
having cogs all round, which work in the upright
staves, or rounds, of a trundle G. This trundle is
fixed upon a strong iron axis, called the spindle,
the lower end of which turns in a brass foot fixed
at H, in a horizontal beam H, called the bridge-
tree ; and the upper end of the spindle turns in a
wooden bush fixed into the nether mill-stone,
which lies upon beams in the floor I. The top
of' the spindle above the bush is square, and goes
into a square hole in a strong iron cross, @ b ¢ d
(Fig. 13.), called the rynd; under which, and
close to the bush, is a round piece of thick leather
upon the spindle, which it turns round at the same
time as it does the rynd.

The rynd is let into grooves in the under sur-
face of the running mill-stone K, and so turns it
round in the same time  that the trundle G is
turned round by the cog-wheel F. This mill-stone
has a large hole quite through its middle, called
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the eye of the stone, through which the middle
part of the rynd and upper end of the spindle may
be seen ; whilst the four ends of the rynd lie below
the stone in their grooves.

One end of the bridge-tree which supports the
spindle rests upon the wall, whilst the other is let
into a beam called the brayer, L. M,

The brayer rests in a mortice at L; and the
other end M hangs by a strong iron rod N, which
goes through the floor I, and has a screw-nut on
its top at O; by the turning of which nut, the end
M of the brayer is raised or depressed at pleasure,
and consequently the bridge-tree and the upper
mill-stone. By this means, the upper mill-stone
may be set as close to the under one, or raised as
high from it, as the miller pleases.

The nearer the mill-stones are to each other,
the finer the corn is ground ; and the more remote
from one another, the coarser.

The upper mill-stone is inclosed in a round box,
which does not touch it any where, and is about
an inch distant from its edge all round. On the
top of this box stands a frame for holding the
hopper P, to which is hung the shoe Q, by two
lines fastened to the hinder part of it fixed upon
hooks in the hopper, and by one end of the string
R fastened to the fore part of it; the other end
being twisted round the pin S. As the pin is
turned one way, the string draws up the shoe
closer to the hopper, and so lessens the aperture
between them ; and as the pin is turned the other
way, it lets down the shoe, and enlarges the
aperture.

If the shoe be drawn up quite to the hopper, no
corn can fall from the hopper into the mill : if it
be let down a little, some will fall ; and the quan-
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tity will be more or less, according as the shoe is
more or less let down; for the hopper is open at
bottom, and there is a hole in the bottom of the
shoe, not directly under the bottom of the hopper,
but nearer to the lowest end of the shoe, over the
middle eye of the mill-stone.

There is a square hole in the top of the spindle,
in which is put the feeder E (Fig. 13.); this feeder,
as the spindle turns rounds, jogs the shoes three
times in each revolution, and so causes the corn to
run constantly down from the hopper through the
shoe, into the eye of the mill-stone, where it falls
upon the top of the rynd; and is, by the motion
of the rynd, and the leather under it thrown below
the upper stone, and ground between it and the
lower one. The violent motion of the stone creates
a centrifugal force in the corn going round with
it; by which means it gets farther and farther
from the centre, as in a spiral, in every revolution,
until it be quite thrown out; and being then
ground, it falls through a spout, called the mill-
eye, into a trough placed to receive it.

When the mill is fed too fast, the corn bears up
the stone, and is ground too coarse; and, besides,
it clogs the mill, so as to make it go too slow.
When the mill is too slowly fed, it goes too fast,
and the stones, by their attrition, are apt to strike
fire. Both which inconveniences are avoided by
turning the pin S backward or forward, which
draws up or lets down the shoe, and thus regu-
lates the feeding, as the miller sees convenient.

The heavier the running mill-stone is, and the
greater the quantity of water that falls upon the
wheel, the faster will the mill bear to be fed ; and
consequently it will grind the more. And, on the
contrary, the lighter the stone, and the less the
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quantity of water, so much slower must the feed-
ing be. But when the stone is considerably worn,
and become light, the mill must be fed slowly at
any rate ; otherwise the stone will be too much
borne up by the corn under it, which will make
the meal coarse.

The quantity of power sufficient to turn a heavy
mill-stone is but very little more than what is ne-
cessary to turn a light one ; for, as it is supported
upon the spindle by the bridge-tree, and the end
of the spindle that turns in the brass foot therein
being but small, the difference arising from the
weight is but very inconsiderable in its action
against the power or force of the water. And,
besides, a heavy stone has the same advantage as a
heavy fly : namely, that it regulates the motion
much better than a light one.

The centrifugal force carrying the corn towards
the circumference, it is natural that it should be
crushed when it comes to a place where the in-
terval between the two mill-stones is less than its
thickness ; yet the upper mill-stone being sup-
ported on a point which it can never quit, it does
not so clearly appear why it should produce a
greater effect when it is heavy than when it is
light; since, if it were equally distant from the
nether mill-stone, it could only be capable of a
limited impression. But as experience proves that
this is really the case, it is necessary to discover
the cause. The spindle of the mill-stone being
supported by a horizontal piece of timber, about
nine or ten feet long, resting only on both its ends,
by the elasticity of this piece, the upper mill-stone
is allowed a vertical motion, playing up and down ;
by which movement, the heavier the stones are
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which will soon be melted by the heat the spindle
acquires from its turning and rubbing against the
bush, and so will get in betwixt them; otherwise
the bush would take fire in a very little time.

The bush must embrace the spindle quite close,
to prevent any shake in the motion, which would
make some parts of the stones grate and fire against
each other; whilst the other parts of them would
be too far asunder, and by that means spoil the
meal.

Whenever the spindle wears the bush, so as to
begin to shake in it, the stone must be taken up,
and a chisel driven into several parts of the bush;
and when it is taken out, wooden wedges must be
forced into the holes; by which means the bush
will be made to embrace the spindle again, close all
round. In doing this, great care must be taken to
drive equal wedges into the bush on opposite-sides
of the spindle; otherwise it will be thrown out of
the perpendicular, and so hinder the upper stone
from being set parallel to the under one, which is
absolutely necessary for making good work. When
any accident of this kind happens, the perpendicu-
lar position of the spindle must be restored, by
adjusting the bridge-tree with proper wedges put
between it and the brayer.

It often happens, that the rynd is a little
wrenched in laying down the upper stone upon it,
or 1s made to sink a little lower on one side of the
spindle than on the other; and this will cause one
edge of the upper stone to drag all round upon the
other, while the opposite edge will not touch. But
this is easily set to rights, by raising the stone a
little with the lever, and putting bits of paper, cards,
or thin chips, between the rynd and the stone.
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A less quantity of water will turn an overshot-
mill (in which the wheel has buckets instead of float-
boards) than a breast-mill, where the fall of water
seldom exceeds half the height of the wheel; so
that, when there is but a small quantity of water,
and a fall great enough for the wheel to lie under it,
the bucket, or overshot-wheel, is always used: but
where there is a large body of water with a little
fall, the breast or float-board wheel must be used.
Where the water runs only upon a small declivity,
it can act but slowly upon the under part of the
wheel ; in which case, the motion of the wheel will
be slow; and therefore the floats ought to be very
long, though not high, that a large body of water
may act upon them; so that what is wanting in ve-
locity may be made up in power; and then the
cog-wheel may have a greater number of cogs,
in proportion to the rounds in the trundle, in
order to give the mill-stone a sufficient degree of
velocity.

It was the opinion of SmeaToN, that the powers
necessary to produce the same effect on an under-
shot-wheel, a breast-wheel, and an overshot-wheel,
must be to each other as the numbers 2.4, 1.75,

and 1.

Practical Rules for the Construction of Mills.

1. Measure the perpendicular height of the fall
of water, in feet, above that part of the wheel on
which the water begins to act, and call that the
height of the fall.

2. Multiply this constant number 64.2882 by
the height of the fall in feet, and the square root
of the product will be the velocity of the water at
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the bottom of the fall, or the number of teet that
the water there moves per second.

3. Divide the velocity of the water by three,
and the quotient will be the velocity of the float-
boards of the wheel, or the number of feet they
must each go through in a second, when the water
acts upon them so as to have the greatest power to
turn the mill.

4. Divide the circumference of the wheel in feet
by the velocity of its floats in feet per second, and
the quotient will be the number of seconds in
which the wheel turns round.

5. By this last number of seconds divide 60,
and the quotient will be the number of turns of
the wheel in a minute.

6. Divide 120 (the number of revolutions a mill-
stone four feet and a half diameter ought to have
in a minute) by the number of turns of the wheel
in a minute, and the quotient will be the number of
turns the mill-stone ought to have for one turn of
the wheel.

7. Then, as the number of turns of the wheel in
a minute is to the number of turns of the mill-
stone in a minute, so must the number of staves
in the trundle be to the number of cogs in the
wheel, in the nearest whole numbers that can be
found. -

By these rules, the following table is calculated
to a water-wheel 18 feet diameter, which may be a
good size in general.
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The Mill-Wright's Table.

. I
2 ; |velority | vegoei Revolution s oy
'EE of the |- op lli’: Revolutionsjof the mill- |Cogs in the ufmttz sk
* ,E fall of| \hoel of the wheel| stone for | wheel, and ;Ii'rlutepﬁr
0.° W"’:’;: perse-|per minute.| one of the | stavesin [, nlavzu
E = F;n 1 cond, wheels,  (the trundle.| o cogs,
e lB3 | IB8 ] Beles]8e] |8 las]Es
E Bl ESIg|IANEE | & 'EE ~&| & | 3 E =
L et seit e 8|4 e
118.02|2.67 2.83 | 42.40 |954¢| 6 |119. 84
2111 .84 3.78 4.00 | 30.00 (210 7 |120. 00
3115.89| 4.63 4.91 | 24.44 |[196| 8 [120.98
4 116.04| 5.35] 5.67 | 21.16°1190( 9 |119.7T74
5117.93| 5.98) 6.34 | 18.92 |170| 9 |119.68
6 |19.64) 6.55 6.94 | 17.28 |156| 9 |120.20
7121.21|7.07| 7.50 |16.00 |144| 9 (120.00
8122.68| 7.56) 8.02 | 14.96 [1534] 9 [119. 84
9 |24.05| 8.020 8.51 |14.10 |140( 10 {119. 14
10 |25.35| 8.45| 8.97 {18.38 |134| 10 {120. 18
11 |26 .59| 8.86] 9.40 |'12.76 [198| 10 (120 . 52
12 |27 .7719.26] 9.82 | 12.22 |122| 10 |119. 80
13 |28.91| 9.64| 10,22 | 11.74 [118]| 10 |120. 86
14 |30 .00{10.00| 10.60 | 11.32 |112] 10 (118. 72
15 |31 .05{10. 35| 10.99 | 10.98 |110| 10 |120. 96
16 |32.07{10.09| 11.84 | 10. 58 |106]| 10 |120. 20
17 (33 . 06|11 . 02| 11.70 | 10.26 |102]| 10 [119. 34
18 |84 . 02|11 . 34| 12. 02 9.98 [100] 10 |{120. 20
19 [34 .95]11 . 65| 12 . 37 9.%70 1 98] 10 |121 . 22
20 135 .86({11 .95 12 .68 9.46 | 94| 10 (119. 18
1 2 3 4 5 6 ¥ o

To construct a mill by this table, find the height
of the fall of water in the first column, and against
that height in the sixth column, you have the
number of cogs in the wheel, and staves in the
trundle, for causing the mill-stone, 4 feet 6 inches
diameter, to make about 120 revolutions in a
minute, as near as possible, when the wheel goes
with one-third part of the velocity of the water.
And it appears by the 7th column, that the number
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of cogs in the wheel, and stavesin the trundle, are
so near the truth for the required purpose, that the
least number of revolutions of' the mill-stone in a
minute is 118, and the greatest number never ex-
ceeds 121; which is according to the speed of
some of the best mills.

It is of the greatest consequence to have the
teeth of wheels so formed, that the pressure by
which one of them urges the other round its axis,
be constantly the same. "This is by no means the
case when the common construction of a spur-
wheel, acting in the cylindrical staves of a lantern,
or trundle, is used. The ends of teeth should
never be formed of parts of circles, but of a par-
ticular curve, called the epicycloid, which is formed
by moving the circle D (Fig. 13.) called the
generating circle, round the circumference of
another circle E, while it turns also round its own
centre; then any point o will describe an epicycloid.

If a point a (Fig 12.) on the circumference of

the circle B, proceed along the plane « C, ina
right line, and at the same time revolve round its

centre, it will describe a cycloid.

Emerson observes, that the teeth of wheels
ought not to act upon each other before they arrive
at the line which joins their centres; and though
the inner or under sides of the teeth may be of any
form, yet it is better to make both sides alike, which
will serve to make the wheels turn backwards. The
more teeth that work fﬂgether, the better; at least,
one tooth should always begin before the other has
done working. The teeth ought to be so disposed,
as not to trouble or hinder one another bhefore they
begin to work.

If the cogs of a wheel and rounds of a trundle
could be put in as exactly as the teeth are cut in
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the wheels and pinions of a clock, then the trundle
might divide the wheel exactly; that is to say, the
trundle might make a given number of revolutions
for one of the wheel, without a fraction. But as
any exact number is not necessary in mill-work,
and the cogs and rounds cannot be set in so truly
as to make all the intervals between them equal, a
skilful mill-wright will always give the wheel what
he calls a hunting cog ; that is, one more than what
will answer to an exact division of the wheel by
the trundle. And then, as every cog comes to the
trundle, it will take the next staff, or round, behind
the one which it took in the former revolution; and
by that means, will wear all the parts of the cogs
and rounds which work upon one another equally,
and to equal distances from one another, in a little
time.

The Method for setting out a Spur-Wheel and
Wallower.

Draw the pitchlines A 1, B 1, A 2, 2 B, (Plate 4.
fig. 1) then divide them into the number of teeth
or cogs required, as @ b .

Divide one of those distances, as & ¢, into seven
equal parts, as 1, 2, 3, 4, 5, 6, 7; allow three parts
for the thickness of the cogs, as 1, 2, 3, in the
cog a, and four for the thickness of the stave of the
wallower: one reason for allowing three parts for
the cog, and four for the stave is, the wallower is
in general of less diameter than the wheel, there-
fore subject to more wear, in proportion of the
number of cogs to the number of staves; but if
there is the same number of staves as of cogs, they
may be of equal thickness, as 1, 2, 3, 4, in the
stave m; (Fig, 2.) the height of the cog is equal to
four parts; then divide its height into five equal
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parts, as 1, 2, 3, 4, 5, in the cog C; allow three
for the bottom to the pitch-line of the cog; the
other two parts for epicycloid, so as to fit and bear
on the stave equally. The mill-wrights in general
put the point of a pair of compasses in the dot 3 of
the cog @, and strike the line d e; then remove
the point of the compasses to the point d, and
strike the curve line 3 f; which they account near
enough the figure of the epicycloid.

The method for a face-wheel is thus: divide the
pitch-line A B (Fig. 2.) into the number of cogs
intended, as a b ¢; divide the distance & ¢, into
seven equal parts: allow three of those parts for
the thickness of the cogs, as 1, 2, 3, in the cog a,
four for the height, and four for the width, as d e,
and four for the thickness of the stave m; draw a
line through the centre of the cog, as the line A I,
at S; and on the point 5, describe the line d ¢;
remove the compasses to the point A, and draw the
line /g, which forms the shape of the cog; then
shape the cog on the sides to a cycloid, as d e f'g
(Fig. 1.) But this method of setting out the
shape of a cog is variable, according te the cycloid
in different diameters of wheels.

In common spur-nuts, divide the pitch-line A
into twice as many equal parts as you intend teeth,
as a, b, ¢, d, e (Fig 3.); with a pair of compasses
opened to half the distance of any of those divi-
sions, from the points ¢ 1, ¢ 3, ¢ 5, draw the semi-
circles a, ¢, and e, which will form the ends of the
teeth. From the points 2, 4, and 6, draw the semi-
circles g i, which will form the hollow curves
for the spaces; but if the ends of the teeth were
epicycloids instead of semicircles, they would act
much better.
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THE PENDULUM, 81

The body P acquires a velocity in falling through
the arch P A, that hasa tendency, when it arrives
at the point A, to carry it off in the tangent A D;
but being prevented from moving in a straight line
by the string which continually draws it towards the
centre, it isforced to describe the curve A E, which,
provided the pendulum were not affected by the
resistance of the air, or the friction at the centre,
would be exactly similar to the arch P A; that is,
it would rise to the same height as it fell from.
Haying arrived at E, it will fall back again to A,
and go on with its acquired velocity to P, and so
on, cﬂntmually backwards and forwards.

Each swing that it makes, is called a mbmtwn,
or oscillation.

If the pendulum vlhrated in vacuo, and there
was no friction at the point of suspension, the vi-
brations would not only be all equal, but they
would continue for ever; but as this is not the case,
the vibrations become less and less, till at last the
motion totally ceases.

The longer a pendulum is, the slower are its vi-
brations, and the contrary; consequently, if a
pendulum be required to vibrate seconds, it must
have a determinate length. This length is found
to be 39.13 inches in Britain. -

Pendulums of the same length vibrate slower,
the nearer they are brought to the equator; becaunse
the semi-diameter of the earth’s equator is about
seventeen miles longer than the axis of the earth,
consequently gravity is less at the equator than at
the poles; and because the centrifugal force at the
equator, arising from the diurnal motion of the
earth, being greater than that at the poles, lessens
gravity by zis part. A pendulum, therefore, to

G
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vibrate seconds at the equator, must be somewhat
shorter than at the poles. '

When we consider a simple pendulum, or a ball
suspended by a string having no sensible weight,
we suppose the whole weight of the ball to be col-
lected in its centre of gravity; and the length of
the pendulum is the distance from the centre of
gravity to the point of suspension.
¢ But when a pendulum consists of a ball, or any
other figure, suspended by a metallic or wooden
rod, the length of the pendulum is the distance
from the point of suspension to a point in the pen-
dulum called the centre of oscillation, which does
not exactly coincide with the centre of gravity of
the ball. The centre of oscillation is that point in
the pendulum in which all its force is collected,
and to which, if'an obstacle were applied, all motion
would cease, and would be received by the
obstacle.

A single pendulum, consisting of a ball and a
thread, whose length is two-thirds of the length of
a bar without a ball, will be found to perform its
oscillations in equal times with the bar. Hence, a
point taken one-third of the length of the bar from
the lower end is its centre of oscillation.

The pendulums of clocks usually vibrate in the
arcs of circles. It had formerly been thought an
advantage to make them vibrate in the arcs of cy-
cloids; but the difficulties that attend the practical
application of this principle are such, that there is
good reason to think that they produce greater
errors in the measurement of time than those they
are intended to remedy.

As heat expands, and cold contracts all metals, a
pendulum-rod is longer in warm than in cold wea-



CHRONOMETERS. 85

ther; and hence a source of irregularity in clocks.
Various expedients have been tried for remedying
this defect; the best of which is the method of
forming the pendulum of bars of brass and steel
so placed, that the expansion of one corrects that
of the other, and thus preserves the centre of oscil-
lation always in the same place. This is called the
gridiron pendulum, from its resemblance to a grid-
iron.

Deal-wood is found to expand very little in the
direction of the grain: hence it is much fitter for
pendulum-rods than metal. Baking, varnishing,
gilding, or soaking them in any melted matter, is
said to render them less accurate; but rubbing on
the outside with wax and a cloth is recommended.

CHRONOMETERS.

Instruments for measuring time are called Chron-
ometers, and no class of machines has exercised
in a greater degree the genius of mechanics.

The ancients were entirely unacquainted with
clocks and watches, and instead of them used sun-
dials, and also clepsydre ; ihe latter were instru-
ments which measured time by the regular dropping
of water. Sand-glasses, constructed on the same
principle, are still used. It is not exactly known
at what period clocks were first invented; and
probably so complicated an instrument was the
result of repeated trials and improvements by
different persons. The oldest clock of which we
have any account, is that made by Henry de Wick,
a German, for the palace of Charles V. of
France. Its date is about 1364. The wheels were
of iron, and very large; and it required two men
to wind it up. It is also equally uncertain who it

G 2



84 CHRONOMETERS.

was that first reduced the portable spring clock
into a size of a watch, though he is also supposed to
have been a German. Watches were common in
France before 1544. AL

The usual distinction of modern chronometers
is into clocks and waiches; the latter being very
small and portable. When watches are constructed
with extraordinary care for astronomical or nautlcal
purposes, they are called fime-%eepers. 10

Clocks sometimes are made to strike the huur,
and sometimes they do not; when watches are
made to strike, thEy are called repeating watches.

In chronometers the moving power is of two
kinds; either a weight or a spring: the latter only
can be employed in portable instruments,

When a weight is the moving power, it is sus-
pended by a cord, which passes several times round
a cylinder, which is made to turn, as the weight
descends by the action of gravity. Were there no
resistance from the wheels, the weight would fall,
as all other bodies, with an accelerated motion;
but the friction of the teeth and the resistance of
the air check this acceleration, which arrives at
last at its maximum. But it is necessary, for the
exact measurement of time, that all sources of in-
equality in the motion of the machinery should be
removed, and this is effected by a very ingenious
contrivance; but which cannot -be undemtood
without reference to a figure.

Plate 5. ﬁg 1. represents the prt}ﬁle nf a clnck',
in which P is the weight that is suspended by a
rope that winds about the cylinder or barrel C,
which is fixed upon the axis @ a: the pivots 44 go
into holes made in the plates T S, T S, in which
they turn freely. These plates are made of ‘brass
or iron, and are cnnnectﬁtl togsther by four pillare
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Z Z; the whole together being called the frame.
On the end of the barrel C, of which a front view
is again represented in fig. 2. at R, is a ratchet
wheel K K, the inclined teeth of which strike
against a click C kept to its place by a slender
spring. This click and spring are screwed to a
wheel D, which is not fastened on the arbor of the
barrel: consequently when the weight pulls down-
wards, the ratchet wheel pushes the click, and
with it the wheel P. But when the weight has
run down, and it is necessary to wind it up again,
the click suffers the ratchet wheel to pass, while
the wheel D stands still.

This wheel D in fig. 2. is the same as D in fig. 1.,
where the profiles of it and of the ratchet wheel
are represented. A small wheel 4 fixed upon an
axis ¢ c is carried round by the wheel D. A larger
wheel E E is fixed upon the same axis ce. The
wheel E E drives a small pinion e, on the axis of
which is fixed the wheel I F, which moves the
pinion f; on the axis of which the scape wheel
G H is fixed. The pivots of the pinion f play in
holes of the plates L, M, which are fixed horizon-
tally to the plates T, S. Thus the motion begun by
the weight is transported to the scape wheel G H.

- This scape wheel has teeth acting upon it, and
suspended over it are two flat pieces called pallets,
fixed upon a horizontal axis, called the verge.
These pallets fall into the teeth of the scape wheel,
so that as 1t moves round they are alternately
moved backward and forward, and at the same time
they suffer the wheel to pass. Connected with the
axisof the pallets by means of the fork X U, is the
pendulum A B, whichis suspended upon thehook A.
- If the pendulum be once put in motion by a push
of the hand, it will continue to go alternately back-
G 3
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wards and forwards, or to vibrate; and if it were not
connected with the fork X U, its motion would con-
tinue until destroyed gradually by the resistance of
the air and the friction on the point of suspension.
But as it is joined by the fork to the axis » s of the
pallets, it receives at each vibration a new impulse,
which preserves its motion, and it therefore con-
tinues to vibrate. Now, as all the vibrations of a
pendulum are performed in the same time, the
motion of the pallets will be uniform, and conse-
quently they will not suffer the teeth of the scape
wheel to pass in an unequal manner. Hence the
pendulum is the exact regulator of the motion of
the scape wheel, and consequently of the whole
train of wheels connected with it. Thisingenious
combination of the scape wheel and the pallets, is
called the scapement. As this is a most important
part of a clock, various forms of scapements have
been invented to insure greater accuracy. That
represented in fig. 1. just referred to is called the
crown wheel and verge scapement, from the resem-
blance of this wheel to a royal diadem. It is the
oldest scapement, and used chiefly in common
watches and table-clocks. So far we have shown
how an equable motion of the machinery is insured.
It remains next to point out in what way this is
employed to divide and show the time.

As it is known that all the vibrations of the
same pendulum are performed in the same times,
so alsoisit known that pendulumsvibrate in different
times, according to their lengths, long pendulums
making their vibrations in longer periods than short
ones. Hence the length of a pendulum may be
determined that shall make each of its vibrations in
a second of time. This length has lately been
accurately determined to be in London 39.13820
1iches.



CHRONOMETERS. 87

The showing the time is contrived by the motion
of the indices or hands on the dial-plate; one of
which, called the minute-hand, goes completely
round the circle in an hour; and the other, called
the hour-hand, once in twelve hours. To obtain
exactly this degree of velocity in the hands, they
are fixed on the ends of axes which turn round by
means of wheels attached to them, having teeth
on their circumferences; these teeth are connected
with that fixed on the axis of the crown wheel; and
it is by proportioning the number of these teeth,
that the proper degree of velocity is obtained.
The minute-hand is fixed on the axis of the wheel
E; consequently it must revolve once in an hour,
The pivot C of this wheel passes through the plate
S T, and continues to r: fixed upon the pivot C is
a wheel N, which acts upon the wheel O, the pinion
of which p carries round another wheel g that has
a hollow axis which goes on the axis of the wheel
N and turns on it: this wheel g turns round once
in twelve hours, and has the hour-hand fixed on it.

The wheel E is driven by the pinion ¢ belonging
to the axis of the wheel F F, which is moved by
the pinion f of the crown or scape wheel G H.
Supposing, then, that the pendulum makes two vi-
brations in a second, (which will be what is called
a half-second pendulum,) it will make 7200 vi-
brations in an hour. If the balance wheel consists
of 30 teeth, it will turn once in the time that the
pendulum makes sixty vibrations; for at every turn
of the wheel the same tooth acts once on the
pallet I, and once on the pallet K, which occasions
two vibrations in the pendulum; and the wheel
having 30 teeth, it occasions twice 30 or 60 vi-
brations; consequently this wheel must perform
120 revolutions in an hour, because 60 vibrations,

G &
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which it occasions at every revolution, are con-
tained 120 times in 7200, the number of vibrations
performed by the pendulum in an hour.

To determine the number of teeth for the wheels
E E, and their pinions e, f; it must be remarked,
that one revolution of the wheel E must turn the
pinion e as many times as the number of teeth'in
the pinion is contained in the number of teeth in
the wheel. 'Thus, if the wheel E contains 72 teeth,
and the pinion e 6, the pinion will make twelve
revolutions in the time that the wheel makes one;
for each tooth of the wheel drives forward the
tooth of the pinion; and when the six teeth of the
pinion are moved, a complete revolution is per-
formed; but the wheel E has, by that time, only
advanced six teeth, and has still 66 to advance,
before its revolution is completed, which occasions
eleven more revolutions of the pinion. ' For the
same reason, the wheel I' having 60 teeth, and the
pinion f* 6, the pinion will make ten revolutions
while the wheel performs one. Now, the wheel F,
being turned by the pinion ¢, makes twelve revo-
lutions for one of the wheel E; and the pinion f
makes ten revolutions for one of the wheel F; con-
sequently the pinion f performs 10 times 12, or
120 revolutions, in the time the wheel E perforras
one. But the wheel G, which is turned by the
pinion f; occasions 60 vibrations in the pendulum
each time it turns round; consequently the wheel
(G occasions 60 times 120, or '7200 vibrations of
the pendulum, while the wheel E performs one
revolutions but 7200 is the number of vibrations
made by the pendulum in an hour; and conse-
quently the wheel E performs but one revolution
in an hour, and so of the rest. From this reasoning,
if is easy to discover how a clock may go for any
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length of time without being wound up: 1. By
mcreasing the number of teeth in the wheels;
2. By diminishing the number of teeth in the
pinions; 3. By increasing the length of the cord
that suspends the weight; 4. By increasing the
length of the pendulum; and 5. By adding to
the number of wheels and pinions. But, in pro-
portion as the time is augmented, if the weight
continues the same, the force which it communi-
cates to the last wheel G H, will be diminished.
It only remains to take notice of the number of
teeth in the wheels which turn the hour and minute-
hands. The wheel E performs one revolution in
an hour; the wheel N N, which is turned by the
axis of the wheel E, must likewise make one revo-
lution in the same time; and the minute-hand is
fixed to the socket of this wheel. The wheel N
has 30 teeth, and acts upon the wheel O, which has
likewise 30 teeth, and the same diameter; conse-
quently the wheel O takes one hour to a revolution:
now the wheel O carries the pinion p, which has
six teeth, and which acts upon the wheel ¢ ¢, of
72 teeth; consequently the pinion p makes twelve
revolutions while the wheel ¢ ¢ makes one; and,
of course, the wheel ¢ ¢ takes twelve hours to one
revolution, and upon the socket of this wheel the
hour-hand is fixed. 1)
All that has been said here concerning the revo-
lutions of the wheels, &c. of clocks, is equally
applicable to the general movements of watches..
- Thus 1t 1s plain—1s#, That the weight P turns
all the wheels, and at the same time continues the
motion of the pendulum; 2nd, That the quickness
of the motion and wheels is determined by that of
the pendulum; 3rd, That the wheels point out the
parts of time divided by the uniform motion of the
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pendulum. When the cord upon which the weight
is suspended is entirely run down from off the
barrel, it is wound up again by a key which goes
on the square end of the arbor at Q, by turning it
in a contrary direction to that in which the weight
descends. For this purpose, the inclined side of
the teeth of the wheel R (IFig. 2.) removes the
click C, so that the ratchet-wheel R turns while
the wheel D is at rest; but as soon as the cord is
wound up, the click falls in between the teeth of the
wheel D, and the right side of the teeth again acts
upon the end of the click, which obliges the wheel D
to turn along with the barrel; and thespring A keeps
the click between the teeth of the ratchet-wheel R.

In portable table clocks and watches, the moving
power, instead of being a weight, is a spring, which
is coiled up in a spiral manner within a barrel
that is connected with a fusee by means of a
chain. The chainbeing fixed atone end of the fusee,
and at the other to the barrel, when the machine
iswinding up, the fuseeisturned round, and of course
the barrel, on the inside of which is fixed one end
of the spring, the other end being fixed to an im-
moveable axis in the centre. As the barrel moves
round, it coils the spring several times about the
axis, thereby increasing its elastic force to a proper
degree: all this while the chain is drawn off the
barrel upon the fusee; and then, when the instru-
ment is wound up, the spring, by its elastic force,
endeavouring constantly to unbend itself, acts upon
the barrel, and carries it round; by which the
chain is drawn off from the fusee, and thus turns
it, and consequently the whole machinery. Now,
as the spring unbends itself by degrees, its elastic
force, by which it affects the fusee, will gradually
. decrease; and, therefore, unless there was some me-
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chanical contrivance in the figure of the superficies
of the fusee, to cause the chain to be removed
farther from the centre of the fusee as the spring
grows weak, so that what is lost in the spring’s
elasticity is gained in the length of the lever; the
spring’s force would always be unequal upon the
fusee, and thus would turn it, and consequently the
whole machinery, unequally. All thisis remedied
by the conical figure of the fusee. The fusee being
acted upon, or put in motion, by an uniform force,
the great wheel, which is fixed to it, is put into
motion, and that drives the pinion of the centre-
wheel, which centre-wheel drives the pinion of the
third wheel, and this drives the pinion of the con-
trate-wheel, and this the pinion of the balance-
wheel, which plies the two palettes on the axis of
the balance, and keeps the balance in motion.

The balance in a watch is instead of a pendulum
in a clock, both serving to govern the motion of
the whole machinery. To this balance is fixed a
small steel spiral spring, which regulates its mo-
tion, and makes it equable; whence it has its
name of regulator.

It is customary for watch and clock makers to
call that part of the movement which is designed
for carrying the hands round the dial plate, the
walch part, or going part, in contradistinction to
the part of the movement which contributes to the
striking of the hour, which they call the clock part,
or striking part.

The several members of the watch parts are, 1.
the balance, consisting of the rim, or circular part,
and the verge, or spindle, to which belong two
palettes, or leaves, that play in the teeth of the
crown-wheel. 2. The potence, which is the strong
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stud in pocket-watches, whereon the lower pivot
of the verge plays, and in the middle of which
one pivot of the balance-wheel plays. The bottom:
of the potence is called the foot; the middle part,
the nose; and the other part, the shoulder. 8. The
cock, which is the piece covering the balance.
4. The regulator or pendulum spring, which is the
small spring in watches underneath the balance.,
5. The pendulum (see Plate 5. fig. 8.) whose parts
are, the verge; palettes 5, 5; cocks; the rod; the
fork; the flat; the bob, or great ball; and the
corrector, or regulator, being a contrivance for
bringing the pendulum to its nice vibrations.
6. The wheels, which are the crown-wheel in
pocket-pieces, and swing-wheel in pendulums,
serving to drive the balance or pendulum. 7. The
contrate-wheel, which is that next the crown.
wheel, &c. and whose teeth and hoop lie contrary
to those of other wheels; whence the name.
8. The great or first wheel, which is that which
the fusee immediately drives, by means of the
chain or string of the spring-box, or barrel; after
which are the second wheel, third wheel, &ec.
Lastly, between the frame and dial plate, is the
pinion of report, which is that fixed on the arbor
of the great wheel, and serves to drive the dial«
wheel, as that serves to carry the hand. The me-
thod of calculation is easilyunderstood ; for suppose
the great wheel goes round once in twelve hours;
then, if it is a royal pendulum clock, swinging se-
conds, we have 60x60x12=43200 seconds,. or
beats, in:one turn of the great wheel: but because
there are 60 beats, or seconds, in one minute, and:
the seconds are shown by an index on the end of
the arbor of the swing-wheel, which, in those
clocks, is an horizontal position; therefore it is ne-
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cessary that the swing-wheel should have 60 teeth

whence “%45° =720, the number to be broken into
quotients for finding the number of teeth for the
other wheels and pinions. '3

. The wheels composing the going part, or clock
part, are:—the great or first wheel E, (Plate 5.fig. 8.)
which is moved by the weight or spring at.the
barrel D: in sixteen or thirty-hour clocks, this has
usually pins, and is called the pin wheel; in eight-
day pieces, the second-wheel, L is commnnly the
pin-wheel, or striking-wheel, which is moved by
the former. Next the striking-wheel is the detent-
wheel, or hoop-wheel, m, having a hoop almost
round it, wherein is a vacancy at which the clock
locks. The next is the third or fourth wheel,
according:to its distance from the first, called the
warning-wheel n. To these must be added the
pinion of report 2, which drives round the locking-
wheel, called also the count-wheel, ordinarily with
eleven notchesin it, unequally distant, to make the
clock strike the hours. Besides the wheels, to the
clock part belong the ratch; a kind of wheel with
twelve large fangs running concentric to the dial-
wheel, and. serving to lift up ithe detents every
hour, and make the clock strike; the detents, or
stops, which being lifted up, and let fall, lock and
unlock the clock_in striking; the hammer s, which
strikes the bell R ; the hammer-ails T, by which
the striking pins draw back the hammers ; latches
whereby the work is lifted up and unlocked ; and
lifting pieces, as P, which lift up and unlock the
detent 0.

2 The method of calculating the numbers. uf' a
piece of clock-work is as follows: 1. Regard need
only to be had to the count-wheel, striking-wheel,
and detent-wheel,»which move round in this pre-
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portion: the count-wheel commonly goes round
once in twelve or twenty-four hours; the detent-
wheel moves round every stroke the clock strikes,
or sometimes but once in two strokes: wherefore
it follows, that, 2. as many pins as are in the pin-
wheel, so many turns has the detent-wheel in one
turn of the pin-wheel ; or, which is the same, the
pins of the {pin-wheel are the quotients of that
wheel divided by the pinion of the detent-wheel.
But if the detent-wheel move but once round in
two strokes of the clock, then the said quotient is
but half the number of pins. 3. As many turns of
the pin-wheel as are required to perform the strokes
of twelve hours, (which are 78,) so many turns
must the pinion of report have to turn round the
count-wheel once; or thus: the quotient of 78
divided by the number of striking pins, shall be
the quotient for the pinion of report and the count-
wheel; and this is in case the pinion of report be
fixed to the arbor of the pin-wheel, which is com.
monly done. An example will make this easy;
8}4'8(6 the lncking-wheel bEl[]g 48, ﬂ’lE piﬂiﬂll ﬂf
report 8, the pin-wheel 78, the striking

E)EB(IS ins are 13, and so of the rest. Note, also,
)00(10 that 78 divided by 13 gives 6, the quotient

6)48(8 . ot the pinion of report. As for the
warning-wheel, and fly-wheel, it matters little
what numbers they have; their use being only
to bridle the rapidity of the motion of the other
wheels.

The part of the mechanism of a watch which
shows the hour of the day, lies concealed from
sight between the upper plate of the watch frame
and the dial plate. In this A B C (Plate 5. fig 7.)
is the uppermost side of the frame-plate, as it ap-
pears when detached from the dial-plate: the
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middle of this plate is perforated with a hole, re-
ceiving that end of the arbor of the centre wheel
which carries the minute-hand. Near the plate is
fixed a pinion a b, of ten teeth ; this is called the
pinion of report; it drives a wheel ¢ d, of forty
teeth; the wheel ¢ d carries a pinion e f; of twelve
teeth; and this drives a wheel g A, with thirty-six
teeth.

As, in the body of the watch, the wheels every
where divide the pinions, here, on the contrary,
the pinions divide the wheels, and by that means
decrease the motion, which is here necessary ; for
the hour-hand, which is carried on a socket fixed
on the wheel g %, is required to move but once
round, while the pinion @ b moves twelve times
round. To this end, the motion of the wheel ¢ d
is one-fourth of the pinion a &: again, while the
wheel ¢ d, or the pinion e fgoes once round, it
turns the wheel g 4 but one-third part round; con-
sequently the motion of g /4 is but one-third of
one-fourth of the motion of abd: but f of 1 =,
that is the hour-wheel g2 moves round once in
the time that the pinion of report, on the arbor of
the centre or minute-wheel, makes twelve motions.

Dr. Franklin contrived a clock to show the
‘hours, minutes, and seconds, with only three wheels
and two pinions in the whole movement. The
dial-plate (Plate 5. fig. 3.) has the hours engraved
upon it in spiral spaces, along two diameters of a
«circle containing four times 60 minutes. The
index A goes round in four hours, and counts the
minutes from any hour which it has passed to the
next following hour. The time, therefore, in the
position of the index shown in the figure, is either
‘80 minutes past twelve, four, or eight ; and so, in
every other quarter of the circle, it points to the
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number of minutes after the hours which the index
last left in its motion. The small hand B, in the
nich at top, goes round once in a minute, and
shows the seconds. The wheel-work of this clock
may be seen in Fig. 4. A is the first, or great
wheel, containing 160 teeth, and going round in
four hours with the index A, in Fig. 8. let down
by a hole on its axis. The wheel turns a pinion
of ten leaves, which therefore goes round in a
quarter of an hour. On the axis of this pinion is
the wheel C, of 120 teeth, which goes round in
the same time, and turns a pinion, D, of eight
leaves, round in a minute, with the second-hand;
B, of Fig. 8. fixed on its axis, and also the common
wheel E, of 30 teeth, for moving a pendulum (by
palettes,) that vibrates seconds as in a common
clock. « This clock is wound up by a cord going
over a pulley on the axis of the great wheel, like a
common thirty-hour clock. = Many -of these  very
simple machines were constructed, which -mea-
sured time exceedingly well.. It is subject; how-
ever, to the inconvenience of requiring frequent
winding, by drawing up the weights, and likewise
to some uncertainty as to the particular hour shown
by the index A. Mr. Ferguson has proposed to
remedy these inconveniences by the.following con-
struction : in the dial-plate of his clock (Fig. 5.)
there is an opening, @ & ¢ d, below the centre,
through which appears part of a flat plate : on this
the twelve hours, with their divisions into quarters,
are engraved.. This plate turns round.in twelve
hours, and the index A points out the true hour,
&c.  Bis the minute-hand, which: goes round -the
Jarge circle of 60 minutes, whilst the plate, a bed,
shifts its place one hour under the fixed index, A.
There is another opening, ¢ /" g &, through which
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the seconds are seen on a flat moveable ring, at the
extremity of a fleur-de-lis engraved on the dial-
plate. A, in Fig. 6. is the great wheel of this
clock, containing 120 teeth, turning round in
twelve hours. The axis of this wheel bears the
plate of hours, which may be moved by a pin
passing through small holes drilled in the plate,
without affecting the wheel-work. The great
wheel A turns a pinion B, of ten leaves, round in
an hour, and carries the minute hand, B, on its
axis round the dial-plate in the same time. On
this axis is a wheel C, of 120 teeth, turning round
a pinion D, of six leaves, in three minutes; on the
axis of which there is a wheel E, of 90 teeth, that
keeps a pendulum in motion, vibrating seconds by
palettes, as in a common clock, when the pen-
dulum-wheel has only 30 teeth, and goes round in
a minute. In order to show the seconds by this
clock, a thin plate must be divided into three
times 60, or 180 equal parts, and numbered 10,
20, 30, 40, 50, 60, three times successively, and
fixed on the same axis with the wheel of 90 teeth,
s0 as to turn round near the back of the dial-plate;
and these divisions will show the seconds through
the opening e f g h, Fig. 5. This clock will go a
week without winding.

VoL. I. " H
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Table and Rules for regulating Clocks.

By the following Table, clocks and watches may
be so regulated as to measure true equal time.

. H. M. S. | D I1. M. 5
1 0 3 56 | 16 1 2 54
. 0 T+ 5% 137 1 6 50
3 0 11 48 | 18 | 10 46
4 0 15 44 | 19 1 14 42
5 0 19 39 | 20 1 18 38
6 0 23 35 [ 21 1 22 a4
7 0 27 81| 22 1 26 30
8 0 31 27 128 1 30 26
9 v 35 25 | 24 1 34 22
10 0 30 19 | 25 1 38 17
11 0 43 15 | 26 1 43 13
12 0 47 11 | 27 1 46 9
15 0 51 T 28 1 50 5
14 0 55 3129 1 5% 1
15 0 58 58 | 80 1 57 57

The stars make 360 revolutions from any point
of the compass to the same point again, in 365
days and one minute; and therefore they gain a
365th of a revolution every twenty-four hours of
mean solar time, near enough for regulating any
clock or watch. This acceleration is at'the rate of
3 minutes, 55 seconds, 53 thirds, 59 fourths, in
24 hours, or, in the nearest round numbers, 3
minutes 50 seconds, by which quantity of time
every star comes round sooner than it did on
the day before. Therefore, if' you mark the pre-
cise moment shown by a clock or watch when any
star vanishes behind a chimney, or any other
object, as seen through a small hole in a thin
plate of metal fixed in a window-shutter; and do
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this for several nights successively (as suppose
twenty); then if at the end of that time the star
vanished as much sooner than it did the first night
by the clock, as answers in the time denoted in the
table for so many days, the clock goes true, other-
wise not. If the difference between the clock and
the star be less than the table shows, the clock
goes too fast; if greater, it goes too slow, and
must be regulated accordingly, by letting down or
raising the ball of the pendulum, by little and by
little, turning the screw-nut under the ball, till you
find it keeps true equal time. Thus, supposing
the star should disappear behind a chimney any
night when it is twelve by the clock, and that on
the twentieth night afterward the same star should
disappear when the time is 41 minutes 22 seconds
past ten by the clock, which being subtracted
from 12 hours O minutes O seconds, leaves re-
maining 1 hour 18 minutes 38 seconds for the
time the star is then faster than the clock : look in
the table, and against 20, in the left-hand column,
you will find the acceleration of the star to be
1 hour 18 minutes 38 seconds, agreeing exactly
with what the difference ought to be between the
clock and star ; which shows that the clock mea-
sures true equal time, and agrees with the mean
solar time, as it ought to do.

Amongst the most extraordinary pieces of mo-
dern clock-work, are those at Strasburgh and
Lyons, which are very eminent for the richness of
their furniture, and the variety of their motions
and figures. In the former a cock claps his wings,
and proclaims the hour; and the angel opens a
door, and salutes the Virgin, and the Holy Spirit
descends on her, &c. In the latter, two horsemen
encounter, and beat the hour on each other; a

H %
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on spiral wings; the wings and feathers of which
are set with stones of various colours, and appear
as if flying away with the chariot, which, from
another secret motion, 1s contrived to run in a
straight, eircular, or any other direction. A boy,
that lays hold of the chariot behind, seems also to
push it forward. Above the umbrella, are flowers
and ornaments of precious stones, and it terminates
with a flying dragon set in the same manner. The
whole was of gold, most curiously executed, and
embellished with rubies and pearls.

WHEEL CARRIAGES.

It 1s very probable, that, in the infancy of the
arts, sledges were used before wheels were in-
vented, or at least before the application ot them
became general. Even now, indeed, sledges are
employed for certain purposes in our own country,
notwithstanding the number of wheel carriages
used in it from time immemorial.

In some of the cold climates, where ice is to be
met with in considerable quantity, and the ground
is covered with frozen snow for a great part of the
year, sledges are much in use, and run upon the
smooth surface of the earth with as great ease as
wheels run upon the ordinary ground. Upon very
smooth ice, indeed, or upon any other body per-
fectly smooth, wheels would not turn readily ; for
the only reason why they turn in the ordinary way,
is the continual inequalities they meet with.

On common roads, wheels meet with obstruc-
tions at the bottom, which retard that part; the
upper part is in consequence drawn forward, and
a circulating motion takes place.

H 3
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The advantage of wheels over sledges may be
understood from the following considerations. A
sledge, in sliding over a plane, suffers a friction
equivalent to the distance through which it moves;
but if we apply to it an axle, the circumference of
which is six inches, and wheels of eighteen feet in
circumference, it is clear, that when the carriage
moves eighteen feet over the plane, the wheels
make but one revolution; and as there is no slid-
ing of parts between the plane and the wheels, but
only a mere change of surface, no friction can
take place there, the whole being transferred to
the nave acting on the axle so, that the only shd-
ing of parts has been betwixt the inside of the
nave and the axle ; which, if they fit one another
exactly, is no more than six inches; and hence it
is plain, that the friction must be reduced in the
proportion of one to thirty-six. Another advan-
tage is also gained ; by having the surfaces confined
to so small an extent, by which means they may
be more easily kept smooth, and fitted to each
other. The only inconvenience is the height of
the wheels, which must in all cases be added to
that of the carriage itself.

By means of this circulatory motion, the friction
becomes very much less than what it would be if
the weight were drawn along the ground upon a
sledge ; insomuch, that a four wheeled carriage
may be drawn with five times as much ease as one
that slides as a sledge upon the same surface.

By applying wheels to a carriage, the friction is
lessened in the proportion of the diameters of the
axles and hollow parts of the naves to that of the
wheels.

Large wheels have also the advantage over small
ones in overcoming obstacles, because they act as

9



WHEEL CARRIAGLS. kO3

levers, in proportion to their various sizes. All
wheels, but especially small ones, are apt to sink
into the ground over which they pass, and thus
produce a constant obstacle to their progress, which.
the large ones most easily overcome.

In all four-wheeled carriages, the fore-wheels
are made of a less size than the hind ones, in order
to enable them to turn in less room ; but the car-
riage would go much easier, if the fore-wheels were
as high as the hind ones.

It is plain, that the small wheels must turn as
much oftener round than the great ones, as their
circumferences are less. And, therefore, when
the carriage is loaded equally heavy on both axles,
the fore-axle must sustain as much more friction,
and consequently wear out as much sooner than
the hind axle, as the tore-wheels are less than the
hind ones. And though this points out that the
greatest weight should be laid upon the large
wheels, yet it is generally the practice to put the
greatest load over the small wheels, which not
only makes the friction greatest where it should
be least, but also presses the fore-wheels deeper
into the ground than the hind wheels, notwith-
standing the former are with more difficulty drawn
out of it than the latter.

It is true, that when the road is much up-hill,
there is danger in loading too much the hind
wheels, least the fore-wheels should be tilted up.

It 1s well known that a great outery was raised.
by the generality of the carriers, against the broad
wheel act; and that it was difficult to persuade
them to comply with it, even though they were al-.
lowed to draw with more horses, and carry greater
loads than usual. Their principal objection was,
that, as a broad wheel must touch the ground in a

H 4
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great many more points than a narrow one, the
friction must, of course, be just so much the
greater, and cﬂnsequently there must be so many
more horses to draw the waggon. But they did
not consider, that, if the whole weight of the wag-
gon and the load in it bear upon a great many
points, each sustains a proportionally less degree
of weight and friction, than when it bears only
upon a few points; so that what is wanting in
one, is made up in the other; and, therefore, the
friction will be just equal under equal degrees of
weight, as may be shown by the following easy
experiment :

Let one end of a piece of packthread be fastened
to a brick, and the other end to a common scale
for holding weights ; then put the brick edgeways
on the table, and let the scale hang over the side ;
put as much weight into the scale as will just draw
the brick along the table. Then taking back the
brick to its former place, lay it flat, and leave it to
be acted on by the weight in the scale as before,
and it will draw it along with the same ease as when
it lay uponitsedge. In the former case, the brick
may be considered as a narrow wheel on the
ground, and in the latter as a broad wheel. And
since the brick is drawn along with equal ease,
whether its broad side or narrow edge touch the
table, it shows that a broad wheel might be drawn
along the ground with the same ease as a narrow
one (supposing them equally heavy,) even though
they should drag, and not roll, as they go along.

As narrow wheels are always sinking into the
roads, they must be considered as constantly gﬂlng
up-hill, even on level ground; and their sides must
sustain a great deal of friction by.rubbing against
the ruts. But both these inconveniences are
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avoided by using broad wheels ; which, instead of
cutting and ploughing up the roads, roll them
smooth, and harden them, as experience testifies
in places where both have been used.

If the wheels were always to go upon smooth
and level ground, the best way would be to
make the spokes perpendicular to the naves and
to the axles; because they would then bear the
weight of the load perpendicularly, which is the
strongest way for wood. But because the ground
is generally uneven, one wheel often falls into a
cavity, or rut, when the other does not ; and then
it bears much more of the weight than the other
does ; in which case, concave, or dishing-wheels,
are best; because when one falls into a rut, and
the other keeps upon high ground, the spokes be-
come perpendicular in the rut, and therefore have
the greatest strength when the obliquity of the
load throws most of its weight upon them ; whilst
those on the high ground have less weight to bear,
and therefore need be at their full strength: so
that the usual way of making the wheels concave
1s best.
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HYDROSTATICS.

By hydrostatics, in general, is meant the science
which treats of the mechanical properties of fluids.
Strictly speaking, however, hydrostatics treats of
the weight and equilibrium of fluids af rest. 'When
that Ethbrmm is destroyed, motion ensues ; and
the science which considers the laws of fluids in
motlion, is called hydraulics.

A fluid is defined to be, @ body whose parts yield
to any impression, and, in yielding, are easily moved
amongst each other.

Fluids are of two kinds : non-elastic and incom-
pressible fluids, such as water, oil, mercury, &ec. ;
and elastic and compressible fluids, as air of dif-
ferent sorts.

Here it must be observed that the class of fluids
denominated incompressible, are not absolutely
so; but they are compressible in so slight degree,
that it may be disregarded in practical cases, so
that this division is still retained.

From the expansion and contraction of water
by heat and cold, it might have been inferred that
it was compressible by some means : but from
some experiments formerly made by the Academy
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Del Cimento, at Florence, its absolute incompres-
sibility was thought to be proved.

A globe of gold was filled with water, and ham-
mered violently; but the water oozed through the
gold, and stood like dew upon the surface. Lord
Bacon had, however, tried the same experiment
with a globe of lead, and with a similar result ; but
he drew from it the opposite conclusion,

Mr. Canton, about fifty years ago, made some
experiments which showed that water was com-
pressible in a very small degree: and Mr. Zim-
merman at Leipsic, in 1779, found that sea water
when inclosed in the cavity of a strong iron cylin-
der, and pressed by a force equal to a column of
sea water 1000 feet high, was compressed 3is part
of its own bulk.

It has already been stated that the cause of
fluidity does not appear to consist in the figure of
the particles, but in their want of cohesion.

Different fluids have different degrees of tena-
city or fluidity, according to the facility with
which the particles may be moved amongst each
other. Water and mercury may be considered as
among the most perfect fluids. Others, as oil,
mucus, &c. are viscous or imperfect fluids.

It is from the imperfect cohesion of fluids, that,
when in small quantities, they arrange themselves
in a spherical manner, and form drops.

Although every one knows that all fluids have
weight, and gravitate when considered as a whole,
it being evident that a vessel weighs more when
full than when empty, yet, in the early times of
philosophy, it was an opinion that the parts of
fluids did not gravitate upon each other, and that
a portion of water lost its gravity when plunged
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under more water. A simple experiment, how-
ever, will confute this idea.

Suspend from a balance an empty phial, corked,
and loaded so as to sink in water, and counterpoise
it by an equal weight in the opposite scale, when
it is immersed in the water; then pull out the
cork, and the water will rush in and fill the phial,
but the equilibrium of the balance will be de-
stroyed ; and it will require as much weight to
restore the equilibrium, as the real weight of the
water in the phial; thus proving, that the water
in the phial lost none of its weight by being sur-
rounded by a fluid of the same kind.

Though fluids are subject to the same laws of
gravity with solids, yet their want of cohesion oc-
casions some pectiliarities.

The parts of a solid are so connected together,
as to form but one and the same whole ; and their
effort is, as it were, concentrated in a single point,
called the centre of gravity. This is not the case
with fluids. Their parts gravitate independently
of each other. And hence it is, that the surface
of a fluid contained in an open vessel is always
level, or parallel to the horizon.

I'luids have this remarkable property, that they
press not only in common with solids perpendicu-
larly, but also upwards, sideways, and in every
direction, equally.

To confirm this by experiment, take a glass tube
open at both ends, and, stopping one end with
your finger, immerge the other in water. The
water will be prevented from rising far in the tube
by the air which is contained in it ; but if you take
away your finger from the upper end, the air within
the tube will be suffered to escape, and the water
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will rise in the tube to the same level as it is in the
vessel, being pressed upwards by the surrounding
water. The same effect will take place, if you
incline the tube in any direction, or if you make
use of tubes bent in any manner possible ; still you
will find that the water within them will rise to the
same height as in the external vessel.

If you force water with the bended tube A B
(Plate 8. fig. 13.) the water will stand at the same
height in both legs of the tube; and were the
branches ever so numerous, yet, if they communi-
cated with each other, the water would stand at
the same level in all of them.

As fluids press equally in every direction, it
follows that the horizontal bottom of a vessel sus-
tains just the pressure of a column of the fluid,
whose base is the area of the bottom of the vessel,
and whose perpendicular height is equal to the
depth of the fluid. Thus, in the vessel A B
(Plate 8. fig, 1.) the bottom C B does not sustain
a pressure equal to the whole quantity of fluid
contained in the vessel, but only of a column
whose base is C B (Fig. 2.) and height C E. Also
in the vessel F G, the bottom G H sustains a pres-
sure equal to what it would be if' the vessel were
as wide at the top as bottom.

This leads to what is called the hydrostatic para-
dox, which is so denominated, because at first view
it seems paradoxical ; but it results from the nature
of fluids, which press every way alike.

It is, that a quantity of fluid, however small, may
‘be made to counterpoise the greatest quantity. Thus,
if to a wide vessel A B (Plate 8. fig. 3.) you attach a
tube C D communicating with the vessel, and then
pour water into either of them, you will find that
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it will always stand at the same height in both,
consequently there is an equilibrium between them.
And whatever shape the vessels are of, the effect
will be the same.

It may also be illustrated in this manner :

Let ABDG represent a cylindrical vessel, to
the inside of which is fitted the cover C (Fig. 4.)
which, by means of leather at the edge, will easily
slide up and down in the internal cavity without
permitting any water to pass between its edges and
the surface of the cylinder. In the cover is in-
serted the small tube C IV, which is open at top,
and communicates with the inside of the cylinder
beneath the cover at C. The cylinder is filled
with water, and the cover put on. Then, if the
cover be loaded with the weight, suppose of a
pound, it will be depressed, the water will rise in
the tube to E, and the weight will be sustained.
If another pound be added, the water will rise to
F, and the weight will be sustained, and so on,
according to the weight added, and the length of
the tube. Now, the weight of the water in the
tube is but a few grains, yet its lateral pressure
serves to sustain as much as the weight of a
column of water whose base is equal to that of the
cylinder, and height equal to that in the tube.
Thus, the column E C produces a pressure in the
water contained in the cylinder, equal to what
would have been produced by the column A ad D;
and as this pressure is exerted every way equally,
the cover will be pressed upwards with a force
equal to the weight of A ad D; consequently if
A adD would weigh a pound, E C will sustain a
pound; and the like of other heights and weights.
And by diminishing the diameter of the tube, any
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quantity of water, how small soever, will sustain
any weight, however large.

The same may be shown thus: let AG BD re-
present a hollow cylinder of wood, which nearly
fills the cavity. In the cylinder, suppose a little
water, whose surface is g 6 (Plate 8. fig. 5.); then,
if the wooden cylinder be put into the hollow one,
the water will rise between the surfaces to @ and d,
and the wood will be sustained floating. The
nearer the wooden cylinder approaches to the size
ef the cavity, the less water is necessary for the
experiment.

The hydrostatic bellows is perhaps the best ma-
chine for demonstrating the upward pressure of
fluids. It consists of two thick oval boards (Plate 8.
fig. 6.) each about 16 inches broad, and 18 inches
long, covered with leather, to open and shut like a
common bellows, but without valves; only a pipe
about three feet high is fixed into the bellows.
Let some water be poured into the pipe; it will
run into the bellows, and separate the boards a
little : then lay three weights, each weighing 100
pounds, upon the upper board, and pour more
water into the pipe, which will run into the
bellows, and raise up the board with all the weights
upon it; and if the pipe be kept full until the
weights are raised as high as the leather which
covers the bellows will allow them, the water will
remain in the pipe, and support all the weights,
even though it should weigh no more than a
quarter of a pound, and they 800 pounds: nor
will their utmost weight cause the boards to de-
scend, and force the water out at the top of the
pipe.

The reason of this will be made evident, by con-
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sidering what has been already said of the result of
the pressure of fluids of equal heights, without any
regard to the quantities. For, if a hole be made in
the upper board, and a tube be put into it, the
water will rise in the tube to the same height that
it does in the pipe; and would rise as high (by
supplying the pipe) in as many tubes as the board
could contain holes. Now, suppose only one hole
- to be made in any part of the board, of an equal
diameter with the bore of the pipe, and that the
pipe holds just one quarter of a pound of water ;
if a person put his finger upon the hole, and the
pipe be filled with water, he will find his finger
pressed upward with a force equal to a quarter of a
pound ; and as the same pressure is equal upon all
equal parts of the board, each part whose area is
equal to the area of the hole, will be pressed up-
ward with a force equal to that of a quarter of a
pound ; the sum of all which pressures against the
under side of an oval board 16 inches broad and
18 inches long, will amount to 300 pounds; and,
therefore, so much weight will be raised up and
supported by a quarter of a pound of water in the
pipe.

Hence, if' a man stand upon the upper board,
and blow into the bellows through the pipe, he will
raise himself upward upon the board: and the
smaller the bore of the pipe is, the easier he
will be able to raise himself. Then, by clapping
his finger on the top of the pipe, he can sup-
port himself as long as he pleases, provided the
bellows be air-tight, so as not to lose what is blown
into it.

It is from the pressure of fluids in all directions,
that a solid body specifically lighter than a fluid,

10
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{(that is, lighter than an equal bulk of the fluid,)
will ascend to the surface, if immersed below it.
For when such a solid is immersed in a fluid, it
presses downwards with a force equal to the weight
of a column composed of the body itself, and that
portion of the fluid which lies upon it; and the
fluid presses upwards against the body with a
force equal to a column of itself’ alone: hence
the body will rise with a force equal to the
difference between the pressures of these two
columns.

In the same manner, a body specifically heavier
than a fluid must sink in it, since it must press
downwards more than the fluid presses against it
upwards.

Thus we sce the reason why a piece of cork is
more buoyant than a piece of oak, and also why it
is easier to swim in salt than fresh water.

If by any contrivance, the force with which a
body presses downwards, and that with which the
fluid presses upwards, can be reduced to an
equality, then the body will remain suspended in
the fluid. Thus a piece of lead may be made to
swim in water, by immersing it to a proper depth,
and keeping the water from getting above it. Let
C D (Plate 8. fig. 7.), be a glass tube open through-
out; and, G, a flat piece of lead, exactly fitted to
the lower end of the tube, but not to go within it,
with a wet leather between the lead and the tube,
to make it air-tight. Let this leaden bottom be
half an inch thiek, and held close to the tube, by
pulling the packthread L, upward with one hand,
whilst the tube is held in the other by the upper
end. In this situation, let the tube be immersed
in water, in the glass vessel, A B, to the depth of six

VOL. L I
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inches below the surface of the water at K; and
then the leaden bottom, G, will be plunged to the
depth of somewhat more than eleven times its own
thickness. Holding the tube at that depth, you
may let go the thread at L, and the lead will not
fall from the tube, but will be kept to it by the
upward pressure of the water below it, occasioned
by the height of the water at K, above the level
of the lead: for as lead is 1.138 times as heavy as
its bulk of water, and is in this experiment im-
mersed to a depth somewhat more than 1.133 times
its thickness, and no water getting into the tube
between it and the lead, the column of water,
G a b, below the lead, is pressed upward against it
by the water all around the tube; which water
being a little more than 1.133 times as high as the
lead is thick, is sufficient to balance and support
the lead. If a little water be poured into the tube
upon the lead, it will increase the weight upon
the eolumn of water under the lead, and cause the
lead to fall from the tube to the bottom of the glass
vessel. Or if the tube be raised a little in the water,
the lead will fall by its ewn weight, which will then
be too great for the pressure of the water round the
tube, upon the column of water below it.

In like manner, a piece of wood may be made to
lie at the bottom of water, by keeping the water
from pressing on its under surface. Let two pieces
of wood be planed quite flat, so as no water may
get between them when they are put together; let
ene of the pieces, as a b, be cemented to the bot-
tom of the vessel, A B (Fig. 7.), and the other
piece be laid flat and close upon it, and held down
to it by a stick, whilst water is poured into a
vessel; then remove the stick, and the upper piece
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of wood will net rise from the lower one; for as the
upper one is pressed down, both by its own weight
and the weight of all the water over it, whilst the
contrary pressure of the water is kept off by the
wood under it, it will lie as still as a stone would
do in its place. But if it be raised ever so little at
any edge, some water will then get under it, which
being acted upon by that above, will immediately
press it upward; and as it is lighter than its bulk of
water, it will rise and float upon the surface.

If two fluids of different densities are included
in the separate branches of a bent tube, they will
balance each other, when the altitudes above their
common junction are reciprocally proportional to
their specific gravities: thus a column of mercury
will balance fourteen its height of water, because
mercury is fourteen times as heavy as water.

The most elegant and useful application of the
principle of the ﬁydmstati{: paradox is, in Bramah’s
hydrostatic press, represented Plate 25. fig. 3.: a b
is a small forcing pump, the piston of which is
worked by the handle or lever, A B. This pump
forces the water through the pipe, & ¢ d, into the
bottom of the thick pipe, E F: also containing a
piston that exactly fits the inside; to this piston is
attached a rod, G, working through a collar of
leathers in the top of the wide cylinder: the rod, G,
performs the work by pressing against whatever is
required. The power of this machine will be in
proportion to the areas of the surfaces of the two
pistons, or as the squares of their diameters. Thuys
supposing the diameter of the large cylinder to be
six inches, and that of the small cylinder tobe % inch,
the diameters will be as 1 to 24, and the areas will he
as:1 t0 576. Therefore, if the small piston be forced

r 2 -
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down with a power equal to one ton, then the rod
of the great cylinder will be forced up with a
power equal to 576 tons. To increase the power
of this press to any degree, it is only necessary to
make the great cylinder exceed the smaller in any
required proportion : and this machine has the
advantage of great simplicity and little loss from
friction.

Mr. Bramah has also employed the same prin-
ciple to the construction of a jack for raising stones;
and also of a crane, by adding a rack to the rod of
the great piston, which drives a wheel that has a
chain passing over a jib.

From the principles above described of the pres-
sure of fluids, water is conveyed by means of pipes
to any distance, and to any height not exceeding -
the reservoir: thus in Plate 25. fig. 5. A represents
a reservoir of water, either supplied by natural
streams, or kept full by forcing engines: the water
may be conveyed by the pipe, B C D, across the
valley to the house at D, and will rise to the top of
the building, provided that it is not higher than the
reservoir; whereas, if the pipe be continued to the
house, E, it will not rise to the top, because it
stands higher than the level of the reservoir.

When it is required to carry the water higher up,
the reservoir must be also raised higher: sometimgs
water is forced up to the top of a’ town, to suppli,
‘houses on a high ground.

On this principle may be explained the rising of
water in springs. The vapours raised by evapo-
ration from the sea form clouds, which afterwards
-descend in rain on the hills and high ground: the
‘water so formed, percolates through the soil, and
-sinks' into the looaer and more porous strata: it
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thus continues to go downwards, until stopped by
an impervious bed, as rock or clay, and following
the course of this bed, it breaks out on the surface,
at the first place where the soil permits its exit.
The existence of springs, therefore, always requires
that there shall be ground on a higher level,
together with an alternation of hard and soft
beds.

OF SPECIFIC GRAVITIES.

By the specific gravitics of bodies is meant the
relative weights which equal bulks of different bo-
dies have to each other. It is usual to compare
them with that of water, as it is by weighing bodies
in water that their specific gravities are found,

The method of ascertaining the specific gravities
of bodies was invented by Archimedes upon the
following occasion.

Hiero, king of Syracuse, having given a quantity
of pure gold to a workman to make a crown of, sus-
pected that he had kept part of the gold, and adul-
terated the crown with a baser metal. He applied
to Archimedes to discover the fraud, who having
long studied it in vain, accidentally hit upon a
method of ascertaining it. Going one day into a
bath, he took notice that the water rose in it, and
immediately reflected, that any body of an equal
bulk with himself would have raised the water just
as much; though a body of equal weight, but not
of equal bulk would not raise it so much. From
this idea, he conceived a mode of finding out what
he so much wished, and was so transported with
- joy, that he ran out of the bath, naked as he was,
crying, “I have found it, 1 have found it!”

13
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Since gold is the heaviest of all known metals, 1t
must be of less bulk, according to its weight, than
any other metal. And therefore he desired that a
mass of pure gold, equally heavy with the crown
when weighed in air, should be weighed against
it in water, and if the erown was not alloyed, be
conceived it would counterpoise the mass of’ gold
when they were both immersed in water, as well
as it did when they were weighed in air. But
upon making the trial, he found that the mass of
gold weighed much heavier in water than the crown
did; and not only so, but that, when the mass and
crown were immersed separately in one vessel of
water, the crown raised the water much higher
than the mass did; which showed it to be alloyed’
with some lighter metal that increased its bulk.

A body immersed in a fluid will sink to the
bottom, if it be heavier than its bulk of the fluid.
If it be suspended therein, it will lose as much of
what it weighed in air, as its bulk of the fluid
weighs. Hence, all bodies of equal bulks, which
would sink in fluids, lose equal weights when sus-
pended therein; and unequal bodies lose in pro-
portion to their bulks.

The instrument used for finding the specific gra-
vities of bodies, is called the hydrostatic balance.
(Plate 8. fig. 8.)

It differs very little from a common balance tlat
is nicely made; only it has a hook at the bottom of
one of the scales, on which different substances
that are to be examined may be hung by horse-
hairs, or silk threads, so as to be immersed in a
vessel of water, without wetting the scale.

If abody thus suspended under the scale at one
end of the balance, be first counterpoised in air by
weights in the opposite scale, and then immersed in
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water, the equilibrium will be immediately de-
stroyed; then, if' as much weight be put into the
scale from which the body hangs, as will restore
the equilibrium, without altering the weights in the
opposite scale; that weight which restores the
equilibrium, will be equal to the weight of a quantity
of water as large as the immersed body; and if the
weight of the body in air be divided by what it
loses in water, the quotient will show how much
that body is heavier than its bulk of water. Thus,
if'a guinea, suspended in air, be counterbalanced by
129 grains in the opposite scale of the balance,
and then, upon its being immersed in water, it be-
comes so much lighter as to require 7§ grains put
into the scale over it, to restore the equilibrium, it
shows that a quantity of water of equal bulk with
the guinea, weighs 71 grains, or 7.25; by which
dinide 129 (the weight of the guinea in air), and
the quotient will be 17.793; which shows that the
guinea is 17.793 times as heavy as its bulk of water.
And thus, any piece of gold may be tried, by
weighing it first in air, and then in water; and if
upon dividing the weight in air by the loss in water,
the quotient comes out to be 17.793, the gold is of
the standard value; if the quotient be 18, or be-
tween 18 and 19, the gold is very fine; but if it be
less than 17, the gold is too much alloyed with
other metal.

By this method the specific gravities of all bodies
that will sink in water may be found; first weighing
the body in air, then in water, and dividing the
weight in air by the loss in water.

But as to those which are lighter than water, as
most sorts of wood are, the following method must
be taken. A sort of pincers, or tongs, must be
provided, to retain the substance to be examined,

14
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under water. First weigh the body in air; then
having balanced the tongs in water, fix to it the
body to be weighed, which being lighter than water,
will raise the tongs, and cause the other scale to
preponderate. Observe the loss of weight of the
body in water, and proceed as before.

There are some things that cannot be weighed
in this manner, such as quicksilver, fragments of
diamonds, &c.: these must be put into a glass
bucket hanging to the scale.

The Hydrometer is the most eligible instrument
for finding the specific gravity of fluids.

The most common hydrometer consists of a
copper ball, B, ( Plate 8. Fig.9.) towhich is soldered
a brass wire, A B, one quarter of an inch thick.
The upper part of this wire being filed flat, is
marked proof, at m (Ilig. 10.), because it sinks
exactly to that mark in proof spirits. There are
two other marks at A and B (Tig. 9.), to show
whether the liquor be one-tenth above, or below
proof, according as the hydrometer sinks to A, or
rises to B, when a brass weight, C, is screwed to its
bottom. There are other weights to screw on,
which show the specific gravity of different fluids.

The round part of the wire above the ball may
be marked so as to represent river-water when it
sinks to R W (Fig. 10.), the weight which answers
to that water being then screwed on; and when
putinto spring-water, mineral-water, sea-water, and
water of salt springs, it will gradually rise to the
marks SP, M I, SE, S A; on the contrary, when
it is put into Bristol-water, rain-water, Port-wine,
and Mountain-wine, it will successively sink to the
marks b r, r a, p o, m o.

Another sort of hydrometer is represented in
Plate 8. fig. 11.; which is calculated to ascertain
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the specific gravity of fluids with greater pre.
cision; it consists of a large hollow ball, B, with a
smaller bolt, b, screwed on to itsbottom, partlyfilled
with mercuary, or small shot, in order to render it
but little specifically lighter than water.  The
larger ball has also a short neck at C, into which is
screwed the graduated brass wire, A C, which, by a
small weight at A, causes the body of the instru-
ment to descend in the fluid with part of the stem.
When this instrument is swimming in the liquor
contained in the jar, I L M K, the part of the fluid
displaced by it will be equal in bulk to the part of
the instrument under water, and equal in weight
to the whole instrument. Now, suppose the weight
of the whole to be 4000 grains, it is evident we can
by this means compare the different dimensions of
4000 grains of several sorts of fluids. For if' the
weight at A be such as will cause the ball to sink
in rain-water, until its surface come to the middle
point of the stem, 20; and after that, if it be im-
mersed in common spring-water, and the surface be
observed to stand at one-tenth of an inch below
the middle point, 20, it is apparent that the same
weight of each water differs only in bulk, by the
magnitude of one-tenth of aninch in the stem.
Now, suppose the stem to be ten inches long,
and weigh 100 grains, then every tenth of an inch
will weigh one grain; and as the stem is of brass,
which is about eight times heavier than water, the
same bulk of water will be equal to one-eigthth of
a grain, and consequently to one-eigthth of sts
part; that is, svws part of the whole bulk. This
instrument is capable of still greater precision, by
making the stem or neck consist of a flat thin slip
of brass, instead of one that is cylindrical; for by
this means we increase the surface, which is the
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most requisite circumstance, and diminish the so-
lidity, which necessarily renders the instrument
still more accurate.

Proof-spirit consists [of pure spirit with a little
water; that is, such as, when poured on gunpowder
and set on fire, will burn all away; and permit the
powder to take fire and flash, as in open air. But
if the spirit be not so highly rectified, there will re-
main some water, which will make the powder wet,
and unfit to take fire. Proof-spirit of any kind
weighs seven pounds twelve ounces per gallon.

The common method of shaking the spirits in a
phial, and raising a head of bubbles, to judge by
their manner of rising or breaking, whether the
spirit be proof or near it, is very fallacious.

Syke’s Hydrometer, represented Plate 25. fig. 4.
is that now used by the excise officers in collecting
the revenue. Weights are made to slide on the coni-
cal stem below the ball; and the graduation of the
upper stem shows the specific gravity of the liquor.

T'able of Specific Gravities.

Dastilled water, - . - a L 1000
Sea water, - s i . - 1.026
Water of the Dead Sea, . - - 1.240
Crude platina, in grains, - - = 15.602
Phltma, purified and fused, - - - 19.500
: hammered, = - - - 20877
drawn into wire, i : - 21.042

: laminated, ; - . - 22.069
Pure gnld., cast, - - = = e 19.258
hammered, - " % - 190.362

Staﬂdard gold, - . - & - 17.486
— hammered, - LR A T

Mercury, - v 3 , ’ - 18.568
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Pure silver, cast, - - - - - 10474

hammered, - - - 10511

Standard silver in coin, . - - 10.391
Lead, fused, - - - E - 11.852
Bismuth, . - . - . s 0.823
Nickel, 5 5 - . = - B.660
Brass, cast, . - - - - 8.396
—— in wire, : - - - ~  8.544
R PP T PN (11 e,
Copper, fused, - - - - - HOER
drawn into wire, « - - 8.878

Tin, English, fused, - - - « Taf)
, hammered, - - - 7.2099

Malacca tin, fused, - - 3 - 7.206
hammered, - . - 7.806

Iron, cast, - . - - - TR 1. 7
Rt hars.  aoad e o lugtl casnd AORE
Steel, soft, and not hammered, - =  7.840
hardened, - - > > - 2816

Zine; - - . - - . - 7.101
Manganese, o e i ST
Antimony, - . - . . - 6.702
Tungsten, - S - - . -  6.678
Tellurium, - - - » : T 7% 1§ L
Molybdena, - - - . - 6.000
Arsenic, . ' - - . - 5763
Zircon, - . - - - - 4.800
Barytes, . . . . - - 4,200
Strontian, - - . : . - 8700
Corunda, - . - . b - 8.000
Silex, - - . - « . - 2.660
Magnesia, - 2 b i 5 - 2,800
Lime, - - . . . . - 2.8300
Alumine, - . . . . - 2,000
Onental ruby, - - - - - 4.283

Garnet, it e i e - - 8188
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PNEUMATICS.

5

Pxgumarics is the science which treats of the
mechanical properties of elastic or aeriform fluids ;
such as their weight, density, compressibility, and
elasticity. The other properties of elastic fluids
will be treated of under chemistry a knowledge
of that science being necessary in order to under—
stand them.

The air is a fluid in which we live and breathe :
it entirely envelopes our globe, and extends to
a considerable height around it. Together with
the clouds and vapours that float in it, it is called
the atmosphere. As it is possessed of gravity, in
common with all other fluids, it must press upon
bodies in proportion to the depth at which they
are immersed in it; and it also presses in every
direction, in common with other fluids.

It differs from other fluids in the four f'ﬂ]lowmg
particulars: 1. It can be compressed into a much
less space than what it naturally possesses; 2. It
is of an elastic nature, by which it returns to its
former volume when the pressure is removed, the
force of its spring being equal to its weight; 3. It
is of a different degree of density in every part
upwards from the earth’s surface, decreasing in
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its weight, bulk for bulk, the higher it rises;
4. It cannot be congealed or fixed as other fluids
may. ,
Few people who are unacquainted with the
principles of natural philosophy, suppose that the
air, by which we are surrounded, is a material
substance, like water, or any other visible matter.
Being perfectly invisible, and affording no resist-
ance to the touch, it must seem to them extraor-
dinary, to consider it as a material substance;
and vet a few simple experiments will convince
any one that it is really matter, possessing weight,
and the power of resisting other bodies that press
against it.

Take a bladder that has not the neck tied, and
you may press the sides together, and squeeze it
into any shape. Fill this bladder with air by
blowing into it, and tie a string fast round the
neck: you then find that you cannot, without
breaking the bladder, press the sides together, and
that you can scarcely alter its figure by any pres-
sure. Whence then arise those effects? when the
bladder was empty, you could press it into any
form ; but the air with which it is filled prevents
this: the resistance you experience, when it is filled
with air, proves that that is as much matter as any
other substance that we are acquainted with.

We are accustomed to say, that a vessel is empty,
when we have poured out of it the water which it
contained. Throw a bit of cork upon a bason of
water, and having put an empty tumbler over it,
with the mouth downwards, force it down through
the water ; the cork will show the surface of the
water within the tumbler, and you will see that it
will not rise so high within as without the glass;
nor, if' you press ever so hard, will it rise to the
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same level. The water is, therefore, prevented
from rising within the tumbler, by some other sub-
stance which already occupies the inside ; which
substance is the air that filled the tumbler when it
was inverted, and which could not escape, on ac-
count of the superior pressure of the water.

In like manner, having opened a pair of com-
mon bellows, stop up the nozzle securely, and you
will find that you cannot shut the bellows, which
seems to be filled with something that yields a
little, like wool; but if you unstop the nozzle, the
air will be expelled, and may be felt against the
hand.

When the air is at rest, we can move in it with
the utmost facility ; nor does it offer to us a sen-
sible resistance, except the motion be quick, or the
surface opposed to it considerable ; but when that
is the case, its resistance is very sensible, as may
be easily perceived by the motion of a fan.

When air 1s in motion, it constitutes wind, which
is nothing more than a current or stream of air,
varying in its force, according to the velocity with
which it flows.

The invisibility of air, therefore, is only the
consequence of its fransparency ; but it is possessed
of all the common properties of matter. When a
vessel is empty, in the usual way of speaking, it is
in fact still filled with air.

But it is possible to empty a vessel, even of the
air which it contains, by which means we shall be
able to discover several properties of this fluid.

Galileo first discovered, in 1600, that air had
weight like other bodies. And his pupil, Torricelli,
applied this discovery of the pressure of the atmos-
phere,tothe explanationof the riseof water in pumps,
which it had been formerly imagined was owing to

*1
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nature’s ¢ abhorrence of a vacuum.”” Torricelli,
also, pursuing this idea, by using a column of
mercury instead of water, produced what has since
been called the Torricellian vacuwm, for which see
the description of the barometer. But from the
nature of the apparatus producing this vacuum or
space absolutely free from air, it was very difficult
to try what effect would be produced on various
bodies placed in it. In 1654, Otto von Guericke,
of Magdeburgh, invented the air pump, and made
numerous experiments with it. His air pump,
however, was of a very clumsy construction, being
obliged to place the vessels under water, in order
to be exhausted. Boyle, assisted by Hooke, con-
trived the present pump with two barrels, and the
vacuum so made has been frequently called the
Boylean vacuum, in contradistinction to the Torri-
cellian.

As it is by means of the air pump that all the
mechanical properties of air are demonstrated, it
will be necessary to describe its construction, and
the manner of using it.

Plate 6. fig. 1. is the air pump that is most in
~ use. A A are two brass barrels, each containing a
piston or short cylinder of metal, that fits the in-
side exactly. A hole passes through this piston
which is covered by a flap or valve that can only
open upwards. The pistons are made to move up
and down alternately in the barrel, by means of
the winch B, which has a pinion that fits into the
teeth of the racks C C, which are made upon the
ends of the pistons.

On the square wooden frame D E, there is
placed a brass plate G, ground perfectly flat, and
also a brass tube let into the wood communicating
with the two cylinders and the cock I, and open-

VOL. I. K
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ing into the centre of the brass plate at a. The
glass vessel K, to be emptied or exhausted of air,
has its rim ground quite flat, and rubbed with a
little pomatum, or lard, to make it fit more closely
upon the brass plate of the pump. These vessels
are called receivers. Having shut the cock I, the
pistons are worked by the winch, and the air
escapes by its elasticity when the piston is forced
down ; but the valve opening upwards, the air is
prevented from returning into the wvessel ; and
thus the receiver is gradually exhausted, and will
then be fixed fast upon the pump-plate. By
opening the cock I, the air rushes again into the
receiver.

“ As light as air,” is a common saying ; yet air
can be shown to have more weight than is gene-
rally supposed. Take a hollow copper ball, or
other vessel, which holds a wine quart, having a
neck to screw on the plate of the air-pump, and
after weighing it when full of air, exhaust it, and
weigh it when empty; it will be found to have lost
16 grains, which shows that this is the weight of a
quart of air. But a quart of water weighs 14,621
grains: this divided by 16, quotes 914 in round
numbers; so that water is 914 times as heavy as
air near the surface of the earth. This supposes
air at a medium temperature and density: for
these, as will be seen afterwards, are variable,

When the receiver is placed upon the plate of
the air-pump without exhausting it, it may be re-
moved again with the utmost facility, because there
is a mass of air under it, that resists by its elasticity
the pressure on the outside; but exhaust the re-
ceiver, thus removing the counter pressure, and it

will be held downto the plate by the we1ght of the
air upon it,
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What the pressure of the air amounts to is ex-
actly determined in the following manner.

When the surface of a fluid is exposed to the
air, it is pressed by the weight of the atmosphere
equally on every part, and consequently remains
at rest. But if the pressure be removed from any
particular part, the fluid must yield in that part,
and be forced out of its situation.

Into the receiver A (Plate 6. fig. 2.), put a
small vessel with quicksilver, or any other fluid,
and through the collar of leathers at B, suspend a
glass tube, hermetically sealed, (that is, closed by
the glass blower,) over the small vessel. Having
exhausted the receiver, let down the tube into the
quicksilver, which will not rise into the tube as
long as the receiver continues empty. But re-
admit the air, and the quicksilver will immediately
ascend. The reason of this is, that upon ex-
hausting the receiver, the tube is likewise emptied
of air; and, therefore, when it is immersed in the
quicksilver, and the air re-admitted into the re-
ceiver, all the surface of the quicksilver is pressed
upon by the air, except that portion which lies
above the orifice of the tube; consequently, the
quicksilver must rise in the tube, and continue so to
do, until the weight of the elevated quicksilver press
as forcibly on that portion which lies beneath the
tube, as the weight of the air does on every other
equal portion without the tube.

Take a commen syringe of any kind, and having
pushed the piston to the farthest end, immerse it
into water; then draw up the piston, and the water
will follow it. This is owing to the same cause as
the last: when the piston is pulled up, the air is
drawn out of the syringe with it, and the pressure
of the atmosphere is removed from the part of the

K 2
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water immediately under it; consequently the
water is obliged to yield in that part to the pres-
sure on the surface. __

It is upon this principle that all those pumps
called sucking-pumps act: the piston, fitting tightly
the inside of the barrel, by being raised up, re-
moves the pressure of the atmosphere from that
part, and consequently the water is drawn up by
the pressure upon the surface.

These effects, arising from the weight and pres-
sure of the asmosphere, were formerly attributed
to suction; a word which ought to be exploded,
as it conveys a false notion of the cause of these
and similar phenomena. To prove that an ex-
hausted receiver is held down by the pressure of
the atmosphere, take one open at top, and ground
quite flat, as A, (Plate 6. fig. 3.) and covered with
a brass plate B, which has a brass rod passing
through it, working in a collar of leather, so as to
be air-tight: to this rod suspend a small receiver
within the large one, 2 little way from the bottom;
place the receiver A upon the pump-plate, and ex-
haust it: it will now be fixed fast down; but the
small receiver may be pulled up or down with per-
fect ease, as it is itself’ exhausted, and all the air
which surrounded it removed, consequently it can-
not be exposed to any pressure ; let then the small
one down upon the plate, but not over the hole by
which the air is extracted, and re-admit the air
into the large receiver, which may then be re-
moved ; it will be found that the small one being
itself’ exhausted, is held down fast by the air,
which is now admitted round the outside. If the
large receiver be again put over it and exhausted,
the small one will be at liberty, and so on, as often
as the experiment is repeated.
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This effect cannot be accounted for upon any
other principle than the pressure of the air; as the-
common idea of suction can have nnthmg to do in
the case of the small receiver, which is fixed down
merely by letting in the air round it. We ought,
therefore, to attribute all those effects which are
vulgarly ascribed to suction, such as the raising of
water by pumps, &c. to the weight and pressure
of the atmosphere.

A square column of quicksilver, 294 inches
high, and an inch thick, weighs just 15 pounds,
consequently, the air presses with a weight equal
to 15 pounds upon every square inch of the earth’s
surface ; and 144 times as much, or 2160 pounds
upon every square foot.

The earth’s surface contains, in round numbers,
200,000,000 square miles; and as every square
mile contains 27,876,400 square feet, there must
be 5,575,080,000,000,000 square feet on the
earth’s surface; which number multiplied by 2160
pounds (the pressure on each square foot) gives
12,043,468,800,000,000,000 pounds for the pres-
sure, or whole weight of the atmosphere.

Reckoning the surface of a middle-sized man to
be about 14 square feet, he sustains a pressure
from the air equal to 30,210 lbs. troy, or 11 tons
2 cwt. and 183 Ibs. It may be asked, how it
happens that we are not sensible of so great a
pressure? T'he reason is, that such pressures only
are perceived by us as move our fibres, and put
them out of their natural situations. Now the
pressure of the air is equal on all parts of the body,
and it is balanced by the spring of the air con-
tained in the body; therefore it cannot possibly
displace any of the fibres, but on the contrary,
braces, and keeps them all intheir relativesituations.

K 3
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But if the pressure be removed from any particular
part, the pressure on the neighbouring parts im-
mediately becomes sensible. Thus, 1f we take a
receiver open at the top, and cover it with the
hand, upon exhausting the receiver, and thereby
taking off' the pressure from the palm of the hand,
we shall feel it pressed down by an immense
weight, so as to give pain that would soon be in-
supportable, and endanger the breaking of the
hand.

If the top of the receiver be covered by a piece
of flat glass, upon exhausting it, the glass will be
broken to pieces by the incumbent weight; and
this would happen to the receiver itself, but for
the arched top, that resists the weight much more
than a flat surface.

This experiment may be varied, by tying a piece
of very thin wet bladder over the open mouth of
the receiver, and leaving it to dry till it becomes
as tight as a drum. Upon exhausting the receiver,
you will perceive the bladder rendered concave,
and it will yield more and more, until it break
with a loud report, which is occasioned by the air
striking forcibly against the inside of the receiver,
upon being re-admitted. .

Air is one of the most elastic bodies in nature;
that is, it is easily compressed into less compass,
and when the pressure is removed, it immediately
regains its former bulk.

Let mercury be poured into a bent tube A BCD
(Plate 6. fig. 4.) open at both ends, to a small
height, as B C; then stopping the end D with a
cork, or otherwise, air-tight, measure the length
of confined air D C, and pour mercury into the
other leg A B, till the height above the surface of
that in C D be equal to the height at which it

*1
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stands in the barometer at the time. 'Then it is
plain, that the air in the shorter leg will be com-
pressed with a force twice as great as at first, when
it possessed the whole space C D; for then it was
compressed only with the weight of' the atmo-
sphere, but now it is compressed by that weight
and the additional equal weight of a column of
mercury. The surface of the mercury will now
be at E; and it will be found, upon measuring it,
that the space D E, into which the air is now com-
pressed, is just half’ the former C D. If another
column of mercury were added, equal to the for-
mer, it would be reduced into one-third of the space
it formerly occupied.

Hence the density of the air is proportional to the
Jorce that compresses il.

As all the parts of the atmosphere gravitate, or
press upon each other, it is easy to conceive, that
the air next the surface of the earth is more com-
pressed and denser than what it is at some height
above it. Thus, if wool were thrown into a deep
pit until it reached the top, the wool at the bottom,
having all the weight of what was above it, would
be ﬂqueezed into a less compass; the layer or stra-
tum above it would not be pressed quite so much;
thc one above that, still less; and so on, till the
upper one, having no weight over it, would be in
its natural state. This is the case with the air, or
atmosphere, that surrounds our earth, and accom-
panies it in its motion round the sun. On the tops
of lofty buildings, but still more on those of moun-
tains, the air is found to be considerably less dense
than at the level of the sea.

The height of the atmosphere has never yet been
exactly ascertained; indeed, on account of its great
elasticity, it may extend to an immense distance,

K &
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becoming, however, rarer, in proportion to its dis-
tance from the earth.

It is observed, that at a greater height than 45
miles, it does not refract the rays of light from the
sun; and this is usually considered as the limit of
the atmosphere. In a rarer state, however, it may
extend much farther. And this is by some thought
to be the case, from the appearance of certain me-
teors which have been reckoned to be 70 or 80
miles distant, and whose light is thought to depend
upon their coming through our atmosphere.

Dr. Cotes has demonstrated that, if’ altitudes in
the air be taken in arithmetical proportion, the
rarity of the air will be in geometrical proportion.
For instance,
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At the altitude of
Miles above the surface of the earth, the airis

times thinner and lighter than at the earth’s surface.

J

And hence it is easy to prove by calculation, that
a cubic inch of such air as we breathe would be so
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much rarefied at the altitude of 500 miles, that it
would fill a sphere equal in diameter to the orbit
of Saturn.

The elastic power of the air is always equivalent
to the force which compresses it; for if it were less,
it would yield to the pressure, and be more com-
pressed; were it greater, it would not be so much
reduced, action and re-action being always equal ;
so that the elastic force of any small portion of the
air we breathe is equal to the weight of the incum-
bent part of the atmosphere, that weight being the
force which confines it to the dimensions it pos-
sesses.

To prove this by an experiment, pour some
quicksilver into the small bottle A (Plate 0. fig. 5.)
and screw the brass collar ¢ of the tube B C into
the brass neck of the bottle, and the lower end of
the tube will be immersed into the quicksilver, so
that the air above the quicksilver in the bottle will
be confined there. This tube is open at top, and
is covered by the receiver G, and large tube E F;
which tube is fixed by brass collars to the receiver,
and is closed at top. This preparation being made,
exhaust the air out of the receiver GG, and its tube,
by putting it upon the plate of the air-pump, and
the air will, by the same means, be exhausted out
of the inner tube B C, through its open top at C.
As the receiver and tubes are exhausting, the air
that is confined in-the glass bottle A will press so
by its spring, as to raise the quicksilver in the inner
tube to the same height as it stands in the baro-
meter.

Miscellaneous Experiments.

1. Plate 6. fig. 6. represents alittle machine, con-
sisting of two mills, @ and &, which are of equal
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weights, independent of each other, and which turn
equally free ontheiraxlesin the frame. Eachmill has
four thin arms or sails fixed into the axis: those of
the mill « have their planes at right-angles to its
axis, and those of & have their planes parallel to it.
Theretore, as the mill ¢ turns round in common
air, it suficrs little resistance, because its sails cut
the air with their thin edges: but the mill & suffers
much more, because the broad side of its saiis
move against the air when it turns round. In
each axle is afine pin near the middle of the frame,
which goes quite through the axle, and stands out
a little on cach side of it: under these pins a slider
may be made to bear, which will hinder the mills
from going when a strong spring is set or bent
against the opposite ends of the pins,

" Having ‘set this machine upon the pump-plate,
draw up the slider to the pins on one side, and set
the spring at bend on the opposite ends of the pins:
then push down the slider, and the spring acting
equa]ly strong upon each mill, will set them both
going with equal forces and velocities; but the
mill ¢ will run much longer than the mill 4, be-
cause the air makes much less resistance against
the edges of its sails than against the sides of the
sails of" /.

Draw up the slider again, and set the spring upon
the pins as before; then cover the machine with
the receiver upon the pump-plate; and having ex-
hausted the receiver of air, push down the wire
through the collar of leathers in the neck upon
the slider; which will disengage it from the pins,
and a.Huw the mills to turn round by the 1mpulse
of' the spring: as there is no air in the receiver to
make any sensible resistance against them, they
will both move a considerable time longer than
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they did in the open air; and The moment that
one stops, the other will do the same. This shows
that air resists bodies in motion, and that equal
bodies meet with different degrees of resistance,
according as they present greater or less surfaces
to the air. ;

2. Take a tall receiver A (Tig. 7.), covered at
top by a brass plate, through which works a rod in
a collar of leathers, and to the bottom of which
there is a particular contrivance for supporting a
guinea and a feather, and for letting them drop at
the same instant. If they are let fall while the re-
ceiver is full of air, the guinea will fall much
quicker than the feather; but if the receiver be
first exhausted, it will be found that they both
arrive at the bottom at the same instant, which
proves that all bodies would fall to the ground with
the same velocity, if it were not for the resistance
of the air, which impedes most the motion of those
bodies that have the least momentum. In this ex-
periment the observers ought not to look at the
top, but at the bottom of the receiver, otherwise,
on account of the quickness of their motion, they
will not be able to see whether the guinea and
feather fall at the same instant.

3. Take a receiver, having a brass cap fitted to
the top with a hole in it; fit one end of a dry
hazel branch about an inch long tight into the
hole, and the other end tight into a hole quite
through the bottom of a small wooden cup; then
pour some quicksilver into the cup, and exhaust
the receiver of air; the pressure of the outward
air on the surface of the quicksilver will force it
through the pores of the hazel, from whence it
will descend in a beautitul shower into a glass cup
placed under the receiver to catch it.
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4, Put a wire through the collar of leathers on
the top of the receiver, and fix a bit of dry wood
on the end of the wire within the receiver; then
exhaust the air, and push the wire down, so as to
immerse the wood into a jar of quicksilver on the
pump-plate ; this done, let in the air; upon taking
the wood out of the jar, and splitting it, its pores
will be found full of quicksilver, which the force
of the air drove into the wood.

5. Join together the two brass hemispherical
cups A and B (Fig. 8.) with a wet leather between
them, having a hole in the middle of it; then
having screwed off the handle at C, screw both the
hemispheres put together into the pump-plate, and
turn the cock E, so that the pipe may be open all
the way into the cavity of the hemispheres ; then
exhaust the air out of them, and turn the cock;
unscrew the hemispheres from the pump, and
having put on the handle C, let two strong men
try to pull the hemispheres asunder by the rings;
this they will find hard to do; for if' the diameter
of the hemispheres be four inches, they will be
pressed together by the external air with a force
equal to 190 pounds; and to show that it is the
pressure of the air that keeps them together, hang
them by either of the rings upon the hook of the
wire in the receiver A (Iig. 3.), and, upon ex-
hausting the air out of the receiver, they will fall
asunder of’ themselves.

6. Screw the end A of the brass pipe A B
(Fig. 9.) into the pump-plate, and turn the cock e
until the pipe be open ; then put a wet léather on
the plate ¢ d fixed on the pipe, and cover it with
the tall receiver G H, which is close at top; then
exhaust the air out of the receiver, and turn the
cock e to keep it up; which done, unscrew the
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pipe from the pump, and set its end A into a basin
of water, and turn the cock e to open the pipe;
on which, as there is no air in the receiver, the
pressure of the atmosphere on the water in the
basin will drive the water forcibly through the
pipe, and make it play up in a jet to the top of the
receiver.

7. Set a square phial upon the pump-plate, and
having covered it with a wire cage, put a close re-
ceiver over it, and exhaust the air out of the re-
ceiver; at the same time, the air will also make its
way out of the phial, through a small valve in its
neck. When the air is exhausted, turn the cock
below the plate to re-admit the air into the re-
ceiver; and as it cannot get into the phial again,
because of the valve, the phial will be broken into
pieces by the pressure of the air upon it. Had
the phial been of a round form, it would have sus-
tained this pressure like an arch, without breaking;
but as its sides are flat, it cannot.

8. To show the elasticity or sprmg of the air : tie
up a very small quantity of air in a hladder, and
put it under the receiver ; then exhaust the air out
of the receiver; and the air which is confined in
the bladder (having nothing to act against it) will
expand by the force of its spring, so as to fill the
bladder completely : but upon letting the air into
the receiver again, it will overpower that in the
bladder, and press its sides close together.

9. If the bladder so tied up be put into a wooden
box, and have 20 or 30 pounds weight of lead
placed upon it, and the box be covered with a
close receiver; upon exhausting the air out of the
receiver, that which is confined in the bladder will
expand itself so as to raise up all the lead by the
force of  its spring.
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'10. Screw the pipe A B (Fig. 9.) into the pump-
plate, place the tall receiver G H upon the plate
e d, as before, and exhaust the air out of the re-
ceiver; then turn the cock e to keep out the air,
unscrew the pipe from the pump, and screw it into
the mouth of the copper vessel C (Fig. 10.), the
vessel having been first about half filled with
water. Then open the cock e, and the spring of
- the air which is confined in the copper vessel will
force the water up through the pipe A B in a jet
into the exhausted receiver, as strongly as it did
by its pressure on the surface of the water.

11. If a rat, mouse, or bird, be put under a re-
ceiver, and the air exhausted, the animal will be at
first oppressed as with a great weight, then grow
convulsed, and at last expire in agonies. But as this
experiment is too shocking to most spectators, it is
common to substitute a machine called the lungs
glass in place of the animal.

12. If a butterfly be suspended in a receiver, by
a fine thread tied to one of its horns, it will fly
about in the receiver as long as it continues full of
air ; but if the air be exhausted, though the animal
will not die, and will continue to flutter its wings,
it cannot remove itself from the place where it
hangs in the middle of the receiver, until the air
be let in again, and then the animal will fly about
as before. '

13. Put a cork into a square phial, and fix it
in with wax or cement ; put the phial on the pump
plate with the wire cage, and cover it with a close
receiver ; then exhaust the air out of the receiver,
and the air that was corked up in the phial will
break it outwards by the force of its spring, be-
cause there is no air left on the outside of the
phial to act against that within it, |
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14. Put a shrivelled apple under a close receiver,
and exhaust the air; then the spring of the air
within the apple will plump it out so as to cause all
the wrinkles to disappear; but upon letting the
air into the receiver again, to press upon the apple,
it will return to its former decayed and shrivelled
state.

15. Take a fresh egg, and cut off a little of the
shell and film from its smallest end; then put the
egg under a receiver, and pump out the air; all
the contents of the egg will be forced out into the
receiver, by the expansion of a small bubble of air
contained in the great end, between the shell and
film.

16. Put some warm beer into a glass, and hav-
ing set it on the pump, cover it with a close re-
ceiver, and then exhaust the air. Whilst this is
doing, and thereby the pressure more and more
taken off from the beer in the glass, the air therein
will expand itself, and rise up in innumerable
bubbles to the surface of the beer; and thence it
will be taken away with the other air in the re-
ceiver. When the receiver is nearly exhausted,
the air in the beer, which could not disentangle
itself quick enough to get off with the rest, will
now expand itself so as to cause the beer to have
all the appearance of boiling; and the greatest
part of it will go over the glass.

17. Put some water into a glass, and a bit of
dry wainscot or other wood into the water; then
cover the glass with a close receiver, and exhaust
the air ; the air in the wood having liberty to ex-
pand itself, will come out plentifully, and make all
the water to bubble, especially about the ends of
the wood, because the pores lie lengthwise. A
cubie inch of dry wainscot has so much air in it,
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that it will continue bubbling for near half an hour
together.

18. Let a large piece of cork be suspended by
a thread at one end of a balance, and counter-
poised by a leaden weight, suspended in the same
manner, at the other. Let this balance be hung to
the inside of the top of a large receiver; which
being set on the pump, and the air exhausted, the
cork will preponderate, and show itself to be hea-
vier than the lead ; but upon letting in the air
again, the equilibrium will be restored. The rea-
son of this is, that, since the air is a fluid, and all
bodies lose as much of their absolute weight in it
as is equal to the weight of their bulk of' the fluid,
the cork being the larger body, loses more of its
real weight than the lead does; and, therefore,
must in fact be heavier, to balance it under the
disadvantage of losing some of its weight, which
disadvantage being taken off by removing the air,
the bodies then gravitate according to their real
quantities of matter, and the cork which balanced
the lead in air shows itself to be heavier when in
vacuo.

19. Set a lighted candle upon the pump, and
cover it with a tall receiver. If the receiver holds
a gallon, the candle will burn a minute; and,
‘then, after having gradually decayed from the first -
instant, it will go out; which shows that a con-
stant supply of fresh air is as necessary to feed
flame as animal life.

20. The moment when the candle goes out, the
smoke will be seen to ascend to the top of the re-
ceiver, and there it will form a sort of cloud ; but
upon exhausting the air, the smoke will fall down
to the bottom of the receiver, and leave it as clear
at the top as it was before it was set upon the
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pump. This shows that smoke does not ascend on
account of its being positively light, or having no
weight, but because it is lighter than air; and its
falling to the bottom when the air is taken away
shows that it is not destitute of weight. So most
sorts of wood ascend or swim in water; yet we all
know that wood has gravity or weight.

21. Set a receiver which is open at top on the
air-pump, and cover it with a brass-plate and wet
leather, and having exhausted it of air, let the air
in again at top through an iron pipe, making it
pass through a charcoal flame at the end of the
pipe; and when the receiver is full of that air, lift
up the cover, and let down a mouse or bird into
the receiver, and the burnt air will immediately
kill it. 1f a candle be let down into that air, it
will go out directly ; but by letting it down gently,
it will drive out the impure air, and good air will
get 1n.

22. Set a bell on the pump-plate, having a con-
trivance so as to ring it at pleasure, and cover it
with a receiver ; then make the clapper strike
against the bell, and the sound will be very well
heard ; but exhaust the receiver of air, and then,
if the clapper be made to strike ever so hard
against the bell, it will make no sound; which
shows that air is absolutely necessary for the pro-
pagation of sound.

OF CONDENSED AIR.

It has been shown, that air can be rarefied, or
made to expand : we now proceed to show that it
can also be condensed, or pressed into less space
than what it generally occupies, The instrument
used for this purpose is called a condenser.

VOL. 1. : L
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Plate 6. fig. 12. represents a machine of this
kind ; it consists of a brass-barrel containing a
piston, with a valve opening downwards; so that,
as the piston is raised, the air passes through the
valve ; but as the piston is pushed down, the air
cannot return, and, is therefore, forced through a
valve at the bottom of the barrel that allows it to
pass through into the receiver B, but prevents it
from returning. Thus, at every stroke of the pis-
ton, more air is thrown into the receiver, which is
of very thick and strong glass. The receiver is
held down upon the plate C by the cross-piece
D, and the screws EF. The air is let out of
the receiver by the cock G, which communicates
with it.

A great variety of experiments may be per-
formed by means of condensed air.

1. The sound of a bell is much louder in con-
densed than in common air.

2. A square phial may be broken by condens-
ing the air round it, provided the condensed air be
prevented from getting within the phial.

3. A very beautiful fountain may be made by
condensed air, Procure a strong copper vessel
(Plate 7. fig. 1.) having a tube that screws into the
neck of it, so as to be air-tight, and long enough
to reach near to the bottom. Having poured a
quantity of water into the vessel, but not enough
to fill it, and screwed in the tube, adapt to it a
condensing syringe, and condense the air in the
vessel ; shut the stop-cock, and unscrew the sy-
ringe ; then, on opening the stop-cock, the air
acting upon the water in the vessel will force it
out into a jet of great height. A number of dif-
terent kinds of jet pieces may be screwed on the
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tube, so as to cause the water to exhibit- the ap-
pearance of stars, wheels, &c.

THE BAROMETER.

This is an instrument for measuring the pres-
sure of the air. It was invented by Torricelli, in
the following manner.— Having suspected that the
pressure of the atmosphere was the cause of the
ascent of water in pumps, and supposing that mer-
cury, being fourteen times as heavy as water, the
air could only support a column of mercury %
part of the height of one of’ water, he took a glass
tube four feet long, and closed at one end: this he
filled with mercury, and kept his finger tight on
the open end; then, inverting the tube, he im-
mersed the open end, with his finger still in it,
under the surface of the mercury. As he expected,
the mercury subsided in the tube so as to stand
only about 27% above the surface of the basin, or
equal to ', of the height of water in pumps. He
therefore inferred, that the water and the mercury
were kept up by the same cause, and that the differ-
ence between the heights of the two columns was
“owing to the difference of the specific gravities
of the substances.

It was afterwards observed, that the height at
. which the mercury stood in this tube was not con-
stant, and, comsequently, that the pressure of the
atmosphere was variable; and also that this change
of height was connected with alterations in the
weather.

The simplest and most common construction of
_the barometer is shown, Plate 7. fig. 2. It consists
of aglass-tube, secured from injury by being fixed
to a wooden frame ; the tube is closed by bemg

L %
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hermetically sealed at the top, and the lower end
is open, and placed in a small basin of mercury.
The scale at the upper part, which is also shown
more at large at Fig. 3., indicates the parts of
inches which the mercury rises or falls; and a slider
of metal, which can be placed to the exact line of
the surface of the mercury, enables one to observe
how much it has varied since the last observation.

In this construction, as the space through which
the upper surface of the mercury in the tube has
40 rise or fall, does not exceed 4 inches at most,
that is, from about 27 inches to about 381 inches
above the mercury in the basin, several contriv-
ances have been used to increase the scale, and
thereby show more sensibly small changes. The
chief of these are as follow.

The diagonal barometer, A B C (Fig.4.),is a tube
sealed at C, immersed in mercury at A ; thistube
is perpendicular from A to B; where the scale of
variation begins at B, itis bent, as C B. The part
B C proceeds to the highest limit in the scale of
variation, I C; consequently, while the mercury
rises from I to C in the common barometer, it will
move in this from B to C; and so the scale will
be, by this means, enlarged in the proportion of
BC to IC.

However, this form being subject to a great de-
gree of friction, on account of the obliquity in the
part B C, which inclination makes the quicksilver
frequently divide into several parts, it requires the
trouble of filling tubes anew too often.

The horizontal, or rectangular barometer, consists
of a tube, A C D F (Fig. 5.), sealed on the upper
end A, and bent to a right angle at D. The mer-
cury stands in both legs from E to C. Here, it is

evident, that in moving three inches from A to C,
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it will move through so many times three inches in
the small leg D F, as the bore of D F is less than
the bore of A C; whence the motion of the mer-
cury at E must be extremely sensible. This form
1s liable to the same excepticns as Fig. 4.; and,
besides a great degree of friction, and the frequent
breaking off of the mercury in the leg E, the part
D F being a very small bore, the free motion of
the mercury therein must be impeded by the at-
traction of cohesion.

- The wheel barometer.— A (Fig. 6.) represents
the quicksilver in a glass tube, having a large round
head or ball, and turned up at bottom B; upon
the surface of the mercury, in the recurved leg,
there is placed a short glass tube loaded with mer-
cury, with a string going over a pulley, and ba-
lanced by another weight hanging freely in the
air.  As the surface at A is very large, and that at
B very small, the motion of the quicksilver, and
consequently of the ball A, will at bottom be
very considerable; but as the weight moves up
and down, it turns the pulley, and that a hand or
index; and, by the divisions of a large graduated
circle, the minutest variations of the air are plainly .
shown, if the instrument be accurately made,
and the friction of the several parts be incon-
siderable. .

There 1s also a barometer, contrived so as not to
be affected by the motion of a ship, called the
marine barometer.

Also a portable barometer, for moving from place
to place without injury, and for measuring the
heights of mountains, by observing the difference
of the altitude of the mercury at the bottom and
top of the mountain,

L3
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A thermometer should always be attached to
the barometer, as a necessary appendage ; and, by
the side of it, a scale of correction, to show how
much to add or subtract from the height of the
mercury in the barometer for the degree of tem-
perature ; for, it is evident that the mercury in the
tube will be affected by heat and cold, in the same
manner as the thermometer, and, on that account,
it will not show the true weight of the atmosphere.
This correction is, therefore, very necessary.

Ever since it was observed that a change of
weather generally accompanied or followed a
variation in the height of the barometer, it has
been used as a prognostic of the weather; and
hence it is frequently called a weather-glass. A
great variety of observations have been made by
different persons, relative to the effect which cer-
tain changes of weather have upon this instrument
and thence they have derived a set of rules, that
assist in enabling one to foretel the changes in the
weather.

But these are by no means so certain, and so
much to be depended upon, as many suppose.
So numerous are the causes that affect the state of
the atmosphere, with which we are but little ac-
quainted, that no instrument can be implicitly de-
pended upon as foretelling the alterations that are
to happen.

The following are the principal circumstances
to be observed in using the barometer as a weather-
glass.

1. The rising of the mercury presages, in gene-
ral, fair weather ; and its falling, foul weather ; as
rain, snow, high winds, and storms. 2. In very
hot weather, the falling of the mercury foretels
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thunder. 3. In winter, the rising presages frost;
and, in frosty weather, if the mercury fall three or
four divisions, there will probably follow a thaw;
but in a continued frost, if the mercury rise, it
will most likely smow. 4. When foul weather
happens soon after the falling of the mercury, ex-
pect but little of it; and, on the contrary, expect
but little fair weather, when it proves fair shortly
after the mercury has risen. 5. In foul weather,
when the mercury rises much and high, and so
continues for two or three days before the foul
weather is quite over, then expect a continuance
of fair weather to follow. 6. In fair weather,
when the mercury falls much and low, and thus
continues for two or three days before the rain
comes, then expect a great deal of wet, and pro-
bably high winds. 7. The unsettled motion of
the mercury denotes uncertain and changeable
weather. 8. You are not so strictly to observe
the words engraved on the plates (though in
general it will agree with them) as the mercury’s
rising and falling ; for if it -stand at much rain,
and then rise up to changeable, it presages fair
weather, though not to continue so long as if the
mercury had risen higher; and so, on the contrary,
if the mercury stood at fair, and fall to changeable,
it presages foul weather ; though not so much of
it as if it had sunk lower.

From these observations, it appears that it is not
so much the height of the mercury in the tube that
indicates the state of weather, as the motion of it
up and down.

Besides the barometer, there are several other
instruments used for meteorological purposes; such
as the thermometer, hygrometer, wind-gage, rain-
cage, and electromeler.

L 4
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The kygrometer is an instrument for measuring
the degree of dryness, or dampness, of the atmos-
phere. They are of various constructions. One
of the most sensible is that made of the beard of
wild oats, which, by twisting, moves an index fas-
tened to it. Another kind is formed of a thin slip
of whalebone, which lengthens in moist, and con-
tracts in dry weather.

The wind-gage (called also aremoscope) is an in-
strument for measuring the force of wind ; and the
rain-gage ascertains the quantity of rain that falls
on each square foot of the earth’s surface.

Plate 7. fig. 9. represents one of the best con.
structions of rain-gages. It consists of a hollow
cylinder, having within it a cork-ball attached to a
wooden stem, which passes through a small open-
g at the top, on which is placed a large funnel.
When this instrument is placed in the open air in
a free place, the rain that falls within the circum.
ference of the funnel will run down into the tube,
and cause the cork to float; and the quantity of
water in the tube may be seen by the height to
which the stem of the float is raised. The stem
of the float is so graduated, as to show, by its divi-
sions, the number of perpendicular inches of water
which fell on the surface of the earth since the
last observation. It is hardly necessary to observe,
that after every observation the cylinder must be
emptied.

The electrometer will be described under elec-
tricity.

PRACTICAL DIRECTIONS FOR USING THE AIR
PUMP,

The invention and general construction of the
air-pumyp have been already described, p. 129.; but
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some circumstances respecting it could not be un-
derstood before the barometer was explained.

The gage, or instrument for measuring the de-
gree of rarefaction or exhaustion produced in the
receiver, is a necessary appendage to the air-pump.
If a barometer be included beneath the receiver,
the mercury will stand at the same height as in the
open air; but when the receiver begins to be ex-
hausted, the mercury will descend, and rest at a
height which is, in its proportion to its former
height, as the spring of the air remaining in the
receiver is to its spring before exhaustion. Thus,
if the height of the mercury, after exhaustion, is
the thousandth part of what it was before, we say
that the air in the receiver is rarefied 1000 times.
On account of the inconvenience of including a
barometer in a receiver, a tube of six or eight
inches in length is filled with mercury, and inverted
in the same manner as the barometer. This
being included, answers the same purpose, with
no other difference, than that the mercury does
not begin to ascend till about three-fourths of
the air is exhausted : it is called the short ba-
rometer gage. It is generally placed detached,
but communicating with the receiver by a tube
concealed in the frame, as is represented at Plate 6.
fig. 1. Others place a tube of a greater length
than the barometer, with its lower end in a vessel
of mercury, exposed to the pressure of the air,
while its upper end communicates with the re-
ceiver. Here the mercury rises as the exhaustion
proceeds ; and the pressure of the remaining air is
shown by the difference between its height and
that of a barometer in the room: this is called the
long baromeler gage.
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In using the air-pump, every subsiance contain-
ing moisture should be removed from the pump-
plate, as water assumes the form of an elastic
vapour when the pressure of the atmosphere is
taken away. The receivers used formerly to be
placed upon the pump-plate, on leathers soaked in
water or oil; but Mr. Nairne discovered that an
elastic vapour arose from this that considerably
affected the gage, and prevented it from showing
the degree of rarefaction of the air. Instead of
placing leathers under the receivers, the best way
is, to have the pump-plate ground perfectly flat, as
also the edge of the receiver, which should be rub-
bed with a little hog’s lard or soft pomatum ; this
will perfectly exclude the air, without affording
any moisture. The pump-plate and the receiver
should be wiped very clean.

When leathers are used, the barometer-gages
will not show the degree of rarefaction of the air;
which, however, may be ascertained by a gage in-
vented by Mr. Smeaton, and called, from its form,
the pear-gage. It consists of a glass vessel, in the
form of a pear (Plate 0. fig. 11.), and sufficient to
hold about half a pound of mercury : it is open at
one end, and at the other end i1s a tube hermeti-
cally closed at top. The tube is graduated, so as
to represent proportionate parts of the whole capa-
city. This gage, during the exhaustion of the
receiver, is suspended in it by a slip wire, over a cis-
tern of mercury, placed also in the receiver. When
the pump is worked as much as is thought neces-
sary, the gage is let down into the mercury, and
the air re-admitted. The mercury will immediately
rise in the gage ; but if any air remained in the
receiver, a certain portion of it would be in the
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gage ; and as it would occupy the top of the tube
above the mercury, it would show, by its size, the
degree of exhaustion : for the bubble of air would
be to the whole contents of the gage, as the quan-
tity of air in the exhausted receiver would to an
equal volume of the common atmospheric air. If
the receiver contained any elastic vapour gene-
rated during the rarefaction, it would be con-
densed upon the re-admission of the atmospheric
air, as it cannot subsist in the usual pressure. The
pear-gage, therefore, shows the true quantity of
atmospheric air left in the receiver. Hence, it will
sometimes indicate that all the permanent air is
exhausted from the receiver, except about +:dss
part, when the other gages do not show a degree
of exhaustion of more than 200 times, and some-
times much less.

Particular care should be taken, after making
any experiments where vapour has been generated,
to clear the pump of it, before any other experi-
ments are attempted ; for the vapour remains not
only in the receiver, but also in the tubes and
barrels of the pump, and will, when the air is
again rarefied, expand as before. To clear the
pump of this vapour, take a large receiver, and,
wiping it very dry, exhaust it as far as possible.
The expansible vapour which remained in the
barrels and the pipes will now be diffused through
the receiver, and, consequently, will be as much
rarer than it was before as the aggregate capacity
of the receiver is larger than that of the pump and
pipes. If the receiver be large, one exhaustion
will be sufficient to clear the pump so far, that
what remains can be of no consequence. If the
receiver be small, the operation should be repeated
two or three times. |
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“In all mercurial experiments with the air-pump,
a short pipe must be screwed into the hole of the
pump-plate, so as to raise above it about half an
inch, to prevent the quicksilver from getting into
the air-pipe and barrels, in case any should acci-
dentally be spilt over the jar; for if it gets into
the barrels, it spoils them, by loosening the solder,
and corroding the brass.

With respect to the leathers, if the pump-plate
is not ground, they are absolutely necessary; they
should be previously soaked in oil, from which the
moisture has been expelled by boiling, or hog’s-
lard, with a little bees-wax, which gives a clammi-
ness very proper for the purpose.

It is evident, that the vacuum in the receiver of
the air-pump can never be perfect, that is, the air
can never be entirely exhausted; for it is the
spring of the air in the receiver that raises the
valve, and forces its way into the barrel ; and the
barrel at each suction can only take away a certain
part of the remaining air, which is in proportion
to the quantity before the stroke as the capacity
of the barrel is to that of the barrel and receiver
added together.

This, however, is an imperfection that is seldom
of much consequence in practice ; because most
air-pumps, at a certain period of the exhaustion,
cease to act, on account of their imperfect con-
struction ; for the valves usually consist of a piece
of oiled bladder, tied over a hole; sothat the air is
at liberty to pass by lifting up the bladder, but
cannot return again: and thus there will unavoid-
ably be a small space left between the lower valve
and the piston, when down.

Now, it will happen, when the air in the re-
~celver is very rare, that its spring will not be
1#
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strong enough to overcome the adhesion of the
bladder forming the lower valve; which, conse-
quently, will remain shut, and the exhaustion
cannot proceed. Or, before this period, it may
happen, that the air between the valves when the
piston is up, may be so small as to lie in the space
between the two valves when the piston is down,
without being sufficiently condensed for its spring
to overcome the adhesion of the bladder forming
the upper valve, and the weight of the atmosphere
that presses it : in this case, the upper valve will
remain shut, and the exhaustion cannot proceed.
Various modern improvements in the air-pump
obviate these inconveniences in a great degree.

Mr. Smeaton enlarged the size of the lower valve;
and, to strengthen it, supported it on a brass

grating, resembling a honeycomb. This allowed
the valve to rise more easily. He also covered the
top of the barrel, making the piston-rod work
through a collar of leathers ; by which he took off
the pressure of the atmosphere from the piston-
valve, which acted against the rarefied air in the
receiver. Pumps on this construction have been
made by Nairne, and other instrument-makers, and
have answered extremely well.

It would not come within the limits of this work
to enumerate all the improvements, and different
modes of construction, used in this instrument.
The latest are the air-pumps, made by Haas and
Hurter, Cuthbertson, and Prince; each of which
has particular advantages.

THE AIR GUN.

This pneumatieal instrument is an ingenious
eontrivance, which will drive a bullet with great
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violence by means of condensed air. Plate 7.
fig. 8. represents an iron condenser, for condensing
air into the hollow ball 4 : at the end @ of the con-
denser there is a male screw, on which the ball is
screwed. In the inside of this ball is a valve, to
hinder the air, after it is injected, from making its
escape, until it be forced open by a pin, against
which the hammer of the lock strikes; which then
lets out as much air as will drive a ball with con-
siderable force to a great distance.

When you condense the air in the ball, place
your feet on the iron cross & A, to which the piston-
rod d is fixed ; then lift up the barrel e @, by the
handles 7z, until the end of the piston is brought
between ¢ and ¢ ; the barrel a ¢ will then be filled
with air through the hole e. Then thrust down
the barrel a ¢ by the handles 7 ¢, until the piston e
join with the neck of the iron ball at . The air
being thus condensed between e and a, will force
open the valve in the ball ; and when the handles
it are lifted up again, the valve will close, and
keep in the air: so, by rapidly continuing the
stroke up and down, the ball will be filled ; after
‘which, unscrew the ball off the condenser, and
screw it upon another male screw, which is con-
nected with the barrel, and goes through the stock
of the gun, as represented Fig. 7. Twelve dwts.
-of air have been injected into a ball 3.75 inches
-diameter, which has discharged 15 bullets with
.¢onsiderable force. :

There are many varieties of air-guns: some
have a small barrel contained within a large one;
and the space between the two barrels serves for
the reception of condensed air. In this sort, a

.valve is fixed at a (Fig. 7.), with a condenser
-dixed to the barrel, and continued throngh the butt-
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end to ¢, where the piston-rod may be always left
in. Place your feet on the pin, and the whole gun
serves instead of the handles i 7 (Fig. 8.) to con-
dense the air in the barrel.

The magazine air-gun diflers from the common
one, only by bhaving a serpentine-barrel, which
contains 10 or 12 balls; these are brought into the
shooting barrel successively, by means of a lever;
and they may be discharged so fast as to be nearly
of the same use as so many different guns,

THE DIVING BELL.

To illustrate the principle of this machine, take
a glass-tumbler, and plunge it into water with the
mouth downwards; you will find that very little
water will rise into the tumbler ; which will’be very
evident, if you lay a piece of cork upon the sur-
face of the water, and put the tumbler over it ; for
you will see, that though the cork should be
carried far below the surface of the water, yet that
its upper side is not wetted; the air which was
in the tumbler having prevented the entrance of
the water; but as air is compressible, it could not
entirely exclude the water, which, by its pressm e,
condensed the air a little.

The first diving-bell of any note was that made
by Dr. Halley. It was in the form of a great bell,
and was coated with lead, so as to sink empty;
weights being distributed about the lower part, to
keep it in an inverted position. It was three feet
wide at top, five feet wide at bottom, and eight
feet high. In the top was fixed a strong clear
glass, to let in the light from above, and likewise a
cock, to let out the hot air that had been deprived
of its vital principle by repeated breathing. It
was suspended from the mast of a ship, in such a
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manner as to be let down over its side without any
danger. Within, there was a circular seat for the
divers. To supply the bell with air under water,
two barrels, of about 63 gallons each, were made,
and cased with lead sufficient to make them sink
when empty; each having a hole in its lower part
to let in the water, as the air in them 1s condensed
in their descent, and to let it out again when they
were drawn up full from below. And, to a holein
the top of the barrels, was fixed a hose, or hollow
pipe, well prepared with bees-wax and oil; which
was long enough to fall below the hole at the
bottom, being sunk with a weight appended: so
that the air in the upper part of the barrels could
not escape, unless the lower end of these pipes
were first lifted up. These air-barrels were fitted
with tackle proper to make them rise and fall
alternately, like two buckets in a well: in their
descent, they were directed, by lines fastened to
the under edge of the bell, to the man standing on
the stage to receive them; who, by taking up the
ends of the pipes above the surface of the water in
the bell, gave occasion for the water in the barrels
to force all the air in the upper parts into the bell,
while it entered below, and filled the barrels. And,
as soon as one was discharged, by a signal given
it was drawn up; and the other descended, to be
ready for use. As the cold air rushed into the
bell from the barrel below, it expelled the hot air
(which was lighter) through the cock at the top,
which was then opened for that purpose. By this
method, air was communicated so quick, and in
such plenty, that the Doctor tells us, he himself
was one of five who were together at the bottom,
in nine or ten fathoms water, for above an hour
and a half at a time, without experiencing any ill
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work in it. It was supplied with fresh air by a
forcing pump. This was used with great success
at Ramsgate. Other contrivances have been used
for diving to small depths, which have answered
very well, such as strong cases for the body, to
keep off the pressure of the water, which were
supplied with fresh air by pipes from the surface.
A very good one of this kind is particularly de-
seribed in the Philosophical Magazine, vol. viii. p.59.

OF AIR BALLOONS.

The air-balloon is a machine, consisting of a bag
filled with air, so light, that it, together with the
bag, forms a mass which is specifically lighter than
the common air of the atmosphere. A cubic foot
of common air is found to weigh above 554 grains,
and to be expanded by every degree of heat
marked on Fahrenheit’s thermometers, about 1-50th
part of the whole. By heating a quantity of air,
therefore, to 200 degrees Fahr., you will just
double its bulk, when the thermometer stands at
54 in the open air, and in the same proportion you
will diminish its weight; and if such a quantity of
this hot air be inclosed in a bag, that the excess of
the weight of an equal bulk of common air, weighs
more than the bag with the air contained in it,
both the bag and the air will rise into the atmos-
phere, and continue to do so till they arrive at a
place where the external air is naturally so much
rarefied, that the weight becomes equal, and here
the whole will foat.

The power by which hot air is impelled upwards,
may be shown by the following experiment. Roll
up a sheet of paper in a conical form, and by
thrusting a pin into it near the apex, prevent it
from urrolling. Fasten it then by its apex, under
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one of the scales of a balance, by means of a thread;
and having properly counterpoised it by weights
put into the opposite scale, apply the flame of a
candle underneath, and you will instantly see the
cone rise; and it will not be brought into equili-
brium with the other, but by a much greater
weight than those who have never seen the ex-
periment would believe.

If the magnitude of a balloon be increased, its
power of ascension, or the difference between the
weight of the included air and an equal bulk of
common air, will be augmented in the same pro-
portion. For its thickness being supposed the
same, it is as the surface it covers, or only as the
square of the diameter. This is the reasoun why
balloons cannot be made to ascend, if under a
given magnitude, when composed of cloth, or ma-
terials of the same thickness.

In the year 1766, Mr. Cavendish ascertained the
weight ‘and other properties of inflammable air,
determining it to be at least seven times lighter
than common air. Soon after which it occurred
to Dr. Black, that, perhaps, a thin bag, filled with
mflammable air, might be buoyed up by the com-
mon atmosphere, and he thought of having the
allantois of a calf prepared for this purpose; but
hisother avocations prevented him from prosecuting
the experiment. The same thought occurred,
some years after, to Mr. Cavallo, and he has the
honour of being the first who made experiments
on the subject. He first tried bladders, but the
thinnest of these, however, well scraped and pre-
pared, were found too heavy; he then  tried
Chinese paper, but that proved so permeable, that
the inflammable air passed through it like water
through a sieve, His experiments, therefore, made
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in the year 1782, proceeded no farther than
blowing up soap-bubbles with inflammable air,
which ascended rapidly to the ceiling, and broke
against it.

But while the discovery of the art of aerostation
scemed thus on the point of being made in Britain,
it was all at once announced in France, and that
from a quarter whence nothing of the kind was to
have been expected. Two brothers, Stephen and
John Montgolfier, natives of Annonay, and pro-
prietors of a considerable paper manufactory there,
had turned their thoughts towards this project, as
early as the middle of the year 1782, The idea
was first suggested by the natural ascent of the
smoke and clouds in the atmosphere, and their de-
sign was to form an artificial cloud, by inclosing
the smoke in a bag, and making it carry up the
covering along with it.

Towards the middle of November that year, the
experiment was made at Avignon, with a fine silk
bag. By applying burning paper to an aperture
at the bottom of 1t, the air was rarefied, and the
bag swelled, and ascended to the ceiling. On
repeating the experiment in the open air, it rose to
the height of about seventy feet.

Soon after this, one of the brothers arrived at
Paris, where he was invited by the Academy of
Sciences to repeat his experiments at their expence.
In consequence of this invitation, he constructed,
in a garden in the Fauxbourg Saint Germain, a
large balloon of an elliptical form. Ina preliminary
experiment, this machine lifted up from the ground
eight persons who held it, and would have carried
them all off;, if more had not quickly gone to their
assistance. Next day the experiment was repeated
in the presence of the members of the academy;
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the machine was filled by the combustion of fifty
pounds of straw, made up in small bundles, upon
which twelve pounds of chopped wool were thrown
at intervals. The usual success attended this ex-
hibition; the machine soon swelled, endeavoured
to ascend, and sustained itself in the air, together
with a weight of between four and five hundred
pounds. It was evident that it would have ascended
to a very great height, but as it was designed to
repeat the experiment before the king and royal
family at Versailles, the cords by which it was tied
down were not cut. In consequence of a violent
wind and rain, which happened at this time, the
machine was so far damaged, that it became neces-
sary to prepare a new one for the time that it had
been determined to honour the experiment with
the royal presence; and such expedition was used,
that this vast machine, of near 60 feet in height,
and forty-three in diameter, was made, painted
with water-colours both within and without, and
finally decorated, in no more than four days
and four nights.

Along with this machine was sent a wicker cage,
containing a sheep, a cock, and a duck, which were
the first animals ever sent up in the atmosphere.
The complete success of this experiment was pre-
vented by a violent gust of wind, which tore the
cloth in two places near the top, before it ascended ;
however, it rose to the height of 1440 feet; and
after remaining in the air about eight minutes, fell
to the ground, at the distance of 10,200 feet from
the place of its setting out. The animals were
not in the least hurt. The great power of these
aerostatic machines, and their very gradual descent
to the ground, had originally shown that they were
capable of transporting people through the air with
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all imaginable safety; and this was further con-
firmed by the experiment already mentioned. As
Mr. Montgolfier, therefore, proposed to make a new
aerostatic machine, of a firmer and better con-
struction than the former, M. Pilatre de Rozier
(whose temerity in a subsequent experiment proved
fatal to him,) offered himself to be the first aerial
adventurer. On the 15th of October, 1783, he
rose from the garden of the Fauxbourg Saint
Antoine, at Paris, in a wicker gallery, about three
feet broad, attached to an oval balloon, of 74 feet
by 40, which had been made by Montgolfier, and
which also carried up a grate, for the purpose of
continuing at pleasure the inflation of the balloon,
by a fire of straw and wool. The weight of this
machine was 1,600 pounds. On that day it was
permitted to rise no higher than 84 feet; but on the
19th, when M. Giraud de Vilette ascended with
him, they rose to the height of 332 feet, being
prevented from farther ascent only by ropes.
Encouraged by the success ot these experiments,
M. Rozier and the Marquis I’ Arlandes first trusted
a balloon to the elements; and after rising to the
height of 3,000 feet, they descended about five
miles from the place of their ascent. They ex-
perienced great danger on this occasion, from the
balloon taking fire, which, however, they extin-
guished with a wet sponge.

These balloons raised by fire have, however, not
been much used, having given place to the other
kind, filled with inflammable air, which, by reason
of its smaller specific gravity, is safer and more
manageable, and is capable of performing voyages
of greater length, as it does not require to be sup-
plied with fuel, like the others.

17
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About this time, Count Zambecari sent up from
the Artillery-Ground, London, a small gilt balloon,
filled with inflammable air, which, in two hours
and half, reached a spot near Petworth, in Sussex,
and would not then have fallen had 1t not burst.

The first aerial voyage with an inflammable air
balloon, was made by Messrs. Charles and Roberts,
from Paris, December 1, 1783.

The machine used on this occasion was formed
of silk, covered over with a varnish made of elastic
gum, of a spherical figure, and measuring 271 feet
in diameter.

Having ascended to the height of about one-third
part of a mile, they were carried by the wind in a
horizontal direction, and descended in a field 27
miles from Paris, having travelled that distance in
two hours, M, Charles then ascended alone, and
rose to the height of about two miles, without ex-
periencing any other disagreeable sensation than a
severe cold and a pain in his ears, owing probably
to the expansion of the dense internal air.

A great many aerial voyages were made in
France before it was attempted in England.

Vincent Lunardi, an Italian (the first who made
an aerial voyage in England), on the 15th of
September, 1784, rose from the Artillery-Ground
in London, by a balloon 33 feet in diameter, made
of silk, oiled, and painted in stripes of blue and
red. He took up with him a dog and a cat; the
latter was destroyed, and the dog was almost spent.
In his ascent, the thermometer fell to 29, and some
drops of water round his balloon were frozen. He
ascended about five minutes after two o’clock, and
arrived at Collier’s Hill, five miles beyond Ware,
in Hertfordshire, at 25 minutes after four.

M 4
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Mr, Sadler, of Oxford, was the first Englishman
who ascended with a balloon. He constructed
one himself, with which he rose from Oxford on
the 4th of October; and a second time on the
12th, and sailed 15 miles in 18 minutes.

M. Blanchard and Dr. Jeffries, on the 7th of
the same month, crossed the Channel between
Dover and Calais, by means of a balloon; but had
such difficulty to keep it above water, that they
were obliged to throw away every thing they had
with them. |

Mr. M¢Guire, on the 12th of May, having
ascended from Dublin, was carried with great ve-
locity towards the sea, into which he descended,
and was taken up by a boat, when on the point of
expiring with fatigue.

M. Pilatre de Rozier and M. Romain, on the
15th of July, ascended from Boulogne, with an in-
tention of crossing the Channel, but their balloon,
being a Montgolfier, or fire-balloon, took fire at
the height of 1200 yards, and they fell to the
ground and were dashed to pieces.

M. Blanchard, in August, made an aerial voy-
age from Lisle, to the distance of 300 miles, before
he descended. He had also a parachute attached
to his car; with this he dropped a dog, which de-
scended gently and without injury.

The rage for aerostatic experiment now almost
entirely subsided; and the French were the only
people who paid any attention to it during the
period of the late war. They employed it for
reconnoitring in the army; and it is said that they
gained the battle of Fleurus through information
obtained in this way.

Notwithstanding the numerous ascents that have
been made in various countries, scarcely any con-
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siderable improvement had been made. The
addition of a parachute, however, lessens much
the danger of this machine.

The parachute is, in fact, only a large umbrella,
which the aeronaut attaches to his body, and with
which he descends in perfect safety when separated
from the balloon. The first experiments were made
by causing dogs to descend from the balloon with
umbrellas or small parachutes attached; and
Garnerin was the first who successfully descended
from a balloon with a parachute.

The imagination can scarcely figure to itself any
thing more daring than such an exploit. On Sep-
tember 21, 1802, M. Garnerin ascended alone
from St. George’s-parade, North Audley-Street,
Grosvenor-square. e went to the height of 8000
feet before he cut away the parachute, to which he
was suspended. His descent for the first thirty
seconds was astonishingly rapid. The parachute
then expanded, and came down steadily; but it
soon began to swing; and this motion increased to
such a degree, that all were alarmed for the safety
of the aeronaut. When it came near to the earth
the swinging motion decreased, and he alighted
without any injury. The velocity with which he
came to the ground, was the same as if he had
leaped from a height of four feet.

Notwithstanding the extraordinary nature of the
discovery of air-balloons, it has not yet been applied
to any useful purpose. The machine may be ele-
vated or lowered at pleasure, by throwing out
ballast, or letting out some inflammable air; but no
means have yet been found, by which it can be
steered in any other direction than that of the
wind. This has prevented it from being applied
to the purposes of travelling; nor have we acquired
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by its means much addition to our knowledge of’
the atmosphere, owing partly to the recentness of
the discovery, and partly to a deficiency of philo-
sophical knowledge in most of the adventurers.

The agreeable stillness and tranquillity aloft in
the atmosphere have been matter of general ob-
servation. On arriving at a considerable height,
great cold has always been experienced; and clouds
have been passed through, which contained some-
times snow, and sometimes lightning. The view
of the country below is said to be inconceivably
grand.

Upon the whole, considering the number of voy- -
ages that have been made, but few accidents have
happened; and these were commonly owing to the
bad construction of the apparatus. The balloon
seems, when properly managed, to be quite as safe
as any other species of conveyance.

On the Mode of Constructing and Filling Balloons.

There are, as has been already mentioned, two
kinds of balloons; those raised with heated, or
rarefied air, and those filled with inflammable air.

The best forms for balloons are, that of a globe,
and an egg-like figure. Fire-balloons, or those
raised by heated air, if very large, may be made of
linen, or silk; and must be open at bottom, having
a hoop round the opening, from which is suspended
the grate for the fuel, which is best of straw, or
other light combustibles. Small balloons of this
kind may be made of tissue-paper, having a wire
round the bottom. Two cross wires may support in
the centre of the opening a little cup, with some
cotton and spirits of wine, the flame of which will
rarefy the air, and raise the machine.
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Large balloons for inflammable air must be made
of silk, and varnished over, so as to be airtight.
To the upper part of the balloon there should be
fitted a valve, opening inwards, to which a string
should be fastened, passing through a hole made in
a small piece of wood, fixed in the lower part of the
balloon; so that the aeronaut may open the valve
when he wishes to descend. The action of the valve
is effected by a round brass plate, having a hole
about two or three inches diameter, covered on both
sides with strong smooth leather: on the inside
there is a shutter of brass, covered also with
leather, which serves to close the hole: it is
fastened to the leather of the plate, and kept
against the hole by a spring. To the lower part
of the balloon a pipe is fixed, made of the same
materials with the balloon, which serves to fill
it by.

The car, or boat, is made of wicker-work, covered
with leather, and well varnished, or painted, and is
suspended by ropes proceeding from the net which
goes over the balloon. This netting should cover
the upper part, and come down to the middle, with
various cords proceeding from it to the circumfer-
ence of a circle, about two feet below the balloon.
From that circle other ropes go to the edge of the
boat. This circle may be made of wood, or of
several pieces of slender cane bound together.
The meshes of the net should be small at top
(against which part of the balloon the inflammable
air exerts the greatest force), and increase in size
as they recede from the top.

The inflammable air for filling the balloon is
procured, by putting a quantity of iron-filings, or
turnings, with some oil of vitriol diluted with
water, into casks lined with lead. From the top of
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these casks tin tubes proceed, which unite into one
that is connected with the silk tube of the balloon.
Balloons cannot be made smaller than five or six
feet in diameter, of oiled silk, as the weight of the
material is too great for the air to buoy itup. They
may be made smaller, of thin strips of bladder, or
other membrane, glued together. The best for
this purpose is the allantois of a calf, which is the
membrane which encloses the feetus in the womb.
With this they may be made 18 inches in diameter.

OF THE WINDS.

Wind is a stream or current of air. Asairisa
fluid, its natural state is that of rest, which it en-
deavours always to keep or retrieve by an universal
equilibrium of all its parts. When, therefore, this
natural equilibrium of the atmosphere happens, by
any means, to be destroyed in any part, there ne-
cessarily follows a motion of all the circumjacent
air towards that part, to restore it; and this motion
of the air is what we call wind.

If the air were uniformly of the same density at
the same height, and the lighter parts always re-
posed upon the heavier, it is evident that the
lateral pressure being equal in every horizontal
direction, it would remain at rest; but if, on the
contrary, any portion or part of the air were heavier
than the rest, it would descend, or, if lighter,
ascend, until the equilibrium was restored; so that
either the displaced air would occasion a wind,
diverging from a central space, in consequence of
the descent or pouring down of the heavier air; or
else the air, rushing in, would occasion a wind
converging to a central space, in consequence of
the descent or pouring down of the heavier air; or
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else the air rushing in, would occasion a wind con-
verging to a central space, to supply the lighter
ascending stream. It is, therefore, evident, that any
agent that alters the density of a part of the air
will produce a wind.

The density of the air is changed by compression
and by heat. Its elasticity is increased by the
addition of moisture; and electricity may have
some effect of the same kind.

In considering the causes of winds, the principal
agent to be attended to must be heat.

The different winds may be reduced to three
classes, viz. general, periodical, and variable
winds. .

The general winds are usually called frade-winds.
They always blow nearly in the same direction. In
the open seas, that is, in the Atlantic and Pacific
Oceans, under the equator, the wind is found to
blow almost constantly from the eastward: this
wind prevails on both sides of the equator, to the
latitude of 28°. To the northward of the equator,
the wind is between the north and east; and the
more northerly, the nearer the northern limit. To
the southward of the equator, the wind is between
the south and east; and the more southerly, the
nearer the southern limit.

Periodical winds are such as blow in a certain
direction for a time; and at stated seasons change,
and blow for an equal space of time from the oppo-
site point of the compass. These may be divided
into two classes, viz. monsoons, or winds that
change annually ; and land and sea breezes, or winds
that change diurnally.

In thesea between Madagascar and New Holland,
the S. E. wind extends no farther to the northward
than about the tenth degree of south latitude, the
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If one of these whirlwinds happen at sea, the
pressure of the atmosphere being taken off that
part of the surface over which the vacuum is
formed, the water, on the principle of the Torri-
cellian tube, will rise to the height of thirty-two or
thirty-three feet, before it will be in equilibrio with
the external pressure. The ascending warm air,
being most probably charged with vapours, will suffer
them to be condensed as it arrives at a colder
region, and thus, the course of the current will be
marked by a dense and opaque vapour, and by the
continual ascent a cloud will be formed above.
This forms the phenomena of water-spouts. At
first a violent circular motion of the sea is ob-
served, sometimes for the space of twenty feet
diameter: this rises afterwards by degrees into a
tapering column of about thirty feet in height, at
the same time that a cloud appears, from which a
dark line or column descends. This column is
met by another, which ascends somewhat like
smoke in a chimney, from the lower or solid part
of the spout. After this junction the cloud con-
tinually increases until the whirl ceases, and the
appearance terminates.
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HYDRAULICS.

Hypravvrics is the science which teaches us how
to estimate the swiftness and force of fluids in
motion, and upon these principles many machines
worked by water are constructed.

When an open vessel full of liquor is pierced at
the bottom, the liquor spouts out with great force;
but as it continues to run, it flows more feebly.

If a hole be made in the side of a vessel, the
water will spout out horizontally, because fluids
press equally in all directions.

The velocity with which water spouts out at a
hole in the side or bottom of a vessel, is as the
square root of the depth or distance of the hole
below the surface of the water: for, in order to
make double the quantity of a fluid run through
one hole as through another of the same size, it
will require four times the pressure of the other,
and, therefore, the aperture must be four times the
depth of the other below the surface of the water;
and for the same reason, three times the quantity
running in an equal time through the same sort of’
hole, must run with three times the velocity, which
will require nine times the pressure, and conse-
quently the hole must be nine times as deep below
the surface of the fluid, and so on.
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~ 'To prove this by experiment : let two pipes of
equal sized bores be fixed into the side of a vessel,
one pipe being four times as deep below the sur-
face of the water in the vessel as the other is;
and whilst the pipes run, let water be poured cou-
stantly into the vessel, so as to keep it always full.
Then, if a cup that holds a pint be so placed as to
receive the water that spouts from the upper pipe,
and at the same moment a cup that holds a quart
be placed to receive the water from the lower pipe,
both cups will be filled at the same time by their
respective pipes.

The horizontal distance to which a fluid will
spout from a horizontal pipe, in any part of the
side of an upright vessel below the surface of' the
fluid, is equal to twice the length of a perpendi-
cular to the side of the vessel, drawn from the
mouth of the pipe to a semicircle described upon
the altitude of the fluid : and, therefore, the spout
will be to the greatest distance possible from a
pipe whose mouth is at the centre of the semi-
circle ; because a perpendicular to its diameter,
(supposed parallel to the side of the vessel) drawn
from that point, is the longest that can possibly be
drawn from any part of the diameter to the cir-
cumference of the semicircle.

Thus, if the vessel A B (Plate 8. fig. 12.) be
full of water, the horizontal pipe D in the middle
ot its side, and the semicircle N E C be described
upon D as a centre, with the radius or semidia-
meter D C, or DN, the perpendicular D E to the
diameter C D N is the longest that can be drawn
from any part of the diameter to the circumfer-
ence: and if the vessel be kept full, the jet will
spout from the pipe D to the horizontal distance

VOL. T. N
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M M, which is double the length. of the perpen-
dicular D E. If two other pipes, as I' and G, be
fixed into the side of the vessel, at equal distances
above and below the pipe D, the perpendiculars
F H and G I, from these pipes to the semicircle,
will be equal ; and the jets spouting from them
will each go to the horizontal distance N K, which
is double the length of either of the perpendiculars
FHorGL

The reader will easily perceive, that the curves
described by the spouting fluid, in all the different
situations, will be that of" a parabola ; being acted
upon by the combined forces of the lateral pres-
sure of the fluid in the vessel, and the force of
gravity.

When water issues through the aperture in the
side of a vessel, a smaller quantity runs out than
what might be expected from the pressure of the
fluid in the vessel ; because the stream is con-
tracted at a small distance from the aperture,
owing to the oblique direction of some of the parti-
cles of thewater in arriving at the aperture within,
and thus crossing each cther as they come out. If a
short cylindrical pipe be added to the aperture, the
delivery is increased in a certain degree; but a
much greater quantity flows when the short pipe or
ajutage, as it is called, is made of the form of a

Srustum gf a cone, the smaller end being towards
the vessel.

We have seen that water will run through bended
pipes to the same level as the reservoir from which
it proceeds. So, also, if the pipe through which the
water issues in an open vessel be turned upwards,
the water will form a jetor fountain (see Plate 8.
fig. 12.), and will rise nearly as high as the surface
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of the water in the reservoir; but it will not rise
quite so high, owing to the resistance of the air and
the friction in the ajutage.

THE SYPHON.

A syphon, generally used for decanting liquors,
is a bended pipe, whose legs are of unequal lengths,
as A B (Plate 8. fig. 14.) If a small bent tube,
whose legs are of equal lengths, be filled with
water, and turned downwards, the fluid will not
run off, but remain suspended therein, so long as
it is held exactly level ; but when an inclination is
given to either leg, whereby the perpendicular alti-
tude of one is in effect made shorter than the other,
the water will flow from the lowest leg, and will
continue to run till the vessel is emptied.

The theory of this is as follows: the air is a
fluid, whose density near the surface of the earth
is experimentally found to be to that of water, at
a medium, as to 1 to 850 ; so that 850 gallons of
air, near the earth, weigh as much as one gallon
of water. Now, according to the nature of all
other fluid bodies, the air presses the surface of all
things exposed to it every way equally. When,
therefore, the legs of the syphon, equal in length,
are turned down, the weight of the atmosphere
above being kept off by the machine, the under
air, bearing against and repressing the water which
tends to fall out of both of them with equal force,
keeps it in suspense, and prevents its motion ; but
when, by inclining it to either side, we in effect
shorten one of its legs, and lengthen the other in
perpendicular altitude, the balance is destroyed,
and the longest will preponderate.

N 2
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And, to observe how small an inclination will
answer this purpose, cne need only take a couple
of jars full of water, and hang a small syphan,
whose legs are of equal lengths, upon the edge of
one; the external leg whereof will, from the slop-
ing of the jar, naturally incline a little, and the
syphon will soon begin to act ; then taking it on
the edge of the other jar, the like will immediately
happen ; and thus reciprocally the effect may be
produced as often and as suddenly as you please.

It is evident from what has been said, that when
the two legs of the syphon are of equal length,
they are equally pressed by the atmosphere, and
consequently no motion ensues; but when the
syphon is inclined, the perpendicular height of the
one is made greater than that of the other, and the
- weight of the water in the one overbalances that
in the other, and begins to flow. On this account,
in practice, one of the legs of the syphon is made
longer than the other, that the effect may take
place without inclining the instrument.

In order to make a syphon act, it is necessary,
first, to fill both legs quite full of the fluid, and
then the shorter leg must be placed in the vessel
to be emptied. Immediately upon withdrawing
the finger from the longer leg, the liquor will flow.
If the perpendicular height of a syphon, from the
surface of the water to its bended top, be more
than 33 feet, it will draw no water, even though
the other leg were much longer, and the syphon
quite empied of air; because the weight of a
column of water 33 feet high, is equal to the
weight of a column of air reaching from the sur-
face of the earth to the top of the atmosphere.
Mercury may be drawn through a syphon, in the
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same manner as water ; but then the utmost height
of the syphon must always be less than 30 inches, as
mercury is nearly 14 times heavier than water. The
syphon may be filled, by pouring some of the fluid
into it, or by placing the shorter leg in the vessel,
and sucking the liquor through the longer leg.
Some, as Fig. 15., are made with a sucking-pipe
attached to the longer leg. Syphons are extremely
convenient for decanting liquors of various kinds,
as they do not disturb the sediment.

A syphon may be disguised in a cup, from which
no liquor will flow until the fluid be raised therein
to a certain height ; but when the efflux is once
begun, it will continue until the vessel be emptied.
For instance, fig. 16. Plate 8. is a cup, in the
centre of which is fixed a glass pipe, continued
through the bottom, over which is put another
glass tube, made air-tight at top by means of the
cork, but left so open at foot, by holes, that water
may freely rise between the tubes as the cup is
filled : until the fluid in the cup shall have gained
the top of the inmost pipe, no motion will take
place ; the air, however, from between the two
pipes, being in the mean time extruded, by the
rise of the denser fluid, and passing down the
inner tube, will get away at bottom; and the
water, as soon as the top of the enclosed tube shall
be covered thereby, will very soon follow, and
continue to rise in this machine, as in the syphon,
until the whole has run oft. This is called 7an-
talus’ cup ; and to make the thought more humor-
ous, a hollow figure is sometimes put over the
inner tube, of such length, that when the fluid has
got nearly up to the lips of the man, the syphon
may begin to act, and empty the cup. Itis, in
effect, no other than if the two legs of the syphon

N 3
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were both in the vessel, into which the water being
poured, it will rise in the shorter leg of the ma-
chine, by its natural pressure upwards, to its own
level ; and when it shall have gained the bend of
the syphon, it will come away by the longer leg,
as already described.

Upon the principle of the syphon, also, we may
easily account for infermitting or reciprocating
springs. Let A (Fig. 17.) be part of a hill, within
which there is a cavity B B, and from this cavity
a vein, or channel, running in the direction B C D.
The rain that falls upon the side of the hill will
sink, and strain through the small pores and cre-
vices in the hill, and fill the cavity B B with water.
When the water rises to the level of C, the vein
B C D will be full, and the water will run through
it as a syphon, and will empty the cavity B B. It
must then stop, and when the cavity is again filled,
it will begin to run again.

ON PUMPS.

The pump is at once the most common and the
most useful of all hydraulic engines. It was first
invented by Ctesibius, a mathematician of Alex-
andria, about 120 years B.C.

Of this machine there are three kinds, viz. the
sucking, the lifting, and the forcing-pump. By
the two last, water may be raised to any height,
with an adequate apparatus and sufficient power ;
by the sucking-pump, it can only be raised 33 feet
from the surface of the water, as was observed
when treating on pneumatics, though, in practice,
this kind of pump is seldom applied to raising
water much above 28 feet; because, from the va-
riations observed on the barometer, it is known
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At the beginning of the operation, if the leathers
be dry, the piston will not exhaust the air suffi-
ciently, and the water will not rise ; but if a little
water be poured upon the piston, it will swell the
leathers, and causing them to fit close, thus make
the piston act. This is vulgarly called, fetching
the water.

As it is the pressure of the air or atmosphere
which causes the water to rise, and follow the
piston or bucket as it is drawn up, and not suc-
tion, as is commonly supposed ; and since a column
of water 33 feet high is of equal weight with as
thick a column of the atmosphere from the earth
to the top of the air, therefore the perpendicular
height of the piston or bucket from the surface of
the water in the well must always be less than
33 feet; otherwise the water will never get above
the bucket. But when the height is less, the
pressure of the atmosphere will be greater than
the weight of the water in the pump, and will,
therefore, raise it above the bucket ; and when the
water has once got above the bucket, it may be
lifted to any height, if the piston-rod be made long
enough, and a sufficient degree of strength be em-
ployed.

The lifting-pump counsists of a body, or barrel
A B (Fig. 2.), with narrow apertures at the lower
end, to prevent the entrance of dirt, stones, or any
thing that would impede its operation. At the
lower end is a valve, a, opening upwards, and al-
lowing the water to pass through it, but prevent-
ing it from returning downwards. In the barrel
is a piston, b, perforated, and having on it a valve,
also opening upwards. This piston is moved up
and down by a rod, worked by a lever, or other
machine. Both the piston and the lower valve,
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must be under the surface of the water in the well.
When the piston is pushed down, the water below
it not being able to go downwards, on account of
the valve a, raises the valve of the piston, and gets
above it; and when the piston is drawn up, it lifts
all the water above it ; while the pressure of the
atmosphere causes more water to supply its place,
by lifting the valve a. When the piston is moved
down again, the same thing is repeated, and more
water gets above the piston. In this manner, by
successive motions of the piston, the water is at
last got to the top, and discharged into the head,
from whence it runs out by the spout D. In this
pump there is always a column of water lifted,
whose base is equal to the top of the piston, and
whose height is equal to the distance from the
piston to the head. It is evident, that this weight
will not be made less by diminishing the diameter
of the barrel above the piston ; because fluids press
in proportion to their bases and perpendicular
altitudes.

This pump is much used in great water-works;
it is the simplest of all in its operation.

The forcing-pump, represented in Fig. 8., con-
sists of a barrel, A B, and a piston, or forcer, C.
There are also two fixed valves in this kind of
pump ; one in some convenient part of the suck-
ing-pipe, as at D, the other in the branching or
forcing-pipe, as S. These ought, in like manner,
to be air-tight, and so disposed, as to let the water
freely rise, but absolutely to hinder its return.

When the forcer is first moved upwards in the
barrel, the air between that and the water below,
having room to dilate, by its natural spring, will of
course be rarefied; the pressure of the atmosphere
being intercepted by the force of the barrel A B,
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on one hand, and by the upper valve at S in the
branching-pipe, on the other, the water will rise
from the spring into A B, for the reason already
given; and repeated strokes of the piston will
fetch up the fluid to the forcer, and fill the cavity
of the pipes between the fixed valves D and S.
The water in this manner raised, being hindered
from going down again by the lower valve, will be
pressed by the forcer every time it descends, and
be thereby obliged to make its way where there is
least resistance, viz. through the upper valve at S.
And whenever, on the rising of the forcer, this
pressure intermits, the valve at 5 will immediately
close under the' weight of the upper water, and "
prevents its return that way, while the piston is
rising with a fresh supply ; and this is repeated at
every stroke of the forcer.

It is evident, that the operation of a pump
is by starts, and that the water in the main remains
at rest, pressing on the valve during the time that
the piston is withdrawn from the bottom of the
working-barrel. It is in most cases desirable to
have this motion equable, and in some cases it is
absolutely necessary. Thus, in the engine for ex-
tinguishing fires, the spout of water, going by jerks,
could never be directed with a certain aim, and .
half of the water would be lost by the way ; be-
cause a body at rest cannot in an instant be put in
rapid motion ; and the first portion of every jerk
of water would have but a small velocity. A very
ingenious contrivance has been fallen upon, for
obviating this inconvenience, and procuring a
stream nearly equable. At any convenient part
of the rising-pipe beyond the valve S, there is
annexed a strong and capacious vessel, U, closed
at top by a small pipe, T, fixed into it, which
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reaches nearly to the bottom of the vessel. When
the water is forced along the rising pipe S, it gets
into this vessel, and rises above the lower part of
the pipe T. The air which is above the water in
the vessel, being now confined, and being con-
densed into a smaller space by the admission of
more water at each action of the piston, presses by
its elasticity upon the surface of the water, which
cannot return by the valve S, and forces it up the
pipe T, in a continued stream. This air-vessel
must be so large, that the change of bulk of the
compressed airs during the inaction of the piston,
may be inconsiderable ; otherwise the stream will
not continue until the next stroke.

To describe, or even to enumerate, the immense
variety of combinations of these three simple
pumps, would fill a volume. We shall select a
few which are most deserving of notice.

The commeon sucking-pump may, by a small
addition, be converted into a lifting-pump, fitted
for propelling the water to any distance, and with
any velocity. Fig. 4. is a sucking-pump, whose
working-barrel A B has a lateral pipe C, connected
with it close to the top. This terminates in a
main, or rising-pipe, furnished, or not, with a
valve. 'The top of the working-barrel A B is shut
by astrong plate, having a hollow neck terminating
in a small flanch. The piston-rod passes through
this neck, and is nicely turned and polished. A
number of rings of leather are put over the rod,
and strongly compressed round it by another
flanch and several screwed bolts. By this con-
trivance, the rod is closely grasped by the leathers,
but may be easily drawn up and down, while all
passage of air or water is effectually prevented.
The piston is perforated, and furnished with a
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valve opening upwards. There is also a valve, T,
on the top of the suction-pipe; and it will be of
advantage, though not absolutely necessary, to put
a valve, L, at the bottom of the rising-pipe. Now,
suppose the piston at the bottom of the working-
barrel ; when it is drawn up, it tends to compress
the air above it, because the valve in the piston
remains shut by its own weight. The air, there-
fore, is driven through the valve L, into the rising-
pipe, and escapes. In the mean time, the air
which occupied the small space between the pis-
ton and the valve T, expands into the upper part
of the working-barrcl; and its elasticity is so much
diminished thereby, that the atmosphere presses
the water of the cistern into the suction-pipe,
where it rises until an equilibrium is again pro-
duced. The next stroke of the piston downwards
allows the air, which had come from the suction-
pipe into the barrel during the ascent of the piston,
to get through its valve. Upon drawing up the
piston, the air is also drawn off through the rising-
pipe. Repeating this process brings the water at
last into the working-barrel, and it is then driven
along the rising-pipe by the piston.

This is one of the best forms of a pump. The
rarefaction may be very perfect, because the piston
can be brought so near to the bottom of the
working-barrel; and for forcing water in opposition
to great pressures, it appears preferable to the
common forcing-pump; because in that, the piston-
rod is compressed and exposed to bending, which
greatly hurts the pump, by wearing the piston and
barrel on one side. This soon renders it less tight:
and much water squirts out by the sides of the
piston. But in this pump the piston-rod is always
drawn or pulled, which keeps it straight, and rods
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exert a much greater force in opposition to a pull-
than to compression. The collar of leather round
the piston-rod, is found by experience to be very
impervious to water; and though it needs but
little repair, yet the whole is very accessible, and
in this respect much preferable to the common
pump in deep mines, where every fault of the pis-
ton obliges us to draw up some hundred feet of
piston-rods. By this addition, too, any common
pump for the service of a house may be converted
into an engine for extinguishing fire, or may be
made to convey the water to every part of the
house; and this without hurting or obstructing its
common uses. All that is necessary is to have a
large cock on the upper part of the working-
barrel, opposite to the lateral pipe in this figure.
This cock serves for a spout, when the pump is
used for common purposes; and the merelyshutting
this cock converts the whole into an engine for
extinguishing fire, or for supplying distant places
with water. It is scarcely necessary to add, that,
for these services, it will be requisite to connect
an air-vessel with some convenient part of the
rising-pipe, in order that the current of water may
be continual.

It is of considerable importance, that as equable
a motion as possible be produced in the main pipe,
which diminishes those strains which it is otherwise
liable to. The application of an air-vessel at the
beginning of the pipe answers this purpose. In
great works, it is usual to effect this by the alternate
action of two pumps. It will be rendered still
more uniform, if four pumps be employed, suc-
ceeding each other at the interval of one quarter
of the time of a complete stroke.
~ But ingenious men have attempted the same
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thing with a single pump; and many different con-
structions for this purpose have been proposed and
executed. Fig. 5. represents one of the best. It
consists of a working-barrel, a &, closed at both
ends; the piston ¢ is solid, and the piston-rod
passes through a collar of leathers at the top of
the barrel. This barrel communicates laterally
with two pipes, 7 and /%, the communications being
as near to the top and bottom of the barrel as
possible. At each of the communications are two
valves, opening upwards. The two pipes unite in
a larger rising-pipe at &, which bends a little back,
to give room for the piston-rod. Suppose the pis-
ton down close to the entry of the lateral pipe 4;
when it is drawn up, it compresses the air above it,
and drives it through the valve in the pipe £,
whence it escapes through the rising-pipe; at the
same time it rarefies the air below it. Therefore,
the weight of the atmosphere shuts the valve m,
and causes the water in the cistern to rise through
the valve n, and fill the lower part of the pump.
When the piston is pushed down again, this water
is first driven through the valve m, because n im-
mediately shuts; and then most of the air which
was in this part of the pump at the beginning,
goes up through it, some of the water coming
back in its stead. In the mean time, the air which
remained in the upper part of the pump after the
ascent of the piston, is rarefied by its descent; -
because the valve o shuts as soon as the piston
begins to descend, the valve p opens, the air in the
suction-pipe % expands into the barrel, and the
water rises into the pipes by the pressure of the
atmosphere. The next rise of the piston must
bring more water into the lower part of the barrel,
and must drive a little more air through the valve o,
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namely, part of that which had come out of the
suction-pipe £; and the next descent of the piston
must drive more water into the rising-pipe %, and
along with it, most, if not all, of the air which
remained below the piston, and must rarefy still
more the air remaining above the piston; and more
water will come in through the pipe %, and get into
the barrel. It is evident, that a few repetitions
will at last fill the barrel on both sides of the piston
with water. When this is accomplished, there is
no difficulty in perceiving how, at every rise of the
piston, the water of the cistern will come in by the
valve n, and the water in the upper part of the
barrel will be driven through the valve ¢; and in
every descent of the piston, the water of the cis-
tern will come into the barrel by the valve p, and
the water below the piston will be driven through
the valve m; and thus there will be a continual
mflux into the barrel through the valves » and p,
and a continual discharge along the rising-pipe /,
through the valves m and o.

This machine is certainly equivalent to two
forcing-pumps, although it has but one barrel and
one piston; but it has no sort of superiority. Itis
not even more economiecal, in most eases; because,
probably, the expense of the additional workman-
ship will equal that of the barrel and piston whieh
is saved. ‘There is, indeed, a saving in the rest of
the machinery ; because one lever produces both
motions. It, therefore, cannot be called inferior to
two pumps; and there is undoubtedly some inge-
nuity in the contrivance.

Fig. 6. is another pump for furnishing a continued
stream, invented by Mr. Noble. A B, the working-
barrel, contains 'twn pistons, C and B, which are
moved up and down alternately by the rods fixed
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to ‘the lower I. The rod of the piston B, is
carried through the piston, or bucket C. This
pump is very simple in its principle, and may be
executed at little expence.

The pump invented by M. de la Hire raises
water equally quick by the descent, as by the
ascent, of' the piston in the pump-barrel.

A A (Fig. 7.), is a well, in which the lower ends
of the pipes B and C are placed. D is the pump-
barrel, into the lowermost end of which the top of
the open pipe B is soldered, and in the uppermost
end the hollow pipe S is soldered, which opens into
the barrel; and the top of the pipe C is soldered
into that piece. Each of these pipes has a valve on
its top, and so have the crooked pipes E and F,
whose lower ends are open into the pump-barrel,
and their upper ends into the box G. L s the
piston-rod, which moves up and down through a
collar of leather in the neck M; K is a solid
plunger, fastened to the rod or spear L: the
plunger never goes higher than K, nor lower than
Dj; so that from K to D is the length of the
stroke.

As the plunger rises from D to K, the atmo-
sphere (pressing on the surface of the water A A
in the well) forces the water up the pipe B, through
the valve 4, and fills the pump-barrel with water
up to the plunger; and during this time, the valves
e and S lie close and air-tight on the tops of the
pipes E and C.

When the plunger is up to its greatest height,
at K, it stops there for an instant, and in that
mstant the valve & falls, and stops the pipe B at
top. Then, as the plunger goes down, it cannot
force the water between K and D back through

VOL. I. + 0
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the close valve &, but forces all that water up the
crooked pipe E, through the valve e, which then
opens upward by the force of the water; and this
water, after having filled the box G, rises into the
pipe N, and runs oft' by the spout at O,

During the descent of the plunger K, the valve
J falls down, and covers the top of the crooked
pipe I'; and the pressure of the atmosphere on the
well A A forces the water up the pipe C, through
the valve S, which then opens upward by the force
of the ascending water; and this water runs from -
S into the pump-barrel, and fills all the space in it
above the plunger.

When the plunger is down to its lowest descent
at D, and stops there for an instant, in that instant
the valve S falls down, and shuts the top of the
pipe C; and then, as the plunger is raised, it
cannot force the water above it back through the
valve S, but drivesall that water up to the crooked
pipe F, through the valve j; which opens upward
by the force of the ascending water; which water,
after filling the box G, is forced up from thence
into the pipe N, and runs off by the spout at O.

And thus, as the plunger descends, it forces the
water below it up the pipe E; and as it ascends,
it forces the water above it up the pipe F, the
pressure of the atmosphere filling the pump-barrel
below the plunger, through the pipe B, while the
plunger ascends, and filling the barrel with water
above the plunger, through the pipe C, as the
plunger goes down.

And thus there is as much water forced up the
pipe N, to the spout O, by the descent of the
plunger, as by its ascent; and, in each case, as
much water discharged at O, as fills that part of’
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the pump-barrel which the plunger moves up and
down in.

On the top of the pipe O is a close air-vessel
P. When the water is forced up above the spout
O, it compresses the air in the vessel P; and this
air, by the force of its spring acting on the water,
causes the water to run off by the spout O, in a
constant and (very nearly) equal stream.

Whatever the height of the spout O is above
the surface of the well, the top S, of the pipe C,
must not be 32 feet above that surface; because if
that pipe could be entirely exhausted of air, the
pressure of the atmosphere in. the well would not
force the water up the pipe to a greater height
than 32 feet: and if S be within 24 feet of the
surface of the well, the pump will be so much the
better,

The fair-rope machine for raising water was in-
vented by Sieur Vera.

A (Fig. 8.) is a wheel-four feet over, having an
axis and a winch: C C, a hair-rope, near one inch
diameter: D, a reservoir to collect the water: E, a
spout to convey the water from the reservoir: G,
the surface of the water in the well: I, a pulley
under which the rope runs, in order to keep it
tight.

When the handle is turned about with a con-
siderable velocity, the water which adheres to the
rope (in wells of no great depth), is very con-
siderable; the rope thus passes through the tubes
in D, which, being five or six inches higher than
the bottom of the reservoir, hinders the water
from returning back into the weﬂ and is conveyed
in a continual stream through the spout E. Some
of the above engines have raised a greater quantity
of -water, than any person unskilful in hydraulics
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could suppose, in the same time, from such a
simple contrivance. '
The chain-pump consists of two square or cylm-
drical barrels, through which a chain passes, having
a great number of flat pistons, or valves, fixed
upon it at proper distances. 'This chain passes
round a kind of wheel-work, fixed at one end of
the machine. The teeth of this are so contrived,
as to receive one-half of the flat pistons, which go
free of the sides of the barrel by near a quarter of
an inch, and let them fold in, and they take hold
of the links as they rise. A whole row of the
pistons, which go free of the sides of the barrel by
near a quarter of an inch, are always lifting when
the pump is at work, and as this machine is gene-
rally worked with briskness, they bring up a full
bore of water in the pump. It is wrought either
by one or two handles, according to the labour
required. |
The many fatal accidents which happen to ships
from the choaking of their pumps makes it an im-
portant object, in naval affairs, to find some ma-
chine for freeing ships from water, not liable to so
dangerous a defect. The chain-pump being found
least exceptionable in this respect, was adopted in
the British navy; but the chain-pump itself is not
free from imperfections. If the valves are not well
fitted to the cylinder, through which they move,
much water will fall back; if' they are well fitted,
the friction of many valves must be considerable,
besides the friction of the chain round the sprocket-
wheels, and that of the wheels themselves. To
which may be added, the great wear of leathers,
and the disadvantage which attends the surging
and breaking of the chain. The preference, there-
fore, which has been given to chain-pumps over



HYDRAULICS. 197

those which work by the pressure of the atmo-
sphere, must have arisen from one circumstance,
that they have been found less liable to choak.

In point of friction, of coolness, and of' cheap-
ness, the sucking-pump has so evidently the ad-
vantage over the chain-pump, that it will not fail
to gain the preference, whenever it shall be no
longer liable to be choaked with gravel and with
chips.

Buchanan’s pump, which, like the common
pump, acts by the pressure of the atmosphere, is
not liable to the defects incident to other pumps
upon that principle, being essentially different from
any now in use.

The principal object of its invention was to
remove the imperfection of choaking, and in
attaining this important end, a variety of collateral
advantages have also been produced, which en-
hance its utility.

The points in which it differs essentially from
the common pump, and by which it excels, are,
that it discharges the water below the piston, and
has its valves lying near each other.

The advantages of this arrangement are, that
the sand or other matter, which may be in the
water, is discharged without injuring the barrel or
the piston-leathers; so that besides avoiding unne-
cessary tear and wear, the power of the pump is
preserved, and not apt to be diminished or de-
stroyed in moments of danger, as is often the case
with the common and chain-pumps—that the valves
are not confined to any particular dimensions, but
may be made capable of discharging every thing
that can rise in the suction-piece, without danger
of being choked—that if there should happen
upon any occasion to be an obstruction in the

03
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valves, they are both within the reach of a person’s
hand, and may be cleared at once, without the
disjunction of any part of the pump—and that
the pump is rendered capable of being instanta-
neously converted into an engine for extinguishing
fire. Besides, it occupies very little space in the
hold, and thus saves room for stowage.

But this pump is not confined to nautical uses
alone; its adaptation extends to the raising of water
in all situations, and with peculiar advantage where
it happens to be mixed with sand, or substances
which destroy other pumps, as, for instance, in
alum-works, in mines, in quarries, in the clearing
of foundations; and in its double capacity it will
be very convenient in gardens, bleaching-grounds,
in stable and farm-yards, and in all manufactories,
or other places, where there is a necessity for
raising water, and the risk of fire.

With all these advantages, it is a simple and du-
rable pump, and may be made either of metal or
wood, at a moderate expence.

Fig. 9. is a vertical section of the pump, as
made of metal, in which A is the suction-piece,
B the inner valves, C the outer valve.

The valves are of the kind called clack-valves.
Their hinges are generally made of metal, as being
more durable than leather.

D the working-barrel, E the piston, G the spout.

The following parts are necessary only when the
pump is intended to act as a fire-engine.

H an air-vessel, which is screwed like a hose-
pipe, that it may, at pleasure, the more readily be
fixed or unfixed.

There is a perforated stopple for the spout, made
for receiving such pipes as are common to fire-
engines. It is oval and tapered, and being intro-
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duced transversely, upon being pulled back be-
comes immediately tight.

These parts being provided, all that is necessary
to make the pump act as a fire-engine, after having
been used as a sucking-pump, is to plug up the
spout with the stopple.

No particular mode being essential in the work-
ing of this pump, it may, according to choice, or
circumstances, be wrought by all the methods
practised with the common pump. In many cases,
however, it may be advantageous to have two of
them so connected, as to have an alternate motion,
in which case, one air-vessel, and even one suction-
picce, might serve both.

Its principles admit of various modifications;
but as what is already mentioned, may be suf-
ficient to indicate its superiority over the common
and chain-pumps, and the advantages likely to
result from its general use, a further detail is
unnecessary.

To this we may add, that the testimonies of
several navigators confirm in the fullest manner,
the hopes that were conceived of its utility, and
warrant the recommendation of it, as the best
adapted for the purpose of any pump hitherto
invented.

The great desideratum in a piston is, that it be
as tight as possible, and have as little friction as is
consistent with this indispensable quality.

The common form, when carefully executed,
has these properties in an eminent degree, and
accordingly keeps its ground amidst all the im-
provements which ingenious artists have made. It
consists of a hollow cylinder, having a piece of
strong leather fastened round it, to make it fit
exactly the bore of the barrel, and a valve or flap
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to cover the hole thmugh which the water rises.
The greatest difficulty in the construction of a
piston is to give a sufficient passage through it for
the water, and yet allow a firm support for the
valve and fixture for the piston-rod. It occasions
a considerable expence of the moving power to
force a piston with a narrow perforation through
the water lodged in the working-barrel. There
can be no doubt, therefore, that metal pistons are
preferable, because their greater strength allows
much wider apertures, IFor common purposes,
however, they are made of wood, as elm or beech.

There are many ingenious contrivances to avoid
the friction of the piston in the pumps; but this is
of little importance in great works, because the
friction, which is completely sufficient to prevent
all escape of water in a well-constructed pump, is
but a trifling part of the whole force.

In the great pumps which are used in mines,
and are worked by a steam-engine, it is very usual
to make the pistons and valves without any leather
whatever. The working-barrel is bored truly cy-
lindrical, and the piston is made of metal, of a
size that will just pass along it without sticking.
When this is drawn up with a velocity competent
to a properly loaded machine, the quantity of water
which escapes round the piston is insignificant.
The piston is made without leathers, not to avoid
friction, which is also insignificant in such works,
but to avoid the frequent necessity of drawing it
up for repairs through such a length of pipes.

If a pump absolutely without friction be wanted,
the following seems preferable, for simplicity and
performance, to any we have seen, when made use
of in proper situations. Let N O (Fig. 10.) be
the surface of the water in the pit, and K the place
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of delivering. The pit must be as deep in water
as from K to N O. A is a wooden trunk, round
or square, open at both ends, and having a valve,
P, at the bottom. The top of this trunk must be
in a level with K, and has a small cistern, F. It
also communicates laterally with a rising-pipe G,
furnished with a valve opening upwards. L isa
beam of timber, so fitted to the trunk, as to fill it
without sticking, and is of at least equal length.
It hangs by a chain from a working-beam, and is
loaded on the top with weights exceeding that of
the column of’ water which it displaces.

Now, suppose this beam to descend from the
position in which it is drawn in the figure; the
water must rise all round it, in the crevice which
is between it and the trunk, and also in the rising-
pipe; because the valve P shuts and O opens; so
that when the plunger L has got to the bottom,
the water will stand at the level of Ky When the
plunger is again drawn up to the top by the action
of the moving power, the water sinks again in the
trunk, but not in the rising-pipe, because it is
stopped by the valve O. Then allowing the
plunger to descend again, the water must again
rise in the trunk to the level of K, and it must
now flow out at K; and the quantity discharged
will be equal to the part of the beam below the
surface of the pit-water, deducting the quantity
which fills the small space between the beam and
the trunk. This quantity may be reduced almost
to nothing; for if the inside of the trunk, and the
outside of the beam, be made tapering, the beam
may be let down till they exactly fit; and as this
may be done in square work, a good workman may
make it exceedingly accurate. But, in this case,
the lower halt of the beam, and trunk, must not
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taper; and this part of the trunk must be ot sut-
ficient width round the beam, to allow free passage
into the rising-pipe; or which is better, the rising-
pipe must branch off from the bottom of the trunk.
A discharge may be made from the cistern I, so
that as little water as possible may descend along
the trunk, when the piston is raised.

The requisites of a valve are, that it be tight,
and of sufficient strength to resist the great pres-
sures to which it is exposed; that it afford a free
passage to the water; and that it do not allow
much to go back whilst it is shutting. The clack-
valve is of all others the most obvious and common.
It consists merely of a leather flap covering the
aperture, and having a piece of metal on the
upper side, both to strengthen and to make it
heavier, that it may shut of itself. Sometimes the
hinge is of metal. The hinge being liable to be
worn by such incessant motion, and as it is trouble-
some, especially in deep mines, and under water,
to undo the joint of the pump, in order to put in a
new valve, it is frequently annexed to a box like a
piston, made a little conical on the outside, and
dropped into a conical seat made for it in the pipe,
where it sticks fast; and to draw it up again, there
is a handle like that of a basket, fixed to it, which
can be laid hold of by a long grappling-iron. The
only defect of this valve is, that by opening very
wide, when pushed up by the stream of water,
it allows a good deal to go back during its shutting
again.

The butterfly-valve is free from most of these in-
conveniences, and seems to be the most perfect of
the clack-valves. It consists of two semicircular
flaps, revolving round their diameters, which are
fixed to a bar placed across the opening through
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the piston. Some engineers make their great
valves of a pyramidal form, consisting of four
clacks, whose hinges are in the circumference of
the water-way, and which meet with their points
in the middle, and are supported by four ribs,
which rise up from the sides, and unite in the
middle. This is a most excellent form, affording
a more spacious water-way, and shutting very
readily. |

There is another form of a valve, called the
bulton, or tail-valve. It consists of a plate of metal
turned conical on the edge, so as exactly to fit the
conical cavity of its box. A tail projects from the
under side, which passes through a cross bar in the
bottom of the box, and has a little knob at the
end, to hinder the valve from rising too high.
This valve, when nicely made, is unexceptionable.
It has great strength, and is therefore proper for
all severe strains; and it may be made perfectly
tight by grinding. Accordingly, it is used in all
cases where tightness is of indispensable conse-
quence. It is most durable, and the only kind
that will do for passages where steam or hot water
1s to pass through.

A pump intended to raise water to any height
whatever, will always work as easy, and require
no greater power to give motion to the bucket, if
both the valves be placed towards the bottom of
the pipe, than if they were fixed 33 feet above the
surface of the water.

The playing of the piston thus low in the pipe
will, besides, prevent an inconvenience which
might happen were it placed above, viz. in case of
a leak beneath the bucket, which, in a great length
of pipe, may very easily happen; the outward air
getting through, would hinder the necessary rare-
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- However, by filling the whole void between the
piston and the clack at first with water, this last
objection might be removed.

In some cases, the pump cannot be placed con-
veniently perpendicular to the well : for example,
being to raise water out of the well at A, by means
of a pump at B (Fig. 11.), the best way will be to
carry the barrel as low as the spring is, communi-
cating therewith by means of the pipe at C. The
bucket then playing in the barrel B C, will have
the same effect as if the well were made perpen-
dicular to the pump; because the water, by its
- proper weight, will always replenish B C.

And if it should happen, from some considerable
impediment, that the barrel cannot get down to
the well directly, it may be led about any other
way for sake of convenience. And then making
the pipe of conveyance L, less in diameter than
the barrel, it will sooner be exhausted of air, by
moving the piston ; and the water will follow very
briskly, as by the leaden pump at B.

It will, however, always be more easy to draw
water with pipes that are large, and of an equal
bore throughout, because the water will have a less
velocity in them, and the friction will be in pro-
portion less. Upon this account, the common
pumps made by plumbers frequently do not work
easy, because, by making the pipe that brings up
water from the spring much less than the bucket,
they, as it were, wire-draw the water raised.

Archimedes’ screw, (Plate 9. fig. 12.) deserves
consideration, not only for its antiquity, but its
usefulness in raising water. It consists of a long
cylinder, with a hollow pipe-tube, or groove, coiled
about it, as represented in the figure. It is placed
in a position oblique to the horizon, with the lower
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end in the water, the other being supported on the
lower part of the winch I, by which the serew and
cylinder are turned round. As soon as the screw
is immersed in water, it immediately rises therein
by the orifice C, to the level of the surface of the
water E ; and if' the point of the helix, or spiral,
which in the beginning of the motion is coincident
with the surface of the water, happen not to be on
the lower side of the cylinder, the water will, upon
the motion of the screw, move on in the helix,
until it come to the point which is on the under
side, and coincident with the watery surface :
when it is arrived at that point, which suppose at
O, it cannot afterwards possess any other part of
the spiral, than that which is upon the lowest part
of the cylinder; for it cannot move from O to-
wards H, because H is situated higher; and since
‘this will ever be the case, after the surface of the
water in the helix has attained the point E, it is
plain, that it must always be on the under side of
the cylinder. But since the cylinder is in motion,
every part of the spiral-screw, from E to F, will by
degrees succeed to the under part of the cylinder:
the water, therefore, in the helix, must succeed to
every part thereof, from E to F, as it comes on the
lower side ; that is, it must ascend on the lower
part of the cylinder through all the length of the
pipe, until it come to the orifice at top, where it
will run out, as having nothing farther to sup-
port it.

STEAM ENGINE.

When water is made to boil by being heated to
2127 it is converted into an elastic vapour, called
steam. This is familiarly known, by observing a
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tea-kettle that boils. Steam itself is transparent,
and consequently invisible, and it is only by being
condensed again into water, that it assumes the
misty form by which we see it. The steam from
the spout of a tea-kettle is transparent and invi-
sible just as it issues, and does not become visible,
till at a small distance from the aperture ; it being
soon condensed by the atmosphere.

Steam at the temperature of 212° is a perma-
nent vapour, possessed of great elasticity, and
capable of exerting a prodigious force when con-
fined in close vessels. It can also be heated to a
much higher temperature, by which its elasticity
and power is still farther encreased; and the de-
gree of temperature is the exact measure of its
elasticity.

If steam be thrown into a vessel already full of
air, it will drive out the air and occupy its place :
it then, by the application of cold, the steam
within the vessel be condensed into water, a
vacuum will be produced in the vessel, since the
space occupied by the condensed water is ex-
tremely small compared to that which was filled
by the steam.

The steam-engine is one of the noblest monu-
ments of human ingenuity. It was originally in-
vented by the Marquis of Worcester, in the reign
of Charles II. This nobleman published, in 1663,
a small book called “ 4 Century of Inventions,”
describing a hundred discoveries or contrivances
of his own ; but the descriptions of many of them
are so obscure, that they are altogether unintel-
ligible.

Among them is an account of his invention of
raising water by the force of steam, which, now
that we are possessed of the engine, appears to
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cocks ¢ and d, are united by the handle 7 called
the regulator.

The mode of operation is as follows. Let the
regulator be so placed, that the steam-cock ¢ be
open and the injection-cock o shut: put water
into the boiler a, and make it boil. The steam
from it will enter the pipe 0, and fill the receiver,
first driving out the air which it before contained ;
a considerable quantity of steam will be at first
condensed by the cold sides of the receiver, but it
being at length warmed, the steam will proceed
into the rising-pipe, lifting up the valve . When
this is perceived to be the case, by the rising-pipe
feeling warm, and hearing the valve 7 rattle, the
communication is now to be cut off from the boiler,
by shutting the steam-cock ¢, the injection-cock d
being also shut. The receiver now gradually cools,
and the steam included in it condenses into water.
When this is the case, as the air was at first driven
out by the steam, and cannot return again, all the
cocks being shut, a vacuum is formed in the re-
ceiver ; consequently, there is nothing to counter-
balance the pressure of the atmosphere, which
acting upon the water in the well, forces it up the
rising-pipe, and fills the receiver. The steam-cock
is now opened; and the steam from the boiler
rushing in with great violence, presses upon the
surface of' the water in the receiver, and forcing it
through the pipe s, into the rising-pipe, causes it
to shut the valve n, and open the other valve 7 ;
and provided the steam be sufficiently strong, will
force it up the rising-pipe to the top £, where it is
delivered. The cock ¢ is kept open until all the
water be driven out of the receiver, and it is again
filled with steam. The regulator is now applied,
which shuts the steam-cock, whilst at the same

VOL. I r



210 HYDRAULICS.

time it opens the injection-cock. The rising-pipe
being still full of water, a stream of cold water
proceeds through the pipe e, and enters the re-
ceiver in a shower. This instantly condenses the
steam in the receiver, and produces a vacuum as
before ; in consequence of which, the water from
the well is again forced up by the external pres-
sure of the atmosphere, and the receiver is again
filled with water. The regulator is then turned,
which shuts the injection-cock and opens the
steam-cock, permitting the steam from the boiler
to press upon the water, and again force it up the
rising-pipe. This operation of filling the receiver
with water by means of a vacuum produced in it,
and forcing it up the rising-pipe by the pressure
of the steam from the boiler, is constantly re-
peated, by merely turning the regulator, which
shuts and opens the steam-cocks and injection-
cocks alternately.

This construction of this steam-engine is ex-
tremely simple, and it might, perhaps, be success-
fully applied for some purposes. But it has several
defects. The action of the direct steam on any
definite surface, as, for example, a square inch, is
accurately equal to the re-action of the water
which is forced up ; consequently, Savary’s engine
will require steam more elastic than the air of the
atmosphere, in every case except where the water
is raised no higher than it can be by the vacuum
that is produced, and the pressure of the atmo-
sphere. When the water is forced up through the
rising-pipe, every square inch of the boiler must
sustain a pressure equal to a column of water an
inch square, and of the height of the pipe above
the boiler. 'This, therefore, requires very strong
vessels, and several accidents happened by their
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bursting, when the safety valve was loaded too
much.

But the greatest defect of this machine is the
great waste of steam, and, consequently, of fuel.
For when the steam is admitted to the top of the
cold water in the receiver, it is condensed with
great rapidity ; and the water does not begin to
yield to its pressure, until its surface be so hot as
not to condense any more steam: it then descends,
but, as thus, a new part of the side of the receiver
is exposed to the steam, more is condensed, so that
a condensation of the steam is going on all the
while the water is descending. This is repeated
at every stroke, as the receiver is cooled every
time it is filled with water.

Mr. Savary succeeded in raising water to small
heights, and erected several engines in different
parts of England ; but he failed in deep mines.
Many attempts have been made to correct these
defects, but hitherto without much success.

At a time when almost all the most valuable
mines in England were coming to astand, for want
of more powerful or cheaper machines than were
then known, Newcomen and Cauly conceived the
project of applying a piston with a lever and other
mﬂ.chinery They joined with Savary, in procur-
ing a patent for it in 1705, and executed many
engines which were of vast utlhty to the mmmg
concerns, occasioning the continuance of mines
that must have been neglected, and the opening of
new ones.

Fig. 2. exhibits a section of Newcomen’s engine:
a is the boiler built in brick-work. In the top of
the boiler is a steam-pipe, ¢, communicating with
the cylinder 4, which is of metal, and is bored very
truly. The lower aperture of this pipe is shut by

P 2
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the plate »n, which is ground very flat, so as to
apply accurately to the whole circumference of
the orifice. This plate 1s called the regulator, or
steam-cock, and it turns horizontally round an
axis, 0, which passes through the top of the boiler,
and is fitted by grinding to the socket, so as to be
steam-tight. It is opened and shut by a handle
fixed to its axis.

In the cylinder 4 is a snhd piston,, p, well fitted
into it, and made air-tight by a packing of' leather
or soft rope, well filled with tallow ; and for greater
security, a small quantity of water is kept above
the piston.

The piston-rod d is suspended by a chain, which
is fixed to the upper extremity of' the arched head
e of the great lever, or working-beam, e f g, which
turns on the gudgeon /. There is a similar arched
head g, at the other end of the beam, to the upper
extremity of which is fixed a chain, carrying the
pump-rod %, which raises the water from the
mine.

The load on this end of the beam is made to
exceed considerably the weight of the piston at
the other extremity.

- At a small height above the top of the t:ylmder,
is a cistern called the injection-cistern, i. From
this descends the injection-pipe, k, which enters
the bottom of the cylinder, and terminates in a
nozzle pierced with holes. This pipe has a cock,
l, called the injection-cock.

At the opposite side of the cylinder, a little
above its bottom, there is a lateral pipe, m, turning
upwards at the extremity, and there covered by a
clack-valve, called the snifting-valve, which has a
little dish round it, to hold water for keeping it
air-tight.
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From the bottom of the cylmder, a pipe g pro-
ceeds, of which the lower end is turned upwards,
and is covered with a valve ». This part is im
mersed in a cistern of water, called the hot-well
and the pipe itself is called the eduction-pipe. ’

The boiler is furnished with a safety-valve,
called the puppet-clack, in the same manner as in
Savary’s engine. This valve is generally loaded
with one or two pounds in the square inch, so that
it allows the steam to escape when its elasticity is
one-tenth greater than that of the atmosphere.
All risk of bursting the boiler is thus avoided, the
pressure outwards being very moderate.

When the cistern for the injection-water, 7, can-
not be supplied by pipes from some more elevated
source, water is raised by the machine itself. A
small lifting-pump, s, is worked by a rod, r, sus-
pended from a small arch upon the great beam ;
this forces water through the pipe ¢ into the injec-
tion-cistern,.

The parts of the engine being now described,
the operation is as follows :

Suppose the piston and lever in the position re-
presented in the plate, and the water in the boiler
in a state of ebullition, the steam and injection-
cocks being shut. Having opened the steam-cock,
n, the steam from the boiler will immediately rush
in, and flying all over the cylinder, will mix with
the air.

Much of it will be condensed by the cold sur-
face of' the cylinder and piston, and the water
produced from it will trickle down the sides, and
run off by the eduction-pipe. This condensation
and waste of steam will go on until the whole
cylinder and piston be made as hot as boiling
water. -

r 3
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When this happens, the steam will begin to issue
through the snifting-valve, slowly at first, and
cloudy, being mixed with much air; but, by de-
grees, it will become more transparent, having
carried off the greatest part of the air which filled
the cylinder. |

When the attendant perceives that the blast at
the snifting-valve is strong and steady, and the
boiler is supplied with steam of a proper strength,
appearing by the renewal of its discharge at the
safety-valve, which had stopped while the cylinder
was filling, he shuts the steam-cock, n, and opens
the injection-cock, . The pressure of water in
the injection-pipe forces some out into the cylin-
der, which condenses the steam and forms a partial
vacuum, as explained above.

The upper side of the piston is now exposed to
the whole pressure of the atmosphere, which not
being counterbalanced on the under side, will act
with its whole force on the piston, and, provided
there be not too much weight on the other end,
will raise it, the piston going to the bottom of the
cylinder.

When the piston has gone down as low as
necessary, the injection-cock is shut, and the steam-
cock opened. The steam, which has been accu-
mulating above the water in the boiler, during the
time of the descent of the piston, and is now
issuing through the puppet-clack, as soon as the
steam-cock is opened, rushes violently into the
cylinder, having a greater elasticity than that of
the air. It, therefore, immediately blows open the
snifting-valve, through which it drives out the air
that had been disengaged from the injection-water.

At the same time, the water which had been in-
jected before, together with the condensed steam,



HYDRAULICS. 215

run out through the eduction-pipe, ¢, and, lifting
up the valve, », flow into the hot-well.

By the admission of the steam under the piston,
the pressure of the atmosphere on the top is coun-
terbalanced, and the piston is free to move up-
wards or downwards.

But the other end of the beam being broader, so
as to be heavier than the piston, now raises it to
the top of the cylinder, whence it is again forced
downwards by the pressure of the atmosphere, as
soon as the vacuum is formed under it by the ad-
mission of the injection-water. In this manner the
operation is repeated ; the piston, being forced
down by the weight of the atmosphere, raises the
other end of the beam with whatever is attached
to it: and, on the other hand, when the pressure
of the atmosphere is counterbalanced by the steam
under the piston, the superior weight of the pump-
end of the beam brings the piston up again.

Savary’s was an engine that raised water by the
pressure of steam ; but Newcomen’s raises water
entirely by the pressure of the atmosphere ; “and
the steam is employed merely as the most expedi-
tious mode of producing a vacuum, into which the
atmospherical pressure may impel the first mover
of his machine.

Hence the great superiority of this latter engine.
We have no need of steam of very great elasticity;
and we operate by means of very moderate heats,
and, consequently, with much smaller quantity of
fuel. There are no bounds to the power of this
machine ; however deep a mine may be, a cylinder
may be used of such dimensions, that the pressure
of the air may exceed the weight of the column of
water to beraised. The form of this machine also
renders it applicable to almost every mechanical

P4
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purpose ; because a skilful engineer can readily
find a method of converting the reciprocating mo-
tion of the working-beam, into a motion of any
kind which may suit his purpose. Savary’s engine .
could not admit of such a general application, and
seems almost restricted to raising water.

Inventions improve by degrees. The most
exact and unremitting’ attention was at first re-
quired to open and shut the cocks precisely at
the proper time; for neglect might be ruinous
to the machine, by the confined steam beating
out the bottom of the cylinder, or allowing the
piston to be wholly drawn out of it.  Stops
were contrived to prevent these accidents; then
strings were used to connect the handles of
the cocks with the beam, so that they should
be turned whenever it was in certain posi-
tions. These were gradually changed, and im-
proved into detents and catches of different shapes;
at last, Mr. Beighton simplified the whole of these
subordinate movements.

About 1762, the late Mr. Watt began to turn
his attention to this machine, which he has since
brought to so great a degree of perfection.

But before we explain Mr. Watt’s improvements,
it is necessary to premise a short account of the im-
perfections of the old steam-engines, and their
causes.

The pressure of the atmosphere, or any equi-
valent resistance, prevents the production of steam,
until the water be heated to 212 degrees of Fah-
renheit’s thermometer; but when that pressure is
removed, or the water be placed in a vessel ex-
hausted of air, steam is produced from it when it
is colder than the human blood. On the contrary,
it water be pressed upon by air or steam, which
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are more compressed than the atmosphere, a degree
of heat above 212 degrees is necessary for the
production of steam.

When the vacuum is produced by throwing cold
water into the cylinder to condense the steam, that
water becomes hot; and, being in a vessel partially
exhausted, it produces a steam, which in part re-
sists the pressure of the atmosphere upon the
piston, and lessens the power of the engine. Ano-
ther defect is the destruction of steam, which un-
avoidably happens upon attempting to fill a cold
cylinder with it; for the injection.water, at the
same time that it condenses the steam, not only
cools the cylinder, but remains there until it be
forced out at the eduction-pipe by the steam which
is let in to fill the cylinder for the next stroke;
and that steam will be condensed into water as
fast as it enters, until all the parts it comes in con-

tact with be neurgr as hot as itself,
Watt preserved an uniform heat in the cylinder

of his engines, by not suffering cold water to touch
it, and by protecting it from the air or other cold
bodies, by a surrounding case filled with the steam,
or with hot air or water, and by coating it over
with substances that transmit heat slowly. He
made his vacuum more perfect, by condensing the
steam in a separate vessel, called the condenser ;
which may be cooled at pleasure without cooling
the cylinder, either by injection of cold water, or
by surrounding the condenser with it; and gene-
rally by both. He extracted the injection-water
and detached air from the cylinder or condenser,
by pumps which were wrought by the engine
itself.

As the inside of the cylinder was, in the old
engine, exposed to the air at every stroke when
the piston descended, and was thus considerably
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cooled, he inclosed the top of the cylinder by
a metal plate having a hole in it, through which
the piston rod worked in a collar of leathers ; and
instead of employing the pressure of the atmos-
phere to force down the piston, he introduced the
steam above the piston, when the vacuum is formed
underneath, and employed it to produce this effect :
thus making the direct pressure of the steam the
moving power, as in the original construction of
the engine.

The last great improvement made by Mr. Watt
was his giving an impulse to the piston by the
steam both in descending and ascending, instead
of being impelled, as in the old engine, during the
descent of the piston only.

We shall now proceed to describe one of Watt’s
engines on the latest construction.

A is the boiler, which is generally of an oblong
form ; and the flame, after striking on its concave
bottom, circulates round the sides, and sometimes
returns in a pipe through the body of the water,
before it is suffered to go up into the chimney.
In his engines, there are commonly two of these
boilers, so that one of them may work while the
other is repairing. B (Plate 11. fig. 1.), is the
steam-pipe which conveys the steam to the cylin-
der C, which is cased, and closed at top by a plate,
having a collar of leathers, through which the
piston-rod D works. a and ¢ are the steam-valves,
through which the steam enters into the cylinder :
it is admitted through a, when it is to press the
piston downwards, and through ¢ when it presses
it upwards. b and 4 are the eduction-valves,
through which the steam passes from the cylinder
into the condenser e, which is a separate vessel,
placed in a cistern of cold water, and which has a
jet of cold water continually playing up in the in-
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side of it. f'is the air-pump, which extracts the
air and water from the condenser. It is worked
by the great beam or lever, and the water brought
by it from the condenser, after being brought into
the hot-well g, is pumped up again by the pump 4,
and is brought back again into the boiler by the
pipe ik is another pump, also worked by the
engine itself, which supplies the ecistern in which
the condenser is placed, with cold water.

In the old engines, where the working-stroke
was only downwards, the piston-rod was attached
to the beam by chains, which bent round an arch
on the end of the beam, in order to make the
piston-rod move alwaysin a perpendicular direction.
This may be seen in the plate of Newcomen’s
engine. But in Mr. Watt’s engines, where the
working-stroke is doubled, that is, both upwards
and downwards, chains could not answer this pur-
pose, as, when the piston was forced upwards, they
 would slacken, and would not communicate the
motion to the beam. It was necessary, therefore,
that the piston-rod should be fastened to the beam
by inflexible bars; but that the stroke might be
perpendicular, aparticular contrivance wasinvented
by Mr. Watt, which is exhibited in Plate 11., and
which answers the intended purpose admirably.
It is usually called the parallel-joint; and its nature
and construction will be easily understood from
the figure. In order to make the engine itself
open and shut the steam and eduction-valves, long
levers are attached to them, which are moved by
the piston-rod of the air-pump E F. This part of
the apparatus is called the working-geer, and is so
contrived, that the valves may be worked either
by hand or by the perpendicular rod. By shutting
these valves, the engine may be stopped in an
instant.
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In order to communicate a rotatory motion to
any machinery by the motion of the beam of the
steam-engine, Mr. Watt made use of a very large
fly-wheel, G; on the axis of’ which is a small con-
centric-toothed wheel, H. A similar toothed-
wheel, I, is fastened by straps to a rod coming
from the end of the beam, so that it cannot turn
round on its axis, but must rise and fall with the
motion of the great beam.

A bar of iron connects the centres of these two
small-toothed wheels, so that they cannot quit each
other. When, therefore, the beam raises the
wheel I, it must move round the circumference of
the wheel H, and turn it together with the fly:
and it will be evident, upon consideration, that the
fly, driven in this manner, will make two revo-
lutions for every one of the wheel I. This mode
of moving the fly is preferable to a crank, as it
goes with twice the velocity: it is called the
sun and planet-wheel, from the resemblance of the
motion to that of those luminaries.

The valves of this steam-engine are all puppet-
valves, as these are found least liable to be out of
order.

The mode of operation in Mr. Watt’s engine is
as follows:

Suppose the piston at the top of the cylinder, in
the situation represented in the plate, and the
lower part of the cylinder filled with steam. By
means of the handle E, open the steam-valve a,
and the eduction-valve d, the levers of which are
connected together; there being now a communi-
cation between the cylinder and the condenser,
the steam instantly rushes into.the condenser,
leaving the cylinder empty, whilst at the same
time the steam from the boiler, entering by the

15
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steam-valve a, presses upon the piston, and forces
it down. As soon as the piston has arrived at the
bottom, the steam-valve ¢, and the eduction-valve
- b, are opened, whilst the valves @ and d are shut;
the steam, therefore, immediately rushes through
the eduction-valve 4 into the condenser, whilst the
piston is forced up again by the steam, which is
now admitted by the steam-valve .

Fig. 2, which is a section of the steam-pipes,
taken at right angles to that in Fig. 1, shows this
more distinctly; s is the pipe which conveys the
steam from the boiler; @ and ¢ are the steam-
valves, and & and & the eduction-valves. By
attending to the operation in both the sections,
the reader will easily understand it. It appears at
first a little confused, by there seeming to be only one
steam-pipe for communicating between the cylinder
and the condenser; but the difficulty is cleared up,
by representing both the pipes, as in Fig. 2.

Fig. 3. is a longitudinal section of the boiler, re-
presenting the mode of supplying it with water,
and the safety-valve and cocks. fis a small cis-
tern, which is supplied with water from the hot-
well, as represented in Fig. 1; from the bottom of
this cistern, a pipe goes down almost to the bottom
of the boiler, where it turns up a little, to prevent
the entrance of the steam which rises from the
bottom. I'rom the side of this cistern is supported
a small lever, to one end of which is fastened a
wire that carries a stone which hangs in the water
of the boiler; the other end of the lever sup-
porting also by a wire a valve that shuts the top of
the pipe that goes down from the cistern. Now,
supposing the stone just at the surface of the water,
and balanced by a weight at the opposite end of
the lever; it is evident that, by the laws of hydro-
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statics, already explained, a certain part of the
weight of the stone will be supported by the water,
so long as it continues immersed in it; but if a
part of the water evaporate by boiling, a pro-
portional part of the stone will be above the water,
consequently the stone will bear more upon the
lever, and raise the weight at the other end; but
in raising that weight, it also opens the valve in
- the small cistern, and admits water until it stand
at the same height in the boiler as before, and
then the valve and the stone being again in
equilibrio, the wvalve remains shut until a new
quantity is evaporated. By this means the supply
of water is very gradual, however, and not by fits
and starts, as here described for the sake of
illustration.

It is found by experience to be a much better
method than a ball-cock; and the regular sup-
plying of the boiler with water is of the first im-
portance. As a check upon this, and to know
perfectly the height of the water in the boiler,
there are two cocks, g and /%, one of which reaches
nearly to the surface of the water when at its
proper height, and the other enters a little below
the surface.

It is evident, that if the water be at the just
height, and you open g, that steam will issue; and
if 2 be opened, water will be driven out by the
pressure of the steam. But if’ water come out
from g, then the water must be too high in the
boiler; and if steam issue from %, then the water
is too low, By this means, it is casy to know at all-
times the exact height of the water in the boiler.

¢ is a safety-valve, to prevent the bursting of the
boiler by the steam growing too strong; £ is the

pipe which conveys the steam to the engine.
19
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Fig. 47. is Mr. Cartwright’s steam-engine, the
construction of which evinces much ingenuity. «
is the cylinder, which is supplied with steam from
the boiler through the pipe 4; ¢ is the piston in
the act of going up; d is the pipe that conducts the
steam into the condenser ¢, which consists of' two
cylinders, one within the other, leaving a small
space between them, into which the steam is ad-
mitted; while the inner cylinder is filled with cold
water, and also the external cylinder surrounded
by the same; so that, by this means, a very large
surface of steam is exposed, though no water is
suffered to come into actual contact with it.

To the bottom of the piston, ¢, isattached a rod,
with another piston, ¢, working in the pipe d.
When the piston e arrives at the bottom of the
cylinder, a valve which is in the piston, is opened
by its pressing against the bottom, and opens a
communication with the condenser, whilst the
spring £, fixed to the rod of the piston, shuts the
valve which admits the steam from the boiler.
The steam, therefore, being thus condensed, runs
into the lower pipe f. The piston e arriving at
the bottom of the pipe in which it works at the
same time with ¢, presses upon the condensed
water, shuts the valve /f; and forces the water up
the pipe g, into the box A  The air which is dis-
engaged from the water rises to the top of the box,
and, by its clasticity, forces the water through the
pipe 7, which carries it back again into the boiler.
When the air accumulates in the box to such a
degree as to depress the water, the ball-cock falls
with it, and opens a valve in the top of the box,
which suffers some of the air to escape.

When all the steam is condensed, the motion of
the fly attached to the machine brings the piston
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up again, its valve now remaining shut by its
weight., On arriving at the top, it presses up the
steam valve, which admits the steam from the
boiler to force it down as before.

[/ and m are two cranks, upon whose axes are two
equal wheels working in each other, for the pur-
pose of converting the perpendicular motion of
the piston-rod into a rotatory motion, for working
the machinery attached to it.

But the most valuable part of this engine is in
the construction of the piston, which Mr. Cart-
wright made wholly of metal, and so as, by means
of strings, to fit the cylinder very exactly. This
not only saves the expence and trouble of packing,
which must frequently be renewed in all other
engines, but also saves a great deal of steam, on
account of the more accurate fitting of the piston.

As it is evident from its construction that the
whole of the steam is brought back again into the
boiler, it affords the means of employing alkohol
instead of water, and thus saving a great deal of
fuel.

This machine seems to be peculiarly applicable
to purposes requiring only a small power, as it is
not expensive, and occupies little room.

The draining of deep mines requiring a very
great power, steam heated to above the usual tem-
perature of 212, is sometimes employed in steam
engines, and these are called high pressure engines.
Several of these have been executed in Cornwall
by Woolf and Trevethick. They are the most
powerful of this class of engines which have been
constructed, but they requireextraordinary strength
in the boilers, and great care with the safety
valves, a neglect of which has occasioned dreadful

explosions.
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In describing the effects produced by steam
engines, the work performed by a horse is generally
made use of as a standard; accordingly we say an
engine of 10, 20, 30, &c. horse power. A steam
engine having a cylinder of 19 inches diameter,
making 25 strokes of 4 feet per minute, and con-
suming 3700 pounds of coals per day, is equivalent
in power to 20 horses. A cylinder of 24 inches,
making 22 strokes of 5 feet, and burning 5500
pounds of coals, is equal to 20 horses.

STEAM BOATS.

Among the numerous applications of steam is
that of propelling vessels by it, without the aid of
sails or oars.

Itappears that, as long ago as 1736, one Jonathan
Hulls, of London, took out a patent for a method
of moving vessels on the water by machinery
worked by a steam engine. But although several
others since that time made several experiments
with steam boats, yet Fulton was the first who suc-
ceeded in applying them on an extensive scale,
which he did upon the great lakes in North
America about 1808. In 1818, the steam boat
was first introduced into this country upon the
river Clyde.

The hull of the steam vessel is not very different
in form from that of a ship constructed for sails,
but has no rigging or upper works. About the
middle of the vessel is fixed the boiler of the steam
engine, which is made to work a wheel on each
side of the vessel, nearly similar to the wheel of an
undershot mill, by the action of which on the water
the vessel is moved. The smoke from the boiler fur-
nace is carried off by an iron flue of considerable
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OF SOUND.

W nex an elastic body is struck, its parts are put
into a tremulous or vibratory motion, which is
communicated to the surrounding air. This vi-
bration of the air, which may be compared to the
waves in water, occasioned by a stone thrown into
it, extends to the tympanum or drum of the ear,
and affects the nerves with the sensation called
sound.

Air is the usual vehicle of sound, but it is not
absolutely essential; the vibration of a solid body
being capable of affecting the ear without the in-
tervention of air, as may be observed by striking a
poker which is held by a string and pressed against
the ear. It is necessary, however, that there be
some substance extending from the sounding body
to the ear, as sound cannot be conveyed through a
vacuum. Saussure observed, that the noise of a
pistol fired on the top of Mont Blanc, where the
air is highly rarefied, was not greater than the
report of a small cannon used as a toy. On the
contrary, the noise of a bell, inclosed in a receiver
of condensed air, is louder than before the air was
condensed.

As sound is owing to the elasticity of bodies,
the most elastic are the most sonorous: for example,

Q2
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glass, as may be perceived in drawing a wet finger
on the edge of a drinking glass.

The vibration of sonorous bodies may be easily
seen in musical strings.

If the middle of a string which is fixed at both
ends, A B, (Plate 25. fig. 6.) be drawn to one side,
as to C, it will, when let loose, vibrate to D, and
then will return back only to E, having lost some-
thing of the velocity which it had acquired during
the first vibration, from the resistance of the air
and friction: it will next move back to E, thus
making every succeeding vibration less than the
former one, till at last it ceases to vibrate.

The difference of musical tones depends on the
different number of vibrations communicated to
the air in a given time by the tremors of the
sounding body; the quicker the succession of
vibrations, the acuter is the tone; and the slower
the vibrations, the graver the tone.

The vibrations of a musical chord grow less and
less after it has been struck, and the sound con-
sequently gradually diminishes; but it is a curious
property, that notwithstanding this, the vibrations,
whether great or small, are all performed in the
same time. Thisis the reason why the same chord
always gives the same note.

The number of the vibrations given in a certain
time depends upon the length, size, and tension of
the strings. This is very well illustrated in the
violin. |

The harmony or concord of two notes is owing
to the vibrations of the air occasioned by them
arriving at the ear at the same instant; and this
may be the case, although their vibrations are
different; for one may give two vibrations, while
the other performs one only; this is the concord

S ——
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called an octave. If one gives two while the other
gives three, the harmony of a fifth is produced.
In a fourth the vibrations are as three to four, &c.

All sounds arrive at the ear in the same time
from sounding bodies equally distant, and sound
travels through the air at the rate of 1130 feet in a
second. This knowledge of the velocity of sound
is of use in determining the distances of ships, or
other objects: for instance, if a ship fires a gun,
the motion of the light from the flash being almost
instantaneous, the sound is not heard till some
time after the flash is seen; then if 1130 feet be
multiplied by the number of seconds between the
sight of the flash and the sound, it will give the
distance nearly. _

Sounds may be heard in water, but faintly,
though it travels through water much faster than
through air.

Different musical sounds do not destroy each
other, but may be heard together, the reason of
which may be illustrated by observing, that the
circular waves made in the water, by two stones
thrown in at the same time, cross each other
without disturbance.

When the aerial vibrations meet with an obstacle
of a hard nature, they are reflected; and conse-
quently, an ear placed in the course of these
reflected waves, will perceive a sound similar to
the original sound, but which will seem to proceed
from a body situated in like position and distance
behind the plane of reflection, as the real sounding
body is before it. This reflected sound is called
an echo. .

The waves of sound being thus reflexible, nearly
in the same manner as the rays of light, may be
deflected or magnified by much the same contyi-

Q 3
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vances as are used in optics. From this property
of reflection, it happens that sounds uttered in one
focus of an elliptical cavity are heard much mag-
nified in the other focus.

Buildings constructed of certain shapes, and
also mountains, have this property of reflecting
sounds in a remarkable manner. The whispering
gallery of St. Paul’s is a well-known instance. At
Keswick lake, the firing of a cannon is repeated
from the mountains many times, so as to resemble
- the noise of a distant battle. At Woodstock park
in Oxfordshire, an echo repeats seventeen times in
the day, and twenty times in the night.

Sound is conveyed quicker through solid bodies
than through the air. Hassenfratz found that
when he struck with a hammer the top of a wall,
the sound was heard double by a person at the
bottom, one sound travelling through the wall,
and the other more slowly through the air.

Sounds are conveyed to great distances through
tubes, and upon this property is founded a very
useful contrivance, called acoustic or speaking tubes,
which are now fixed up in houses for the purpose
of speaking from one story to another.

The [fnvisible Girl, with which the public was
some time puzzled and amused, was constructed
upon a principle nearly similar. This exhibition
consisted of a hollow copper ball, to which was at-
tached four trumpets, and which was suspended by
ribbons from the four corners of a frame resembling
a bed-post, and having no other connexion with
the frame. The globe was supposed to contain the
invisible being, as the voice apparently proceeds
from the interior of it. If a question was asked
by speaking into one of the trumpets, an answer
was returned in a low female voice proceeding



OF SOUND. 231

irom all the trumpets. This eflect was produced
by one of the standards of the frame being hollow,
opening opposite the mouth of the trumpets, and
communicating with a large case placed in an
adjoining room, and containing the confederate.

Upon this principle also is constructed the
oracular bust, which is made in this manner. Place
a bust on a pedestal in the corner of a room, and
let there be two tin tubes, one going from the
mouth and the other from the ear of the bust,
through the pedestal and floor, to an under apart-
ment; there may likewise be wires that go from
the under jaw and the eyes of the bust, by which
they may be easily moved. A person being placed
in the under room, and at a signal given, applying
his ear to one of the tubes, will hear any question
that is asked by another person above who speaks
into the ear of the bust, and immediately reply;
the sound will move through the tube, and seem
to come from the mouth of the bust.

Contrivances such as these have been thought to
be magical, by ignorant persons who were not in the
secret,

The speaking trumpet is an instrument for con-
veying sounds to considerable distances. The
form has sometimes been directed to be hyperbolic
or parabolic, but it is found that a conical form
succeeds better than any other.

The hearing trumpet is in form like the speaking
trumpet, the vertex of the cone being placed to
the ear.
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We can easily see, through a small pin-hole in a
piece of paper, all the objects, such as the sky,
trees, houses, &c. which we could without the
paper. The light proceeding from these objects
must pass at the same time through the hole in a
great variety of directions, before they arrive at
the eye: yet it does not appear that vision is dis-
turbed by that means.

Light, whether it comes from the sun, a candle,
or any other luminous body, moves always in
straight lines only: of this we may be convinced
from several simple observations. If a stick be
placed upright before a lighted candle, the line
extending from the top of the stick to the end of
its shadow, will be a prolongation of that from the
top of the stick to the candle. It is also impos-
sible to see through a crooked tube.

When light proceeds in ‘every direction from a
luminous body, as the rays from a candle, its in-
tensity is diminished as the square of the distance:
that is, if you remove an object to twice the dis-
tance from the luminous body, it will be en-
lightened only one-fourth as much as before: if to
three times the distance, it will be illuminated only
one-ninth as much, and so on.

From certain circumstances in the texture of
bodies which cannot yet be explained, some permit
the rays of light to pass freely through them: such
are called fransparent: as glass, water, &c. while
others entirely obstruct the light, and are called
opaque bodies: as wood, metal, &c. A transparent
or pellucid body is called also a medium, and light
passing through them is said to be transmitted.

By a ray of light is meant the motion of a
simple particle.

A pencil of rays is a number of rays diverging
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or spreading out from a single point in the luminous
body.

Shadows are occasioned merely by the ob-
struction of light by an opaque body.

OF REFRACTION.

If the rays of light, after passing through a
medium, enter another of a different density, in a
direction perpendicular to its surface, they proceed
through this medium in the same direction as
before. Thus, the ray I C (Plate 12. fig. 1.) pro-
ceeds to A, in the same direction.

But if they enter obliquely to the surface of a
medium, either denser or rarer than what they
moved in before, they are made to change their
direction in passing through that medium.

If the medium which they enter be denser,
they move through it in a direction nearer to the
perpendicular drawn to its surface. Thus, B C,
upon entering the denser medium L G, instead of
proceeding in the same direction G H, is bent into
the direction C I, which makes a less angle with
the perpendicular C K.

On the contrary, when light passes out of a
denser into a rarer medium, it moves in-a direction
farther from the perpendicular. Thus, if I C were
a ray of light which had passed through the dense
medium L G, on arriving at the rarer medium, it
would move in the direction C B, which makes a
greater angle with the perpendicular.

This refraction is greater or less, that is, the rays
are more or less bent or turned aside from their
course, as the second medium through which they
pass is more or less dense than the first.
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Thus, for instance, hght is more refracted in
passing from air into glass, than from air into
water; glass being denser than water.

To prove the refraction of light, take an empty
basin into a dark room; make a small hole in the
window shutter, so that a beam of light may fall
upon the bottom at ¢ (Fig. 4.), where you may
make a mark. Then fill the basin with water,
without moving it out of its place, and you will
see that the ray, instead of falling upon a, will
fall at &.

If a piece of looking-glass be laid in the bottom
of the basin, the light will be reflected from it,
and will be observed to suffer the same refraction
as in coming in; only in a contrary direction.

If the water be made a little muddy, by putting
into it a few drops of milk, and if the room be
filled with dust, the rays will be rendered much
more visible.

The same may be proved by another experiment.
Put a piece of money into the basin when empty,
and walk back till you have just lost sight of the
money, which will be hid by the edge of the basin.
Then pour water into the basin, and you will see
the money distinctly, though you look at it exactly
from the same spot as before.

If the rays of light fall upon a piece of flat
glass, as L G (Fig. 1.), they are refracted into a
direction nearer to the perpendicular, as described
above, while they pass through the glass; but after
coming again into air, they are refracted as much
in the contrary direction; so that they move
exactly parallel to what they did before entering
the glass. But, on account of the thinness of the
glass, this deviation is generally overlooked, and it
is considered as passing directly through the glass.
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The cause of this refraction, or altering of the
direction of the rays, may be owing to the superior
attraction of the denser medium, which acts only
at a very small distance; on the contrary, when
light passes from a denser to a rarer medium,
it is most strongly attracted by that which it
leaves.

It is owing to the refraction of light by the
atmosphere, that we see the sun and stars before
they are actually above the horizon, and also after
they are below it. Let A B C (Plate 25. fig. 7.)
represent a portion of the earth’s surface, and
D E F the atmosphere surrounding it, G the place
of the sun, and B E the horizon of the point B.
A ray, G E, from the sun while still below the
horizon, will be refracted upon its coming into the
atmosphere, so as to arrive at the point B; and,
therefore, to an eye placed at B, the sun will ap-
pear at H on the horizon. And for the same
reason, the image of the sun will be seen after he
is actually set. Astronomers, in their calculations
of the places of the heavenly bodies, are obliged to
make allowances for this refraction.

When a ray of light, C D E F, (Plate 25. fig. 8.)
passes through a piece of glass, the sides of which
are parallel, as A B, it suffers two refractions,
which destroy each, and the ray moves on in the
same direction as at first. It is first refracted in the
direction D F, and on leaving the glass again, into
the direction E F, which is parallel to C D.

If parallel rays, a b (Plate 12. fig. 5.), fall upon
a plano-convex lens, ¢ d, they will be so refracted,
as to unite in a point, ¢, behind it; and this point
is called the principal focus, or the jocus of parallel
rays; the distance of which from the middle of
the glass is called the focal distance, which is equal



OPTICS. 237

to twice the radius of the sphere, of which the
lens is a portion.

When parallel rays, as A B (Fig. 6.) fall upon a
double convex lens, they will be refracted, so as to
meet in a focus, whose distance is equal to the
radius, or semi-diameter of the sphere of the lens.

Buat if a lens be more convex on one side than
on the other, the rule for finding the focal distance
is this: as the sum of the semi-diameters of both
convexities is to the semi-diameter of either, so is
double the semi-diameter of the other to the dis-
tance of the focus; or, divide the double product
of the radii by their sums, and the quotient will be
the distance sought.

If another glass, F' G, of the same convexity as
D E, be placed in the rays at the same distance
from the focus, it will refract them so as that,
after going out of it, they will be all parallel, as
b c; and go on in the same manner as they came
to the first glass D E, but on the contrary sides of
the middle ray.

The rays diverge from any radiant point, as
from a principal focus; therefore, if a candle be
placed at f, in the focus of the convex-glass F G,
the diverging rays in the space F f G, will be so
refracted by the glass, that, after going out of it,
they will become parallel, as shown in the space
¢ b

If the candle be placed nearer the glass than its
focal distance, the rays will diverge after passing
through the glass, more or less, as the candle is
more or less distant from the focus.

It the candle be placed farther from the glass
than its focal distance, the rays will converge after
passing through the glass, and meet in a point,
which will be more or less distant from the glass,
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as the candle is nearer to, or farther from, its
focus; and where the rays meet, they will form an

inverted image of the flame of the candle; which-

may be seen on a paper placed in the meeting of
the rays.

Hence, if any object, A B C (Fig.7.) be placed
beyond the focus I of the convex glass, d ¢ f,
some of the rays which flow from every point of
the object, on the side next the glass, will fall
upon it, and after passing through it, they will be
converged into as many points on the ppposite side
of the glass, where the image of every point will
be formed, and consequently the image of the
whole object, which will be inverted. Thus, the
rays A d, A e, A f; flowing from the point A, will
converge in the space d a f; and by meeting at a,
will there form the image of the point A. The
rays B 4, B ¢, B f, flowing from the point B, will
be united at 4, by the refraction of the glass, and
will there form the image of the point B. And
the rays C d, C ¢, C f; flowing from the point C,
will be united at ¢, where they will form the image
of the point C. And so of all the intermediate
+points between A and C.

If the object A B C be brought nearer to the
glass, the picture @ b ¢ will be removed to a greater
distance; for then, more rays flowing from every
single point, will fall more diverging upon the
glass; and therefore cannot be so soon collected
into the corresponding points behind it. Conse-
quently, if the distance of the object A B C (Fig.8.)
be equal to the distance e B of the focus of the
~ glass, the rays of each pencil will be so refracted
by passing through the glass, that they will go out
of it parallel to each other: as d 1, ¢ H, f&, from
the point C; d G, ¢X, /D, from the point B;

14
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and d K, e E, /L, from the point A; and there-
fore there will be no picture formed behind the
glass.

If the focal distance of the glass, and the dis-
tance of the object from the glass, be known, the
distance of the picture from the glass may be
found by this rule ; viz. multiply the distance of
the focus by the distance of the object, and divide
the product by their difference ; the quotient will
be the distance of the picture.

The ‘picture will be as much larger, or less than
the object, as its distance from the glass is greater
or less than the distance of the object; for as Be
istoebd, sois AC toca; so thatif A BC be the
objeet, ¢ b a will be the picture ; or if ¢ ba be the
‘object, A B'C will be the picture.

If rays converge before they enter a convex lens,
they are collected at a point nearer to the lens than
the focus of parallel rays. If they diverge before
they enter the lens, they are then collected in a
point beyond the focus of parallel rays; unless
they proceed from a point on the other side at the
same distance with the focus of parallel rays; in
which case they are rendered parallel.

I they proceed from a point nearer than that,
they diverge afterwards, but in a less degree than
before they entered the lens.

‘When parallel rays, as a be d e (Plate 18. fig. 1.),
pass through a concave lens, as A B, they will di-
verge after passing through the glass, as if they
had come from a radiant point C, in the centre of
the convexity of the glass; which point is called

virtual or imaginary focus.

Thus, the ray a, after passing through the glass
A B, will go on in the direction %1, as if it had
proceeded from the point C, and no glass been in
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the way. The ray & will go on in the direction
m n ; the ray c,in the direction o p, &c. The ray
C, that falls directly upon the middle of the glass,
suffers no refraction in passing through it; but
goes on in the same rectilinear direction, as if no
glass had been in the way.

If the glass had been concave only on one side,
and the other side quite flat, the rays would have
diverged after passing through it, as if they had
come from a radiant point at double the distance
of C from the glass; that is, as if the radiant point
had been at the distance of a whole diameter of the
glass’s convexity.

If rays come more converging to such a glass,
than parallel rays diverge after passing through it,
they will continue to converge after passing
through it; but will not meet so soon as if no
glass had been in the way; and will incline to-
wards the same side to which they would have
diverged, if they had come parallel to the glass.

Since all the rays of the sun which pass through
a convex glass are collected together in its focus,
the force of all their heat is collected into that
part. Hence, we see the reason why a convex
glass causes the sun’s rays to burn after passing
through it.

Every  lens, whether convex or plano-convex,
will collect by refraction the rays of the sun dis-
persed over its surface into a point, and thus be-
come a burning lens.

As all the rays which fall upon the lens are
united in its focus, their effect ought to be so much
the more, as the surface of the lens exceeds that
of the focus. Thus, if a lens four inches broad
collect the sun’s rays into a focus at the distance
of one foot, the image will not be more than one-

1'
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tenth of an inch broad. The surface of this little
circle is 1600 times less than the surface of the
lens, and consequently, the sun’s rays must be ten
times denser within that circle; it is not, therefore,
surprising, that it burns with a degree of ardour
and violence exceeding any culinary fire.

The most considerable of these glasses are those
which were made by M. Tschirnhausen and Mr.
Parker. The diameter of that of T'schirnhausen
was three feet, the focus was formed at twelve
feet, and its diameter one inch and a half, and
weighed 160 pounds. To render the focus more
vivid, it was collected a second time by a lens
placed parallel to the first, and so situated, that the
diameter of the cone of rays formed by the first
lens was exactly equal to the diameter of the
second lens, so that it received all the rays; the
focus was contracted to eight lines, and its force
was increased proportionally.

The lens made by Mr. Parker was formed of
flint-glass three feet diameter, and when fixed in
its frame, exposed a clear surface of two feet eight
inches and a half in diameter; weight, 212 pounds;
focal length, six feet eight inches ; diameter of the
focus, one inch., A second lens was used, which
reduced the focus to half an inch.

Some of the principal effects produced by these
glasses were as follows :

1. Every kind of wood took fire in an instant,
whether hard or green, or soaked in water.

2. Iron plates grew hot in a moment, and then
melted.

3. Tiles, slates, and all manner of earth, became
red, and vitrified.

4. Sulphur, pitch, and all resinous bodies, melted
under water.
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glass, when the circles unite being measured, gives
the focal distance.

To find the focal length of a concave lens :

Let the lens be covered with paper, having two
small circular holes : and on the paper for receiv-
ing the light, describe also two small circles, but
with the centres at twice the distance from each
other of the centres of the circles. Then move
the paper forwards and backwards, till the middle
of the sun’s light, coming through the holes, falls
exactly on the middle of the circles: that distance
of the paper from the lens will be the focal length
required.

"To find the focus of a plano-convex, and a plano-
concave lens :

By similar experiments you will find, 1. That
the focus of a plano-convex, or of a plano-concave
glass, 1s equal to a diameter of its convex or con-
cave surface, that is, of the whole sphere it be-
longs to. 2. That the focal distance of' a double con-
vex, or double concave glass of equal convexities or
concavities, is equal to a semi-diameter of either of
its surfaces ; and, consequently, that the focal dis-
tance of a glass, of unequal convexities or conca-
vities, will have an intermediate length between a
diameter and a semi-diameter, of that surface which
1s most convex or concave.

To measure the focal distance of a globe of
water, and of glass :

Take a hollow globe of glass, or, instead of it,
a thin round flask, or decanter, and making a round
hole, about an inch diameter, in a piece of brown
paper, paste it on one side of the body of the de-
canter ; and having filled it with water, hold the
covered side to the sun, that the perpendmular

R 3
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For if' the rays, after being separated in this
manner by the prism, are made to fall upon a con-
vex lens G, Tig. 2., they will converge at H, form-
ing a spot of white light as at first. The same may
also be shown by fixing pieces of cloth of all the
seven colours, on the rim of a wheel, and whirling
it round with great velocity ; they will appear white.
White, therefore, is the mixture of all the colours,
as black is the want or deprivation of colour.

Though seven different colours are distinguish-
able in the prismatic spectrum, yet all these, as
well as all other broken colours, can be composed
by mixing together pigments of three colours only,
viz. red, blue, and yellow ; and, perhaps, in nature,
there may be only those three, although as yet no
experiments have been able to reduce the spectrum
to three only : the orange being produced by the
mixture of red and yellow ; green, by mixing blue
and yellow; and violet, or purple, from blue and
red.

The instance of the separation of the primary
colours of light which seems most remarkable, is
that of the rainbow. It is formed, in general, by
the reflection of the rays of the sun’s light from
the drops of falling rain, though frequently it ap-
- pears among the waves of the sea, whose heads or
tops are blown by the wind into small drops, and
it 1s sometimes seen on the ground, when the sun
shines on a very thick dew. Cascades and foun-
tains, whose waters are in their fall divided into
drops, exhibit rainbows to a spectator, if’ properly
situated during the time of the sun’s shining ; and
water blown violently from the mouth of an ob-
server, whose back is turned towards the sun,
never fails to produce the same phenomenon,
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This appearance is also seen by moon light,
though seldom vivid enough to render the colours
very distinguishable ; and the artificial rainbow may
be produced even by candle-light, on the water
which is ejected by a small fountain, or jet d’eau.
All these are of the same nature, and dependent on
the same causes, viz. the various refrangibility of
the rays of light.

The colours observable on soap-bubbles, and the
halos which sometimes surround the moon, are also
referable to the same origin.

This unequal refraction of ‘the rays of light
proves a great inconvenience in the construction
of single lenses, as the images formed by them
have always coloured rays round them, owing to the
separation of the coloured rays at the extremities of
the lens. This has given rise to a very ingenious
construction of a lens, compounded of three others
fitted together, and made of glass having different
degrees of refrangibility, so that the refractive
power of one lens shall correct that of the other,
and thus produce an image free from the colours
occasioned by common lenses; these compound
lenses are called achromatic glasses, and are usually
composed of two concave lenses of crown-glass,
with a concave lens of flint-glass between them.
These were invented by Dollond, and are now
used in all fhe best telescopes.

Description of the Eye, and the Nature of Vision.

In order to understand the science of vision, it
is necessary, first, to describe the organ of sight.

The eye is placed in a bony cavity called the
orbit, which is lined with fat, to form a soft bed
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for it to rest upon, and facilitate its various move-
ments.

The eye.-brows defend the eye from the light
when it is too strong, and prevent their being in-
commoded by any substances that might slide
down the forehead, and thence fall into the eyes.

The eye-lids, like two substantial curtains, pro-
tect and cover the eyes when we are asleep; when
we are awake, they diffuse by their motion, and by
peculiar secreting organs, a fluid over the eye,
which cleans and polishes it, and thus renders it
fitter for transmitting the rays of light.

That the eye-lids may shut with greater exact-
ness, and not fall into wrinkles when they are ele-
vated or depressed, each edge is stiffened by a
cartilaginous arch. The eye-lashes, like two palli-
sades of short hair, proceed from these cartilagi-
nous edges, warning the eye of danger, protecting
it from straggling motes, and warding off the wan-
dering fly.

The eye itself is of' a globular form, but more
protuberant on the fore-part than behind.

It is composed of three coats, or teguments, one
covering the other, and inclosing three different
substances, called humours.

ABCD (Plate 13. fig.4.) is a section of the
globe of the eye, the three concentric circles re-
presenting the three coats.

The external coat, or membrane, is called the
sclerotica ; 1t is strong, elastic, and of a white
colour, resembling parchment : the hinder part is
very thick and opaque, but it grows gradually
thinner, as it advances towards the part where the
white of the eye terminates. A circular portion
of it in front is perfectly transparent, and more



—

—

QPTICS. 251

convex than the rest: this 1s called the cornea,
as C D.

Immediately adherent to the sclerotica within,
1s the choroides, which is a soft and tender coat,
composed of a multitude of vessels. This mem.-
brane is inwardly of a russet-brown colour, almost
black. Like the sclerotica, it is distinguished into
two parts; the fore-part being called the iris, while
the hinder-part retains the name of choroides.
The fore-part commences at the place where the
cornea begins : it here attaches itself’ more strongly
to the sclerotica by a cellular substance, forming a
kind of white narrow circular rim, called the ciliary
circle.  'The choroides separates at this place from
the sclerotica, changing its direction, turning, or
rather folding directly inwards towards the axis of
the eye, cutting the eye, as it were, transversely,
This part, called the iris, is composed of two kinds
of muscular fibres ; the one sort tending, like radii,
towards the ceuntre of the circle, and the other
forming a number of concentric circles round the
same centre. The central part of the iris is per-
forated, and the orifice, which is called the pupil,
is varied in magnitude by the action of the two sats
of fibres composing the iris. When a very lumi-
nous object is viewed, the circular fibres contract,
and diminish the orifice ; and, on the other hand,
when the objects are dark and obscure, the radial
fibres of the iris contract, and enlarge the pupil so
as to admit a greater quantity of light, The iris is
differently coloured in different persons: in some it
is blue, in others brown, or of a hazel colour.

The whole of the choroides is opaque, by which
means no lightis allowed to enter into the eye, but
what passes through the pupil. To render this
opacity more perfect, and the chamber of the eye
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still darker, the posterior surface of this membrane
is covered all over with a black mucus, called the
pigmentum nigrum.

From the part of the choroides, called the ciliary
circle, arise a set of radial fibres, turning inwards
towards the centre of the eye, and filled up be-
tween with a black mucus, giving it the appearance
of a membrane, as Ca, Db, This serves to sup-
port the crystalline humour, to be described after-
wards ; and is called the ligamentum ciliare, or
ciliary ligament. .

The third and last membrane of the eye is called
the retina. 'This is a fine and delicate membrane,
being an expansion of the medullary part of the
optic nerve. It is spread like a net all over the
concave surface of the choroides, and terminates
at the ciliary ligament. It serves to receive the
images of objects produced by the refraction of
the different humours of the eye, and painted, as
it were, upon its surface. It is itself transparent,
but appears black, by reason of the pigmentum
nigrum spread underneath it. From the hinder
part of the eye (but not from the central part),
proceeds the optic nerve A, which conveys to the
brain the sensation produced upon the retina.

The coats of the eye which invest and support
each other after the manner of the concentric coats
of an omnion, or other bulbous root, inclose three
transparent bodies, called the aqueous, crystalline,
and wvifreous humours.

The aqueous humour is the most fluid, being
thin and clear like water: it fills up the space be-
tween the cornea and ciliary ligament, being di-
vided into two portions by the iris, which swims in
it. These are called the anterior and posterior
portions of the aqueous humour.
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The second humour of the eye is the crystalline,
which is as transparent as the purest crystal; but
in consistence like a hard jelly, growing somewhat
softer from the middle towards the edges. Its form
is that of a double convex lens, but more convex
on the interior than on the exterior surface. This
humour is contained in a very strong and trans-
parent membrane, called the arackhnoides, and is
suspended behind the aqueous humour by the liga-
mentum ciliare.

The vitreous is the third humour of the eye: it
receives its name, like the others, from its appear-
ance, which is like melted glass. It is not so hard
as the crystalline, nor so liquid as the aqueous
humour. It fills all the interior chamber of the
eye, behind the crystalline humour.

As every point of an object, A B C, (Plate 13.
fig. 6.) sends out rays in all directions, some rays
from every point on the side next the eye will fall
upon the cornea, between E and F; and by passing
on through the humours and pupil of the eye, they
will be converged to as many points on the retina,
or bottom of the eye, and will thereon form a dis-
tinct inverted picture, ¢ b a, of the object. Thus
the pencil of rays, ¢ » 5, that flows from the point
A of the object, will be converged to the point «
on the retina; those from the point B will be con-
verged to the point b; those from the point C
will be converged to the point ¢; and so of all the
intermediate points, by which means the whole
image @ b ¢ is formed, and the object made
visible; although it must be owned, that the
method by which this sensation is carried from
the eye by the optic nerve to the common
sensorium in the brain, is above the reach of our
conception.
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But that vision is effected in this manner may be
demonstrated experimentally. Take a bullock’s
eye while it is fresh, and having cut off the three
coats from the back part, quite to the vitreous
humour, put a piece of white paper over that part
and hold the eye towards any bright object, and
you will see an inverted picture of the object upon
the paper.

Since the image is inverted, many have won-
dered why the object appears upright. But we are
to consider, 1. That inverted is only a relative
term; and, 2. That there is a very great difference
between the real object and the means or image
by which we perceive it. When all the parts of a
‘distant prospect are painted upon the retina, they
are all right with respect to one another, as well as
the parts of the prospect itself; and we can only
Judge of an object’s being inverted, when it is
turned reverse to its natural position, with respect
to other objects which we see and compare it with.
If we lay hold of an upright stick in the dark, we
can tell which is the upper or lower part of it, by
moving our hand upward or downward; and know
very well that we cannot feel the upper end by
moving our hand downward. Just so we find by
experience, that upon directing our eyes towards a
tall object, we cannot see its top by turning our
eyes downward, nor its foot by turning our eyes
upward; but must trace the object the same way
by the eye to see it from head to foot, as we do by
the hand to feel it ; and as the judgment is informed
by the motion of the hand in one case, so it is also
by the motion of the eye in the other,

The diameters of images at the bottom of the
eye are proportional to the angles which the ob-
jects subtend at the eye, the same as in a lens;

13
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and are reciprocally as the distances of the same
object viewed in different places.

The eye is in reality no more than a camera ob-
scura; for the rays of light flowing from all the
points of an object, through the pupil of the eye,
do by the refraction of its humours, paint the
image of it in the bottom of the eye: just so it is
in the camera obscura, where all the rays refracted
by a lens in the window-shutter, or passing through
a small hole in it, paint the image on the opposite

- wall.

The eye can only see a very small part of an
object distinctly at once. For the collateral parts
of an object are not represented distinctly in the
eye, and therefore the eye is forced to turn itself
successively to the several parts of the object it
wants to view, that they may fall near the axis of
the eye, where alone distinct vision is performed.

When any point of an object is seen distinctly
with both eyes, the axes of both eyes are directed
to that point, and meet there; and then the object
appears single, though looked at with both eyes;
for the optic nerves are so framed, that the cor-
respondent parts in both eyes lead to the same
place in the brain, and give but one sensation; and
the image will be twice as bright with both eyes as
with one. But if the axes of both eyes be not di-
rected to the object, that object will appear double,
as the pictures in the two eyes do not fall upon
correspondent or similar parts of the retina.

The best eye can hardly distinguish any objeet
that subtends at the eye an angle less than half a
minute; and very few can distinguish it when it
subtends a minute.

Though men may see distinctly at different dis-
tances, by altering the position and figure of the
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crystalline humour, yet they can only see distinctly
within certain limits; and nearer than that, objects
appear confused. But these limits are not the
same in different people. A good eye can see dis-
tinctly when the rays fall parallel upon it; and
then the principal focus is at the bottom of the
eye.

A man can judge of a small distance with a
single eye, by frequently observing how much
variation is made in the eye to make the object
distinct; and from this a habit of judging is ac-
quired. But this cannot be done at great distances,
because, though the distance be varied, the change
in the eye becomes then insensible.

But one can judge of greater distances with
both eyes, than with one. For the eyes being
at a distance from one another, as long as
that distance has a sensible proportion to the dis-
tance of the object, one gets a habit of judging, by
the position of the axes of the eyes, which are
always directed to that point. For different dis-
tances require different positions of the axis, which
depend on the motions of the eyes, which we feel.
But in very great distances, no judgment can be
made from the motion of the eyes, or their internal
parts. Therefore we can only guess at the dis-
tances from the magnitude, colour, and the position
of interjacent bodies. ,

Whatever light falls upon that part of the retina
where the optic nerve, D, springs, makes no im-
pression; and therefore, if the picture of an object
falls thereon, it is not perceived, and that object is
invisible. This will appear by placing a small
bright object before you, and looking at it with
one eye; then moving one eye laterally towards
the contrary side, (towards the left, if it be the
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right eye,) the nbject will disappear, and seem to
be lost; and moving it still farther, it will appear
again. Now this place is not at the bottom of the
eye, but nearer the nose in both of themj so that
no rays, either parallel or diverging, that come
from any object, can fall upon that place in both
the eyes; and any object we direct the eyes to,
will always be visible, at least to one eye. But
the same bright object may be made to disappear
to both eyes, by directing the axis of both eyes to
a point a little beyond the nose, to be found by
trials.

Dimness of sight generally attends old people;
and this may arise from two causes: 1. by the eyes
growing flat, and not uniting the rays at the retina,
which causes indistinctness of vision; or 2. by the
opacity of the humours of the eye, which in time
lose their transparency in some degree; from-
whence it follows, that a great deal of the light
that enters the eye is stopped and lost; and every
object appears faint and dim.

As the rays of light flowing from an object, and
painting its image upon the retina, are the imme-
diate causes of seeing; so where there is no light,
there can be no vision : consequently, without light,
the eye becomes a machine utterly useless.

OF SPECTACLES.

We explained before, that if objects are seen
through a perfectly flat glass, the rays of light pass
through it, and from them to the eye, in a straight
direction, and parallel to each other; and, conse-
quently, the objects appear very little either dimi-
nished or enlarged, or nearer, or farther off, than
to the naked eye; but if the glass they are seen
through have any degree of convexity, the rays of

VOL. I, S



258 OPTICS.

light are directed from the circumference towards
the centre, in an angle proportional to the con-
vexity of the glass, and meet in a point, at a
greater pr lesser distance from the glass, as it is
more or less convex. This point, where the rays
meet, is called the focus; and this focus is nearer
or farther off, according to the convexity of the
glass; for as a little convexity throws it to a con-
siderable distance, so when the convexity is much,
the focus is very near. Its magnifying power is
also in the same proportion to the convexity; for
as a flat glass scarcely magnifies at all, the less a
glass departs from flatness, the less of course it
magnifies; and the more it approaches towards a
globular figure, the nearer its focus is, and theé
more its magnifying power.

People’s different length of sight depends on the
same principle, and arises from more or less con-
vexity of the cornea and crystalline humour of the
eye: the rounder these are, the nearer will the
focus or point of meeting rays be, and the nearer
an object must be brought to see it well. The case
of short-sighted people is only an over-roundness
of the eye, which makes a very near focus; and
that of old people is a sinking or flattening of the
eye, whereby the focus is thrown to a great dis-
tance; so that the former may properly be called
eyes of too short, and the latter eyes of too longa
tocus. Hence, too, the remedy for the last is a
convex glass, to supply the want of convexity in
- the eye itself, and brings the rays to a shorter
focus; whereas a concave glass is necessary for the
first, to prevent the rays from coming to a point
too soom.

Nothing is more common, than to observe old
people holding objects they would examine at a
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great distance from them, for the reason above-
mentioned; and every body knows, short-sighted
people cannot distinguishany thing withoutbringing
it very near their eyes. Short-sighted persons can
distinguish much smaller objects than long-sighted
people; for the object is magnified in proportion
to the roundness of the eye and the nearness of
the focus, and, consequently, appears four times as
big to an eye whose focus is but four inches off; as
it does to one whose focal distance is at eight
inches. Short-sighted people have also this farther
advantage, that age improves their eyes, by the
same means it impairs that of others, that is, by
making them more flat.

The nearer any object can be broug ht to the
eye, the larger will be the angle under which it
appears, and the more it will be magnified. Now,
that distance from the naked eye, where the gene-
rality of people are supposed to see small objects
best, is at about six inches; consequently, when
such objects are brought nearer than six inches,
they will become less distinct; and if to four, or
three, they will scarce be seen at all. DBut by the
help of convex glasses, we are enabled to view
things clearly at much shorter distances than these;
for the nature of a convex lens is to render an
object distinetly visible to the eye at the distance
of' its focus; wherefore, the smaller a lens is, and
the more its convexity, the nearer is its focus, and
the more its magnifying power.

Now, it is evident from the figure, that if either
the cornea C & D (Fig. 5.) or crystalline humour
a b, or both of them, be too flat, their focus will
not be on the retina, as at 4, where it ought to be
in order to render vision distinct; but beyond the
eye, as at f. Consequently those rays which flow
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trom the object C, and pass through the humours
of the eye, are not converged enough to unite at
d; and therefore the observer can have but a very
indistinct view of the object. 'This is remedied by
placing a concave glass, g /i, of a proper focus,
before the eye; which makes the rays converge
sooner, and imprints the image duly on the retina
at d.

If either the cornea or crystalline humour, or
both of them, be too convex, the rays that enter in
from the object C (Fig. 4.) will be converged to a
focus in the vitreous humour, as at f; and by di-
verging from thence to the retina, will form a very
confused image thereon; and so, of course, the
observer will have as confused a view of the object,
as if his eye had been too flat. This inconveni-
ence is remedied by placing a concave glass, g £,
before the eye; which glass, by causing the rays to
diverge between it and the eye, lengthens the
focal distance, so that if the glass be properly cho-
sen, the rays will unite at the retina, and form a
distinct picture of the object upon it.

When glasses are put in frames for spectacles,
their frames ought not to be straight, so as both
eyes may be as the same plane; but they ought to
be so bent in the middle, that the axis of both
glasses may be directed to one point, at such a dis-
tance as you generally look with spectacles. By
this means the eyes will fall perpendicular upon
both glasses, and make the object appear distinct.
But if they fall obliquely upon the glasses, it will
cause a confused appearance in the objects; there-
fore the shape of the frame ought to be as repre-
sented (Fig. 7.) when A B is the plane as one glass
is fixed, and C D the other.
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OF REFLECTION.

When the rays of light strike upon an opaque
body, a part of them is re¢flected, or made to rebound
in the same manner as a boy’s marble does when
thrown upon a stone pavement; but the whole of
the rays is not reflected, a certain part being re-
tained or absorbed by the opaque body.

It is a fundamental law in the reflection of the
rays of light, as well as of all other elastic bodies,
that the angle at which they rebound or are reflected
from the surface of the reflecting body, is the
same as that with which they impinge upon it,

Thus let F C (Plate 12. fig. 1.) be a ray of light
falling perpendicularly upon the surface L G; it
will be reflected back again in the same direction
C F. But if a ray B C falls upon the surface
obliquely, then the angle B C L will be called the
angle of incidence; and when it has arrived at the
surface I. G, it will be reflected in the direction
C E, making E C G, called the angle of reflection,
equal to B C L. This is stated shortly by saying,
that the angles of incidence and reflection are
equal.

It is supposed that in the reflection of light, it
does not actually come into contact with the sur-
face of the body that reflects it, but that this effect
is occasioned by some power that acts at a small
distance from the surfaces of bodies. For, it is
argued, that as the smoothest and best polished
surfaces are so only in appearance, being in
reality rugged and uneven, (polishing being nothing
but the covering over with fine scratches, and
breaking off the protuberances of bodies, ) if light
was reflected by actually striking on the solid
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parts of bodies, it would be scattered as much by
the most polished substances as by the roughest:
and that, therefore, the reflection of a ray of light
is effected not by a single point of the reflecting
body, but by some power of the whole body evenly
diffused all over its surface, and by which it acts
on a ray without immediate contact.

No surface has the reflecting property so pow-
erful as to reflect the whole of the light that falls
upon it, a part being always absorbed; although
there is a great difference in the quantity of the
light reflected by different bodies. Metals reflect
more light than any other substances. The re-
flection of the rays of light from the surfaces of
bodies is the means by which they become visible;
and the disposition of bodies to reflect particular
coloured rays is the reason why they appear of
that colour.

Every point in an object reflects rays in all di-
rections; and, consequently, a certain number from
each point enters the pupil, and is converged upon
the retina, forming there the images of all the
points of the object: hence it is that we see the
whole of the surfaces of the bodies presented to us.

When the rays of light fall upon a rough sur-
face, they are reflected very irregularly, and
scattered in all directions; but when they fall upon
polished surfaces, they are reflected with more
regularity. Such a surface, when highly polished,
is called a mirror, or speculum.

Plane mirrors are those whose surfaces are
perfect planes, and whose section is a straight line;
such are vulgarly called looking-glasses.

Conwvex mirrors are those whose middle parts are
more prominent than their extremities or edges,
and whose sections are curves, which-may be either
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circular, elliptical, parabolical, or hyperbolical.
Thus C D (Plate 12. fig. 2.) is the section of a
mirror whose surface is part of a globe, which is
the sort mostly in use.

Concave merrors are those whose surfaces sink in
with a hollowness. The sections of these may
be curves as various as the last. E F is a concave
mirror, whose surface i1s part of the internal sur-
face of a hollow sphere, which is the most common
kind.

Plane mirrors have been made of various ma-
terials, and have been objects of great interest in
all ages. 'The most ancient was probably the sur-
face of smooth water; and this is still employed.
Brass and silver have been used for this purpose by
the Greeks and Romans. But all these have given
place to the modern looking-glasses, which owe
their property of reflecting so powerfully to a
coating of an amalgam of quicksilver and tin foil,
which is applied to the back of the glass.

Concave mirrors make objects appear larger, but
distorted.

Convex mirrors, on the contrary, diminish the
objects seen in them; a glass globe hung from the
- ceiling is an instance which every one has seen.

If rays continually recede from each other,
they are said to diverge, as A d, A ¢, A J.
(Plate 12. fig. 7.)

If they continually approach towards each other,
“ they are said to converge, as ¢ C, d C, (Plate 12.
fig. 5.)

The point at which converging rays meet, is
called the focus, as C, (Plate 12. fig. 5.)

The rays of the sun proceed in straight lines
which are parallel to each other; in this respect
they differ from those of a candle, which diverge
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like radii from a centre. If the sun’s rays fail
upon a plain mirror, they will continue parallel to
each other after reflection. This may be familiarly
illustrated by holding a piece of looking-glass in
the sunshine, and throwing the reflection on a
ceiling.

As it is by means of the rays that emanate from
a body that it is rendered visible, so the eye refers
the body itself to the place which is in the di-
rection of the rays while entering the eye. But if
the rays from the body have suffered any change
in their direction, either by refraction or reflection,
we shall then have an erroneous conception of the
true situation of the body, for we shall refer it to
the last direction of the ray.

In a plane mirror, the image of an object ap-
pears in the direction which the rays have, after
being reflected from the glass. Thus, if an object
be placed at A (Plate 26. fig. 3.), the rays from it
which enter the eye C have been reflected in the
direction B C; the eye at C, therefore, will refer
the situation of the object to the direction C B;
and it will appear to be behind the mirror at D,
and just as far from it D E, asitis in reality before
it E A. An eye placed at F will see itself as if at
G, as far behind the glass as it is actually
~ before it.

Objects appear larger or smaller to the eye, as
the rays which proceed from their extremities to
the eye make a greater or a smaller angle at the
eye. Thus, the tree A B (Plate 26. fig. 4.) will
appear larger than the tree C D, although they are
actually of the same size, because the angle A E D
is greater than C E D. This will be easily under-
stood, because the rays crossing each other as they
enter the pupil, the image of A B upon the retina
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will be larger than that of C D. And hence it is
that objects appear to diminish in proportion to
their distance. The angle made at the eye, by rays
from the utmost extremities of a body, is called
the visual angle. |

Parallel rays falling upon a convex mirror are
rendered divergent; which will be obvieus, by con-
sidering that each ray is reflected so as to make
the angle of incidence and reflection equal. Let
A B (Plate 26. fig. 5.) be a convex mirror, being
part of a sphere whose centre is C; then the line
C D, being a radius of the sphere, is perpendicular
to the surface of the mirror at C. Let F-C and
F B be two parallel rays falling upon the convex
mirror: the ray E C will be reflected in the di-
rection C G, making the angle D C G equal to
E C D; and the ray F B will be reflected in the
direction B H, making the angle I B H equal to
FBI. ButGCand H B, it continued, would
meet in K, and consequently form an angle, and
have become divergent. In the same manner it
 may be shown, that divergent rays falling upon a
mirror are rendered still more divergent, and
convergent rays are rendered parallel, or less
convergent.

When parallel rays, asd f'a, Cm b, e [ ¢, (Plate
13. fig. 2.), fall upon a concave mirror, A B, they
will be reflected back from that mirror, and meet
in a point m, at half the distance of the surface of
the mirror from C, the centre of its concavity.
Thus, let C be the centre of concavity of the
mirror A b B, and let the parallel rays d fa, Cm b,
and ¢ ! ¢, fall upon it at the points a b and c.
Draw the lines Cia, Cm b, and C & ¢ from the
centre C to these points: these lines will be per-
pendicular to the surface of the mirror, because



266 OPTICS.

they proceed like so many radii from its centre.
Make the angle C A % equal to the angle d a C,
and draw the line @ m &, which will be the direction
of the ray d fa, after it is reflected from the point
of the mirror: so that the angle of incidence da C
is equal to the angle of reflection C a /; the rays
making equal angles with the perpendicular C i a
on its opposite sides.

Draw also the perpendicular C % ¢ to the point
¢, where the ray e I ¢ touches the mirror; and,
having made the angle C ¢ equal to the angle
C ¢ e, draw the line ¢ m ¢, which will be the course
of theray e [ ¢ after it is reflected from the mirror.

The ray C m b passes through the centre of con-
cavity of the mirror, and falls upon it at 4, the
perpendicular to it; and is, therefore, reflected back
from it in the same line & m C. |

All these reflected rays meet in the point m;
and in that point the image of the body which
emits the parallel rays d a, C d, and ¢ ¢, will
be formed; which point is distant from the
mirror equal to half the radius & m C of its
concavity.

Upon this principle it is, that a concave mirror
may be used to condense the sun’s rays, and to
excite an intense heat. If gunpowder, or any
other inflammable substance be placed in the focus
of such an instrument, it will be set on fire,
Mirrors of polished metal have been used for this
purpose. Plane mirrors, placed in the curve of a
circle, have been ‘employed to produce the same
effect. With 40 glass mirrors so placed, Buffon
burned deal boards at 66 feet distance, and with
117 he melted silver. It is supposed that this was
the method by which Archimedes set on fire the
Roman ships engaged in besieging Syracuse.
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The rays which proceed from any remote terres-
trial object are nearly parallel at the mirror; not
strictly so, for they come diverging to it in separate
pencils, or, as it were, bundles of rays, from each
point of the side of the object next the mirror;
therefore they will not be converged to a point at
the distance of half the radius of the mirror’s con-
cavity from its reflecting surface, but in separate
points at a little greater distance from the mirror.
And the nearer the object is to the mirror, the
farther these points will be from it; and an in-
verted image of the object will be formed in them,
which will seem to hang pendant in the air, and
will be seen by an eye placed beyond it (with
regard to the mirror), in all respects like the object,
and as distinct as the object itself.

Let A ¢ B (Plate 18. fig. 8.), be the reflecting
surface of' a concave mirror, whose centre of con-
cavity is at C; and let the upright object D E be
placed beyond the centre C, and send out a conical
pencil of diverging rays from its upper extremity
D, to every point of the concave surface of the
mirror A ¢ B: but to avoid confusion, we shall
only draw three rays of that pencil, as D A,
D¢ D B. _

IFrom the centre of concavity C, draw the three
right lines C A, C ¢, C B, touching the mirror in
the same points where the aforesaid rays touch it,
and all these lines will be perpendicular to the
surface of the mirror. Make the angle C A d
equal to the angle D A C, and draw the right line
A d for the course of the reflected ray D A:
make the angle C ¢ d equal to the angle D ¢ C,
and draw the right line ¢ d for the course of the
reflected ray D d; make also the angle C B d
equal to the angle D B C, and draw the right
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line B d for the course of the reflected ray D B.
All these reflected rays will meet in a point o,
where they will form the extremity d, of the in-
verted image e d, similar to the extremity D of the
upright object D E.

If the pencils of rays E £, E g, E &, be also
continued to the mirror, and their angles of re-
flection from it be made equal to their angles of
incidence upon it, as in the former pencil from D,
they will meet at the point ¢ by reflection, and
form the extremity e of the image e d, similar to
the extremity E of the object D E.

As each intermediate point of the object between
D and E, sends out a pencil of rays in like manner
to every part of the mirror, the rays of each pencil
will be reflected back from it, and meet in all the
intermediate points between the extremities e and
d of the image; and so the whole image will be
formed not at 2, half the distance of the mirror
from its centre of concavity C; but at a greater
distance between ¢ and the object D E; and the
image will be inverted with respect to the object.

This being well understood, the reader will
casily see how the image is formed by the large
concave mirror of the reflecting telescope, when
- he comes to the description of that instrument.

When the object is more remote from the mirror
than its centre of concavity C, the image will be
~less than the object, and between the object and
the mirror; when the object is nearer than the
centre of concavity, the image will be more remote,
and larger than the object; thus, if D E be the
object, ¢ d will be its image; for as the object re-
cedes from the mirror, the image approaches
nearer to it; and as the object approaches nearer
to the mirror, the image recedes farther from it;
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The appearance of the image in the air, between
the mirror and the object, has been productive of
many agreeable deceptions, which, when exhibited
with art, and an air of mystery, has been very suc-
cessful, and a source of gain to many of our public
show-men.

OF MICROSCOPES.

The word microscope signifies an instrument for
viewing small objects.

It is usual to say, that the microscope magnifies
objects seen through it : the reason of this will be
seen by referring to what has been said respecting
the optic angle.

The apparent magnitude of objects is measured
by the angle which they are seen under by the
eye ; and those angles are reciprocally as the dis-
_stances from the eye. If, therefore, at the dis-
tance of six Mches, we can but just discern an
object, and then by interposing a lens, or other
body, we can view that very object at a nearer
distance, the object will appear to be as much
larger through the lens than before to the naked
eye, as its distance from the lens is less than its
distance from the eye.

That this is the case, is evident from Plate 13.
fig. 8, where A is a point in an object not clearly
visible to the naked eye at a less distance than A B,
because the rays which proceed from it are too
divergent to admit of distinct vision till they have
passed that distance ; but if the same object be
placed in the focus C of the lens D (Fig. 9), the -
rays which proceed from it will become parallel,
by passing throngh the lens, and, there¢fore, the
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object is distinctly visible to the eye L, placed any
where before the lens D. Consequently, it will
appear as much larger through the lens than to the
naked eye, as CD is less than A B.

If an object, A B (Fig. 10.), be placed in one
focus C, of a lens D E, and the eye in the other
focus F, the eye will see just so much of the object
as is equal to the diameter of the lens; for the rays
AD and BE, which go from the object to the
extremities of the lens DD and E, and are united at
the focus F, must necessarily proceed from the
object to the lens parallel to the axis FC, and,
therefore, parallel to each other; consequently,
the part of the object A B, seen by the rays D F,
E F, will be equal to the diameter D E of the said
lens.

If only the part de of the lens be open, then
only so much of the object a b, as is equal to it,
will be perceived by the eye. Now, since A B is
equal to D E, or ab to de, therefore the angle
D F E, or d F e, is the optic angle under which the
part of the object A B or a b appears to the eye at
F; and since G F is but one half FC, therefore
the angle D FE, or d Fe, is double that under
which the part A B-or a b, would appear to the
naked eye at the distance I'C; that is, the eye
sees the object situated as above, twice as large
with the lens as it would do without it.

If you would see a portion of an object larger
than the lens, your eye must be placed nearer the
lens than its focus. Let the lens be D E {Fig. 11),
and its two foci F and C; in the focus C, let there be
an object, A B, larger than the lens; suppose the
rays A D, BE, proceed from the extremities of
the object to those of the lens ; it is evident from
the figure, they will be tonvergent, and, therefore,
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will by the lens be united in a point K, between
the lens D E and its focus F: if then the eye be
placed at K, it will take into its view an object
greater than the lens D E.

Again, let G H be a portion of an object A B,
less than the lens D E; draw G D, H E, which
will be diverging rays, and, therefore, will be
united at a point I, farther distant from the lens
than the focus F'; hence, if' an eye be placed far-
ther from the lens than its focal distance, it can
never see any object, or part of an object, at one
view, so large as the lens, but always smaller.
And, universally, the visible part of an object will
be to the lens, as the focal distance of the lens to
the distance of the eye.

Since, then, it is evident, the nature of a con-
vex lens is such as will render an object distinctly
visible to the eye at the distance of its focus, the
reason why they are used as microscopes is very
plain. For, suppose the distance, A B (Fig. 38
and 9.) be six inches, where the naked eye, B, can
but just perceive the object A distinctly, and let
the focal distance C D of the lens D be half an
inch ; then since CD is but one-twelfth of A B,
the length of the object at C will appear twelve
times as large as at A: if it were a surface, it
would be 144 times as great ; and the solidity, or
bulk, would be magnified 1728 times.

It C D, the foeal distance of the lens D, be but
one-fourth part of an inch, then will that be but
one twenty-fourth of A B, equal six inches, and
the length of' the objects will be magnified 24
times; the surface 576 times, and the solidity
13,824 times; for those numbers are the square
and cube of 24. Whence it appears, that single
glass lenses make véry good microscopes, and hm'a

YOL. I. T
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these advantages, that the object appears most
clear, they lie in little room, may be carried about
any where, are to be had at a small price, and are
most easy to be used.

A very convenient form of microscope is where
A B (Plate 14. fig. 1.) is a circular piece of wood,
ivory, &c. in the middle of which is a small hole,
one-twentieth of an inch diameter : upon this hole
is fixed, with a wire, a small lens C, whose focal
distance is CD. At that distance is a pair of
pliers, D E, which may be adjusted by means of
the sliding screw, as in the figure, and opened by
means of the two little studs @ e ; with these you
take up any small object, O, and view it with the
eye placed in the other focus of the lens at F; and
according to the focal length of the lens, the ob-
ject O will appear more or less magnified, as repre-
sented at I M. If the focal length be half or
one-fourth of an inch, the length, surface, and
bulk of the object will be magnified as before de-
seribed. This small instrument may be put into a
case for the pocket. Those lenses, whose focal
lengths are three-tenths, four-tenths, and five-
tenths of aninch, are the best for common use.:

Since the nearer the eye can approach to an
object, the larger it appears, it is plain, a double
and equally convex lens magnifies more than a
plano-convex lens ; because, if the sphere, or con-
vexity, be the same, the focal length of the former
is but half as long as of the latter; and since the
double convex consists of two segments of a sphere,
the more an object is to be magnified, the greater
must the convexity be, and therefore the smaller
the sphere ; till at last the utmost degree of mag-
nifying will require that these segments become
hemispheres, and, consequently, the lens will be

g
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reduced to a perfect spherule, or very small
sphere.

If the radius of the spherule be one-tenth of an
inch, the eye will have distinct vision of an object
by means thereof, at the distance of 11 radius ;
t. e. three-twentieths of an inch, which, as it is but
the fortieth part of six inches, shows that the length
of an object will be magnified forty times, the sur-
tace 1600 times, and the solidity 64,000 tames, by
such a small sphere.

If' the radius of a spherule be but ﬂne-twentteth
of an inch, then will the eye have distinct vision of
an object at the distance of three-fortieths of an
inch, which, as it is but the eightieth part of six
inches, shows the length of objects will appear
80 times greater, the surface 6400 times, and the
bulk 512,000 times greater to the naked eye at six
inches distance.

In using these spherule microscopes, the objects
are to be placed in one focus, and the eye in the
other ; and since the focus is so exceeding near the
glass, it is impossible to view any but pellucid
- bodies ; for if any opaque object were to be ap-
plied, the eye being, as it were, just on the sphe-
rule, would entirely prevent any light falling on it,
and it would be too obscure to be viewed.

It was with this sort of microscopes that the
famous Dutch philosopher, Leuwhenhoek, made
wonderful discoveries. But the great difficulty of
making very small and at the same time very good
ones; their prejudice to the eyes, in poring very
hard and near; the trouble of placing objects at a
due distance, and the very small part which can be
seen of any, make this sort of’ microscopes very
little known or used.

T e
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The following is a single microscope for opague
objects, which remedies the inconvenience of hav-
ing the dark side of an object next the eye, which
has hitherto been a great obstruction in making
observations on opaque objects.

The several parts of this instrument, commonly
made of brass, are as follow :

Through the first side A passes a fine screw B,
the other end whereof is fastened to the moveable
side C (Fig. 2.)

D is a nut adapted to the said serew, by the
turning of which the two sides A, C, are gradually
brought together.

E is a spring of steel, that separates the said two
sides when the nut is unscrewed.

F, a piece of brass turning round in a socket,
whence proceeds a small spring tube, moving upon
arivet ; through this tube there runs a steel wire,
one end whereof terminates in a sharp point G,
and the other has a pair of pliers, H, fastened to
it. The point and pliers are to thrust into, or to
take up and hold any insect or object: and either
of them may be turned upwards, as suits the pur-
pose best.

I is a ring of brass with a female screw within
it, mounted on an upright piece of the same metal,
which turns round on a rivet, that it may be set at
a due distance when the least magnifiers are em-
ployed. This ring receives the screws of all the
magnifiers.

P, a nandle turned of wood, to serew into the
instrument when it is used.

K, a concave speculum of silver, polished as
bright as possible, in the centre of which a double
convex lens is placed, with a proper aperture to
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look through it. On the back of this speculum a
male screw L is made to fit the brass ring I, to
screw into the said ring at pleasure.

There are four of  these concave specula, of dif-
ferent magnifying powers, to be used as objects to
be examined may require. The greatest magni-
fiers must always have the least apertures.

M (Fig. 3.), a round object-plate, one side white,
and the other black, intended to render objects the
more visible, by placing them, if black, on the
white, and if white, on the black side. A steel
spring, N, turns down on each side, to make any
object, fast ; and issuing from the object-plate, is a
hollow pipe to screw it on the needle’s point G.

O (Fig. 4.), is a small box of brass, with a glass
on each side, contrived to confine any living
object, in order to examine it: this, also, has a
pipe to screw upon the end of the needle G.

A soft hair-brush is necessary to clean the
glasses, or spetula ; and a drop of any liquid may
be applied to the isinglass of the box O, in order
to view animalcules.

When you would view any object, screw the
speculum with the magnifier you would think best
to use, into the brass ring I. Place the object
either on the needle G, in the pliers, H, on the
object-plate M, or in the brass hollow box, O, as
may be most convenient, according to the nature
and condition of it: then holding up the instru-
ment by the handle P, look against the light
through the magnifying lens; and by means of
the nut D, together with the motion of the needle,
by managing its lower end, the object may be
turned about, raised, or depressed, brought nearer
the glass, or put farther from it, till vou hit the

T 3
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true focal distance, and the light be seen reflected
from the speculum strongly upon the object; by
which means it will be shown in a manner sur-
prisingly distinet and clear. And, for this pur-
pose, the light of the sky, or of a candle, will
answer.

Though this microscope is principally intended
for opaque objects, which are very difficult to exa-
miie, yet transparent ones may also be viewed by
it : observing only, that when such come under
examination, it will not always be proper to throw
on them the light reflected from the speculum:
for the light transmitted through them meeting
the reflected light, may, together, produce too
great a glare. A little practice will teach how to
regulate both these lights to good advantage.

In Wilson's single pocket microscope, the body is
made either of brass, ivory, or silver.

C (Fig. 5.), is a long fine-threaded male screw,
that turns into the body of the microscope B.

D, a convex glass at the end of the said screw.

There are two concave round pieces of thin
brass, with holes of different diameters in the mid-
dle of them, to cover the said glass, and thereby
diminish the aperture when the greatest magnifiers
are employed.

E E, three thin plates of brass within the body
of the microscope, one whereof is bent semicir-
cularly in the middle, so as to form an arched
cavity for the reception of a tube of glass, whereas
the two flat plates are to receive and hold the
sliders between them.

- At @G, the other end of the body of the micro-

scope, a hollow female screw is adapted to receive
the different magnifiers,
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Fig. 9. is a tube of glass, contrived to confine
living objects, such as frogs, fishes, &c. in order to
discover the blood as it flows along the veins and
arteries.

All these particulars are contained in a little
neat box, very convenient for carrying in the
pocket.

When an object is to be viewed, thrust the ivory
slider, in which the object is placed, between the
two flat brass plates, E E ; observing always to put
that side of the slider where the brass rings are,
farthest from the eye. Then screw on the mag-
nifying glass you intend to use, at the end of the
instrument G: and looking through it against the
light, turn the long screw C, until the object be
brought to fit your eye; which you will know by
its appearing then perfectly distinct and clear. It
is best to look at it first through a magnifier that
can show the whole of it at once, and atterwards
to inspect the several parts more particularly with
one of the greatest magnifiers; for thus you will
gain a true idea of the whole, and of all its parts.
And, though the greatest magnifiers can show but
a minute portion of any object at once, yet, by
gently moving the slider that contains the object,
the eye will gradually examine it all ; and if any
part should be out of distance, the screw C will
easily bring it to the true focus.

As the object must be brought very near the
glasses when the greatest magnifiers are used, be
particularly careful not to scratch them as you
move it in or out. A few turns of the serew C
will easily prevent this mischief, by giving room
enough.

You may change the objects in your sliders for
what others you think proper, by taking out the
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brass ring with the point of a penknife: the mica
will then fall out, if you but turn the sliders; and
after putting what you please between them, by
replacing the brass rings, you will fasten them as
they were before. Itis proper to have some sliders
furnished, but without any objects, to be alwaysin
readiness for the examination of fluids, salts, sands,
powders, the farina of flowers, or any other ob-
jects of such sort as need only be applied to the out-
side of the mica.

The circulation of the blood may easiest be seen
in the tails and fins of fishes, in the fine mem-
branes between a frog’s toes, or, best of all, in the
tail of a water-newt. If your object be a small
fish, place it within the tube, and spread its tail, or
fin, against the side thereof'; if a frog, choose such
a one as can but just be got into your tube, and
with a pen, or stick, expand the transparent mem-
brane between the toes of the hind foot as wide as
you are able. « When your object is so adjusted,
that no part thereof can intercept the light from
the place you intend to view, unscrew the long
screw C, and thrust the tube into the arched
cavity, quite through the body of the microscope ;
then screw it to the true focal distance, and you
will see the blood passing along its vessels with a
rapid motion.

Make use of the third or fourth magnifier for
frogs or fishes ; but for the tails of water-newts, the
fifth or sixth will do, because the globules of their
blood are twice as large as those of frogs or fish.
The first or second magnifier cannot well be em-
ployed to this purpose; for the thickness of the
tube wherein the object lies will scarce admit its
being brought so near as the focal distance of the
magnifier.
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Lillis’s single, or aquatic microscope, takes its
name from Mr. John Ellis, author of An Essay
towards a Natural History of Corallines. By this
instrument he was enabled to explain many singu-
larities in the economy and construction of these
wonderful productions of nature.

To the practical botanist this instrument is re-
commended by the authority of Mr. Curtis, author
of the Flora Londinensis. It is simple in its con-
struction, easy in it use, and very portable. :

K (Fig. 10.) is the box which contains the whole
apparatus : on the top of the box there is a female
screw, for receiving the screw which is at the
bottom of the brass pillar A, and which is to be
screwed on the top of the box K. 1), a brass pin,
which fits into the pillar : on the top of the pin is
a hollow socket, to receive the arm which carries
the magnifiers: the pin is to be moved up and
down, in order to adjust the lenses to their focal
or proper distances from the object. .

In the representation of this microscope, the pin
D is delineated as passing through a socket at one
side of the pillar, A: it is now usual to make it
pass down a hole bored down the middle of the
pillar. . I is the box which carries the magnifying
lens : it fits into the socket X, which is at the top
of the pillar D. This arm may be moved back-
ward and forward in the socket X, and sideways
by the pin D, so that the magnifier, which is
screwed into the ring at the end F of this box, may
be easily made to traverse over any part of the
object lying on the stage or plate B. I' is a po-
lished silver speculum, with a magnifving lens
placed at the centre of it, which is perforated for
this purpose. H, is a brass semicircle which sup-
ports the mirror I ; the pin R, affixed to the semi.-
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circle H, passes through the hole which is towards
the bottom of the pillar A. B, the stage on which
the objects are to be placed; it fits into a small
dove-tailed arm which is at the upper end of the
pillar, A. C, a plane glass with a small piece of
black silk stuck on it, This glass is fitted to a
groove made in the stage B; a pair of nippers is
fixed to the hole of the stage a, by the pin K ; the
steel wire of these nippers, slides backwards and
forwards in the socket; and this socket is move-
able upwards and downwards, by means of the
joint, so that the position of the object may be
varied at pleasure. The object may be fixed in the
nippers, or stuck on the point.

To use this microscope, begin by screwing the
pillar A to the cover ; pass the pin R, of the semi-
circle which carries the mirror through the hole,
that is near the bottom of the pillar A; push up
the stage into the dove-tail at B; slide the pin into
the pillar ; thén pass the bar E, through the socket
X, which is at the top of the pin D, and screw one
of the magnifying lenses into the ring at F. Now
place the object either on the stage, or in the
nippers, L, and, in such a manner, that it may be as
nearly as possible over the centre of the stage;
bring the speculum F over the part you mean to
observe ; then get as much light on the speculum
as you can, by means of the mirror, I. The light
received on the speculum is reflected by it on the
object. The distance of the lens I from the
object is regulated by moving the pin D up and
down, until a distinct view of it be obtained. The
rule usually observed is, to place the lens beyond
its focal distance from the object, and then gra-
dually slide it down, until the object appear sharp
and well defined. The adjustment of the lenses
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to their foci, and the distribution of the light on
the object, are what require the most attention.
These microscopes are sometimes fitted up with a
rack and pinion, to the pillar A and pin D, for the
more ready adjustment of the glasses to their
proper foci.

The following is a single microscope on a foot
or stand. A B (Fig. 11.) is the basis or foot, C I
is the stem; E F, are two square sockets of brass,
moveable up and down together upon the square
part of the stem, being connected by a common
screw; but this motion is checked by the constant
pressure of a spring. G isa screw, by which the
part E is fixed to the stem.

H is an adjusting screw, by which the part F is
gradually moved up and down ; and thereby K L,
the stage on which the objects are placed, has
M N, the slider, with its objects, duly adjusted to
the focus of the magnifiers.

O is the circular piece of brass, on which are
fixed three lenses turning on centres fixed in O,
and which may be used either separately, or com-
bined together; R is the speculum, that reflects
the light through the microscope.

A megalascope is an optical instrument, adapted
for viewing all the larger sort of small objects;
such as insects, flowers, minerals, linen, &c. to a
very great advantage ; as, with three glasses only,
it has seven different magnifying powers.

A (Fig. 12.) is the case of brass, silver, &c.; D,
E, F, three several lenses with different magnify-
ing powers; which are all contained in the case,
and turned out at pleasure : H the handle.

The three glasses, singly, afford three magnity-
ing powers ; and, by combining two and two, we
make three more: for D with E makes one, D
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with I another, and E with F a third, which, with
the three singly, make six; and, lastly, all three
combined together, make another, so that, upon
the whole, there are seven powers of magnifying
with three glasses only.

The double, or compound microscope, consists of
an object-glass ¢ d (Plate 15. fig. 1.), and an eye-
glass e /. The small object a b, is placed at a little
greater distance from the glass ¢ d, than its prin-
cipal focus, so that the pencils of rays flowing from
the different points of the object, and passing
through the glass, may be made to converge and
unite in as many points between g and %, where
the image of the object will be formed; which
image is viewed by the eye through the eye-glass
ef; for the eye-glass being so placed, that the
image g k&, may be in its focus, and the eye much
about the same distance on the other side, the rays
of each pencil will be parallel after going out of
the eye-glass, as at e and £, till they come to the
eye at k, where they will begin to converge by the
refractive powers of the humours ; and, after hav-
ing crossed each other in the pupil, and passed
through the crystalline and vitreous humours, they
will be collected into points on the retina, and
form the large inverted image A B thereon.

The magnifying power of this microscope is as
follows: suppose the image g % to be six times the
distance of the object @ b from the object-glass ¢ d ;
then will the image be six times the length of the
object; but since the image could not be seen dis-
tinctly by the bare eye at a less distance than six
inches, if it be viewed by an eye-glass e f, of one
inch focus, it will thereby be brought six times
nearer the eye, and consequently viewed under an
angle six times as large as before; so that it will be
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again magnified six times; that is, six times by the
objeet-glass, and six times by the eye-glass; which,
multiplied into one another, makes thirty-six times;
and so much is the object magnified in diameter
more than what it appears to the bare eye, and
consequently thirty-six times thirty-six, or 1296
times in surface.

But because the extent or field of view is very
small in this microscope, there are generally two
eye-glasses placed sometimes close together, and
sometimes an inch asunder; by which means,
although the object appear less magnified, yet the
visible area is much enlarged by the interposition
of a second eye-glass, and consequently a much
pleasanter view is obtained.

A Q is the body or internal part, which is move-
able up and down in C D (Fig. 2.) an external
case of wood, brass, or silver. E, one of the three
pillars which support the instrument. F, a plate
fixed (horizontally) to the legs, usually called the
stage: there is a hole in the central part, in which
glass, and other parts of the apparatus, are placed,
with objects to be viewed. H, an illuminating or
reflecting speculum. I, the foot of the instrument.
Q, a brass button, or case, to hold the magnifier.

In this compound microscope, there are generally
three (sometimes four) glasses employed to pro-
duce the effect, viz. 1. The magnifying lens at Q,
which makes a large image in the upper part of the
small object below. 2. A large lens at B, called
the body-glass, which is the cause of a larger field
of view. 3. An eye-glass at A, by which we view
the enlarged image of the object in its focus.

The magnifying power in all optical instruments
depends upon this one principle, that every object
is apparently greater or less, in proportion as it 1s
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nearer to, or farther from, the eye; because the
nearer it is, the larger is the visual angle under
which it appears, and vice yersa.

But the eye is so formed as to admit of distinct
vision by such rays only as are nearly parallel; and
therefore every object must be removed to such a
distance from the eye, that the rays of light issuing
from every point thereof, may fall upon the eye
with small divergency, or nearly parallel; which
distance is, in different eyes, from six to eight
inches, as any one may find by trial.

Now, since a convex glass converges parallel
rays to a point or focus; therefore, on the contrary,
if an object be placed in the focus of such a lens,
the rays proceeding from each point will be re-
fracted parallel to the eye, and thereby produce -
distinct vision of that object in its focus,

Hence, then, it follows, that if @ & be a very
small object in the focus of the glass C (Fig: 8.)
whose focal distance is one inch, the eye applied to
the lens C will have the distinct vision of it; and
this being at a distance six, seven, or eight times
nearer than the eye alone could clearly see it, it
must appear so many times larger than to the naked
eye; and therefore, we properly say, it is magni-
fied to such eyes, six, seven, or eight times in
length and breadth.

But all surfaces are magnified in prupﬂrtmn to
the squares of their lengths or sides; therefore the
surfaces of objects are magnified thirty-six, forty-
nine, or sixty-four times, by a lens of one inch
focal distance.

Also the bulk or magnitude of the whole body,
will be magnified in proportion to the cubes of the
sides or length ; and therefore all solid bodies will,
by such a lens, be magnified 216,343, or 512 times
to such eyes respectively.
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If the lens C were but of half an inch focal
distance, the lengths of the objects would be mag-
nified twice as much ; the surfaces four times, and
the magnitude or bulk, eight times as much as
before.

If the focal distance of the lens C be a quarter
of an inch, then the lengths are magnified four
times as much, viz. twenty-four, twenty-eight, or
thirty-two times; the surfaces sixteen times as
much, or 576 times more than to the naked eye at
‘six inches distance; and solid bodies are magnified
sixty-four times more than by the lens of a whole
inch focal distance.

Again; suppose the lens so small that its focal
distance is but one-tenth of an inch, then the
length of an object is magnified sixty, seventy, or
eighty times; the surface 3600, 3900, or 6400
times; and the solidity, or whole bulk, 216,000,
848,000, or 512,000 times, or so much larger do
the bodies of mites, or their eggs, appear than to
the naked eye at six, seven, or eight inches
distance.

After the same manner you may compute the
magnifying power of lenses of one-twentieth, one-
thirtieth, one-fortieth, and even one-fiftieth part of
an inch focal distance, which mav be made, if re-
quired; but they are with difficulty used. By a
lens one-fiftieth of an inch, the length is magni-
fied 300 times, and the surface 90,000 times, and
the solidity 27,000,000 times.

But these enormous powers of magnifying are
much better effected in compound microscopes;
and be that in what degree you please, it is thus
easily estimated. Let C be the object-lens in the
cell Q (Fig. 2.) of the compound microscope; if,
then, a small object, a b, be placed on the stage at
a little more than the focal distance, there will be
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formed by the said lens C, a large image 5 T, in
the upper part of the microscope; and this image
is viewed through the glass G H in its focus below
at O.

Now it is easy to understand, that the image
S T is as much larger than the object @ 4, as the
distance C A exceeds the distance C « from the
lens. Suppose the image S T six times larger than
the object a b; then if it be viewed by a lens G H
of one inch focal distance, the image S T will ap-
pear magnified six times at least, and therefore the
object @ b will be magnified six times six, or 30
times in length; and 36 times 36, or 1296 times in
surface; and 30 times 1206, or 46,656 times in the
bulk of solidity. And yet with these great powers
of magnifying, the lens C may not be of less than
half an inch focal distance, in the least sort of
compound pocket microscopes.

But with a single eye-glass G H, we have too
small a field of view ; therefore we use two, viz.
A B and D E; the first contracts the image S T
into another, I M, which is less; and this is viewed
by the eye-glass D E. Now both these glasses
may have a magnifying power equal to that of a
given single glass G H, by this rule: Let their
distance be equal to the difference of their focal
lengths, and their magnifying power will be equal
to that of a lens, whose focal distance is half that
of the greater A B.

For example—Suppose the focal length of A B to
be 2% inches, and that of D E 1 inch; then if
their distance be 1% inch, their joint magnifying
power will be equal to that of a single lens G H,
whose focal distance is 11 equal half that of A B,
By the two eye-glasses the rays are converged to

the eye at the compound focus F, much less
VOL, 1. v
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affected by the errors arising from the aberration of
rays, both from their different refrangibility and
the figure of the glasses.

The solar, or camera obscura microscope, requires
the sunshine, and must be made use of in a
darkened chamber, as its name implies.

It is composed of a tube, a looking-glass, a con-
vex lens, and Wilson’s single pocket microscope,
before described, or any other similar one.

The sun’s rays being directed by the looking-
glass through the tube upon the object, the image
or picture of the object is thrown, distinctly and
beautifully, upon a screen of white paper, or a
white linen sheet, placed at some distance to re-
ceive’'the same; and may be magnified to an im-
mense size; for the farther off the screen is re-
moved, the larger will the object appear; insomuch,
that a mite may be magnified to the length of five
or six feet, or even a great deal more; but it is
indeed more distinct when not enlarged to above
half that size.

The apparatus for this purpose, as represented
in the plate annexed, is as follows: A (Fig. 4.), a
square wooden frame, through which two long
screws pass, and assisted by a couple of nuts,
1 1, fasten it firmly to a window-shutter, wherein
a hule is made for its reception: the two
nuts being let into the shutter, and made fast
thereto.

A circular hole is made in the middle of this
frame, to receive a piece of wood of a circular
figure B, whose edge, that projects a little beyond
the frame, composes a shallow groove, wherein runs
a catgut; which by twisting round, and then
crossing over a brass pulley 4, (the handle whereof,
5, passes through the frame,) affords an easy
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motion for turning round the circular piece of
wood B, with all the parts affixed.

C is a brass tube covered with seal skin, which,
serewing into the middle of the circular piece of
wood, becomes a case for the uncovered brass tube
D, to be drawn backwards or forwards in. L, a
a smaller tube of about one inch in length screwed
to the end of the larger tube D. To the end of
this the microscope must be screwed.

5 is a convex lens, whose focus is about twelve
inches, designed to collect the sun’s rays, and
throw them more strongly upon the object. G, a
looking-glass of an oblong figure, set in a wooden
frame, fastened by hinges to the circular piece of
wood B, and turning about with it, by means of
the above-mentioned catgut,

H, a jointed wire passing through the wooden
frame, to enable the observer (by putting it back-
wards or forwards) to elevate or decline the glass,
according to the sun’s altitude.

The extremities of the catgut are fastened to a
brass pin; by turning which it may be braced
up, if at any time it becomes too slack. This pin,
lying behind, could not be shown in the plate.

When this microscope is employed, the room
must be rendered as dark as possible; for on the
darkness of the room, and the brightness of the
sunshine, depend the sharpness and perfection of
the image. Then putting the looking-glass G
through the hole in the window-shutter, fasten the
square frame A to the said shutter by its two
screws and nuts, 1 1.

This done, adjust the looking-glass to the ele-
vation and situation of the sun, by means of the
jointed wire H, together with the catgut pulley;
for the first of these raising or lowering the glass,

84
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and the other reclining it to either side, there re-
sults a twofold motion, which may easily be so
managed as to bring the glass to a right position;
that is, to make it reflect the sun’s rays directly
through the lens, upon the paper screen, and form
thereon a spot of light exactly round.

Though the obtaining aperfect circularspotof light
upon the screen before you apply the microscope,
is a certain proof that the looking-glass is adjusted
right, yet that proof must not always be expected;
for the sun is so low in winter, that if it shine ina
direct line against the window, it cannot then
afford a spot of light exactly round. But if it be
on either side of you, a round spot may be ob-

tained, even in December.
As soon as this appears, screw the tube C into

the brass collar provided for it in the middle of the
wood-work, taking care not to alter the looking-
glass; then screwing the magnifier you choose to
employ to the end of the microscope, in the usual
manner, take away the lens at the other end
of it, and place a slider, containing the object
to be examined, between the thin brass plates, as
in.the other ways of using the microscope.

Things being thus prepared, screw the body of’
the microscope to the short brass tube E, and pull
out the tube D, less or more, as the object is ca-
pable of enduring the sun’s heat. Dead objects
may be brought within about an inch of the focus
of the convex lens 5; but the distance must be
shortened for living creatures, or they will soon be
killed.

If the light falls not exactly right, you may
easily, by a gentle motion of the jointed wire and
pulley, direct it through the axis of the microscopic
lens.
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The short tube E, which the microscope is
screwed to, enables you, by sliding it backwards or
forwards in the other tube D, to bring the objects
to their true focal distance; which will be known
by the sharpness and clearness of their appearance;
they may also be turned round by the same means,
without being in the least disordered.

The magnifiers most useful in the solar micro-
scrope are, in general, the fourth, fifth, or sixth.

This microscope is the most entertaining of any.
There are also several conveniences attending i,
which no other microscope can have; for the
weakest eyes may use it without the least straining
or fatigue: numbers of people may view any object
together at the same time. Such, too, as have
a little skill in drawing, may, by this contrivance,
easily sketch out the exact form of any object
they have a mind to preserve a figure of; since
they need only fasten a paper upon the screen,
and trace it on it, either with a pen or pencil.

For this purpose a frame might be made, in
which a sheet of paper may be put in or taken out
at pleasure; for if the paper be single, the image
of an object will be seen as plainly almost on the
back as on the other side; and by standing behind
the screen, the shade of the hand will not obstruct
the light in drawing, as it must in some degree
when one stands before it.

It must be observed, that formerly the solar
microscope had no looking-glass belonging to it,
and, therefore, was of use a few hours only in a day,
when the tube could be placed directly against the
body of the sun, and even then not without a
good deal of trouble: but by this lucky con-
trivance of a looking-glass, the sun’s rays may be
reflected through the tube, whatever its hmght or

u 3
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found to give some trouble in understanding and
computing the dimensions taken by'it; and, there-
fore, it is here applied to the stage, of mther to the
object itself; which renders the use of it more
pleasant.

The upper part of the microscope; which con-
tains the glass, has a fine wire in its focus, and to it
any part of the image may be applied; or the wire
may be applied to any part of the image, by a proper
construction of the upper part of the microscope
for that purpose. The object being then plac“e'd in
a proper manner on the stage, the screw is to be
tiurned till the image of the object has passed its
whole length or breadth under the wire, and then
its dimensions will be known. Thus, for example:

The number of threads on the screw in one ineh
is fifty, and the number of divisions on the circular
plate is twenty. Therefore one thread, or ofie
turn of the screw, measures one-fiftieth part of an
inch: and one division of the plate is one-twentieth
of qne-ﬁﬂieth, that is, one-thousandth part of an
inch. So that such a micrometer will very exactly
measure any small object, or its smaller parts to
the thousandth part of an inch.

Suppose the subject were a mite, and it were re-
quired to measure the length of it; place it in a
slider; and that slider on a stage, in such a manner
that the mite may move lengthwise in the direction
of a screw; then move or set the wire at right
angles to it, and so as touch the image of the mite
at one end, very exactly. This done, turn the
wire till the image has passed its whole length
under the wire; and having counted the turns, you
will find them four, and fourteen divisions of
another; the four turns are +% or +$3:, and the
fourteen divisions are +i44s; so that the whole length

U 4
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of the mite is +2%= part of an inch, which is almost
one-tenth part of' an inch.

Again, suppose you measure the length of the
egg of a mite, and find one turn of the screw,
and three divisions on the plate, carry it completely
under the wire; then one revolution of the screw
is % Or 13-, and three divisions are +<5s; so thewhole
length of the egg is equal to +#3s of an inch, that
is, almost one forty-fourth part of an inch; or
forty-four such eggs of a mite will, if laid con-
tiguously in a right line, be nearly equal to one
inch in length.

The micrometer may be easily applied to the
solar microscope; for let a fine straight line be
drawn on the screen, and the end or side of the
image be placed to touch it; then by turning the
screw, it will thereby be measured in thousandth
parts of an inch,

By the micrometer the naturalist acquires an
idea of the wonderful disproportion there is be-
tween the magnitudes or dimensions of the small-
est and of the largest objects of the animal tribe;
as between the smallest of the finny fry and the
largest whale; an animalcule in vinegar, and a
snake thirty or forty feet long. And that the
reader may have a perception of such a surprizing
contrast in the works of Nature, we shall here
give him a calculation of the comparative magni-
tude of the egg of a mite, and that of an ostrich.

Suppose the length of an ostrich’s egg to be
five inches, let the length of the egg of a mite be
one-fiftieth of an inch, then the lengths of these
two eggs will be to each other as five to one-fiftieth,
or two hundred and fifty to one; then, as they are
similar bodies, their magnitudes will be as the
cubes of these numbers, viz. as 15,625,000 to one;
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that is, in words, one egg of an ostrich is equal to
fifteen million six hundred and twenty-five thou-
sand eggs of a mite. And there is great reason to
believe, that there are eggs of other animalcula
far less than those of a mite. Indeed, the greatest
stretch of the human mind is insufficient to ex-
plore the amazing and inconceivable gradations
in every part of Nature; and nothing but the all-
piercing eye of boundless Intelligence can see
through a series of such infinitely decreasing pro-
gressions.

It may be here worth noticing, that a telescope
is easily converted into a microscope, by removing
the object-glass to a greater distance from the eye-
glasses; for the distance of the image varies with
. the distance of the object from the focus, and is
more magnified, as its distance from the object is
greater: the same telescope may, therefore, be suc-
cessively turned into a microscope with different
powers. Botanists might find some advantage in
attending to this; it would assist them in dis-
covering small plants at a distance, and thus often
save them from the thorns of a hedge, and the
dirt of a ditch.

Telescopes.

In a refracting telescope, the glass which is nearest
the object in viewing it is called the object-glass ;
and that which is nearest the eye is called the
eye-glass. The object-glass must be convex, but
the eye-glass may be either convex or concave;
and generally, in looking through a telescope, the
eye is in the focus of the eye-glass, though that is
not very material; for the distance of the eye, as
to distinct vision, is indifferent, provided the rays
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of the pencils fall upon it parallel; only, the nearér
the eye is to the end of the telescope, the larger
the scope or area of the field of view.

Let ¢ d (Plate 10. fig. 8.) be a convex glass
fixed in a long tube, and have its focus at E.
Then a pencil of rays g k& i, flowing from the upper
extremity A of the remote object A B, will be
so refracted by passing through the glass, as to
converge and meet in point /; whilst the pencil of
rays k& I m, flowing from the lower extremity B, of
the same object A B, and passing through the
glass, will converge and meet in the point e: and
the images of the point A and B, will be formed
in the points fand e. And as all the intermediate
points of the object between A and B send out
pencils of rays in the same manner, a sufficient
number of these pencils will pass through the
object-glass ¢ ¢, and converge to as many inter-
mediate points between e and f; and so will form
the whole inverted image e E jf of the distinet
object:. But because this image is small, a concave
glass, 7 0, is so placed in the end of the tube next
the eye; that its virtual focus may be at F. And
as the rays of the pencils pass converging through
the concave glass, but converge less after passing
through it than before they go on further, as to
b and a, before they meet, and the pencils them-
selves being made to diverge by passing-through
the concave glass, they enter the eye, and form
the large picture @ b, upon the retina, whereon it
is magnified under the angle b F a.

But this telescope has one inconvenience which
renders it unfit for most purposes; which is, that
the pencils of rays being made to diverge by
passing through the concave glass n o, very few of
thenr can enter the pupil of the eye; and, therefore,
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the field of view is but very small, as is evident by
the figure. For none of the pencils, which ﬂnw
aither from the top or bottom ef the ohject A B,
can enter the pupil of the eye at C, but are Etﬂpp{.‘:d
by falling upon the iris above and below the pupil ;
and, therefore, only the middle part of the object
can be seen when the telescope lies directly towards
it, by means of those rays which proceed from the
middle of the object. So that to see the whole of
it, the telescope must be moved upwards and
downwards, unless the object be very remote; and
then it is never seen distinetly.

This inconvenience is remedied by substituting
a convex eye-glass, as g 2 (Fig. 2.), in place of the
concave onej and fixing it so in the tube, that its
focus may be coincident with the focus of the ob-
ject-glass ¢ d; as at K. For then the rays of the
pencils flowing from the object A B, and passing
through the object-glass ¢ d, will meet in its focus,
and form the inverted image m K p; and as the
image is formed in the focus of the eye-glass g I,
the rays of each pencil will be parallel, after passing
thrﬂugh that glass; but the pencils themselves will
eross in its focus, on the other side, as at ¢; and
the pupil of the eye being in this focus, the image
will be viewed through the glass, under the angle
g e h; and being at E, it will appear magnified, so
as to ﬁll the whole space C m e p D.

But, as this telescope inverts the image with re-
spect to the object, and is only fit for viewing the
heavenly bodies, in which we regard not their
position, because, on account of their being round,
they do not appear inverted.

The magnifying power of this telescope is, as
the focal distance of the objcct-glass to the focal
distance of the eye-glass. Therefore, if the former
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be divided by the latter, the quotient will express
the magnifying power.

This telescope may be made to magnify in any
given degree, provided it be of a sufficient length.
For the greater the focal distance of the object-
glass, the less may be the focal distance of the
eye-glass, though not directly in proportion. Thus,
an object-glass of ten feet focal distance will ad-
mit of an eye-glass whose focal distance is little
more than two inches and a half; which will mag-
nify near forty-eight times; but an object-glass of
one hundred feet focus will require an eye-glass
somewhat more than six inches; and will, therefore,
magnify almost two hundred times.

A telescope for viewing terrestrial objects should
be constructed so as to show them in their natural
posture. And this is done by one object-glass
¢ d (Fig. 8.), and three eye-glasses e f; g h, i k, so
placed, that the distance between any two, which
are nearest to each other, may be equal to the sum
of their focal distances, as in the figure, where the
focus of the glasses ¢ d and ¢ f'meet at F, those of
the glasses e f and g &, meet at /, and of g /% and
¢ k at m; the eye being at n, in or near the focus
of the eye-glass ¢ £, on the other side. Then it is
plain, that these pencils of rays which flow from the
object A B, and pass through the object-glass ¢ d,
will meet and form an inverted image C I Din the
focus of that glass; and the image being also in the
focus of the glass ¢ f; the rays of the pencils will
become parallel, after passing through that glass,
and cross at /, in the focus of the glass e f; from
whence they pass on to the next glass g 4, and by
going through it, they are converged to the points
in its other focus, where they form an erect image
E m F, of the object A B; and as this image is also
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This is no more than two equal telescopes set in a
frame, parallel to one another; and these may be
set at a proper distance from one another, by the
help of screws; and that distance is to be the same
as the distance of the two pupils of the eyes.
When that is adjusted, a person is to look through
them both at once; through one with each eye, to
any object, which will then be seen by both eyes,
and appear far brighter than through a single
telescope.

Telescopes, in general, represent terrestrial ob-
jects as if’ nearer; and this nearness, or seeming
approach of the object, is as the magnifying power
of the telescope. Thus, looking at a man one
hundred yards off, with a telescope that magnifies
one hundred times, the man will appear to be only
a yard off.

The magnifying power of a telescope will be
found, if you make two equal circles of paper of an
inch diameter or more, and fix one of them upon
a wall one hundred or two hundred yards distant;
and the other at a small distanee, in a line with the
first. Then look at the farther circle through the
telescope with one eye, and at the near circle with
the other eye naked. Move the near circle (or else
the telescope) backward and forward, until the
two circles appear equal, or coineide. Then mea-
sure the two distances, from the eye-glass of the
telescope to the two circles; divide the greater
distance by the less, and you have the magnifying
power of the telescope.

There is no better way for trying the goodness of
an object-glass than putting it in a tube, and trying
it with several small eye-glasses, by looking at
several distant objects, and particularly at the
title-page of a book; for that glass which repre-
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sents objects the most bright and distinct, and
bears the greatest aperture, and the shortest eye-
glass, without colouring or dimmess, is the best
glass.

The Reflecting Telescope.— The great inconve-
nience attending the management of long tele-
scopes of the refracting kind has brought them too
much into disuse since the reflecting telescope
was invented ; for one of this sort, six feet in
length, magnifies as much as one of the other at
an hundred. It wasinvented by Sir Isaac Newton;
but has received considerable improvements since
his time ; and is now generally constructed in the
following manner, which was first proposed by Dr,
Gregory.

At the bottom of the great tube T T TT
(Plate 17. fig. 1.), is placed the large concave
mirror D U V F, whose principal focus is at M ;
and in its middle is a round hole, P, opposite to
which is placed the small mirror L, concave toward
the great one, and so fixed to a strong wire M, that
it may be moved farther from the great mirror, or
nearer to it, by means of a long screw on the out-
side of the tube, keeping its axis still in the same
line, P mn, with that of the great one. Now,
since 1 viewing a very remote object, we can
scarcely see a point of it but what is at least as
broad as the great mirror, we may consider the rays
of each pencil, which flow from every point of the
object, to be parallel to each other, and to cover
the whole reflecting surface D U VF. But, to
avoid confusion in the figure, we shall only draw
two rays of a pencil flowing from each extremity
of the object into the great tube, and trace their
progress through all their reflections and refrac-
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tions, to the eye 7, at the end of the small tube 74,
which is joined to the great one.

Let us then suppose the object A B to be at such
a distance, that the rays C y flow from its lower
extremity B, and the rays K from its upper ex-
tremity A. Then the rays C, falling parallel upon
the great mirror at D, will be thence reflected, by
converging in the direction D G ; and by crossing
at I in the principal focus of the mirror, they will
form the upper extremity I, of the inverted image
I K, similar to the lower extremity B of the object,
A B: and passing on the concave mirror L, (whose
focus is at ») they will fall upon it at g, and be
thence reflected converging, in the direction g N,
because g m is longer than g n; and passing
through the hole P in the large mirror, they would
meet somewhere about », and form the lower ex-
tremity d of the erect image ad, similar to the
lower extremity B of the object A B. But by pass-
ing through the plano-convex glass R in their way,
they form that extremity of the image at 4. In
like manner the rays E, which come from the top
of the object A B, and fall parallel upon the great
mirror at I, are thence refiected converging to its
focus, where they form the lower extremity K of
the inverted image I K, similar to the upper ex-
tremity A of the object, A B; and passing on to
the small mirror I, and falling upon it at %, they
are thence reflected in the converging state £ O ;
and going on through the hole P of the great
mirror, they would meet somewhere about ¢, and
form there the upper extremity a of the erect
image, a d, similar to the upper extremity A of the
object, A B; but by passing through the convex
glass R in their way, they ‘meet and cross sooner,
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as at «, where that point of the erect image is
formed. The like being understood of all those
rays which flow from the intermediate points of the
object, between A and B, and enter the tube T T';
all the intermediate points of the image between a
and 4, will be formed; and the rays passing on
from the image through the eye-glass S, and
through a small hole e, in the end of the lesser
tube 74 they enter the eye f, which sees the image
a d (by means of the eye-glass) under the large
angle ¢ e d, and magnified in length, under that
angle, from ¢ to d.

In the best reflecting telescopes, the focus of
the small mirror is never coincident with the focus
m of the great one, where the first image I K is
formed but a little beyond it (with respect to the
eye), as at n; the consequence of which is, that
the rays of the pencils will not be parallel after
reflection from the small mirror, but converge so
as to meet in points about ¢, e, r ; where they will
form a larger upright image than e d, if the glass
R were not in their way : and this image might be
viewed by means of a single eye-glass properly
placed between the image and the eye ; but then
the field of view would be less, and, consequently,
not so pleasant; for which reason the glass R is
still retained, to enlarge the scope or area of the field.

To find the magnifying power of this telescope,
multiply the focal distance of the great mirror by
the distance of the small mirror from the image
next the eye; and multiply the focal distance
of the small mirror by the focal distance of
the eye-glass; then divide the product of the
former multiplication by the product of the latter,
and the quotient will express the magnifying
power.

VOL. I | X
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We shall here state the dimensions of one of
Mr. Short’s reflecting telescopes, as described in
Dr. Smith’s optics.

The focal distance of' the great mirror is 9.6
inches, its breadth 2.8 ; the focal distance of the
small mirror 1.5, its breadth 0.6 ; the breadth of
the hole in the great mirror 0.5; the distance
between the small mirror and the next eye-glass
14.2; the distance between the two eye-glasses
2.4 ; the focal distance of the eye-glass next the
metal 3.8 ; and the focal distance of the eye-glass
next the eye 1.1.

One great advantage of the reflecting telescope
is, that it will admit of an eye-glass of a much
shorter focal distance than a refracting telescope
will ; and, consequently, it will magnify so much
the more ; for the rays are not coloured by a re-
flection from a concave mirror, if it be ground to
a true figure, as they are by passing through a
convex glass, let it be ground ever so true.

The difficulties which attend this instrument
are, the tarnishing of the metallic speculum, and
the very great accuracy required in giving it the
true figure; for an error in a reflecting surface
affects the direction of the rays much more than a
like error in a refracting surface. An alloy of
metals is made for forming the speculum; but
it has been found that platina is the best substance
known for this purpose, as it never tarnishes. It
is, however, extremely difficult to work, and, con-
sequently, has been hitherto very little used.

The adjusting screw on the outside of the great
tube fits this telescope to all sorts of eyes, by
bringing the small mirror either nearer to the eye,
or removing it farther; by which means the rays
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are made to diverge a little for short-sighted eyes,
or to converge for those of a long sight.

The nearer an object is to the telescope, the
more its pencils of rays will diverge before they
fall upon the great mirror, and, therefore, they will
be longer off meeting in points atter reflection ; so
that the first image I K, will be formed at a greater
distance from the large mirror, when the object is
near the telescope, that when very remote. But
as this image must be formed farther from its small
mirror than its principal focus », this mirror must
- be always set at a greater distance from the large
one in viewing near objects, than in viewing re-
mote ones: and this is done by turning the screw
on the outside of the tube, until the small mirror
be so adjusted, that the object (or rather its image)
appears perfect.

In looking through any telescope towards an
object, we never see the object itself, but only that
image of which is formed next the eye in the tele-
scope ; for, if'a man hold his finger or a stick be-
tween his eye and an object, it will hide part, if
not the whole of the object from his view. But if
he tie a stick across the mouth of a telescope,
before the object-glass, it will hide no part of the
imaginary object he saw through the telescope
before, unless it cover the whole mouth of the
tube: for all the effect will be to make the object
appear dimmer, because it intercepts part of the
vays. Whereas, if he put only a piece of wire
across the inside of the tube, between the eye-glass
and his eye, it will hide part of the object which
he thinks he sees: which proves that he sees not
the real object, but its image. This is also con-
firmed by means of the small mirror L, in the re-
flecting telescope, which is made of opaque metal,

x 2
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and stands directly between the eye and the object
towards which the telescope is turned; and will
hide the whole object from the eye at ¢, if the two
glasses R and S are taken out of the tube.

Herschell chiefly makes use of a Newtonian
reflector, the focal distance of whose great mirror
1s 7 feet, its aperture 6.25 inches, and powers 227
and 460 times; though sometimes he uses a power
of 6,450 for the fixed stars; but his great telescope
1s four feet in diameter, and 40 feet in length.

If the metals of a Newtonian telescope are
worked as exquisitely as those in Herschell’s seven
feet reflector, the highest power that such a tele-
scope should bear, with perfect distinctness, will
be given by multiplying the diameter of the great
speculum by 74; and the focal distance of the
single eye-glass may be found by dividing the focal
distance of the great mirror by the magnifying
power ; thus 6.25 multiplied by 74, is 462, the
magnifying power,

Acromatic Telescopes.— Since the construction
of a telescope consists in nothing more than view-
ing by means of a microscope or eye-glass, the
image which is formed in the focus of the object-
glass, it may seem easy to make a telescope with a
given object-glass, that shall magnify in any assign-
able degree. For if the eye-glass be rendered
more and more convex, the eye may be permitted
to approach nearer and nearer to the image ; and,
consequently, to view it under.an angle of appa-
rent magnitude that shall be greater and greater,
as required. But this is unattainable on two se-
veral accounts. The first is, that spherical sur-
faces do not refract the rays of light accurately to
a point, as has been already observed; and the
second and principal reason js, that the rays of

"
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compounded light, l')eing differently refrangible,
come to their respective foci at different distances
from the glass, the more refrangible rays converg-
ing sooner than those which are less refrangible.
This is confirmed by experiment: for a paper
painted entirely red, and properly iluminated, will
cast its image by means of a lens, on a screen at a
greater distance than will another blue paper by
the same lens in like circumstances. And here it
may be noted, that the lens proper for this expe-
riment must be very flat, or a portion of the sur-
face of a large sphere. Hence the image of a
white object may be said to consist of an indefinite
number of coloured images, the violet being nearest
and the red farthest from the lens, and the images
of intermediate colours at intermediate distances.
The aggregate or image itself, must, therefore,
be in some degree confused, and this confusion
being very much increased by the magnifying
power or eye-glass, renders it necessary to use an
eye-glass of a certain limited convexity to a given
object-glass. For which reason, if it be required
to construct a telescope that shall magnify objects
in a greater degree than a given telescope, the
object-glass must be less convex, and of conse-
quence its focal distance longer.

It is also necessary to limit the aperture of the
object-glass to exclude those rays which are inci-
dent at too great distances from the centre; for
those, being more refracted, are more particularly
subject to the irregularities which arise either from
the figure of’ the glass or the unequal refraction of
light.

The great difficulty of managing the longer tele-
scopes occasioned the philosophic world to fix

X 3 |
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their thoughts upon the means of converging the
rays of light without separating them into their
component colours, The best method of effecting
this has been accomplished by Dollond.

This invention consists of a double or treble

object-glass; the double object-glass consists of

a double concave of white flint, and a double
convex of crown-glass. The parts of the lenses,
which are of the same side of the centres, may
be conceived to act like two prisms, which re-
fract contrary ways ; and if the excess of refrac-
tion in the crown-glass be such as to destroy the
divergency of colour caused by the flint-glass, the
ineident ray will be refracted without any produc-
tion of colour: the same is true of all the incident
rays, and, consequently, the image formed in the
focus of this compound object-glass will be free
from colours ; or, in other words, by means of the
different refractive power of these two sorts of
giass and their unequal figure, it comes to pass that
all the rays of light incident upon those glasses
from distant radiant objects, will pass through them
in such a manner, that whatever aberration is occa-
sioned in the heterogeneal rays in refraction
through the first glass, is so far corrected by the
second, that those rays emerge from it nearly pa-
“rallel among themselves, and are converged to one
focus, forming an image not sensibly compounded
or coloured, and, therefore, are more perfect and
distinet. It will, therefore, admit a much larger
aperture, and, of course, a greater magnifying
power than the common refracting telescopes pos-
sibly can : if the telescope be short, the convexity
of the lenses will be considerable; and, in such
cases, it is most convenient to combine three
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lenses, one coneave of white flint-glass between
two convex of crown- gla.ss ; but still, wherg a
great magnifying power is wanted, recourse must
be had to reﬂect.ing telescopes.

The greatest impediment to the construction of
large acromatic telescopes, is the want of a flint-
glass of an uniform density. Furtunately, for
Dollond, he met with a quantity of this kind of
glass when he began to make acromatic telescopes ;
but the attempts of many ingenious chemists have
since been exerted to make it, without much
success.

The Multiplying Glass.

The mufffp{;mﬂ‘-gfms is made by grinding down

the round side, % %, of a’convex glass A B, into
several flat surfaces, as k b, b d, d k. An object C

(Plate 15. fig. 6.,) will not appear magnified, when
seen through this glass, by the eye at H; but it
will appear multiplied into as many differenit objects
as the glass contains plane surfaces. For, since
rays will flow from the object C, to all parts of the
glass, and each plane surface will refract these rays
to the eye, the same object will appear to the eye
in the direction of the rays, which enter it through
each surface. Thus a ray CiH, falling perpen-
dicularly on the middle surface, will go through
the glass to the eye, without suffering any refrac-
tion ; and will, therefore, show the object in its
true place at C: whilst a ray ¢ b, flowing from the
same object, and, falling 'obliquely on the plane
surface b &, will be refracted in the direction be,
by passing through the glass; and, upon leaving
it, will go on to the eye in the direction of ¢ H;

whmh will cause the same object C to appear alsu

X 4
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at E, in the direction of the ray H e, produced in
the right line He E. And the ray C d, flowing
from the object C, and falling obliquely on the
plane surface d k, will be refracted to the eye at
H ; which will cause the same object to appear at
D, in the direction H D. If the glass be turned
round the line ¢ H, as an axis, the object C will
keep its place, because the surface bd is not re-
moved ; but all the other objects will seem to go
round C, because the oblique planes, on which the
rays a bc d fall, will go round by the turning of
the glass.

The Camera Obscura.

The camera obscura is made by a convex glass
CD (Plate 17. fig. 2.), placed in a hole of a win-
dow-shutter, Then, if the room be darkened so
that no light can enter but what comes through
the glass, the pictures of all the objects (as fields,
trees, buildings, men, cattle, &c.) on the outside,
will be shown in an inverted order, on a white
paper, placed at G H in the focus of the glass;
and will afford a most beautiful and perfect piece
of perspective or landscape of whatever is before
the glass, especially if the sun shine upon the
objects.

If the convex glass C D be placed in a tube, in
the side of a square box, within which is the plane
mirror E F, reclining backwards, in an angle of
forty-five degrees from the perpendicular / ¢, the
pencils of rays flowing from the outward objects,
and passing through the convex glass to the plane
mirror, will be reflected upwards from it, and meet
in points, as I and K, at the same distance that_
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they would have met at H and G, if the mirror had
not been in the way, and will form the aforesaid
images, on an oiled paper stretched horizontally in
the direction I K; on which paper the outlines of
the images may be easily drawn with a black lead
pencil ; and then copied on a clean sheet, and co-
loured, as the objects themselves are by nature.
In this machine it is usual to place a plain glass,
unpolished, in the horizontal situation I K, which
glass receives the images of the outward objects ;
and their outline may be traced upon it by a black
lead pencil.

The tube in which the convex glass C D is fixed
must be made to draw out, or push in, so as to
adjust the distance of that glass from the plane
mirror, in proportion to the distance of the outward
objects ; which the operator does, until he sees
their images distinctly painted on the horizontal
glass at 1 K.

The forming a horizontal image, as I K, of an
upright object A B, depends upon the angles of
incidence of the rays upon the plane mirror E F
being equal to their angles of reflection from it.
For, if a perpendicular be supposed to be drawn
to the surface of the plane mirror at ¢, where the
ray A a C e falls upon it, that ray will be reflected
upwards in an‘equal angle with the other side of
the perpendicular, in the line ed I. Again, if a
perpendicular be drawn to the mirror from the
point f; where the ray A &4 ffalls upon it, that ray
will be reflected in an equal angle from the other
side of the perpendicular, in the line /2 /.  And, if
a perpendicular be drawn from the point g, where
the ray A ¢ g falls upon the mirror, that ray will
be reflected in an equal angle from the other side
of the perpendicular, in the line g2/ So that all
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with a screw pillar fo raise or depress its surface
for adjusting it properly, according to the focal
distance of the lens, or distances of the objeets,
will be necessary, Its surface should not be flat,
but curved to the segment of a sphere, according
to the focus of the lens and distance of the ohjects.
The representation of distant objects in this man-
ner will afford the highest pleasure and entertain-
ment : and if objects in motion, such as carriages,
horses, ships, &c, favourably illuminated by the
sun, present themselves, their pictures will be
formed in the most exquisite manner,

The solar telescope is a curious instrument, and
is applied to use in the following manner: A
scioptric ball and socket being fastened against a
hole in the window-shutter in a darkened chamber,
place the end of a common refracting telescope
with its object-plass and eye-glass into the cylin-
drical hole of the scioptrie ball, and draw out the
tube to its proper length ; this being done, the
telescope and ball are moved about until it receives
the sun-beams perpendicular on the object-glass
through the cylindrical hole of the ball ; the tube
with the eye-glass is then to be adjusted by moving
it either in or out, until the image of the sun,
formed on a white plane or screen, is very distinct,
large, and luminous.

In this manner, the sun’s face is viewed without
offence to the eyes, and whatever changes happen
thereon may be most accurately observed; the
spots, which are seldom <seen, even when viewed
through small telescopes in the common way, are
here conspicuous, and easy to be observed, with
all the different circumstances of the spots begin-
ning to appear, their increase, division of’ one into
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nifying paintings on glass, and throwing their
images upon a white screen in a darkened chamber.,
But it is capable of being employed for more im-
portant purposes, by using such figures as will ex-
plain the principles of astronomy, botany, &c. lts
construction is very simple; it consists of a tin
lanthorn, within which is a lamp, whose light passes
through a great plano-convex lens placed in a tube
fixed in the front. This strongly illuminates the
small transparent painting on glass placed before
the lens in an inverted position ; another tube,
containing a convex lens, slides within the other,
so as to adjust the focal distances of the glasses.
The illumination is often increased by means of a
convex mirror placed at the back of the lamp. To
render the picture distinet, no light should fall
upon it but what passes through the lens.

The exhibition called the Phantasmagoria, which
lately excited so much admiration, is nothing more
than a magic lanthorn constructed in a peculiar
manner. In the common lanthorns, the figures are
painted on the glass, but all the rest of the glass is
left transparent ; consequently, the image on the
screen is a circle of light having a figure on it,
But in the phantasmagoria, all the glass is made
opaque, except the figure only, which being painted
in transparent colours, the light shines through it :
for this reason, therefore, no light can come upon
the screen but what passes through the figure
itself'; consequently, you have upon the screen a
figure only, without any circle of light as in the
common magic-lanthorn.

Instead, also, of the representation being made
upon a wall or a sheet, as is usually the case, it is
thrown upon a thin screen of silk placed between
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consist of the electricity which is thus excited.
Many bodies are capable of thus exhibiting elec-
trical appearances when rubbed ; the chief of these
are glass, amber, sealing-wax, resin, sulphur, hair,
wax, the precious stones, &c. from which they are
called electrics.  On the contrary, such substances
as are not capable of being excited, are called non-
electrics.

The explanation of these phenomena is as follows:
When the square piece of wood LM I K (which
may represent the shutter of a window), is fixed
into the hole, so that the wire I K stands in the
dotted representation L. M, then the metallic com-
munication from H to N is complete, and the in-
strument represents a house furnished with a proper
metallic conductor; butif the square piece of wood
L M I K is fixed so that the wire I K stands in the
direction I K, as represented in the figure, then
the metallic conductor H N from the top of the
house to its bottom is interrupted at . M ; in which
case the house is not properly secured.

Fix the piece of wood L M I K, so that its wire
may be as represented in the figure, in which case
the metallic conductor H N is discontinued. Let
the ball G be fixed at about half an inch perpen-
dicular distance from the ball H; then, by turning
the glass pillar C, remove the former ball from the
latter ; by a wire, or chain, connect the wire i I
with the wire Q of the jar P; and let another wire,
or chain, fastened to the hook O, touch the outside
coating of the jar. Connect the wire Q with the
prime. conductor, and charge the jar: then, by
turning the glass pillar D C, let the ball G come
gradually near the ball H, and when they are ar-
rived sufficiently near one another, you will ob-
serve that the jar explodes, and the piece of wood
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cited to exhibit electricity. The best conductors
are the metals and water.

The equilibrium in the natural electricity of
bodies is disturbed most, when an electric and a
non-electric are rubbed together. Thus, if glass
be rubbed by a piece of flannel, the electricity
which is excited will leave the flannel, and be accu-
mulated upon the glass, which will then have more
than its natural quantity. If then a conducting
body, as the finger, be presented to the glass, the
superabundant quantity in the glass will pass into
the finger, since there is a tendency in all bodies to
preserve the equilibrium of the electric fluid.

It is only during this passage or discharge from
one body to another, that electricity is rendered
visible and luminous.

When a body has more than its natural quantity
of this fluid, it is said to be positively electrified, and
the electricity it contains is called positive elec-
tricity ; and when it has less than its natural share,
it is said to be negatively electrified. When a con-
ductor is so surrounded by non-conductors, that
the electric fluid cannot pass from it to the earth,
it is said to be inswlated, as a piece of metal sup-
ported upon a glass pillar, for instance.

As the quantity of electricity that could be col-
lected by exciting rods of glass or sealing-wax is.
very small, machines have been contrived for rub-
bing together electrics and non-electrics, which are
“called electrical machines.

Plate 18. fig. 1. represents an electrical machine
of the most simple construction. A B is a strong
board which supports all the parts of the machine,
and which is fastened to a steady table by means
of one or more iron or brass clamps. The glass
cylinder D, quite dry and clean in its inside, 1s

YOL, I, Y
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about ten inches in diameter, and is furnished with
two caps, either of wood or brass, into which its
two short necks are firmly cemented. Each of
those caps has a pin, or pivot, which turns in a
hole through a wooden piece that is cemented on
the top of a glass-pillar, as at E and F, on the glass-
pillars EG, I H, which are firmly fixed to the
bottom board A B. One of those pins passes
quite through the wooden piece at I, and has a
square termination to which the winder I is ap-
plied, and secured on by means of a screw-nut.
By this winder the cylinder is turned round ; part
of it is made of glass, in order the more effectually
to prevent the escape of the electric fluid from the
cylinder. K is the rubber, which is made of silk,
or leather stuffed with hair, and L is a flap of silk
fastened to it, and covering part of the cylinder, to
prevent the dispersion and escape of the electric
fluid. This rubber or cushion is fastened to a
spring which proceeds from a socket cemented on
the top of the glass-pillar M. The lower part of
the pillar is fixed into a small board which slides
upon the bottom board of the machine, and by
means of a screw-nut and a slit, may be fixed more
or less forward, in order that the rubber may press
more or less upon the cylinder. N is a glass-pillar
which is fixed upon the bottom-board, and sup-
ports-the prime conductor O P, of hollow brass or
tin-plate, which has the collector or pointed wires
at Q, and a knobbed wire at P. From this brass
knob R, a longer spark may be drawn than from
any other part of the conductor. But this knob-
bed wire is only screwed into the conductor, and
may be easily removed from it.

The simple rubber, such as has been described,
will produce a very slight excitation of the cylin-
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der; but its power is vastly increased by laying
upon it a little amalgam of zinc. |

Globes of glass have also been used for electrical
machines; and sometimes multiplying-wheels have
been employed for producing a greater velocity of
rotation, but these have not been found tq answer
so well as cylinders.

Plates of' glass are also used for this purpose;
and when properly constructed, appear to be the
most powerful of any. They are more compact,
and are less liable to be affected by damp. The
simplest construction of the plate machine is re-
presented Plate 18.fig. 2. A BC D M is a wooden
frame, to which the four rubbers are affixed by
means of the screws g g, and may be made to bear
with proper pressure upon the circular glass-plate
H K. This plate has a hole through its middle,
to which an axis is firmly fixed, and is turned by
the winch I.. The prime conductor I, which may
be fixed on the stand of the machine or not, as
thought proper, has a branched termination, which
points at the extremities, which collect the elec-
tric fluid from the forepart of the glass plate.

Some plate machines have been made with two
glass plates and eight rubbers, and when they are
constructed in the best manner, as by Mr. Cuth-
bertson, their power is very great. Indeed, the
most powerful electrical machine now extant is
one of this construction made by the above-men-
tioned instrument-maker, at Haerlem. This ma-
chine consists of two circular plates, each 65 inches
in diameter, fixed on an axis parallel to each other,
and 7% inches asunder. Each plate is excited by
four rubbers : the prime conductor is divided into
two branches, which enter between the plates, and

X 2
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by means of points, collect the electric fluid from
their inner surfaces only.

When the cylinder of the electrical machine is
whirled round, the friction of the glass against the
rubber makes the electric fluid which was in the
rubber pass to the glass, from whence it is con-
veyed to the prime conductor, the points of which
are presented to every part of the globe in succes-
sion : and, as the friction is continued, there will,
by this means, be a constant supply of the electric
matter to the prime conductor, which, when other
bodies are presented to it, will keep discharging all
the while in visible sparks. The hand, in the case
of a glass tube, and the rubber in the electrical
machine, which had parted with their share of the
electric fluid to the glass against which they were
rubbed, receive an immediate supply from the
conducting substances in contact with them ; and
these are again supplied by the general mass of the
fluid that is lodged in the earth.

Electrical Attraction and Repulsion.

Two bodies possessing different states of elec-
tricity, that is, one being positively, and the other
negatively electrified, attract each other ; but two
bodies which are either both positively or both
negatively electrified, repel each other.

A convenient way of showing electrical attrac-
tion and repulsion, is by fastening two small balls
made of the pith of elder of the size of peas, by
threads of three or four inches long, to a small
stem, and putting them on the prime conductor :
when the machine is turned, the balls repel each
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other, because the same kind of electricity is com-
municated to both.

If both balls be electrified by touching them
with sealing-wax, they will repel each other; and
if they be both touched by excited glass they will
repel each other: but if one ball be electrified by
glass and the other with sealing-wax, they will at-
tract each other. Hence there seems some differ-
ence between the electricity excited by the sealing-
wax and the glass. Formerly it was supposed that
this was owing to two sorts of electricity, and they
were accordingly called vitreous and resinous elec-
tricity. But the explanation of Dr. Franklin is
now generally adopted ; viz. that these phenomena
are owing to the electricity of sealing-wax being
negative, and that of glass being positive.

When glass is rubbed with silk, the natural elec-
tricity of the silk leaves it and is accumulated on
the glass: but when sealing-wax is rubbed with
flannel, the electricity is accumulated on the flan-
nel at the expense of the sealing-wax. The elec-
tricity, therefore, in these cases, of the silk and the
sealing-wax, and that of the flannel and the glass,
are the same,

If a bundle of hairs or feathers be hung upon
the prime conductor, the moment they are electri-
fied by turning the wheel of the machine, they
begin to fly from one another; so that some of
of them will stand quite erect.

A large plumy feather grows beautifully turgid
when it is electrified, expanding its fibres in all di-
rections.

When the conductor isdischarged bythe approach
of a conducting substance, as the finger, or a piece
of metal, the fibres collapse, because then they are
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deprived of their electricity and reduced to the
natural state: but they repel each other again, as
soon as the finger is withdrawn, being again elec-
trified.

As all bodies possessed of the same kind of elec-
tricity, that is, either all positive or all negative,
repel each other in proportion to the superabun-
dant quantity they contain, upon this principle,
instruments called electromefers are constructed
for measuring the degree in which a body is elec-
trified. |

Fig. 6. represents Mr. Henley’s quadrant clec-
trometer ; it may be fixed upon the prime conduc-
tor, which generally has a hole in it for that
purpose, or upon any other apparatus that may be
thought necessary. It consists of a very light rod,
and pith ball, A, turning on the centre of a semi-
cirele B, so as always to keep almost close to its
graduated limb, ¢ i8 the pillar that supports the
semicircle and rod. The whole instrument may
be made of wood or ivory ; but is found most per-
fect wlen the pillar and index, or rod, are made of
box, and well smoothed with emery paper, the ball
of pith, and the graduated part of the Semicircle
ivory, as the divisions are more legible than in
wood.

The moment this instrument begins to be elec-
trified, the rod is repelled by the pillar, and con-
sequently begins to move over tlie edge of the
semicircle, showing to the greatest precision, the
degree to which the prime conductor is electri-
fied; or how high any jar or battery is (:harged

Benner's electrometer, represented Fig. 4., is by
far the most delicate of any yet invented, for dis-
tinguishing small quantities of electricity. It
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The sensibility of this instrument is very surpriz-
ing. The brush of a feather, the throwing of
chalk, hair-powder, or dust, against its cap, evince
strong signs of electricity. The electricity of va-
pour is elegantly shown by pouring a tea-spoonful
of water on an ignited coal, placed in a metallic
cup upon the cap of this electrometer.

This instrument is also used for distinguishing
the kind of electricity possessed by any body. For
when the body is placed upon the cap, so as to
make the gold leaves diverge, if a stick of sealing-
wax be brought near to it, and the leaves diverge
still more, then the electricity is negative ; but if
they collapse, then the electricity is positive. The
reason of this is, that the electricity of sealing-wax
being negative, more of the same kind of" electri-
city is added, if the electricity of the body under
examination be also negative; but if it be positive,
then it is neutralized by the negative electricity of
the sealing-wax.

Of the Electric Sparik:.

When a piece of metal, or any other good con-
ducting substance, is presented to the charged
prime conductor, the eleetric matter will pass with
violence from the one to the other: an electric
spark, with the appearance of fire, will be seen
darting between them; and a slight report, which
is usually compared to a snapping noise, will be
heard. ,

When any person stands upon the stool with feet
made of glass (such as is represented Fig. 7.), and
takes in his hand a chain fastened to the prime
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conductor, being then insulated, he may be consi-
dered as a part of the prime conductor ; and any
part of his body will exhibit all the same appear-
ances which the prime conductor itself will do.
Thus, if the finger of any person standing upon the
floor be presented to him, a spark of fire will seem
to issue from him, and both he and the person that
receives it will feel a painful sensation, like a
pricking ; and the same snapping noise will be heard.
Every part of his body will then attract light sub-
stances ; and the bits of feathers, or the human
figures above-mentioned, cut in paper, and laid on
a plate, will perform the same dances that were
mentioned before, if the palm of his hand be ex-
panded over them. Also the hairs of his head
will repel one another; and many of them will
stand upright. As these electric sparks, which
are attended with a sensation moderately painful,
will be excited wherever he is touched, or wherever
he touches any other person, this experiment will
turnish great diversion.

The electric spark has not only the appearance
of fire, but is capable of actually setting fire to
various substances that are easily inflamed. Thus,
if’ spirits of wine be held in a spoon, and an elec-
tric spark be drawn from the spoon so as to pass
through any part of the spirits, they will catch fire,
and burn as if’ they had been lighted by a candle,
‘T'he spoon in which the spirits are contained may
either be connected by the prime conductor, and
the spark drawn through them by a person stand-
ing on the floor; or the spoon may be held by a
person standing on the floor, and the spark be
drawn through them by a brass rod, either con-
nected immediately with the prime conductor, or
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held in the hand of a person standing on the stool,
in the manner mentioned above. It will be more
amusing, and the effect will be as certain, if the
spark be drawn through the spirits by the end of a
person’s finger. This experiment succeeds best
when the spoon is previously warmed. If a candle
be blown out, and an electric spark be imme-
diately drawn through the smoke, it will often be
lighted again; but it requires a pretty strong
spark, and some degree of dexterity and expe-
rience in the operator, to produce this effect with
certainty.

Not only are the senses of feeling, seeing, and
hearing, affected by electricity, in the manner de-
scribed above, but it is even sensible to the smell
and the taste. If a pointed brass rod be electrified,
either by being fastened to the prime conductor,
or held in the hand of a person electrified, and
another person standing upon the floor present his
nose within an inch or two of the point, he will
discover a strong and disagreeable smell, like that
of burning sulphur ; and if he receive the electric
effluvia issuing from the point upon his tongue, he
will perceive a taste which is manifestly acid.

The electric spark will go to a greater or less
distance through the air, in order to reach a con-
ductor, according as its quantity is greater or less ;
as the parts from which it proceeds, and on which
it strikes, are sharper or more blunt, and as the
conductor is more or less perfect. The strength
of the machine is known from the length and den-
sity of the sparks it gives.
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Of the influence of Points in Electricity.

When a conducting body is made of a pointed
form it easily parts with its electricity, and ac-
quires it more easily from another. This is ren-
dered very obvious, if the experiments are made
in the dark. If asharp pointed wire be fixed upon
the prime conductor while the machine is in actmu,
the electric matter will be seen issuing from it in
the form of a pencil or brush, and of a beautiful
bluish colour, and with a kind of rustling noise.
But if the wire be held in the hand, and presented
to the prime conductor, a brilliant star will be seen
upofi the point of it, owing to the entrance of
the electricity into the point “Which deaws it from
the conductor.

If a plate of tin be cut into the form of a star
(Fig.7.), and be supported on its centre by a wire
projecting from the prime conductor, as soon as
the wheel of the machine is turned, and this appa-
ratus electrified, a flame will appear at the extre-
niity of every angle of the star, which will be very
beautiful ; and if the star be made to turn swiftly
on its centre, an entire circle of fire will be seen in
the dark. This experiment will be more surpriz-
ing, if the operator now and then privately touch
the prime conductor, as by this means he may
command the appearance or disappearance of the
star, or circle of fire, at pleasure

It two sharp-pointed wires be bent (Fig. 8)
with the four ends at right angles, in the same
plane, but pointing different ways, and be made to
turn upon the point of wire fixed in the prime
conductor ; the moment it is electrified, a flame
will be seen at the points «, b, ¢, d ; and the wires
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will, at the same time, turn round in the direction
opposite to that to which the points are turned.

If the figures of horses, cut in paper, be fastened
upon these wires, and they be so contrived that
the points shall be in their tails, the experiment
will be more curious; the horses will seem to pur-
sue one another, It is possible to make several of
these wires, each having a considerable number of
points bent backwards, with horses, &c. fastened
to each of them, and turning one above another ;
and then some of them may be contrived to move
faster than the others. They may also be made to
move different ways.

By means of the stream of electricity that issues
from a point, little models of machinery made of
stiff card may be set in motion.

Plate 19. fig. 1., is an orrery for showing the
earth’s motion round its axis in twenty-four hours,
the age of the moon from change to change, and
all her various phases during that time. A is the
horizontal board, or stand, of this machine ; and B
is the great wheel, with 18 floats, or wings, for the
electric stream to act upon, and turn the wheel,
according to the order of the letters a, &, ¢, d. On
the axis of this wheel is a trundle C of 8 staves for
turning the wheel F of 32 teeth, on whose axis is
a trundle G, of 8 staves, for turning the wheel H
of 59 teeth, which will go once round in the time
the great wheel A goes 294. A little hollow globe
D, representing the earth, with its meridians, &c. is
put upon the top of the axis of the great wheel A ;
and on the same axis is the index I, which goes
round a small dial-plate e, of 24 hours, in the time
that the earth D turns round. An ivory ball, 1, is
placed on the top of the axis of the wheel H, half
black, half white, to represent the moon ; below
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which, on the same axis, is an index K, which goes
round a small plate %, divided into 29} equal parts,
for the days of the moon’s age from change to
change. So that, in the time the great wheel A,
the earth D, and hour-index E, make 294 revolu-
tions, the moon I, and her index K, make only
one ; and in that time, by showing herself all round
to the observers, her different phases are exhibited
like those of the real planet.

Having set the orrery near the prime conductor,
place a crooked wire from the conductor, so that
its point may be even with the great wheel B, and
tend to turn it in the direction a, &, ¢, d; turn the
glass globe of the electrical machine by the winch,
and a stream of fire will issue from the wire to the
‘wheel, and turn the whole of the moveable work ;
by which means, the earth D will be turned round
its axis, from west by south to east; and, in such
turn of the earth, the index E will go round all the
24 hours on the dial-plate e.  In the time the earth
and index turn 294 times round, the moon I will
turn once round her axis, showing all her various
phases; and the index K will go over all the 29
days of the moon’s age on the plate K.

Fig. 8. is another electrical orrery, showing the
motion of the sun, earth, and moon. The sun and
earth go round the common centre of gravity be-
tween them in a solar year; and the earth and
moon go round the common centre of gravity
between them in a lunar month. The ball S re-
presents the sun, K the earth, and M the moon,
connected by wires @ ¢ and bd: ais the centre of
gravity between the earth and moon. These three
balls, and their connecting wires are hung and
supported on the sharp point of a wire A, which is
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stuck upright in the prime conductor B of the
electrical machine ; the earth and moon hanging
upon the sharp point of the wire ¢, 4, e, in which
wire is a pointed short pin, sticking out horizon-
tally at e ; and there is just such another pin at 4,
sticking out in the same manner, in the wire that
connects the earth and the moon.

When the globe of the electrical machine is
turned, the above-mentioned balls and wires are
electrified ; and the electricity, flying off horizon-
tally from the points ¢ and d, causes S and E to
move round their common centre of gravity @; and
A and M to move round their common centre of
gravity &. And as E and M are light when com-
pared with S and E, there is much less friction on
the point &, than upon the point « ; so that E and
M will make many more revolutions about the
point &, than 5 and E make about the point «.
The weights of the balls may be adjusted so that K
and M may go twelve times round 4, in the time
that 5 and E go once round «.

Fig. 2. represents a model of a water-mill for
grinding corn. A is the water-wheel, B the cog-
wheel on its axis, C the trundle turned by that
wheel, and D the running mill-stone on the top
of the axis of the trundle. It may easily be con- |
trived and turned also by electricity, if, instead of
the round plate D for the mill-stone, there be a
horizontal wheel on the axis of the trundle C, with
spur-cogs, which will turn two trundles placed on
its opposite sides; and on the top of the axis of
each of these trundles, may be a round plate re-
presenting a mill-stone ; so that this model has all |
the working parts of a double water-mill, turning
two mill-stones.

s ket
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Set the mill near the prime conductor, and place
the crooked wire, so that its point may be directed
towards the uppermost side of the great wheel A.
Then turn the glass globe by the winch, and the
stream of fire that issues from the point of the wire
will turn the wheel; and, consequently, all the
other working parts of the mill.

Of the Leyden Phial, and the Electrical Shock.

When an electric or non-conducting body is
presented to a body containing a super-abundant
quantity of electricity, the opposite sides of the
electric become possessed of different kinds of
electricity ; that is, one is positive, and the other
negative. Thus, if a plate of glass be brought
into contact with the prime conductor, or if a
point from the prime conductor be made to touch
the glass, one side of the glass becomes posi-
tive and the other negative. In this case the
glass is said to be charged; and the two kinds of
electricity cannot come together to restore the
equilibrium, because of the non-conducting quality
of the glass.

But if a communication be made between the two
sides of the glass by means of a conducting sub-
stance, then a discharge will take place from one
to the other, the electricity passing through the
conducting body. 'This discharge is called the
electric shock : because when a living animal forms
part of the communication between the two sides
of the charged plate, so that the discharge must
pass through it, a sudden shock or peculiar sens-
ation is felt.
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In order to communicate electricity to every part
of the side of a non-conducting substance, it is ne-
cessary to bring each part successively in contact
with an electrified body. |

To avoid this difficulty, it is customary to coat
the sides of the non-conductor with some conduct-
ing substance, such as tin-foil, by which means the
operation of charging and discharging is rendered
very easy; for when the electricity 18 communi-
cated to one part of the coating, it immediately
spreads itself through all parts of the electric that
are in contact with that coating; and when the
discharge is to be made, it will be sufficient to
make a communication by means of a conducting
substance, between the coatings of both sides.

In coating an electric plate, it is necessary to
keep the coatings from coming to the edges of the
plate ; because, otherwise, the contrary electricity
of one side would force its way through the air,
round the edge, to the coating of the other side,
and thus prevent any charge taking place.

In order to communicate a considerable charge
to a plate, it is necessary that the side opposite to
that which receives the charge have a communi-
cation through conducting substances with the

earth ; otherwise, only a very small charge can be

given.

Those effects take place in the same manner,
whether the glass be in the form of a plate, or
in any other shape, provided it be sufficiently
thin: it being not the form, but the thickness
of the glass, that renders it capable of receiving
an higher or lower charge. The thinnest glass
receives the highest charge, but is more liable to
be broken by it; because the attraction of the

il
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electricities of the opposite sides becomes at last
powerful enough to force a passage through the
glass.

This remarkable phenomenon was first discovered
by Von Kleist, Dean of the cathedral of Camin.
The account he gave of it is as follows: ¢« When a
“ nail, or a piece of thick brass wire, &c. is put
‘“ into a small apothecaries’ phial and electrified,
¢ remarkable effects follow; but the phial must be
““ very dry or warm. I commonly rub it before-
¢ hand with a finger, on which I put some pounded
¢ chalk. Ifalittle mercury, orafew drops of spirits
“ of wine, be put into it, the experiment succeeds
“ the better. As soon as this phial and nail are
¢ removed from the electrifying glass, or the prime
¢ conductor to which it hath been exposed, is
¢ taken away, it throws out a pencil of flame so
¢ long, that with this burning machine in my
¢ hand, I have taken above sixty steps, in walking -
¢« about my room. When itis electrified strongly,
¢ ] can take it into another room, and there fire
¢ spirits of wine with it. If, while it is electrify-
“ ing, I put my finger, or a piece of gold which I
¢ hold in my hand, to the nail, I receive a shock
¢¢ which stuns my arms and shoulders.”

This description of the experiment was so im-
perfect, that it did not succeed with those to whom
he communicated it.

A short time after, a similar experiment was
made at Leyden, which was attended with the
same effects.

When Professor Muschenbroeck was making some
electrical experiments with a phial filled with water,
Mr. Cuneus happened to hold the glass vessel in
one hand, the water of which had a communication

VOL. I. z
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with the prime conductor, by means of a wire.
With the other hand, he was disengaging it from
the conductor, supposing that the water had re-
ceived as much electricity as the machine could
give it, when he was surprized by a sudden shock
in his arms and breast, which he had not in the
least expected from the experiment.

It is extremely curious to observe the descrip-
tions which the philosophers who first felt the elec-
trical shock, give of it.

Muschenbroeck, who tried the experiment, qays,
that he felt himself struck in his arms, shoulders,
and breast, so that he lost his breath, and was two
days before he recovered from the effects of the
blow and the terror. He adds, that he would not
take a second shock for the kingdom of France.
Many other accounts equally extraordinary were
published.

Such was the surprise and terror with which
these electricians were struck by a sensation which |
thousands have since experienced without any dis-
agreeable effects; and it affords us a lesson. how
far we ought to credit the first accounts of extra-
ordinary discoveries, where the imagination is liable
to be affected. :

On account of this experiment being first satis-
factorily made at Leyden, a bottle coated on the
outside and inside, for the purpose of charging and 1
discharging, is called the Leyden phial, or electric

Jar. '

Plate 19. fig. 4. represents an electric jar of the
usual shape. Its mouth is filled with a piece of
mahogany, or cork, turned to fit it, and varnished.
Through the centre of this, there passes a brass
wire with a knob, and having a bit of chain fas-
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tened to the lower end, which touches the bottom.
To charge this jar, a communication is made be-
tween the eleetrical machine and the brass knob,
while the outside of the jar communicates with the
earth by the table or the hand. After a few revo-
lutions of the machine, it is charged, and ready
to exhibit the usual effects. D is an instrument
called a discharger, which is used for discharging
the jars when required, without the shock passing
through any thing besides. It consists of two
knobs attached to brass wires, which move round
a joint fixed to a glass handle. E is a simpler
kind of discharger, consisting only of two knobs,
connected by a bent brass wire.

When one of these knobs is applied to the ball
on the jar, and the other to the outside coating, it
establishes a communication between the outside
and inside of the jar, by which the equilibrium is
restored, from the superabundant electricity passing
with great rapidity from one to the other, and ap-
pearing in the form of a vivid flash, accompanied
by a loud report, which will be in proportion to the
size of the jar, and the degree of the charge. If
the discharger is used, and you want to see the
flash, it is necessary first to apply one of the knobs
to the side that does not communicate with the
electrical machine, which is generally the inside ;
because if the knob be applied first to the side that
receives the electricity from the machine, the jar
will be discharged by establishing a communica-
tion with the other side through the hand and
body, which would produce the eleetric shock.

The most convenient method of receiving the
electric shock is to place the jar (after having
- charged it in the manner mentioned above) upon a
piece of chain laid upon the table; then laying one
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hand upon the chain, you touch the knob of the
jar with a piece of metal held in the other hand.

Any number of persons may receive the shock
together, by laying hold of each other’s hands;
'the first person in the row communicating with the
. outside of the jar, while the last person touches
" the knob of the jar which is connected with the
inside. In this case, every one will receive the
shock at the same instant, and nearly in the same
degree, though it may produce a greater effect
upon some than upon others.”

The velocity of the electric fluid in passing from
a body charged positively, to another charged nega-
tively, is beyond all calculation ; and from every
experiment that has been made, appears to occupy
so minute a portion of time, that it cannot be as-
certained. It has been sent through a circuit of
several miles apparently in an instant, both through
water and dry ground.

It was mentioned above, that the strength of
the shock depended upon the quantity of coated
surface ; large jars, therefore, give greater shocks
than small.ones.

The Electrical Battery.
~ Several jars may be connected together, by
making a communication between all their outsides
and all their insides by means of wire or chain.
When a number of jars are thus connected, it is
called a dattery.

If a battery is required of no very great power,
eontaining about eight or nine square feet of
coated glass, common pint or half.pint phials, such
as apothecaries use, may be employed. They
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occupy a small space, and, on account of their
thinness, hold a very good charge. But when a
large battery is required, then these phials cannot
be used, for they break very easily; and for that
purpose cylindrical glass jars of about fifteen inches
high, and four or five inches in diameter, are the
most convenient.

When glass plates, or jars, having a sufficiently
large opening, are to be coated, the best method is,
to coat them with tin-foil on both sides, which may
be fixed upon the glass with paste; but in case the
jars have not an aperture large enough to admit
the tin-foil, then brass-filings, such as are sold by
the pin-makers, may be advantageously used; and
they may be stuck on with gum-water. Care
must be taken that the coatings do not come very
near the mouth of the jar, for that will cause the
jar to discharge itself. If the coating is about
two inches below the top, it will in general do very
well; but there are some kinds of glass, especially
tinged glass, that, when coated and charged, have
the property of discharging themselves more easily
than others, even when the coating is five or six
inches below the edge. There is another sort of
glass, like that of which Florence flasks are made,
which, on account of some unvitrified particles in
its substance, is not capable of holding the least
charge; on these accounts, therefore, whenever a
great number of jars are to be chosen for a large
battery, it is advisable to try some of them first, so
that their quality and power may be ascertained.

Plate 20. fig. 1. is a battery composed of twelve
jars, coated in the inside and outside with tin-foil,
which altogether contain about twelve feet of
coated glass. About the middle of each of these
jars is a cork that sustains a wire, which at the top
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is fastened round, or soldered to the wire E,
knobbed at each end; this connects the inside
coatings of three jars; and by four wires, such as
I F, the inside coatings of all the twelve jars may
be connected together. Each of the wires I has
a ring at one end, through which one of the wires
E passes; and the other end has a brass knob. If
the whole force of the battery be not required,
one, two, or three rows of jars may be used at
pleasure; for as each of the wires I' I is moveable
round the wire E which passes through its ring
and rests upon the next wire E, it may be easily
removed from that, and turned upon the contrary
wire E; and thus the communication between one
row of jars and another may be discontinued at
pleasure.

The square box that coutains these jars is of
wood lined at the bottom with tin-foil, and having
two handles on two opposite sides, by which it may
be easily removed. In ene side of the box is a
hole through which an iron hook passes, that
communicates with the metallic lining of the box,
and consequently with the outside coating of all
the jars. To this hook is fastened a wire, the
other end of which is connected with the dis-
charging rod. |

The force of accumulated electricity, great as it
appears by the experiments performed with a single-
coated jar, is very small when compared with that
which is produced by a number of jars connected
together; and if the effects of a single jar are sur-
prizing, the prodigious force of a large battery is
certainly astonishing. Experimentsopof this kind
should be conducted with great caution; and the
operator ought to be attentive not only to the
business in hand, but also to the persons who may
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happen to be near him, prohijbiting their touching,
or even coming too near, any part of the apparatus:
for if a mistake in performing other experiments
may be disagreeable, those in the discharge of a
large battery may be attended with dangerous
consequences,

The charge of a large jar, or a battery, sent
through a piece of very slender wire, makes it
instantly red-hot, melts it, and if the fusion is com-
plete, reduces it into globules of different magni-
tudes. For this purpose, you need only make the
wire a part of the circuit; for instance, place it
between the wires of the universal discharger,
which will be described afterwards. The fine
turnings or shavings of steel, which may be had
at the philosophical instrument-maker’s, are very
casily fused, even by a small shock. But a wire
of the fiftieth part of an inch, or upwards, requires
a considerable battery to fuse it., The force of a
battery may be estimated by the length of wire
which its discharge is able to fuse.

Take two slips of common window-glass, about
three inches long, and half an inch broad; put a
small slip of gold, silver, or brass leaf between
them, leaving a little of the metallic leaf out of
the glasses at the two ends, and place the glass
slips between the boards of the press of the univer-
sal discharger; then by connecting the wires of
the discharger with the projecting extremities of
the metallic leaf, send a charge of a battery through
it; the consequence is, that the glasses are gene-
rally shattered by it; but whether they are broken
or not, they will be found indelibly marked by the
metal, which is forced so far into the pores of the
glass, as not to be affected even by the menstrua
which otherwise are wont to dissolve it.
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If gold or silver leaf be put between cards, and
a strong charge passed through it, it will be com-
pletely fused, and even reduced to the state of
an oxide, which will be distinctly marked upon
the card.

The Electrophorus.

This simple species of electrical machine consists
of two plates (Plate 20. fig. 5.) A and B, made
of a circular form, from six to eighteen inches
diameter, or upwards. The upper plate is gene-
rally made of brass; but a tin plate, with a wire
turned in upon its edge, will answer exceedingly
well. At the centre of this plate there is a socket
O, in which a glass handle I, nine or ten inches
long, is fixed. A thin board, covered with tin-
foil, and suspended by silken strings, will answer
well, when the electrophorus is wanted of a large
diameter.

The under plate may be made of glass, sealing-
wax, or of the following composition, viz. four
parts rosin, three parts pitch, three parts shell-lac,
two parts Venice turpentine, melted together over
a gentle fire. It may be poured and spread upon
a thin linen cloth about one-fourth of an inch
thick. The linen cloth must be stretched upon a
hoop, and made as tight as possible. If the sur-
face be a little rough, it will be no worse.

The manner of using this machine is as follows:
rub the coated side of the under plate A with new
fine flannel, or a hare or cat’s skin; and when it is
excited as much as possible, set it on a table, and
place the upper plate upon it, and put your finger
on the upper plate; then remove your finger, and
take hold of the top of the glass handle 1, and apply
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it to the knob of a coated jar. Repeat this oper-
ation for thirty or forty times, and the jar will
becomé charged.

Cavallo mentions one of the above kind made
by him, with which he charged a coated phial
several times by once exciting, so strong as to
pierce a hole through a card at every discharge.

When a glass is covered with sealing-wax, after
it is excited and laid with the waxed side down-
ward, and the glass uppermost, then on making the
usual experiment of putting the metal plate on it,
and taking the spark, &c. it will be attended with
contrary electricity to what it had before,

The universal Discharger.

This apparatus is of extensive use, and is com-
posed of the foilowing parts: A is a flat board fif-
teen inches long, four inches broad, and one thick,
or thereabouts, which forms the basis of the instru-
ment. B B (Fig. 6.) are two glass pillars, cemented
in two holes upon the board A, and furnished at
the top with brass caps, each of which has a
turning joint, and supports a spring tube, through
which the wires D D slide. Each of these caps is
composed of three pieces of brass, connected so
that the wires D D, besides their sliding through
the sockets, have two other motions, viz. an hori-
zontal and vertical one. Each of the wires D D is
furnished with an open ring at one end, and at the
other end having a brass ball, which, by a short
spring socket, is slipped upon its pointed extremity,
and may be removed from it at pleasure. Eisa
strong circular piece of wood, five inches in di-
ameter, having on its surface a slip of ivory inlaid,
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and furnished with a strong cylindrical foot, which
is fastened in the middle of the bottom board A.

Atmospheric Electricity.

The resemblance between an electric spark and
lightning is obvious, but the proof of their identity
was reserved for Dr. Franklin, He first observed
the power of points in drawing off the electricity
from bodies at great distances; and thence inferred,
that a pointed metallic bar, if raised to a con-
siderable height in the air, would become elec-
trical by communication from the clouds during a
thunder-storm. |

After having published his hypothesis con-
cerning the identity of electricity with the matter
of lightning, he was waiting for the erection of a
spire in Philadelphia, to make experiments on the
subject, when it occurred to him, that by means of
a common kite, he would have a readier and better
access to the regions of thunder, than by any
spire whatever. He therefore prepared a kite for
this purpose; and took it into the fields, attended
by his son. The kite being raised, the end of the
cord was tied to a small key. One very promising
cloud had passed over it without any effect; when,
at length, just as he was beginning to despair, he
observed some loose threads of the hempen string
to stand erect, and to avoid one another, just as if
they had been suspended on a common conductor.
Struck with this appearance, he immediately pre-
sented his knuckle to the key; and let the reader
judge of the exquisite pleasure he felt' at the mo-
ment the discovery was complete. He perceived

i
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a very evident electric spark. Others succeeded,
even before the string was wet, so as to put the
matter past all dispute; and when the rain had
wetted the string, he collected the electricity very
copiously. This happened in June, 1752.

The same experiment has been often suceessfully
repeated: but it is not unaccompanied with dan-
ger; since frequently such a quantity of electric
matter is suddenly brought down, that several
persons have been hurt by it, and a professor at
St. Petersburg was killed in this manner.

A grand practical application of this discovery
has been, to secure buildings from being damaged
by lightning.

This great end is accomplished by the cheap,
and seemingly trifling apparatus, of a pointed me.
tallic rod, fixed higher than any part of the
building, and communicating with the ground, or,
rather, the nearest water. This rod the lightning
is sure to seize upon, preferably to any other part
of the building, unless it be very large and ex-
tended; in which case, rods may be erected at
each extremity; by which means this dangerous
power is safely conducted to the earth, and dissi-
pated without doing any harm to the edifice.

Lofty trees are often struck by lightning; and
in a thunder storm it is not safe to seek for shelter
under them. In this case the safest place is in the
open field. Persons carrying arms or toals have been
often killed by lightning, which has been attracted
by the metallic substances. When a house is
struck, it may be observed that it is by the metallie
parts that the lightning makes its way to the earth;
frequently by the bell wires which it often melts,
and when there is an interruption in the continuity
of the conducting substance, it darts to the nearest
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conductor, and forces its way, destroying whatever
resistance it may meet with.

The effects of the electric matter, when it strikes
a building, and the method of preventing it, are
exemplified by an instrument called the thunder-
house, representing the side of a house, either
furnished with a metallic conductor, or not. A,
(Plate 20. fig. 2.) is a board about three quarters
of an inch thick, and shaped like the gable-end of
a house. This board is fixed perpendicularly upon
the bottom board B, upon which the perpendicular
glass pillar C is also fixed, in a hole about eight
inches distant from the basis of A. A small hole
I L MK, about a quarter of an inch deep, and
nearly one inch wide, is made in the board A, and
is filled with a square piece of wood nearly of the
same dimensions. It should be of rather smaller
dimensions, because it must go so easily into the
hole, that it may drop off by the least shaking of
the instrument. A wire, I K, is fastened diagonally
to this square piece of wood. Another wire, L. H,
of the same thickness, having a brass ball H,
screwed on its pointed extremity, is fastened on
the board A; so also the wire M N, which is
shaped in a ring at N.  From the upper extremity
of the glass pillar C, a crooked wire proceeds,
having a spring socket, I, through which a double-
knobbed wire slips perpendicularly, the lower knob
G of which falls just above the knob H. The
glass pillar C must not be made very fast into the
bottom board; but it must be fixed so that it may
be easily moved round its own axis, by which
means the brass ball G may be brought either
nearer or farther from the ball H, without touching
the part E F G. Now, when the square piece of
wood L. M 1 K (which may represent the shutter
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of a window,) is fixed into the hole, so that the
wire I K stands in the dotted representation 1. M,
then the metallic communication from H to N is
complete, and the instrument represents a house
furnished with a proper metallic conductor; but if
the square piece of wood L M I K is fixed so that
the wire I K stands in the direction I K, as repre-
sented in the figure, then the metallic conductor
H N from the top of the house to its bottom is
interrupted at L. M; in which case the house is
not properly secured.

Fix the piece of wood L M 1 K, so that its wire
may be as represented in the figure, in which case
the metallic conductor H N is discontinued. Let
the ball G be fixed at about half’ an inch perpen-
dicular distance from the ball H; then, by turning
the glass pillar C, remove the former ball from the
latter; by a wire, or chain, connect the wire E F
with the wire Q of the jar P; and let another wire,
or chain, fastened to the hook O, touch the out-
side coating of the jar. Connect the wire Q with
the prime conductor, and charge the jar: then,
by turning the glass pillar D C, let the ball G
come gradually near the ball H, and when they
are arrived sufficiently near one another, you will
observe that the jar explodes, and the piece of wood
L. M I K is pushed out of the hole to a considerable
distance from the thunder-house. Now the ball G
in this experiment represents an electrified cloud,
which, when it is arrived sufficiently near the top
of the house A, the electricity strikes it; and as
this house is not secured with a proper conductor,
the explosion breaks part of it, 4 e. knocks off the
piece of wood I M.

Repeat the experiment with only this variation,
viz, that this piece of wood I M may be situated,
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glass tube and a feather. When the tube is ex-
cited, by being drawn through the hand or a flannel
rubber, the feather, when brought near it, will be
attracted, and jump to the tube; then, after taking
some time to get fully saturated with electric mat-
ter (because being a bad conductor, it can receive
it but very slowly,) it will suddenly jump from it,
and fly towards the next conductor, upon which it
may discharge the redundant electricity it has
acquired. If no other body happen to be in the
way, it will tend towards the ground; but if the
electrified tube be held under it, it will still be
repelled, and driven into the middle of the room,
where it may be kept suspended, or be driven
about in all directions almost as long as a person
pleases, if the air be dry.

Other beautiful effects of electrical attraction and
repulsion are shown at the prime conductor be-
longing to the machine. Suspend a plate of metal
from the conductor, and underneath it, at the dis-
tance of about three or four inches, put another
plate of the same size; upon the lower one of these
plates lay a feather, or a small slip of light paper;
and, as soon as the machine is turned, the feather
or the paper will be attracted, and jump to the
upper plate ; from which it will be immediately re-
pelled, and fly to discharge itself upon the lower
plate, which is supported on a pedestal; after
which it will be ready to be attracted and repelled
again. Thus will the feather or paper fly from the
one plate to the other alternately, and with incon-
ceivable rapidity, if the electrification be pretty
vigorous. When the pieces of paper are cut into
the figures of men and women, they exhibit a kind
of dance which is extremely amusing.

VOL. I. AA
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The Spider seemingly animated by Electricity.

Fig. 9 is an electric jar, having a wire C fastened
on its outside, which is bent so as to have its knob
E as high as the knob A of the jar. B is a spider
made of cork, with a few short threads run through
it, to represent its legs, This spider is fastened at
the end of a silk thread proceeding from the
ceiling of the room, or from any other support, so
that the spider may hang midway between the two
knobs A, E, when the jar is not charged. Let
the place of the jar upon the table be marked;
then charge the jar, by bringing its knob A in con-
tact with the prime conductor, and replace it in
its marked place. The spider will now begin to
move from knob to knob, and continue this motion
for a considerable time, sometimes for several
hours.

The inside of the jar being charged positively,
the spider is attracted by the knob A, which com-
municates to it a small quantity of electricity; the
spider then becoming possessed of the same elec-
tricity with the knob A, is repelled by it, and runs
to the knob E, where it discharges its electricity,
and is then attracted by the knob A, and so on.
In this manner the jar is gradually discharged, and
when the discharge is nearly completed, the spider
finishes its motion.

T prove that Glass and other Electrics become Con-
ductors when they are made very hot.

In order to ascertain the conducting quality of
hot resinous substances, oils, &c. bend a glass tube
in the form of an arch, C D (Plate 20, fig. 8.),
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and tie a silk string C C D to it, which serves to
hold it by when it is to be set near the fire: fill
the middle part of this tube with resin, sealing-
wax, &c., then introduce two wires A A, through
its ends, so that they may touch the resin, or pene-
trate a little way into it. This done, let a person
hold the tube over a clear fire, so as to melt the
resin within it: at the same time, by connecting
one of the wires A A with the outside of a charged
jar, and touching the other with the knob of the
jar, endeavour to make the discharge through the
resin, and you will observe, that while the resin
is cold, no shocks can be transmitted through it,
but it becomes a conductor as it melts: and when
totally melted, the shocks will pass through it
very freely.

The Spiral Tube.

Fig. 10. is an instrument composed of a glass
tube, closed with two knobbed brass caps. This
tube has a spiral row of small round pieces of tin-
foil, stuck upon its outside surface, and lying at
about one-thirteenth of an inch from each other.
If this instrument be held by one of its extremities,
and its other extremity be presented to the prime
conductor, every spark that it receives from the
prime conductor will cause small sparks to appear
between all the round pieces of tin-foil stuck upon
the tube, which, in the dark, affords a pleasing
spectacle; the instrument appearing encnmpassed
by a spiral line of fire.

The small round pieces of tin-foil are sometimes
stuck upon a flat piece of glass (Fig. 11.), so as to
represent curve lines, ﬂnwers, letters, &c. and they
are illuminated after the same manner as the spiral
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tube, 7. e. by holding the extremity C or B in the
hand, and presenting the other extremity to the
prime conductor, when the machine is in motion.
They may also be fixed in any other position, by
having connecting wires.

To show that the Electric Fluid prefers a short pas-
sage through the Air, to a long one through good
Conductors.

Bend a wire about ten feet long, at the ends of
which fix a piece of glass G, to keep the knob A B
at a proper distance, so that they may slide within.
half'an inch of one another, if required; then con-
nect the chains belonging to the sliding wires with
the hook of the battery and the discharging rod,
and send the charge of a battery through it. On
making the explosion, a spark will be seen between
A and B, which shows that the electric fluid
chooses rather a short passage through the air,
than a long one through the wire. The charge,
however, does not pass entirely through A and B,
but part of it also goes through the wire, which
may be proved by putting a slender wire between
A and B; for on making the discharge, with only
this addition in the apparatus, the small wire will
hardly be made red hot: whereas, it the large
wire A D B be cut in D, so as to discontinue the
circuit A D B, the small wire will be melted, and
even exploded, by the same shock that before
made it scarcely red-hot. In this manner the con-
ducting power of different metals may be tried,
using metallic circuits of the same length and
thickness, and observing the difference of the pas-
sage through the air in each.
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The Course of the Electric Fluid in the Discharge,
rendered visible by the Star and Pencil.

When a jar is charged, take a discharging-rod
having its ends pointed, i. e. the discharging-rod
represented in Fig. 14., without its knobs, and keep
it in such a situation, that one of its points may be
at about one inch distance from the knob A, and
the other point at an equal distance from the out-
side coating of the jar: by these means the jar will
be discharged silently; and if its inside be electri-
fied positively, you will see that the point of the
discharging-rod is illuminated with a star, and the
point B with a pencil; because, in this case, the
electric fluid, going from the inside to the outside
of the jar, enters the point C, and issues from the
point B. But if the jaris electrified negatively on
the inside, and consequently positive on the out-
side, then the pencil of rays will appear upon the
point C, and the star upon the point B: for in this
~ case, the electric fluid passes from the outside to the
inside of the jar. This experiment, as well as any
other in which the electric light is to be observed,
must be made in the dark.

The Leyden Vacuum.

Fig. 15. 1s a small phial, coated on the outside
about three inches up the side with tin-foil; at the
top of the neck of this phial a brass top is cemented,
having a hole with a valve; and from the cap a
wire proceeds a few inches within the phial, ter-
minating in a blunt point. When this phial is
exhausted of air, a brass ball is screwed upon the
cap, which is cemented into its neck, so as to defend
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the valve, and prevent any air from getting into
the exhausted glass. The inside of this phial re-
quires no coating, because, as the electric fluid
pervades a vacuum, it ¢an pass freely from the wire
to the surface of the exhausted glass, without the
help of a non-electric coating. This phial exhibits
clearly the direction of the electric fluid, both in
charging and discharging; for if it be held by its
bottom, and its brass knob be presented to the
prime conductor positively electrified, you will see
that the electric fluid causes the pencil of rays to
proceed from the wire within the phial, as repre-
sented Fig. 21, and if' it be discharged, a star will
appear in the place of the pencil, as represented in
Fig. 20. But if the phial be held by the brass cap,
and its bottom be touched by the prime conductor,
then the point of the wire on its side will appear
illuminated with a star when charging, and with a
pencil when discharging. If it be presented to a
prime conductor electrified negatively, all these
appearances, both in charging and discharging,
will be reversed.

To make the Electric Spark visible in Water.

Fill a glass tube of about half an inch diameter,
and six inches long, with water, and to each extre-
mity of the tube adapt a cork to confine the water;
through each cork insert a blunt wire, so that the
extremities of the wire within the tube may be
very near one another: lastly, connect one of these
wires with the coating of a small charged phial,
and touch the other wire with the knob of it; by
which means the shock will pass through the wires,
and cause a vivid spark to appear between their
extremities within the tube. In performing this
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experiment, care must be taken that the charge be
very weak, otherwise the tube will burst.

In a common drinking-glass almost full of water
(Fig. 16.) immerse two knobbed wires, so bent
that their knobs may be within a little distance of
one another in the water. If one of these wires be
connected with the outside coating of a pretty
large jar, and the other wire be touched with the
knob of it, the explosion which must pass through
the water from the knob of one of the wires to that
of the other will disperse the water, and break the
glass with a surprizing violence. This experiment
is dangerous, if not conducted with great caution.

The Powder-House.

Fig. 17. is an ingenious contrivance, and well
adapted to the purpose: the front is fitted up like
the thunder-house; it is generally made seven or
eight inches long, and nearly the same height to
the top of the roof’; the side, and that half of the
roof next the eye, is omitted in the figure, that the
inside may be more conveniently seen. The sides,
back, and front of the house are joined to the bot-
tom by hinges; the roof is divided into two parts,
which are also fastened by hinges to the sides; the
building is kept together by a ridge fixed half way
on one side of the roof, so that when the building
is put together, the other half of the ridge reaches
over the- other half of the roof, and holds it to-
gether. Within the house there is a brass tube 14
inch long, and five-eighths of an inch in diameter,
screwed on a pedestal of wood; into the side of
this brass tube is screwed a wire, which goes
through one-eighth of an inch or better; the other
end, by means of a chain, has a communication to
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the hook D; at the other side of the tube a piece
of ivory, one inch long, is screwed, with a small
hole for the wire to slide into.

To use this apparatus, fill the glass tube A with
gunpowder, and ram the wire B a small way into
the ivory tube; then connect the hook C with the
bottom of a large jar or battery; and when the jar,
&c. is charged, form a communication from the
hook D to the top of the jar, &c. the discharge
will then take place, and the explosion of the gun-
powder will throw asunder the roof; and the sides,
front, and back will then fall down.

The Pyramid.

Represented Fig. 18., is designed to show the
same experiments as the thunder-house, and is used
in the same manner. When the piece A is thrown
out by the discharge, the upper part of the pyramid
falls downj; it is usually made to represent a stone
steeple, and is composed of several pieces; by
which means, when the discharge is made, there
appears greater devastation,

The Luwminous Word.

This experiment is exactly on the same principle
as Fig. 10., and the word is formed by the small
separations made in the tin-foil; if they were cut a
little round at every division, the spark would ap-
pear more vivid as it passed along the windings.

It may be observed in making these experiments,
that the longer any word is, and the oftener the
tin-foil is cut, the more powerful the machine must
be in order to convey the spark from one end to
the other; because every time the passage is inter-
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jar, make the discharge; and the electric matter,
rushing through the circuit from the positive to the
negative side of the jar, will pierce a hole, and fre-
quently more than one hole, quite through the
card, or cards, or quire of paper, &c. and each
hole will be found to have a bur raised on each
side, unless the card be pressed too hard against
the side of the jar.

If the nose be immediately applied to the perfor-
ation, a smell somewhat like that of phosphorus
will be perceived. If, instead of paper, a very thin
plate of glass, or resin, or sealing-wax, be inter-
posed between the discharging-rod and the outside
coating of the jar, on making the discharge this
will be broken to pieces.

To set Cotton on Fire.

Take a wire of the size of a common knitting-
needle, or larger, and, by means of any flexible
wire or chain, let one end of it communicate with
the outside coating of a jar, that contains at least
ten square inches of coated surface. Round the
other end of the first-mentioned wire, some cotton
must be twisted, so as toform a head round it, and
thus conceal the end of the wire. Roll this head
of cotton in powder of lycopodium, or in powder
of resin; this done, charge the jar, and bring the
cotton head rather quickly towards its knob; by
which means the discharge will be made to pass

through the cotton, which will be instantly set on
fire,

The Electrical Pistol.

This curious apparatus is represented Plate 21.
fig. 2. It is made of sheet-brass or tin. To the
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mouth A, a cork is fitted, and a perforated piece of
brass e screws on the bottom of the pistol, having
a glass tube with a wire cemented into it, bent
over the glass tube, so as to reach within one-
eighth of an inch of the brass. When this pistol is
charged with inflammable air mixed with common
air, by applying a small charged Leyden phial to
the knob, it will explode with a report like gun-
powder, and drive out the cork to a considerable
distance. To load it with inflammable air, nothing
more is necessary than to hold it inverted, with
its mouth open, over a bottle containing that air:
the inflammable air will ascend into the pistol,
while the common air descends into the bottle.
The method of making the inflammable air will be
found under Chemistry, in vol. ii.

The Electrified Capillary Syphon.

Let a small bucket of metal, full of water, be
suspended from the prime conductor, and put in it
a glass syphon (Fig. 3.), of so narrow extremity as
that the water will just drop from it. If, in this
disposition of the apparatus, the winch of the ma-
chine be turned, the water which, when not elec-
trified, only dropped from the extremity of the
syphon, will now run in a full stream, which will
even be subdivided into other smaller streams; and
if the experiment be made in the dark, it will be
beautifully illuminated like a fountain with streams
of fire, which may be made to stop apparently by
the word of command, by touching the prime
conductor.
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To fire Gunpowder by Electricity.

In order to fire gunpowder by the Leyden phial,
make a small cartridge of paper, and fill it with
gunpowder, or else fill the tube of a quill with it,
and insert the pointed extremities of two wires in
it, so that their extremities within the powder may
be about one-fifth part of an inch from each other.
This done, send the charge of a Leyden phial
through those wires, and the gunpowder will be
fired. If the powder be mixed with steel filings,
the experiment will succeed even with a small
shock.

If the gunpowder be placed loosely upon any
stand, and the interruption of the wire circuit be
made in it, on making the discharge of the jar, the
spark which takes place at the interruption will
scatter the gunpowder without firing it. But the
loose gunpowder may be fired, if the shock be
transmitted through less perfect conductors; in
which case the discharge being less sudden, or
rather proceeding in a stream, the powder will be
fired. The best method of performing this expe-
riment is that recommended by Cavallo, which is
as follows:

I’ (Plate 21. fig. 4.), represents the gunpowder
placed upon the same table upon which the jar A
is situated. B is a glass tube about one foot long,
and a quarter of an inch in diameter, full of water,
and having two corks at its extremities. Into
these two corks two wires are thrust, the inner
extremities of which just touch the water, viz. the
short wire at F and the long wire C, which makes
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the communication between the water of the tube
and the knob of the jar. On making the discharge,
which must pass through the small quantity of
water in B, and through the table F, both imper-
fect conductors, the electric fluid comes out at F,
in the form of a dense stream, which generally fires
the gunpowder.

Practical Rules concerning the Use of the Electri-
cal Apparatus, and the performing of Expe-

riments.

It often happens, that young electricians are at
a loss to assign the reason why some experiments
do not succeed with them. They are in pos-
session of good instruments; but from some cir-
cumstance or other not being attended to they are
quite useless in their hands. This, indeed, can be
remedied only by practice; and it is by long use
that the electrician, as well as the practitioner in any
other art or science, becomes so good an operator,
as to use his instruments to the best advantage.
A few rules are, however, useful to guide him in his
operations; and although these alone are in-
sufficient to make a person a complete practical
electrician, yet, when accompanied with the actual
management of the apparatus, they facilitate the
use of it, and render the performance of the
experiments more accurate and expeditious.

The first thing that the young electrician should
attend to is the preservation and care of his instru-
ments. The electrical machine, the coated jars,
and, in short, every part of the apparatus, should
be kept clean, and as free as possible from dust

and moisture.
9
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When the weather is clear, and the air dry, es-
pecially in clear and frosty weather, the electrical
machine will work well; but when the weather is
very hot, the machine is not so powerful; nor in
damp weather, except it be brought into a warm
room, and the cylinder, the stands, the jars, &ec.
be made thoroughly dry.

Before the machine is used, the cylinder should
be first wiped very clean with a soft linen cloth
that is dry, clean, and warm ; and afterwards with
a clean hot flannel, or an old silk handkerchief’;
this done, apply a little amalgam, and turn the
winch, and it will soon be perceived that the elec-
tric fluid will come like a wind from the cylinder
to the knuckle; and, if' the motion be continued,
sparks and cracklings will soon follow. This indi-
cates that the machine is in good order; and the
electrician may proceed to perform his experiments.
But if, when the winch is turned for some time,
no wind is felt upon the knuckle, then the fault is,
very likely, in the rubber; and to remedy that,
observe the following directions: by unscrewing the
screws on the back of the rubber, remove it from
its glass pillar, and keep it near the fire a little, so
that its silk part may be dried: take now a piece of
dry mutton suet, or a little tallow from the candle,
and just pass it over the leather of the rubber, and
then the machine will be fit for use.

Sometimes the machine will not work well, be-
cause the rubber is not sufficiently supplied with
electric fluid, which happens when the table upon
which the machine stands, and to which the chain
of the rubber is connected, is very dry, and conse-
quently in a bad conducting state. Even the floor,
and the walls of the room, are, in very dry weather,
bad conductors, and they cannot supply the rubber
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sufficiently. In this case the best expedient is to
connect the chain of the rubber, by means of a
long wire, with some moist ground, or with the
iron-work of a water-pump, by which means the
rubber will be supplied with as much electric fluid
as is required.

When a sufficient quantity of amalgam has been
accumulated upon the leather of the rubber, and
the machine does not work very well, then, instead
of putting more amalgam, it will be sufficient to
take the rubber off, and to scrape a little off
that which is already upon the leather.

It will be often observed, that the globe or cy-
linder, after being used some time, contracts black
spots, occasioned by the amalgam, or some foulness
of the rubber, which grow continually larger, and
greatly obstruct its electric power. These spots
must be carefully taken off, and the cylinder must
be frequently wiped, in order to prevent its con-
tracting them.

In charging electric jars in general, it must be .
observed, that every machine will not charge them
equally high. That machine, whose electric power
is the strongest, will always charge the jars highest.
If the coated jars, before they are used, be made a
little warm, they will receive and hold the charge
the better.

It several Jars be connected together, among
which there is one that is apt to discharge itself
very soon, then the other jars will also be soon dis-
charged with that; although they may be capable
of holding a very great charge by themselves.
When electric jars are to be discharged, the elec-
trician must be cautious, lest, by some circumstance
not adverted to, the shock should pass through any
part of his body; for an unexpected shock, though
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not very strong, may occasion several disagreeable
accidents. In making the discharge, care must be
taken that the discharging-rod be not placed on
the thinnest part of the glass; for that may cause
the bursting of the jar.

When a large battery is discharged, jars will be
often found broken in it, which burst at the time
of the discharge. To avoid this inconvenience,
never discharge the battery through a good con-
ductor, except the circuit be at least five feet long.
Mr. Nairne says, that ever since he made use
of this precaution, he discharged a very large
battery near 100 times, without ever breaking a
single jar; whereas, betore he was continually
breaking them. But here it must be considered,
that the length of the circuit weakens the force of
the shock proportionably; the highest degree of
- which is in many experiments required.

It is advisable, when a jar, and especially a bat-
tery, has been discharged, not to touch its wires
with the hand before the discharging-rod be applied
to its sides a second, and even a third time; as
there generally remains a residuum of the charge:
this residuum is occasioned by the electricity,
which, when the jaris charging, spreads itself over
the uncoated part of the glass near the coating,
which will not be discharged at first, but gradually
returns to the coating after the first discharge,
which is sometimes very considerable.

When any experiment is to be performed, which
requires but a small part of the apparatus, the re-
maining part of it should be placed at a distance
from the machine, the prime conductor, and even
from the table, if that is not very large. Candles,
particularly, should be placed at a considerable dis-
tance from the prime conductor; for the attraction

VOL. 1. B B
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of their flames carries off much of the electric
fluid.

Lastly, the young electrician is cautioned not to
depend on first appearances in electricity. A new
phenomenon may justly excite his curiosity. Itis
laudable to remark it, and to pursue the hint; but
at the same time, even the doubttul assertion of a
new fact should never be made till after a number
of similar and concurring experiments. Electricity
is a science that often deceives the senses; and the
most experienced frequently finds himself’ mistaken
in things which perhaps he may have considered
before as the most certain.

In many electrical experiments, it is very conve-
nient to have a method of determining, whether a
small degree of electricity be positive or negative:
and in using large batteries, it is a matter of’ con-
sequence to know how the charge advances, and of
what strength it is. Mr. Canton’s balls are ex-
tremely useful for both these purposes. They are
made of the pith of elder, turned perfectly glo-
bular, and suspended from the conductor by fine
threads.

To understand the use of them, suppose a jar or
battery stands upon the table; to know whether
the inside be charged positively or negatively; pre-
sent the balls, and they are immediately attracted
by the wire, and diverge from one another. This
is common to both electricities; and the greater
the distance to which the balls separate, and the
farther they repel one another, the higher is the
charge. To determine of what kind it is, rub a
small piece of glass against your hand or coat,
which will excite it positively, and then present it
to the balls in their diverging state. If it make
the balls converge, and consequently avoid the

9
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glass, it shows that they are electrified positively,
as well as the glass. On the contrary, if it increase
their divergency, and attract them, it shows their
electricity to be of a kind opposite to that of the
glass; that is, negative. And it must be remem-
bered, that the electricity of the balls which do
not touch, or receive any electricity from the wires
of the jar or battery, is always contrary to that
with which they are charged; for all bodies placed
within the influence of electrified bodies are
affected with the contrary electricity.

In order to ascertain the kind of an exceeding
small degree of electricity, it will be convenient to
have a very light body; as a piece of downy feather
hanging by a silken thread. This light body, when
it is once electrified, either positively or negatively,
will retain its virtue a long time, with very little
loss. If then, any body, the electricity of which
is unknown, be brought to it, the feather will be
repelled by it, if it be of the same kind with its
own, and attracted if it be the contrary to it.
The silk by which it is suspended should be a
single thread, as it comes from the worm; or at
least a very few of those threads; and the whole
should be as light as possible.

As glass is apt to attract and condense the mois-
ture from the air, (in which case it conducts the
electricity over its surface,) it is best to cover with
sealing-wax, or to varnish over, the glass pillars of
the machine, as also all the glass stands, and other
articles used for insulating; for when varnished,
and especially when covered with sealing-wax in
the dry way, they attract the moisture, either not
at all, or in a much less degree; and, of course,
they insulate much better.
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To cover glass with sealing-wax in the dry way,
glass should be warmed gradually near the fire, and
when sufficiently warm, a stick of sealing-wax
must be gently rubbed over its surface; by this
means the sealing-wax is melted, and adheres to
the glass. As this is a troublesome operation, and
there is some risk of breaking the glass, the sealing-
wax is sometimes dissolved in spirit of wine, and
laid on with a hair pencil. For this purpose the
wax must be broken into small bits, and suffered
to remain in the spirit for a day or two, shaking it
now and then. This solution must be laid upon
the glass when dry and clean, by means of a hair-
pencil, and when the first coat of it is quite dry,
then a second, a third, and even a fourth coat,
should be applied. The best varnish for this pur-
pose is the amber-varnish, which, indeed, answers as
well as the sealing-wax, in the dry way, but it
must be made with great care and attention.
For the process of making it, see vol. ii. article
Varnishes.

To make the amalgam for laying on the rubber,
mix two parts of quicksilver with one of tin-foil,
adding a small quantity of powdered chalk; and
rub them together in a mortar until it becomes a
mass like paste.

A better amalgam is the following: put a quan-
tity of quicksilver into a crucible, and heat it above
the boiling point of water. Also melt a fourth
part of zinc in another crucible. Pour the heated
quicksilver into a wooden box, and add the melted
zinc to it. Then shut the box, and shake it for a
minute or two. You must suffer it to remain till
it is almost cold, and you will find that the two
metals have united perfectly, forming an amalgam.
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You may mix a quantity of hog’s-lard with it by
rubbing in a mortar, adding to it a small portion
of whitening, and about a fifth of the above-
mentioned amalgam of" tin.

OF ANIMAL ELECTRICITY.

By animal electricity, we mean the electricity
that is produced by the voluntary action of the
organs of living animals.

Fishes are the only animals yet known to possess
the wonderful property of being able at pleasure to
give a shock analogous to that produced by
artificial electricity. Of these we are acquainted
with three species, viz. the forpedo, the gymnotus
electicus, and the silurus electricus.

The torpedo is a flat fish, very seldom 20 inches
long, weighing not above a few pounds when full
grown, and is common in various parts of the sea-
coast of Europe. The electric organs of this
animal are two in number, and are placed on each
side of the gills, Each organ consists of perpen-
dicular columns, reaching from the under to the
upper surface of the body, and varying in length
aceording to the thickness of the fish in different
parts. The number of these columns varies in
different torpedos, and also in different ages of
the animal. -

It' the torpedo, whilst standing in water, or out
of it, but not insulated, be touched with one hand,
it generally communicates a trembling motion, or
slight shock to the hand; but the sensation is felt
in the fingers of that hand only. If the torpedo be
touched with both hands at the same time, one
being applied to its under, and the other to its
upper surface, ashock in that case will be received,
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which is exactly like that occasioned by the Leyden
phial. This power of the torpedo is conducted by
the same substances which conduct artificial elec-
tricity, and is intercepted by the same bodies which
are non-conductors of electricity. The circuit
may be formed by several persons joining hands,
and the shock will be felt by them at the same
time; but no attraction or repulsion was ever ob-
served to be produced by the torpedo.

These shocks depend upon the will of the animal,
each effort being accompanied with a depression of
the eyes, and motion of the organs.

The gymnotus electricus hasbeen frequently called
the electrical eel, on account of its bearing some re-
semblance to the common eel. It is found fre-
quently in the great rivers of South America. Its
usual length is about three feet; but some of them
have been said to be so large, as to strike a man
dead with their electric shock. A few of these
animals, about three feet long, were brought alive
to England about thirty years ago, and a great
many experiments were made with them. They
possess all the properties of the torpedo, but in a
superior degree. The spark was visible in a dark
room.

The silurus electricus is found in Africa, but we
have a very imperfect account of its properties.
Its length seldom exceeds twenty inches.

These animals seem to use the electrical property
as a means of self-defence.

The nature of the electricity thus excited by
animals, appears to be analogous to galvanic elec-
tricity, which will be treated of afterwards.
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MEDICAL ELECTRICITY.

Electricity has often been used for medical pur-
poses; but with degrees of success extremely
various. :

In administering it, the following directions will
be found useful.

The smallest force of electricity should be used,
which may be sufficient to remove or alleviate any
disorder. One of the chief difficulties consists in
distinguishing the proper strength of the electric
power that is required. The sex and condition of
the patient must be duly considered. 'The surest
rule is, to begin with the most gentle treatment;
as least such as, considering the constitution of the
patient, may be thought rather weak than strong.
When this has been found ineffectual for a few
days, the application not causing any material
alteration, then the operator may gradually increase
the force of electricity until he finds the proper
degree of if.

In judging of cases proper to be electrified, ex-
perience shows, that, in general, all kinds of ob-
structions, whether of motion, of circulation, or
of secretion, are very often removed or alleviated
by electricity. The same may also be said of
nervous disorders; both which include a great va-
riety of diseases. The application of electricity
has also been found very beneficial in diseases of a
long standing. It has likewise been found a pow-
erful remedy in muscular contractions. But when
any limb is deprived of motion, it must be ob-
served, that the deprivation has not always origi-
nated in a contraction of the muscles; but that it
is often occasioned byrelaxation; thus, for instance,
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if the hand be bent inwardly, and the patient have
no power of straightening it, the cause of it may
be a weakness of the outward muscles, as well as
a contraction of' the inward ones. In such cases,
it is often difficult, even for good anatomists, to
discover the real cause; but the surest method is,
to electrify not only those muscles which are sup-
posed to be contracted, but also their antagonists;
tor to electrify a sound muscle is by nomeans hurtful.

Rheumatic disorders of long standing, are re-
lieved, and frequently cured, by only drawing the
electric fluid with a peint from the part, or by
drawing sparks from the conductor; the operation
should be continued for about four or five minutes,
repeating it once or twice every day. When strong
shocks are administered, their greatest number
should not exceed twelve or fourteen, except when
they are to be given to the whole body in different
directions, _

The instruments, which, besides the electrical
machine and its prime conductor, are necessary for
the administration of’ medical electricity, may be
reduced to three, viz. an electric jar, with Lane’s
electrometer; an insulated chair, or an insulated
stool, upon which a common chair may be oc-
casionally set; and the directors.

Fig. 5. represents the electric jar, with Lane’s
electrometer, and the manner in which the shocks
are sent through any part of the body. The sur-
face of the jar, which is coated with tin-foil,
should be about four inches in diameter, and six
inches high, which is equal to about seventy-three
square inches. The brass wire, which passes
through the covering of the jar, and touches the
inside coating, has a brass ball I, to which the
electrometer ¥ D E is fastened ; and proceeding a
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little farther up, terminates in another brass ball B,
which should be so high as to touch the prime con-
ductor A, which is supposed to stand before the
electrical machine. The electrometer consists in
a glass rod, I D, cemented to two brass caps, I
and D; from the latter of which a strong perpen-
dicular brass wire proceeds, the extremity of which
comes as high as the centre of the ball B, and is
furnished with an horizontal spring socket, through
which the wire C L, having the brass ball C at
one end, and the open ring E at the other, may be
slided backwards and forwards, so as to set the
brass ball C at any required distance from the ball
B. This distance, at most, need not be greater
than half an inch; hence the electrometer may be
very small. Sometimes small divisions are marked
upon the wire C E, which serve to set the balls
B and C at a given distance from one another with
more readiness and precision. Now, suppose that
the jar is set contiguous to the prime conductor,
that is, with the ball B touching the conductor;
that the ball C be set at one-tenth of an inch dis-
tant from the ball B, and that, by means of a chain,
a conducting communication be formed from E to
the outside coating of the jar, by a chain #: in
this case, if' the electrical machine be put in motion,
the jar will be charged; and when the charge is
so high as that the electric fluid accumulated within
the jar, can leap from the ball B to C, which we
have supposed to be one-tenth of an inch asunder,
the discharge will take place, a spark appear be-
tween the said balls, and the shock pass through
the chain @: for the part F D of the electrometer,
being of glass generally covered with sealing-wax,
is impervious to electricity, consequently the elec-
tric fluid has no other way through which it can
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pass from the inside to the outside of the glass jar.
When the shocks are to be given with this appa-
ratus to any particular part of the body, for
instance, to the arm, then instead of the chain ,
which must now be taken away, two slender and
pliable wires, E L, I L, are to be fastened, one to
the open ring E of the electrometer, and to the
brass hook 1 of the stand H I, which communicates
with the outside coating of the jar. If the jar has
not the stand H I, the extremity I of the wire I L
may be simply rested under, or may be tied round
it. In short, it must be put in contact with the
outside coating of the jar, in any convenient manner.
The other extremities of the wires must be fastened
to the brass wires I, and L of the directors K L,
K L. Each of those instruments, justly called di-
rectors, consists of a knobbed brass wire L, which,
by means of a brass cap, is cemented to the glass
handle K. The operator, holding them by the
extremity of the glass handle, brings their balls
into contact with the extremities of that part of
the body of the patient through which he desires
to send the shock. 'The management and conve-
nience of this apparatus are easily comprehended
by inspecting the figure; for when the machine is
in motion, and the apparatus, &c. is situated as in
the figure, the discharge of the jar must be evi-
dently made through that part of the patient’s arm
which lies between the knobs of the directors;
and- the operator, whilst an assistant keeps the
machine in motion, has nothing more to do but to
hold the knobs of the directors to the extremities
of the arm, or to any other part of the body that
is required to be thus electrified; always taking
care that the two wires E L, I L, do not touch
each other, because, in that case, the shock will
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GALVANISM.

Giarvanisu is considered as electricity developed
by chemical action alone, without the aid of
friction.

The first observation of its effects was owing to
an accident. The wife of Galvani in preparing
as a restorative a soup made of frogs, happened to
notice that the muscles of one of the frogs which
had been skinned, were thrown into violent con-
vulsions, when touched with a scalpel in the neigh-
bourhood of an electrical machine. Her husband
repeated the experiment, and found that the crural
nerve of a frog, or the nerves of any animal, was a
more delicate test of the presence of electricity
than of any other known substance, much more so
than Bennet’s electrometer.

He afterwards discovered that when the muscles
of a frog were in contact with one metal, and the
nerve in contact with a different metal, very violent
contractions were produced when the two metals
were made to touch each other, or were connected
by any substance which was a conductor of elec-
tricity. He also observed that some combinations
of metals were more powerful than others, and
that zinc and silver had the most effect.

Galvani supposed that some power of exciting
electricity existed in the muscles of the apimal :
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but Volta afterwards explained this effect, by ima-
gining that the moisture of the animal excited the
electrical agency of the metals, and that the organs
of animals served only as a delicate test of the pre-
sence of electricity.

It has been found that the mere contact of two
metals is sufficient to produce electricity without
any intervening fluid ; when separated, that which
has the strongest attraction for oxygen exhibits
signs of positive, the other of negative electricity.

But when any fluid that acts chemically upon
the metals is also used, the developement of elec-
tricity is much more considerable. The fluids
commonly used are water, and acids very much
diluted with water : and the metals act best when
one is easily, and the other with difficulty, oxid-
able.

The original source of the electricity is not yet
perfectly understood : there are two opinions re-
specting it; one supposes that it depends merely
upon the contact of the metals, and that the che-
mical action is really the consequence of the evo-
lution of electricity : the other opinion is, that the
chemical action is the first in order of time, and
that it occasions the developement of the electric
fluid.

The electricity excited by the contact of two
metals is perceived by the following easy experi-
ment. Place a piece of zine upon the tongue, and
a piece of silver under the tongue, and let both
pieces project a little beyond the tip: then bring
the metals into contact, when a peculiar sensation
will be perceived resembling that of common elec-
tricity applied to the tongue. 'This is really owing
to the developement of a small quantity of elec-
tricity, which is called Galvanic eleetricity.
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‘This machine will continue in action a very long
tume, and when the picces of zinc are oxydated
they may be easily taken out and cleaned.

Volta chiefly confined his experiments with gal-
vanism to its effects on animals, He considered it
to be the same as electricity, because it gave a
similar shock ; and because, having applied two
rods, one formed of silver and the other of tin, to
the two disks of Nicholson’s doubler, he found that
the disk in contact with the silver rod indicated
negative electricity, and that in contact with the
tin showed positive electricity. These experi-
ments were repeated in this country by Nicholson
and Carlisle ; and, in the course of them a part of
the circuit of the pile happening to be formed
through water, they noticed the decomposition of
that fluid, as shown by the separation of the two
gases of which it consists.

The apparatus for showing this is extremely
simple. Iill a small glass tube with distilled water,
and fitting a cork to each extremity, as in Fig. 14,
make a piece of brass or copper wire pass through
cach of the corks into the water. Connect then
the wire A with one o the extremities of the bat-
tery, while the wire B communicates with the other
extremity. You will then find, that minute bubbles
of gas proceed in a constant stream from the end
of the wire, which passes from the negative end of
the battery, and ascending to the upper part of the
tube accumulate by degrees. This gas, if examined,
will be found to be hydrogen, and may be inflamed
by the approach of an ignited body on pulling out
the cork. At the same time the other wire depo-
sits a stream of oxyde in the form of a cloud, which
gradually accumulates on the sides and bottom of
the tube. If you interruptsthe circuit, the streams

) 4 cc



380 GALVANISM.

of gas and oxyd disappear, but are renewed again
upon restoring the communication.

In this experiment it would appear that the hy-
drogen is separated from the water, and is con-
verted into a gaseous state by the wire connected
with the negative extremity of the battery ; whilst
the oxygen unites with, and oxydates the wire
connected with the positive end of the battery.
If you connect the positive end of the battery with
the lower wire of the tube, and the negative with
the upper, then the hydrogen proceeds from the
upper wire, and the lower wire is oxydated.

If two wires of gold or platina be used, they are
not oxydable; then streams of gas issue from each ;
the water is diminished ; and the collected gas is
found to be a mixture of hydrogen and oxygen,
and explodes violently on the approach of an ig-
nited body, or by the electric or the galvanic shock.

To obtain these gases separately, let the two
ends of the gold wires be immersed in a vessel of
water (Ifig. 15.), and be about one inch apart.
Then hang over them two wine-glasses, inverted,
and full of water. The gases will ascend into the
separate vessels.

It is well known that hydrogen gas, in its nas-
cent state, reduces the oxyds of metals. Accord-
ingly, when the tube (Fig. 14.) is filled with a
solution of acetite of lead in distilled water, and a
communication is made with the battery as above
described, no gas is perceived to issue from the
wire which proceeds from the negative end of the
battery; but in a few minutes, beautiful metallic
needles are perceived on the extremity of this
wire ; these soon increase, and assume a dendri-
tical appearance or the form of fern. The lead
thus separated is in its perfect metallic state, and
very brilliant,
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The preceding facts can hardly leave any doubt
with respect to the identity of the galvanic power,
and the electricity which is produced by means of
a common electrical machine, or that which is
brought down from the clouds. It reconciles to
the same principle, the animal electricity; viz. the
power of the torpedo, gymnotus electricus, &ec.
since all the phenomena of the animal electricity
agree with those of the galvanic battery. The
electric organ of any of the above-mentioned fishes
seems to be constructed exactly like a galvanic
battery; for it consists of little lamine, or pel-
licles, arranged in columns, and separated by
moisture.

The resemblance between the effects of galvanic
and common electricity in decomposing water
where the latter seemed to fail, was confirmed by
an experiment of Dr. Wollaston, in which, with a
very simple apparatus, he decomposed water by a
current of electricity from the prime conductor of
an electrical machine.

He likewise remarked another strong point of
analogy between the electricity of galvanism, and
that of the common electrical machine, viz. that
they both seem to depend upon oxydation. In
fact, a common electrical machine will act more or
less powerfully, according as the amalgam which is
applied to its rubber consists of metals that are
more or less oxydable.

A great improvement in the construction of the
Voltaic pile was made by Mr. Cruickshank, which
increased its power so as to render it an important
chemical agent.

Plate 21. fig. 9. represents this battery. It
consists of a trough of baked wood, about three
inches deep, and about as broad. Tn the sides of
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this vessel are grooves opposite to each other, and
about a quarter of an inch apart. Into each pair
of these uppumtu grooves is put a plate of zine and
silver, or zinc and copper soldered together. These
plates are well fixed in the grooves, in the proper
order of copper and zinc, as in the pile, by a cement
made of five parts of resin, four of bees-wax, and
two parts of powdered red ochre. 'This cement
must be run in very carefully, so as completely to
prevent any communication between the different
cells, which would entirely prevent the action of
the machine. The cells are then filled with water
cnntaining a little acid, common salt, or muriate of
ammoniac.

When a communication is made between the
first and last cell, by means of the hands, a strong
shock is felt.

A still better construction of the galvanic battery
is as follows. A (Plate 26. fig.7.)1s a trough made of
earthenware with partitions, into which the diluted
acid is put: and alternate plates of zinc and copper,
B, are fixed to a bar of wood C, and immersed in
the trough, so that a plate of zinc and another of
copper shall come into each partition, when the
apparatus is used : at other times they are kept out
of the trough, and hung upon the uprights, D, E.
Thus, the plates are not liable to be so much cor-
roded, as in the former construction, and the ap-
paratus is more powerful as both the surfaces of the
plates are acted upon. It is in this way that the
magnificent galvanic apparatus in the Royal Insti-
tution 18 formed, and which was made under the

direction of Sir H. Davy. It consists of 2000

double plates of zinc and copper 6 inches square,
each trough containing 20 plates. It was fre-
quently exhibited during his lectures. '

A
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These improvements in the apparatus rendering
experiments more easy, gave rise to numerous dis-
“coveries. It would exceed the limits of this work
to detail the history of this science, which is of
such modern date. 'The decomposition of the
alcalies and alcaline carths by Sir H. Davy is a
striking proof of the importance of galvanism as
a chemical agent.

The action of all these batteries is greatest
when they are first completed, or filled with the
fluid ; and it lessens in proportion as the metal is
oxydated, or the fluid loses its power. Hence,
after a certain time, not only the fluid must be
changed, but the metallic pieces must be cleaned
by removing the oxydated surface.

When a galvanic battery consists of twenty re-
petitions of simple combinations, if you touch with
‘one hand one extremity of the battery, and apply
your other hand to the other extremity, you will
feel a very slight shock, like that which is commu-
nicated by a Levden phial weakly charged; and
it will be hardly felt beyond the fingers, or at most
the wrists. This shock is felt as often as you renew
the contact. If you continue your hands in con-
tact with the extremities, you will perceive a slight
but continued irritation ; and when the hand, or
the other part of the body which touches the other
extremity of the battery, is excoriated or wounded,
this sensation is disagreeable, and sometimes very
painful.

The intensity of the charge is, however, so low,
that it cannot make its way through the dry skin
of the hand, which is but an imperfect conductor :
the fingers should, therefore, be well moistened
with water. It will be better to immerse a wire
that proceeds from one extremity of the battery in
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a basin of water, wherein you may plunge one of
your hands : then grasping with your other hand
well moistened a large piece of metal, for instance
a large silver spoon, touch the other end of the
battery with it, and the shock will be felt more
distinctly.

Several persons may receive the shock together,
by joining hands in the same manner as in receiv-
ing the shock from a Leyden phial. For this pur-
pose, the hands must be well moistened with water.

But the strength of the shock is much diminished
by passing through so long a circuit, the last person

feeling it much less violently than the first. In
general, its effect is lessened by passing through
imperfect conductors.

The shock from a battery consisting of 50 or 60
pairs of zinc and silver, or zinc and copper, may

be felt as far as the elbows; and the combined

force of five or six such batteries will give a shock
that few men would be willing to receive. The
prepared limbs of a frog, or other animal, are vio-
lently convulsed, but soon exhausted of their irri-
tability by the action of this battery.

The spark from a galvanic battery acts with
astonishing activity upon inflammable bodies when
sent through them. It fires gunpowder, ether,
spirit of wine, cotton, hydrogen gas, phosphorus,
&ec. ; it renders red hot, fuses, and consumes, me-
tallic wires, and metallic leaves, as tin-foil, gold,
silver, and brass-leaf. The method of making
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these experiments is as follows : having filled the |

cells of the battery (Fig. 9.) with water containing
a little nitrous acid (about one-tenth of acid will
form a very active fluid), wipe carefully the edges
of the plates with a towel, to prevent any commu-
nication between the cells. Having fastened bits

9
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of copper to the ends of two pieces of wire, as
Fig. 10, (annealed copper wire is the best) insert
them into the fluid in each of the extreme cells, as
in Fig.9. Upon the other ends of the wires, slip
on a bit of small glass tube to lay hold of the wires
by. After a few minutes the acid will act upon
the plates; and if the points of the wires be brought
near to each other by moving them by the glass
tubes, a spark will be perceived between them.
Some of the inflammable substance intended to be
acted upon may be laid upon a plate of' glass, or
put between the points of the wires. In this man-
ner the combustion of gold and silver leaf, &c. may
be shown, forming some of the most beautiful ex-
periments. Copper or brass leaf, commonly called
Dutch gold, burns with a beautiful green light ;
silver, with pale blue light; gold, with yellow light;
and all, with a crackling something analogous to
the noise heard in the burning of paper rubbed
over with wet gunpowder.

When very great power is wanted, several of
these batteries may be united, by placing them to-
gether, as in Plate 21. fig. 11. Pieces of copper
are cut into the form shown by Fig. 12, and bent
as in Iig. 13.: the bent ends of these pieces being
inserted into the adjoining cells, at the extremities
of each battery, a communication is formed from
the end A of the first battery, to the end B of the
last battery. If wires be now placed in these ends,
in the same manner as in the battery, Fig. 9., the
collected force of the whole will be exhibited at
the points of the wires.

It is usual to make these batteries with 50 pairs
of metallic plates in each; so that four batteries
contain 200 pairs of plates, which are sufficient to
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produce all the effects above-mentioned in the
most satisfactory manner. Two of these batteries
will, it properly prepared, exhibit most of the usual
experiments.

The galvanic shock is similar to that from a
common electrical battery weakly charged, and not
like a small Leyden phial fully charged. The dif-
tference appears to consist in this, that the latter
contains a small quantity of the electric fluid much
condensed.

If' a wire, proceeding from one extremity of a
pretty strong galvanic battery, be made to com-
municate with the inside coating of a common large
jar, or electrical battery, and a wire which pro-
ceeds from the other extremity be made to com-
municate with the outside coating, the latter will
become weakly, but almost ms.tantmseaus{y, charged,
in the same manner as if it had been charged by a
fow turns of a common electrical machine; and
with that charge you may produce the same effects
as by equal quantity of common electricity.

The Voltaic battery has a great superiority over
the common electrical machine, in the guantity of
electricity excited; but is very inferior with re-
spect to the intensily of the charge, or its power of
forcing through any stratum of air, or other imper-
fect conductor. The sensation called shock, de-
pends chiefly upon the intensity : hence, although
a large Voltaic battery will produce a great quan-
tity of the electric fluid, yet the shock is compara-
tively small. In the Voltaic battery, the electricity
cannot even force its way through the water that
separates the plates, but common electricity will

pass through a large space of water: it has even
been sent across the Thames.
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But this great quantity of’ electricity produced
by galvanism renders it the most powerful of all
chemical agents. All inflammable substances are
attracted by the negative pole, and the supporters
of combustion or acidifying principles are attracted
by the positive pole. IHence some consider the
natural state of the electricity of inflammable sub-
stances as positive, since it is attracted by the
negative ; and that of the supporters of’ combustion
as negative, since they are attracted by positive
electricity.

When this apparatus was employed, if two pieces
of charcoal were attached to the opposite wires and
brought together, a bright spark appeared, and
ignition of the charcoal : if then they were slowly
separated by means of the apparatus, (Plate 25.
fig. 9.,) an arch of intense fire, four inches in length,
was produced, in which all metals burned with great
facility, and many very refractory substances were
fused.

The Voltaic pile communicates the greatest de-
gree of divergence to the electrometer when pure
water alone is used ; but diluted acids which act
chemically on the plates, occasion it to produce
most ignition, and the greatest shocks.

Its power of giving shocks, or the intensity of
the electricity, increases according to the number
of alternations; but the quantity of electricity is
increased by extending the surface of the plates.

This was admirably illustrated by the apparatus
constructed by Mr. Children, at his laboratory at
Tunbridge. The plates were 6 feet long, and 2 feet
8 inches wide; they were suspended and immersed
in troughs, containing diluted sulphuri¢ and nitric
acids. Wires of platina were fused instantly, and
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iron heated with diamond powder was converted
into steel ; yet its effects upon imperfect conduc-
tors, as the human body and water, were extremely
feeble.

From the powerful nature of galvanism as an
agent, it was expected to be found useful in medi-
cine, particularly in those cases where electricity
has been employed ; but although it has been very
extensively employed, it does not appear to have
produced any permanently beneficial effects.

Some time ago, the public was amused with a
pretended new science, called Perkinism, from the
name of its inventor, Dr. Perkins, of America.
He imagined that he was able to produce extraor-
dinary effects upon the human body, by the
influence of pointed pieces of metal, which were
presented to, or drawn over, the part of' the body
required to be affected. The instruments which
he used for this purpose, and which were merely
pieces of metal of five or six inches long, and
pointed, he called Zractors. As those who are un-
acquainted with the principles of science are ever
ready to be led away, and made dupes of, by
quacks and impostors of every description, it is
no wonder that many people in this country
gave credit to the stories of the extraordinary
virtues of these tractors, and of the wonder-
ful cures performed by them: and lists of these
cases, apparently well attested, have been pro-
duced to confirm what has been advanced re-
specting their powers. But from the weakness
of some, and the knavery of others, impositions
are too easily practised, and pretended facts are
never wanting to assist the views of the empiric.
This consideration ought to render us cautious in
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MAGNETISM.

T'ue vatural magnel or loadstone is an ore of iron,
of a blackish colour, and of a stony appearance.
It is worked extensively in many countries for iron;
particularly in Norway and Sweden.

This substance was known to the ancients; and
they had remarked its peculiar property of attracting
iron, though it does not appear that they were ac-
quainted with the wonderful property which it
also has, of turning to the pole when suspended
and left at liberty to move freely. .

Upon this remarkable circumstance does the
mariner’s compass depend, an instrument which
enables them to conduct their vessels through vast
oceans out of the sight of land, in any given di-
rection ; and this directive property also guides the
miners in their subterrancan excavations, and the
traveller throngh trackless deserts.

It is not precisely known when and by whom
this directive property of the magnet was dis-
covered. The Chinese appear to have been ac-
quainted with it before it was known in Europe,
where it first appeared in the thirteenth century.

Before that period, mariners scarcely ever ven-
tured out of sight of land, but contented them-
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selves with creeping round the coasts. In the
night, and when nccessity obliged them to lose
sight of the shore, their only guides were the
heavenly bodies.

While navigation continued so dangerous, men
never would have ventured upon such voyages as
those to the West Indies, America, and the South
Seas, and probably the existence of those countries
would have been still unknown tous. We cannot,
therefore, think too highly of this extraordinary
instrument, which has so much enlarged our stock
of knowledge, and procured for us so many new
enjoyments.

The natural loadstone has the quality of com-
municating its properties to iron and steel; and
when pieces of" steel properly prepared are touched
(as it is called) by the loadstone, they are deno-
minated ariificial magnets.

These artificial magnets are even capable of
being made more powerful than the natural ones;
and as they can be made of any form, and con-
sequently are more convenient, they are now uni-
versally used.

All magnets, whether natural or artificial, pos-
sess the following properties.

They all attract iron.

When a magnet is placed so as to be at liberty
to move freely in every direction, it turns so that
its ends point towards the poles of the earth, or
very nearly so: and each end always points to the
same pole. Thisis called the polarity of the mag-
net: the ends of the magnet are called poles, and
they are called north and south poles of the mag-
net, according as they point to the north or south
pole of the earth. When a magnet places itself in
this direction, it is said to fraverse.
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When the north pole of one magnet is pre-
sented to the south of another magnet, these ends
attract each other; but if the south pole of one
magnet be presented to the south pole of another,
or the north pole of one to the north pole of
another, these ends will repel each other.

From these criteria, it is easy to determine the
names of the poles of a magnetical bar, by ap-
plying it near a suspended magnet whose poles are
known.

When a magnet is situated so as to be at
liberty to move itself’ with sufficient freedom, its
two poles do not lie in a horizontal direction, but
it generally inclines one of them towards the hori-
zon, and of course it elevates the other pole above
it. This is called the #nclination, or dipping of the
magnet.

Any magnet may be made to impart those pro-
perties to iron or steel.

Qf Magnetic Attraction and Repulsion.

It appears at first sight that the attraction lies
only in the magnet, but experiment proves this
attraction between iron and it to be mutual; the
iron attracting the magnet as much as the magnet
attracts the iron, Place the magnet and the iron
upon two separate pieces of cork, or wood, floating
upon water, at a little distance from each other,
and it will be found that the iron moves towards
the magnet, as much as the magnet towards the
iron; if the iron be kept steady, the magnet will
move towards it.

This attraction is strongest at the poles of a

magnet, and diminishes in proportion to the dis-
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tance of any part from the poles, so that in the
middle between the poles there is no attraction.
This may be easily perceived by presenting a
piece of iron to various parts of the surface of a
magnet,

The intensity of the attractive power diminishes
also, according to the distance from the magnet.
The law of diminution of this attraction is not yet
known. Some have imagined that it diminished
in proportion to the square of the distance, others
as the cube of the distance; it is only certain that
the attractive force decreases faster than the simple
ratio of the distances.

Soft iron easily acquires magnetism; but it lasts
only a short time. With steel the case is very
different; and the harder the steel is, the more
permament is the magnetism which it acquires
from the influence of a magnet; but it will be in
the same proportion more difficult to render it
magnetic.

Neither the magnetic attraction nor repulsion is
in the least diminished, or at all affected, by the
interposition of any sort of bodies, except iron, or
such bodies as contain iron.

The properties of the magnet are not affected
either by the presence or by the absence of air.
Heat weakens the power of a magnet, and subse-
quent cooling restores it, but not quite to its former
degree. A white heat destroys it entirely, or very
nearly so; and hence it appears, that the powers
of magnets must be varying continually. Cavallo
observes, that iron in a full red heat, or white heat,
is not attracted by the magnet; but the attraction
commences as soon as the redness begins to
disappear.
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substances are attracted; also soot, and the dust
which floats in the atmosphere, are often attracted
by the magnet.

Cavallo discovered, that if most specimens of
brass which show no attraction towards the magnet,
be hammered, they will in that hardened state
(produced by the hammering) be attracted. The
same piece of brass will no longer be attracted,
after being softened in the fire ; a second hammer-
ing will again render it attractable, and so on
repeatedly. Most of the native grains of platina
have the same property.

Of the Polarity of the Magnet.

Every magnet has a south and a north pole,
which are at opposite ends ; and a line drawn from
one to the other, passes through the centre of the
magnet. Here it must not be understood, that
the polarity of a magnet resides only in two points
of its surface, for in reality, it is the one half of
the magnet that is possessed of one kind of
polarity, and the other half of the other kind of
polarity : the poles, then, are those points in which
that power is the strongest.

The line drawn from one pole to the other, is
called the axis of the magnet.

It is the polarity of the magnet that renders it
so useful to navigators. When a magnet is kept
suspended freely, so that it may turn north and
south, the pilot, by looking at the position of it,
can steer his course in any required direction.
Thus, if a vessel is steered towards a certain place
which lies exactly westward of that from which it
set out, the navigator must direct it so, that its
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The declination from the meridian, and the vari-
ation of this, in different parts of the world, is
very uncertain, and actual trial is the only method
of ascertaining it. This circumstance forms a
great impediment to the improvement of naviga-
tion. Great pains have been taken by navigators,
to ascertain the declination in various parts of the
world, and such declinations have been marked in
maps, charts, books, &c.; but still, on account of
the constant change to which this variation is
liable, these can only serve for a few years; nor
has the law of this variation been yet discovered.
When the variation was first observed, the north
pole of the magnetic needle declined eastward of
the meridian of' London; but it has since that
time been changing continually towards the west ;
so that in the year 1657, the magnetic needle
pointed due north and south. At present, it de-
clines about 244° westward, and it seems to be still
advancing towards the west.

Before volcanic eruptions and earthquakes, the
magnetic needle is often subject to very extraordi-
nary movements.

It is also agitated before and after the appear-
ance of the aurora borealis.

The variation of the compass was first observed
by Columbus, in his voyage in which he discovered
America : and his sailors were very much alarmed
in consequence of it ; thinking the compass would
fail in directing their route.

Qf the Magnetic Inclination, or Dip of the Needle.

If a needle which is accurately balanced, and
suspended so as to turn freely in a vertical plane,
DD 2
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be rendered magnetical, the north pole will be de-
pressed, and the south pole elevated above the
horizon : this property is called the nclination or
dip of the needle.

Cavallo gives the following method of illustrating
this: take a globular magnet, or, what is more
easily procured, an oblong one, and place it hori-
zontally upon a table; then take another small
oblong magnet, and suspend it by means of a
thread tied to its middle, or centre of gravity, so
that it will remain in an horizontal position, when
not disturbed by the vicinity of iron, or other
magnets. Now bring this small magnet held by
the thread, just over the middle of the large
magnet, and within two or three inches of it; the
former will turn its south pole towards the north
pole of the large magnet, and its north pole to-
wards the south pole of the large one.

It will be also noticed, that the small magnet,
whilst kept just over the middle of the large one,
will remain parallel to it; for since the poles of the
small magnet are equally distant from the contrary
poles of the large magnet, they are equally at-
tracted ; but if the small magnet be brought a
little nearer to one end than to the other of the
large magnet, then one of its poles, namely, that
which is nearest to the contrary pole of the large
magnet, will be inclined downwards, and, of
course, the other pole will be elevated above the
horizon. This inclination, it is evident, must in-
crease according as the small magnet is placed
nearer to one of the poles of the large one, be-
cause the attraction of the nearest pole will have
more power upon it. If the small magnet be
brought just opposite to one of the poles of the
large one, it will turn the contrary pole towards
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it, and will place itself in the same straight line
with the axis of the large magnet.

This simple experiment will enable the reader to
comprehend easily the phenomena of the magnetic
inclination, or of the dipping needle, upon the
surface of the earth; for it is only necessary to
imagine that the earth is a large magnet (as in fact
it appears to be), and that any magnet, or magne-
tic needle commonly used, is the small magnet
employed in the above-mentioned experiment ; for,
supposing that the north pole of the earth is pos-
sessed of a south magnetic polarity, and that the
opposite pole is possessed of a north magnetic po-
larity, it appears evident, and it is confirmed by
actual experience, that when a magnet, or mag-
netic needle, properly shaped and suspended, is
kept near the equator of the earth, or, more
properly speaking, near the magnetic equator of
the earth (since neither the magnetic equator,
nor the magnetic poles of the earth, coincide
with its real equator and poles), it must remain in
an horizontal situation : if the magnet be removed
nearer to one of the magnetic poles of the earth,
it must incline to one of its extremities namely,
that which is possessed of the contrary polarity ;
and this inclination must increase in proportion as
the needle recedes from the magnetic equator of
the earth. Lastly, when the needle is brought
exactly over one of the magnetic poles of the
earth, it must stand perpendicular to the horizon
of that place.

The directive property and dipping of the needle
upon the surface of the earth is exactly analogous
to that of a small magnet upon the surface of a
small globe, having a magnet inclosed within it,
which apparatus is called a terrelia,
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A magnetical needle constructed for the pur-
pose of showing this property is called a dipping
needle.

If the geographical poles of the earth (that is,
the ends of its axis) coincided with its magnetic
poles, or even if the magnetic poles were con-
stantly at the same distance from them, the incli-
nation of the needle, as well as its declination,
would always be the same; and hence, by obser-
ving the direction of the magnetic needle in any
particular place, the latitude and longitude of that
place might be ascertained; but this is not the
case, for the magnetic poles of the earth do not
coincide with its real poles, and they are also con.
stantly shifting their situations; hence the mags
netic needle changes continually and irregularly,
not only in its horizontal direction, but likewise in
its inclination, according asit is removed from one
place to another, and also while it remains in the
same place. -

This change of the dip in the same place, how-
ever, is very small. In Landon, about 1576, the |
north pole of the dipping needle stood 71° 50”
below the horizon; and in 17735, it stood at 72° |
8, the whole change of inclination, during so
many years, amounting to less than a quarter of
a degree.

The Magnetic Touch, or communicated Magnetism.

When a piece of iron comes sufficiently near to
a magnet, it becomes itself’ a magnet; and this
magnetism is more easily communicated to, but,

at the same time, more easily lost, by soft iron
than by steel.
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There are various methods of giving the mag-
netic property to steel or iron, but for all these a
magnet is necessary.

If you merely take a bar of iron three or four
feet long, and hold it in a vertical position, you
will find that the bar is magnetic, and will act
upon another magnet ; the lower extremity of the
bar attracting the south pole, and repelling the
north pole. If you invert the bar, the polarity
will be instantly reversed ; the extremity which is
now lowest, will be found to be a north pole, and
the other extremity will be a south pole.

This is easily explained, by supposing the earth
is itself’ to be a great magnet, and that the bar is
placed, by holding it nearly vertical, in the mag-
netical line, viz. in the direction of the dipping
needle.

A bar of hard iron, or steel, will not answer for
the above experiment, the magnetism of the earth
not being sufficient to magnetize it.

Bars uf iron that have stood in a perpendicular
position are generally found to be magnetical, as
fire-irons, bars of windows, &c.

Striking an iron bar with a hammer, or rubbing
it with a file, while held in this direction, likewise
renders it magnetical. An electric shock prﬂduces
the same effect ; and lightning often renders i iron
magnetic.

A magnet cannot communicate a degree of mag-
netism stronger than that which itself possesses ;
but two or more magnets joined together, may
communicate a greater power to a piece of steel,
than either of them possesses singly: hence we
have a method of constructing very powerful
magnets, by first constructing several weak mag-
nets, and then joining them together to form a
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compound magnet, to act more powerfully upon a
piece of steel.

Various processes have been employed for this
purpose ; the following may suffice.

Place two magnetic bars, AB (Plate 21. fig.
16.), in a line with the north, or marked end of
one, opposed to the south, or unmarked end of
the other, but at such a distance from each other,
that the magnet to be touched may rest with its
marked end on the unmarked end of A, and its
unmarked end on the marked end of B; then
apply the north end of the magnet D, and the
south end of E, to the middle of the bar C, the
opposite ends being elevated as in the figure; draw
D and E asunder along the bar C, one towards A,
the other towards B, preserving the same eleva-
tion ; remove D and C a foot or two from the bar
when they are off the ends, then bring the north
and south poles of these magnets together, and
apply them again to the middle of the bar C as
before ; repeat the same process five or six times,
then turn the bar, and touch the opposite surface
in the same manner, and afterwards the two re-
maining surfaces; by this means the bar will
acquire a strong fixed magnetism.

The following is also recommended by Cavallo :

Place the two bars which are to be touched
parallel to each other, and then unite the ends by
two pieces of soft iron, called supporters, in order
to preserve, during the operation, the circulation
of the magnetic matter ; the bars are to be placed
so that the marked end D (Fig. 17.) may be op-
posite the unmarked end B; then place the two
attracting poles G and I on the middle of one of
the bars to be touched, raising the ends, so that
the bars may form an obtuse angle of 100 or 120
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degrees ; the ends G and I of the bars are to be
separated two or three tenths of an inch from each
other. Keeping the bars in his position, move
them slowly over the bar AB, from one end to the
other, going from end to end about fifteen times.
Having done this, change the poles of the bars
(i.e. the marked end of one is always to beagainst
the unmarked end of the other), and repeat the
same operation on the bar CD, and then on the
opposite faces of the bars. The touch thus com-
municated may be further increased, by rubbing
the different faces of the bars with sets of magnetic
bars, disposed as in Fig. 18.

In these operations all the pieces should be well
polished, the sides and ends made quite flat, and
the angles quite square.

A magnet, bent so that the two ends almost
meet, 1s called a horse-shoe magnet. To render
it magnetic, place a pair of magnetic bars against
the ends of' the horse-shoe, with the south end of
the bar against that of the horse-shoe which is in-
tended to be the north, and the north end of the
bar to that which is to be the south : the contact,
or lifter of soft iron, to be placed at the other end
of' the bars. Also rub the surfaces of the horse-
shoe with a pair of bars placed in the form of a
compass, or with another horse-shoe magnet, turn-
ing the poles properly to the poles of the horse-
shoe magnet ; being careful that these bars never
touch the ends of the straight bars. If the bars
are separated suddenly from the horse-shoe mag-
net, its force will be considerably diminished: to
prevent this, slip on the lifter, or support, to the
end of" the horse-shoe magnet, but in such a man-
ner, however, that it may not touch the bars; the
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pin which is fixed in the centre of the box, and
upon which the needle, being properly balanced,
turns very easily. For common compasses, the
needles have a conical perforation made in the steel
itself, or in a piece of brass which is fastened in
the middle of the needle.

The needle, which is balanced before it is mag-
netized, will lose its balance by that process, on
account of the dipping ; therefore, a small weight,
or moveable piece of brass, is placed on one side
of the needle, by the shifting of which, either
nearer to, or farther from, the centre, the needle
will always be balanced.

The azimuth compass is one to which two sights
are adapted, through which the sun is to be seen,
in order to find its azimuth, and from thence to
ascertain the declination of the magnetic needle at
the place of observation.

The cause of magnetism is entirely unknown to
us, nor has any thing farther than mere hypotheses
been advanced to account for this, as well as every
other species of attraction,

Aepinus supposed that there exists a peculiar
fluid, which he called the magnetic flidd, so subtile
as to penectrate all bodies; that its particles are
repulsive of each other; also, that there is a
mutual attraction between this fluid and iron,
but that no other substance has any action
upon it.
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ASTRONOMY.

OFr the various branches of science cultivated by
mankind, astronomy is one of the most important
and useful. Our faculties are enlarged by the
grand ideas it excites, and the mind is exalted
above the contracted prejudices of the vulgar.
By the knowledge of this science, we discover the
bulk of the earth, and ascertain the situation and
extent of the countries and kingdoms into which
it is divided : by aiding the navigator, and facili-
tating his passage through the trackless ocean,
commerce is carried on to the most remote parts of
the world.

Upon examining the heavens, the first and most
obvious phenomenon that presents itself to obsery-
ation, is the apparent diurnal motion of the sun,
moon, and stars, or that by which they are seen to
rise and set once in twenty-four hours.

If, to consider more attentively the circum-
stances of this diurnal motion, you place yourself
in an elevated situation, you perceive a circle ter-
minating your view on all sides, by the apparent
meeting of the earth and heavens. This circle is
called the horizon : it divides the heavens into two
parts; that which is above the horizon only is
visible ; and this appears to us like a concave
hemisphere, which we call the sky, in which we
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see the heavenly bodies move. The sky is not a
real substance; the blue colour is only owing to
the refraction of the rays of light which pass
through the atmosphere.

On considering with attention, for one or more
nights, the motions of the stars, you find each star
describing a circle in about twenty-four hours.
Those stars that appear northward describe smaller
circles than those that are more to the south., If
you look towards the south, you observe some
stars just appearing above the horizon, grazing
this circle, but not rising above it, and then
vanishing ; others, a little farther from the south,
rise above the horizon, making a small are, and
then go down ; while some again describe a larger
arc, and take a longer time in setting. 1f you now
turn to the north, you will find that some just skim
the horizon, mount to the top of the heavens, and
then descend, and again touch the horizon and
mount, without ever disappearing. Others, that
are higher, describe complete circles in the sky,
without coming to the horizon ; and these circles
diminish, till at last we arrive at a star that scarce
seems to move from the point where it is stationed,
the rest wheeling round it.

It may be easily conceived, that as there is a
hemisphere above, there is also another beneath,
though invisible ; and that, of course, the horizon
is a great circle of the sphere, dividing the concave
heavens into two parts, the visible above, and the
invisible below. The general appearance, there-
fore, of the starry heavens, is that of a wvast
concave sphere turning round two fixed points
diametrically opposite to each other; the one in
the northern hemisphere visible to us, and the
other in the southern hemisphere.

10
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~ The fixed points round which this sphere is
supposed to turn are the poles; a line drawn from
one to the other is called the axis of the sphere;
and round this line the heavens seem to turn every
day.

To understand this more clearly, we must have
recourse to a figure, or diagram. ILet HO (Plate
23. fig. 1.), represent the circle of the horizon,
seen edgeways, when it will appear &s a straight
line; let HP FO R Q be the complete sphere of
the heavens, of which we shall suppose H P E O
to be the visible hemisphere, and H Q R O the in-
visible hemisphere ; then P will be the pole, or
fixed point, among the stars, visible to us, round
which they all appear to turn; and R will be the
opposite pole, or fixed point, in the sphere; the
line P R will be the axis of the sphere. If through
the centre of the sphere C, there be drawn a line
Q E, it will represent the edge of a great circle, at
equal distances from both poles, and at right angles
to the axis called the equator, because it divides the
heavens into two equal parts. -

If HO be the horizon, the highest point, or
that immediately over our heads, as M, is called
the zenith ; and the opposite point in the sphere,
or lowest point N, is called the nadir.

The rising and setting of the sun are the two
most remarkable circumstances to be observed in
the heavens. He rises in the east, mounts to the
highest point in the arch which he describes, and
descends inthe west. The highest point to which
he reaches is naturally called the mid-day point.
‘If a great circle be traced through this point and
the zenith, it is called the meridian of the place;
and all the stars must cross this circle, or meridian,
twice in the twenty-four hours; but those that go
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below the horizon are seen only to cross it once,
because when they cross it a second time they are
invisible.

Three great circles are thus established in the
heavens; the horizon, the equator, and the meri-
dian. The first determines the rising and setting
of the heavenly bodies, and also the allitude of any
of them, at any time of their course. For this
purpose you must suppose another great circle to
pass through the star and the zenith; it will, con-
sequently be perpendicular to the horizon. This
is called a wertical circle, and upon this circle we
reckon the number of degrees which the star is
distant from the horizon. The quadrant is an in-
strument for measuring the number of degrees of
altitude which any body has.

The three great circles mentioned above form
the basis of all observations upon the heavenly
bodies, and to them all their situations must be
referred. It is necessary, therefore, to deter-
mine the relative situations of these circles. If
the polar star had been accurately at the pole of
the heavens, nothing more would be necessary, in
order to obtain the altitude of the pole, but to
take the altitude of this star; but this star is
situated 2° distant from the pole : 2° must, there-
fore, be added to this altitude to find that of the
pole.

The elevation of the pole being discovered, it is
easy to find that of the equator. Thus, in the dia-
gram (Fig, 1.), H M O, or the visible part of the
heavens, contains 180°; but it is 90° from the pole
P, to E the equator. If you take away P E from
the semi-circle H M O, there remains 90° for the
other two arcs ; or in other words, the elevation of
the pole and the equator, are together equal to 90°;
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so that the one being known, and subtracted from
90° it will give the other ; therefore, the elevation
of the pole at any place is the complement of the ele-
vation of the equator, or what that elevation wants
of 90°. It follows from hence, that the elevation
of the equator is equal to the distance from the
pole to the zenith ; for the eleyation of the equator
is the difference between that of the pole and 90°
(the same elevation subtracted from 90°, gives its
distance from the zenith). A little attention will
soon convince you, that the sun does not rise
always at the same point of the heavens. Thus, if
you commence your observations on the sun, for
instance in the beginning of March, you will find
him appear to rise more to the northward every
day, to continue longer above the horizon, and to
be more vertical or higher at mid-day. This con.-
tinues till towards the end of June, when he moves
backward in the same manner, and continues this
retrograde motion till near the end of December,
when he begins to move forward, and so on. It is
from this change in the sun’s place, and from his
height being so much greater in summer than in
winter, that the different length of the days and
nights, and the vicissitudes of seasons are owing.
We cannot observe the sun’s motion among the
fixed stars, because he darkens the heavens by his
splendor, and effaces the feeble light of those stars
that are in his neighbourhood ; but we can observe
the instant of his coming to the meridian, and his
meridianal altitude ; we can also compute what.
point of the starry heavens comes to the same me-
ridian at the same time, and with the same alti-
tude. Thesun must be at that point of the starry
heavens thus discovered. Or, we can observe that
point in the heavens which comes to the meridian
VOL. 1. EE
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at midnight, with a declination as far from the
equator on one side as the sun’s is on the other
side; and it is evident the sun must be in that
part nf the heavens which is diametrically opposite
to this point. By either of these methods you
may obtain a series of points in the heavens through
which the sun passes, forming a circle called the
ecliptic.  This circle has its name from thence, that
all the eclipses of the sun and moon are performed
either actually in, or very near the c1rcumf’erence
of that circle.

To conceive this cnmhmed annual and diurnal
motion of the sun, suppose a globe to represent the
celestial sphere. Place an insect upon it at an
equal distance from both the poles, and turn the

globe upon its axis: the insect will turn with the:

globe, and describe the equator. But while the
globe is moving in one direction, the:_ insect may be
moving very slowly in another, and will thereby
imitate the annual motion of the sun, which ad-
vances by degrees towards the east, though it is
carried round every day by the diurnal mﬂtmn to-
wards the west.

The ecliptic, or annual path nf the sun, dlff'ers
in situation from the equator; for the sun rises
above the equator in summer, and does not rise so
high in winter. = The points of the ecliptic, where

the sun is situated when he is most distant from'

the equator, are called solstitial points ; and the
distance between the equator and the ecliptic at
the solstitial points, is called ‘the obliguity of the
ecliptic ; this is found to be about 23}°. A B
(Fig. 1.) represents the ecliptic inclined 234° to
the equator. | :
The equinoctial colure is the great circle which
passes at right angles to the equator, through those
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two points of it that are intercepted by the ecliptic,
called the equinoctial points. The solstitial colure
is the other great circle at right angles to the
equator, cutting it in the solstitial points. It
passes through the poles of the ecliptic.

If smaller circles of the sphere be described
touching the solstitial points, and at right angles
to the aais, as M C, B D, they are éropics, of which
that on the south side of the equator is called the
tropic of Capricorn, and that on the north side of
the equator the #ropic of Cancer. 'The two polar
circles F G, I K, are at the same distance from the
two as the tropics are from the equator, that is, 233°.

It is necessary here to mention the difference
between what is called the sensible and rational
horizon. If you suppose that part of the surface
of the earth on which you stand to be a plane, and
to be extended every way till it reach the heavens,
this plane forms the sensible horizon. The rational
horizon is a circle whose plane is parallel to the
former, but passing through the cenfre of the
earth. Though the globe of the earth appears so
large to those who inhabit it, yet it is so small
when compared with the immense sphere of the
heavens, that the distance between the sensible
and rational horizons is nothing in comparison
with it.

The zodiac is a broad portion of the heavens,
which stretches about 8° on each side of the
ecliptic ; it is divided into twelve parts, called
signs, and each sign into 30°. If you imagine a
number of great circles of the sphere standing at
right angles to the plane of the ecliptic, and, con-
sequently, intersecting each other in ifs poles,
these are called circles of celestial longitude, and

EE 2
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they will divide the ecliptic into equal parts. Upon
the ecliptic is reckoned the longitude of any fixed
star, beginning to reckon at that point where the
ecliptic and the equator intersect each other in the
vernal equinox, called the first point of Aries;
and the arch of any of the circles of celestial lon-
gitude intercepted between any star and the eclip-
tie, is the lafitude of that star. The equator is
divided into degrees, but they are called degrees
of right ascension ; and from it to the poles the
degrees of declination are reckoned upon the meri-
dian of the place.

We have now described the principal lines and
points on the celestial sphere, as generated by the
apparent motions of the heavenly bodies, in which
we have supposed what appears at first sight to be
the case, viz. the earth stands still while all the
heavenly bodies revolve round it. This will make
no difference with regard to these circles in the
heavens ; for it will be the same thing with respect
to them, whether the earth be at rest, and the hea-
venly bodies move round it, or whether the latter
remain still, and the earth, as we shall afterwards
see, move round its axis once every twenty-four
hours.

.~ The earth, upon which we live, was long consi-
dered as an extensive plane, and mankind had an
obscure notion of its being supported on some sort
of scaffolding or piilars, though they could not tell
what supported these. The heavens above it, in
which the sun, moon, and stars, appeared to move
daily from east to west, were conceived to be at no
great distance from it, and to be only designed for
the use and ornament of our earth. The natives
of India and the Eastern countries appear to have
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been the first who paid much attention to astro.
nomy, and its antiquity among them is very great.
Mankind must have made considerable improve-
ment in observing the motions of the heavenly
bodies, before they could so far disengage them-
selves from the prejudices of sense and popular
opinion, as to believe that the earth was not fixed
and immoveable. We find, however, that Thales
the Milesian, had, 580 B. C. taught the manner of
calculating eclipses; and even the present system,
called the Copernican, because afterwards revived
by Copernicus, was publicly taught in Greece by
Pythagoras, who probably learned it in the East.
This system was retained till Aristotle and his dis-
ciples adopted the vulgar idea, which had been
embraced by Ptolemy, an Egyptian, about the
year 140. He supposed that the earth was im-
movable in the centre of the universe, and that the
planets were placed near it ; above them was the
firmament of fixed stars, then the crystalline orbs,
then the primum mobile, and last of’ all, the ceelum
empyrium, or heaven of heavens. All these vast
orbs he supposed to move round the earth in
twenty-four hours. This system, absurd as it was,
continued to be believed till Copernicus, a native
of Poland, revived that of Pythagoras in the year
1530. Europe was then immersed in ignorance,
and this system was forbid by the clergy to be
taught, as being a heresy. The Reformation per-
mitted it again to gain ground, and the discoveries
of various astronomers, but particularly those of’
Sir Isaac Newton, assisted by the invention of tele-
scopes, have placed it upon the firmest basis, and
it is now universally received.

If you examine the heavens in a clear night, you
will discover some stars which have brighter and
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ASTRONOMY, 495

The planets are evidently opaque bodies, and
they shine only by reflecting the light which they
receive from the sun; for Mercury and Venus,
when viewed by a telescope, often appear to be
only partly illuminated, and have the appearance
of our moon when she is cusped or korned, having
the illumined part always turned towards the sun.
From the appearance of the boundary of light and
shadow upon their surfaces, we conclude that they
are spherical, which is confirmed by most of them
having been found to turn periodically on their
axes.

Venus and Mercury, being nearer to the sun
than our earth, are called inférior planets ; and all
the rest, which are without the earth’s orbit, are
called superior planets. That the first go round
the sun is certain, because they are seen sometimes
passing between us and the sun, and sometimes
they go behind it. That their orbits are within
that of the earth is evident; because they are
never seen in opposition to the sun, that is, appear-
ing to rise from the horizon when the sun is set-
ting. On the contrary, the orbits of all the other
planets surround that of the earth ; or they some-
times are seen in opposition to the sun; and they
never appear to be horned, but always nearly or
quite full, though sometimes they appear a little
gibbous, or somewhat deficient from full.

We mentioned above, that all the planets move
round the sun in elliptical orbits. The sun is si-
tuated in one of the foci of each of them. That
focus is called the lower focus. 1f we suppose the
plane of the earth’s orbit, which passes through the
centre of the sun, to be extended in every direc-
tion, as far as the fixed stars, it will mark out
among them a great circle, which is the ecliptic;
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and with this the situations of the orbits of all the
other planets are compared.

The planes of the orbits of all the other p!anets
must necessarily pass through the centre of the
sun ; but if extended as far as the fixed stars, they
form circles different from one another, as also
from the ecliptic; one part of each orbit being on
the north, and the other on the south side of the
ecliptic. Therefore the orbit of each planet cuts
the ecliptic in two opposite points, which are called
the nodes of that particular planet ; and the nodes
of one planet cut the ecliptic in planes different
from the nodes of another planet. A line passing
from one node of a planet to the opposite node, or
the line in which the plane of the orbits cuts the
ecliptic, is called the line of nodes. That node s
where the planet passes from the south to the north
side of the ecliptic, is called the ascending node ;
and the other is the descending node. The angle
which the plane of a planet’s orbit makes with the
plane of the ecliptic, is called the inclination of
that planet’s orbit. Thus (Fig.2.), where F re-
presents the sun, the points A and B represent the
nodes, and the line A B the line of nodes formed
by the intersection of the planes of the orbits C and
D. The angle EF G, is the angle of inclination
of the planes of the two orbits to each other. A
line drawn from the lower focus of a planet’s orbit
(viz. where the sun is) to either end of the conju-
gate axis of its orbit (which line is equal to half
the transverse axis), is called the mean distance of
the planet from the sun. But according to some,
the mean distance is a mean proportional between
the two axes of that planet’s orbit. The distance
of either focus from the centre of the orbit is called
its eccentricity.
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The two points in a planet’s orbit which are far-
thest and nearest to the body round which it moves,
are called the apses, or apsides; the former of
which is called the kigher apsis, or aphelion ; the
latter is called the lower apsis, or perihelion. The
diameter which joins these two points is called the
line of the apsides. When the sun and moon are
nearest to the earth, they are said to be in perigee ;
when at their greatest distance from the earth, they
are said to be in apogee.

When a planet is situated so as to be between
the sun and the earth, or so that the sun is be-
tween the earth and the planet, then that planet is
said to be in conjunction with the sun. When the
earth is between the sun and any planet, then that
planet is said to be in opposition. It is evident
that the two inferior planets must have two con-
junctions with the sun, and the superior planets
can have only one, because they can never come
between the earth and the sun. When a planet
comes directly between us and the sun, it appears
to pass over the sun’s disc, or surface, and this is
called the fransit of the planet. When a planet
moves from west to east, viz. according to the order
of the signs, it is is said to have derect motion, or
to be in consequentia. Its retrograde motion, or
motion in antecedentia, is when it appears to move
from east to west, viz. contrary to the order of the
signs.

The place that any planet appears to occupy in
the celestial hemisphere, when seen by an observer
supposed to be placed in the sun, is called its /elio-
centric place. The place it occupies, when seen
from the earth, is called its geocentric place.

The planets do not move with equal velocity in
every part of their orbits ; but they move faster
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when they are nearest to the sun, and slower in the
remotest part of their orbits ; and they all observe
this remarkable law, that if a straight line be drawn
from the planet to the sun, and this line be sup-
posed to be carried along by the periodical motion
of the planet, then the areas which are described
by this right line and the path of the planet are
proportional to the times of the planet’s motion.
That is, the area described in two days, is double
that which is described in one day, and a third part
of that which is described in six days; though the
arcs or portions of the orbit described are not in
that ratio.

The planets being at different distances from the
sun, perform their periodical revolutions in differ-
ent times 3 but it has been found that the cubes of
their mean distances are constantly as the squares
of their periodical times ; viz. of the times of their
performing their periodical revolutions.

These two last propositions were discovered by
Kepler, by observations on the planets; but Sir
Isaac Newton demonstrated, that it must have been
so on the principle of gravitation which formed
the basis of his theory. This law of wuniversal at-
lraction, or gravitation, discovered by Newton,
completely confirms the system of Copernicus, and
accounts for all the phenomena which were inex-

- plicable on any other hypothesis.

The sun, as the largest body in our system,
forms the centre of attraction, round which all the
planets move; but it must not be considered as
the only body endued with attractive power, for
all the planets also have the property of attraction,

_and act upon each other as well as upon the sun.
The actual point, therefore, about which they
move, will be the common centre of gravity of all
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the bodies which are included in our system ; that
is, the sun, with the primary and secondary planets,
But because the bulk of the sun greatly exceeds
that of all the planets put together, this point is in
the body of the sun. The attraction of the planets
on each other also somewhat disturbs their mo-
tions, and causes some irregularities.

It is this mutual attraction between them and
the sun that prevents them from flying off from
their orbits by the centrifugal force which is gene-
rated by their revolving in a curve; while the
centrifugal force keeps them from falling into the
sun by the force of gravity, as they would do if it
were not for this motion impressed upon them.
Thus these two powers balance each other, and
preserve order and regularity in the system.

It has been already mentioned, (page 18) that
if, when a body is projected in a straight line, it
be acted upon by another force drawing it towards
a centre, it will be made to describe a curve,
which will be either a circle or an ellipsis, accord-
ing to the proportion between the projectile and
centripetal force. If a planet at B (Plate 23.
fig. 8.,) gravitates or is attracted towards the sun
S, so as to fall from B to g, in the time that the
projectile force would have carried it from B to X,
it will describe the curve B Y, by the combined
action of these two forces, in the same time that
the projectile force singly would have carried it
from B to X, or the gravitating power singly have
caused it to descend from B to y; and these two
forces being duly proportioned, the planet obeying
them both, will move in the circle BY T' V.

But if, whilst the projectile force would carry
the planet from B to 4, the sun’s attraction should
bring it down from B to /, the gravitating power
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would then be too strong for the projectile force,
and would cause the planet to describe the curve
BC. When the planet comes to C, the gravitat-
ing power (which always increases as the square
of the distance from the sun S diminishes) will be
yet stronger for the projectile force, and by con-
spiring in some degree therewith, will accelerate
the planet’s motion all the way from C to K, caus-
ing it to describe the arcs B C, CD, D E, E F, &c.
all in equal times.

Having its motion thus accelerated, it thereby
acquires so much centrifugal force, or tendency to
fly offat K, in the line K %, as overcomes the sun’s
attraction ; and the centrifugal force being too
great to allow the planet to be brought nearer to
the sun, or even to move round him in the circle
klmn, &c. it goes off, and ascends in the curve
K L M N, &c. its motion decreasing as gradually
from K to B, as it increased from B to K, because
the sun’s attraction now acts against the planet’s
projectile motion, just as much as it acted with it
before. -

When the planet has got round to B, its pro-
jectile force is as much diminished from its mean
state as it was augmented at K; and so the
sun’s attraction being more than sufficient to keep
the planet from going off at B, it describes the
same orbit over again, by virtue of the same forces
Or powers.

A double projectile force will always balance a
quadruple power of gravity. Let the planet at B
have twice as great an impulse from thence to-
wards X, -as it had before; that is, in the same
"length of time that it was projected from B to 2,
as in the last example, let it now be projected
from B to ¢; and it will require four times as
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no violent elementary heat existing in the rays of
the sun themselves essentially, but that they pro-
duce heat only when they come into contact with
the planetary bodies.

Several years after this, Herschell published his
theory of the nature of the sun, which is briefly as
follows. He considers the sun as a most magnifi-
cent habitable globe, surrounded by a double set
of clouds; those which are nearest its opaque
body are less bright, and more closely connected
together, than those of the upper stratum, which
form the luminous apparent globe we behold : this
luminous external matter is of a phosphoric nature,
having several accidental openings in it, through
which we see the sun’s body, or the more opaque
clouds beneath: these openings form the spots we
see.

Mercury.—This planet being the nearest to the
sun, and the least in magnitude, is very seldom
visible. It never appears more than a few degrees
from the sun’s disc, and is generally lost in the
splendour of the solar beams, On this account,
astronomers have had few opportunities of making
accurate observations upon it ; no spots have been
observed upon it, consequently, the time of its
rotation on its axis is not known. Being an infe-
rior planet, it consequently must show phases like
the moon ; and it never appears quite full to wus.
It is seen sometimes passing over the sun’s disc,
which is called its transit.

Venus is the brightest and largest to appearance
of all the planets, and is distinguished from the
rest by her superiority of lustre. It is generally
called the morning or evening star, according as it
precedes or follows the apparent course of the sun.
Some have thought that they could discover spots

14
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upon its disc; but Herschell has not been able to
see them ; consequently, the time of rotation
round its axis is not decidedly known. Venus also
appears with phases, and transits sometimes take
place, which are of very great importance in astro-
nomy.

The Earth which we inhabit is a globular body,
as may be proved from a variety of circumstances,
the chief of which we shall here enumerate. It is
always observed by mariners, that as they sail
from any high objects, such as mountains, steeples,
&ec. they first begin to lose sight of the lower part
of those objects, and then gradually of the higher
parts; also, persons on shore first discover the
upper parts of the masts of appreaching vessels.
This could not be the case if the earth were a
plane, but is very easily accounted for on the sup-
position of its being a sphere, as wili be easily
understood by examining Fig. 4. Also various
navigators have sailed completely round the earth,
by continuing in the same direction, at last coming
to the same place from which they set out.

The earth, however, is not a perfect sphere, but
a spheroid, having its equatorial diameter longer
than the polar diameter, oraxis. It is, consequently,
flattest at the poles, and more protuberant at the
equator. The diameter at the equator 1s 7893
English miles; that at the poles is 7928 miles.
The surface of the earth is much diversified with
mountains and vallies, land and water. The high-
est mountains in it are the Andes in South America,
and the Himala mountains in the East Indies, some
of which are about four miles in perpendicular
altitude. About two-thirds of the globe is covered
with water.,

VOL. L. FF
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In consequence of the earth’s being a globe,
people standing upon opposite sides of it must have
their feet towards each other. When in this
situation, they are called antipodes to each other.
Hence it appears that there is no real up or down;
for what is up to one country is down to another.
It must seem strange to those who are ignorant of
the shape of the earth, to suppose that if we could
bore a hole downwards, deep enough, we should
come to the other side of the world, where we
should find a surface and sky like our own;
yet if we reflect a moment we shall perceive that
this is perfectly true. As we are preserved in
our situations by the power of attraction, which
draws us towards the centre of the earth, we
call that direction down, which tends to the
centre.

We mentioned before, that the earth has two
motions; the one a diurnal motion, round its own
axis; the other an annual motion, round the sun.
It is the former which causes light and darkness,
day and night; for when one side of the earth is
turned towards the sun, it receives his rays, and
is illuminated, causing day; on the contrary, when
one side of the earth is turned from the sun, we
are in darkness, and then we have night. We
see, therefore, by how much more simple means
this change is effected, than they imagined, who
supposed that the earth was fixed, and that the
immense globe of the sun was whirled round the
earth with the amazing velocity that would be
necessary.

Twilight is owing to the refraction of the rays of
light by our atmosphere, through which they pass,
and which, by bending them, occasions some to
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arrive at a part of the earth that could not receive
any direct rays from the sun.

It is the annual motion of the earth round the
sun which occasions the diversity of seasons. To
understand this, we must observe what has been
already mentioned, that the axis of the earth is in-
clined to the plane of its orbit 234°, and that it
keeps always parallel to itself that is, it is always
directed to the same star.

Let Plate 24. fig. 1. represent the earth in
different parts of its elliptic orbit.  In the spring,
the circle which separates the light from the dark
side of the globe, called the ferminator, passes
through the poles 2 s, as appears in the position A.
The earth then, in its diurnal rotation about its
axis, has every part of its surface as long in light as
in shade; therefore the days are equal to the nights
all over the world, the sun being at that time ver-
tical to the equatorial parts of the earth. As the
earth proceeds in its orbit, and comes into the
position B, the sun becomes vertical to those parts
of the earth under the tropic, and the inhabitants
of the northern hemisphere will enjoy summer on
account of the solar rays falling more perpendi-
cularly upon them; they will also have their days
longer than their nights, in proportion as they are
more distant from the equator; and those within.
the polar circle, as will be perceived by the figure,,;
will have constant day-light. At the same timeg,
the inhabitants of the southern hemisphere ha ve
winter, their days being shorter than their nigh ts,
in proportion as they are farther from the equaf or,
and the inhabitants of the polar regions will I.ave
constant night.

The earth then continues its course to the
position C, when the terminator again passes

Fr 2
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through the poles, and the days and nights are
equal,

After this the earth advances to the position D,
at which time the inhabitants of the northern
hemisphere have winter, and their days are shorter
than their nights.

The positions B and D are the solstitial points;
and A and C the equinoctial points; they are not
equidistant from each other, because the sun is not
in the centre, but in the focus of the ellipsis. In
summer, when the earth is at B, the sun is farther
from it than in the winter, when the earth is at D;
and, in fact, the diameter of the sun appearslonger in
winter than in summer. The difference of heat is
not owing to the sun’s being nearer to us, or more
remote, but to the degree of obliquity with which
its rays strike any part of the earth.

The Moon is, next to the sun, the most remark-
able of the celestial objects. Its form is spherical,
like that of the earth, round which it revolves, and
by which it is carried round the sun. Its orbit is
also elliptical, having the earth in one of the foci
of the ellipsis. The moon always keeps the same
side towards us, showing only at one time a little
more of one side, and at another time a little more
of the other side. ~'When the moon is viewed
through a good telescope, its surface appears
covered with ridges, mountains, pits, and cavities
of great variety.

It was formerly supposed that the height of the
lunar mountains exceeded those of our earth; but
Herschel has re-measured them, and supposes that
they generally do not exceed half a mile in height.
He has observed some of the mountains luminous;
these he supposes to be volcanoes.

Some parts of its surface also reflect less light
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than the rest. It has been conjectured that the
part which reflects the least light is water, and that
the brightest part is land. This, however, is un-
certain; and some are of opinion that the moon
contains no water.

It has been doubted whether the moon has an
atmosphere like ours; and notwithstanding great
pains have been taken on this subject, no proofs of
an atmosphere have been established.

The moon is seen by means of the light which
comes to it from the sun being reflected from it.
Its changes or phases depend’ upon its situation
relatively to the earth and the sun. When the
moon is in opposition to the sun, the enlightened
side is turned towards the earth, and it appears
full, When the moon is in conjunction with the
sun, its dark side is turned towards us, and it is in-
visible. As it proceeds in its orbit, a small part of
the enlightened side is seen, and then we have a
new moon; and we continue to see more and'more
of the enlightened side, as the moon approaches to
the state of opposition or full moon. The waning
or decreasing of the moon takes place in the same
manner, but in a contrary order.

The earth must perform the same office to the
moon, that the moon does to us; and it will appear-
to the inhabitants of the moon, (if there be any,)’
like a very magnificent moon, being to them about’
fifteen times as big as the moon to us, and it wilk
also have the same changes or phases.

The moon’s motion is subject to many irregu-
larities, on account of the inclination of its orbit
to the plane of the ecliptic, and the attraction of
the sun and the other planets.

Mears is not so bright as Venus, nor even as
Jupiter, though nearer to the sun. Its colour is a

FF 3
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little reddish. Some spots have been observed
upon its surface, from which its rotation round its
axis, and the inclination of its axis to the plane of
its orbit, have been determined.

Ceres Ferdinandea is a very small planet, situated
next without Mars; it was discovered on the
first day of the present century by Mr. Piazzi, an
Italian astronomer.

Pallas is another very small planet, discovered
by Dr. Olbers of Bremen, on the 28th of March,
1802,

Harding is the last discovered planet, so called
alter the first observer, M. Harding.

Jupiter is the brightest planet next to Venus.
When viewed by a telescope, several belts are ob-
served across its disc, parallel to its equator: these
belts are supposed to be ranges of clouds in the
atmosphere of the planet. Jupiter is surrounded
by four moons of different sizes, which move about
in different times. These moons are sometimes
eclipsed by the shadow of Jupiter falling upon
them. These echpﬁes have been found of great
use in determining the longitudes of places.

Saturn can haully be seen by the naked eye.
When examined by a’telescope, it exhibits a very
remarkable appearance. It is surrounded by a
thin, flat, broad luminous ring, which surrounds
the body of the planet, but does not touch it.
This ring casts a strong shadow upon the planet,
and appears to be divided into two, by a distinct
line in the middle of its breadth. This ring is
circular, but appears elliptical from its being
viewed ubllquef Besides this ring, Saturn has
seven moons of different sizes, and its body is
surrcunded also by belts, like those of Jupiter.

The Georgium Sidus, with its six satellites, have
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been entirely discovered by Herschel. It cannot
be seen without a telescope, but it does not require
a powerful one. The satellites cannot be seen
without the most powerful telescopes.

Comets.

Besides these planets already mentioned, there
are some other bodies which revolve round the sun,
called comets. They move in very eccentric ellipses,
and their periods of revolution are so long, and
imperfectly known, that few are ever observed
twice. They are only seen by us when they are
in that part of their orbit which is nearest to the
sun, and then they move so fast, they soon become
again invisible to us. The number of comets is
also unknown; numbers of small ones have been
discovered by telescopes. Their distances are in-
conceivably great, and most of them move entirely
beyond the planetary orbits; though some have
descended below Mars. Their appearances are
very different. Some resemble only a faint vapour;
others have a nucleus or solid part in the middle.
When they approach the sun, they put forth the
appearance of a beard or tail of laminous matter,
which is sometimes of astonishing length. These
tails are always directed from the sun.

With respect to the real nature and use of the
comets in the system, we are entirely unacquainted..

Fixed Stars.

The fixed stars are so called, because they are
observed not to change their places in the heavens,
FF 4
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as"the planets do. They appear of an infinite va-
riety of sizes; yet, for convenience, it is usual to
class them into six or seven magnitudes: thus,
they are called stars of the first, second, &c. mag-
nitude. To the naked eye they appear innumerable;
but this is only the consequence of their being scat-
tered in so confused a manner, and our not being
able to see them all at one view. The whole num-
ber of stars visible to the naked eye is about 3186.
But seldom above one-third of that number can be
seen by most people. From the earliest ages they
have been divided into groups, or constellations,
which have been called by the names of various
animals and objects, from a supposed resemblance
to them: such as the Great Bear, the Little Bear,
the Swan, &ec.

The fixed stars are placed at a distance from us
so great, that it cannot be ascertained by any means
yet known; hence, they must shine by their own
light, and not by the light which they receive from
our sun, as the planets do. Though it has been
formerly mentioned that the relative situations of
the fixed stars do not vary, yet, in the course of
several ages, some variations have been observed
among them. Some of the larger stars have not
the same precise situations that ancient observations
attribute to them, and new stars have appeared,
while some others which have been described, are
now no longer to be found. Some stars are like-
wise found to have a periodical increase and de-
crease. Others of the fixed stars, upon examination
with the telescope, are found to consist of two.

Besides the phenomena already mentioned, there
are many luminous spots like faint bright clouds,
which are always seen in the same relative situation.
These spots are called nebule. When examined

17
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with a good telescope, they are resolvable into
clusters of innumerable stars, and with the glass
many nebul@ are discovered, which cannot be seen
by the naked eye.

Herschel has rendered it highly probable,
both from observation and well-grounded con-
jecture, that the starry heavens is replete with
these nebule, or system of stars, and that the
milky way is that particular nebula in which our
sun is placed. Reasoning analogically from the
circumstances with which we are acquainted, we
may deduce, that the universe consists of nebula
or distinct systems of stars: that each nebula is
composed of a prodigious number of suns, or
bodies that shine by their own native splendour;
and that each individual sun is, perhaps, destined
to give light to numbers of worlds that revolve
about it.

What an august, what an amazing conception
does this give of the works of the Creator! Instead
of one world and one sun, we find thousands and
thousands of suns, ranged around us at immense
distances, attended by innumerable worlds all in
rapid motion, yet calm, regular, and harmonious,
invariably keeping the paths prescribed them ; and
these worlds, perhaps, peopled with myriads of in-
telligent beings, formed for endless progression
in perfection and felicity!

Of Eclipses.

When any one of the heavenly bodies is obscured
or darkened by the shadow of another fal]ing
upon it, or by the interposition of any body, it is
said to be eclipsed.
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The eclipses of the sun and moon are the most
striking. They were formerly considered as
ominous, and have often excited the dread and
apprehension of the vulgar ; but the improvement
of science has shown, that they have no connexion
with future events; that they depend upon regular
and invariable causes, and may be calculated and
foretold with the greatest certainty.

As the earth is an opaque body, enlightened
only by the sun, it will cast a shadow towards that
side which is farthest from the sun. If the sun
and earth were of the same size, this shadow would
be cylindrical, and would extend to an infinite dis-
tance; but as the sun is much larger than the
earth, the shadow of the latter must be conical,
and end in a point (Plate 24. Iig. 2). On the
sides of this conical shadow, there is a diverging
shadow, the density of which decreases in pro-
portion as it recedes from the sides of the former
conical shadow : this is called the penumbra. As
the moon revolves round the earth, sufficiently
near to pass through the shadow of the earth, an
eclipse must always take place when these three
are all in one straight line. An eclipse of the
moon can never happen but at the time of full
moon ; but on account of the inclination of the
moon’s orbit to that of the earth, an eclipse can-
not take place every full moon. When the moon
passes entirely through the earth’s shadow, the
eclipse is fofal ; but when only a part of it passes
through the shadow, the eclipse is partial. The
quantity of the moon’s disc which is eclipsed (and
the same thing is to be understood of that of the
sun, in a solar eclipse), is expressed by twelve
parts called digits : that is, the disc is supposed to
be divided by 12 parallel lines; then if half the
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disc is eclipsed, the quantity of the eclipse is said
to be six digits. When the diameter of the shadow
through which the moon must pass, is greater
than the diameter of the moon, the quantity of
the eclipse is said to be more than 12 digits; thus
if the diameter of the moon is to that of the shadow
as four to five, then the eclipse is said to be 15
digits. The duration of a lunar eclipse is various,
but never exceeds two hours.

The eclipses of the sun are owing to a different .
cause than those of the moon. They are occasioned
by the moon’s coming directly between us and the
sun, and, therefore, obstructing our view of it.
When the moon happens to be in conjunction with
the sun, or between the sun and the earth, viz. at
the time of the new moons, the shadow of the
moon falls upon the surface of the earth; hence,
properly speaking, such eclipses should be called
eclipses of the earth. But the whole disc of the
earth cannot be involved in the shadow of the
moon, because the moon is much smaller than the
earth, and the shadow of the moon is conical.
Thus, in Plate 24. Iig. 3., the rays of the sun
S, being intercepted by the moon L, form the
conical shadow C D G, which falling upon the
surface of the earth, entirely deprives the portion
of it upon which it falls, of the sun’s light, and,
of course, the inhabitants of that part of the earth
will have a total eclipse of the sun. Beyond the
dense conical shadow C D G, there is a diverging
half shadow, or penumbra, CDEF, which is oc-
casioned by the moon’s intercepting enly a part of
the sun’s rays from those places which fall within
this penumbral cone, and are out of the dense
shadow. Thus from the part of the earth Z, the
portion Y Y B, of the sun only can be seen ; con.



44 ASTRONOMY.

sequently, the inhabitants of that part will have a
partial eclipse.

As the moon is not always at the same distance
from the earth, it sometimes happens that the coni-
cal dense shadow does not reach the earth, as in
Plate 24. Fig. 4., and only the penumbral sha-
dow falls upon it; this eclipse, consequently, is
partial to every part of the earth. Those who are
at the centre of the penumbra will lose sight of the
centre of the sun, by the interposition of the
moon’s body, which subtending a smaller angle
than the sun, will not entirely cover its surface :
so that there will be a ring of light. The eclipse
is then said to be annular.

The satellites, or moons, are often eclipsed by
the planets to which they belong. The eclipses of
Jupiter’'s moons are observed with great atten-
tion, as they are very useful in ascertaining the
longitude.

When any of the planetary bodies disappear by
another eoming before it, it is called an occudtation.
The occultations of the fixed stars by the moon
are of great use i determining the longitudes of
places.

Of the Tides.

The ebbing and flowing of the sea were first
shown by Kepler to be owing to the moon’s attrac-
tion : and Newton demonstrated it upon the prin-
ciples of gravitation. The attraction of the moon
cannot alter the shape of the solid of the globe,
but it has a considerable effect upon the fluid part,
which it causes to assume a spheroidal figure, the
longest axis being in the direction of the moon. It
is, therefore, the highest tide at that place perpen-
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3. Relative space, is that part of absolute space
which is occupied by any body, and is compared
with any part occupied by another body.

J.HU fiﬂ ﬂ -

1. Motion 1s also either absolute or relative.

Q. Absolute motion is the actual motion that
bodies have, independent of each other, and only
with regard to the parts of space.

3. Relative motion is the degree and direction of
the motion of one body, when compared with that
of another.

4. Accelerated motion is when the velocity of
the motion continually increases.

5. Retarded motion is when the velocity conti-
nually decreases.

6. The welocity of umform motion is estimated
by the time employed in moving over a certain
space ; or by the space moved over in a certain
time.

7. To ascertain the velocity, divide the space
run over by the time,

8. To know the space run over, multiply the
velocity by the time.

9. In accelerated motion, the space run over is
as the square of the time, instead of being directly
as the time, as in uniform motion.

10. A body acted upon by only ene force, must
always move in a straight line.

11. Bodies acted upon by two uniform forces,
whether equal or unequal, must also describe a
straight line.

12, Butif a body be acted upon by one uniform
force, or single impulse, and another accelerating
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force in a different direction, these two forces toge-
ther will cause it to describe a curve.

18. The curve described by a ball projected from
a cannon, and brought to the earth by the action
of gravity, is that of a parabola.

14. The momentum of a body is the force with
which it moves, and is in proportion to the weight
or quantity of mattermultiplied into its velocity.

Attraction and Repulsion.

1. The causes of these powers are totally un-
known.

2. There are various kinds of attraction—the at-
traction of cokesion, of gravitation, of electricity,
magnelism, and chemical atiractions.

3. The attraction of cohesion acts only at very
small distances.

4. The attraction of gravitation is that which
masses of matter exert on each other at all dis-
tances.

5. Gravitation decreases from the surface of the
earth upwards, as the square of the distance in-
creases.

Central Forces.

1. The central forces are the centrifugal and
the centripetal force.

2. The centrifugal force is the tendency which
bodies that revolve round a centre have to fly off
from it in a tangent to the curve they move in—as
a stone from a sling.

3. The centripetal force is that which prevents
its flying off, by impelling it towards the centre—
as the attraction of gravitation.
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Centre of Gravily.

1. The centre of gravity is that point in which
the weight of a body may be supposed to be col-
lected.

2. A line drawn from that point, perpendicular
to the horizon, is called the line of direction. -

3. When the line of direction falls within the
base of any body, that body will stand ; but when
it falls without the base, the body will fall.

The Lever.

1. There are three kinds of levers: 1. When
the fulerum, or prop, is between the power and
the weight. 2. When the prop is at one end of
the lever, the power at the other, and the weight
between them. 8. When the prop is at one end,
the weight at the other, and the power between.

2. In all kinds of levers, the power is to the
weight, as the distance of the weight from the ful-
crum is to that of the power from the fulcrum.

3. A bent, or hammer lever, differs only in form
from a lever of the first kind.

4, A balance 1s also a lever of the first kind,
with equal arms.

5. The statera, or steel-yard, is also the first
kind of lever, with a moveable weight.

Wheel and Azle.

1. The power must be to the weight, in order
to have an equilibrium, as the circumférence of the
wheel to the circumference of the axle. '

VOL, I, G G
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Screw.

1. A screw may be considered as an inclined
plane.

2. It is always used with a lever; and the power
is to the weight, as the distance from one thread,
or spiral, to another, is to the circumference of
the circle deseribed by the power.

3. When a serew acts in a wheel, it is called an
endless screw.

Compound Machines.

1. In all machines, simple as well as compound,
what is gained in power is lost in time.

2. In any machine, the power is to the weight,
when in equilibrio, in a proportion formed by the
multiplication of the several proportions which the
power bears to the weight, in every simple mecha-
nical power used in the machine.

3. The power of a machine is not at all altered
by varying the sizes of the wheels, provided this
proportion produced at last by the multiplication
of the power of'each several part, remain the same.

Moving powers in Machinery,

1. A horse exerts more strength when drawing
horizontally; but the line of draught should not
be level with his breast, but incline upwards,
making a small angle with the horizontal plane.

2. When a horse works in a circle, it should not
be less than forty feet in diameter.

8. In turning a winch, a man exerts his strength
in different proportions at different parts of the

GG 2
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3. Bevelled-wheels are much used for changing
the direction of motion in wheel-work.

4. Hook’s universal joint is sometimes used for
the same purpose.

5. The ends of the teeth of wheels ought never
to be circular, but formed of parts of an epicycloid.

Pendulums,

1. All the vibrations of the same pendulum,
whether great or small, are performed in equal
times. _

2, The longer a pendulum, the slower are its
vibrations.

3. Heat expands, and consequently lengthens,
pendulums; and cold contracts, and shortens them.

4. A pendulum, to vibrate seconds, must be
shorter at the equator than at the poles.

5. Methods have been used for correcting the
irregularity arising from expansion and contraction:
one of these is the gridiron-pendulum.

6. Deal is the best substance for pendulum-rods,
as it is very little affected by heat and cold.

Chronomelers.

1. Chronometers are instruments for mea-
suring time.

2. Clocks are moved either by a weight or a
spring. Watches differ from the latter only in
being portable.

3. The pendulum in a clock, and the balance
in a watch, are the parts which properly measure
time by their vibrations.

GG 3
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7. This relative weight is generally compared
with an equal bulk of wafer as a standard.

8. The instrument for comparing these weights
of solids is called the hydrostatic balance.

9. That for comparing the specific gravities of
liquids is called the kydrometer.

10. Air-balloons rise in the atmosphere, because
they are specifically lighter, or lighter than an
equal bulk, of air.

11. They are of two kinds — fire-balloons, and
inflammable-air balloons.

12. The diving-bell is an empty vessel inverted,
and made so heavy as to sink in water.

ABSTRACT OF PNEUMATICS.

1. Pneumatics treat of the mechanical propetties
of air.

2. Air is a solid and material substance, as well
as water and other fluids.

5. Its invisibility is owing to its transparency.

4. It possesses weight, compressibility, and elas-
licity.

5. Its weight is demonstrated by experiment.

6. Its density and elasticity are in proportion to
the force that compresses it.

7. The density of the atmosphere diminishes
upwards: and if altitudes in the air be taken in
arithmetical proportion, the variety of the air will
be in geometrical progression.

8. Air-pumps are machines for exhausting the

" air from vessels.

9. A vacuum is a space emptied of air.
GG 4
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10. Animals cannot live, nor will a candle burn,
in a vessel exhausted of" air. -

11. The air presses upon every body immersed
in it, and on every side.

12. The rise of water in pumps is owing to the
air on one part of the water being removed, which
causes it to yield and be pressed upwards in that
part.

13. Suction is an absurd notion, now exploded,
and accounted for from the pressure of the air.

14. Barometers are instruments for measuring
the weight or pressure of the atmosphere.

15. The Z'orricellian vacuwm is the empty space
in the upper part of a barometer tube.

16. Air may be condensed, or made to occupy
less space..

17. The machines used for this purpose are
called condensers.

18, Air in motion constitutes wind.

19. Machines for measuring the force of the
wind are called wind-gages.

20. Sound is a vibratory motion of the air.

- 21. An echo is the reflection of a sound.

ABSTRACT OF HYDRAULICS.

1. Hydraulics teaches the laws of fluids in
motion.

2. The wvelocity of spouting fluids is as the
square root of the depth of the orifice below the
surface.

3. Water in bended pipes always rises as high
as the source from whence it springs: hence the
construction of jets, or fountains, and the sup-
plying of towns with water,
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4. A syphon is a bended pipe of unequal legs.
FThe cause of its action in emptying vessels is
owing to the pressure of the atmosphere added to
the preponderance of weight in the longest leg.

5. Pumps for raising water are of three kinds:
the sucking, forcing, and lifting-pump.

6. The water in a sucking-pump is raised from
the well by the pressure of the atmosphere ; and it
can be raised by this means only 33 feet.

7. A lfting-pump, not depending upon this,
may raise the water to any height, according to
the power applied.

8. A jforcing-pump is also unlimited, in regard
to the height to which it may raise water.

9. An air-vessel is added to a forcing-pump, to
give a more equable stream.

10. A constant stream is also produced by two
barrels, with pistons moving up and down alter-
nately.

11. The chain-pump also produces the same
effect, and has very little friction.

12. Buchanan’s pump is superior to the chaln-
pump, and is one of the best yet invented.

13. There are many contrivances to avoid fric-
tion in pumps; but in great works, the friction of
the piston is of little importance.

14. Plungers are pistons that nearly fill the
working-barrel: these do not act upon the prin-
ciple of the pressure of the atmosphere.

15. Valves in pumps are of various constructions:
the most usual and best are the clack-valve, the
button and tail-valve, the conical-valve, and the
globular-valve,

16. It is immaterial whether a pump be placed
perpendicular to the well or not, provided it have
a communication with it by pipes.
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ABSTRACT OF OPTICS.

1. The particles of light, which are incon-
ceivably small, proceed in straight lines trom the
luminous body.

2. Consequently, the density of light is in-
versely as the square of the distance from the
luminotis centre.

3. Light moves at the rate of 150,000 miles in a
second.

4. When light strikes upon ‘a surface, it is re-
flected so that the angle of refleetion iz equal to
the angle of incidence: on this the properties of
mirrors depend.

5. Convex mirrors cause parallel rays to diverge.

6, Concave mitrors collect parallel rays, or cause
them to converge to a point called the focus.

7. When light passes out of one medium into
another, it changes its direction, and either moves
farther from, or nearer to, the perpendicular, as
the medium into which it enters is rarer or denser
than the other medium. The properties of lenses
are derived from this law.

8. Convex lenses collect the rays {if light, or
make them converge to a focus.

9. Concave lenses disperse the rays of light.

10. Light is composed of seven primitive colours,
which have not yet been decomposed. But in the
practice of painting, all the various tints may be
made of three colours, blue, red, and yellow.

11. The rainbow is owing to the separation
of the rays of light into its original primitive
colours, by the drops of falling rain.

- 12, The human eye is an optical instrument,
resembling a camera obscura.
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13. Microscopes are instruments for viewing
very small objects. They apparently magnify
objects, because they enable us to see them nearer,
without destroying distinctness of vision.

14, Telescopes are instruments for viewing ob-
jects at a great distance. |

15. Acromatic telescopes are such as have
glasses so contrived, as to correct the unequal re-
fraction of the rays of light.

Before we conclude the suhject of optics, we
shall mention an improvement in spectacle-glasses,
by Dr. Wollaston.

Supposing an eye to be placed in the centre of
any hollow globe of glass, it is plain that the ob-
jects would then be seen perpendicularly through
its surface in every direction; consequently, the
more nearly any spectacle-glass can be made to
surround the eye, in the manner of a globular sur-
face, the more nearly will every part of it be at
right angles to the line of sight, the more uniform
will be the power of its different parts, and the more
completely will the indistinctness of lateral objects
be avoided.

According to this principle, it appears that all
spectacle-glasses should be convex on their exte-
rior surface, and concave within. The section of
those for long-sighted persons will assume the
form of a meniscus, or crescent (Plate 17. fig. 3.);
and those adapted for short sight, will have their
principal curvature on the concave side (Plate 17.
fig. 4.) = These glasses are called periscopic spec-
tacles, from their affor dmg the opportunity of look-
g round.
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ABSTRACT OF ELECTRICITY.

1. Electricity is supposed to be a fluid, which
pervades all substances, and when undisturbed, re-
mains in a state of equilibrio.

2. The portion which every body is supposed
to contain is called its natural share.

3. When a body is by any means possessed of
more or less than its natural share, it is said to be
e!ectnﬁfd or charged.

. If it possesses more than its natural (quantity,
it 1s said to be positively electrified ; 1f it contain
less than its natural share, it is said to be negatively
electrified.

5. Bodies through which the electric fluid passes
freely are called conductors, or non-electrics. Those
bodies which oppose the passage of electricity, are
called non-conductors, or electrics.

6. The equilibrium of' the electric fluid is dis-
turbed by the friction of bodies against each other,
and electricity is then said to be produced, or ca-
ciled.

7. Electricity is excited in the greatest quantity,
by the friction of conductors and non-conductors
against each other.

8. Two bodies, both positively, or both negatively
clectrified, repel each other; whereas, if one body
be positive, and the other negative, they will attract
each other. '

9. Upon this principle electrometers, or instru-
ments for ascertaining the degree in which a body
is eleetrified, are constructed.

10. If a body, containing only its natural share
of electricity, be presented sufficiently near to a
body electrified, positively or negatively, a quantity
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of electricity will forceits way through the air, from
the latter to the former, appearing in the form of a
spark.

11. When two bodies approach each other suffi-
ciently near, one of which is electrified positively,
and the other negatively, the superabundant elec-
tricity rushes violently from one to the other, to
restore the equilibrium between them. This effect
takes place, if the two bodies be connected by a
condueting substance,

12. If an animal be placed so as to form part of
this circuit, the electricity, in passing thrnugh it,
produces a sudden effect upon it, which is ealled
the electric shock.

18. The motion of ElECtI‘lClt}", in passing from
a positive to a negative body, is so rapid, that it
appears to be instantaneous.

14, When any part of one side of a piece of
glass is presented to a body electrified positively or
negatively, that side becomes possessed of the
contrary electricity to the side of the body it is
presented to; and the other side of the glass is
possessed of the same kind of electricity as the
other body.

15. This electricity communicated to the glass
does not spread, but is confined to the part where
it is communicated, on account of the non-con-
ducting quality of the glass.

16. To accelerate the communication, and to
enable it to be applied to the whole surface,
the glass i1s covered with tin-foil, which is called
coating the glass.

17. If a conducting communication be made
between both of the sides of a glass so coaled
and charged with electricity, a discharge takes

place.
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18. It is immaterial whether the glass be flat, or
in any other formj; on account of convenience,
cylindrical jars are used for this purpose.

19. A vessel of this kind is called a Leyden
phial, from the place where this property was first
discovered.

20. When many of these phials, or jars, are
connected together, it is called an electrical battery.

21. Electricity is capable of producing the most
powerful effects, oxidating gold and silver, and
firing inflammable substances.

Q2. Melallic points attract the electricity from
bodies, and discharge them silently. 'This property
has rendered them useful in defending buildings
from lightning.

28. When electricity enfers a point, it appears
in the form of a star ; when it issues from a point,
it puts on the appearance of a brush, or pencil.

24, Models may be put in motion by the electric
fluid which issues from a point.

25, Lighining appears to be the rapid motion of
vast masses of electric matter.

26. Thunder is the noise produced by the mo-
tion of lightning. When electricity passes through
highly rarefied air, it constitutes the awrora bo-
realis.

27. Many of the great convulsions of Nature,
such as earthquakes, hurricanes, whirlwinds, are
generally accompanied by electrical phenomena.

ABSTRACT OF GALVANISM.

1. Galvanism is so called from Galvani, an Ita.
lian, who first discovered it.

2. It appears to be only another mode of excit-
ing electricity,
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5. When two magnets approach each other,
their poles of the same names, that is, both their
north poles, or both their south poles, repel each
other

6. But poles of different names attract each
other.

7. The earth itself appears to be a great
magnet, having its poles near to, but not coincid-
ing with the ends of the imaginary axis, on which
it turns, -

8. Its poles act upon every small magnet at.
tracting its contrary pole.

0. From this theory the dip, or inclination of a
magnet to the plane of the horizon is easily ex-
plained.

10. The deviation of the direction of a magnet
from due north and south, is owing to the situation
of the magnetic poles of the earth, and is called
the declination of the magnet.

11. The magnetic poles of the earth are not
stationary, but are continually changing their
places.

12. This occasions a constant change of the
declination, and this is called the wvariation of the
Compass.

13.. The loadstone is an iron ore naturally pos-
sessing magnetism.

14, Magnetism may be communicated to iron
and steel.

15. Pure iron most easily receives magnetisi,
but loses it immediately.

16. Iron combined with carbon, as hard iron or
steel, retains the magnetic properties when com-
municated to it.

17. A steel bar rendered magnetic, and fitted

VOL. L. H I
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up in a box, so as to move freely in every direction,
constitutes the mariner’s compass. -

ABSTRACT OF ASTRONOMY.

1. The fixed stars are probably suns at immense
distances : and our sun is only a fixed star much-
nearer to us, forming the centre of our system.

. There are nine primary, and eighteen secon-.
dar 2y planets moving round the sun.

3. The moon is a secondary planet moving ruund
the earth.

t. All these planets move in orbits which are
nearl_', circular, but in reality are eliptical, having
the sun in one focus.

5. They are preserved in their orbits by the
power of attraction and the centrifugal force, which
exactly balance each other.

0. The comets are probably a species of planets,
moving in very eccentric orbits. Some of them
come very near the sun; and they must go to im-
mense distances from him, as some of their periods
are very long, and but few are known to return.
With their nature we are not acquainted.

7. The planets revolve round an imaginary axis,
i various periods of time, which constitute the
day and night of each planet. :

8. The time of the revolution of each planet
round the sun forms its year.

9. Their axes are inclined to the planes of their
orbits, which occasions the diversily of seasons.

10. Eclipses of the sun are occasioned by the
moon coming between the earth and the sun, and
thus covering his disc.
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