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TO THE
Rev. A. REES, D. D. F.R.S.

EDITOR OF TIHE NEW CYCLOPEDIA.

DEAR SIR,

AS a public testimony of the esteem and
respect which 1 feel for your character and
talents ; and of gratitude for the many friendly
offices which 1 have experienced at your
hands, I take the hberty of inscribing this
Volume to you. With the various subjects
discussed init, in their mutual comizeetion and
dependence, you have been long intimately
acquainted : of most of them you were many
ycars a public instructor, and no small*num-
ber of persons of the present age, who are
occupymg useful and highly lmportant sta-
tions in society, as well as myself, are much
indebted to your assiduous attentions for the
knowledge which they possess in Mathema-
tics, Natural Philosophy, and other branches

of Science.
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If the execution of this Work should merit
vour approQation, and be regarded by you, as
tolerably well adapted to instruct young per-
sons in-the elements of knowledge, and calcu-
lated to excite in them an ardour for extend-
ing their enquiries into the laws and economy
of nature, I shall feel happy in the conviction
that I have not laboured in vain,

Hoping, Sir, that your life, devoted to the
diffusion and extension of general Science, in
all its branches, and in its highcr departments,
may be long spared, for the benefit of your
country, and of mankind in general, and that
for its latter years there may yet be stores ol
much happiness in reserve,

I am, "Dear Sir,
: . . .
Your sincere and obliged friend and servant,

JEREMIAH JOYCL.,

Highgate, Muy 14, 1810.



ADVERTISEMENT

TO THE FIRST EDITION.
L]

THE object of this volume of letters is distinctly set
forth in the introduction, which, with theeannexed table
of contents, will afford the reader an idea of the nature
of the instruction which he may expect to derive from
it. )

When the subject was proposed to the author, he he-
sitated on the propriety of the undertaking, because he
had already gone over much of the ground m the  Sci-
entific Dialogues :” and in the ¢ Dialogues on Chemis-
try;” and because he was aware that to bring into the
plau all that was asked, would scquire more space than
it was intended that the several parts should occupy.
When, however, to the request of his friend; was added
the desire of the late exccllent Mr. Jolinson, the pub-
lisher of his former volumes, his own difficulties, in a
good mcasure, vanished, and he immediately set about
preparing the letters for the press. They now solicit, as
they will need, the candour of the publi. The author
would indeed feel a high degree of watisfaction if he
could anticipate for this volume a “reception, similar to
that which the works already referred to, have expe-
rienced, and for which he can never reflect but with sen-
timents of gratitude. .

It must not be forgotten, by those who read these
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letters, o1 who recommepd them to the perusal of
others, that they are ntend'd as an mmtroduction for
young people vtho have had no opportunity of studying
the subjects before  Thev contan the elements of Ex-
penmental and Natwal Philosophy, illustrited by a
very considerable number of well engraved plites, and
by expennments, sclected from all sources of authonty

They may be read m connection with any other works
on the same subjects, and will, the awthor trusts, be
particularly uscful to those who attend the lecturey of
any of our public mstitutions.,

The questions upon each letter at the end of the
volume will afford ample matter for the examation ot
pupils 1 classes at school, and they are so drawn up as
to be of essential «ervice to others who have the advan-
tage of no lining wstructor.—Let a person first read a
letter, and then, refernng back to the contents prefized
to 1t, asceitamn whether he recollects the subjects discus-
sed in then order and atrangement. Let lum then exa-
mine his progress by means of the questions, and i,
from these, without auy other aid, he were to draw up a
Letter or Essay on the same topics, he would infallibly
derive from the exercise accurate ideas on the several
scienced treated of, and a facility at composition that
would be extremely usefu! to hun on other occasions.
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ADVERTISEMENT

TO THE PRESENT EDITION.

.
<A rance Edition of the following treatise having
been disposed of, and the work still much sought after,
the Proprietors are induced to offer a Segond Edition,
with corrections and consideiable improvements.

The original Plan has been strictly adhered to, as not
susceptible of any material Improvement.

The mechaniom of clocks aud watches, and the de-
scription of the steam-engine, has been rendered more
complete in thns than in the former Edition: The*me-
thod of calculating the power of the latter machine is
fully explmned, and the theory of the tides is given in a
way more satisfactory, and moge conformable to the
method adopted by its great discoverer. -

Amongst other importaut new matter sy flbbe found
an Explanation of the principles of the Achromatic tele-
scope ; of what is meaut by double refraction and the
polarisation of light, and an account of the curious mag-
nctical eaperiinents of Professor Oersted.

The Letters on chemistry, anatomy, physiology, and
botauny, bave been purposc]y omitted’ as not properly be-
longing to a treatise of this kind ; amd "because it would
have been impossible to have done justice to these sub~
Jjeets without swelling the book to an incouvenient size.

L J

° S, L.

-

Loirdon, 1s¢ August, 1821, ’
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LETTERS
ON

NATURAL PHILOSOP

LETTER L

Introduction, canse and object of the work explained, and tie
plan laid down.

My vouxc Frie~o,

IN conformity with the request of your excelent
sather, made, | believe, with your consent and appro-
nation, [ nsw undertake to lay before you, in a series
of letters, such a familiar account of the principles of
natural philosophy, as shall enable you to pugsue the
subject yourself at your leisure, aud, at e®syme time,
prepare you for an attendance upon the lectures deli-
vercd at the Royal, or any other of our scientific insti-
tutions, to which your situation may give you a réady
access. :

The attention and kindness mhich you have ever ex-
perienced from him who sustains, with regard to you,
the interesting character of a tender pafent and affec-
tionate friend, will, I am sure, induce you to pay a
maiked regard to whatever he recommends as likely to
be usefel in your future pursuits in life.  With this
persuasion 1 will, without hesitatiqn, transcribe a part

B



2 INTRODUCTORY LETTER.

of his letter, written on the subject, though not iu-
tended for your eye. 'The following is an extrac. :—

“ Since my son left school I put into his hand the
¢ Scientific Dialogues,” with which he appears to be
much interested, and by means of the questions con-
tained in the supplementary volume, 1 have examined,
as far as my leisure from business has allowed mg,
the progress that he has made in scientific knowledge ;
the result has been satisfactory to my mind, He is
now leaving home for the metropolis, the thought of
which creates in my heart a degree of anxiety that 1
never before experienced, and which, probably, none
but a father, acquainted with the seductions of the
world, can feel. Nothiug, 1 apprehend, is so likely
to securg the integrity and virtue of a youth cntering
the world, as to afford him full employment for his
mind, and, if possible, to interest him in philosophi-
cal pursuits and scientific research. 1 know you will
enter.into my feelidgs, and I depend on you for se-
condipg_ yny views,

« What I particularly wish, is that you would, by
a series of letters to my much loved son, become his
instructor in important knowledge. Let him have
from your pen disnussions on the same aubjects treated
of in the volumes to which I have already referred.
Divested of the form of dialogues, they will have
the advantage of a certain degree of novelty, while,
at the same time, they will necessarily bring to his
recollection all the leading facts contained in the
¢ Scientific Dialogues.’ .

“ He has, ag you know, lately emerged from a



INTRODUCTORY LETTER.

schopl, in which scarcely any thing was regarded as
lmporhnt but classical learning : he will now, pro-
bably, feel himself surrounded with objects that at-
tract his attention and excite his curiosity : I gm anx-
ious that he should have that curiosity gratified by an
explanation of the principles on which they act. |
am desirous that he should comprehend the mecha-
nism of clocks and watches, and of other things in
familiar use, as well as of instruments more strictly
dcnominated philosophical.”

Such, my dear sir, are the anxious views of him, who
is, and who justly claims to be, an object dearer 1o you
than any other object in the world; and in compliance
with the wish of my friend, and your father, I shall pro-
ceed to the task imposed on me. How far I shall be
able to answer his expectations, or yours, I cannot pre-
tend to judge. One thing, I hope, T may promise ;
my letters shall not indulge in any visionary theories, 1
will, in general, confine myself to principles ghat are
either demonstrable in themselves, or yifich, having
stood the test of examination, are admitted as true.
You shall not, in your subsequent enquiries, have to un-
learn, as erroneous, what my letters have representéd as
matters of fa®t. You may, and I trust you wxll carry
your researches much farther. than I sha]l pretend to
conduct you in the Joumey of science, and I shall be
quite satisfied if my letters have the effect of exciting
in you a thirst for philosophical knowledge

I am fully aware of the difficulties and disadvantages
under which a person must labour who attends - public
lectures on any science, without haying first studied the

B 2



a4 INTRODUCTORY LETTEI.

principles, in some work professedly introductory to the
subjects discussed in the lecture room. These asfficul-
ties I shall, 1 trust, be able, in a great measure, to
obviate with respect to yourself, if you consent to at-
tend with some assiduity to each of my letters, which I
will confine within as narrow limit®as is consistent with
perspicuity, and which you should not only read, but
1ender familiar to your mind.

Conversation on these topics you would undoubtedly
find of great udvantage, but as our situations do not ad-
mit of this, [ will at the end of each letter* give you a
tew leading questions, by means of which you may ex-
amine yourself as to what you have really learned from
the perusal. If, upon such self-scrutiny, you find your-
self incompetent to the task of answering every question
proposed, you may be sure either that you have not read
with sufficient attention, or that I have not illustrated
the subject so well as I ought. In such circumstances
let me recommend you to give the letter another peru-
sal, whlch,gl fear not, will, in almost all cases, solve
your doubts, but if not, you must allow me the oppor-
tunity of a further explanation.

* These questions are thrown to the end of the volume, aud they
are so formed as to enable"the student, not only to examine bimself

on the facts contained in each-letter, but to furnish him with a sufi
cient clue to write, in lés own words, on the same anhject.



MECHANICS

LETTER IL

Intioduction to Mechanics—Matter defined, and its Properties

myvestigated—Curions instances of the Divishility of Matter

Motion explained by famuliar Examples — Composition of
Forces.

Having explained to you my plan, and laid before
vou the topics which I mean particularly to engage your
attention, 1 shall, my friend, without farther preface,
begin with the subject of mechanics. |, This science,
which is intimately counected with the arts of life, leads
us to enquire iuto the forces by which bodies, whether
animate or inanimate, may be ‘made to act upon one
aunother, and likewise into the means b u'h.ich these
may be increased, so as to overcome such as are more
poweiful.  As introductory to ¢ mechanics,” you must
be informed of the nature and properties of mattem

Every thing we see and feel pay be called hatter,
which, in a philosophical sense, is defined a solid, ex-
tended, nactive, and moveable supstance. This defi-
nition you will easily understand as applicable to any
thing that you select as an example.” The letter which
you read, a book, the table, &c. are all composed of
matter, Jor all are solid, have extension, are iu\ them-
sclves inactive, but may be moved. Cast your eyes



MECIJANICS.

atound you, and you will perceive nothing, however
small, or however laige, tc which these properties do
not apply.  "he carth on which you tread, and the air
which you breathe, possess all these properties: the
formeramay be too large for luman force to move ; but
I shall prove to you that it has two motiony, the one by
which it is perpetually turising on its axis, and the other
by which it travels 66,000 miles au hour in its journey
round the sun: the latter, that is the air, you will toon
perceive is p§ much a solid substance ay the table at
which you sit.

ExverimMenT 1. Take a glass tumbler, and mvert

perfectly upright in a vessel of water; the water will
nse only to a small height in the glass, because, though
th¢ wir contained in it may be compressed, that s, may
be made to occupy a smaller space than it naturally oc-
cupies, it is a solid substance, and will not admit another
body in the part of space which it fills.

Ex.11. Tie up a mall quantity of air in a bladder,
and you wijl have as much resistance from that as you
would from a brick or a block of stone; and while the
air remains in the bladder, it is as impossible to bring
the sides together as it would the opposite sides of a
brick.-

What I have said of air you will recadily believe is
applicable t water, or “to wine, or quuksll\’er, which
are Auids us we'l as the air; the latter, mdeed, is nvi-
sible, but our feelings assuie us of its existence, as much
as our sight does of that of other fluids, Therefore,
by matter, | mean every thing in nature, whether sohd
or Hmdl.



DIVISION OF MATTER.

It is difficult to say of what matter is composed ; be-
causes though it may be d2monstrated to be capable of
division without end, yet the smallest porton, after such
division, is precisely of the same nature as the largest.
Here, as far as mechanical instruments are concerned,
we are stopped in our inquiries; by chemical analysis we
¢an go farther, but still we are, probably, very far from
finding out the nature of the first particles of matter
from whence bodies originate.

You may, perbaps, be curious to kwow how it is
proved that matter may be iofinitely divided. That the
thing is capable of demonstration you will easily com-
prehend: Suppose Plate 1. fig. 1, ad to be a small
particle of matter, and a to be the upper and b the un-
der surface. [ draw two parallel lines A 8 and ¢ b,
that is, lines which will never meet or come nearer to-
gether, though extended for ever; in the line A B I
take any point, as x, and from that point I draw the
lines rv; ry; rz; vd,&c. ¥ou perceive xv takes
off a certain portion of the particle ab; ry takes off a
larger part; and the other lines x z, 1 d,*&c.’ other and
larger portions ; but if the two lines A B and ¢ p were
extended for ever, and lines drawn from x to the.most
remote part of c b, still the last line, if there could be
a last line, would leave a portion of a b untouched, be-
cause the line 2 d could not comcld; with®A B,

It is true we have no istruments fine enough to carry
on this sort of division to any very great length, but the
thing is not less true because we are incapable of per-
forming it, and I can repeat to you some very striking
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mstances 1n which the actual division of matter s car-
ried to great lengths. .

1. Silver ard gold, melted together, easily incorpo-
rate, so that if a single grain of gold be melted with an
ounce, or 5700 grains of silver, the gold will be equally
diffused over the whole mass : if one grain of this mass
be dissolved in nitric acid, the silver will unite with the
acid, and the gold, which can be only the ,-1- part of
a grain, will be found at the bottom of the vessel.

1. A single pound of wool has been spun into a
thread of 168,000 yards long; a pound, avoirdupois,
consists of 7,000 grains, therefore a yard of this thread
will weigh only -4 th part of a grain, what then will an
inch weigh ! not the eight hundred and sixtieth part of a
grain.®* But the tenth, or perhaps the hundredth, part
of at inch of this thread is visible to the naked eye, and
then the weight of this portion of it will, in one case, be
less than the eight-thousandth, and in the other less than
the eighty-thousandth part of a graiu.

HIL Cold beaters are able to spread a grain of gold
over so la)ge assurface, that, by the assistance of a com-

¥ The pound avoirdupois is usually divisible into drams as the
lowest denomination ; but is found that 175 ponnds troy are equal
1o 144 pounds avoirdupois : a pound troy is equaPto 5760 grains,
therefore 175 pound = 1,008,000 graius : of course 1,008,000, di-
vided by 144 gives 7000 for the number of grains in a pound avoir-
dupois; hence ,,g%_ ,gth part of g grain: and the S56th part of

this is equal = 861 part of a grain: and the hundredih

24)(36

—th part of a gram

1
pait of this is equal to — 361 x X0 = 86400
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mon .microscope, the fifty-millionth part of a gramn be-
comes visible.

1v. The natural divisions of matter ‘are carried to
sull greater and more surprising lengths. Take a siugle
gran of musk for an example. It will fill every part of
the room with a very high scent, without losing, per-
haps, a millionth part of its ‘weight; of course the grain
1s divisible into 6,912,000,000,000,000,000 parts.*

v. I will mention another instance : there are said to
be more living ammalcule in the milt ofe a single cod-
fish than human beings in the world, and that they are
<o minute, that several millions are scarcely bigger than
the smallest grain of sand:

So wondrous small,

Were millions join'd, one grain of sand wonld cover all;
Yet cach, within 1ts little bulk, contans '
An heart which diives the torrent through the veins.

How small must that heart be, yet it is composed of
mauy still smaller parts; aud the globules of fluid, cir-
culating to and from this heart, must be iufdefinitely
smaller than the minute veins and arterie® lhreugh which
they pass.

Suppose the room to be 20 feet sgnare and 10 feet High, then
it will contain 20X 20X 10 = 4000 cubic feet ; in each cubic foot
there are 1728 cubic inches; it ‘contains thene 6,912,000 cubic
inches ; if each cubic inch bt‘ divided Pato one million of parts,
which wil' be the case if e inch in lena‘ﬂ'be divided into 100
parts, then the millionth part of a grain of ‘musk will fill 6.912,000%
1,000,010, or 6,912,000,000,000, so many small parts of space ; or the
£rain may be supposed to be divided into 6,912,000,000,000,000,00¢.
parts, a$ above,

B3
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These facts cannot fail to prove to you, that matter s
duwvisible far beyond the limits of our conception. -

I need not'stop to demonstrate the properties of ex-
tension and” mobility as belonging to matter : you kuow
that mafter, however small, must occupy a certain space,
which it does by extension ; and, however large, it 1s
capable of being moved, if’ we possess powers adequate
to the task.

We must consider the subject of motion more at
large, because upon it much of mechanical philosophy
depends. Motion may be defined ** A change of place ;”
and no changes in the universe can take place without
motion: of this there are two principal kinds or spe-
cies: one is the sort of motion by means of which a
body is tranferred from one place to another, as the mo-
tion‘of a ball shot from a cannon, or of a vessel moving
on the water, or of a carriage ou the land. ‘The other
kind of motion is of the parts of bodies among them-
selves: hence plants »nd animals increase in bulk :
hence, also, we accoynt for the composition and de-
compositién of* bodies. A compound metal, as brass,
could not exist, if its component parts, copper and zinc,
were not put in motion by means of heat, and by being
fused they are enabled to unite in one masy, So, like-
wise, every decomposition is effected: thus, in the dis-
tillation of whae, the spirit and the water are separated
by means of the motion occasioned by heat. In every
process of fermentxion and putrefaction, whether by
artificial or natural means, there must be motion : some-
times it i3 the cause, and sometimes the effect of the
process.
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All matter, by a principle called inertia, is said to
resist'a change of state: that is, a bod) at rest would
remain so for ever; and a body once put in motion must
continue so. The first case is obvious, the book on the
table would, of itself, never change its place ; and a ball
put in motion, either by the Jorce of powder, or by being
struck with a bat, &e., would continue to move throngh
the air, or toroll on the earth for ever, if 1t did not meet
with resistance from the atmosphere, or from friction,
or from gravitation, of which we shall sgfeak hereafter.

Examrere. If ] roll a ball along the grass, it will,
with a certain force, go a certain distance ; but if I roll
it on a smooth pavement, with the same force, it will
procced much further, because the friction is less on
stone than on grass, and less on ice than on stone ; the
resistance of the air, and the action of gravity may be
considered the same in all the cases.

Hence you willinfer, that, to put a body in motion, or
to stop one already in motion,“there must be sufficient
causes: thus, if to give a ball of one ound weight a
certain degree of motion, a given force is required ;
double that force will be required for another ball of
two pounds weight. Here we suppose the velocities are
equal. .

The velocity of motion is measured by the time em-
ployed in moving over a certain space, or by the space
passed over in a certain ltime. .

Exampre. The velocity of a chaise, travelling ten
miles in an hour, is double that of a cart that goes the
ten mdles in two hours. Or the velocity of a hunter, that
runs ten miles in half an hour, is double that of another
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horse that would require an hour to pass ovear the same
space. '

"To ascertain the velocity of any body, we divide the
space run over by the time : thus, in the instance just
mentioned, the velocity of the hunter is 10 divided by
30, that is at the rate of one nule in three minutes ; but
the velocity of the other horse will be 10 dwided by 60,
or one mile in six minutes; and m comparing the velo-
cities of the two horses, we say the veloaty of one is
double that of he other.

To ascertain the space run over, when the velocity
and times are given, we multiply the velocity into the
time which will give the space.

ExampLE.—What space will be passed over by a
ship in 5 hours, that sails at the 1ate of 9 miles an hour !
Ans\ker, 5 x 9= 45 miles.*

A body in motion must, at every stant, tend to some
particular point. If it tend always to the same point,

If the spaces, times, and velacities of a body he denoted by the
letters S, T V, we'get, as above, S=Tx V, and hence we deduce

the valnes of T and V; for T=$ and V:,;. If there be two

bodies  moving over unequal spaces in unequal times ; the circum-
stances ofthe one being denoted by S, T, and V, and those of the

[ [
other by s, t, v, then we get s==t X v: = and v=== and the ve-

t
lecity of one bod} will be to that of the other, as the quotients
S s
arising from dividing' the spaces by the times or V:v::5: 70 if

wn one case the space be {000 yards run over in 5 minutes, and in

the other the space be 800 yards passed in 8 minutes, then V : v ::

180 L% ; 1 200 : 100, that is, the velocity of the one is double that

of the other.  The other theorems may be deduced from this,
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the motion will be in a straight line: thus if the ball a,
fig. 2, ‘i moving to B, always tends to the same point,
its motion will be along the straight line A b But, if
a ball be projected from a cannon, A ¢, fig. 3, in the
direction of A z, the motion will, at first tend towards
x, afterwards, by the action of gravity, 1t will tend to-
wards y, w, v, &e.; so that, in moving fiom A to B,
where 1t 1s stopped by the ground, it passes through the
curve A @ B.

It « body is acted upon by one force omly, or by se-
veral in the same direction, its motion will be in the
same direction in which the moving force acts; the mo-
tion of a barge, which a man, stunding sull, draws to
himself, is an wstance. f two or more powers, diffe-
rently directed, act upon it at the same time, it will move
in a direction somewhere between them,

This is called the compusition of motion, because the
two forces are compounded and act in ove direction, of
which the following 15 the most Simple case:

If a body, A, fig. 4, be acted upon by g force equal
to z, in the direction A B, and at the sathe time, it be
acted upon by another force, z, in the direction a c, it
will not move in the direction either of A B or A ¢, but
in the diagoval A p; and if the lines A B and A ¢ be
made in lengths proportional to the acting forces 2 and
z, and the lines ¢ p and p B be drawn pafallel to them,
so as to complete the patallelogram aen c n, then the
line which the body a will describe*will be the diagonal
A D. and the length of this linc will represent the force
with wkich the body will move.

Instances in nature, in which two forces act in this
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way upon bodies, are the planetary bodies; these, by
gravitation, tend towards the sun, and, by the projectile
force, they have a perpetual tendency to move forward
in a straight line ; and hence these move in a curve be-
tween the two forces. A ship may be acted on in the
same way by the wind and tide, and will neither follow
the direction of one or the other, but take a line betwesn
them both. A kite flying in the air is acted upon by the
wind, which would cairy it one way, and by the string
pulling it anather, and it takes a course different from
both.

A stone thrown upwards from a ship under sail or
from the window of a carriage in motion is impelled
forward with the velocity of the vessel or the carriage,
as well as upwards in the first case, or sideways in the
second by the hand that throws it.

Hence we may understand how it is that our eques-
trian performers are able to execute such surprising
leaps over a garter; aii they have to do being to spring
to a sufliciept height upwards, in which they are assisted
by the action ‘of the horse ; the motion forwards is given
by the horse alone.

In the same way may be explained the many fatal
accidests which happen to persons in leaping from a
carriage, on the horses taking fright, the velocity with
which they reach the ground in such case being com-
pounded of the velocity derived from their own exer-
tions,kfthe effect of gravity, and the velocity of the car-

riage.



LETTER HI

Why the Plinets move in cuive lihes—Accelerating Motions ex-
“plained and illustrated— Attraction defined and Dlustrated —Iu-
stances of the Attiaction of Colesion—Repulsion defined, and
familiar Examples of 1t given.

You ask why the plauets and a cannon-ball move in
curve hoes, and uot in a diagonal between the directions
of the two forces. The reason is, that the action of
gravity in one case, and that of the hand in the other,
are not single forces by which a straight line would be
formed, but they are constantly acting upon the boé&ies,
and drawing them out of the straight line ; whereas by
the illustration of figure 4, there were supposed only
two distinct impulses, viz: that ef x driving it one way,
and z impelling it the other. Look to fig. 5;*if A be
supposed the moon, which by its gravity would fall in
one wminute along the line A B to 1, and by means of
the projectile force, it would, in the same time pass from
A to 1, it will not at the end of the minute be found at
1, or at z, but at ¢ ; and as gravify in the direction A B,
is constantly acting upon A, with an acceberating force,
and not by a single and uniform impulsg, it will describe
the curve line Aa, and not a diagosal°*right line; so at
the end of the second minute it will not be found at z,
or at ¢, but at 6. Having described the curve line
Auab, and so of the rest. '

Uttarpera hﬂ-ﬂs\.%} 1S ﬂ:u?qx
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I will now illustrate what is meant by an accelerating
motion, which is one whose velocity is continually in-
creasing.

ExaypLeE. A marble or bullet let drop from the
hand ffom any height, (as the top of St. Paul’s church)
Is an instance of accelerated motion; for it is found by
experiments accurately made, that such a body will in the
first sccond of tme fall through a space equal to 106
feet; in the next second, it would fall through 48 feet ;
and in the thied, through 80 feet, and so ou.  Thus, in
three seconds, the body will, by this accelerating motion,
pass over 144 feet, whereas if the motion had been uni-
form it would have gone over only three times 16, or
48 feet.

Accelerated motion has been iflustrated by means of
the figure of a triangle. Suppose a, fig. 6, to be a
falling body, and that it descends to B in the first second
of time; the acceleraled motions or velocities are ex-
pressed by the small h..es p E, D E, &c. which are con-
tinually increasing in length; and the last or greater
velocity, ‘at the end of the second, will be expressed by
B C, which is the longest of them all. Now the spaces
described in the same time are proportional to the velo-
cities ;' and the sum of all the spaces degeribed in the
small portions of time, is equal to the space deseribed
from the beginning of the fall. The whole tiiangle
may be suppoeed to be formed of these small lines,
therefore the space described by a falling body, in the
time represented by A B, whether that time be a second
or a minute, or any other portion of time, with an uni-
formly accelerated velocity, of which the greatest is re-
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presented by ® ¢, may be fairly represcnted by the area
of the {riangle A B c. .

Suppose gravity ceased to act, then thevspace passed
over in the next similar portion of time, would be equal
to the velocity B ¢, multiplied by the time A B,*.that 1s,
to double the triangle a B c; or (if B F be taken equal,
to A B) to the figure B ¢ F ¢,*which is proved by geo-
wetry to be equal to twice the triangle A & ¢ ; but gra-
vity does not cease to act, therefore the triangle A B ¢,
or its equal ¢ 6 H must be added to it, gf course the
space passed over in the second portion of time will be
represented by B ¢ 11 ¢ F, which is equal to three times
A pc. By the rame mode of reasoning, the space fallen
through i the third second of time, will be accurately
represented by the space ¥ 11 a1, which is equal to five
times A B C; if then A B ¢ be reckoned 16 feet, ag 3t is
fuund to be by experiments, then the space fallen through
m the second portion of time will be equal to 16 ¥ 8=
48, and that m the third portion pf time will be 16x 5
=80), as above.

You will now easily comprehend the daw by which
unifurmly accelerated motions are governed, viz: “The
velocities, 1n each instant, increase, as the odd numbers,
1,857,011, &."

“ But the whole spaces descriBed are in proportion
to the squares of the times employed :” thet is, in twice
the time a body will fall thyough folr times the space;
n thrice the time, through nine times the space ; for by
referring to the figure, it will be seen that at the end of
the first portion of time there was but one space passed

See Letter I1,



18 MECHANICS.

over ; at the end of the second, there were four spaces;
and at the end of the third, nine ; at the end,of the
fourth there *:ill be sixteen; but 1, 4, 9, 16, are the
squares of 1, 2, 3, 4, which represent the times, and it
will be found that by adding the odd spaces together,
we get others equal to the squares of the numbers re-
presenting the times : thus the first space is 1, equal to
the square of 1; the first and second together, are 143
=4 equal the square of 2, which 1cpresents the time
employed; and 1+ 3+ 5=9 equal the square of 3, and
s0 on.

Hence we find, the heights from which a body will
fall in any given time : thus the height which a body
will fall through in six seconds, is the square of G multi-
plied by 1§ feet, or $6 X 16 =576 feet.

Hence also, we can find the depth of a well, by as-
certaining the time which a heavy body takes in falling
to the bottom. Suppose I drop a bullet into a deep
well, and 1 find by a.stop-watch, that it is 5 seconds
before it reaches the bottom, the depth is 25 x 16=400
feet. This mule, however, is accurate only upon the
supposition that there was no resistance from the air,
which is not the case: the air, especially in all swift
motions, produces much resistance, whigh retards the
velocity of a falling body, and of course diminishes the
distances pased through ‘in a given time.

1 will now proceed to the consideration of the sub-
ject of ATTRACTION, by which I mean the tendency
that bodies, or the parts of bodies, have to approach
éach other.

Thete are several kinds of attraction, as the attraction:
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of colesion, the attraction of gravitation, of electricity,
of magnetism, and chemical attraction. It is, however,
only with the attraction of cohesion and gsavitation, that
we are at present concetned. I ought to tell you, that
by some late experiments of Sir Humphrey Dayy, Mr.
Ovcrsted, and others, it should seem that the attraction
of electricity, chemical attraction, and magnetism, all
dtpend on the same principle, and may probably be
traced as effects of the same cause.

We do not know the cause of attraction, but we are
all acquainted with its effects; we cannot help seeing
that all bodies whatever, have a tendency to the earth,
and would full to it if not supported : thus a stone
dropped from the haud, falls to the earth ; a bullet pro-
jected from a sling or a canmon, will, after the projectile
force 1 spent, fall to the earth; and this tendenzy is
called the attraction of gravitation.

By the attraction of cohesion, the paits of bodies arc
held together.  Every body muyt be made up of parts,
and the principle which keeps those parts together, is
called the attraction of cohesion.

T'he attraction of cohesion tukes place between bo-
dies, only when they are at very small distances from
each other. Thus place two globules of merqury, at
the eighth of an inch distance Srom each other, and
they will remain for ever at* the same Jistauce; but
bring them somewhat neager, and’they will unite, and
run into one large globule. Bring two leaden bullets
together, so as appurently to touch, yet there is no co-
hesion, but if they are scraped clean, and then squeezed
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together with a twist, pretty sharply, they will cohere
with much force ; and if two flat pieces of load are
pressed togetlier violently, it will be difficult to separate
them ; the same thing will take place with plates of
glass, marble, &c.

Hence it has been inferred, that bodies, in general,
which appear to touch each other, are not in actual
contact,

Two pieces of cork, placed on a bason of water,
may be put at such a distunce fiom cach other, and
from the sides of the vessel, as to remain where they
are placed, but if they are brought within a certain dis-
tance from one another, they will attract each other
and come together; if within a certain distance from
the sides of the vessel, they will be attracted to the
vesdel. These undoubtedly, are modifications of the
attraction of cohesion.  So also, 1s capillury altraction,
thus called fiom a Latin woird signifying a hair, be-
cause this kind of attraction was first observed in small
tubes, tue bores of which, were scarcely lurger than to
admit a hair,e

ExveriMenr 1. Here is a glass tube, the bore of
which is half an wch in diameter, and one also, perhaps,
not the fiftieth part so large. I place them both up-
right in a vessel of water coloured with Brasil wood, or
any other substance ; in"the large one the water rises
no higher than the level of she water in the vessel ; in
the other you will 'see it rises half an inch higher or
more. This effect is produced by what is denomi-
pated capillary attraction ; and the water will be seen
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to nisc much higher, as the bores of the tubes are
smaller’

Ex. 11. Here are two panes of glass joined toge-
ther at the sides B c, fig. 7, and kept open, by means
of a small piece of wax or other substance E, at the
opposite side o p. I will immerse them in a dish of
caloured water, and the attraction of the glass, atand
vear the side B ¢, will cause the fluid to ascend to s,
but about the parts p, where the glasses are farthest
from one another, it scarcely rises above”the level of
the water.

Ex. 111.  This thin smooth board, five or six inches
square, I will balance pretty accurately, by means of a
scale beam ; and then bring the surface of the board to
the surface of a pan of water, so as to touch, and it
will require a force much greater than its own weight
to separate it from the water.

It 15 by this species of attraction, that salt imbibes
water from the air: that a piece of sugar thrown into
a tea-cup, containing a small portion of ghe fluid, in-
stantly imbibes it ; that a heap of ashes, sponge, liven,
&ec. having only a part in water, will, in a short time,
become wet throughout. ‘

Some bodiés are solid, and some fluid ; some are soft,
and some hard ; some will easily bend, gud some are
said to be elastic: it is, probably, ewing to the differ-
ent degrees of attraction with w hich‘diﬁ"’crent substances
are affected, that they appear in these several states.
Some bodies will be found in almost all these states,
accordifg to the degree of temperature ; shus stick sul-
phur is solid and brittle, at the usua} temperature ; with
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more heat it inay be made soft, and with a still highe
temperature it may be melted into a fluid mass. Me-
tals may be either in a fluid or solid state, according to
the temperature ; some of them, (as the new metals dis-
covered within the last few years by Sir Humphrey
Davy and others,) are so' soft, that they may be spread
with a knife. Hence, heat has a considerable influ-
ence upon the cohesive powers of bodies, and if raised
to a certain point, it will throw the particles of bodies
out of the sphere of each other’s attractions. Thus the
particles of water cohere, but by raising the heat to the
boiling point, they go off in steam : the same is observ-
able in all other bodies.

Some bodies appear to possess a power, which is the
revérse of attraction of cohesion, and is denominated
repulsion. Water will unite with water, or with spirit,
by attraction, but it cannot be mixed with oil ; the par-
ticles of the two fluids seem to repel one another.

Exeerimext. If a ball of light wood be dipped
in oil, and th:n thrown in water, the water will recede,
so as to form a channel round the ball : this is owing to
the repelling force between the bodies.

Waer repels most bodies, till they have had time to
get wet. A small sewing needle, carefully placed on
water will swim. The drops of dew which appear in
a fine summer’s morning, op cabbage plants, assume a
globular form, from the attraction that there is between
the particles of water; and upon examination, it will
be evident, that the drops do not touch the leaves,
because they will roll off without leaving any ‘marks of
moisture behind them ; which could not happen if there
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subsisted any degree of attraction betweeu the water
and the leaf. R

The 1cpelling force of the particles of a fluid is but
small; therefore, if a fluid be divided, the parts easily
unite ; but if glass, or china, or wood, be broken, the
parts will not cohere without bging moistened with some
other substance ; as white lead, glue, &c., because the

repulsion is too great to admit of a re-union by them-
selves alone.
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Attiaction of Gravitation explained—How and by whom first as-
certained —inference drawn from it—Experiments—The Delug.
accounted for—Laws of Gravitation—Table of Weights according
to the Distances—Gravitation betwceen the Eath and other
Bodies, mutgal—Experiments - In what the Power of Gravity rc-
sides—It is an universal Principle.

I nave already noticed the motion of bodies, and
illustrated accelerated motion, without much reference
to the cause which produces it, viz. the attraction of
gravitation.

« Attraction of gravitation,” or, as it is called in short,
« gravity,” is the force with which bodics tend towards
the centre of the earth. Or, moic generally, “ It is
that power by which distant bodies tend towards cach
other:” by llus principle the planetary bodies tend to-
ward the sun as a centre: and by it all bodies, in the
vicinity of the carth, have a tendency to the carth, and
wili, unless supported, fall in lines nearly perpendicular
to its ‘surface.

The power of gravity, for we seem to know nothing
about the cause, is the same in all bodies, whether light
or heavy; a gumea and a wafer will fall from the same
height in the same time, provided it be in a vacuum,
that is, in a part of space from which the air is taken
away.. The mode of performing this I will explain to
you hereafter. The fact was ascertained more than a



ATTRACTION O F GRAVITATION. 20

century ago by the illustrigus Sir Isaac Newton. To
prove That gravitation is alwa)s in propprtion to the
quantity of matter attracted, he took two pendulums,
(the vibrations of which are caused by the attraction of
gravitation), of equal lengths, with hellow balls of equal
size, in order that the resistance of the air might be tie
same with respect to both. Within the balls he placed
substances very different in weight, but the times of vi-
bration were always the same, though the weights might
differ in the proportions of two, or three,®or ten to one :
hence he inferred that the attraction was proportional to
the quantitics of matter, because it must require ten
times the force to move in the sume time, and with
the same velocity, a body of ten pounds or ounces,
than could be required for a body of one pound, or
ounce only. From this fact it is inferred, that all bo-
dies, at equal distances from the earth, will fall with
equal velociues, .And we have seen in the last letter,
that falling bodies, as they approach the earth, do so
with increasing velocities. This accelergted motion is
produced by the constant power of gravity, which, by
adding a new impulse at every instant, gives an additional
velocity every moment of time.

You will, perhaps, suppose there may be some ex-
ceptions to this general ruleg you see, for instance,
smoke, steam, feathers, and other *light bodies.ascend
or float about in the air, ‘Whereas a,mar'ble or a penny-
piece would fall instautly to the earth. It way, indeed,
formerly thought that sinoke, steam, &c. possessed no
weight,*no gravitating powers; but later experiments
have shown that these are equally abedient to the gene-

c
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ral law, as bodies the most dense: and it is owing to
the density cf the surrounding air that they actually
ascend.

ExPERIMENT 1. Throw a piece of deal wood, and
a piece of copper, or stone, into a pail of water, the onc
will rise to the top, the ether will sink and remain at
the bottom : the copper descends because it is heaviér
than its bulk of water: the wood ascends, and floats on
the surface, because it is lighter than an equal bulk of
water.

It is the same with regard to smoke and steam; the
air is a fluid, and if the simoke or steam be lighter, bulk
for bulk, than the surrounding air, it will rise; but if
the air were lighter than the smoke it would fall down.

Cx.11. It is easy, as you will see hercafter, to put
out a candle in an exhausted receiver of an air-pump,
that is, in a receiver in which there is no air, or very
little, and, in that case, the smoke will fall to the bottom
in the same manner as a piece of metal. This proves
that smoke has weight as well as other cubstances.

You sometimes see smoke -ascend majestically in a
tall column ; sometimes it rises but a short distance, and
then gpreads abroad on all sides. In the first case, the
air is heavier than tlie smoke, as bigh as it agcends per-
‘pendicularly, and then 4t meets with air 3: a density
equal 4o itself, and‘can ascend no higher.

You will now readily admit that bodies of all kinds,
if not impeded by .other resisting powers, will fall to the
earth, by the attraction of gravitation. By the same
power; bodies on evéry part.of the surface of the earth,
which you know is.of a globular form, are kept steady
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on 1ts surface. Because, .wberever situated, they tend
to the centre of the carth, and, since all tend to the
centre, the inhabitants of every part of thfe globe stand
as firm as we do in these islands, though, in point of fact,
the feet of different people on the globe are nearly op-
posite to one another.

Philosophers have sometimes speculated upon the
consequences that would result if the point to which
bodies naturally tead, were suddenly removed from the
centre of the earth; and they imaginegthat if it was
shifted ever so hittle, it would cause an immediate over-
flowing of the low lands, ou that side of the globe to-
wards which it should approach. Hence the deluge,
mentioned in the bible, has been accounted for: it is
said that the alteration of this point, to only two or three
miles, would be sufficient to lay the tops of the highest
hills under water.

You will, however, remember that all places on the
earth’s surface, are mot at equal distances from the
centre. The motion of the earth on its axis in 24 hours,
which we shall hereafter prove to exist, ®ause#:the parts
about the equator to swell out, and the parts about the
poles to be flattened, more thau the other parts of  the
earth. In other words, it is found that'the diamster of
the earthiicross the equator is about 17 wiles greater
than the diameter from pole td pole.

Another principle relaling to the’ attraction of gravie
tation, is, that the power is greatest ut the surface of the
earth, from whence it decreases both upwards and
downwgrds ; butnotin the same proportion. The force
of gravity upwards dccreases as the squart of the dis-

c 2
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tance from the centre. That is, gravity at the surface
of the earth, which is about 4000 miles from the centre,
is four times thore powerful than it would be at double
the distace, or 8000 miles, from the ceutre. To make
the matter still plainer, gravity and weight may be taken,
in particular circumstances, as synonymous terms. Here
is a piece of lead, we say It weighs a pound or sixteen
ounces, but if by any means it could be carried 4000
miles above the surface of the earth, it would weigh
only 3 of a pound, or four ounces : and if it could be
transported to S000 miles above the earth, which is
three times the distance from the centre that the surface
is, it would weigh ounly 1-Oth of a pound, or something
less than two ounces.

It i1s demonstrated that the force of gravity down-
warfis decreases as the distance from the surface in-
creases, that is, at one balf the distance from the centre
to the surface, the same weight already described would
weigh only 4 a pound, and so on: the following table
will lmpress the facts stronger on your memory, which is
formed npon the supposition that the diameter of the
earth is BOOO * miles, and its radius 4000 miles :

A piece of metal, &c. weighiug, on the surface of the
earth, ene pound, will,

-

rThe cenlre,‘weigb «c - .. .0
15000 miles from the centre . 4 pound.
2000 *. . .. . . . .3

at{ 8000 . . . . . . . .4
4000 ., . . . . . .l

{s,ooo 1

12000 . . . . . . . .4

The diameterof the earth is 798) miles.
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.
And at the distance of !he moon from the earth, which
is 246,000 miles, it would weigh only 5;5th part of a
pound, because the distance being 60 times fasther from
the centre of the earth than the surface is, and the force
of gravity decreasing as the squares of the distance, it

will be as 1 to ;-———_ or b:

60 X 60 3 6 0y

Another fact, to which I would draw your attention,
it, that as all bodies gravitate lowards the earth, so the
earth itself gravitates equally towards all bodies. It is
true we see bodies fall to the earth, but we do not see
the canth move towards those falling bodies ; the reason
15 this: the earth is immeusely large, compared with
auy body which is on its surface, aud therefore its mo-
tion must be infinitely small, in comparison of the mo-
uon of falling bodies upon it. The same is applicable
to the gravitation of bodies among themselves; all bo-
dies have an attraction for one another, but the attrac-
tion of the earth preponderates’so much above all other
altractions near its surfacc, as to preventathe other at-
tractions from being noticed. I will Nustrate what I
mean by an experiment.

ExperiMENT 1. On this vessel of water, I place
two pieces of cork, one large ang anotber small, I bring
them within the distance of ope another’s Juraction, snd
you will see the small piece move as much faster than
the large one, as it is lest than that.

Had they contained equal quanuues of matter, they
would have met in the centre point between the two. In
this cume the attraction of the earth has nothing to do
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with their motions, because they are supported hy the
water from falling towards the centre of the earth”

Ex. 11, Ii £ were to let two balls fall from the top
of a high tower, or from the dome of St. Paul’s, at a
small distance apart, as a yard, though they have an at-
traction for one another, it will be as nothing, when com-
parcd with the attraction by which they are drawn to the
earth, and consequently, the tendency which they mutu-
ally have of approaching one another, will not be per-
ceived in the fiil.

Ex. 111 If, however, any two bodies were placed
in free space, and out of the earth’s attraction, they
would, in that case, assuredly approach each other, in
the same manner as the corks on the water did, and that
with_an increased vclocity as they approached each other.,
If the bodics contained equal quantities of matter, they
would meet in the middle point between the (wo; but
if they were uncqual, they would meet as much nearer
the larger one, as that contained a greater quantity of
matter thap the, other. Hence, though the earth ought
to move towards falling bodies, as well as they move tv
it, yet as the earth is so many million of times larger
than' any thing belonging to it, the poiat in which a fall-
ing body and the earth would mieet, is rerhoved only to
an indefinitely, small distarce from its surface, a distance
much too minute to be conceived by the human imagi-
nation.

[ ought to inform you, while on the subject of gravi-
tation, that it is not any thing at the centre of the earth
that causes the attraction of gravitation, but the whole



LAWS OF GRAVITATION. 31

hody of the carth itself ; and if the earth contained more
or lessematter than it does, the laws of gravitation would
he different from what they now are. Evéh high moun-
tains will attract bodies to themselves. The mountain
of Schehallien, in Scotland, was selected by Dr. Mas-
kelyne for the purpose of making the experiment. A
iclescope was brought to the south side of the moun-
tain, and pointed to a star in the zenith—to the object end
was hung a plumb-line, so as at the same time to pass
over afine dot near the eye end. The telescope was then
removed to the north side of the mountain, and pointed to
tie same star, when it was found that the plumb-line, in-
stead of passing over the dot, as in the former situation,
was deflected towards the mountain, This experiment
was several times repeated with the same result, plaml}
shewing, that the gass of matter contained in the moun-
tain attracted the weight of the plumb-line towards it,
causmg it to deviate in the first situation to the north-
ward and in the second to th& southward of the true
perpendicular. From this and other experiments of a
similar nature, it is iuferred that the whole body of earth
is the dttracting body, and the cause of weight. Gra-
vity is an universal principle ; it is that, which, i» the
hands of thesCreator, first formgd; and still miintaine
the earth in a globular shape : it is that wlnch preserves
every thing animate and mammate on ifs sifface ; by
this we stand fast on 21l sides of the globe, for the
thickest mass of earth is directly under our feet, what-
ever be our pesition, whether ju Great Britain, or on
the coitinents of Europe, Asia, Africa, or America,
and the thickest mass has the most powerful attraction.
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LETTER V.

Tirst Law of Motion exemplifed—Seccond Law of Motion -
plained—Third Law of Motion illustrated— Collision of elastic
and non-elastic Bodies—Facts and Experiments relating to the
collision of Bodies—Curions Circumstance conuected with the
inertia of Mattgr—l’rinciple of the Vibrations of Pendulums,

MY YOUNG FRIEND,

IN reasoning on natural philosophy, there are three
laws of motion, which I will state and illustrate, and
which you should not only compreheud, but commit to
memory. The first is, .

¢ That every body will continue in its state of rest,
or umform mollon, in a right line, until it is compelled
by some external force to chauge its state.”

A bullet, discharged from a gun, would countinue its
motion fdr evér, if there were no external obstacles
arising from the resistance of the air, and the action of
gravitation ; the former is every instaut dimioishing its
motion; and the latter is continually bringing it to the
earth, so that, from what we have seen, though it may be
propcﬂ borizontally, yet it does not continue in a state
of motion, in =right line, fora single instant, but de-
scribes a curve till it'reach the earth, and, by comparing
what we have discussed before, respecting the combina-
tion of forces (page 13 and 14) you will see that it will
Foack- the groand precisely at the same moment, as if it
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had fallen from the hand in . perpendicular direction. A
top, ofice put in motion, would revolve for ever, if it
were not impeded by the air and the friction produced
by the peg on the plane on which it moves. It is by
this law that the heavenly bodies preserve their progres-
sive motions undiminished, because they travel in re-
gions in which there is no resistance from a fluid at-
mosphere, and because their centrifugal and centripetal
motions, that is, their motions occasioned by a projec-
tile force, and by an attraction to a centre, are adjusted
and nicely balanced.

Secondly. ¢ The change of motion is always pro-
portional to the moving force by which it is produced,
and it is made in the line of direction in which that force
is impressed.”

A cannon ballwill be projected to a certain distance
with a certain charge of powder, but if more or less
powder is used, the ball will proceed farther in the for-
mer case, and not so far in the latter. If I sirike a
cricket-ball so as to make it go fifty yards, and then
strike it with double or triple that forc¥, it will, other
circumstances remaining the same, go nearly double or
triple the distance. 1 say nearly, because the resistance
of the air has a much greater eﬁect on swift than on
slow motions. Again, the motion is made in the line of
direction in which the force is impressed? a vessel at
sea, where there are nowides to prevent, will obey the
force of the wind, and will go direttly before it. But
if the vessel at A, fig. 8, be going down a current, A 8,
due sough, at the rate of six miles an hour,'. and the wind
in the direction A p, due East, drive it at the rate of

. c3
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eight miles an hour, it will proceed nesher north nor
east, but between them both, along the line A ¢ ; and
it will, at the ‘end of the hour, if the current and the
wind continue the same, be found at the point c, and as
the line A c i1s longer than the line A B or 4 b, it will
have sailed further, by the joint action of the two forces,
than it could by either of them separately, because the
line A ¢ is 10 miles,* whereas the line A pis only
eight miles.

Thirdly. “ Action and re-action are always equal
and contrary.” That is, the action of two bodies on
each other is always equal, but in contrary directions.
If I press with my band on one scale of a balance, to
keep it in equilibrio with a seven pound weight in the
opposite scale ; the hand is pressed by the scale up-
wards as much as the hand presses the scale downwards ;
that 1s, in both cases the pressure is equal to seven
pounds. If, standing in one boat, I draw, by meauns of
a cord, another of equal weight to me, they will both
move and meet in a point half way between the two.
Here action atd re-action are equal and in contrary di-
rections. If I strike the table with my hand, the action
of the table against the hand is as great as that of (he
band ugeinst the table. A borse, drawing a load, is as
much drawn back by the load, as he advances with it,
that is, his progress is so much impeded, for with the
same quantity ef exertion, he would be able t2 proceed

* The length A c, is found by squaring the lengths of A p and
A B, and taking the square root of the sum: thus—

/8 67=y/ 6} +36=,/100=10.
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much rarther, without the load than he can with it; and,
if the doad be increased tifi it is precisely equal to the
strength of the horse, it will remain at feft, though the
whole force of the animal be in action.

From this law of motion, we learn in what manner a
bird, by the stroke of its wings, is able to support the
weight of its body. If the force, with which it strikes
the air below, is equal to the weight of its body, then
the bird will, as it were, rest between the two forces.
If the force of the stroke is greater than its weight,
the bird will rise with the difference of these two for-
ces: and, if the stroke be less than its weight, then it
will sink with the difference.

Hence 1 may lead you to the consideration of the
collision of bodies elastic and non-elastic, which de-
pends chiefly on the third law of motion. An elditic
body is that which chauges its figure, and yields to any
impulse or pressure, but endeavours, by its own nature
and force, to return to the same again. 1f I bend a
piece of cane, by bringing the ends near together, it will,
the moment I let the ends go, endeaveur, Yy its own
force, to attain its original straightness : the same may
be said of a slip of steel, and of many kinds of wqod,
to a certain dggree. In all such cases, the body, bent
out of its nataral position, makes an effort to set itself
at liberty ; this is owing to the principle®of elasticity,
and the force of the effort is measured. by the power
necessary to keep it in its bended state.’ You have seen
a bladder blown up with air; by pressure, with the fin-
ger, yoy, will make a dent on it, but remove the fingers
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aud it instantly recovers its former state. Al bodies.
with which we are a(qummed partake of the pioperty
of elasticity, some in a greater and others in a less de-
gree; none, perhaps, are so perfectly elastic, as to re-
store themselves with a force equal to that with which
they are compressed. The following facts are well de-
serving a place in your memory, and the illustrations
may tend to fix them there :

1. A perfectly elastic body, if there be such a thmg,
endeavours to:restore itself with the same force with
which it is pressed or bent

2. An elastic body exerts its force equally towards all
sides, though the effect is chiefly found on that side on
which the resistance is weakest ; this is evident in the
firing a gun, when the elastic fluid, generated by the
powder, exerts itself on all sides of the barrel, but its
cffect is visible only at the mouth of the gun, because
the resistance of the air in that direction, is nothing com-
pared with the resistante of the sides of the barrel.

3. 'Elastic bodies, however struck or impelled, re-
bound in the Same manner: thus, a bell, which is very
clastic, yields the same musical sound, in whatever man-
ner.or on whatever part it is struck ; and a ball, marble,
&c., rtbounds from a plane in the same kipd of angle in
which it is struck, making what is called the angle of
incidence, equal to the aﬁgle“of reflection.

4. The elastic properties of some bodies seem to
differ according to their greater or less degree of density :
thus, metals are rendered more dense and more elastic
by being hammered 3 cold condenses solid bodies, and
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mahes them more elastic; but air, steam, and other
clastiosfluids, are expauded by heat, and rendered more
elastic.

With regard to the collision of bodies, I must observe,
that according to the third law of motion, if two bodies
strike each other, their motions are equally affected, and

Jtheir collision produces equal changes, but in contrary
directions.

ExpeuimMeNT 1. Let two balls b and B, (fig 9), be
suspended from a common centre A, agd let » be co-
loured over with some fluid, and, while it is wet, let the
two be brought iato contact; a small mark will be made
on the dry ball; but if the coloured one be raised to a
certain height, and then suffered to fall against the other,
the impression marked on the dry ball, will be much
larger than when 1t was brought into mere contact &nly,
which proves that the balls were indented by the stroke,
and their appearance after the stroke shews that by their
natural elasticity, they have recovered their original form.

Ex. 11. Let two equal ivory balls, B and c, be sus-
pended at A, and, when c is at rest, let s fall upon it,
and it will by the collision lose the whole of the motion
which it has acquired in its descent through the air B c,
and the ball ¢ will be driven up to D, in the same man-
ner as B would have been carfied to that point by its
acquired velocity, if it bad not been obstracted by c.

Hence the striking body will commupicate the whole
of its motion to the other, and afterwdvds remain at rest.

Ex. 111. Let three bails, a, &, ¢, fig. 10. be hung
from pdjoining ceutres, and ¢ be drawn a litle out of
the perpendicular, and suffered to fall upon b, then will
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¢ and b become stationary, and a will be driven to the
position o, the distance through which ¢ fell upor..b.

Ex. 1v. 'Let any number of balls hang on adjoining
centres, so as, in the quiescent state, to touch each other,
if the outside one be drawn aside, and let fall upon the
others, the outside ball, on the opposite side, will be
driven off, while the rest remain stationary.

Ex. v. If two of the balls were suffered to fall at
the same time, but at a small distance from each other,
the middle balls would remain at rest, and the motion
would pass through their centres to the two remote
balls. All thess experiments will prove that action and
re-action are equal and in contrary directions.

Another circumstance, mentioned by authors, in con-
.nection with this subject, is deserving of your attention,
and’ which depends upon the third law of motion, and
on the inertia of matter. 1f a blacksmith strike his an-
vil with a hammer, action and re-action are equal, the
anvil strikes the hammer.as foreibly as the hammer strikes
the anvil. If the anvil be large enough a man might
place it ow his b.east, and suffer another person to strike
it with all his force, without sastaining any injury, be-
causg the vis inertiee of the anvil resists the force of the
blow. -But if the aavil were small, #s only g few pounds
in weight, the blow would be fatal,

I hall finish this. letter with a short account of the
principle of pendalums. "~

A pendubimn is ‘a lieavy body suspended by o string or
small wire, which moves about a point as its centre.

When this weight s put in motion, it will descend
through one half of an arc by its own gravity, and as-
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cend the other half by means of the velocity which it
has acquired in its descent.’

Suppose a body p, (fig. 11), to be suspended by a
line, from a centre ¢, if it be raised to p, and thes let
fall, it will descend through the arc b P by its gravity,
and in falling it acquires such a velocity as it would ob-
fain in falling from Eto ». *At p, if it were at liberty,
it would, by the first law of motion, fly off in the right
line P F, but, being retained by the string, it ascends
through the arc v B to B, here its motign is spent, and
it returns to p, and would thus continue to move for
ever, if it were not retarded by the friction which the
cord has on the hook ¢, and by the resistance of the
air ; these impede its motion, and each vibration is less
than the former, till at length the pendulum comes to
rest in the position ¢ ».

The vibrations of the same pendulum, whether small
or great, are performed in equal times nearly, that is,
whether the weight p be raised to x or to p, the vibra-
tions will be performed in equal times.

The point c, on which the pendulum ewings, is called
the point of suspeasion. The longer the pendulum, the
slower are its vibrations, and the contrary. A pendulum
that vibrates seconds in this country, is 39.2 .mches,
nearly, that i |s, the length from thé point of suspension c,
to the centre of vibration, or ‘the centre of the body »,
is 3.2 inches. But a pehdulum 4D inghes long would
vibrate slower, and one :30 inches ldng would vibrate
faster.

The‘ vibrations of pendulums are governed by the
law of gravity, to which I have already referred : and
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“ The time of the vibration of pendulums, is as the
square roots of their lengths.”* Thus, as a pendulum
80.2 inches, vibrates seconds, to make one that shall
vibrate once in two seconds, it must be 4 times as long,
or 156.8, and to make one vibrate once in three seconds
only, it must be nine times 39.2 inches, or 352.8 inches.

Again, to make a pendulum vibrate half seconds, as
is the case in most table clocks, it must be only 1!
the length of the pendulum that vibrates seconds, or
’—‘;’"—’:9.8.

If, instead of a line and weight at the end, a pendu-
lum be made of metal, or other substance, of one uni-
form thickness, it must be one third longer than the
common pendulum, and the centre of vibration in the
weight will be the centre of percussion in the rod. By
the centre of percussion, 1 mean that part of the rod
which produces the greatest impression in striking a
blow.

You will not forgét that pendulums of the same
length, vibrate slower the nearer they are to the equator,
because gravity, the cause on which the vibrations de-
pend, is less at the equator than it is nearer to the poles.
Therefore, a clock that keeps accurate time in London,
with a’pendulum 39.2 inches long, would go too slow

Suppose T and t represent the times, and L 1 represent the
lengths of the pendulums, then we say,
T:ti:a/Lig/ 1" -
or

T2:t2::L: 1 and if T=" and t=}: and L=39.2, then
1=}%39.2=9.8. But if
T=1 and 1=2, and L—=89.2, then
1=39.2x $=156.8.
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at the equator, and too fast. towards the poles ; for the
motiorof the pendulum depends on the action of gra-
\ity, in the same manner as that of any other falling
body, and it is ascertained that a body will fall 313
inches at Spitzbergen, in the same time that it falls 312
at Quito, which is situated near the equator.
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On the Centre of Gravity—Experiments --Reason why high Build-
ings, leaning out of the perpendicular, stand firm—How Rope-
dancers balance themselves—How to find the Centres of Gra-
vity mechanically—This Knowledge very useful in many Situa-
tions in Life—Operations of the loaded Cylinder, double Cone,
rolling Lamp, and Mariner’s Compass, explained.

EvERrY body has a “ centre of gravity,” or a pointin
which its weight is supposed to be collected, or in which
it may be suspended in any direction. Try to balance
the parlour poker on your finger, and when you have
brought it into a state of equilibrium, the part which
rests on the finger is its centre of gravity. If this point
be supported the whole body will be at rest.

A line drawn from the centre of gravity, perpendicu-
lar to the Korizon, is called the line of direction ; and
if the centre of gravity be not supported, the body will,
unless prevented by some obstacles, fall to the earth in
this line.

Whien 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. I will now illustrate this
subject with experiments.

ExperiMENT 1. I place a piece of wood, a, (fig.
12.) on the edge of the table, and from the pin a, at its
centre of gravity, I hang a little weight, &, and it will be
seen that the line of direction a 6 falls within the base,
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and, therefore, though the yood leans, yet it stands se-
cure. P will now put another piece of wogd, B, of a
similar shape, upon it. This raises the centre of gra-
vity to ¢; fiom which point if a weight be hung, it will
be seen that the line of direction ¢ x, will fall out of the
base, and the body must fall.

Hence you may see the reason why towers, steeples,
walls, &c. may stand a good deal out of the perpendi-
cular, and yet be very firm ; because, though leaning, as
that of the tower of Pisa, 15 or 16 feet oat of the per-
pendicalar, still a line drawn from ¢, the centre of gra-
vity, (fig. 18), falls within the base A B, and therefore,
so long as the cement endures firm, the building will
not fall.

Hence you learn why a conical body, as a sugarlogf,
stands so firm on its base ; for the top being small, com-
pared with the base, the centre of gravity is thrown very
low : and in an upright or perpendicular cone, the line
of direction falls in the middle of the base, which is an-
other fundamental property of steadiness in bodies. For
the broader the base, and the nearer the fine of direc-
tion is to the middle of it, the more firmly does a body
stand. Whereas, tall bodies, with pointed or narrow
bases, can with difficulty, be made o keep their upright
position, as you may experience, by endeavouring to ba-
lance on your finger a walking-stick.. On a similar ac-
count, you must understand the diﬁ:icu,h’y which rope
and wire dancers have in balancing themselves on so
very small bases, and the motive which induces them to
make us@ of long poles, the ends of which are loaded
with lead. The man holds the pole across the rope on
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which he moves, and keepe his eye steadily fixed upon
some object parallel to the rope, by which he can easily
judge when his centre of gravity tends to either side of
the rope, and by pushing the pole a little to the other
side he can keep his centre of gravity over the base.

I will now proceed to shew you how to find the cen-
tres of gravity of different bodies mechanically.

ExreriMENT 1. If two bodies of similar shape,
as balls, and of equal weights, be fastened to the extie-
mities of a od of uniform thickness, the centre of gra-
vity will be in the middle of the rod. ‘I the bodies 1
aud E, (fig. 14), be of unequal weights, the centre of
gravity, ¥, will be as much uearer to the larger than
to the smaller body, as that body is heavier than the
other ; thus if E weigh four pounds or ouuces, and p
only oue, then the length k F will be one, and F p will
be 4 : or it may be represented thus, E:D::DF: ET,
or E: D::4: 1, that is, the lengths of the arms, from
the point of suspension, will be inversely proportional to
the weights.

In the motion of a chain-shot, if oune ball be heavier
than the other, the two balls will perform a circuit round
each other as they fly, and their centre of gravity will
describe a regular cyrve.  So the earth: and moon, in
their journey about the sun, move round one another,
and neither of tham describe a regular curve round that
luminary, but-the centre of gravity of the two performs
the ellipse.

Ex.11. The centre of gravity in any plane, may
be found in this way. Let ¢ B b L, (fig. 15, 2late 11.),
be the plane figure, which is suspended freely ou the
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hook A, and apply a plumb !(ne to the hook A, which
will passover the centre of gravity, somewhere in A B,
which falls beneath the centre of suspension; this line is
to be marked, and the body is then to be suspended by
some other point at ¢, and where the lines cp and A 8
cross each other in E, is the centre of gravity,

When the centre of gravity coincides with the centre
of motion, as in some scale beams, then the body will
rest in any position, without tending to fall lower, or to
return to its original situation. ‘

When the centre of gravity c, fig. 16, is situated ver-
tically over a fixed point, it cannot move without de-
scending ; and when it is under a fixed point, fig. 17, it
cannot move without ascending. Which facts, when
compared with the figures referred to, will show you
the reason of placing the moveable handles of a vessél,
as a pail, bucket, &c. at its upper part, in order that
the centre of suspension may be always above the centre
of gravity. 1f they were fixed much lower, the vessel
would be perpetually liable to overset.

I have already shewn you that the broadar the>base of
a body, the lower will be the centre of gravity, and the
firmer will that body stand, which points out the ne-
cessity that thepe is for great attention in loading carts
and waggons with comparatively light goods. A wag-
gon, employed in carrying lead or iron, canuot be easily
overset, but one loaded very high with hay, or straw, or
hops, must be done by an able haud, to move safely
over rough roads. A waggon or carriage, of any kind,
will alwags recover its position, provided the centre of
gravity, ¢, remain within a vertical line, passing through
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the point of contact of the lower wheel and the ground :
this is the case with B, fig. 18, and therefore there is
no danger of an overthrow ; but in A the centre of gra-
vity is without the line, and it must, in such a position,
go over. -

1If the velocity of the carriage is great, the danger is
proportionably great, because the wheel which is ele-
vated might be lifted off the ground by the momentum,
and the centre of gravity must thus be carried beyond
the vertical 'ine, by means of an obstacle which would
not overset the waggon if it had been moving at a mode-
rate rate.

If a person be in a carriage, that part on which he
sits may be considéred as the place of his weight, pro-
vided he rémain in an erect position; but as he will not
be able, when in very swift motion, to maintain a per-
fectly erect posture, the centre of gravity of the carriage,
with its passengers, is to be regarded as something
higher than the seat.

From what has been said, you will understand the
reason of a ‘very common experiment, viz. the suspen-
siou 'of a pail of watér, or any other weight, M, fig. 20,
or a stick, s, resting on the end of a table, T: another
stick, z, being employed, as in the figure, to keep the
pail 'at-such a distance from the end of the first, that
the centre of gravity of the weight M, may be under the
table. @hough the weight is suspended by the handle,
yet if the handle began to descend, the centre of gravity
must rise, which it cannot : therefore the whole will re-
tain its position and remain at rest.
> 'Thie ascent of a loaded cylinder on an inclined plane,
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tig. Ql,.:md the motion of a double cone, fig. 22, up
an inclived plane, formed of wires, or bars, apart from
one another, may be explained on the same principle,
viz. the endeavour which the centre of gravity makes to
descend. In fig. 21, though the cylinder will move up
the plane p N, yet the centre of gravity descends. This
isalso the case with the double cone, the centre of
which descends as the opening of the legs of the plane
increases.

Before I quit the subject, it may be observed that the
equilibrium of animals may be explained upon the prin-
ciple of the centre of gravity. When a person stands
on one foot, and leans somewhat forward, or in the at-
titude which is usually exhibited in the statues of Mer-
cury, the other foot is elevated behind, in order to bring
the centre of gravity of the body, so as to be vertically
over some part of the foot on which he stands. When
we rise from our seat, we generally bend forwards and
draw our feet inwards, in order to bring the point of
support into, or near, the vertical line, passingthrough
the ceutre of gravity. For the same reasou a man, car-
rying a burden on his back, leans forward, and backward
if the weightis to be carried on his breast. [f the load
be placed on one shoulder, he leans to the other. When
we slip or stumble with one foot, we natuvally extend
the opposite arm, making the same use of itas the rope-
dancer does of his pole.

The rolling candlestick, fig. 23, keeps the candle al-
ways upright, though put down in any position, or even
rolled onthe floor, for a weight, 4, beneath the caudle,
and Jower than the two centres of =uspension, ¢ ¢ dd,
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will keep the candle perpen}dicular, the tendencv of the
centre of gravity being always to fall beneath the centie
of suspension, The circle d ¢ d ¢, hangs on two points,
d d; and the inner circle, on which is fixed the light and
weight, bangs on that circle by the pivots ¢ ¢, at nght
angles to the pivots d and d. In fixing the mariner’s
compass, to prevent any deviation by the motion of the
ship, these circles are called gimbals, and the compass
being hung on the inner circle, is always kept horizontal,
let the vessel roll as it will, and, of course, the magnetic
needle, can traverse as freely as if its point of suspen-
sion were fixed on the shore.

The knowledge of the centre of gravity will enable
you to explain the principle and structure of many toys
put into the hands of children, as the tumbler, the rope-
dancer, balancer, &c. In all cases, remembr, the cen-
tre of gravity tends to the centre of the earth, and will
never be at rest, if left freely to itself, till it gets to the
nearest point possible to it.
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LETTER VII.

Of the mechanical Powers—Momgntum defined and explained—

« Experiments—Mechanical Powers enumerated—The Principle of
the Lever explained—Construction of the Steelyard—Uses of a
Lever of the first kind—What domestic Instruments to be refer-
red to a Lever of the second kind—What things are explained
#y a Lever of the third kind—The Hammer Leéver.

1 sHALL now proceed to explain and illustrate the
nature and use of the mechanical powers, one of the
great objects of which is the removal of great weights,
that is, in other words, overcoming the force of graviyy.
In this letter I shall have occasion to use the word mo-
MENTUM, or moving force of a body, which is mea-
sured by the weight of the body multiplied into its ve-
locity. You may place, without' any risk, a weight of
six or seven pounds, for instance, ona china plate ; but
if you let the same weight, or one much less, fall from
vour hand, though only an inch or two, it will dash it
to picces. The china, in the one case, has only the
weight to sustajn, in the other it has the moving t'orce,
or momentum, to resist, that is, the veloclt_', multiplied
into the weight is to be considered as the force.

ExperIMENT . If a%roller or ball, 2s a,(fig. 2
plate 11.) lean against the small block of wood b, they \ull
both remain at rest, but if ¢ be carried up the inclined
plane A gy and suffered to roll down against the block, it
will be overset. Here againyou perceive the difference be-

D
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tween weight and momentu-n, and you must not forget
that the morgentum is estimated by the quautity’of mat-
ter multiplied into its quantity of motion ; of course, by
increasing the velocity you increase the momentum of a
moving body. Hence,

Ex. 11.  Cannon balls,will do much more mischief
than the battering rams of ancient times: suppose th~
weight of a ram to be 20,000 pounds, and to move at
the rate of 1 foot in a second ; and the weight of a can-
non ball to bé 24 pounds, and to move at the rate of
1000 feet in a second then the momentum, or moving
force of the ram, will be 20,000 x 1=20,000, and that
of the cannon ball will be 24 % 1,000=24,000; of
course the effect of the latter will be th greater than
thet of the former. Thus you see a small body may
have a greater momentum than a large one, provided
the velocity of the small one be made to compensate for
the greater quantity of matter in the other.

There are reckoned seven mechanical powers, viz. the
Lever ;. Wheel and Axis; Wheel and Pinion; Pul-
ley ; inclined Plane; Wedge, and Screw. By these
simple instruments man is enabled to raise great weights,
and to overcome such resistances as would baffle his na-
tural strength ; and from the combinationt of some or all
of them, compound machines of every kind are formed.
Indeed the most éomplex machinery may, in some way
or other, be resolved into the simple mechamcal powers.

The lever is the most simple of all the mechanic
powers ; it may be made of any shape, and of any strong
substance, a8 wood or iron. There are three varieties of
the lever: the firstis represented by figure 23, plate 11.
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which shows its operation in moving a heavy weight A.
"T'he sipport, B, is called the fulcrum, or gentre of mo-
tion, because the bar ¢ E, is supported by it and turns
uponit. Power is gained by a lever of this kind, in pro-
portion as the arm ¢ B is longer than the arm BE. If the
two arms were equal, no advantage would be gained,
but if ¢ B be 4 times, 10 times, &c. longer than B c,
then a person at ¢ would be able to move 4 times, or
10 times more than he could with his natural strength.
It is then, as you observe in the figure, the principle of
this species of lever, to have the weight at one end, the
power at the other, aud the fulcrum between the two. ™

ExPERIMENT 1. The beam of a pair of common
scales is a lever of the first kind, with equal arms; in
this case no advantage is gained or required. If éwo
bodies, F and ¢, fig. 26, of equal weight, be suspended
at equal distances from the fulcrum, the centre of gra-
vity E, will rest beneath the point of suspension s,
because the weights and distances being equal, the mov-
ing forces must be equal, and neither gnd tay prepon-
derate ; but if the scale ¥ be moved to x, the centre of
gravity E, moves towards e, and falls beyond the point
of suspension, and becomes unsupported; of gourse
the end of tht beam ¢, descends, becaiise the centre of
gravity is always impelled towards the ling of suspen-
sion. This shews that a smaller wélght than ¢ would
balance ¥, when brought “into the pocmon K ; and on
this principle the steel-yard acts, for if the longor ann
were equal to six or eight times the length of the shorter,
then a body, suspended from c, would balance six or
eight times its weight suspended from x.

D 2
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In all cases of the lever, t> obtain an equilibrium be-
tween the weight and the power, the momentum of the
weight must be equal to the momentum of the power.

The velocity of a body is measured by the space
passed over in a given time. In fig. 27, the arm B c is
four times the length of A ¢ ; therefore, in moving from
the position A B to that of a b, the point B will move
over the space B b, and the point A will move over the
space Aa; but Bb is four times greater than Aa;
therefore, the velocities being as the spaces passed over
in the same time, the velocity of B will be four times
reater than that of A : of course if w weighs 12 pounds,
a power, P, of a pound, will balance it, because the mo-
mentum w=12 X 1, and that of the power P=3 X 4.
Hare you must observe, that what is gained in power is
Jost in space, that is, if I would gain a power of 6,
or, by means of a lever, move a weight six times heavier
than I can by my natural strength, then, to raise the
weight one inch or one foot, my hand must pass over
six inches o six feet. This is what writers on the sub-
ject mean when they say “‘ that what we gain in power
we lose in time,” because supposing, in both cases, the
velbci‘ty to be the same, then as much more time is oc-
cupied in performing a mechanical operation as there is
power gaingd. If, for instance, 1 can raise four score
pounds to a certain height in one minute, and 1 want to
raise four hundred pounds to the same height by means
of machinery, as the lever, 1 shall require five minutes
to accomplish it in, so that I might, in truth, if the 400
pounds could have been divided into five parts, have done
the same m an equgl portion of time, by five successive
manual exertions. But to return to the steel-yard.
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A c, (fig. 28, plate 111.) the short arm and scale,
(sometimes a hook is used instead of a scale) is made to
balance the longer one B ¢, which is divided into parts
c1;1,2; 2,3, &c., each equal to A c; and by this
contrivance, a single pound, P, will weigh any number
of pounds of me at, &c., in the scale s, as the long arm
extends to; thus, if the balance be in equilibro in the
position of the figure, the substance in the scale will
weigh three pounds; if, when the weight is pushed on
to 4, 5, 6, &c., there is an equilibrium, then the sub-
stance will be found to weigh 4, 5, 6 pounds, &c. It
will be evident, on a little reflection, that the points in
the long arm of the lever, marked 2, 3, 4, 5, &c., will
move over twice, thrice, four times, &c. as much space
as the point A in the short arm.

By dividing the spaces in the long arm into halves,
quarters, and sixteenths, which is easily done, the steel-
yard will serve for weighing any commodities with ac-
curacy, to half-pounds, quarters, and ounces.

You will observe that, in all cases of the kever, the
parts will remain in equilibrio, when the weight, or re-
sistance, at one end, multiplied into the length of the
arm to which it is attached, is equal to the power* mul-
tiplied into the other.

A poker, in the act of stirring the fire, i? a lever of
this kind, the bar on which it rests is the fulerum, and
the coal to be raised, forms the resiStance, or weight,
and the hand the power. Put the poker into the fire,
a small part only goes into the grate, and there it will,
perhaps,' rest, or remain in equilibrio, because the
weight of the coal, against the short end, balances the
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weight of that part of the poker which is on the other
side of the ber; and a small force, at the bright end of
the poker, will easily raise the fire.

To this kind of lever are to be referred a puir of
scissars, which is made up of two levers acting against
one another, and the pin, which keeps the parts together,
is the fulcrum or centre of motion, round which they
move i the act of opening and shutting : the same may
be said of snuffers, pincers, &c,

As a mechanical power, the lever of the first kind is
chiefly used for loosening large stones; or for raising
greiat weights to small heights in order to get ropes
under them,

The lever of the second kind, fig. 29, is when the
weight w, is between the fulcrum and the power. The
common application of this lever, is when a large block
of stone is to be forced forwards with an iron crow,
the point of the instrument is stuck in the ground, which
becomes the fulerum ; the other end, that is acted vpon,
is the power, that is, the strength of men; and the stone
to be moved is the resistance or weight.

By referring to the figure, you will at once see that
power or advantage is gained in proportion as the dis-
tance of the power P, is greater than the distance of
the weight w, from the fulcrum. In the present in-
stance, the advautage gained is as five to one, because
the point. B, passes over five times as much space as the
point a, that is, the band will move with the velocity 5,
but the weight with the velocity 1.

Look round your room and consider what those things
are that may be referred to levers of the second kind.
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Every door acts as a lever, the hinges are the centres of
motiot:, or fulcrum, the whole door is the weight, and
the hand applied to the lock, or latch, is the power.
Fix a temporary handle, as a gimblet, within two or
three inches of that side near the hinges, and you will
feel how much less easy you can move the door than
wherf you attempt the same by the proper handle. If
you wish to turn round the couch, you lay hold of one
end, while the other remains nearly in its original po-
sition, the latter is the fulcrum, the couch is the weight,
and the power is applied to the other end. Many per-
sons who work in wood, as coopers and paUen-makefs]
use cutting knives, fixed at one end, which end is the
fulcrum, or centre of motion, the wood to be cut the
resistance, and the hand the power. Common chaff-
cutters act on this principle; so do nut-crackers, and
the rudders of ships. In a rudder the water is the ful-
crum, the vessel the weight, or resistance, aod the hand
the power. Masts of ships are levers of this kind, the
bottom of the vessel in which they are gfixtd js the ful-
crum, the ship the weight, and the wind, acting against
the sail, is the moving power.

Two men carrying a barrel, or other weight, may, by
this priaciple, place the barrel at such a point on the
pole, as to adapt it to the strength of eagh man, sup-
posing one to be much yeaker than the other. Here
the strongest man inust be considered the fulctum.

A lever of the third kind has the fulcrum ¢, fig. 30,
at one end, the weight w, at the other, and the power
P, somewhere between the prop and the weight. You
will easily perceive that the weighty being farther from
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the centre of motion than the power, must pass throngh
more space ‘*han that; of course the power must be
greater thau the weight, and as much greater as the dis-
tunce of the weight from the prop exceeds the distance
of the power fromit: in the present case, a weight, w,
of 3 pounds, hanging at Ay would require the exertion
of a force at B equal to 5 pounds. Here the Weight,
in rising and falling, goes through a larger space, and
has a greater velocity than the power, and, therefore, no
mechanical advantage is gained by this kind of lever, and
it is very rarely used : wool-shears, acting by pressure in
wne iniddle, is a lever of this description. A ladder fixed
against a wall at one end, and raised by the strength of
a man’s arms into a perpendicular situation, is by the ap-
plication of the principle of a lever of this kind. But
the limbs of the animal creation, particularly of man,
give the most evident illustration of this principle. When
I extend my arm to raise a weight from the ground, or
table, the operation is effected by means of muscles
coming fzom tke shoulder blade, and terminating about
one tenth as far below the elbow as the hand is: see
fig. 31. The elbow, b, is the centre of motion, round
which the arm moves; therefore, accordiug to the prin-
ciple laid down, the muscles must exert a force ten times
as great as the weight raised. In general the bones are
levers, the joings of them the fulcra, and the muscles the
power which gives .notion to the whole. At first view
this may appear a disadvantage, but what is lost in power
is gained in velocity, and thus the human figure is better
adapted to the various functions which it has to perform.

Some writers have described a fourth kind of lever,
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of which a hammer, in the act of drawing a nail, is a
fit regresentation, and which does not differ from a le-
ver of the first species, but in the form.

ExreriMeENT. Let A c B, fig. 32, represent a Iver
of this kind, bended at c, which is a fulcrum ; P is the
power, acting upon the longer arm A c, by means of
the cord A D, going over the pulley p; and the weight,
w, acts upon the shorter arm ¢ B. A c is five.times as
long as ¢ B, and will, with a power P, of 1 pound, ba-
lance a force of 5 pounds at B. Now,, if A ¢ be sup-
posed the bandle of a common hammer, B the drawing
part, and x the point resting on the bench, &c., then
five times less force would be required to draw a nail in
this way, than would be necessary to effect the same by
means of an upright pull of a pair of pincers.
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The Wheel and Axis described, and its Principle explained—1ts va-
rieties and uses illustrated<—Wheel and Pmion--The different
kinds of Cranes described—The Priuciple of the Pulley ex-
plained.

HaviNo considered at large the different kinds of
levers, I shall proceed with the other mechanical pow-
%15 beginning with the wheel and axis, which, in many
books, is called the *axis in peritrochio,” and which gains
power in proportion as the circumference of the wheel is
greater than the circumference of the axis: see fig. 33-5.
The wheel and axis may be referred to the priuciple of
the lever, as is evident by fig. 33, in which A B repre-
sents the wheel, c its axis, and if the circumference of
the wheel be twice as large as that of the axis, then a
single pound at ¢ will balance 2 pounds at w. For the
circumferences of wheels bear the same proportion to
one another that the radii have. As a lever, ¢, may be
considered the fulcrum, or centre of motion, and B c,
the radius of the wheel, is the longer arm of the lever;
A c the radéus of the axis, is the shorter arm, and then,
by what you have seen, there will be an equilibrium
when the power P, multipli¢ed into B c, is equal to the
weight w, multiplied into A c. The advantage gained
is lost in the time, or in the space moved through ; for
while p descends through two feet or inches, w will as-
cend only one foot or one inch. The wheel may bear
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almost any proportion compared with the axis, provided
the lstter is not made too small to sustain the weight,
nor the former too large to be manageable; and power
is gained either by diminishing the diameter of the axis,
or increasing that of the wheel. In most instances, in-
stead of a large wheel A B, fig. 34, a handle or winch
is used at g, which, by its " circular motion, ahswers the
purpose of a wheel. This is the case in winding up a
Jack, and in raising water from a deep well. Some-
times long spokes are used, as s s, in figs. 35, where one,
two, or more men may apply their force at the points
10 turn the axis.

Cranes for raising goods out of, or into ships, ware-
houses, &c., are formed on the principle of the wheel
and axis, but, as you may not immediately see the gode
of estimating the power, I will go through two or three
examples, which relate to the crane, capstan, &c.

The large circular crane, in which ene, or two, or
more men walk, is rather an unwieldy machine, but is
still used at many wharfs, where much power is not re-
quired; fig. 37, is a section of it, and the position of
the figure at m shews to what part the man, or men,
can climb, so that the line ¢ z, is the long end of the
lever, and d,z the short end, and advantage is ga'ined in
proportion as ¢ z is longer than d 2, whuh is seldom
more than two or three toone. Upon this” principle yon
have seen at the doors of wire-workers, cages, with a
bird, or a squirrel, within side, tun;ing round the wheel
by its own weight; and, if a small weight were sus-
pended, to the axis of the cage, the bird by its motion
would draw it up, for, as it hops from the bottom bar
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to the next, its momentum causes that to descend and
thus continues its motion.

The capstan, A B, fig. 38, has its axis a, beneath
the surface of the ground, turning in strong fixed tim-
bers. Handspikes are put into the holes, as s, and these
are turned by men or horses, which, by walking round,
coil the rope and raise the weight w. 1f each hand-
spike be 6 times longer than the radius of the windlass,
and if there be 4 of these spikes against which men act,
the power gainad will be 6 x 4=24, or four men will
be able to raise 24 times as much weight by this ma-
chine as one man could do by his unassisted strength.

The third mechanical power is the pinion and toothed
wheel.

It consists of two wheels of very unequal size, cut
or notched all round into teeth; the number is imma-
terial prowided they fit into each other, to do which the
teeth in the small wheel must be to those in the great
one as the diameter of the former to that of the latter.

The smal] wheel is generally called a pinion, and its
teeth, leates,

To calculate the advantage gained by the wheel and
pinion, divide the number of the teeth in the wheel by
the nuwinber of leaves in the pinion, the quatient will be
the answer. For example let there be 68 teeth in the

wheel, and 7 leaves in the pinion, then §7§=9 equal to the
power gained.
'The wheel and pinion is applied to a great variety of

purposes, sometimes for gaining power, but more fre-
quently for gaining velocity. The crave, which I will
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describe presently, is an instance of the former appli-
cation® Mill and clock work afford numerous instances
of the latter.

Sometimes wheels without teeth are made to act upon
each other by means of strings, or straps passed round
them, asin turning-lathes, mills, and planetaria, Seldom
with a view of gaining power, as that would be imprac-
ticable on account of the liability of the rope to slip,
though frequently for the purpose of obtaining a very
rapid or exceeding slow motion.

The crane just now alluded to is represented in fig.
36, plate 111, It is much used at the water side ="
is moveable on a post P, fixed in the ground. The
bale of goods B, is caught by the hook s, the rope pas-
ses over the pulley 7, and is coiled round the axis o as
the wheel is turned. This large wheel is turned round
by means of the teeth catching into the teeth of the
pinion d, and the handle 4. If the handle 4, be three
times as long as the radius of the pinion, then, by the
priuciple of the lever, it will gain power as three to one.
But the radius of the wheel is twice as farge as that of
the axis round which the rope is coiled, which gives ano-
ther advantage of twoto one. So that, by these powers
combined, the advantage gained is 6 to 1, or 4 man
would be able to raise six times as much weight, by a
crane of this description, as he could with his unassisted
strength. The pulley r setves only to change the direc-
tion of the draught, that is, by means of the pulley the
weight may be raised to the height required by a person
standing on the same level with it; and, as the whole is
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moveable on the post p, the package may be easily
drawn from, or lowered down on either side oil which
the vessel may happen to be placed.

The fourth mechanical power is the pulley ; this is
formed of wood or metal, with a groove in its circum-
ference, which is placed in a frame of wood, and turns
onits axis. The principle of the pulley may be illus-
trated by that of the lever. A s, fig. 39, plate 1v. may
be conceived to be a lever, the arms of which, A c,
B C, being equal; and c is the fulcrum or centre of mo-
tion. If the weights v aud p, be hung on the cord
-nggsing over the pulley, they will balance one another,
and the fulcrum will sustain them both. Here then no
advantage is gained, but, as we have seen, it is useful in
changing the direction of a draught, and is much used
in drawing up small weights to the tops of high build-
ings, it being easier for a man to raise such burdens by
means of a single pulley, than to carry them up a high
ladder.

The pulley becomes a mechanical power when it is
moveabk, as fig. 40, or when it is combined into a sys-
tem, as fig. 41.

In the pulley ¢ » B, fig. 40, c may be regarded as the
fulcrum, and, by the principle of the lever, ¢ A is the
shorter arm, and ¢ B the longer; and ¢ B being double
C A, a pover, P, of 1, acting at the end of the longer
lever, will sustain a weight, v, of 2, acting at A. The
subject may be cousidered in a different way : the whole
weight w, is sustained by the cord & p P, one half of
which is sustained by the hook E, consequeatly the power
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has only the other half to sustain, or, generally, any given
powertat P will keep in equilibrio double weight at w.
You will observe the velocity of the power ¢, will be
double that of the weight w, for in raising the latter
oue inch, or foot, both sides of the cord must be short-
ened one inch, or one foot; of course the hand, »,
must move through two inches, or two feet. Hence,
and with a view of figure 41, you will easily petceive
that, in a system of pulleys, the power gained must be
estimated by doubling the number of pulleys in the
lower block. So that when the fixed block x, contains
two pulleys which merely turn on their axes, and the,
lower block v, contains also two, which not onl{"fim
on their axes, but also rise with the weight, the advantage
gained is as 4 : 1.

The modes of arranging pullies are very various,*the
following are among the most common: fig. 4€ is an
arrangement of pullies in ship’s tackles, with a force of
six to one. Fig. 43 is an arrangement of pullies in a
vertical line, with a force of sit to one. And fig. 42 i3
a system of pullies, fixed on one axisein “each block,
having a power of 10 to 1: this last was invented by
Mr. James White, who obtained an exclusive right of
manufacturing it by letters patent.

* In general the advantage gained by pullies may al-
ways be estimated from the consideration that every part
of the same thread mus be equally gtretched; and,
where there is only one thread, the weight will be
equally divided among all the portions which help to sup-
port the moveable block, each of them bearing a weight
equivalent to the force which is applied‘at the end of
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the thread. In the common ships’ blocks, fig. 42, the
pullies are equal in magnitude, and placed side b side ;
they must not exceed two or three in a block, because
they are apt to produce an obliquity, or twist, when the
force is applied to the rope.

Considerable allowance must, in the use of pullies,
be made for the friction of the cords, and of the pivots
on which the pullies turn. Three things occasion much
inconvenience in the use of pullies, as a mechanical
power. First, the diameters of the axes bear a great
proportion to their own diameters. Secondly, in work-
ing, they are apt to rub against one another, or against
th. *de of the block. Thirdly, the chief disadvantage
is the stiffness of the rope, that goes over and under
them. The first two objections are mostly obviated by
M;. White’s pulley, fig. 44; B is a solid block of brass,
with grooves cut in it, in the proportion of 1, 3, 5, 7,
&e., and A is another block of the same kind, whose
grooves are in the proportion of 2, 4, 6, 8, &c., and
round these grooves a cord is passed, by which means
they answe: the purpose of so many distinct pulleys.
But Mr. White’s pulley, though ingenious in theory, is
not found to answer in practice. The exact proportion
between the grooves, however nicely adjusted by the
maker, is soon destroyed by unequal wear, which occa-
sions the rove to drag. This can never happen in the
common system, where every pulley turns on its own axis.
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LETTER IX.

Ot the inclined Plane, its Principle and Uses—What Instruments
referred to it—Of the Wedge, its Principle and Uses—Of the
Screw, its Priuciple and Uses.

THE inclined plane is the fifth mechaflical power, of
which fig. 45 is a representation, and the advantage
gained is estimated by considering the length ofushe "
plane B ¢, compared with its height A c. If B ¢ be
3, aud A c= 1, then the advantage is as three to one; in
other words, a cylinder B, of stone, &c. might be dragrn
up the plane with one third part of the strength that
must be exerted in lifting it up at the end. Here again
we revert to the general axiom, that what is gained in
power is lost in time, or in the space passed over. For
the length of the plane is three times as great as its per-
pendicular height.

The inclined plane 1s chiefly used for raising heavy
weights to small heights ; thus we frequently see a plank,
or planks, laid down in a sloping direction, which act as
an inclined plane, and upon this casks may be rolled, or
wheel-barrows driven, which are heavily loaded.

The force with which a body degcends upon an in-
clined plane, is to the force by which it would descend
perpendicularly in free space, as the height of the plane
is to its length.

ExPERIMENT. Let two marbles drop out of your
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hand at the same instant, the one may roll down an in-
clined plane, and the other fall perpendlcularly in free
space; the times of descent, if the plane be long, will be
very manifest. 'This subject may be thus illustrated :

1. If the plane a B, fig. 46, be parallel to the hori-
zon, a marble, or a cylindrical body, c, will be at rest
on any part of it where it is laid. But if the plane be
placed perpendicularly, as a B, fig. 47, the cylinder wiil
descend with its whole weight, and would require a
power equal io its weight to keep it from descending.
And if the plane be inclined to the horizon, as A b, fig.

‘42 and be four times the length of the perpendicular
D B, the cylinder, or marble, will be supported by a
power equal to a fourth part of its weight.

The velocity with which a body falls must be esti-
mated by the force acting upon it. Therefore, if an
inclived plane be 32 feet long, and its perpendicular
beight be 16 . fw#t, a marble, or cylinder, will, by the
force of gravity, fall through the 16 feet in one second ;
but in desc*ndmg along the plane, it will occupy 2 se-
conds. ~Again, if the plane were 64 feet in perpendi-
cular height, and three times 64, or 192 feet, in length ;
then in free space it would, by the action of gravity, fall
in 2 seconds, but on the plane it would be S times , or
6 seconds.

Hence, as I have before observed, the advantage
gained by thi§ mechanical power is in proportion as the
length of the plane exceeds the perpendicular height :
thus, if the plane be 12 feet long, and the height be 4
feet, a cask weighing 3 hundred weight would be ba-
Janced upon it by 1 hundred weight, because the plane



\ THE WEDGE. 67

15 three times the length of the perpendicular height to
which the weight is to be raised.

To the mclined plane may be reduced hatchets, chi-
scls, and other edged tools, which are sloped only on
one side.

The wedge is the next mechanical power, which is
made up of the two inclined planes, joined together at
their bases: thus, fig. 49, pEF and C E F are the two
inclined planes, united at their bases cE¥ ¢ ; D c is the
whole thickness of the wedge at its back %A B ¢ b, where
the power is applied ; D F and c ¥ are the length of the
sides. "There will be au equilibrivm between the pover”
impelling the wedge downwards, and the resistance of
the substauce acting against its sides, when the thickness
b ¢ of the wedge is to the length of the two sides as he
power is to the resistance.

The wedge is used for cleaving wood, stone, &e¢., and
when the wood cleaves at a distance before the wedge,
the advantage is to be estimatéd by the proportion of
the two sides of the cleft to the length of the back, or,
which is the same thing, as one side of the cleft to half
the length of the back.

The wedge is #sually made of iron when used for
splitting wood or rocks; but if it is made use of for
raising great weights it is frequently mage of wood.
The force given to a wedge of any kind i is generally ap-
plied by a stroke, and not by dead peessure 3 for a sharp
blow with a small hammer will overcome more resist-
ance than a large weight. And a blow from a sledge
hammer, used by blacksmiths, will, in cleaving wood or
stone, overcome more resistance than the pressure of
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several tons weight; because, as we have scen before,
there is no mode of instituting a comparison between
the force of momentum and of a dead weight. All in-
struments which slope off to an edge on both sides, such
as axes and chisels, are to be referred to the principle
of the wedge.

The screw is the last of the mechanical powers, which,
though a simple power in itself, cannot be used without
the assistance of one of the others, as a lever or winch,
by which it bécomes n compound engine of great power.
The screw is a spiral* thread or groove cut round a
cylinder; when the spiral is formed upon a cylinder, it
is called a male screw ; but when it is cut in the inner
surface of a hollow cylinder, it is called a female screw
If, the spiral thread were unfolded it would form an in
clined plane ; the length of which would be to its height
as the circumference of the cylinder is to the distance
between the threads. You may try the thing for your
self ; cut a piece of writing paper in the shape of a tri-
angle, fig. 50, and wrap it about a cylinder a B, as your
round ruler, and you will find it makes a spiral, answer-
ing to the spiral part of the screw. . Suppose the cir-
cumference of the rule to be three : , and you find
the distance of the threads to be haff an inch from one
another, then, in a screw of this kind, the power gained
will be as six to one, which is evident from the principle
explained in .the inclined plane. The height raised is

¢

* The thread of a screw, properly speaking, is a helix, a spiral is
a corve capable of beiug described on a plane. (See fig. 7, miscel-
laneous plate i1.) A helix cannot be so described; the common
corkscrew is a helix,
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half an_inch ; but to obtain this ascent the power must
move the whole circumference of the cylinder, which is
three inches, or six half inches; therefore, the space
passed over by the power, being G, and that passed by
the weight being only 1, the power gained is as six to
one.

An instrument has been contrived to shew the equi-
librium obtained in the action of the screw. A B c, fig.
51, is a thin wedge of pasteboard, or other elastic sub-
stance, the height of which is one fifth 3f the length,
and being rolled round the cylinder o c, makes a screw,
by means of which the weight £ of 1 ounce, will statain
a weight F, of 5 ounces.

It is obvious then, that the smaller the distance be-
tween the threads of the screw, the greater will be the
power of this machine : if, for instance, the distance be-
tween them were the ird or the 4th of an inch instead
of 1, then the power gained, where the cylinder was
three inches in circumference, would be in the one case
as 9 to 1, and in the other as 12 to 1, becaust: there are
9 thirds, and 12 fourths in 3 inches.

I have told you that the screw is usually acted upon
with a lever or winch; I will explain a case with the
lever. If the®threads on a cylinder, A B, plate v. fig.
52, be made a quarter of an inch apart, and the nut b,
be turned with a lever ¢, 30 inches long ; then the cir-
cumference of the circle, made by the, power, will be, in
round numbers, 180 inches,* which, divided by 1, gives

“ The diameter of the circle will be 60 inches, and this multiplied
by 3.16 gives the circumference ; but, to avoid decilnals, I multi-
plicd it by 3.
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720¥% for the power gained. Several men may work at
such a press ; now, allowing the pull or pressure of each
man, on the lever ¢, to be equal to 120 pounds, and
four such men employed, the pressure will be 720 x
120 X 4=845600 pound,

The screw is sometimes applied to a toothed wheel
instead of a pinion, it is then called a perpetual, or end-
less screw, from its constantly moving in one direction.

-Bince every turn of the screw throws off a tooth, the
power gained by this combination is evidently equal to
the number of teeth in the wheel, independent of any
advantage derived from the winch. Thus in figure 11 of
miscellaneous plate 1., let a, the winch be 20 inches
long ; b, the screw, 2 inches in diameter ; c, the wheel
with 80 teeth; and d, the cylinder, half the diameter
of the wheel : then the power gained will be,"

From the proportion of the winch to that of the

screw, 20:1 ...........¢c.c..0.. 20
From that of the screw to the wheel, 1:30. ... 30
From that of the wheel to the cylinder, 2:1 ... ¢

These numbers multiplied together give 1200 for the
whole power gained.

* To divide a whole number by a fraction, ** multiply the said
number by the denominator of the fraction, and divide by the nume-

180 X &
rator:” thas 180=-} = 'X = 720,




LETTER X.

General Observations on afl the Mechanical Powers—of Friction—
Friction-rollers, to what applied—Explanation of a Machine to
illustrate all the Mechanical Powers—the principal moving powers
described and estimated.

HaviNeg described, in my former letters, the mecha-
nical powers in the order in which they are usually ar-
ranged, it may be necessary to draw your attention to
some farther observations on the subject :

). Though the operations of all the mechanical
powers essentially differ from one another, the principles
are reducible to the lever, or the inclined plane. The
wheel and axle, and pulley, belong to the lever; and
the wedge aud the screw to the latter.

2. In all kinds of equilibrium that we kave conmsi-
dered, it must be evident, with a very little reﬂechon,
that the forces, or weights, opposed to each other, are
so arranged, that if they are put in motion their mo-
menta in the direction of gravity would be equal and
contrary, the velocity being as much greater as the mag-
nitude of the weight or force is smaller. 1If an ounce
weight, placed on a lever, at the distance of 20 inches
from the fulcrum, counterpoise a weight of four ounces
at the distance of 5 inches, the velocity with which the
ounce would descend, if the lever were moved, would
be four times as great as that with which the weight of
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four ounces would ascend. A single moveable, puliey
ascends with Lalf the velocity of the end of the rope
which is drawn upwards, and acts with a force twice as
great; a block of two shieves enables a weight to sustain
another four times as great ; but the velocity with which
this weight ascends, is only one fourth of that with which
the smaller weight must descend. When a weight rests
on an inclined plane, of which the height is one third of
the length, it may be retained by the action of a weight
of one third its weight, drawing it up the plane by
means of a thread passing over a pulley; in this case
the ~<locity of the larger weight would be one third as
great as that of the smaller.

3. In all the mechanical powers, one fourth, some-
tmes one third, of the advantage gained must be allowed
for friction; thus, if by a combination of pullies, the
power gained be as 120 to 1, in order to put them in
motion we must not calculate upon more than 80 to 1.

Friction is the resistance that a moving body meets
with frgm the surface over which it passes; it is of two
kinds, the rubbing by friction, and the friction by con-
tact. The former is represented by a locked waggon
wheel going down a hill, the second by the wheel
touching ‘the ground in its usual motion.” The force of
friction vagies in proportion to the different surfaces in
contact; thus, a marble passing on a smooth pavement
suffers less from friction than it would from gravel, and
it would be impeded in its motion still less if it were
driven over ice. But the hardest and most polished
bodies are not wholly free from inequalities that retard
their motionwhen they act upon vne another. The smallest
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impedin'lent from friction 1s, when finely polished iron is
made to rub on bell-metal, but even these are said to
lose about one eighth of their moving power.

The friction between rolling bodies is much less than
in those that drag; hence, in certain kinds of wheel-
work, the axle is made to move on small wheels, or
rollers, in the ioner circumference of the nave. These
are denominated friction-rollers, and are so placed to-
gether 1n a box, and fastened in the nave, that the axle of'
the carriage may rest upon them, and they turn round
their own centres as the wheel continues its motion.
Fig. 53, represents the section of the axle, ¢ ¢ the pave,
and B B the friction-rollers, which turn round their own
axis as the wheel revelves round the axle A of the car-
riage. Friction-rollers do not answer 1 very heavy w3~
chines, as the pressure is apt to wear the maves into.
notches, but in light and rapid motions they are ex-
tremely useful. Larger metal halls, on the seme prin-
ciple, were made use of in mowing the immense block
of stone from the cousy to the graud squareoof St, Pe-
tersbusgh, see fig. 54¢. They may also be used with great
effect in turning heavy bodies, as the top of a windmill,
or the dome of an observatory, or such craies as have
been represented in fig. 36. Bridges over canals have
been placed on this kind of rellers, or whee]s, in order
to be turned out of the way of boats that . may be-laden
with light goods, and to a great height. * Friction-rols
lers are sometimes used with pullies, as fig. 55; if the
axle A be touched only by the friction-roljers, and the
pulley ® turu on the outside, three men are. supposed:to
be able to do .the work of five ig the common way.

E
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I will now. give you an illustration of several of the
mechanic powers, in one machine, with the figure of
a common crane, taken chiefly from Mr. Adam Walker’s
“System of familiar philosophy.” 4, fig. 56, is the
crank handle, which is five times as far from the centre
of the pinion B as the teeth of the pinion are; hence a
power of 5 is gained by the handle, according to the
principle of the lever. The wheel v is twenty times the
diameter of its axis ¢, round which the rope is coiled,
and the power gaived is 20 : therefore, the power gained
by the wheel and axis, and handle, is equal to 5 x 20=
100., The rope passes from the axis over the pulley E,
which changes its direction, and carries it to the system
of pullies, . which is made according to Mr. White’s pa-
tept, with four grooves in the lower block ; this, as you
know, gives a power of 8, therefore the advantage
gained is 100 X 8 or 800, that is, a child who could
exert its force at A, equal to 1 pound only, would be
able to balance the weight w, of 800 pounds. But he
could not pat it in mation, because the friction of the
parts, and the lmpe({ecuon of the.structure, would di-
minish it at least ones‘ithlrd or 250 pounds ; and, there-
fore, in a crane of this kmd we must not rely upon a
higher power than 4 or 500; biit if a min, at ordinary
work, can exert a force go as to lift 30 or 40 pounds, he
would be able, by such a mwlme, and wnth as much'
ease to himself, to Jift 400 times 2 much. But then he
would lose in time what he gamed in powar, for the
weight w, wguld ascend 800 times slower the mo-
tion of the. band at a.. Hence,. in all machi ﬁﬁwhat-
ever, what is gained in power is.lgst in time.
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OBSERVATIONS ON THE MECHANICAL POWERS. 0

Exemrre. If a man can raise, with a single fixed
pulley, by which he gains no advantage, a certain plank,
or stone, in one toiuute, he will raise eight such in eight
minutes, but with a tackle, having four pullies in the
lower block, he will raise the eight with the same ease
at once ; but he will be eight times as long about it, be-
cause his hand will have eight times as much space to
pass over. The great advantage, then, in the mechanical
powers is, that if the six planks, or stones, were in one
piece, it might be raised by a tackle, though it would be
impossible to move it by the unassisted strength of a
single man. Another advantage is, that by machiffes we
can give a more convenient direction to the moving
power, and apply its action at a distance from the body
to be moved. [ will now give a brief account of tlle
principal moving powers, and conclude this letter.

The principal moving powers are—1. The strength
of animals, as that of men, horses, and oxen; and it is
ascertained that a man, of ordinary strength, is reckoned
capable of doing about the fifth part as rguch work as a
good horse.

2, The force of running waters and of wind, which
are advantagequs movers of water-engines, pumps, mills,
&c. Running water, in which the strm is pretty con-
stant, is preferable to wind as a moving pow¥er, on ac-
count of its uniformity.

3. The force of steam, which is tht most powerful of
all agents at present known, and which may be applied
to a thousand useful purposes, from the smallest to the
most powerful engines. \

4, The weight of heavy bodies. The simple weight,

v Q
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as applied to clocks, jacks, and other machines, is the
power which can be readily applied as a first mover, and
its action, depending on gravity, is most uniform; but
as it requires to be wound up, after a oertain period, it
is mostly used for slow movements.

5. The force. of springs. The spring, under various
circumstances, is a very useful moving power, but, like
the weight, it requires to be wound up after a certain
time, whence it is also used chiefly for slow movements.
1t differs, however, from the weight, in one remarkable
circumstance, which is, that its action is not uniform,
being .trongest when most bent ; but there are methods
of rectifying this defect: thus, if you look into your
watch, you will see that the chain is made to wind up
ou a conical piece of metal, which, by being larger at
the bottom, assists the action of the spring when its
force ia weakest.
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LETTER XI.

Bodies in Motion compared—Strength of Bodies investigated —
Bones of Animals stronger by being hollow—Why Statks of Corn,
Quills, &c. are made hollow—Saving by the structure of ‘bellow
Masts—Larger Bodies more liable to accident than smaller—
—Mechanical Powers, how proporticned—Cgmpound Machines,
how examined—Powers of Wheel-work, how ascertained—
Wheels and Pinions, how proportioned.

MY YOUNG FRIEND,

Berore we quit the subject of mechanics, 1 sball
cndeavout to shew you the application of the general~
principles of the science to practical purposes. You
must have observed, and a reference to the several
figures, already described, will make a stronger impres-
sion on your mind, that the theory of mechqmcs may be
traced to very simple laws.

Bodies in motion may be compared either with re-
spect to the quantities of matter that they contain, or the
velocities with which they are mOVed. The beavier a
body, the greater power will be req\ured either to give
it motion, or to stop it when moving; and the swifter
its motion, the greater its force. Its weight, multiplied
into its velocity, is called the momen‘tum; of course the
momenta of moving bodies will be in proportioh to their
several weights and velocities of motion: j M, m, re-
present the momenta; w, w, the weights, or quantities
of matter; and v, 7, the velotities of two bodies ; then *
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the general theorem will be
M:m::WXV:wXv

ExampLe—If w=20: @=10: v=12 and v=6,

then
M:m:: 240 : 60O, or

the momentum M, of the larger body, will be four times
greater than m, the momentum of the smaller. This
principle extends through the whole of mechanics.
When the bodies are suspended by any machine, as the
lever, the wheet and axis, pulley, &c. so as to act in
contrary directions to one another; and if the machine
be put in motion, and the perpendicular ascent of one
body multiplied into its weight, be equal to the perpen-
dicular descent of the other, multiplied into its weight :
th:se bodies, whatever be their weights, will in all situa-
tions balance one another ; for, as the ascent of the one
is performed in the same time as the descent of the other,
their velocities will be as the spaces passed over, and
the excess of weight in one body is compensated by the
excess af velocjty in the other ; so that, in all cases, you
may compute the power of a mechanical engine by find-
ig how much swifter the power moves than the weight,
or hew much more space it passes over in the same
time ; for so much is the power increased by the aid of
the engine.: This will be obvious on an examination
of the severa] figures, explanatory of the mechanical

‘

powers.
The properties of the lever have been applied to the

investigation of the strength of bodies. When the two
arms of a léver are not ina right line, as A M, and c B,
(fig. 57, plate v1.).acting agaiust one another, op the
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fulcrug A c; the power », and weight w, will be in
equilibrium, when px Bc=wx a M, If, instead of
one -larger power p, there had been several smaller
powers acting at a, b, ¢, d, then the common centre of
gravity of them all must be found, and at this point, as
at x, their force will be united; and if the power z,
multiplied into x c, be equal to wx aM, then the
weight and power will be in equilibrium.

The sum of the powers being given, it is manifest
that the farther the centre of gravity z, i€ removed from
the centre of motion c, the more effect will they have
in balancing the weight w, or in overcoming any,other
kind of resistance. Hence it was inferred, by the great
Galileo, that the bones ofanimals, containing a certain
quantity of matter, are stronger for being hollow.

"Suppose ¢ B F, represent the length of the bone, con-
taining a given quantity of matter ; and the circle cHDE,
a section of it perpendicular to the length, and P a
power applied along the length to break it; then the

strength of the longitudinal fibres, by whlch the bone is
preserved, may be considered as united i in A , the centre
of gravity of the circle ¢ 1 p B, which is the common
centre of gravity of those forces, whether the segtion
be a circle, or a section of a bone; but it is evident,
that the distance c 4, of the centre of gravitg, is greates
when the section is a hollow ring, than nt would be if
the matter of the bone were comprassed into the’ space
c h d e, without any cavity; of course, the power with
which, the parts adhere, and which act in a direction
contrary to P, is greater in the same proportion.

You will now see the reason why the stalks of corn,



80 MECHANICS.

the feathers of fowls, &c. are hollow ; for if they were
of the same size as they now are, but solid, their weight
would be teo great for the purposes required. If the
same quantity of .matter now existing in them, were
compressed into a selid form, their strength would be
insufficient to resist the powers opposed to them.

In many cases art has, in this respect, imitated na-
ture. I will give you an instance, in which Mr. George
Smart has applied the principle m constructing hollow
masts, instead uf using the timber in the solid form ; by
this means, not half the wood s required to make a
stronger mast than those in commonuse.

. The iron columns lately erected in frent of the Opera-
house are another instamce of ‘ a judicious application of
this principle; for by being hollow, they are not owly
soore shegant in appearance, but much stronger them the
same xuantity of solid metal would have been.
. 4t mmy be observed, that in simidar bodies, whether in
mere machines, or in the ammal structure, the greater
are morg liable_to accidents than the lesser, and have a
Jeas solative strength ; that is, the strength does not in-
: in the proportion of their magnitudes. A large
# more likely to break i its fall than one half
ov a third the sive. A man, as experience every day
proves, is ip much greuhrdnger from accidents of this
sert than a child; for it is emily demomsirated, that the
forve which tends.to break bodies, or to render them
liuble to dangerous aecidents, mcreases in a greater pro-
postion than the foree which tends to keep them entire.

Exampse. Suppose ABDE, wd Fonxk, (fig

58), 10 be two beams fixed i a wall, by the ends A R E,
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and ns k, the one is double the length and double the
thickness of the other. But as all solids are to one
another as the cubes of theit sides, there will be eight
times as much matter in the large beam as there i$ in
the smaller one, and their weights may be suppostd to
be accumulated in the centres of gravity over the points
x owd £; but ¥ is at double the distarice from the wall
that ¢ is, and therefore the stréss upon the ends resting
in the wall, or the power tending to break them, will be
8 X3=16 times greater in thelarge Yearh than in the
small one ; that is, 8 titnes on account of the weight,
and twice by the centre of gravity of the large beam beixg
at double the distance of that of the small one.

But the forces which tend to keep the bearhs entire,’
are in proportien to the circafar sections A R ¢ Snd
F S K, that is, as 4 to 1, or the largér beam will be four
times less liable to break then the small one ; divide the
16 by 4, and still there is a proportion of 4 to 1 against
the strength of the larger beam.

Hence you will easily infer, that beagps, or any other
bodies, may be constructed so large as to break by their
own weight; and it is observed, that machines which
succeed well in models, may, when executed on a.large
scale, fall to pieces by their own gravity.

in the construction of machines, we mwist consider
what weight every part is to bear, and proportion the
strength accordingly. In levers theestrongest part must
be made where the strain is greatest : thus in fevers of
the first kind, they must be strongest at the fulcrum ; in
those of the second kind, the greatest strength must be

: E 3 .
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where the weight acts upon them; and in the thyd, at
the power. .

The axis of wheels and pullies, and the teeth of
wheels, must likewise be made in proportion to the
work required to be done; and the excellence of all
kinds of machinery is to be estimated by the proportions
being properly adapted to the work to be performed.

To examine a compound machine, you will find the
best method is to go to the centre bf motion, and trace
the parts onward tll you arrive at the weight to be
raised, or the power to be overcome: thus, if you wish
to knqw how the weight w, (fig. 50, plate v.)is raised,
you would go to the winch B, which turus the small

- wheel, and this turns the larger one; this again in its
revolution winds the rope on its axis, which you may
trace over all the pullies to the weight.

If you would discover the mechanical power of any
engine, it will be sufficient to ascertain the spaces de-
scribed by the power and the weight ; for if the power
passes overs§, or 8, or 12 times the space of the weight,
then the power gained will be equal to G, or 8, or 12.

Where it can be conveniently done, the compound
machine may be divided, in your mind, into the simple
ones of which it is composed ; then call ‘the power 1,
and find the forces, in numbers, which the first simple
machine exercises upon the second ; then again, between
the second and thiyd, the thurd and fourth, and so on:
multiply these numbers together, and the product will
be the force of the machine, supposing the first power
‘one.—(To refer again to fig. 56.)
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Suppgse the winch to be twice as long as the radius
of the wheel B, then the power gained isas . . 2
If there are five teeth in the wheel B, and 30 in the
wheel v, then the little wheel will go round 6
times while the large one revolves once, and the

power gainedis as . . . .o « « . 6
If the axis be 20 times less than the wheel the.
power gainedisas . . . . . . o . . 20

By the single pulley b, no advantage is gained ; but

in the pulley », the power gained is asgdouble the

number of strings, that is,as . . . . . . . 8

2 X (X 20 X 8= 1920 equal the power gained, or an
exertion of one pound or hundred weight, at the hand a,
will balance 1920 Ib. or cwt. at w.

Again, if you would calculate the power gained,in
wheel-work, take the product of the number of teeth, in
all the wheels that drive others, for the power; and the
product of the teeth, in all the wheels moved by them,
for the weight; and divide the one by the other, for the
power gained. Or in wheel-work, there arg either two
wheels fixed on the same axis, or one wheel and pinion,
as v and B, (fig. 56); or a barrel that supplies the place
of a wheel; that wheel which is acted upon as v, is
called the Jeatler ; and the other, which gives motion as
B, is called the follower; then take the product of the
number of teeth in all the leaders for the welght and
the product of those in all*the followers for the power ;
divide by one another, and the quotient is the power
gained.

In all cases, the number of turns of the wheel, mul-
tiplied into the number of teeth, is equal to the number.



84 MECHANICS.

of turs of the pinion into its number of teeth ; go that
the number of twrns in the wheel and pinions will be
reciprocally in proportion to their number of teeth.

ExampLE. Suppose the number of teeth in a wheel
and pinion be as 120 and 10, then, for every turn of
the wheel, there will be 12 of the pimion: but if the
number of teeth are as 60 and 10, then for every turn
of the wheel there will be only 6 of the pinien; and if
the number of teeth are eqmal in both, they will turn
with the same selocity, and each turn of the wheel will
have a corresponding turn of the pimion.

If there be any number of wheels acting upon so
many contiguous pinions, you may divide the product of
the teeth in the wheels by those of the piions, the quo-
ticpt will be the number of turns of the last pinion, for
one tarn of the §rst wheel.

ExamMrLE. Suppose three pimions of 6, 9, and
12 teeth, drive wheels of 24, S6, 48 teeth, then

2Ux36%48 __ —64 wi
SxOx1E =4 x 4 x 4=64, will be the number of turns

made by the first pinion, while the wheel goes round
once.

From what has already been said, you will be pre-
pared to deduce a rule, by which the number of wheels
and pinions being given, you will get the number of
teeth, to becut on them, to make an index, as the hand
of a clock or watch turn a certain number of times.

RuLe 1. Find the component primes* of the given

* The component primes, or prime numbers, are those that can
be onty divided.by unity, so as to leave no remainder ; these are 2,
3, 5,7, 14, &c. thus the primes of 210 are found by dividing by 2,
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numbgr, which are the divisors of that wumber, without
remainders.

11. Distribute these divisors into- as many separate
parts or parcels as you have wheels to use ; and each
part or parcel multiplied together, is to be the numera-
tor of a fraction, of which unity is the denominator.

111. Muhiply the numerator and denominator of each
fraction by any number that you intend for the number
of teeth in the several pinions, and the fractions will
shew the number of teeth in the wheelsand pinions:

Exampre. Suppose I were required to make the
index turn 3600 times, by means of 4 wheels_and 4
pinions,

The primes of 3600 are 2, 2, 2, 2, 5, 3, 5, 5; these
I am to divide into 4 parcels, because there are four
wheels, and as I do not mean to have the wheels of the
same size, or of the same number of teeth, I distribute
them thus:

2 and 2 ( The parts of each parcel are ¢ 4
2 and 3 ) to be multiplied together for J 6
2 and 57) numerators of fractions, angy 10
8 and 5 (will stand thus: 15) 13

Having determined that the pinions should consist of
pinions of 7, 8, 6, and 5 teeth ; I multiply the numera-

n-[;v- b i

3, 5, and 7, which multiplied into one another, give's the original

number,
- 2)210

3)105
5)35
7
1




86 MECHANICS.

tor and denominator of each fraction by the nymber,
which is equal to the number of teeth in each pinion,
thus

ax7=28— teeth in Ist wheel.
17 8= 7=1] teeth in 1st pinien.
teeth in 2d wheel
6 X Q— 48— . L
PX8="=1 teeth in 2d pinion.
teeth in 3d wheel.
10 —_60 . ..
P X6=1= { teeth in Sd pinion.

: teeth in 4th wheel.
15 5= . .y
i Xoe=¥= { teeth in 4th pinion.
These divisors might be arranged differently, as by
putting three in one wheel, and leaving one divisor only,

for another wheel, as

2x2x5=2%° ( Then if the pinions are to AL
* @x8=79¢ Jconsist of 12,7,4,and 3 { __ ) *?
2x3=-+F )teeth, the teeth in the (— ) %

5= 4% Uwheels and pinions will be i

These observations will, if properly attended to, and
thoroughly understood, be a proper introduction to my
next letter ‘on clock and watch work; which depends
almost wholly on a combination of wheels and pinions.
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LETTER XIL

Structure, Mechanism, and mode of Operation of Clocks—How
Time is acenrately measured by a Pendulum—Dial-work of a
Clock explained—Striking Train explained—Structure and Me-
chanism of Watches explained—Other Instruments to point out
the Divisions of time—Of time aud its divisions.

You will now be able very readily to comprehend
the structure of clocks and watches ; the drawing, fig.
50, which accompanies this, is a representation of the
inside of a clock, seen side-ways, or such a view as you
will get by opening one of the side doors of a commén
eight-day clock. The frame-work T T T T, is usually
mfde of brass, and intended to hold the parts«ogether.
The weight ¢ w, gives motion to the wheels, &c., for
the cord to which it is attached, is fastened by the other

-end to the barrel c, at r, therefore, in endéavquring to
descend, it turns the barrel ¢, to which is attached the
wheel p; this wheel turns the pinion d, and also turns
the wheels N and o, and, with the wheel o, the pjnion
p is turned, which turns ¢; but the wheel E gives mo-
tion to the pinion e, the wheel ¥, and thg pinion I
which pinion f, turns the crown, or balance wheel ¢ H.
The teeth of the balance wheel act upon the pallets 1 x,
so that after one tooth, u, has communicated motion to

. the pallet x, that tooth escapes, and the opposite:tooth

G, acts upon the pallet 1, and escapes in the same mau-
ner,
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The motion of the pallets and crown wheel-will be
better understood by fig. 60. b c are the pallets move-
able on the axis A, and conuected with the pendulum
A B, so as to vibrate with it; now, when the pendulum,
by a vibration, comes into the position A x, the pallet ¢
will escape its tooth, and p will act upon an opposite
tooth, the pendulum returning, b escapes, and c acts
upon another tooth, and so on,

By referring again to fig. 59, you will perceive at
once, that when the pendulum is made to vibrate, all
the wheels must partake of the motion, and then the
weight w, acting upon the wheels, must continue their
motion, and likewise the motion of the pendulum, till
the cord is wound off from the barrel.

. You will also observe that the quickness of the vibra-
tions of the pendulum regulates the velocity of the
wheel-wprk ; for if the pendulum A B, swing secofds,
each pallet will be extricated in a second of time; if it
swing balf seconds, each pallet will be extricated in
half a seccnd ; of course, as the motion of the crown
wheel, and that of all the other wheels and pinions is
regulated by the time taken by the extrication of the
pallets, it is regulated by the pendulum, and will be
twice as swift in clocks, with half second pendulums, as
_it is with jecond pendulums. See Letter V. pages 39
and 40.

When the’ cord ¢ z, upon which the weight w, is
suspended, is eatirely run down from off the barrel, it is
wound up again by a key, that goes on the end @, by,
turning it in a contrary direction to that ia which the
weight descends. You must, however, observe, that on
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the basrel ¢ are two wheels, a fourth part of which is
represented in fig. 61; b is the wheel which turns the
pinion L ; and z the ratchet wheel, the teeth of which,
when the barrel is turned the reverse way, removes the
click c, so that the satchet wheel z, turns in the direc-
tion X Y, while the wheel D is at rest; but as soon as
the cord is wound up, the click falls in between the teeth
which act upon it, and obliges the wheel », to turn along
with the barrel, and the foroe of the spring s, keeps the
click between the teeth of the ratchet wheel.

Let us turn again to fig. 59, and examine how the
divisions of time are pointed out by means of theshands.
The wheel &, is made to revolve in an hour, and the
pivot ¢ of this wireel, passes on to A, on which the mi-
nute hand is fixed : this then points out tht division ®f
each bour into iminutes, if the dial plate is so divided.
Again, the wheel N turns the wheel o, which acts on
the pision p, which ucts on q g, and this wheel q q,
makes its revolution m 12 bours; on the pivot v, is
fixed the howr hand, which, of course, marks‘ou} the day
into hours. In looking at the front of a clock, the mi-
nute and hour hands appear to be on the same pivot, but
that you know, is impossible, because one revplves
twelve times faster then the other ; that is, the minute
liand makes s circuit in an hour, but the hour hand
takes twelve hours for its revolution, and saow you per-
cetve that the minate hand turns on she pivot A, and this
turms in the socket of 9, which socket turns twelve times
stower than the other.

I will wow explain how time is s0 exactly mensured
by the pendulum, and by what meups the seversl wheels
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are made to turn in any given times, as an hour,rtwelve
hours, and the like. We have formerly shown, (page
40), that pendulums vibrate slower or quicker, accord-
ing to their lengths. Suppose, in our clock, the pen-
dulum to vibrate half seconds, in this case there will be
60 X 60 x 2=7200 vibrations in an hour. You will
then, my friend, naturally ask how the wheel E, is made
to take an hour precisely in making one revolution ?

This depends on the number of teeth in the wheels
and pinions, according to what I told you in my last
letter. -

Suppose the balance wheel ¢ 1, to consist of 30
teeth ; then as each tooth acts separately on both pallets,
which occasions two vibrations of the pendulum, the
psndulum will vibrate 60 times while the wheel turns
oonce, and as ‘;00—120 this balance wheel must make
120 revolutions in an hour. The pinion £, moves with
the balance wheel G H, and turns the wheel F, but there
are 0 teeth in £, and 60 in F; of course f will make 10
revolutans"wbnle F makes but one revolution ; therefore
the wheel F turns (4% =) 12 times, while the balance
wheel turns 120 times, or while the pendulum swings
720Q times. With the wheel v the pinion e turns,
which turns also the wheel £; but there are 6 teeth in
e, and 72 ip E; therefore the pinion e turns ("¢ =) 12
times, while E turns once. Hence you see that E makes
one #evolution only, while ¢ and F make 12, while the
pinion £, and balance wheel ¢ n, make 120, and while
the pendulum nakes 7200 vibrations, that is, in an hour :
—in other words, the wheel g, and the index /i, make
a revolution in one hour precisely.
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Wesnow come to the hour hand: the wheel N, is
turved by the same axis e, as turus E, of course it
makes its revolution in an hour; the wheels N and o
have each 30 teeth ; and being turned by the axis ¢, they
both make a single revolution in an hour; with the
wheel o, the pinion p, and wheel ¢ g revolve ; but the
pinion has G teeth, and the wheel ¢ ¢ has 72 teeth,
thercfore the pinion p, revolves (%* =) 12 times while
the wheel ¢ ¢, revolves once ; in other words, the wheel
g1, (to which is attached the hour h#hd vu), turng
tuelve times slower than the wheels 0, N, and & ; but
E turns once in an hour, and therefore q ¢ turgs only
once in 12 hours.

You will remember that the weight @, is not a ne-
cessary part of a clock, because small clocks, as thoee
which stand on tables or brackets, do not admit of v.
weight to run down; these, then, are moved with a
epring contained i the barrel, instead of a weight and
cord to be wound on it.

If you now turn to fig. 62, you will see’a diﬂ'erent_
view of the inside of a clock. You observe two sets of
wheels; the set connected with the barrel A, is that
which we have already described ; the other set, con-
nected with B, is the striking part. These sets, or
traius of wheels, are independent of one amother, and
each has its first mover, A gnd B; the traiy A A, is con-
stantly going, to indicate the time by the hands on the
dial plate: but the train B B, is only put in motion
every hour, and strikes a bell to tell the hour. ¢ is the
barrel of the gping part, having a' catgut*or cord, #,
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wound round it, suspending the weight w, whi¢h keeps
the clock going, in the way described above. ¢

I aow proceed with the mechanism connected with
the striking of the clock : the first mover is the barrel
8, having a click, such as has been described with regard
to fig. 61. To this barrel is attached a wheel, b, called
the count-wheel, having 78 teeth; it turns a pinion of 8
teeth, which is connected with the pin or striking-wheel
z, of 64 teeth, acting also upon a pinion of 8 teeth, be-
longing to the detent or prop-wheel o, of 48 teeth;
this turns a pinion of 6, on the same arbor with a thin
vane of metal, called a fly, intended by its resistance to
the air, to regulate the velocity of the wheels. v is the
bhammer, and z the bell.
© The wheel 1, has eight pirf projecting from it ; these,
as they pass by the tail of the hammer », raise it up ;
the bammer is retarued violently when the pins leave its
tail, by a spring, m, pressing on the end of a pin put
through its arbor, and strikes the bell. There is another
apring, ./, Which lifts the hammer of the bell the instant
it has struck, that it may uot stop the sound. The
eighth pin in the wheel r, passes by the hammer 78
times m striking the 12 hours, because 1 +2+3+4+5
+6+7+8+9+10411412=78, and as its pinion
has eight leaves, each leaf of the pinion answers toa pin
in the wheel . As the great wheel has 78 teeth, it will
turm once in 12 tioars. The wheel z, having 64 teeth,
eight of them con'espmnd to one of the pins for the ham-
mer ; and as the pmloa of the next wheel, o, has eight
teeth the wheel itself will turn once f each stroke of
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the harsmer. As o turns once for 6 revolutions of its
pinion ; and as P turns once for 8 revolutions of its pi-
nion of 6 leaves, the fly £, will turn 6 x 8 =48 times far
one revolition of the wheel o, which is equal to one
stroke of the hammer.

But you will naturally ask by what means is a clock
made to strike at each hour the precise number of times
required?

There are many contrivances for producing this effect ;
but I will confine myself to a description of one of the
most simple.

As the parts which perform this office are coneealed
by the wheels to which we have just now referred, they
could not be delineated in the same figure without pro-
ducing confusion. I shall @erefore merely indicate theif
situation in figures 62 and 66, and must refer you for a
complete representation of them to figure 1 and 2 of
miscellaneous plate. In wheel e, of fig. 59, plate vi.
is fixed a pin, the use of which is to lift up the detent,
« B3, (see fig. 1 and 2, of miscellaneous, pldte 1.) the
further extremity of which, when down, locks into a
natch, or rests against a pin in the detent wheel p,
whilst its projection g, falls into one of the notchec in
the wheel 3 3, which is affixed ou the arhor of the+count-
wheel b.

The lifting up of the detet sets the striking_train at
l&erty, and allows the weight or spriyg’to put the whole
in Botion. The wheel & continugssta move till its pin
slips from under the detent, which would in conse-
quence immediately drop down an&\ lock the detent
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wheel, were it not prevented by the projection ¢ which
rests on the rim of the wheel 3 3, and continues to do so
until a pin iv the pin wheel has raised the hammer, and
caused it to strike one. By this time the detent wheel
has made one entire revolution, the pin wheel , and the
wheel 33, -2, of a revolution. By this means notch 2d
in the wheel 834, is brought immediately under the pro-
Jjecting piece ¢, of the detent, which slipping into the
notch, allows the detent to fall down and lock the de-
tent wheel. From this time the striking part remains
at rest till the next hour, when the pin in wheel E com-
ing il contact with the tail of the detent, raises it again.
But the clock will now strike two; for notch 3 being
+% from notch 2, the rim of the wheel § 3, will support
the detent until the pin whé® has gone through 2 of a
revolution, that is, till two pins have passed by and raised
the hammer. And thus by continually increasing the
spaces between the notches in the wheel § 3, 51, part of
the whole circumference, the striking train is kept in
motiorruntil the requisite number of pins have passed
the hammer, and caused it to strike the proper hour.
Figure 66, Mechanics, plate vi. represents a spring
or table clock. A A’is the going train, A’ the barrel con-
taining the spring that keeps the going train in motion,
v the chaif, F the fusee, g the ratchets and click described
in fig. 61, for preventing the fusee from turning without
carrying the wheel % along with it. This wheel £ tug#®
the pinion ¢, whicl%1s fixed to and carries round t%e
wheel 2. The wheél @ works into the pinion i, and
turns both that -avfl the wheel b affixed to it; d works
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into a divot not seen in the drawing, on the same arbor
as the crown wheel z, and turns them both, 5 and 5
are the pallets.

B 1 is the clock work or striking part, B’ the barrel
containing the spring, v the catgut or chain, r the fusee,
g the ratchets and click, the same as in the time past.
E the count wheel, 1 the pin wheel, m the detent wheel,
n the fly wheel, z the fly aud its pinion, 1 ¢ o the detent,
& the bell and s the hammer, y the spring for driving
the hammer against the bell on its being di.sengaged from
the action of the pin wheel.

The form of the spring, and also of the fuse®, are
nearly the same in a table clock as in a watch, but the
necessity of making the fusee of a conical form being
much more obvious in a.Watch than a clock, I shall
defer entering into a. description of them at present.

Clocks are generally found to lose in summer, and gain
in winter, from the expansion of the pendulum rod by
heat, and its contraction by cold. To remedy this defect
astronomers are accustomed to apply tqetheir sclocks
what are called compound or compensation pendulums.
They differ very much in- their construction, but all de-
pend on the same principle, namely the different degree
of expansibility of different metals.

The simplest aud most elegant of these coistrivances,
is the mercurial pendulum. It consists of a steel rod,
ab, (see fig. 6, misc. plate 1.) with™) bucket, b ¢, at the
boftom filled with quicksilver, place of a bob,
Now the expansion of the rod ewlently lengthens the
pendulum, but the quicksilver expandiyg more than the
steel, causes the fluid to rise in the bucket, which, in

-
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fact, is equivalent to raising the bob, or shortenag the
pendulum. And thus by duly adjusting the quantity of
quicksilver in the bucket to the length of the rod, the
expansion and contraction of the steel and mercury are
made to counteract each other ; and the pendulum, and
consequently the clock, to preserve an uniform metien.

With this explanation of the interior of a clock, L
think you will find no difficulty of understanding all its
motions, but you will derive great advantage if, with the
knowledge thac this letter affords, you would call on
your watch-maker, and request bim to show you the me-
chanism of an eight-day clock.

1 shall now give you a short account of the construc-
tion of watches, whigh I advise you to read, not only
with the accompanying figures, but also with the wark
of your own watch standing open before you.

Watches, as well as clocks, are composed of wheels
and pinions, with a regulator to.direct the velocity of
the wheels, and of a spring which comssunicates motion
to the wholes, The regulater and spring of a watch are
inferior to the weight and pendulum of a clock. Instead
of a pendulum, there is the balance u, (fig. 63,) which
regalates the motion of a watch; and, in place of a
weight, a spring, such as fig. 64, which is enclosed in
the hox, aad A serves to give motion to the wheels and
balace. Fig. 65, represents the inside of a watch after
the upper plate is §:.ken off ; A is the barrel which con-
tains the spring; o/F end of the chain is fixed to the
barrel a, fig. 69, it jthen rolled round it, and the other
cnd is fastened to [be fusee B.

Wiien the watch is wound up, the chain, which was
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upon the barrel, is on the fusee, and, of course, the elas-

tic spring, in the barrel, is on the stretch, for the inte-

rior end of the spring is fixed to an immoveable:axis a,

about which the barrel revolves; the exterior end z,

of the spring is fixed to the inside of the barrel, which

turns upon an axis. You will, therefore, readily pet+

céive how the spring extends itself, how its elasticity for-

ces the barrel round, and obliges the chain, which is on
the fusee, to unfold, and in its motion, to give motion
also to the fusee. The motion of the fusee is commu-
nicated to the wheel c, thence to the pinion ¢, which car-
ries the wheel p; this moves the pinion d, whick car-
ries the wheel £ ; this, again, turns the pinion e, which
carries the wheel F, and gives motion to the pinion f,
upon which is the balance wheel ¢, which gives motiois
to H.

It is evident that the hour hand ¢, turns twelve times
slower than the minute hand %, because the pinion of
twelve, oo the spindle of the minute hand turns the
wheel s, of 48 teeth ; therefore, the motioh qof s is
(42=) 4 times slower than the minute maud, but the
pinion of s, of 16 teeth, turns the wheel ¢, of 48 teeth,
and of course the motion ¢ is ($&=) 3 times slower than
that of the pinion, or than that of the wheel s, and
3x4=12,

I must now shew to you how the balance is made to
oscillate in a certain time, so'as to regulate the going of
the watch.

The pendulum of a clock has in @ nature a principle
of re-action, for no sooner has it swung to.a certain
height than it returns by the mere effec) of gravity ;. but
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the balance of a watch has no such tendency. r To re-
medy this defect, a fine spiral spring is fixed by one end
to the axis of the balance as represented in fig. 3, mis-
cell. plate 1. the other end being fastened to the frame-
work. From the elasticity of this spring, the balance,
though capable of swinging freely on either side to a suf-
ficient distance for the pallets to clear the teeth of the
balance wheel, yet has a tendency immediately to return
back towards its proper point of rest between the two
escapements, in which position it would finally settle af-
ter a few oscillations, were it not kept in motion by the
action of the balance wheel upon the pallets.

1t is upon a nice adjustment of this part of the work,
and a due proportion of the strength of the main to the

*balance spring, that the accurate going of a watch prin-
cipally depends.

The force of the balance spring may be considered as
constant, but that of the main spring is obviously not so,
being much stronger when first wound up than when
nearly down, To compensate this inequality in the
moving power, the fusee is cut into a conical form, di-
minishing from top to bottom. By this means the chain
acts upon a shorter lever, when the spring is wound up,
and upon a longer one when it is down ; so as to regu-
late the wnequal action of the main spring to a perfectly
reguhr force upon the wheel-«ork In chronometers,
which ‘are only 2 iure accurate sort of watches, the ba-
lance instead of b&;s an intire circle, is made with a di-
vided rim, compos;.¢: of two different metals, run or sol-
dered togelber,»ée fig. 4, plate 1. 'The object of this
ingenious contrivance I will now explain to you.
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Allemetals are expanded by heat, and contracted by
cold. . In consequence of this property, the balance of
a watch is larger in summer than in winter. By the en-
largement of the balance, thé rim is carried further from
the centre of motion, and consequently has to pass through
an arc of a larger circle than hefore; but the force of
the spring remains the same, and therefore the balance
will be longer in performing its oscillations, and the watch
will go slower,

The divided rim a b, a b, as I just n8weobserved, s
composed of two metals, of very unequal expansibility,
(commonty brass aund steel)) soldered or run together;
the most expansible metal being placed outwards.

In consequence of this arrangement of the metals, the
arms a b, a b, become more bent by expansion, which
carries the balls b, b, nearer to the centre, this serves to
correct the expansion of the radii ¢ a, ¢ a, which evidently
has a tendency to carry them further out ; now since the
principal matter of the rim lies in these balls, it is easy
to see that by duly proportioning the len&th of the arms
a b, a b, to that of theradii a ¢, a ¢, the balls may be made
to preserve a precise distance from the centre under every
degree of expansion, and thereby the vibrations of the
balance be rendered perfectly isochronal.

Chronometers also differ from watches in awmother very
striking particular, having what are v:ommﬂnl;v called de-
tached escapements ; but these are T» “various, and gene-
rally so extremely complicated in & ..,T form, as to be un-
intelligible without a reference to s¢ odels, or to very de-
tailed and accurate drawings. Suffice it therefore to say
that the object of all these contrivances is to reduce the'

F &
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impulse on the balance from a continued pressure of the
teeth of the balance wheel on the pallets to a momen-
tary fap, and thereby to remove, as much as possible,
the errors arising from eny variation in the force of the
moving power, or from irregular friction, occasioned by
the unequal lubricity of the ofl required for greasing the
machine.

Clocks and watches are of modern invention, and you
will naturally ask what expedients were used for the pur-
pose, previcusiy to the introduction of these useful ma-
chines. You may, indeed, carry your enquiries still far-
ther, s2d ask what is time ; and how are the usual divi-
sions to be accounted for ?

1 cannot pretend to satisfy you as to what time is;
tne philosophical poet asserts that

Time, of itself, is nothing, but from thonght
Receives its rise ; hy labouring fancy wrought
From things considered, whilst we think on some
As present, some as past, or yet to come,

No thought can think on time, that’s still confest,
* But thinks on things in motion, or at rest.

Hence time is noticed by a succession of events, and
it is measured by some uniform motions. By means of
the common hour-glass the motion of the sand marks
out the hours of the day, so long as it is attentively and
accurately turned when one end of the glass is emptied.
Upon*x-ttiilar pring'nle water was used to measure the
lapses of time, and ¥, machiues, out of which it flowed,
were called clepsydje. After these, sun-dials were in-
vented, which marked the times by the shadow of a style
or staff, which shadow moves round with the apparent
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motio of the sun, and with the real motion of the
carth.

The motion of the earth is the most equable motion
in nature, and the period of its revolution is divided into
24 equal parts, called hours ; this is the cause of the
divisions on clocks and watches being 24 in Italy, and
12 in this country, and most other places, where, for
convenience, the 24 is divided info two twelves. The
division of the hours into 60 minutes, and the minutes
into GO seconds, is used likewise for convEnience, because
the number 60 is divisible by many other numbers with-
out a remainder.

It is agreed by all nations that the twelve o’clock hour
should be when the sun is on the meridian, that is, when
it is on that line that passes North aud South over our
heads, and hence you see the reason why clocks and
watches are faster or slower in some countries than in
others. Because, if you turn to your globe, you will
find" that Piris comes sooner to the meridian than Lon-
don, and London comes sooner to it thag Lisboa, but it
is x11. o’clock in all countries, when those countries
come to the meridian ; therefore the clocks at Paris are
before the clocks at London, and those at Lisborrare
behind those at London.
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LETTER XIIL

The Sciences of Hydrostatics and Hydraulics defined and illustiated
—Fluids, how detined—Fluidity, cause of—Difference between
Fluids and li¢uids explained—Gravity of Fluids illustrated—Ex-
periments—How lead is made to swim—Hydrostatical Paradox
—Diffgrence between Gravity and Pressure explained—Hydro-
statical Bellows.

Having dismissed the science of mechauics, I shall
proceed to hydrostatics and hydrawslics, which are of
great importance to the comfort and convenience of
man.

Hydrostatics treat of the nature, gravity, pressure
and motion of fluids in general, and of the methods of
weighing solidsrin them.

The science of hydraulics relates particularly to the
motion of water through pipes, conduits, &c. and in
this sense it will appear to be of the utmost consequence
to the wants of life, when we consider that on its priu-
ciples depend the structure of pumgps, fire-engiues,
pipes owesnveying yater from one place to another,
and canals, on whigh much of our inland commerce
depends. %

In a more strict s‘ense, the science of hydrostatics,
treats of the weight and equilibrium of fluids at rest,



GRAVITY OF FLUIDS. 108

and thet of bydraulics considers the laws of fluids in
motion, that is, when the equilibrium is destroyed.

A fluid is a body whose parts yield to the smallest
force impressed. There are two kinds of fluids, viz. -
those which are elastic, as atmospheric air, and the dif-
ferent gases, and those which are non-elastic, as water,*
oil, mercury, &c. 1t is with the latter class, or rather
with water belonging to this class, that we are now par-
ticularly concerned.

Philosophers have usually assumed, shere being no
direct proof of the fact, that the particles of fluids are
round and smooth, since they are so easily moved among
one another. This supposition will account for some
circumstances belonging to them, with great ease. If
the particles are round, there must be vacant spaces be-
tween them, in the same manner as there are vacuities
between cannon balls, that are piled together ; between
these balls smaller shot may be placed, and between
these others still smaller, or gravel, or sand may be dif-
fused. In a similar manner, a certain quantity of parti-
cles of sugar can be taken up in water without increasing
the bulk, and when the water has dissolved the sugar, salt
may be dissolved init, and yet the bulk remain the sape :
now admitting that the particles of water are round,
this is easily accounted for. '

Others suppose that the cause of fluidity is in the
want of cohesion of the particles<of gvater, oif; &c. and

* The ingenious experiments of Mr.','.lacob Perkins detailed in
the Philosophical Transactions for 1820; put the compressibility of
water beyond all doubt, and lead to a suspicion that there is no
substance in pature but what is capable of being compressed.
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from this imperfect cohesion, fluids in small qus atities,
and under peculiar circumstances, arrange themselves in
a spherical manner, and form drops.

Although air, steam, and the various gases, are fluids,
as well as water, wine, oil, mercury, &c., yet to distin-
guish them, Dr. Young, and other philosophers, de-
scribe them in the following manner: A fluid which has
no immediate tendency to expand when at liberty, is
considered as a liquid : thus water, oil, and mercury, are
liquids ; air, steam, and the gases are fluids ; the latter
may be denominated elastic fluids, and the former non-
elastic.  With water, one of the non-elastic fluids, we
are now chiefly concerned ; it is subject to the same laws
of gravity with solids, but on account of the less cobe-
sive power of its parts, there are some peculiarities re-
specting water, which do not attach to solids. The parts
of a solid are so connected, as to form a whole, and
their effort is, as we have seen, concentrated in a single
point, called the centre of gravity; but the parts of a
fluid gravitate independently of each other, and it is on
this principle, that the surface of a fluid, contained in an
open vessel, is always level, or parallel to the horizon,

1t was formerly supposed, that the parts of fluids did
not gravitate upon each other; or that water, for in-
stance, hag no weight in water; not that it was ever
doubted whether water and other fluids had weight, when
consi&r'e'a'fy themsetves ; but it was imagined, that they
had no weight, wher immersed in fluids of the same
kind. In proof of which, they said, that a bucket full
of water, at the bottom of a well, was drawn up with-
out difficulty till it reached the surface, and it was then
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that ¥s weiglit began to be felt In opposition to this,
I will describe an

ExPERIMENT.—1. Suspend from 'a balance, an
empty phial, corked and loaded with lead, so as to sink
in water; and at the other end of the balance, let the
phial and lead be counterpoised with an equal weight,
when it is immersed in the water. When all is in a state
of equilibrio, let the phial be uncorked, and the water
will rush in and fill the phial, and the equilibrium is de-
stroyed. Now if the phial contain eight ®upces of water,
it will require eight ounces to be put in the other scale,
to make them balance one another, which proges that
the water, in the phial, lost nene of its weight by heing
surrounded by a fluid of the same kind.

You will, perhaps, ask how we account for the ease
with which the bucket is draWn up through the water.

Fluids are possessed of this property, they press
equally in all directions ; not only in common with solids,
perpendicularly downwards, but also upwards and side-
ways ; and therefore it is by the upward pressurg of the
water in the well, that the bucket so eaflly ascends; for
the water in the bucket, being of the same weight with
that in the well, a small force in addition to the upward
pressure, will cause the bucket to ascend. You will,
perhaps, be glad to make some experiments,, to demon-
strate the upward pressure of fluids.

Ex. 11. Take a glass tbe, helf an incii“or thore in
diameter, open at both ends ; stop one end with your
finger, and immerse the other perpendicularly in water.
While the upper end is closed, the water capnot rise but
a few inches, because the air within prevents the ascent

. F 3
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of the water; but if the finger be removed, the air will
escape, and the water will rise in the tube to the same
level as it is in the vessel, being pressed upwards by the
surrounding water.

Ex. m. Ina bended glass tube, A B c, (plate hy-
drostatics, fig. 1,) I pour some sand, and when the bot-
tom part is filled, whatever is poured in afterwards, will
stand in the side of the tube in which it is poured, and
not rise in the other side ; because by the attraction of
gravitation, all »kodies have a tendency to the earth, that
is, in this case, to the lowest part of the tube ; but if the
sand ascended in the other side of the tube, its motion
would be upwards; or from the centre of the earth.

Ex.1v. Pourout the sand, and let water be putin its
place, and it will be seen that this is level in both sides
of the tube, proving that with respect to fluids, there is
a pressure upwards at the point B, as well as down-
wards.

Ex. v. Take atube, open at both ends, and ground
so flat at the bottom as not to admit water; I place it
in a vessel, ani hold it down firmly while I pour water
round it: fitting close, no water gets into the tube, but
the moment 1 move the edge, though ever so little, the
water ascends, which it must do by the upward pressure
alone. The experiment would not succeed with sand,
which has no upward pressure.

From i property, we learn the principle of spout-
ing fluids ; if a bole is bored in- the side of an upright
pipe filled with water, the fluid will spout out, which
shews the lateral pressure, and this pressure is so much
greater, in proportion as the hole is farther removed
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fromsthe surface ; that is, a hole 3 feet below the sur-
face of avessel of water, will throw out in the same time,
much more water, than one only a single foot below.

As fluids press equally in all directions, it follows,
that the bottom of a vessel sustains the pressure of aco-
lumn 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.

Ex. vi. In the vessel a B, (fig. 2,) the bottom c B,
does not sustain a pressure equal to th€ whole quantity
of fluid contained in the vessel, but only of a column
whose base is ¢ B, and height & G ; the sides A8, c D,
&ec. sustain the other pressuse. But in a conical vessel,
F G H D, (fig. 3,) the bottom G H, sustains a pressure
equal to what it would, if the vessel were as wide at the
top x z, as it is at the bottom ¢ R.

Ex. vir. The lateral pressure is shewn by the fol--
lowing experiment: a B, (fig. 4,) is a vessel filled with-
water, having two equal holes, a b, bored with the
same tool, one at the side close to the bottom, and the
other at the bottom itself : if these holes are opened at
the same instant, and the water suffered to run into two
glasses, it will be found, that at the end of a minute,, or
other portion of time, they will have discharged equal
quantities of water ; a proof that the water psesses side-
ways as forcibly as it does downwaids,

Hence it is clear, that fluids press equally i every
possible direction, provided the perpendicular heights
are equal, which may be shewn by another method.

Ex. viii. At the bottom of a tube, two or three
inches in diameter, and openat both ends, tie a piece of.
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bladder, and pour in some water, say six inckes in
height ; the bladder will now be convex or bent out-
wards; dip it in a vessel of water, holding it still per-
pendicular; when immersed two, three, four, or five
inches deep, the bladder will be still convex ; but when
it 1s six in¢hes below the surface, then it becomes: flat,
becanse now the perpendicular depths being equal, the
pressure upward is equal to that downwards; and the
water in the tube is exactly balanced by the water in the
jars and if the tabe be pressed farther down, the bladder
will become concave or bent upwards, because now the
water ip the outer vessel being deeper than that in the
tube, . the upward pressures becomes greater than the
downward ; for the upward pressure is estimated by the
perpendicular depth of the water in the outer vessel,
measured from the surface to the bottom of the tube;
but the pressure downwards, is estimated by the height
of the water in the tube; the former, therefore, being
perhaps 8 or 0 inches, and the latter only 6, is thé’ cause
of the kladtler being forced upwards.

Upon the principle of the upward pressure, lead or
other metal may be made to swim in water: let L »,
(fig. 5), be a vessel of water; and a b a glass tube, open
throughout : z is a string by which a flat piece of lead }
of an inch ghick, is held fast to the bottom of the tube,
to prevent the water from getting in between the lead
and the glass. In this situation, if the tube is immersed
in the vessel of water to about three inches depth, the
string may be let go, but the lead will not fall ; it will
be kept adhering to it, by thc upward pressure below it.
"The Jead being about 11 times heavier than water, and
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the thsee inches being eleven times the thickness of the
lead, is the reason why that depth is fixed on. Had
iron been used, the depth must have been less than 2
inches, because iron is 7 or 8 times heavier than water;
and if the plate had been of gold, the depth to which it
must bave been plunged, would have been nearly 5
inches, because gold is 18 or 19 times heavier than
water. Sometimes it is necessary to put a piece of
moistened leather between the metal and glass, but to
prove that the leather has no effect whasever.in the suc-
cess of the experiment, if the tube be drawn up an inch
or two, and the string suffered to be free, it will fall off
immediately, because the upward pressure is then not
equal to the downward, and cannot oppose the gravity of
the lead, and it falls off of course.

There is in this science, an axiom perfectly well ascer-
tained, though denominated the hydrostatical paradox,
and it is of considerable importance in hydrostatics ; it is
this, that a quantity of fluid, however small, may be
made to counterpoise any quantity however large. We
know, that in solids a ib. will only baldhce a 1b,, and a
hundred-weight an equal weight; but in fluids, a pint
may be made to balance a hogshead or a tun.

Ex.1x. [If a wide-vessel o B, (fig. 6), contammg
any quantity, as a gallon or a barrel of water, and a tube
¢ », however small, attached to it at 2, then pour water
into them, and it will stand at the same height in both,
that is the pint, or perhaps tea-cup full of water in ¢ z,
will balance the gallon or barrel A B 2. See more on
this subject, in Scientific Dialogues, vol. 113, Conver. v.
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Ex. x. Let A p B 6, (fig. 7), represent a c:lindri-
cal vessel, filled with water to A, to the inside of which
is fitted the cover ¢, so as to slide up and down, but
not to admit the water to pass between its edges and the
surface of the cylinder. In the cover, is cemented a
small tube, F c, open throughout, communicating with
the water beneath the cover c. Now, if a pound weight,
z, be placed on c, the water will rise in the tube, as
high as E, and if another pound be added, it will rise as
high as F, and ~o on. Here it is evident, that as there
was an equilibrium before the weights were placed on
the cover, the water in the tube E c, which weighs only
a few grains, is an equipoise to a pound. In other
words, the column E ¢, produces a pressure in the water
contained in the cylinder, equal to what would have
been produced by the column A ad p; and as this pres-
sure is exerted every way equally, the cover will be
pressed upwards with a force equal to the weight of
A ad p, for if the weight were removed, and the space
ad p A, filled with water, it would stand no higher than
£ in the'tube ; cynsequently if the water contained in the
space a d p A weighed a pound, that small quantity in
E ¢, would sustain a pound also. The same thing might
be proved of other weights and heights,

Hence it ls inferred, that the pressure of fluids of the
same kind, “is always proportional to the area of the
base, maultiplied mto the perpendicular height, at which
the fluid stands, without any regard whatever to the form
of the vessel, or the quantity of fluid contained in it.

The pressure of fluids, differs from the gravily or



GRAVITY OF FLUIDS. 111

weighs in this ; the weight is according to the quantity,
but the pressure is according to the perpendicular height.

The hydrostatic bellows is another instrument, to
shew that a very few ounces of water will lift or sustain
a Jarge weight; it is made like a common bellows, only
without valves at the bottom. A small tin-pipe eoy,
(fig. 8), communicates with the inside of the bellows
g p; the upper and lower boards x z, are kept close
together by the weight w; but they are not so very
smooth but water may insinuate itself dbefween them:
and if water, perhaps half a pint only, be poured into
the tube e o, which is very small, it will separate the
bellows’ boards and raise them, notwithstanding the
weight, as high as z, where the water stands in the tube.
If the tube were longer and smaller, the same quantity
of water would raise a much larger weight. If the bel-
lows’ boards were about 12 inches in diameter, and the
pipe e o, three feet in height, then water poured in so as
to stand at e, would sustain on the board r, a weight
equal to 144 pounds nearly. .

By increasing the length of the tulfe, the pressure
may be increased to almost any extent, so as to burst
the strongest vessel, and it is said ; thata strong cask was
split by fixing in it a tin tube of twenty feet in length,
and then pouring water into it, till it had fillgd the cask
and tube to within a foot of the tube.

It may, at first be difficfit to conceive how thi8 pres-
sure acts with so much force; but the water at o, is
pressed with a force proportional to the altitude eo ;
this pressure is communicated horizontally ju the direc-
tion 0 p g, which acts equally in all directions: the pres-
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sure, therefore, downwards, upon the bottom bpard z,
and upwards on the higher board z, is precisely the same,
as if the whole space 2 ¢ pr, were a cylinder of water.

I cannot do better than conclude this letter with a de-
scription of Mr. Bramah's hydrostatic press. "This inge-
nious machine consists of a large cylinder A. (See fig. 10,
miscell. plate), having a piston B so accurately fitted as
to move freely upwards and downwards, but without suf-
fering any water to pass. Into the bottom of this cylin-
der is inserted”the bent tube b, having a valve at ¢ for
admitting the water into the cylinder, and hindering its
return. The tube D communicates at its other extre-
mity with the forcing pump E, by means of which the
water is forced into the cylinder . Now, the force of
the water to lift the piston B will be to the power re-
quired to drive the water through the forcing pump E, as
the square of the bore of the former to that of the latter ;
and since the two bores may be made in any proportion,
it is evident there 13 no other limit to the power of this
engine thay the impracticability of constructing cylinders
of imnfensely great, or extremely minute dimensions:
for nstance,

Let us suppose the cylinder to be 20'inches in bore,
the ‘pump 2 inches, and the power applied to the pump,
including the advantage gained by the lever handle, to be
equal to 501bs., then the force on the piston B will be
= 5000. ‘

For'2? : 20%:: 50 : 5000.
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LETTER XIV.

Of the specific gravities of Bodies—How discovered— Hydrostatical
Balance explained—To find the specific gravity of Solids heavier
than Water—Of those lighter than Water—Of Fluids, &c.—The
Structure and Principles of the Hydrometer explained—Table of
Specific Gravities—Air-balloons—Diving-bellsy

You have seen, my dear sir, that lead may be made
to swim in water ; it would, however, naturally fall to the
bottom of any vessel; but wood will of itself swim.
The subject of this letter will teach you the reason of
this difference, which attaches to different bodies ; some
of these are specifically heavier than others.

Those bodies that are heavier than water will sink in
it, but those that are lighter will swim. This penny
piece, thrown into water, sinks, because it is seven times
heavier than an equal bulk of water ; and a piece of fir,
of the same size, will swim on the surface, because it is
not much more than half as heavy as an equal bulk of
walter. '

By the “ specific gravities” of bodies is rpeant their
relative weights which equal bulks of different bodies
have to each other. To aScertain the specific gfavities
of substances in general, there must, of necessity, be a
common standard, which is usually water, and by weigh-
ing bodies in this fluid their specific gravitieg are found.

The method of ascertaining the specific gravities of
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bodies was discovered by Archimedes. He had been
employed by Hiero, king of Syracuse, to investigate the
texture of a golden crown, which, he suspected, had
been adulterated by the workman. The philosopher la-
boured at the problem in vain, till, going one day into
the bath, he perceived that the water rose in the bath in
proportion to the bulk of his body ; he instantly saw
that any other substance of equal size would have raised
the water just as much, though one of equal weight and
of less bulk could not have produced the same effect.
He immediately felt that the solution of the king’s ques-
tion was within his reach, and so transported was he
with joy, that he leaped from the bath, and ran naked
through the streets, crying out ¢ Evpnxa, Evpmm"—“ L
have found it out,—I have found it out!” He then got
two masses, one of gold and one of silver, each equal in
weight to the crown, and having filled a vessel very ac-
curately with water, he first plunged the silver mass
into it, and observed the quantity of water that flowed
over ; he then did the same with the gold, and found
that a [éss quantity had passed over than before. Hence
he inferred, that though of equal weight, the bulk of
the silver was greater than that of the gold, and that the
quantity .of water displaced was, in each experiment,
equal to the bulk of the metal. He next made a like
trial with the crown, and found it displaced more water
than the gold, and less thau the silver, which led him
to conclude that it was neither pure gold nor pure
silver. -

As a bady, immersed in water, will siuk, if it be hea-
vier than its bulk of the fluid, so, if it be suspended in
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it, it will lose as much of what it weighed in air as its
bulk of the fluid weighs.

ExperiMENT 1. This iron weight, when balanced
i the air, weighs exactly 16 ounces, by means of the
hydrostatic balance, fig. 9 ; [ suspend it in a vessel of
water, as at r, and it weighs less, so much legg as the
weight of a quantity of water equal in bulk to the iron
weight,

Hence all bedies of equal bulks, which would sink in
fluids, lose equal weights when suspended in thep, and
unequal bodies lose in proportion to their balks.

The hydrostatical balance differs but little from the
common balance ; the hook at the bottom of the scale
z, is intended for the purpose of hanging the substances
on, which are to be examined ; the thread, attached to
the hook, is made of silk or horse hair, the latter is the
most proper substance as it will not imbibe moisture.

Any body, x, whose specific gravity is required, thus
suspended at the scale z, is first to be coumerpoised in
air by welg,hts w, in the opposite scale, and then im-
mersed in water; the equilibrivm will® be deslroyed
which must be restored by placing other weights into
the scale z. 'The weight, which restores the eqyili-
brium, will be equal to the weight of a quantity of wa-
ter as large as the immersed body, and if the weight of
the body in air be divided by what it loses in water, the
quouent will show how much heavier that body is than
its bulk of water.

Ex. 11. This piece of iron weighs in air 30z. 10dr.,
but when immersed in water it weighs only Soz. 2dr.,
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that is, it loses 8dr. of its weight in water, thereiore its
o;. i‘(’; ar,
=9§=7.25, or 71 times heavier

specific gravity is .

than water.
Ex. 111, Take a guinea, which, in air, weighs 129
grains, gut in the situation, x, in a jar of water it Joses

of that weight 74 grains, and %:3: %Z—(l gives 17.793
for its specific gravity, or it shews that the metal of a
guinea is almost eighteen times heavier than water.

By shis method the specific gravity of any solid sub-
stance, that will sink in water, is easily found ; the rule
is this,. “ first weigh the substance in air, then in water,
and divide the weight in air by the loss in water, the
quotient is the true specific gravity.”

Ex. 1v. A picce of flint glass, weighing 12 ounces
in air, will, when suspended in water, weigh ouly 8
ounces, that is, it will lose 4 ounces of its weight, and
12=3, which is the specific gravity of the glass. In
other words, a portion of water of a bulk equal to the
bulk of. the glags, weigs 40z., but the glass itself weighs
120z., which is 3 times 40z., or the glass is three times
heavier than water.

To find the specific gravity of a solid, which is lighter
than water, requires a different process ; it must be first
made to sibk in water by attaching to it a piece of lead,
&e. .

Ex. v. This piece of light wood weighs 330 grains,
to it I attach a piece of metal weighing 240 grains,
which loses by immersion in water 25 grains. In the
air, the wood and metal weigh 570 grains; but in water,
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they will be found to weigh only 69 grains, and 69 taken
from 570, leaves 501, the difference between the weights
of the substances in air and water; but the loss of the
metal in water, was 25 grains; therefore the loss of the
wood was 501 —25=476 and 23¢ give the decimal *7
nearly ; which shews, that if the specific gravity of water
is 1, then that of the wood is ;% of 1 only, or as itis
known, that a cubic foot ef water weighs 1000 ounces,
so a cubic foot of this wood would weigh nearly 700
ounces.

Sometimes it is necessary to find the specific gravity
of fragments of precious stones, or of mercury, &c.
which requires a third method. Suppose mercury to
be the subject : : ~

Ex. vi. The mercury weighs in the air 240 graiuos,
this I suspend in the glass bucket x, which was sunk in
water, and nicely balanced before. In the water, the
mercury loses 17 grains, or weighs but 228 grains, and
440 = 14, nearly the specific gravity of the mercury; or
mercury is 14 times heavier than water.*

The specific gravity of fluids may be féund by means
of the hydrostatic balance thus: to the scale z suspend
any heavy substance, as a lump of glass; first wengh it
in air, then in water, and lastly in the fluid to be exa-
mined. Then, as the loss of weight in the fluid to the
loss of weight in water, so is the specific gravity of wa-
ter to the specific gravity of the fluid; or more“con-
cisely, divide the loss of weight in water by the loss of

* This subject is treated of mnch more at large in the third vo-
lume of the Scientific Dialogues.
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weight in the fluid, the quotient will be the cpecific
gravity of the fluid, that of water being one.

For finding the specific gravities of fluids, the instiu-
ment called an hydrometer is also used. This instru-
ment, (fig. 10), consists of a copper ball B b, containing
a few shot, or a little quicksilver, to keep it upright in a
fluid, to which is soldered = flat brass wire A B, to ad-
mit of graduations; the instrument is placed in the liquor
to be examined, and by the degree marked on the scale,
its specific gravity is determined.

Ex. vii. To find by the hydrometer, the specific
gravity. of water and spirit of wine ; immerse the hydro-
meter into vessels containing these fluids ; in the water it
will sink to the figure 10, and in the spirit 11.1; but it
sinks deepest in the lighter fuid ; therefore the specific
gravity of the water to that of the spirit of wine, is as
11.1 to 10.

Hence the specific gravities of fluids, as estimated by
the hydrometer, will be to each other inversely as the
parts of the body immersed ; that is, the hydrometer
always sinks tHe deepest in the fluid of the least specific
gravity. It is the same with any thing else, as well as
the hydrometer.

Ex. vii1. A piece of very dry oak is nearly as heavy
as water j, accordingly if it be put into spirit of wine, it
will sink beneath the surface ; in water a small part wili
be aBove the surface, but it mercury it will scarcely sink
at all. .

The knowledge of the specific gravity of different
bodies will explain the reason of the following experi-
ments,
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Ex.1x. Fill the bulb B, (fig. 11), with port wine,
to the top of the stem z, and then fill A with water;
the lighter fluid will be always upwards, and the wine
being lighter than water, will ascend through the water
in a sort of fine red thread, till the water and wine have
changed places.

Ex. x. The small bottle A B, (fig. 12), has a very
warrow neck, not more than the sixth of an inch in dia-
meter ; it 18 filled with red wine, and then placed at the
bottom of a jar of water, a few inches deeper than the
bottle is high, and the wine will immediately begin to
ascend and spread itself like a cloud over the susface of
the water.

Ex.x1, Let the bottle be filled with water, and
then plunged with the neck downwards, in a vessel con-
taining wine, and the wine will take place of the water.

Ex. x11.  Since the lighter fluids will be always up-
permost, several fluids may, with a little dexterity, be
placed upon one another in the same vessel, as so many
distinct layers ; thus, in an upright vessel, ten or,twelve
inches high, and about three or four inclies in diameter,
I can place water, and then on that, when the water is
quite at rest, I place a piece of pasteboard, and pour
port-wine on it; the pasteboard may be removed and
brought to the top of the wine, and on it is;now to be
poured oil ; afterwards, in the same way, brandy, oil of
turpentine, alcohol, and naphtha. You will find by the
following table, that these substances are all in a regular
gradation lighter than one another.
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TABLE of Specific Gravities of different bodies, dis-
tilled Water being 1%.

Platina......cooeenieniiierarininaseiea.. 19.50
Pure gold....... Seetenssceatnetecsesnenenns 19.95
Standard gold .. .coviiiniieiianriiieiiieen.s 17,48

Mercury..coos cocnsaraansonsassnsnsocsass 1400
Lead....ccoovvennsasvessne conanassasssss 11,35
Standard Silver...... ccecviitavesnsscencess 10.40
Bismuth.......... cetsecisasansaaes theeees 9.82
Nickel. cooviieasansicraeressencaioases-s 8.66
Cobalt. ..ot eeiveiiarocersncasscnenncanses 7.81
Copper....cicivieisennerennisensisccesess 778
1 T 7.81
BarIron..cceeesiccveessacsnccscsnrannsans 7.78
B T Y 7.30
CastIrom.....covevevnennan,s beerasacensenss 7.20
ZINC. . iaveveronocsansesosnsrassessnsnnsss . 719
Glass...cveneienarasonn teesessassaraanans 5.00
Sulphur. . coiiiiieiiiniiiriteneiiieiiinenn 2.00
Sulphuric acid...... Cererieeaetri e 2.00
Nitricacid ............. e teienrteaneoaaans 1.60
Mouriatic acid. . ccovveve vernooinens [ 1.20
WaLer. o vvvevenserannencnoncncsieenraaanns 1.00
(\il..'.....”.......... ....... e e 092
Brandy..ccccivvevenenens tevessasensaacane 092

Aleohol....ovveeeionrerensonnocsnenecenses 0.82
Naphtha cocciveiioiciiaiencannanen, ceres 070

The ascent of air balloons is to be accounted for on
hydrostatital principles. An air-balloon is a bag of silk,
or other light material, filled with inflammable air, or,
as it is now called, hydrogen gas, which is several times
lighter than common atmospherical air. If the balloon,

* Distilled water is found to be of the same specific gravity in all
parts of the world ; a cubical foot weighs 1000 ounces avoirdupoise.
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with ail its apparatus, be lighter than an equal bulk of
common air, it will ascend precisely as light wood, or a
bladder of air would ascend, wheu immersed in a tub of
water. Balloons are constructed differently, as with hot
air, which, by rarefaction, may be as light again as
common air, but the principle already cxplained is that
upon which they all act.

Lunardi was the first person, in this country, who as-
cended in a car, attached to the bottom of a balloon.
It was in September, 1784, he rose at 2 clock in the
afternoon, from the Artillery Ground, near Moorfields,
London, by a balloon 33 fect in.diameter, made of
oiled silk, and painted in stripes of blue and red. He
took*with bim a dog and a cat, and, being driven by a
westerly wind, he travelled to Colliers Hill, about 5
miles beyond Ware, in Hertfordshire, a distance of 25
miles, 1 about 21 hours.

One of the last and most important exhibitions of this
kind was by M. Garnerin, who ascended in the neigh-
bourhood of Grosvenor sgnare, to the helghi of. 8000
feet, when he freed his car from the balloon, and de-
scended by means of a parachute, to which it was at-
tached : plate 11. fig. 10 shows the ascent of a ballocs,
and fig. 11 the descent of Garnerin by means of the pa-
rachute.

You will naturally ask bow is it possible that a person
descending from so great a height should be preserved
by a parachute from being dashed to pieces?

We have already seen that heavy bodjes, from the ef-
fect of gravity, fall with a motion continually accelerated.
This is strictly true in a vacuum, and would be equally

G
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so in respect to bodies falling through a resistidfg me-
dium, were the resistance uniform ; but the fact is other-
wise, for resistance increases as the squares of the velo-
cities.

It has been ascertained by accurate experiments that
bodies falling through the air with a velocity of 22 feet,
per second, meet with a resistance equal to about one
pound weight for every square Toot of surface directly
opposed to the medium.

Now, according to what has just been stated, that
the resistance increases as the squares of the velocities ;
it follews, that double the velocity would give a re-
sistance of four pouuds to the square foot, aud one half
of the velocity a resistance of only one quarter’of a
pound.

The weight of Garnerin’s parachute and apparatus at-
tached to it was about 1 of a pound for every square
foot of surface directly opposed to the air in its pro-
gress downwards: so soon, therefore, as it had acquired
the vlocity of 11 feet per second, the 1esistance and
weight exactly balanced each other. This, in effect,
was equivalent to a cessation of gravity, and consequently
tlte machine could imly continue to move with the uni-
form velocity alieady acquired.

The diving bell likewise depends on hydrostatical
pringiples. Take a glass tumbler aud thrust it into a
vessel of water, with the mouth downwards, and in a
perpendicular direction ; by putting a piece of cork under
the glass, vou will see that, however deep yon thrust the
tumbler, the water will only rise in it to a certain height,
say 4 an inch ; the air which it contains may be so much
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compressed, but it will resist the entrance of a greater
quantity of fluid; and on this principle the diving-bell
is constructed ; see fig. 13, which is the representation
of one invented by Mr. Adam Walker. The balls at
bottom are made of lead, and sufficiently heavy to sink
the whole apparatus; it is let down by meuns of the
rope and pulley z, fastened to a beam z, in a ship. A
bended metal tube ¢ b, is attached to the outside of the
machine with a stop-cock a, which the man within the
bell may turn when he pleases: dc¢ is @ [eathern tube
and pump, so fixed in the sinp as to supply the diver in
the bell with plenty of fresh air.

By contrivances of this kind (though there are various
sorts of diving-bells) the bottom of the sea may be ex-
plored, and lost goods recovered with as much safety
alimost as on land. :
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LETTER XV.

Hydraulics—Of the velocity of spouting Flunide—Of the presure
aguinst the side of a vessel—Clepsydrw, or water-clocks—The
Syphoa—Periodical Springs explained—Pumps—Engines, &c.

I suALL now proceed to hydraulics, which teach
us how to estimate the swiftness and the force of fluids
in motion. In a former letter I showed you that an
open vessel, filled with water, and with two equal holes,
at the bottom, and on the side close to the bottom,
would spout equal quantities of water in equal times; at
first the velocity of the water is the greatest, and it de-
creases in strength as it continues to_run. By hydraulics
we point out the reason of this, and show how the velo-
ctiy and quantity of the fluid is to be measured. The
rule is this,

¢ 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 depxh or distance of “the hole below the surface of
the water.”

This rule is the result of the pressure of fluids against
the sides of & vessel, which pressure increases against
the whole side of the vessel as the square of the depth
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of the vessel, which is proved by the most accurate xe-
periments. Of course, to make double the quantity of a
fluid run out through one hole as through another of the
same size, it will require four times the pressure, and,
therefore, the aperture must be made at four times the
depth of the other below the surface of the water ; and,
for the same reason, to obtuin three times the quan-
tity, the aperture must be nine times the depth of the
other.

ExperiMENT 1. Let two pipes, of équal bores, be
fixed in the side of a vessel, one four times as deep be-
low the surface as the other, and, while the pipes ran,
the vessel must be kept constantly full, and then it will
be found, that while th& upper pipe gives out one pint,
the lower one will give out a quart.

Ex. 1. You will easily perceive that the pressure of
fluids follows the same law as that which governs falling
bodies ; suppose a b cd, fig. 1, plate 11. Hydrostatics,
to be a cubical vessel filled with water, and the side &
¢, to be accurately divided into a number of eqhal parts
by the lines 7, 1; 8,2; 9, 3, &c.; now, if the pres-
sure on the upper division of the vessel a b 17 be equal
to one ounce or one pound, that on the second will be
equal to $ ounces or pounds, that on the third will be 5
ounces or pounds, and so on-; that is, the’pressure on
each part of the side follews the odd numbers 3, 8, 5,
7,9, &c., therefore, the pressures on the whole side will
be as the squares of the depths ; for, if the pressure on
the first space be 1, and on the second 3, the pressure
on the whole will be 4, the square of 2, and so of the
rest.
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Such, then, is the pressure of fluids against the sides
of a vessel; the pressure on the bottom of a vessel, if of
a cubical shape, is equal to the weight of the fluid.
And as the pressure on any one side must be equal to
half the pressure on the bottom, provided the sides and
bottom are equal, therefore the pressure on the four
sides and bottom of a cubical vessel will be equal to
three times the weight of the fiuid.

I will consider the pressure of fluids with regard to
their motiou through pipes, which is subject to the same
law.  We have seen, that if a cock be placed at 1, and
another .zqual cock at 4, double the quantity will flow
out at the lower ‘one to what will proceed from the
upper one. But as the quantfty must be governed by
the velocity, therefore the velocity with which water
spouts out at a hole in the side or bottom of the vessel,
is as the square root of the distance of the hole below
the surface of the water. That is, the velocity of the
spouting fluid, at 1 being 1, it will at 4 be 2, which is
the squzre root pf 4, and at O 1t would be 8, and so on.
‘Hence, if you had a very deep cistern, which was con-
stantly kept full, and it had a cock a foot below the sur-
face, and you wished to draw water from it three times
faster, you must place the cock 9 feet from the top.

Hence me pressure against the side of a vessel in-
creases in proportion to'the gquare of the depth, but the
velocity of a spouting pipe increases as the square root
of the depth. , - .

" You will remember that the velocity of water running
out of a vessel that empties itself, continually decreases,
because, in proportion to the quantity drawn off, the
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surface descends, consequently the perpendicular depths

become less and less. The spaces described by the de-
scending surface, in equal poitions of time, are as the

odd numbers 1, 8, 5, 7, U, &c., taken backwards; for

suppose a vessel 1o empty itself in 6 minutes, then, ac-

cording to the law already laid down, the side must be

divided into 36 spaces. The water will descend through
11 of these¢ in the first minute ; 9 n the second ; 7 in
the third ; 5 in the fourth; 8 in the fifth, and 1 in the
sixth, and these tegether make up th@ 36 parts, or the
whole depth of the vessel.

On this principle depsydize, or water-clocks, are con-
structed ; suppose | contrive a vessel and a pipe that
shall be exactly 12 hours in emptying ; I divide the side
of the vessel into 144 paits, which pairts must be taken
as the odd numbers 1, 3, 5, 7, 9, 11, 13, 15, 17, 19,
21, 3. The surface will descend through 23 of these
in the first hour; 21 the second ; 19 the third, and so
on; therefore if the pipe began to flow precisely at 12
o’clock, 1t would be one when the surface had dascended
through 23 parts ; two when it had reached 23+ 21 or
44 parts, and three o’clock when it had descended 28 +
21+ 19, or 63 parts, and so of the rest.

From the pressure of fluids upon banks of canals,
rivers, reservoirs, &c., we learn the necessit} there is of
great strength, when the Jivers or reservoirs age ;'ery .
deep ; for if there were two reservoirs, one a yard deep,
and the other 4 yards deep; the strength of the latter
must, to be safe, be 16 times stronger than that of the
former, because the pressure increases as the square of
the depths,
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I wiil now describe another subject, corresponding, in
some degree, to what has gone before.

Let a 1, fig. 2, represent a tall vessel of water, always
kept full; from the centre is drawn a semicircle : three
perpentlicular lines are drawn, viz, d 2 at the centre, and
¢ 1, a 5 atequal distances from the centre, the one above
and the other below it. By taking out the plug from the
centre you will see the water spouts to M, and the dis-
tance N M is double d2;.but from ¢ and « it will spout
in both cases to .., and N K is double ¢ 1 or « 5.

The general 1ule deduced from these experiments is,
that the horizontal distance to which a fluid will spout
from an horizontal pipe,in any part of the side of an up.-
right vessel, below the surface of the fluid, is cqual to
twice the length of a perpendicular to the side of the ves-
sel, drawn fiom them outh of the pipe to a semicircle
described upon the altitude of the vessel.

1f, instead of “horizontal pipes, three others are fixed
to point obliquely upwards at different angles, one 221°,
the secend 'at 45°, and the third at 674° ; then the plugs
being withdrawn, the stream of water will cut the curve
line in those places to which the lines were drawn. That
which spouts from the centre reaches the point M, as it
did from the centre horizontal pipe, and the two others
reach to x5 Thus the pipe that is elevated at an angle
of 45°, will throw water to the greatest distance, and so
it is with regard to cannon ; that piece will carry a ball
to the greatest distance which is elevated to an augle of
45° : some allowance is, however, to be m ade for the
resistance of the air. - ‘

Fluids, by their pressure, and by their always rising to
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their first level, may easily be conveyed over hills and
valleys, in bended pipes, to any height not greater than
the level of the springs from whence they rise ; hence the
ponds at Hampstead.supply houses in London with water
asreadily as if the head of water were ever so near. Pipes
are laid down the hill, and carried to the houses in town,
and other pipes carry the fluid to, perhaps, the first or
second story, so that the water first falls and then rises.
Where the valleys are deep, the pipes must be verygtrong,
because the pressure is as the square of the depth.

Ex. 1v. I shall now describe the prmclp]e of the
syphon, pump, &c., and conclude this letter. The sy-
phon, fig. 8, as you 'know, is a bended tube, thé legs of
which are of unequal lengths, and used to draw off
water, wine, spirits, and other fluids, from vessels which
cannot readily be moved from their places. If a bended
tube, of rather a small bore, and whose legs are per-
fectly equal, be filled with water, and turned downwards,
the fluid will not run off, but remain suspended therein
so long as it is exactly level, but by a small inclination
one leg is made in effect longer than thesother, tht water
will flow from that, and continue to run till the vessel is
emptied. When the legs are equally long, the pressure
of the atmosphere being kept off from above, and act-
ing, at the same time, equally upon both the ends of the
tube, prevents the motion of the fluid, but thé instant
one leg is made longer tham the other the balance s de-
stroyed, the weight of the longest will preponderate, and
the fluid run off, through it.

Ex. v. Take two jars and fill one with water; make
use of such a syphon as that described, and you may, by

G S
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a small inclination” of the tube, empty and fill each at
pleasyre.

Hence syphons are made with unequal legs, as thatin
the figure, and to make them act, both legs are filled
with the fluid you mean to draw off, and then, closing
the ends with the fingers, immerse the shortest leg into
the vessel, and upon withdrawing the finger from the
longer leg the liquor will flow. Syphons are most com-
monly used in the form of fig. 4, to the longer leg of
which 1s attache] a small sucking tube z r,; by applyiug
the mouth 40 z, the fluid is easily drawn over the bend y,
and when once the syphon is thus filled the liquor will
flow ou till the cask B is empty. .

Ex. vi. A syphon may be disguised in a cup, as
fig. 5. The longer leg of the syphon passes through,
and is cemented into the bottom of the cup; if water
be poured into the cup, so as not to stand as high as the
bend of the tube, the water will remain as in any com-
mon vessel, but if it be raised over the bended part of
the syphon it will run over and continue to flow till the
vessel is emptied. Sometimes a syphon is concealed in
the handle of a drinking cup, in such a manner as to
run over when a person hegins to drink, in order to de-
ceiVe the unwary, who will, in vain, endeavour to stop it,
after it has once begun,

Ex. vi1. Upon the principle of the syphon, periodical
springs are supposed (o act, and may be thus explained.
Let a, fig. 6, be part. of a hill, within which there is a
cavity B B, filled by means of water draining through the
pores of .the hill; when the water rises to the level c,
the vein, Hcn, will be full, and the water will run
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thropgh it as a syphon, and will empty the cavity B B,
when it will stop till the cavity is again filled, which may
not happen, perhaps, for weeks or months.

Ex. vi11,  Aswater rises through bended pipes to
the same level as the reservoir from which it proceeds,
we can easily account for fountaius ; for if near the bot-
tom of a vessel A B, fig. 2, a small pipe m, is fastened,
bending upwards, the water will spout through the pipe,
and rise nearly as high as the reservoir . The reason
of its not rising to a level with 4 is thapls motion is im-
peded by the friction of the pipe and by the resistance of
the air.

Ex. 1x. The pump is one of the most useful of do-
mestic instruinents, In comparison of those who are
beuefitted by a pump, few, probably, understand its
structure and manner of operation, but, I hope, by
means of the annexed figures, you will comprehend the
subject without difficulty. Fig. 7, a represents a ring of
wood or metal, with leather fastened round it, to fit the
cylinder A, very close. Over the hole is a lid s, covered
with leather, part of which serves for @ hinge ; *by this
it rises and falls. It is called a valve, and, as it opens
only upward, it will not admit of any fluid back again ;
the same may be said of the lower valve v.

The pump is supposed to stand in a well of water w ;
h is the handle by which the rod r, and valve s, are
moved up and down in the barrel. When the red 7 is
forced down, the valve s opens and admits the air in the
barrel to get above it, but, in rising, the valve is fast, and
10 air can repass : underneath, then, is a partial vacuum,
and the pressure of the water will open the Valve v, and.
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come into the barrel A ; now when the handle is worked
up and down two or three times the water will get above
the valve s, and, when drawn up, will flow out of the
pipe-

This kind of pump was formerly called the sucking
pump, because its operation was supposed to depend on
a principle of suction, an opinion that bas been long
since exploded. It is the pressure of the air which
causes the water to rise and follow the piston as it is
drawn up, and since a column of water 33 feet high, is
of equal weight with a column of the air from the earth
to the top of the atmosphere, therefore the perpendi-
cular height of the piston from the surface of the water
must be always less than 33 feet, or the water will never
get above the bucket; but when the height is less, or
about 27 or 28 feet, 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, when it
may be lifted to any height, if the piston-rod be made
long enough, and a sufficient degree of force be em-
plO)‘eb. «

Fig. 8 will show the operation of a forcing-pump,
which not only raises the water into the barrel, like the
common pump, but afterwards forces it up into the re-
servoir K k. 'The pipe and the barrel are the same as
inf the other pump, but the piston ¢ has no valve, it is
solid-and heavy, and made air tighit, so that no water can
get above it. In the beginning of the operation the pis-
ton, or, as it is usually called, the plunger 6, is close
dows upon the valve 4, and by drawing it up, a vacuum

_is made between a and ¢, into which the water w, in the
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well, rises by the pressure of the air. When the.plunger
1s forced down again, the water cannot return by a,
but will be forced through the pipe M, and the valve 3,
into the vessel K ; and as the pipe r i, is fixed into the
top of the vessel, and is made air-tight, no air can escape
out of it after the water is higher than g, the edge of the
pipe ; but the whole quantity of air, which occupied the
space F i, is compressed into the smaller space % F, and
the compressing force of the air forces it through the
pipe, and the more the air is condensed, lhe higher will
the stream rise.

Engines for extinguishing fires, and garden engines,
are counstructed on this principle, only with twoebarrels,
having pistons moviug up and down alternately in order
to produce a constant stream.

You will observe that, as in the case of fire-engines,
it is not necessary for the engine to be close to the head
of water from which it is supplicd, but a leathern pipe
may bring the water from a considerable distance to the
spot where the engine is to act; 30, in pumps, there are
many instances where it would be inconveniers, if not
impossible, to fix them perpendlcularly over the well:

suppose the well at a, fig. 9, and the situation of the
pamp at B; then the barrel B, may be sunk (o a level
with the water in the well, and made to communicate
by means of the pipe c. The bucket will, ity this situa-
tion, have as much effect as if the well were immedi-
ately under the pump, because the pressure of the airon

the water in the well, will always keep the pipe A EC
full, '
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LETTER XVL

Pneumatics—Properties of Air described—Experiments to prove
the Air a reshting substance—Weioht of Air in u Room ascer-
tained— Pressure of the Air demonstrated—Methods of weighing

" the Alr—'l‘he Elasnmy of the Air shewn—Of the Fountain in
vacuo,

THe air which we breaths, and on which we depend
every moment of our lives for existence, is as much a
fluid as water, concerning which 1 have, in my former
Jetters, treated at large. The air envelopes the carth,
and extends to a considerable height above its suiface;
by this the clouds and vapours, so common m our cki-
mate, vre supported, and the whole is usually denomi-
nated the atmosphere. 1t is kuown to possess gravity
in common with other terrestrial subjects, and, being a
flold, it must press upon bodies in proportion to its
depth, and its pressure is, like that of other fluids; in every
direction. ~ It differs, however, from them 1 «ome par-
ticulars: 1. It raay becompr-‘ssea nto a much less space
than it usually occupies. 2. It canuot be congealed into
a solid substance, like water, into ice. 3. Its density de-
creases in proportion to its height above the surface of.
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the earth. 4. It is very elastic, and the force of elas-
ticity is equal to its deusity. :
The sciencé of Pneumatics is usually devoted to the
consideration of the mechanical properties of air, suchas
its pressure, weight, density, elasticity, and compres-
sibility.
That the air is a substance capable of resistance, like
other bodies, is evident from a few simple experiments.
ExprrimeNT 1. A whip, or a thin stick, passed
swiftly through the air, shows, by the sound, that it meets
with a resisting body. By swinging the hand edgeways,
quickly up and down we obtain a complete idea of se-
parating the parts of some resisting medium. The mo-
tion of a fan proves likewise the resistance of air. ‘
Ex. 11.  An open bladder may be pressed into any
shape ; but if it be filled with air, and the neck tied fast,
it will be as much impossible to bring the sidesmafthe
bladder together as it wauld if it contained a brick or a
stone. - : ol
Ex. ny. Upon a vessel of water place a cork, and
invert over it, perpendicularly, a glass tugbler, aid you
may furce the glass as low as you please, but the cork
within the glass will never rise so high as the water with-
out, hence it is assumed that there is some other sub-
stance within the glass, which ‘occupies the space in
which the water camnot come. Let the air ‘escape by
bringing the edge of the tymbler just above the water,
and then the cork will stand at the same level within as
the water daes without. !
Ex. 1v. Open a pair of common bellows, and stop
the nozzle with a cork, and np power can bring the
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boards together without forcing out the cork, or bursting
the leather.

The air is invisible, because it is perfectly transparent,
and though, in common language, we say, “ such a ves-
sel is empty,” “ there is nothing in that bottle or glass,”
yet we do not mean to say that the air is excluded from
them, but as, to the eye, the air is not visible, so, in ge-
neral, we take no heed of it as a substance every where
existing. Nevertheless the air weighs, at a medium, as
we shall see, about 14 or 15 grains for every quart:
or, to speak more accurately, it is about §00 times
lighter than water. We say a room, destitute of fur-
niture, is empty, and yet, if it be a tolerably sized apart-
ment, the air contained in it weighs much more than
would at first be credited. The room in which I sit is
18 feet long, 15 feet wide, and 10 feet high; now, as is
sk~=m in the note * below, the air contained in every
room of this size, weighs 3375 ounces avoirdupoise, or
211 pounds. In buildings, or any part of them, it is
impracticable, if the altempt were made, to exclude the
air; Lat in smaller vessels, as glass receivers, the thing is
done very readily by means of the air-pump, & instru-
ment which I shall now describe.

A A, fig. 1, plate Pneumatics, are two strong brass
barrels, within each of which, at the bottom, is fixed a

* The capacity of the room is found by multiplying the length,
width, aud height together, equal to 18 X 15X 10=2700 cubic feet;
bat we have seen that each enbic foot of water weighs 1000 ounces.

Then the room filled with water, would contain £,700,0000z., and,
as air is 800 times lighter than water, we havec”m_ssu ounces

for the weight of the ait in the room. See page 120,
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valve, opening upwards; these valves communicate with
a concealed pipe or channel that leads to k. Iu the
barrels A a, there are two pistons, with valves opening
upwards likewise ; these are moved up and down by
means of the racks c¢ ¢, and handle B. The glass re-
ceiver L, is placed on a very smooth brass plate k, and
which, by means of get leather, or a little grease, is ren-
dered air tight. Having shut the cock v, the pistons
are worke# by the winch, and the air escapes by means
of the valves, which, opening upwards otily will not ad-
mit the air back again, and.in a few turns of the handle
the air will be so far gahausted as to fix the regeiver L.
fast to the plate, so as to be absolutely immoveable, till
the air is admitted again through the cock v.

. The small receiver w @, contains a bottle with some
quicksilver in it. The inside of the receiver w w, cory-
municztes with the inside of the large receiver L, and as
fast as the air is exbausted in the one, it is in the other
also, and in proporlion to the degree of exhaustion the
mercury sinks in the tube, as will be explamed when we
treat on the principle of the barometer.

The air, being a gravitating fldid, presses like other
fluids, in every direction, upon whatever is immersed 4n
it, and in proportion to the depths. It is known, by the
barometer, that the pressure of the atmosphtre is less
upon a high mountain than gn the plain beneath.

Ex. v.- Fill a wine-glass with water to the brim, and
cover it with a piece of writing paper; then place the
palm of the hand over the paper, so as to hold it evenly
down, and turn up the glass, after which the hand may
be removed without the water running out, 'This effect
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is produced wholly by the pressure of the external air
upon the surface of the paper.

Ex. vi. Place the litile glass A B, fig. 2, which is
open at both ends, over the hole k, of the plate on the
air-pump, and lay one hand close on the top, while, with
the other, you turn the handle of the pump a few times,
and you will perceive how great the pressure of the air
is by the pain which it excites.

Ex. vii. You may next invert the glass,®@nd let the
wide end besuppermost, on which tie very closely apiece
of wet bladder: place it as before and exhaust the air,
and, after a single turn of the hyndle of the air-pump,
the bladder will become concave by the greater pressure
from without to what there is within, and after a few
more turns it will burst, by the pressure, with a most
violent report. A piece of thin glass may be broken in
the same maunner. )

Ex. vii1. &, fig. 8, is a glass hubble, an inch or two
in diameter, with a long neck ; it is placed with the neck
downwards ; which.neck, though open, having a narrow
bore, is prevented by the pressure of the airffrom per-
mitting the water t6 flow out. But put the jar B, in
which it stands, under ‘A on the plate of the air-pump,
and exhaust the air; and when the pressure from the ex-
ternal air .s removed, the water will flow out in a stream.
Admit the. air again, by turning the cock v, and the pres-
sure which it occasions will force the water instantly into
the bubble. Still you will perceive a small bubble of
air at the top, this is owing to the imperfect exhaustion
of the ait; and that bubble of air, small as it appears,
is wl;at, by its elasticity, forced out the water, when the
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external pressure was removed; and what, in its expanded
state, filled the whole glass ball.

Many of the experiments belonging to this subject
were formerly supposed to be performed by the prin-
ciple of suction. But that which has just now been de-
scribed cannot be accounted for but by pressure. The
following is, however, stil more conclusive :

Ex.1x. On the plate of the air-pump, and at a
little distarice from the hole &, place the small glass re-
ceiver x, fig. 4, (to prevent the air from gemn" under it,
a little o1l or water should be put round the external
cdges,) cover it with a larger receiver, A B, and ®xhaust
the air from the latter, and it will find its way out of
the small one likewise, When the large one is immove-
able by the pressure of the air, the other will be loose,
as may be known by shaking the pump ; now ifec::m
had been the cause that fastened down the one, it must
have fasiened the other also. Turn the cock v quickly;
the air, by being admitted, suddenly loosens the large re-
ceiver, and renders the little one absolutely immoveable.
Hence y&t must infer that the air being admitted into
the receiver becomes a balance for the external piessure,
and sets the large glass free; but the water round the edge
of the smaller one prevents the air from gemng under-
neath it, while, by its pressure externally, it fixes' the
glass down most firmly.

By this principle of pressure many facts are explained
very readily ; thus you have seen boys draw up a heavy
stone, by sticking on it a round piece of moistened lea-
ther. For by pressing‘the wet leather on the' stone, the
air is completely displaced, and, therefore, there being
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no internal pressure under the leather to'balance that
whichis without, a greater power than the weight of the
stone is required to separate the leather from it.

Ex. x. The hemispheres, fig. 5, consist of two brass
cups made in an hemispherical form, when these are put
together and the air exhausted, it will require a very
great power to separate them. To make the experiment,
the screw D, is to be put into the hole x, fig. 1, and the
hemispheres are to be closed and the air exhausted; after
which the cuck is to be turned, and the whole to be un-
screwed from the pump plate. Two people will now
find mach difficulty in separating the parts by main
streugth ; but if they are hung up in a glass receiver and
the external air taken away, they will separate of them-
selves. .
1ode¥aX1. Fig. 6 is called the transferrer, and is admi-
rably calculated to shew the effects of the air’s pressure.
The screw fits on to the plate of the air-pumnp, and,
there being a channel along A p B, by means of the stop-
cocks G and g, the air may be taken away from both or
eitber of the receivers 1 and K at pleasure. When the
screw C, is fastened on to the punip plate at x, the re-
teivers are lgose, but as soon as the air is exhausted they
become immoveable; turn the cock d, and they will re-
main so.* The air, by turning d and 6, may be let into
the receiver 1, while the cgmmunication is cut off from
K. 1isnow free and K fast, but if 6 be again turned
to prevent the admission of more air into 1, and 1 opened,
then the quantity of air in 1 will be equally diffused be-
. tween the two receivers 1 and K, and being only half as
dense as the external air, they will both be fastened down
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by the pressure from without, that within not being a
balance for it.

Ex. x11. Some small square glass bottles are ex-
hausted of air, and, during the operation, the pressure
from without, when the inner and opposing pressure is
taken away, will break them in a thousand pieces.

Ex. xt11. By another contrivance, mercury may, by
the pressure of the air, be forced through the pores of
solid wood like a shower of rain.

Ex. xtv. What is called the fowrgaiy in vacuo is
effected by the pressure of the atmosphere; from the
recciver H, fig. 7, the air is exhausted, and the pipe a b,
which communicates with the inside of it, is put into 2
vessel of water w, the cock r turned, and the pressure
on the surface of the water forces it up through the pipe
in a beautiful fountain.

A very ingenious application of atmosphericpiessute
may be seen in the royal mint, where cylinders, with pis-
tons very accurately fitted to them, are actually used in
the place of springs.

Having given you, I think, a complete illustration of
the pressure of the air, I come to speak of its weight,
which is exhibited by the following experiment. .

Ex. xv. Fig. 8 represents a Florence flask p, hang-
ing on one side of a scale beam, and balancgd by the
scale and weights. D is fitted up with a screw and valve,
by which it may be screwdd on the air-pump plate and
exhausted of its air, aud it will be found that it weighs
15 or 16 grains less when exhausted than when it is fu]l
of air. Nothing can be more satisfactory than this ex-
periment, for the mament the valve is opeued, by being
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lifted up with a common needle, the air rushes in with
a hissing noisey and the original weight is restored.

The air is not always of the same density ; sometimes
the quantity contained in that small bottle will weigh 4
a grain more or less than it will at others. These changes
in the atmosphere are commonly ascertained by means
of the barometer, the construction and principle of which
will be explained hereafter.

That the air is an highly elastic body is proved in va-
rious ways. . :

Ex. xvi. Take a bladder and blow it up with air,
and, while full, let the mouth be accurately tied up, to
prevent'its escaping. If you now press it with the fin-
ger, an impression will be made upon it ; but the moment
the hand is removed, it will recover its former shape.

. Throw it on the ground, and it will rebound like any

oflit.~Zastic substance ; this must be caused by the air
and not by the bladder, because the latter has little or no
disposition to elasticity.

Ex. xvi1. A bladder containing a very small quan-
tity & air, if ¢'osely tied up by the mouth, will, under
the common pressure of the atmosphere, exhibit no signs
of elasticity ; but if it be enclosed in the receiver of an
a#—pump, and the external air taken away, then that in
the bladder, however small the quantity, will distend and
c&p‘i)letel:y fill it: so great will be its elastic force, that
if it be put in a box with « moveable lid, and weights
placed on the lid, the elasticity of the air contained in
thie bladder will raise up lid and weights too.

Ex. xvitr. If a thin square glass bottle be herme-
tically sealed, but full of air, then put under a glass re-
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N e
ceiver, and the surrounding air taken-away, the elastic
force of that within will burst the bottle’in a thousand
pieces.

Whatever is elastic is capable of being reduced into
a smaller space than it naturally occupies ; hence air is
very compressible.

Ex. x1x. A bended tube, A B c, fig. 9, is closed at
A and open at c. Itis, in the usual state, full of air;
pour some quicksilver into it jus{ to cover the bottom
a b, the air is then in each leg of the s#tne density, and
as that in A B cannot escape, because the lizhter fluid
will be always uppermost, when more quickglver is
poured in at c, its pressure. will condense the air in the
leg A B; for the air which filled the whole of the part
of the tube, is, by the weight of the quicksilver in the
other part ¢ B, pressed into the smaller space A x, which
space will be diminished as the weight is increased; so
that by increasing the length of the colummn of mercury
in ¢ b, the air in A « must be more and more condensed.

From this and other experiments it is ascertained hat
the elastic «pring of air is always, and under all circum-
stances, equal o the force which compresses it; for if
the spring, with which the air endeavours to expand it-
self, were less than the compressing force, it must yield
still further ; that iy, in the present case, if thespring of
the air in A x were less than equal to the weight of the
mercury in the other leg, it"would be forced into a yet
smaller space ; but if the spring weie gredter than the
weight pressing upon it, it would not have yielded so
much, because action and re-action are equal, and act m
opposite directions.
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Hence the reason is evident why the air near the earth
is more densé’ thau that above it, and why it continually
decreases in density till at last it degenerates to nothing.
The fact is ascertained by experiment and observation,
and it has been illustrated in this way : suppose a num-
ber of packs of wool piled one upon another, the low-
est will, by the weight of all the others above it, be for-
ced into a less space than the next; that is, its parts
will be brought nearer together, aud it will be denser
than the next, und that will be more dense than the one
above it, and so on, till you come to the uppermost,
which sustains no other pressure than what is occa-
sioned by the weight of the atmosphere. The atwmos-
phere is supposed to reach about 40 or 50 wmiles in
height.

.Ex. xx. The effects of condensed air are admi-
mf exhibited by the artificial fountain, which is a ves-
sel usually made of strong copper, as is represented by
fig. 10. Fis about half full of water, and the pipe a b,
to which is attached a stop-cock x, reaches just below
the surface of the water; to this pipe a syringe is
adapted to force a large quantity of air into the vessel
¥, so that in the space above the water, ten or tweoty
times the quantity of air 18 condensed than it would na-
turally contain; and it cannot possibly escape by means
of the syringe during the operation, because the valve
only opens downwards, and the endeavour to escape
shuts it the closer; nor can it get back through the tube
b e, for that end b of the tube being under the water,
the air to, ascend through the tube must first descend
below the water, which is impossible, as the lighter fluid
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can never sink beneath the heavier. When a sufficient
quantity of air is forced in, turn the cock r, take off the
gyringe and put on a jet of any form and shape, and you
will get a corresponding kind of fountain.

Fountains of this kind, if properly placed when the
sun shines, will exhibit artificial rainbows,
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LETTER XVIL

Miscellaneous Experiments—Torricellian Experiment--Action ot
the barometer explained—Rule for judging of the Weather —Con-
struction and uses of the Hydrometer— Rain-gauge and Thernio-
meter—Scale of Heat.

I sHALL unow describe a few miscellaneous experi-
ments, and then refer to some important instruments
connected with, and principally dependant upon the sci-
ence of Pneumatics : and connected also with the com-
forts and conveniences of life.

ExperiMENT 1. The vanes a and &, fig. 11, are so
contrived by the springs, ¢, to be set off at once; a is
plai:?ad edgeways, and b with the surface of the leaves
so as to meet with all the resistance of the air. In the
open air the vane a will move round ten times as long
as b, because it meets with little or no resistance from
the air; but in an exhausted receiver they will both
move much longer than either of them did in the open
ats; and as they now turn in an unresisting medium they
will both stop together, because the only obstacle to
their. motion 1s the friction of the axis, which is the same
in both.

Ex. 11. Drop from your hand at the same time a
guinea and a feather, or very light wafer, the guinea will
reach the floor first, because the resistance of the air has
much more, effect upon light than upon heavy bodies, or
it impedes most the motion of those bodies that have the
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least momentum ; but take away the air, and both will
fall to the bottom at once. The flaps a a, fig. 12, are
contrived to sustain two bodies, as a guinea and feather,
and are kept in a horizontal position by means of the
support 2. When the tall receiver A B, is placed over
the plate of an air-pump and exhausted of its air, by
turning the screw z, the flaps fall into the position as
represented in the figure, and, if you are very atteqtive
to the experiment, you will find the gui‘nea and feather
at the bottom in the same instant. In this case, though
the momentum of the guinea is much greater than that
of the feather, yet as there 1s no resisting mediim, and
as we have seen, page 25, the effect of gravity is in pro-
portion to the quantities of matter, they will both tend
with the same velocity to the centre of the earth.

Ex. 111, If the z2ir be taken from the posz: .7 a
piece of dry wood, by placing it under the receiver of
an air-pump whilke the air 15 exhausted, and then kept
under the surface of mercury while the air is suddenly
admitted, the fluid metal will, by the pressure of the®air,
be forced into the pores of the wood, as will be evident
to the sight by splitting the wood.

Ex. 1v. Place a shrivelled apple under the receiver
of an air-pump, and exhaust the air from the receiver,
and that which the fruit contains in itself will make it
appear as plump and well-lgoking as if just taken from
a tree ; but the moment the air is re-admitted, it will
return to its former shrivelled state.

Ex. v. If a new-laid egg, with a portion of its small
end cut off, be put under the receiver of an’air-pump,
and the air taken away, the small bubble of, air contained

H 2 .
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in the great end will, by its elastic force, expand and
drive out the contents of the egg from the shell.

Ex. vi. Beer, made pretty warm, and put under the
receiver of an air-pump, will, when the air is nearly ex-
hausted, appear to boil.

Ex, vis. The smoke of a candle will ascend in the
air, but in an exhausted receiver it will fall to the bot-
tom like any other heavy body, which shews that it gene-
rally ascends, because it is lighter than the surrounding
air.

Ex. vin. The sound of a bell may be heard under
a glass receiver while it is full of air, but when that is
taken away there will be scarcely any sound, which
proves that air is necessary to the propagation of sound.

Ex.1x. In condensed air the sound of a bell is much
louuts an in air of the common density.

Ex. x. Animals will not live, nor candles burn for
a single instant, in an exhausted receiver.

Ex. x1. Suspend at one end of a balance a large
piece of cork oidry sponge, and let it be counterpoised
by a leaden weight. There is now an equilibrium be-
tyeen the two bodies ; put them under a glass receiver
and exhaust the air, when the cork or sponge will pre-
ponderate, and show itself heavier than the lead ; but
admit the air and the equilibrium will be restored. This
fact is thus explained : the air is a fluid, and bodies lose
as much of their weight in it as is equal to the weight
of their bulk of the fluid in which they are immersed ;
the coik,- bemg the larger body, loses more of its real
weight than the lead, and therefore must be heavier,
under the disadvantage of losing some of its weight,
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which disadvantage being removed by exhauting the
air, the bodies gravitate according to their real quantities
of matter, and the cork which balanced the lead in air,
shews itself to be the heavier body, or to contain a greater
quantity of matter, when in vacuo. Hence the truth of
the saying, that a pound of feathers is heavier than a pound
of lead.

I have bitherto described our experiments upon the
supposition that the air could be perfectly exhausted from
vessels by means of the air-pump: this however is im-
possible, there must always remain a siialF quantity, but
it is so small, after 12 or 14 turns of the handle of the
pump, as to deserve little notice ; for if the receiver hold
a gallon or GO grains of air it would not contain much
above the 5000th * part of that quantity, or the 4'; part
of a gran, after a dozen turns of the handle.

Ex. x11.  If you take a glass tube closed af one end
of about half an inch in diameter, and 33 or 34 inches
long, fill it with mercury, and invert it in a bason of the
same metal, taking care to keep your finger or thumb
over the open end of the tube till it is below the #face
of the mercury in the bason, you will then vbserve that
the mercury sinks to about 4 or 5 inches, and the empty

* If cach barrel of the air pump contained as much as the |.'e-
ceiver, then one balf of the air would be taken away at one turn,
and of course one half of the remaining quantity at the nexts turn,
and so on for each successive turn of the hand ; so that the quantity
will be diminished each turn in & geometiical ratio thus; 1; 1; 43
5 735 x5 Thes 3k s <13 o so% > e and though the barrels of
the pump should not bear so large a proportion to the capacity of

the 1eceiver, yet an additional tarn or two of the Landle will mere
than compensate for the difference. .
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space above it is a perfect vacuum. In other woids the
mercury will always stand in such a tube, somewhere
between 28 and 31 inches in height, according to the
density of the air. Upon this principle barometers, or,
as they are sometimes called, weather-glasses, are con-
structed. I have for many years been an attentive ob-
server of the variations of the barometer, and have never
seen the mercury so high as 31 inches, nor so low as 2§
inches. To prove that this suspension of the mercury
in the tube is wholly owing to the pressure of the air
on the mercury in the bason, take a vessel n, fig. 13,
containing some quicksilver, and a tube g £, 33 inches
long, open at both ends, immersed in it; let them be
placed under a large receiver x z: ¢ is a brass cover
with a syringe H. Every thing is to be made secure and
air tight, by means of wet leathers at the bottom and
16p°or the receiver. Now by lifting up the handle 1, a
partial vacuum is made in the little tube g £, to which
the syringe is screwed, consequently the pressure of the
air on the mercury in the vessel », forces it up to some
heighit in the tube, as to x, just as water in a common
pump follows the piston.

. To shew that this is not owing to suction, you may
place the apparatus over the air-pump plate, and exhaust
the air from the receiver x z; in doing which no change
whatever is produced in the air of the tube, but the mer-
cury in it will fall into the cp n; und so long as the re-
ceiver x z is void of air, the syringe may be worked
without raising in the least the mercury in the tube.
This is called the Torricellian experiment, in honour of
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Torricelli, a learned Italian, who ifivented ilt, and to
whom we are indebted for the discovery of the weight
and pressure of the air.

Ex. x111. You now understand the principle of the
barometer, the mercury of which rises and falls in exact
proportion to the density of the atmosphere that presses
upon the mercury in the box. a b, fig. 14, is a glass
tube 32 or 83 inches long, closed at A, which is filled
with very pure mercury, and inverted in the box b, con-
taining the same metal ; and to the upper”part, in which
the variations of the height of the mercury are visible,
there is a scale, such as fig. 15, to mark those variations.
As 1 have before said, the mercury never rises to S1
inches, nor falls so low as 28 inches, because a columin
of the atmosphere is never equal in weight to a column
of mercury 31 inches long, and is always greater lban a
columu of the same metal 28 inches long.

Hence as water will never follow in the piston of &
pump more than 33 or 84 feet, so mercury will never
follow the working of a syringe above 31 inches. In
other words a column of the atmosphere which is about
45 miles high, a column of water about 32 feet high, and
a column of mercury about 30 inches, are equal in weight
to each other; and as the air is clear and dense the
mercury rises, as it is lighter it falls. The scale A B
only marks the variations to the ;%; of an inch, but by
using that and the little scle r z, called a Vernier, from
the inventor’s name, the variations to the hundredth part
of an inch are easily read off.

Although the scale varies only from 28 to 81 inches,
yet it is supposed to begin from the surface of the mer-
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cury in the cup p." The Vernier plate z z is moveable,
so that when the height of the mercury is to be taken,
the index nlust be set to the upper surface of the column
of mercury. The large scale is divided into tenths of
an inch, but the length of the Vernier is eleven tenths,
aud divided into ten equal parts; of course each of the
ten parts on the Vernier is equal to the tenth of an inch,
and a tenth part of a tenth. DBut the tenth part of a
tenth is equal to a hundredth part, for one tenth divided
by ten is equ.’ to onoe hundredth.* Suppose the index
of the Vernier to coincide exactly with one of the divi-
sions of the scale of variation as 29.6, then we say the
height o the mercury is 29.6, but if it be, as iu the
figure, a little above the sixth division, we look and see
what divisions on the Vernier and the other scale ex-
actly coincide with each other, which we find is the
second, -nd then we say the height of the mercury is
29.62.

The mercury in the barometer seldom stands steadily
for any length of time, it is continually rising and falling,
and b, these variations we are in the habit of anticipat-
ing certain alterations in the state of the atmosphere : the
following rules are supposed as accurate as our present
state of knowledge will afford.

1. The rising of the mercury presages in general fair
weather, and its falling bad weather, as rain, snow,
wind, &c.

* To divide a fraction by any whole number is to multiply the
denominator of the fraction by that number; thus }—+-10=
1 1,
10X10 =100
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2. In extremely hot weather the falling of the mercury
foretels thunder.

8. In the winter months the rising of the mercury
presages frost, and in frosty weather, if the mercury fall
from 4 to 1 au inch, or more, it is almost a sure sign of
a thaw,

4. If bad weather happen almost immediately. after
the sinking of the mercury, it will not last very long.

5. In bad weather, when the mercury.-®es much and
high, and continues to rise two or thrée days before the
bad weather is over, then a continuance of fair weather
will probably follow.

G. In fair weather, when the mercury falls for two or
three, or more days before the rain comes on, then a
good deal of wet may be expected, and probably high
winds.

7. The uasettled motion of the mercury denotes un-
certain and changeable weather.

After all, in our observations, we must not rely so much
on the height of the mercury as on its me{jon up and 22wn.
Nor 1s this wholly to be depended on.

Otlier instruments are neces-ary to the meteorologlst
besides the barometer ; as the hygrometer, rain gauge,
and thermometer.,

The hygrometer is an instrument for ascertaining the
degree of dryness or moistyse of the atmosphere. Hy-
grometers are of various constructions; some are made
with hempen strings, which are known to shorten in
moist weather, and to lengthen when the atmosphere is
very dry.  Others are made of the beard *of the wild.

M3
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odt, whick by twisting and untwisting in moist and dry
weather moves an index attached to it: and some are
nrade by balancing a large piece of sponge aguinst a cer-
tdin weight: in dump weather the sponge imbibes the
moisture and preponderates, and the reverse in very dry
weather.

The rain gauge is used to ascertain the quantity of
rain that falls on each square foot of the earth’s surfacc.
A very good ".ajn-gavge consists of a hollow cylinder,
having within it a cork-ball attached to a woeden stem
which passes through a small opening at the top ; on
this is placed a funnel. The water is collected in the
funnel, which causes the cork to float, and the quantity
15 ascertained by the height to which the graduated stem
of the float is raised.  After every observation the water
is drawoff by a pipe. The diameter of the funnel is
exactly 12 inches, and that of the tube four inches, and
as the areas of plane figures are to one another as the
squares of the diameters, the aréa of the funnel is to
the rea of the wbe as 122: 42, or as 144: 16 or dividing
both by 16 as 9:1: if then the water in the tube be
raised 9 inches, the rain fallen, will, in the area of the
funnel, which is the true gauge, be only one inch: the
floating index with the cork shews the rise of the water in
the gauge ; so that if the float be raised 1 or 2 or 3 inches,
the depth of rain fallen witl be 2th, %ths, or 3ths.

A good common rain-gauge consists of a funuel con-
taining at the opening an area of exactly ten square
inches, which is put into a8 common bottle, and the
weight of the rain collected in this is to be weighed, and
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for every ounce 173 parts of an inch are to !3 allowed’;
thus suppose in a given time 12 ounces&a collected
in this gauge, then 1.73 X 12=2.076 which shews that
the depth of rain fallen is equal to rather more than two
inches.*

The thermometer is intended to mark the changes in
the temperature of the atmosphere. It consists of mer-
cury, oil, or alcohol, enclosed in a glass tube, which is
fixed to a graduated frame. There are many kinds of
thermometers, but that used in this® country is called
Fahirenheit’s, from the inventor; it is represented in fig.
16; A is the bulb containing themercury, apd A B the
tube hermetically sealed, and it is so contrived as to be
perfectly free from air; the mercury in the figu®%5tands
at 55, by heat it rises, and by cold it sinks. The
tube is fastened to the frame, and the scgle is thus
formed. Jce or snow is always of the same tempera-
ture: so also is boiling water ; these then may be re-
gmded as the standard points from which the scale
proceeds,

The tube is put into pounded ic€, and when it has
remained in it sufficiently long to come to its lowest
temperature the place of the upper edge of the mer-
cury is matked 32" ; it is then gradually introduced into
boiling water, and when it will rise no bigher, the alti-
tude of the mercury is marked 212°. The space be-

* The reason of the 1ule is this : every gallpn of pure rain water
weighs 8lb. 5 oz. £ avoirdupoise, or 133.66 ounces, anl contains in
measure 231 inches, and 231-~133. 66, gives 1.73 nearly, that is,
every ounce of water may be estimated at 1.73 cubje inches, but the
arca of the funnel is 10 square inches, and 1,73+10=.173.
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tween these two marks is to be divided into 180 equal
parts, and e part below 32" is likewise to be equally
divided to the bottom of the scale, and if they go below
0, then the other divisions are marked —1,—2,— 3, &c.
Aguinst 32" is written ¢ freezing ;”—against 55° ¢ tem-
.perate :"—76G° ¢ summer-heat :"— 98° ¢ blood-heat :"—
112° ¢ fever-heat :”—176° «“ alcohol boils ;” and against
212° ¢ water boils.”

In Fahienbeit’s thermometer the freezing point is
called 32, and ‘he boiling point 212°. In the centi-
grade or modern French scale, the freezing poiut is
called 0", and the boiling point 100. To reduce Fahren-
heit’s scale to the centigrade, subtract 32°, multiply by 5,
and-u.vide by 9. The quotient will give the degrees
on the centigrade scale; for example, to reduce 55°

by Fabrenheit to the centigrade, 55°—32°=29°; and

o -
3 9x5 1—:)5-—12" 3 and, vice versa, to reduce the centi-

grade to Fah" nhens scale, multiply by 9, divide by 5,

and add 32° to the quotient: for example, to reduce 30°
50°x9_270

on tIr. centigradg scale to Fahrenheit’s:
and 52 X 32°=#84.

The utmost extent of the mercurial thermometer,
both ways, is 600, and 39" or 40 below 0, because in
the former case mercury begins to boil, and in the latter
it cor;geals; therefore, beyond these degrees mercury is
no guide.

Mr. Wedgewood has contrived a thermometer which
will measure the degrees of heat up to 32,277° of Fah-
senheit’s scale. It is known that all argillaceous bodies,

*are diminished in bulk by the application of great heat.

—=52°
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The diminution commences in a dull red hegy, and pro-
ceeds regularly as the heat increases till the liy is trans-
formed into a glassy substance. Wedgewood's thermo-
meter consists of two rulers fixed on a plane, a little
farther asunder at one end than at the other, leaving a
space between them. Small pieces of argillaceous sub-
stances, made for the purpose, just large enough to enter
at the wide end, are heated in the fire \\ilh/lhfbody
whose heat is to be ascertained. The fjyep according to
its heat, contracts the earthy body, so fhat being applied
to the wide end of the gauge, it will slide on towards
the narrow end, more or less, according to the degree of
heat to which it has been exposed.

Each degree of Wedgewood’s thermometer aswers
to 130" of Fabrenheit, and his scale begins from 1077°
of Fahreuheit, if it was possible to carry that go high.

The following abridged scale of heat will exhibit
some curious facts which have been fully ascertained by
accurate experimenters.

SCALE OF HEAT.

Mercury freezesat............—40° of Falrenheit.
A mixture of snow and salt

sinks the thermometer to .... 0
Milk freezes at ..oavee cveveos 50
Water.oceiveeeeencnnnenienss 32
Heat of the human body in

health, is from .....c000000..92 to Y7°
Water boilsat...........
Milk boils...... ceseienane vee.213
Mercury boils ...vvvvnvnease..600
Iron heated to a red heat,

visible by day +.e0ovunuis, 1077==0° of Wedgewood.
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Bratsmelts  ooieiiiiniiiiaiaiaa..a21
Swedich copper melts ..............27
Silver ....ciiiiiiiiiiiiiiieea....28
Gold ..ivvnii il .8
Welding heat of iron from..........120 to 132
Cast-iron melts..o o oovniveeeene 0130
Extremity of Wedgewood’s scale. . ..240
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LETTER XVIIL

The Method of measuring the height of Mountains by the Baro.
meter—Pressure sustained by Man—The Construction and Ope-
ration of the Steam Eugine explained— its uses and A@nlages
pointed out, e

[ 4

HaviNG in my last letter shewn the sfructure of the
barometer, and its use in ascertaining the variations of
the density of the atmosphere, I will now point out ano-
ther purpose to which it has been applied, viz. the mea-
suring the heights of mountains and other elevated places.
It is found by accurate experiments that the mercury in
the barometer falls ;4:th of an inch for every 100 feet of
perpendicular height. In ascending the Puy de Domme,
a high mountain in France, the mercury fell three in-
ches and a half, and the height of the mountain was
found by exact measuremént, with an jnstrument, to be
3204 feet. Snowden is ascertained by instruments to
be 8720 feet high, and the mercury in the barometer
feil in ascending it 3.8 inches. Hence the baromeler
will readily tell the height of any mountain, &c.; for if
the mercury fall in the ascent 3,5, 8-tenths, &¢. we
know we have gained 3, 5, 8 hundred feet in perpendi-
cular height.

1t may in this place be proper to lead you to the con-
sideration of the immense pressure sustained by the
human body: we have seen, that the pressure of the
atmosphere on every square inch is equal to 14lb. ; now,
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the surfaé’ of a common-sized person’s body is about
14o0r15 fé 2t 3 suppose 14 feet only; in each square
foot are 144 square inches, therefore the pressure upon
such a surface is equal to 144 x 14 x 14=28224lb., a
weight which would instantly destroy life, were there not
within us an elastic force of air which balances that
which is without.

Oune of the most important of machines is the steam-
engine, thextrocture of which you will easily compre-
hend, The boiler about half full of water, and standing
over the fire is represented by a, fig. 17, B is the pipe
to conve the steam from the boiler to the cylinder c,
in which the piston, made air-tight, woiks up and down.
a and ¢ are the steam valves, by which the steam enters
the cylinder ; it is admitted through a, when it is to
force the piston downwards, and through ¢, when it
presses it upwards : the eduction valves are b and d;
through these the steam passes from the cylinder into
the condenser e, which is a separate vessel placed in a
cistein of cold water, and which has a jet of cold water
continually playing up in the inside of it. /" is the air-
pump, which extracts the air and the water fiom the
condenser : this is worked by the great beam or lever
R s, and the water taken from the condenser, and thrown
into the hot-well g, through the pipe n, is pumped up
again by means of the pump y, and carried back into
the boiler by the pipe i:. £k is another pump, hke-
wise worked by the engiue itself, which supplies the cis-
tern in which the condenser is fixed, with water from
the well w.

You will observe, that all the thrce pumps, viz, &,
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which brings the cold water from the well to gapply the
condenser; £ ¥, which throws the water frofh the con-
denser into the well g; and y z, which carries the water
from the hot-well g, to the boiler, are all worked by the
same beam R s, to which the piston rod ¢ is attached.

The bent rods ad and b ¢, the first of which is con-
nected with the steam valve a, and eduction valve d,and
the second with the steam valve ¢, and eduction vplee b,
are attached to the piston rod of the alr-mmﬂ) by the
projecting pieces o and p. .« .

The motion of the whole machine is regulated by the
fly-wheel x, on the axis of which is a small concentnc
toothed wheel n: a similar wheel 1, is fastened to the
rod T, and not turning on its axis, rises and fald:" sith
the motion of the great beam. The centres of the two
small wheels are connécted by a bar of irun, when,
therefore, the beam R s raises the wheel 1, it tufns round
the wheel 1, and with it the fly-wheel x, which will
makc two revolutions while the wheel 1 goes round it
once.

Suppose the piston at the top of the®cylinder as it is
represented in the plate, and the lower part of the cylin-
cer flled with steam, By means «f the pump-rod E 5,
the steam valve a, and the eduction valve d, will be
opened together. There being now a communicgtion
at d between the eylinder and condeuser, the steam is
forced fromn the former into®the latter, leaving the lower
part of the cylinder empty, wlile the steam from the
boiler entering by the valve @, 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
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b, are opened, while those at a and d are shut; the
steam, the,iefore, immediately rushes through the ecduc-
tion valve &, into the condenser, while the piston is
forced up again by the steam. This will be seen more
distinctly in fig. 18 ; s is the pipe which conveys the
steam from the boiler; « and ¢ are the steam valves,
and 6 and d the eduction valves. When a is opened
the*s!sam rushes into the upper part of the cylinder, and
forces dov.g, the piston ; at the same instant d is opened,
and the ste.m which was under the piston is forced
through into the condenser e; as soon as the piston
arrives at the bottom the other pair of valves are opened,
viz. b and ¢, through the latter ¢, the steam rushes to
raise «he piston, and through b the steam, which pressed
down before, is driven out into the pipe v, leading to
the condenser; in this there is a jet of cold water con-
stantly playing up, and thereby the steam is instantly re-
duced to cold water. The condenser e, fig. 17, would,
of course, be soon full of water if it were not connected
by the pipe z, with the pump f, which throws it into
the hot-well g, and the pump y z, takes it from thence
and conveys it, by means of the pipe y ¢, to the boiler A.
¥You will observe, that the water in the hot-well, g,
cannot intermix with that iu the cold-well supplied by
the punip W K, owing to the strong partition v. v. is a
cistern through which the boiler A is supplied with
hot water, and the apparatus connected with it you
should understand.

The pipe ¢ is turned up at bottom, to hinder the
steam getting through, and preventing the free course of
the water; for steam, being lighter than water, must rise
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to the surface, and cannot sink through the begded part
of the tube. m represents a stone suspendegfon a wire,
shewn by the dotted line w, which is so balahced by the
opposite weight w, as to admit a proper quantity of
water through a valve leading to the pipe ¢q. The stone
is, by a principle in hydrostatics, with which you are
acquainted, paitly supported by the water; if then, by
increasing the fire, too great an evaporation take rlace,
and the water sink below the level b b, the ;:A‘me must
also sink, which will cause the valve to.ﬂp.en wider, and
let that from the cistern come in faster. But if the
evaporation be too slow, the water will rise in the
boiler, and the stone, also rising, will bring the valve
closer, and adinit less water; and by this simpl~
very beautiful contrivance, the water is always kept to
an exact level in the boiler.

The pipes ¢ and «, with the cocks, are inftnded to
shew the height of the water in the boiler; ¢ reaches
very nearly to the surface of the water, when it is at its
proper height; and « euters just below the surface. If
the water be at its proper height, and the cocks ¢ and u
are open, steam will issue from the former, and water,
by the pressure of the steam, from the latter. But jf
the water be too high, it will rush out at ¢, instead of
steam : if too low, steam will issue out of u, instead of
water.

The axis of the fly wheel x, is connected with the
mill work or other machinery intended to be put into
action ; and, as it impels and governs the rest, its motion
ought to be perfectly regular, and such as to give to
every part, a convenient degree of velocity.
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This { flect can be produced only by duly proportion-
ing the m\ving power to the load. It frequently hap-
pens, howéver, that some part of the machinery must be
suddenly stopped, and as suddenly put into motion again,
by throwing it out or into gear. But any sudden change in
the load, requires a corresponding alteration in the mov-
ing power; and this object is completely attained by
what is called the centrifugal regulator. The centrifugal
regulattin is composed of four bars, A B, A ¢, c D E and
BDF, pinn&! or rivetted together, (see Misc. Plate,fig.5.)
the two longest bars having each a heavy weight fastened
to its lower extremity.

The pPin which fastens the two longest bars together,
p=as,also through the vertical axis » 1, on which is
fised a pulley at 1.

On the axis of the fly wheel, at p, (see fig. 17, Pl. i1.)
is fixed 4 drum wheel, round which and the pulley 1, a
strap is passed : by this means, the regulator is made to
revolve round its axis with a motion proportioned to that
of the fly wheel, and the weights & and ¥, are thrown
out more or leus, as the motion is more or less rapid.
When the weights fly out, the extremity A is drawn
down, and with it the end of the lever x L, attached to
it ; the other end being connected with the handle of the
cock M, of the steam pipe B. By this means, the cock
becomes partly closed, the admission of steam is checked,
and the motion of the engine und fly wheel retarded.—
On the contrary, if the motion be too slow, the weights
fall down, the lever K L is thrown up—this opens the
cock—the steam is admitted more freely, and the motion
of the engine and fly wheel is accelerated.
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The force of a steam engine is usually esrﬁated by
comparing it with that of a horse; thus we®commonly
say, a 20-horse power, or a 380-horse power. The
principles upon which this calculation depends I will now
explain to you.

The power of a steam engine depends on the degree
of compression of the steam, the size of the cylinder,
the length of the stroke made by the pmog ‘and the
number of strokes in a minute. o

Let us suppose the diameter of the cylinder to be
31 inches, that the piston makes 17 double strokes of
six feet each in a minute, and that the safety valve is
loaded with nine pounds for every circular inch.—a . u®
the estimate will be as follows :—

>,
The force of the steam per circular inch ...... 9
The area of the piston in circular inches 31 x 31=961

The product.....c.ouvvveveiesncsensanaess 8619

is the force exerted by the steam on the piston in pounds’
weight.

Seventeen double strokes of six feet each = 204

The product ....c.covevieanieeaness =1'764,396
is the power or momentum ef the engine in feet and
pounds’ weight.

The power of a horse to draw is supposed to be equal
to 200 pounds weight, at the rate of 2} miles an hour,
or 220 feet in a minute. But 200 X 220 gives 44,000
for the power of the horse, and dividing 1:764,396, the
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momentutn of the engine, by 44,000, the momentum of
the horse, «the quotient will be 40 nearly. Such an
engine, therefore, will do the work of about 40 horses;
and, as it may be made to act without intermission, and
horses will not work more than eight hours out of the
24, it will perform the work of 120 horses; but since
the work of a horse is equal to that of five men, it
will pei ~rm as much work as 600 men. The expense
of the coals used, and of the machinery, in its first cost
and repairs, is equal to about half the number of horses
for which it is substituted.

At first, the only thing to which steam engines were
e3rbed, was the raising of water from coal pits, mines,
&c. to enable the workmen to proceed with their opera-
tions ; but they are now used for a thousand different
purpose#in which great power is required. Mr. Boulton
has applied this force to the machine for coining money,
which, by the help of four boys only, is capable of
striking 30,000 pieces of money in an hour, and the
machine itself keeps an accurate account of the number
struck.
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ACOUSTIGS.

LETTER XIX.

Acoustics defined and explained—The velocity of Sound—Distances
of Objects ascertained by the velocity of Sound—Conductors of
Sounds — Experiments — Of the Echo— Speaking Tsumpet—
Speaking Figures—Causes of the variety of Sounds—Eolial riarp
—Smoke Jack—Winds. '

From Pneumatics we naturally proceed to “‘eAcous-
tics,” a science which instructs us in the nature of sounds,
that are usually conveyed to us by means of the air. In
the nfancy of philosophy, sound was held to be a separate
existence, and brought to the organs of hgaring, in a si-
milar manner as the sensation of smell is conveyed to
the nostrils. But so early as the time of Zeno, a dif-_
ferent theory was advanced; this philosopher asserted
“ that hearing is produced by the air which intervenes
between the thing sounding and the ear.” * The air,”
he adds,  is agitated m a sphgrical form, and moves off
in waves, and falls on the ear, in the same manner as
water undulates in circles when a stone has been thrown
into it.” The discovery of the air-pump demonstrated
that air, in general, was the vehicle of sound, because,
as we haye seen p. 148, a bell will give no sound in
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vacuo, and one rung in condensed air gives a very loud
sound. But air is not the only medium by which sound
is conveyed to the ear; it will pass through water with
the same facility with which it moves through the air.

ExPERIMENT 1. A bell rung under water returns a
tone as distinct as if rung in the air; and it has been
ascestained by naturalists, that fishes have a strong per-
ception-f, sound, even at the bottom of rivers. Hence
it has been inferred that it is not material in the propa-
gation of sounds, whether the fluid which conveys them,
be or be not elastic.

It is *found, by experiment, that sound travels at the
42,.0f 1142 feet in a second, and that no obstacles
hinder its progress, a contrary wind, only in a small
degree diminishing its velocity ; the method of calculat-
ing its progress is easily understood. When a gun is
discharged at a distance, we see the fire long before we
hear the sound; and if we know the distance of the place,
and the time elapsed between our first seeing the fire
and hearing the report, this will shew us exactly the
time that the sound has been travelling to us. 1f a gun
a mile off, be discharged, the moment the flash iy seen,
the seconds may, by a watch, be counted till the sound
is heard, and the number of seconds is the time that the
sound has been travelling a mile. By this means the
distance of objects, otherwise immeasurable, may easily
be found. Thus, if I sce the flash of a gun in the night at
sea, and count nine seconds before I hear the report, it
follows that the distance 18 1142 x 9=10278 feet, or
nearly two mles. In the same way, the distance of a
thunder-cloud is ascertained; for if the time be reckoned
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from the moment we see the flash of lightni £ to that
n which the thunder is heard, and multiply Je seconds
elapsed by 1142, we get the number of feet between
our own situation, aud that of the cloud. Some late
observers, I ought to tell you, reckon only 1130 feet
instead of 1142 feet, for the space which sound travels
in a second. .

Dr. Derham, who took great pains in inve-"igating
this subject, found that all kinds of sound tfavel at the
same rate. The sound of a gun, and the striking of a
hammer, are equally swift in their motions ; the softest
whisper flies as swiftly, as far as it goes, as the Youdest
thunder. Smooth and clear sounds proceed from bodia~
that are homogeneous, and of an uniform figure ; and
those which are harsh, from such as are of a mixed mat-
ter and irregular figure. The velocity of sourd is to
that of a brisk wind, as fifty to one.

It is thought that every substance is, in some measure,
a conductor of sound; but it is certain that sound is
much enfeebled by passing from one mediym to another.

Ex. 11. If a man stopping one of his ears with his
finger, stop the other also by pressing.it against the end
of a long stick, or piece of timber, and a watch be ap-
plied to the opposite end of the stick or timber, be it
ever so long, the beating of the watch will be distinct'ly
heard; though perhaps the ticking of a watch cannot be
heard in the usual way but a few feet.

Ex. 111, The same effect will be produced, if he stop
both his ears with his hands, and rest his teeth or tem-
ple against the stick or timber. ’

Ex. 1v. Instead of a watch, a gentle scratch may be
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made at gne end of a long wooden rod, and the person
who keep!; his ear in close contact with the other end of
it will hear it very plainly.

Ex. v. A person stopping both his ears as close as
possible will hear the beating of a watch most distinctly,
if he hold it hetween his teeth.

_Ex. vi. If a person tie a poker or other piece of me-
tal on¢o the middle of a strip of flannel, about a yard
long, giviig.the ends a twist round a finger on each
band, and then pressing those fingers into the ears, and
striking the poker against an obstacle, as a fender, he
will hear a sound very like- that of a large church bell :

ofrom this experiment it appears that flannel is a good
conductor of sound.

The earth is also a conductor of sound: it is said,
that by applying the ear to the ground the trampling of
horses may be heard much sooner than it could through
the medium of air only.

Sound is the effect which is produced on the ear, by
the undulations of the air, and according as these undu-
lations are stronger or weaker, the impression and con-
sequently the sensation is greater or less. If sound be
impeded in its progress by a body that has a hole in it,
the waves pass through the hole, and then diverge on
the other side as from a centre. But when sound, or the
aerial waves meet with an obstacle which is hard, and of
a regular surface, they are reflected ; and consequently
an ear placed in the course of the reflected waves, will
perceive a sound similar to the original sound, but which
will seem to proceed fromn a body situated in like posi-
tion and distance behind the plane of reflection, as the
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1cal sounding body is before it. This reﬂect;d sound is
called an echo.

If you throw a pebble into the water, waves spread
from the point on all sides till they reach the margin;
they are then thrown back again: the same thing hap-
pens with regard to the undulations of the air : they strike
against any surface fitted for the purpose, as the <.de of
a house, a brick wall, a hill, or even against €fees, and
are reflected : these reflections are the causes of an echo.

Ex. vii. If a bell, fig. 19, be struck, and the un-
dulations of the air strike against the wall ¢ d, iy a per-
pendicular direction, they will be reflected in the same
line, and if a person be situated between @ and c,*as at
z, he would hear the sound of the bell by means of the
undulations as they went to the wall, and he would hear
it again as they -came back after reflection, which would
be the echo of the sound. A person, therefore, stand-
ing at z might, in speaking in the direction of the wall
¢  hear the echo of his own voice. It is found by ex-
periment that sounds to be perceived very Uistinctly must
not follow one another faster than at the rate of 9 or 10
in a second, that is, at the distance of 1142~ 127 feet
nearly from each other; so that for the echo to be dis-
tinct the length ¢ x must be 63 or 64 feet at least, «in
order that i passing from z to c, and returning from ¢
to x, the distance may be 127°feet.

If the undulations strike obliquely against the wall,
they will be reflected obliquely on the other side.

Ex. vir. If a person stand at m, and therg be any
obstacle between that place and the bell, as at z, so as to

prevent him from hearing the direct sound, he may ne-
19
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vertheless near the echo from the wall ¢ d, provided the
direct sound fall in that sort of direction as to force the
reflected undulations along the line ¢ m.

At the common rate of speaking we pronounce about

three syllables and a half, or seveu half syllables in a se-
cond; therefore, that the echo may return just as soon
as three syllables are expressed, twice the distance of the
speake}"ﬁ m the reflecting object must be equal to 1000
feet; for as sornd describes 1142 feet in a second, $ths
of that space, that is, 1000 feet nearly, will be described,
while six half or three whole syllables are pronounced:
that is, the speaker must stand nearly 500 feet from the
“obsiu.le: and, in general, the distance of the speaker
from the echoing surface, for any number of syllables,
must be equal to the seventh part of the product of 1142
multiphed by that number: thus, if eight syllables are
to be repeated, we say 1142 X 8=1305 feet for the dis-
tance of the speaker from the echoing surface. In
churches and other confined buildings we never hear a
distinct echo of the voice, but a confused sound, when
the speaker utters his words too rapidly; because the
. greatest difference of distauce between the direct and
reflected courses is rarely in any church equal to 127
feet, the limit of echoes.

From the property of reflection of sounds, it happens
that sounds uttered in ov.2 focus of an elliptical cavity
are heard magnified in the other focus ; instances of which
are found in several domes, particularly in the famous
whispering gallery of St. Paul’s cathedral in London,
where a whisper uttered at oue side of the dome is re-
flected to the other, and may be very distinctly heard.
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Hence we see the principle of the speakmg and hearing
trumpet; for when we speak in the open air, the effect
on the ear of a distant auditor is produced perely by a
single pulse of the air; but when we use a tube, all the
pulses propagated from the mouth except those in the
direction of the axis, strike against the sides of the tube,
and every point of impulse becoming a new centre, from
whence the pulses are prapagated in all directions‘, a
pulse will arrive at the ear from each of those points.

Thus, by the use of a tube a greater numbet of pulses
are propagated to the ear, and the sound is ’ consequently
increased. Or it may be that by instruments of this sort
sound is, as it were condensed, for all the waves that fly
off from the sides of a sounding body, are by lhe. trums,
pet condensed into one, which makes its force so much
greater.

Au umbrella, held in a proper position oversthe head
may serve to collect the force of a distaat sound by re-
flection, in the manner of a hearing trumpet, but its
substance is too slight to reflect any sound perfectly,
unless the sound fall on it in a very objique direction,
The exhibitions of speaking figures, and of the invisible
gir!, are performed by conveying the sound through pipes
artfully concealed, and opening oppusite to the mouth of
a trumpet, from which it seems to proceed.

We have already seen that pendulums of equal length
move in equal times, though they pass through different
arcs, that 1s, fig. 20, if the pendulums A B and ¢ b are
equal, the time of passing through & F is equal to that
of passing through ¢ H: and the vibration of the string
1 X, fig. 21, may be considered as a double ‘pendulum,
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oscillating from the points x and 1, the vibrations of
which from the greatest to the least are performed in the
same time, which is the reason why a musical string has
the same tone from the beginning of the vibration to the
end.. The tone of a sound depends on the time that the
impression dwells on the ear, or the time that the string
vibrates : thus the longest strings have the longest vibra-
tioni, and produce the gravesp sound : the shortest strings
have thz_shortest vibrations, occupy less time, and have
the sharpest -ound.

There are three principal causes of the variety of
sounds: (1) the greatcr or icss frequency of the vibra-
tion of sczorous bodies; (2) the quantity or force of the
y&matulg particles; and (3) the greater or less simplicity
of the sounds: heuce atc derived the height, strength,
and quality of sounds.

if u rope 30 or 40 feet long be stretched pretty tight
beiween two points as ¢ and b, fig. 22, and struck smart-
ly with a stick, the whole rope will not vibrate from end
to end, but there will be found scveral still places in it,
between which the parts of the rope will vibrate, as from
ato ¢, and from ¢ to d: the distance of these stationary
places is always an even part of the whole rope ; as from
a to d is half, from ¢ to d one fourth, and so on.

Hence the fine sounds produced by the Eolian harp ;
for t'hough there be many strings, and all tuned in uni-
son, yet we hear not only the natural sound of each
string, but its octave, fifth, third, twelfth, &c. The
current of air striking upon these strings may be con-
sidered as a violin bow, and thus each string is divided
into a mumber of imaginary bridges, to which it has a
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natural tendency. Hence e;rery string becomes capa-
ble of several sounds : if every string were of the same
length, magnitude, and tension, the vibrafions would
uniformly coincide, and produce perfect unison. If the
strings were in proportion of 2 to 1; that is, if the shor-
ter string is half the length of the longer, and makes
two vibrations, while the shorter makes but one: these
are called octaves. If the vibrations be to one ancther
as 2 to 3, the coincidence will be at the third of the
shorter string, and in music it is culled'ajiflh. When
two strings of equal tone are placed near one another, on
striking one, the pulse or undulatory motion of the air will
produce a sympathetic sound in the other. So inthe Eo-
lian harp, if only two of its strings are in unisow, ana %
piece of paper be hung on onc of them, all the other strings
may be struck without effect; Lut when the unison string
is struck, the paper instantly leaps off from the other.

Wind you know is air in motion, and whatever excites
that motion, will produce wind. There are probably
many causes which conspire to produce the effect, but
the heat communicated by the sun is th® principal. Heat
expands all bodies; it therefore rarifies the air, and
makes it lighter : but as you have seen, the lighter fluids
always ascend, and thereby leave a partial vacuum, to-
ward which the surrounding heavier air presses, with a
greater or less motion, as the degree of rarefaction or
of heat which produces it, s greater or less.

Ex. 1x. Take a lighted” wax taper, or candle, and
hold it at the bottom of the door of a room in which
there is a fire; then hold it at the top, and afterwards
about the middle, and you will find that at the bottom
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the flame is brought into the room ; at the top it rushes
out: and in the middle it is nearly or wholly stationary,
having no tiundency either way.

The reason of this experiment is, that the heat of
the fire rarifies the air, which ascends, leaving a partial
vacuum at the lower part of the room; to supply the
deficiency, the dense air rushes in at the bottom, driving
the flame of the taper inwards, and the lighter particles
are driven put at the top of the door by the pressure of
the heavier ones from beneath.

The smoke jack, as it is called, depends on this prin-
ciple; it is worked by means of the current of air con-
stautly a‘scending the chimney, which current is pro-
Suved <Yy the heat of the fire, and not by the smoke,
and striking against the leaves of a sort of ventilator, turns
the chain, spit, &c.

Wind $hen is a current of air generally produced by
the heat of the sun, and its direction is denominated from
the quarter from which it blows; thus when it blows

from the north or south, we say it is a north or south wind.

There are ustally reckoned three kinds of winds, in-
dependently of the names which they take from the
points of the compass from which they blow: these are
the constant, or those which always blow in one direc-
tioil ;. the perz'odical, or those which blow six months in
one direction, and six ina contrary one; and the variable,
which appear to be subject to no general rules.

The constant winds are found in that large tract
on the globe, that lies between 28¢ or 80° north and
south of the equator, they follow the apparent course of
the sun which is always vertical, or nearly so, to some
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part of this tract of our globe, and since the wind fol-
lows the sun it must blow in one direction, or easterly.
These constant winds are likewise denomfhated trade-
winds.

The periodical winds prevail in several parts of the
Eastern and Southern oceans, and depend on the sun;
for when that body is north of the equator, that is,
from the 20th of March to the 20th of September,” the
wind sets in from the south-west, and the remainder of
the year, while the sun is south of the equator, the wind
blows from the north-east. These are called ¢ the Mon-
soons,” or shifting trade-winds, and they are,of much

importance to those who make voyages to the East
Indies. -



OPTICS.

LETTER XX.

.
Optics—Light—Velocity of Light—Its motion—Refraction of Light

explained—Consequences and Advantages of Refraction—Eute1-
taining«Experiments.

*=1In<he science of optics every thing depends on light,
which is supposed to consist of inconceivably small par-
ticles, thrown off from a luminous body, with great ve-
locity, in all directions. They diverge in right lines ull
they are inflected by the attraction of some other body,
or refracted by passing obliquely through a medium of
different density, or reflected by the intervention of an
opposing body, and therefore, the particles of which
light is composed being governed by the power of at-
«traction, in the same manner as the particles of other
matter, it has been inferred that they also are material.
'.i'hgy must, however, be indefinitely small, from the
circumstance of their penetrating the densest bodies,
such as glass, the dianfond, &c., and also from this
circumstance, that the greatest number of them that
can be collected, are not found to have any the small-
est sensible weight.

It is evident that the rays of light are emitted in right
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lines, from the shadow which is thrown behind those
bodies on which they fall, as the correspording parts of
the substance and shadow form right lines with the ray.
Besides, light will not pass through a bended tube.

1t was formerly supposed that the velocity of light was
instantaneous, but it has been one of the discoveries of
modern times, that notwithstanding its swiftness is so
great as to prevent its passage from one visible object to
another from being marked by any dlﬂfewnce of time,
yet its motion is certainly progressive, anJ at the rate of
200,000 miles in a second of time. For it is observed
that the eclipses of Jupiter’s moons vary abdut 16 mi-
nutes of time in certain positions of the earth in jts orbi‘p
being eight minutes sooner than the calculated time,
when the earth is nearest the planet, and eight minutes
later than the tables when the earth is in the opposite ,
part of its orbit.

Lets, fig. 1, Optics, Plate 1, be the sun from which
the tables are made, and A ® ¢ the earth’s orbit; & Ju-
piter, and D one of his satellites enteging his shadow.
An observer at the sun would find the time of his im-
mersion coincide with the tables, but to a person at A
it will take place eight minutes sooner than at s, and to
one at ¢ it would be eight minutes later; henceltlsmferred
that the rays of light are 16 minutes in passing through
A c, the orbit of the earth, gr 8 minutes in passing from
the sun to us, or 95 millions of miles,* which is at the
rate of 200,000 per second nearly ; this is about a mil-
lion and a half times faster than the velocity of a cannon-

* 95,000,000 =~ 8 X 60=200,000 ncarly.
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ball, which may be supposed to go at the rate of eight
miles in a minute.

Notwithstanding this velocity, which surpasses every
effort of the understanding to comprehend, philosophers
have conjectured that there may be stars, which, we
shall show in a future letter, are suns to other worlds,
so distant from us that the light proceeding from them
has not yet reached the earth, though it has been travel-
ling at the ruwe of 200,000 miles per second from the
first creation of all things.*

The particles of light move in all directions, without
appearing to jostle one another in their course.

« ExperiMENT 1. Take a sheet of brown paper and
make a small hole in it with a pin or needle, and look
through it, you will see numerous objects almost as well
as if no paper were interposed between them and the
eye. Now as we only see objects by means of the rays
of light which flow from them, the rays that come from
a landscape, for instance, seen by looking through the
small hole in the paper must come in all manner of di-
rections at the same time.

. Ex.11. If a candle be placed on an eminence in a
dark night, it will illuminate a space for half a mile
round ; in other words, there is no place within a sphere
of a mile in diameter, where the candle cannot be seen,
that is, where some of the rays from the small flame
will not be found. These will be stronger or weaker in

* The young arithmetician may calculate the distance which a ray
of light will have travelled at this rate from the creation to the pre-
sent time, allowing 4004 years to have elspsed from Adam 1o the
birth of Christ, and 1821 years since.
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proportion as the distance from the candle is less or
greater. For the intensity or degree of light decreases
as the square of the distance from the lumirfous body in-
creases; thatis, the light from any luminous body, at
1, 2, 3, 4 yards, miles, &c. distance, will be diminished
10 proportion to the squares of those numbers, or as 1, 4,
9, 16, &c., in other words, the light of a candle will be 4
times less at the distance of two yards than it is at a yard
distance only, aud sixteen times less at 4 yards distance.
It is the same with regard to the light fromn the sun;
thus the planet Saturn is neatly 10 times as far distant
from the sun as the earth, therefore it will regeive only
one hundredth part of the light and heat of the sun that
we enjoy. Again, the Herschel planet is twicethe dis-
tance of Saturn from the sun, and will of course enjoy
only the fourth part of the light and heat which that
planet experiences, or the 5 5th part of what we enjoy.

By ““a ray of hght” is meant one of the particles of
light in motion, and its motion being rectilinear 4s pro-
perly represented by a straight line. But the rays of
light are subject to the laws of refractiol} and reflection,

If the rays of light, after passing through a medium
enter another of a different density perpendicularly, they
proceed through this latter medium in the same direc-
tion as before; but if they enter the second medium in
an oblique direction, they are bent out of their course,
and this is called refraction.

Ex. 111. Suppose A B, fig 2, to be a piece of glass
an inch or two thick, and a ray of light, s a, to fall upon
it at a, it will not pass along the line s s, but will, at ¢,
be bent out of its course towards the perpendicular, and
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proceed to x. But a ray, pa, would proceed straight
on to b, because in this case there is no refraction.

Rays of 1.ght may pass from a rarer to a denser me-
dium, as from air into glass or water; or they may pass
from a denser into a rarer, as from water into air.

When a ray of light passes out of a rarer into a denser
medium, it is, as we have seen, drawn nearer to the
perpendicular.  But when it passes from a denser me-
dium into one more rare, it moves in a direction farther
from the perperdicular; thus, if the ray r a pass from
glass or water 1nto air, it will not, when it comes to a,
move in the direction a m, but in the line as, which is
farther than @ m from the perpendicular 2 p.  You will

"not fo:get “ that we see every thing by means of the
rays of light which proceed from them.”

Ex. 1v. Take a common upright earthen pan, and
on the bottom, place a shilling, with a small piece of
wax to keep it from slipping, now move backward till
the side of the pan deprive you of the sight of it; let
another person pour water into the pan, and you will im-
mediately see tke shilling.

This experiment is easily explained by the figure just
referred to: conceive your eye at s, and a a the side of
the pan, and the piece of money to be at x; now, when
the pan is empty, the rays of light flowing from z, must
go in the direction x a m, at least they cannot pass in
the direction a s, of course the side a a prevents an eye
at s from seeing the spot x. But as soon as water is
poured iuto the vessel, the rays of light proceed from
% to a, and there, entering from a denser to a rarer me-
dium, they will be bent from the perpendicular into the
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line ¢ s, and the eye at s will see the shilling at z, or
rather the rays of light proceeding from it, and it will
appear to be situated at or a little higher tian n instead
of .

It may seem strange that though the shilling has not
moved from x that it appears at =, but it is an axiom in
optics, “ We see every thing in the direction of that line
in which the rays approach us last.” -

Ex. v. Take two looking-glasses and place a candle
before oue of them, so as that the image,of the candle
may be reflected to the other, and if you look into that
glass you will suppose the candle behind it, because
this is the direction whence the last rays come to the
eye.

From the fourth experiment we learn the reason why
an oar always appears bent i the water; for if max
were a straight oar, it would, in water, appear bent like
m an, and raised higher in the water than it really is:
it is on this account that a fish in a pond, river, &c. ap-
pears nearer the surface than it actually is; and for the
same reason, any water will appear to® be much shal-
lower than it is. This 1s a fact that ought to be gene-
raliy known by young persons, who, without being able
to swim, may venture, at the risk of their lives, in
water six feet deep, thinking it only between 4 and 5
feet ; for the bottom, where the water is clear, always
appears one-fourth nearer the surface than it really is.
By carefully attending to the experiment of the shilling
and pan you will see the money rises apparently in the
water, as well as it changes its other relative position.

To the principle of refraction we are indebted for



184 OPTICS.

many advantages that we daily and hourly enjoy, but for
which we are rarely so thankful to a beneficent providence
as we ought. The sun is seen before he comes to the
horizon in the mormng, and after he sinks beneath it in
an evening, by the refractive power of the atmosphere,
by which our days are lengthened and our eyes preserved
from that dazzling splendour which must be highly in-
jurious to them if we passed immediately from darkness
to the glare of the sun, which would be the case if there
were no atmaspalere.
Hence we never see the sun and moon in the places
where they really are situated, they always appear higher
_ than they are, as the oar does in water; thus, a person
N standiug at a, fig. 3, would see the sun rise at b when
it was in reality only at ¢; if at a he had the sun in his
zenith, he would in that case see him where he really is,
for his rays would come perpendicularly through the at-
mosphere, but that never occurs in this country with re-
gard (o the sun and moon.
Ex. vi1. Take a glass goblet half full of water, throw
a shilling into it, and then, having placed a plate over it,
let it be quickly inverted. A bye-stander, unacquainted
awith the laws of refraction will suppose that he sees a
shilling and half-a-erown, the former is seen by the rays
afterrefraction at the surface, the latter is seen by means
of rays coming through the water at the side of the glass,
and therefore the image is magnified ; the reason of which
you will hereafter readily understand.



185

LETTER XXI.

Description and Uses of Lenses—Their effect—Method of finding
the Yocus of a Lens—Burning-glasses described, with the Ef-
fects produced by them—Experiments—Imaginary Focus de-
fined—Axiom in Optics—Image by Reflectors when formed—
Anamorphoses.

I sHALL now, my young friend, describe to you the
different kind of lenses made use of in optics., A lens
is a glass ground into such a form as to collect or disperse
the rays of light which pass through it. A plano-fonvex
lens has one side flat and the other convex, as a, fig. 4.
B is a plano-concave lens, having one side flat and the
other cencave. A double-conver is convex on both
sides, as ¢. A double concave lens is concave on both
sides, as D. A meniscus is convex on one side and con-
cave on the other, as E, of which a watch-glass is an
example.

The axis of a lens is a line passing through its cen-
tre ; thus ¥ ¢ is the axis to all the several lenses. The
effect of these several kinds of lenses is to cause the rays
of light that pass through them to converge or diverge.

Rays are said to converge when they continually ap-
proach to each other; thus, fig. 5, the parallel rays ¢ a;
b b; mm falling upon the plano-convex lens cxd, ap-
proach each other till they meet in c. But if a candle
be placed at ¢, before a small hole, then the rays in going
to the side of the lens ¢ n d, will recede from one another
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that is, they diverge. The point ¢ in optics is called the
focus.

I will exnlain the manner in which the focus is found
in those kind of lenses which are chiefly in use. To
begin with the most simple. Parallel rays falling upon
a plano-convex lens meet at a point behind it, the dis-
tance of which, from the centre or middle of the glass,
is -exactly equal to the diameter of the sphere, of which
the lens is only a portion ; thus in fig. 5, a circle is made,
in which the legs, ¢ xdn, will fit, and therefore c is the
focus.

The reason of this is obvious; for rays of light passing
out of a rarer to a denser medium incline to the perpen-

" diculag; therefore the rays aa, b6, &c. passing from
air into glass, must incline to the perpendicular, cz b,
till they all meet in ¢, and if nothing be at the point to
stop them they will cross each other, and the, perpen-
dicular ¢ . b.

The distance of the focus of parallel rays, of a double
couvex lens, 1s equal only to the radius of the sphere, see
fig. 6; for twe convex surfates must have double the
effect in refracting rays that a single one has; and as the

Jatter brings them to a focus at the distance of the dia-

" meter, the former will do the same at half that distance,
or of the radius.

A common burning glass is a double convex lens and
acts upon this principle, \hat all the rays of the sum,
which fall perhaps on a surface of three or four or more
square inches are by meaus of the convexity brought to
a point f, of only 1 or - of an inch, so that the heat at
the focus will be 10 or 100 or 1000 times as great at
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the focus as it is at the surface, according to the size of
the glass. The heat collected by very large burning
glasses, as that made by Mr. Parker for Dy, Priestley,
is such that nothing can withstand. This glass was
nearly three feet in diameter, and it produced a heat
that melted iron plates in a moment: all resinous sub-
stances it instantly melted under water; and a variety of
other substances it changed into transparent glass. The
heat produced by this lens fused 20 grains of gold in
four seconds : of silver in three secondy:* (én grains of
platina in three seconds, and as much flint in thirty
seconds.

If the parallel rays at =, fig. 6, fall on the double con-
vex lens, they will converge and meet in f, whege they
will cross one another, and diverge : and if another con-
vex lens F G be so placed as to receive the diverging rays,
they will be made to converge, and then proceéd out of
1t in parallel lines b c.

If a candle be placed at f, the focus of the convex
glass, the diverging rays in ¥ ¢ or b f E will be so
refracted by the lenses, that after going ont of them they
will become parallel again. But if the candle be at g,
fig. 7, the rays will diverge after they have passed through
the glass, and the divergency will be greater or less in
proportion as the candle is more or less distant from the
focus: and if it be placed farther from the lens than the
focus, as at g, fig. 8, thendhe rays, after passing the
lens, will meet somewhere as at x; and this point will
be more or less distant from the glass, as the candle is
nearer to, or further from its focus, and where they meet
they will form an inverted image of the flame of the
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candle, because that is the point in which the rays, if
they are not stopped, cross each other.

ExPERIMENT. 1. These things may be shewn to
the senses by means of a common burning glass, which
A B, fig. 8, will represent; and if the candle be at g,
the inverted image of it may be taken on a piecc of
writing paper, held at . And if the candle be brought
nearer to f, the image at 2 will be carried farther off.

The general rule for finding the place of the image or
picture of ar cbject is this, supposing the focal distance
of the glass to be known:

“ Multiply the distance of the focus by the distance
of the olyject, and divide the product by their difference,
the qugtient will be the distance of the picture. 'Thus
if the focus of a glass be six inches, and an object be
placed at 15 inches distance, the picture will be found

1526 .
to be —5— =10 inches.”*

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: which may be thus ex-
plained :

Ex. 11. Let A B, fig. 9, be any object, as an arrow
:placed beyond the focus F, then rays from every part

¢ Hence the reason why, when the candle is placed in the focus
of the lens, the rays go out parallel; because, then the difference of
the two quantities mentioned in the rule is o, or nothing ; and any
quantity divided by o gives an infinitely Jarge number ; thus 1 divid-
ed by | give 3: divided by } gives 10, and as the divisor dimibishes,
the quotient increases, so that when the former is infinitely small, or
nothing, the latter is infinitely large, or the lines do not converge
till at an infinite distance, that is, they never meet—in other words,
tliey are parallel,
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will flow from it, as represented in the three points
A, B, C, and in passing through the glass they will be
refracted, and meet in the points a b c: viz. the rays
that flow from A are brought to a focus at a; those
from c at ¢, and the rays flowing from the intermediate
points between A and c are brought to their different foci
between @ and c. Now, if the object o B c is brought
nearer o the glass, the picture will be removed to a great-
er distance, and will increase also in mggnﬂtude : when
the distance B z=b z, then the object and picture will be
equal to one another ; but if b 2 be greater than B z, then
the picture is larger than the object. In all cases,to obtain
a picture or an image, the object must be beygnd the
focus ¥, for, if it be at F, then the rays will go out of
the glass parallel to one another as in fig. 6: and if it be
nearer, as in fig. 7, then the rays will go out diverging,
and in neither case will a picture be formed.

There are also concave lenses, as you have seen, and
the refraction occasioned by these is very different from
that by convex glasses. °

Ex. 111. Suppose the parallel rays a b ¢ d, &ec. fig.
10, to pass through the double concave lens a, B, they.
will diverge after they have passed through the glass, and
precisely so much, as if the rays had come from a radiant
point z, which is the centre of the concavity of the glass.
This point is called the imagigary or virtual focus. The
ray « after passing through the glass A B will go oniin the
direction g &, as if it had come from x, and no glass in
the way : the ray d would proceed along r ¢ in the same
nianner, and so of the rest. The centre a c x suffers no re-
fraction, but proceeds precisely as if no glass had been
interposed.
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If the lens had been concave only on one side, and
flat on the other, the rays would have diverged after pass-
ing lhrou«h it, as if they had come from a radiant point,
at the distance of a whole diameter of the convexity of
the lens.

Hence you will observe, that the focus of a double
convex lens is at the distance of the radius of convexity,
and so is the imaginary focus of the double concare : the
Jocus of a pk: no-convex is at the distance of the diameter
of the convéxity, so likewise is the i, tmaginary focus of
the plano-concave.

We cume now to reflected light.  When rays of light

» strike agamst a surface, and are sent back from it, they
are said to be reflected. The ray that comes from any
luminous body and falls upon a reflecting surface is called

%the incident ray; thus the rays, s a or P g, fig. 2, fall-
ing upon the reflecting surface A D, is called the incident
ray.

Ex. 1v. When the ray, as p a, falls perpendicularly
on the surface, it is reflected back again in the same
line ; hence if a person stand before a looking glass he
sees his own 1mage, because the rays proceeding from

“him to the glass come back again to his eye in the same

" line.

Ex. v. When the ray, as s a, falls obliquely on the
surface, it passes off in the direction @ E, making the
angle E a z equal to sa z: hence a looking glass being
placed at the end of a room, a person sitting or standing
on one side of the room will see in the glass the furniture
of the opposite side: that is, if A B be a looking glass,
and a person sit or stand at s, he will not see his own
image in the glass, but will see the image of the point £,
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and a person at E will see the image of the objects
at s.

You may regard it as an undeviating maxim, that
the angle of incidence is always equal to the angle of re-
Section, whether it be with regard to plune or spherical
surfaces, concave or conver,

Ex. vi. When a person stands before a looking
glass, he sees the image of himself apparently as Tar
behind the glass as he stands before it: for it is the dis-
tance that the ray travels backwards and Towards which
ascertains the distance of the image from the object;
thus, a man at A c, fig. 11, standing before a looking
glass, a b, will see the image of himself at B » : for the
ray passing from his eye to a is reflected back wgain in
the same line to the eye, and has travelled through a
distance equal to twice A a=a B, the ray proceeding
from the foot c, falling obliquely on the glass, at b, is
reflected along the line b A to the eye: here the distance
which the ray travels is ¢ b+ b A, therefore the image of
¢ will be seen at . (1) because A p is equal to
A b+b c: and (2) because, we see evety thing in the
direction of that line in which the rays approach us last;
for the image of ¢ being reflected to the eye through tha
line b A, we must see it in the direction of the line
Abp,orat p. The same may be proved of the inter-
mediate parts between A and c.

Hence, by referring to tht figure, you will readily un-
derstand why a person may see a perfect image of him-
self in a looking glass only half as high as he is tall, and
the thing is easily proved by a theorem in geometry ; for
since A B is equal to twice A a, therefore B D, or its
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equal A c, is equal to twice a z, which is the part of the
glass by which the rays of light are transmitted to the
eye.

If you move forwards and backwards before a look-
ing glass, the image of yourself seems to approach and
recede, but with double the velocity of your own mo-
tion; because the eye will be affected with the motions
of the object and its image, which are equal and con-
trary. .

Ex. vi1. In iooking at the reflection of a candle in a
looking glass, if we stand a little sideways, we see two
images, qne weaker than the other; which is occasioned
by reflections from the upper and under surface of the
glass—the former giving the faint image, and the latter,
or the silvered part, the vivid one.

In regsoning on these subjects, we say the image is
formed behind the reflector, because the reflected rays
come to the eye precisely with the same inclination as
they would if the object itself were actually behind the
reflector. 'The image, however, is not so vivid as the
object ; because, though a plane mirror, or looking glass,
is, In theory, supposed to reflect all the light which falls

fupon it, yet, in practice, nearly half the light is found to
be lost on account of the maccuracy of the polish.

Rays of light coming from the sun are supposed to be
parallel to one another ; and on this supposition we build
our theory of reflected light by means of spherical mir-
rors.

When parallel rays fall upon a concave mirror they
will be reflected, and meet in a point at half the distance of
the surface of the mirror from the centre of its conca-
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vity. If the parallel rays, ad, ¢ m d, and ef, fig. 12,

fall upon the concave mirror a B, then a & will be re-
flected along b m; ¢ d will be reflected along d m, and
e falong f'm, and therefore they all meet in m, and m d
is found to be equal to m c or the half of ¢ d.

Since the rays proceeding from any celestial object
are parallel, the image of the sun, star, &c., will be
found at m, half way between the mirror and its centre
of concavity, and the image will be inverted with re-
spect to the object, because the rays efogs each other.
And it is a general rule, that when the image of an ob-
Ject is formed by a speculum, if the rays, after reflec-*
tion, converge to an actual focus, the image is inverted ;
and, therefore, as in the instance when they conwarge to
the point m, the image is inverted and less than the ob-
ject, as will be evident by fig. 13, where A represents the
actual image of the candle B, formed by the’ concave
mirror C.

If the rays diverge from a vertical focus, the pbject
will be erect, and at the centre of the speculum, the ob-
ject and image subtend equal angles ; butSf the object s,
fig. 14, be nearer the speculum than the centre of con-
cavity, then the image A will not ouly be erect but mag-.
nified.

Hence the rays which proceed from a remote tekres-
trial object M E, fig. 15, will, after reflection, converge
at alittle greater distauge thait half way between the mir-
ror and the centre of ‘colrcavity, and the image will be
inverted with respect to the object.

If the object M E, moveto the centre C, the image
and object coincide ; hence }ﬁe following experiment :
K
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Ex. vii1. If you stand before alarge concave mirror,
beyond its centre of concavity, you will see an inverted
image of ycurself suspended, as it were, in the air, and
by extending your hand towards the mirror, the hand of
the image will come out and coincide with it. But
thrust your hand beyond the centre of concavity the image
will pass beyond it, because as the object M E in the
figure moves beyond ¢ towards the mirror, the image ¢
m moves beyond ¢ from the mirror.

A convex. mirror always forms a virtual image of a
real object, which is erect and smaller than the object.
A, figure 14, may be considered as a candle before a
convex mirror ¢, and B will be the image. You will
‘perceive that the image is formed behind the glass, and
as a person walks towards a convex spherical reflector,
the image appears to walk towards him, constantly in-
creasing 1n magnitude till they touch each other.

There are other reflecting surfaces besides the plane,
the regulur convex, and the regular concave, and the
1mages formed by them are called anamorphoses ; these
are produced ‘irom cylindrical concave mirrors, and as
the mirror is placed upright or on its side, the image of
sthe picture is distorted into a very long or very broad
image. Ifa regular figure be placed before an irregular
reflector the i image will be deformed; but if an object,
as a picture, be painted deformed, ancl agreeably to cer-
tain rules, the image will appear regular. Such figures,
and reflectors suited to them, are readily obtained at the

shops of most of our opticians.
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LETTER XXIIL

L3
Light, of what composed—different refrangibility of the rays—Ex-
periments with the prism—the Rainbow explained—Structure of
the Eye— Uses of the several Parts—why Objects are seen erect—
Causes of indistinct Vision pointed out.

We have hitherto considered light as a simple body ;
and have supposed that all light in passing out of one
medium into another is equally refracted in the same or
like circumstances. Such was the general opiwon, till
the discoveries of the immortal Newton, who in the
course of his investigations found that light is not a sim-
ple homogeneous body, but is compounded of different
species, distinguished from each other by their colours;
and that each species suffers a different degree of yefran-
gibility, in passing out of one medium into another, and
excites also in the mind the idea of a different colour
from the rest. It is also known by the most decisive
experiments, that those rays which are most refrangible,
are likewise most reflexible, or most easily turned back.
In other words, the sun’s light consists of rays which
have a counsiderable inequality of refraction as they are
transmitted through the medtum of the atmosphere, and
impress a sensation of colours as they are more or less
bent in their course, which we call violet, indigo, blue,
green, yellow, orange, and red. The latter or red rays
are the least refrangible, and the violet the most refrangi-.
ble, and the intermediate colours have also intermediate

K2
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degrees of refrangibility. These are all the primary co-
lours in nature ; some writers, indeed would reduce the
seven to three, namely to the red, the green, and the
violet: but whether they be three, or seven, it is certain
that all other tints whatever are produced by the mixture
of these. Whiteness is produced by a copious reflec-
tion and due proportion of all the colours; and blachness
proceeds from the peculiar quality of a body which stifles
aud absorbs the rays of light that fall upon it; so that,
stead of reflecting them outwards, they are reflected as
it were inwards till the incident rays are lost.

The priaciple of colours may be illustrated and ex-
plained by means of a glass prism, which is a solid piece
of glass, with three flat sides, through which the sun’s
rays are refracted.

ExperimeNT 1. If aray of light s, fig. 16, be ad-
mitted into a darkened room, through a small hole in
the shutter 2 y, its natural course is along the line s d ;
but.if the glass prism a b ¢ be placed to receive the ray,
it will be bent upwards, and if it be taken on any white
surface, M N, it will form an oblong image »p 1, the
breadth of which is equal to the diameter of the hole in
the shutter. I 4his oblong you will observe the seven
colours, viz. the red at the bottom, which is least bent
out of its course, then the orange, yellow, &c. till you
come to the violet, which is the most refraugible, or
that which is most bent out of s course.

If the ray hiad been of one colour ouly, it would have
been equally bent upwards, and made only a small circu-
lar image. DBut since the image or picture is oblong, it
is inferred that it is formed of parts differently refrangi-
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ble, some of which are turned more out of the way than
others, those which go to the upper part of the spectrum
being, as we have seen, the most refrangiBle, and those
which go to the lowest part, the least refrangible. If
the spectrum be received on a perforated plane, so that
the simple colours may be allowed to pass each distinctly
through the hole, it will be found that they still preserve
their colour though they are refracted by another prism
upon some other surface.

If the prism be so placed that the ray of-hght proceed-
ing from s, pass through the hole in the shutter as to be
reflected, the violet rays will be the first reflected, and.
the red the last.

There is a remarkable analogy between colOurs and
sound, for the divisions of the uncompounded colours
on the spectrum agree exactly with the different divi-
sions of a musical chord. The divisions on the spec-
trum are in the following proportions: supposing the
whole divided into 360 parts, the red will occipy 45
paits, the orange 27, the yellow 48, the. green and blue
60 each, the indigo 40, and the blue 80.

Ex. 2. If a circular surface be divided into 360 parts,
and painted according to the proportion just mentioned;
and then a quick motion be given to it, the whole will
appear of a dirty white; and if the colours were more
perfect, the mixture of them by this circular motion
would give a more perfect white also.

From the refraction and division of the rays of light
intotheir original primary colours by means of drops of rain,
which act as so many prisms, the rainbow is produced.

Ex. n1. If a, fig. 17, be a drop of rain, and s da°
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1ay from the sun falling upon, or enterivg it at d, it will
not go to ¢, but be refracted to n, where a part will go
out, but a pirt also will be reflected to ¢, where it will
go out of the drop, which acting as a prism, separates
the ray into its primitive colours: the violet will be up-
permost and the red the lowermost. The ray s d, if
uninterrupted by the drop A, would proceed to ¢, but by
the refraction at d, the reflection at 2, and the refraction
at ¢, the rays are separated into ihe primitive colours,
the violet ray x g extended to ¢, makes an angle with
s ¢ of 40°.. 17, and the red ray g ¢, extended to f,
makes with s f an angle of 42" --2': and the other
- coloured rays will be found somewhere between these.

The situation of the rain-bow varies according to the
height of the sun: that is, the higher the sun the lower
the rain-kow. You will frequently observe two rain-
bows at the same time: the strong and vivid one, which
is formed in the way now explained ; and the other fainter,
which 1s formed by two reflections and two refractions :
thus if theray T r enter the drop at r, it is refracted to
s, where it is reflected to ¢, and from thence again reflect-
ed to u, where it comes out of the drop, and 1s divided
into its primary rays, the violet being the lowest, and the
red ray the uppermost.

The same circumstances take place with respect to a
whole shower, which has been shown with regard to a
single drop, and by the constant falling of the rain the
image is preserved perfect. In figure 18, we have a
representation of the two bows. The rays come in the
direction s A, and the spectator stands at E, with his
“béck to the sun. 1n other words, to see a rain-bow we
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must be situated between the sun and the shower, of
which it is formed.

Artificial rain-bows may be exhibited with a common
watering-pot, or with a syringe fixed to an artificial foun-
tain. It is often seen in cascades, and even in the foam
of arough sea. The colours observable on soap-bubbles,
and the halos which sometimes surround the moon, are
to be referred to the same origin.

I will now call your attention to the,structure of the
eye, and the uses of its several parts in vision, It is of
a globular form, and composed of three coats, covering
one another, and inclosing different substas.ces, called
humours. The three coats are the sckrotica,.the cho-,
roides, and the relina: and the three humours are
the aqueous, the crystalline, and the wvitreous. Thus,
fig. 19, A B ¢ D E, represents a section of the cye;
the three concentric circles, the three coats; the ex-
ternal one is called the sclerotica, of which c z » is a
part denominated the cornea. Underneath the sclero-
tica is the choroides, which is divided, into two parts,
that in front, which is sometimes blue, sometimes brown,
sometimes black, is called the iris, and the back part,
the choroides. 'The third or inner coat z, is the retind,
which is an expansion of the medullary part of the optic
nerve A, and serves to receive the images of ob_;ects
produced by the refraction of the different humours of
the eye, and painted, as it were, upon its surface. A is
the optic nerve intended to convey to the brain the sen-
sation produced upon the retina.

The cornea, or white of the eye, is represented fig. 20,
by ¢, the iris a 4 is composed of two kinds of muscles,
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the one tending to the centre, and the other forming 2
number of concentric circles round the same centre.
The central part of the iris is perforated, and the orifice,
which is denominated the pupil, varies in magnitude by
the action of the two sets of fibres composing the iris,
which action is affected by the quantity of light to which
the eye is exposed. In a dark room the radial fibres of
the 1ris contract, and the pupil is large, but in the glare
of the sun thee circular fibres contract, and make the
pupil very small,

The three humours of the eye are denominated the
aqueous, ctystalline, and vitreous hamour. The aque-
~ous 1s the most fluid, being thin and clear, like water,
wheuce it takes its name, and fills up the space imme-
diately behind th. cornea, and it is divided into two por-
tions by tfe inis, which seems to swim in it.  'The c1ys-
wlline, which answers to d f, fig. 19, is a double con-
vex lens, contained in a strong and transparent mem-
biane, and suspended bebind the aqueous humour by a
certain ligamen*. 'The vitrcous humour receives its
name from its appcarance, which is ke melted glass,
It is not so hard as the crystalline, nor so liquid as the
aqueous humour : it fills all the interior of the eye m, u,
behingd the crystalline humour.  Such is the structure of
the eye : the eye-brows defend the eye from too strong
a light; and they prevent the eyes from injuries by the
sliding of substances down the forehead : and the eye-
lids act like curtains to cover and protect the eyes during
sleep 5 in our waking hours they diffuse a fluid over the
eye-ball which keeps it clean, and well adapted for
transmitting the rays of light : and the eye-lashes, in a
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thousand instances, guard the eye from danger, and pro-
tect it from floating dust with which the atmosphere
abounds. .

Objects are seen by means of their images which are
painted on the retina of the eye: thus an object, as an
arrow, A B C, fig. 21, sends out rays that fall on the
cornea of the eye, between B and ¥, and by passing on
through the pupil and humours, they will be converged
to as many points on the retina, and will there form a
distinct inverted picture, ¢ b a. For the 'eencll of rays
m n o floning from a will be converged to the point a
on the retina; those from B will be converged to the
point b ; those from c to the point c, and s0 of the in-
termediate points ; by which means the whola picture -
ab ¢ is formed, and the object becomes visible. Though
the images of objects are painted on the retina in an
inverted state, yet they are seen erect, so that the mind
1s never deceived with respect to the position of objects.
The reason of this curious phenomenon has never been
completely explained; but in the fifth volume of the
Scientific Dialogues, Conversation xvi the subject is
illustrated in a familiar manner with a number of appo-
site examples. -

On this subject Dr. Young, in his Lectures, vol. i.
p. 449, observes, that ““ Opticians have often puzzled
themselves, without the least necessity, in order to ac-
count for our seeing objectsein their natural erect posi-
tion, while the image on the retina is really inverted ;
but surely the situation of a focal peint at the upper part
of the eye could be no reason for supposing the object
corresponding to it to be actually elevated. We call,

X3
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that the lower end of an object which is next the ground;
and the image of the trunk of a tree being in contact
with the image of the ground on the retina, we may
naturally suppose the trunk itself to be in contact with
the actual ground. The image of the branches being
more remote from that of the ground, we necessarily
infer that the branches are higher, and the trunk lower :
and it is much more simple to compare the image of
the floor with the image of our feet, with which it is in
contact, than with the actual situation of our forehead,
to which the 1mage of the floor on the retina is only
accidentally near, and with which indeed it would per-
haps be il‘ﬁpnssible to compare it, as far as we judge by
the ime.ediate sensations only.

You will now readily perceive the causes of indistinct
vision, and understand the remedies that are applied.
To see an object distinctly, it is necessary that every
pencil of diverging rays, which comes to the eye from
the object, should be converged to a point on the retina,
corresponding to that from which the rays have diverged.
If these are converged too soon, or before they reach
the retina, or are not converged till they get beyond the

, retina, then the vision is indistinct : these defects are
occasioned by the eyes being either too couvex, or not
suffciently convex. When they are more convex than
necessary, concave glasses or spectacles are used, and
when they are too flat we ‘nave recourse to convex spec-

tacles.
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Colours of Bodies explained—Light the cause of Colour—Colours
of Flowers explained—All Bodies when very thin are pardially
transparent—Opake Bodies how rendered transparent—Colours
of the Cameleon explained—Colours of the,Sky and Clouds ac-
counted for—Colours cansed by transmitte8 Light—Microscopes
—Telescopes—Camera-Obscura—Magic Lantborn—Phantasma-
goria— Multiplying-glass.

You are still at a loss to account for the differents
colours of bodies. They exist only in the rays of light
which fall upon them, and are reflected off on all sides :
a circumstance which is easily explained, enow it is
known that light itself is compounded of distinct and
separate colours, This cloth we call blue, because it
absorbs the other rays, and reflects only those which are
blue: and so of any other colour. Khe whiteness of
paper, or of snow, is occasioned by its reflecting the
greatest part of all the rays in the same mixed state in
which they fall upon it. On the contrary, black is o¢-
casioned by the substance absorbing all the rays: or
more generally, those bodies which have the property of
reflecting only the red rays avill appear red, those which
reflect the greens, blue, &c. will appear green, blue, &c.
White is a compound of all the seven primary colours ;
and black is an entire deprivation of them all; and those
which reflect some rays of one colour and some of ano-
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ther will be the intermediate shade or colour between
both.

To prove that colour is not inherent in bodies, but in
the light itself, it can be shewn, that no object what-
ever can reflect any other kind of light than that which
is thrown upon it. If this red ribbon be placed in a
violet ray, it will instantly appear of a purple hue, which
is a enixture of the red and violet. No art can alter the
separated ray ; it gives ils tint to every object, but will
assume none fruc, any : neither reflection nor refraction,
ncr any other means, can make it forego its natural hue.

Since the red rays are found to have the greatest effect
upon & himan eye, it has been supposed that they are
dargest ; and that those which least affect the vision-are
the smallest: these are the violet and the green, which
are most agreeable to the eye, and with which we are
most conversant, in the clouds above and the grass be-
néath.

Without light there would be no colours, and the
diamond would lose its brilliancy: the vegetable and
animal tribes depend upon light for their colours and
their existence. Close wooded trees, as the cedar, the
yew, the cypress, &c. have leaves only on the outside,
the inner parts are almost entirely barren of leaves.—
Gréen-house plants turn their flowers to the light, and
if the light be excluded from them, they sicken and
shwrtiy die. .

“Some flowers, as the heart’s eave, have their flowers
of different colours, even on the same petals; but if
‘these are examined with a microscope, the parts which
differ in colour will be found to differ in texture also.
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The texture of the petals of the white and red rose is
also different.

The colours of natural bodies then are Produced by
the disposition which they have to reflect one kind of
rays more copiously than another. Of course, if light
were homogeneous, that is, if it cousisted of only one
sort of rays, there could be but one colour in the world,
and no reflections nor refractions could produce another.
According to this theory, which is unquestionably accu-
rate, the ruby absorbs the other colourg,-and reflects the
red : whereas the amethyst in the mineral, %nd the violet
in the vegetable kingdom, absorb the red, yellow, &c.
and reflect the milder brightness of the violet. Hence,
every coloured object, as we naturally call them, may
be considered as separating from light one or more co-
lours, and absorbing the rest.

Those surfaces of transparent bodies which® have the
greatest refracting power, reflect the greatest quantity
of light: thus diamonds, which refract the light very
strongly, afford a stronger reflection, and hence proceed
the vivacity of their colours, and their bglhiant lustre,

I may observe to you, that almost all bodies when re-
duced to great thinness, are, in a measure, transparent,
and the opacity arises from the number of reflections
caused in their internal parts. Take, as an instance, the
kair of your head, which in the mass is perfectly oimke;
but view a single hair by means of the microscope, and
you will gee it is nearly transparent. Gold, which is the
heaviest and most dense of all the metals except platina,
when beat into thin leaves, will admit the rays of light to
pass through them,
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Many opake bodies become transparent by filling up
the pores with any substance of nearly the same density
with their parts. Thus when paper is wet with oil or
water, or when linen cloth is varnished, they become
more transparent than they were before. On the other
hand, separating the parts of a transparent body renders
it opake. 'The most transparent glass, reduced 10 pow-
der, becomes opake ; the same thmg happens to horn
on its being scraped and made thinuer ; to water reduced
to the shape .oi.’steam; and to many other substances
treated in the'same mauner.

Water mixed with air, by being shaken so as to be-
come frot, though both substances were originally

. lransparent, is now opske. But metals, dissolved in
acids, give perfectly transparent results : thus solutions
of gold in nitro-muriatic acid, and silver in nitric acid,
are transparent.

It is suppesed, that the transparent parts or particles
of bodies, according to their several sizes, must reflect
rays of one colour, and transmit those of others in the
same manner asgthin plates, or soap-bubbles, reflect or
transmit these rays, which is the cause of all their co-
lours. On this principle is explained the variety of
tolours seen in some silks and stuffs, and in the finely
coloured feathers of the peacock, and other birds: like-
wise those of the cameleon, the skin of which is trans-
parent, and the animal, beivg endowed with the faculty
of blowing up or contracting its skin at pleasure, causes
the colours to vary.

In the passage of light through the atmosphere, the
fainter coloured rays are stopped in their passage through
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the atmosphere, and thence reflected upon other bodies :
while the red and orange rays are transmitted to greater
distances, which accounts for the blue colour of the sky,
and the red colour of the clouds, when thé sun is near
the horizon.

Mr. Delaval, who gave an account in the Manches-
ter Transactions of many experiments made to ascertain
the manner in which colours are produced, maintajns,
that they are exhibited by transmitted light alone, and
not by reflected light. He contends, shat the original
fibres of all substances, when cleared of heterogeneous
matters, are perfectly white, and that the rays of light
are reflected fiom these white particles through the
colouring matter with which they are covered, and that,
this colouring matter serves to intercept certain rays in
their passage through it, while a free passage being left
to others, they will exhibit according to these circum-
stances, different colours. As an instance, he says, the
red colour of the shells of lobsters, after boiling, is only
a superficial covering spread over the white calcareous
earth of which the shells are composed, and may be re-
moved by scraping or filing. Before they are boiled,
this covering is so thick as to admit the passage of light
to the shell and back again; but where this transparerit
blue colour of the unboiled lobster is thinner, it con-
stantly appears like a blue film. In the same manner,
the colours of the eggs of ecertain birds are eutirely su-
perficial, and may be scraped off, leaving the white
calcareous earth exposed to view. The case is the same
with feathers, which owe their colours wholly to a very
thin layer of some transparent matter upon a white
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ground ; this was ascertained by scraping off the super-
ficial colours fram certain feathers, which separated the
coloured layers from the white ground on which they
have been naturally spread.

Having, my young fiiend, had occasion to allude to
the microscope, | will now give a description of that in-
strument, and shew you its construction. Microscopes are
intended for viewing small objects, which the eye with-
out such assistance could not see, either at all, or at least
not distinctly., .

We cannob see small objects at a nearer distunce than
about six inches, and it is to enable us to look at them
much near-r than tlus, that we make use of glasses, be-
. cause the apparent magnitude of objects is measured by
the angle under which they are seen by the eye, and
these angles are greater or less according as the same or
equal objgcts arc nearer to, or farther from the eye.

ExPERIMENT 1. Suppose zand z, fig. 22, to be two
equal objects, one at the distance of six or seven inches
from thie eye E, which is the distance of distinct vision,
and the other at half that distance ; to enable the eye to
see the object x, a lens must be inferposed somewhere
between r and E, which is to cause the rays that proceed
Yrom the object to go out of the lens parallel to one ano-
ther, and by this meaus they will be converged to afocus
on the retina.

Ex. 11. Take a single point of the object (since what
1s shewn with regard to one point holds good in all, for
every point of an object to be visible, must be brought
to a focus on the retina), the point r, fig. 23, being near
the eye, will throw out its rays too divergent to admit of
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distinct vision : to remedy this, a lens /, fig. 24, is inter-
posed, so as the object  may be in the focus of it,
which causes the rays to go out parallel to one another,
and the object is distincily painted on the retina; of
course it appears as much larger at x than at z, as the
angle ¢ E ) is greater than m E n, fig. 22.

Since then convex lenses render objects distinctly visi-
ble to the eye at the distance of their foci, they become
of themselves microscopes.

Ex. 1r1. If the distance z, fig. 23, be 'z inches from
the eye, where it is seen distinctly, and the focal distance
of the lens /, be } an inch, then since / x is only ¢ of
E 2} the length of the object at z, fig. 24, will appear
14 times as large as it would at x, fig. 23, without a
lens ; and the surfaces of bodies being as the squares of
their diameters, or in this case as the squares of their
lengths, the surface of z, in fig. 24, would appear
14X 14=190 times larger than at z, fig. 23, where
no lens is interposed.

In some small lenses the focal distance is not more
than 1 or the J; of an inch; then, in the®same example,
the length would be magnified 28 or 70 times, and the
surtace 28 X 28—784 or 70 x 70=4Y00 times. i

You will perhaps ask, whether the lens does not ac-
tually magnify the object; it is a natural question,-and
my reply is, that the increase of size regards the appa-
rent not the real magnitude®of objects. They appear
larger with, than without the lens, but that is because
the eye is enabled to see them at a much smaller distance.

Ex. 1v. Bring your eye to within a couple of inches
of the letter you are reading, and you cannot possibly
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make out a single letter ; but at the same distance look
at it through a small hole, made with a needle or pin, in
a sheet of brown paper, and you can read very readily
all that I have written. The hole in the paper caunot
increase the size of the letters, but it only enables yon
to see at a shorter distance than you could without it;
50 it is with the lens; and whatever instrument or con-
trivance can render minute objects visible and distinct is
a microscope.

Ex. v. There are three kinds of microscopes: the
single, the compound, and the solar.

The single microscope is nothing more than a double
convex lens, such as 1 have already described, having the
object in one focus, and the eye at the same distance on
the other side. The magnifying power of this is found by
dividing 6 or 7 inches, according as the eye sees best at
the one distance or the other, by the focal distance of the
lens. To you, who are short sighted, a lens will not
magnity so much as it does to me ; for if its focal distance
be the 5th of an iuch, to you it will magnify 60 times;
and to me, who can see better at 7 inches than at 0,
it will magnify 70 times, and the surfaces will be mag-

“aified to you 60 x 60 = 3600 times, to me 70 X 70=4400
lines.

Ex. vi. The compound microscope consists of an
object-glass, and an eye-glass, a section of one with a
section of the human eye, are given in fig. 25, it con-
sists of the object-glass c d, and the eye-glass ¢ f'; the
object to be viewed, is a b, which is placed rather be-
yond the focus of the glass ¢ d, so that the pencils of

srays flowing from the different points of the object, and
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passing through the glass, may be made to converge and
unite in as many points between g and £, where, if a pa-
per were placed, it would be found that°an inverted
image is formed; which image, and not the object, is
viewed by means of the eye-glass ¢ f. The image g £
is in the focus of ¢, and the eye is about the same dis-
tance on the other side of the lens; so that the rays at ¢
_f going out parallel (see fig. 6.) will continue so, till they
come to the eye at k, where they will he converged by
the refractive powers of the crystalling and other hu-
mours, and crossing each other in the pupil they will
be collected into points on the retina, ands form the
large image A B upon it, which will be erect with
regard to the object, and of course will appedr to be
inverted.

The magnifying power of the compound micyoscope is
in proportion as the image g &, is larger than the object
« b, and likewise in proportion as we are able to view it
at a less distance. If g & be 5 times larger thin g b,
and by the help of the eye-glass e f, we can see 12 times
nearer than we could by the naked eye, then the length
of the object will be apparently magnified 60 times, and
the surface 3600 times.

Ex. vii. Sometimes there are two eye-glasses, to
enable the observer to have a better view of the object,
though oue not so much magnified. A microscope fitted
up, is represented by fig. 26, the object is placed on
the brass stage ¥, in which is a small hole to admit upon
it a strong light from the speculum # ; at @ is the object-
glass by which the magnified image is made as at g A, in
fig. 25; at b i3 a large lens, to increase the field of view §
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and at A is an eye-glass, in the focus of which is the
enlarged image of the object.

Ex. viiv. The solar microscope can be used- only
when the sun shines strongly ; it is composed of a tube,
a plane mirror A B, fig. 27, the lens z in the shutter d z,
and another lens a in the tube ; the mirror receives the
sun’s rays, s s, and is so placed as to reflect them through
the lens z; these illuminate the object ¢ g, which object
1s placed in the focus of the lens g, here the rays from
the object cgoss and diverge to a white screen. or table-
cloth, &c. on which the image of the object is painted.
The magnifying power of this instrument depends on the
distance of the screen from the window ; eight or nine
feet give a good distance, and the size of the image is to
that of the object, as the distance of the former from
the lens a, to that of the latter.

Telescopes are optical instruments used for view-
ing objects at a great distance: of these there are two
kinds, .viz. the “refracting,” and the ¢ reflecting.”

Ex 1x. The common refracting telescope consists of
an object-glass, and an eye-glass of course; on the
same principle as that of the compound microscope, it

«inverts the image with respect to the object, and is unfit
for viewing terrestrial objects. Fig. 28, isthe represen-
tation of the section of such a telescope, z y is the object,
the image of which is, by means of the lens o p, formed
at m d; this is the focus of the eye-glass g A; therefore,
the rays of each pencil, after passing through the glass,
will be parallel, but the pencils will cross at the focus
on the other side, as at ¢, and the pupil of the eye be-
ivg in this focus, the image will be viewed under the
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angle g e A, and being at E, it will appear magnified,
so as to fill the space c b.

The magnifying power of this telescope *is found by
dividing the focal distance of the object-glass by the
focal distance of the eye-glass : thus, if the focal distance
of the object-glass be 120 inches, and it admit of an
cye-glass whose focal distance is 2} iuches, or 2.5; the
former 120 divided by 2.3, gives 48 for the number of
times that such a telescope will magnify the diameter of
an object.

IEx. x. To shew terrestrial objects erect, the teles-
cope must have one object-glass, ¢ d, fig. 2J),eand three
eye-glasses, ¢ f, g h, i k. Here the pencils of rays flow-
ing from A B, pass through the lens ¢ d, and form the
image ¢ D at F, which is the focus of the lens e f, from
wheunce they pass on to the next glass g A, and i passing
it they are converged to the points in its other focus
where they form an crect image, E T, at m, and as this is
i the focus of the eye-glass i k&, and as the eye is at the
same distance on the other side, the in.lage is viewed
through the eye-glass as in the other, only in a contrary
position.  The three eye glasses have all their focal dis-
tances equal, and therefore, the magnifying power is
found by dividing the focal distauce of the object-glass
by the focal distance of either of the eye-glasses.

The reflecting telescope is thus described : let a b,
fig. 30, be adistant object ; parallel rays issuing from it,
will be reflected from the concave mirror ¢ d to its focus
m, ats ¢, where the image is formed; there they cross
and pass on 1o the small mirror e 2, from which they
are reflected through the hole o in the large mirror, to g,
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where there is a plano-convex lens, which causes them
to form an erect image at r, which is magnified by the
lens s, and is seen by the eye as large as z y. You will
remember that the hole o in the large mirror does notin
the least distort the image, but is only the cause of the
loss of a little light.

_ There are various constructions of the reflecting tele-
scope ; but from what has been said you will easily un-
derstand the general principles on which they are formed.

I will meation another instrument or two; the “ ca-
mera obscura” is made by fixing a convex glass in a
hole of tl shutter, and if no light enters the room but
throuoh the glass, the pictures of all objects on the out-
side may be seen in an inverted position, on a white pa-
per placed in the focus of the lens.

The construction of the ¢ magic lanthorn” is very
simple, consisting only of a tin lanthorn, within which is
a lamp whose light passes thiough 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 exhibition of the “ phantasmagoria” which ex-
cited so much attention and surprise a few years since, is
a ““magic lanthorn” of a peculiar construction, In the
common lanthorns, the figures are painted on glass, and
the rest of the glass is trausparent ; of course the image
on the screen is a circle of light having a figure onit. In
the phantasmagoria the whole of the glass is opake ex-
"cept the figure, which being painted in transparent co-
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lours, the light shines through it, and as no light can
come upon the screen, but what passes through the
figure itself, we have on the screen a figure’ only with-
out any circle of light. The representation is thrown on
a thin screen of silk, placed between the lanthorn and
the spectator. By moving the lanthorn farther from the
screen, or by bringing it nearer to it, the image appears
to approach or recede. 'The size of the image increases
as the lanthorn is carried back, because thg rays come in
the form of a cone; and as no part of the screen can
be seen, the figure appears to be formed in the air, and
to move farther off when it becomes smaller, and to ap-
proach as 1t increases in size, though in truth it is always
at the same distance. -

The principle of the multiplying glass is this: the
glass 1s originally a double convex lens, and the eides in-
stead of being left convex, are cut iuto a number of flat
surfaces, and as rays of light proceed from objects in all
manner of directions, some will fall on every surface of
the glass, and a distinct picture of the object will be seen
through each of them ; therefore, by increasing the num-
ber of surfaces we have the greater number of pictures
of any object at which we direct the glass. The object
will not appear magnified, but as rays flow from it 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.
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LETTER XXIV.

The importance of Astronomy— Common appearances— Magnitudes
of the heavenly Bodies-—Planets—Fixed Stars— Comets—Fixed
Stars, how divided—Constellations— Distances of the fixed Stais,
nebule, &c.

v

AsTRONOMY, my young fiiend, is one of the most
interesting, as well as most important sciences which can
occupy 'che human attention. 1t presents to us a long
series of discoveries, almost from the commencement of
time to the present day. Though you cannot lock back
so far, vet it is less than 40 years since a planet, with
its attendant goons, unknown to the inhabitants of the
earth, from its creation, was discovered by the celebrated
Herschel.  And the present century, though so recent,
has presented us with four other planetary bodies,
different indeed from the other planets in their magni-
tudes, but it many respects bearing a strict analogy with
them. .

The world, according to the opinion of unlettercd
and unthinking men, is composed of two principal paits,
the earth and the sky. To them the carth appears as
a vast flat surface extending nself circularly on all sides :
when a person changes place upon this surface, he loses
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sight of certain countries, and discovers others, yet he
always considers himself at the centre of the extent
presented to him. The sky seems as a %ast canopy
spangled with the sun, moon, and stars, placed to minis-
ter to his enjoyment, and that of his fellow mortals,

The apparent motion of the sun and stars is obvious
to the most inconsiderate, and the mass of the peoplc
never think of enquiring iuto the causes. In the morn-
ing, they see the sun rise in the east, gud behold him
traverse, in the course of the day, the vaultsof the hea-
vens, and then as regularly set or disappear in the even-
ing in the west. These circumstances, so important to
the happiness and well-being of man, are ovetlooked,
because they are common. But if it were pessible for
a being possessed of reason and understanding to behold
the phenomena for the first time in his existerte, what
what would be his joy at the appearance of that lumi-
nary which brings light .and life in his train ; and how
gloomy must be his sensations when he saw it .appa-
rently take its leave for ever. We cannot enter into the
feelings which such a situation would infallibly produce.
From our infancy we are accustomed to behold alternate
light and darkness, and expecting the one to succeed the
other, it occasions no surprise, and too frequently, no
gratitude to the Being who has appointed them, for the
wisest and most beneficial purposes.

If in a fine clear night, and on an eminence where
the view is uninterrupted, we follow with attention, the
appearance of the heavens, it will be seen to vary at
almost every instant. Some stars are rising, in the
eastern part of the heavens, into our sight, others on

L
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the opposite side are sinking into shade: some which
now appear just over our heads, decline towards the
west, and otuers mount to their places. Some, indeed,
and these very remarkable stars, and constellations of
stars, never disappear, never sink, as others apparently
do, into the western ocean: of these we may reckon the
pole star, and those known by the name of Charles’s
wain, or the ursus major, or great bear. Thus the whole
heavens appecr to revolve about two fixed points, called
from this circumstance, the poles of the world : one of
these is ever elevated above our Lorizon, and the other is
perpetually below it. These appearances, which are
cbvious to all who are blessed with eyes to witness the
wonders of creation, excite several interesting enquiries.
What Lecomes during the day of the stars, which we
have sceis at night? Whence do those come which be-
gin to appear? Where are those gone which have left
our view ? There are other questions of simiiar import,
which it will be my business in this and some following
letters to answer, I hope, to your satisfaction.

Your own observations will go to resolve some seem-
ing difficulties. In the morning, the brilliancy of the
starry firmament grows fainter as the dawning light
increases : in the evening, the splendour gradually in-
creases as the twilight diminishes: it is not, therefore,
as you may infer, because they cease to shine, but be-
causc their light is effaced by the more vivid light of
the sun, that we are unable to see them. The tele-
scope proves this beyond all doubt, for with that instru-
ment the stars are visible even when the sun shines the
brightest, and those which are near enough the poles
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never to reach the horizon, appear constantly above
1t.

"The sun aud moon appear to us larger than the other
{reavenly bodies, but we cannot, from their apparent mag-
nitudes, infer what is their real size. The apparent
diameters of these bodies are easily obtained by means
of good instruments ; and if by any mcans we can come
at their distances, we have then sufficient data to find
their relative magpitudes. This is applicable to the sun,
moon, and planets ; but no method yef hag been disco-
vered by which we may appreciate the magnitudes and
distances of the other stars. . These appear @nly as bril-
liant points in the heavens; but perpetually retaining
the same mutual position with respect to one‘another,
and rising and setting at the same points of the horizon,
they are denominated fixed stars, in oppositign to the
others, which are continually changing their place in
the hcaveas, and which are on that account called
plaicts or wanderers. Observe the moon, for inStance,
or Venus, when she is visible, for a few successive even-
iugs, and you will find it never rises twice at the same
point of the horizon, and a few days will make a mate-
rial difference; but the same observation extended to-
Arcturus, or Sirius, or auy other well known permanent
star, will give you clear and distinct ideas of the diffe-
rence between planets and figed stars.

Besides the planets and fixed stars, there are occa-
sionally seen in the heavens other luminous bodies,
which are usually attended with a kind of tail, or as if
they were surrounded with hair; hence they are denomi-
nated comets, or hairy stars, from the Latin word coma;

L%
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hair. The motions of these bodies, and their orbits,
that is, the paths in which they travel, are different from
those of the“planets, and therefore it is always difficult,
and frequently impossible, to calculate the periods of
their return; whereas we can ascertain the periodical
revolutions of Jupiter, Mars, &c. with as much preci-
sion as we calculate upon the retarn of day-light and
darkness among ourselves.

Planets and comets are not merely distinguished from
the other stars by their motions, but they differ as much
in their light, which is more steady, and less subject to
that tremu!ous appearance, which we denominate twink-
ling.

The tixed stars undoubtedly shine by their own light,
but the planets, their moons, and the comets, shine by
light borsowed from the sun. When seen through a
telescope which magnifies considerably, they appear with
well-defined circular disks.—This 1s not the case with
the fixed stars, which, however magnified, appear merely
like luminous points. Both the planets and fixed stars
differ much in colour from one another. The twinkling
of the fixed stars is generally referred to changes which

“are perpetually taking place in the atmosphere through
which their light passes to us. Of their actual magni-
tude, as we have observed, we can give no account; but
in common language, they are divided into seven orders,
according to the degrees of their apparent brightness ;
we call the brightest, stars of the first magnitude, and
those that are the least bright, and most difficult to be
distinguished by the naked eye, are stars of the sixth
‘magnitude. Those of the seventh are visible only with
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.n ustrument, and arc culled telescopic stars.  Philoso-
phiers, not being able to ascertain the distances of the
fixed stars, have not been deficient in confectures, and
upon apparently 1ational grounds, they suppose the
nearest fixed star must be a hundred million millions of
miles from us; and they infer that the diversity of their
apparent magnitudes is principally owing to their djf-
ferent distances.

Expeeriment. The light of slars.o.f different mag-
nitudes, sitwated near cach other, may be xcompared by
viewing them through two apertures of different sizes,
cut in caids, one held before each eye-—tte apertures
being reduced to such magnitudes, that the stars may
appear equally bright. See Dr. Young’s Lectures, vol. 1.
p. 492.

The ancients divided the starry sphere into %particular
constellations, or systems of stars, according as they lay
near each other, so as to occupy those spaces which the
figures of different sorts of animals or things would take
up if they were there delineated. Thisis a convenient
method for distinguishing them from one another ; so
that any particular star may be readily found in the hea-,
vens by means of a celestial globe, on which the con-
stellations are so delineated as to put the most remark-
able stars into such parts of the figures as are most casily
distinguished. You may tusn to your globe, and you
will observe there are about seventy constellations
marked on its surface—though the ancients counted only
fifty. I will, at the end of my letter, put down their
names and the number of the stars noticed in each, by,
Ptolemy, who was one of the first observers, and by
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Flamsteed, who was one of the latest. You will se~
also on your globe, that there are certain Greek letters
marked agalnst the stars, the first of which in the several
constellations in the alphabet is always put to the stars
of the first magnitude, the second to the uext, and so
on; by this method, which was invented by Bayer, a
German astronomer, more thau 200 years ago, the stars
are as easily distinguished as if each had an appropiiate
name. Thus,if I were to ask you to find &, 5, or ) of
the counstellztion Leo, you would point them out as
readily on the globe, and after that in the heavens, as
vou could “he constellatious themselves.

The heavens are also divided into threc parts, viz. into
the zodiac, and the parts on each side of 1t, north and
south. The zodiac goes quite round the heavens, and is
about sixteen degrees broad; it is denominated zodiac
from a Greek work signifying animal, because most of
the constellations iu it have the names of animals: they
are Ar1Es, the ram: Taurus, the bull : GEMIN, the
twins: CANCER, thecrab: Lo, thelion: Virco, the
virgin: Linra, the balance: Scorr10, the scorpion :
SAGITTARIUS, the archer: CAPRICORNUS, the goat:

" AQuAR1US, the water-bearer : and PiscEs, the fishes.

Within the zodiac the orbits of the moon and planets
are situated ; and along the middle of it is the ecliptic,
or that circle which the «arth actually describes, and
which the sun, to us, appears to describe.

Besides the constellations, there are some single stars,
and small collections of stars, that have particular
pames ; such is the bright star in the breast of the lion,
called cor Leonis, or the lion’s heart ; a large star be-



STARS. 225

tween the knees of Bootes, is called Arcturus; the
cluster of small stars in the neck of the bull is called
the “ Pleiades;” and the five stars in thg bull’s face,
the ¢ Hyades.”

Some of the stais are found by a good telescope to
be much nearer together than the rest, so as to form
what is denominated a nebula. The ancients had noticed
a few of the most conspicuous nebula ; but Huygens,
whose name you will often meet with in connecuon with
the sciences, first directed the attention of.modem astro-
nomers to the large nebula situated in the constellation
of Orion. Dr. Herschel, in more receyt times, has
composed a catalogue of 2500 nebulz. Perhaps all
stars are disposed in nebul®, and those which®appear to
us to be more widely separated, are individual stars of
that particalar nebula in which we are plaged, and of
which the most distant parts may be observed in the
form of a lucid zone, called the milky-way, being too
distant to allow its single constituent stars to*be per-
ccived by the naked eye. Supposing all the stars in this
uebula to be as remote from each other as the nearest
ot them are from the sun—and it has been calculated
that the most distant must be 500 times as far from ws
as the nearest—and that light which is probably 15 or
20 years in vravelling to us from Sirius, would be 10,000
years In coming to us frolp the boundary of the milky-
way. It has likewise been calculated that a nebula of
the same size as this to which we are supposed to be-
long, and that should appear only a diffused light, of a
degree in diameter, must be at such a distance that its
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light, travelling at the rate of 200,000 miles in a second,
would require a million of years to reach us.

I must tell you, that the fixed stars are now found to
Le not absolutely immoveable with respect to one an-
other: for it has been proved that Arcturus and others
have progressive motions, amounting to two seconds or
more annually: but the distances of these stars being so
great, it is almost impossible, but by the nicest and long
continued observations, to detect the motions, though
they may actually revolve about onc another. Tt istime,
however, that I put an end 1o this letter, which I wili
with giving vou a table, as I promised, containing the
names of the constellations, and the vumber of stars
observed in each by Ptolemy and Flamsteed.

TABLE.
The /ncicnt Constellutions. Ptolemy, Flamstecd.
Ursa Minor ..........The Little Bear........ 8 <k
Ursa Major ..........The Great Bear........ 35 37
Draco ....eoc00s0...The Dragon .......... 31 80
Cepheus . .....c.enn Cepheus ...covvuinnnn, 13 35
Bootes, Arctophilaz .. .Bootes ............. 25 a4
Corona Borealis ......The Northern Crown .. 8 L3t
Hercules, Engonasin . .1lercules kpeeling. ..... 29 113
fyra................Thf'Harp ...... veeeee 10 21
Cygnus, Gallina ...... ‘The Swan ......... e 19 81
Cassiopeia. . .ooeoeuens The Lady in her Chair.. 13 55
PersetS.coeeeeensr o PErsENS Lol 29 59
Auriga ....oiieiiinnn The Waggener ........ 14 66
Serpentaiius, Ophiuchus Serpentanus .......... 29 74
Selpens..............TheSerpent PN 18 64
Sagitta ......cooeeo . The Arvow.ennininns 5 18

Aquila, Pultur ........The Eagle )

. [ ) Tt
Aninous .,.v,.,,,...Adtinons $
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The Ancient Constellations, Ptolemy. Flamsteed.
Delphinus............The Dolphin ....v..... 10 18
Equuleus, Equi sectio ..The Horse's Head ...... 4 10
Pegasus, Equus ......The Flying Horse...... * 20 89
Andromeda ..........Andromeda .......... 93 66
Triangulum .......... The Tiiangle.......... 4 16
Avies ............... The Ram ............. 18 66
Taurns ... The Bull ovienine. .. 42 141
Gemini .......... «o..The T'wins . ..... . .... 23 85
Cancer .,........... .The Crab .........,... ¢35 83
Leo ............. -« The Lion...... oo a5 § 95
Coma Belenices ...... Berenice's Hair § """ ° ° 43
Virgo....... veeveeen The Virgin..oooooo.,.. 52 110
Libra, Chele. ......... The Scales ........ ees 17 51
Scorpius ............The Scorpion ......... #% 44
Sagittarius ..........The Aicher .......... 31 69
Capricornus ....... ...The Goat ............ 23 ¢ 51
Aquarius ............The Water-bearer...... 45 108
Pisces ....vviinain. The Fishes ............ 58 113
Cetns...oeeitivnaneen The Whale............ %2 97
Orion  ...... Cereeeens Otiolt vvovenvenienea.. 38 78
Erdanus, Fluvius . ...Eiidanus, the River .... 34 84
Lepus ...ooveevo . TheHare oovivivvinne. 12 o 19
Canis major ...... «...The Great Dog ........ 29 51
Canis minor .......... The Little Dog......o. 2 14
Argo Navis ...... .. The Ship..........000 45 64
Hydra ... ..., eooThe Hydra,oovnouoonn, 27 60
Crater ......ccooonnn The Cup..covvvvvvvnnns 7 31
(1571 I | (N & ') S 4 9
Centaurus .. ..........'The Centaur .......... 37 35
Lupus . ...... ..The Wolf ............. 19 24
Ara ....... Ceeeeeas JThe Altar ............ 7 9
Corona Australis ... ...The Soutfern Crown .. 13 12
Pisces Austialis ......The Southern Fish .... 18 24

The new Southern Constellalions. Flamstecd.
Columba Neachi......Noah's Dove ..... R 1) .

Robur Carolinum, ., ..."The Royal Oak....covvnevannns 12

L3
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The new Southern Constellations, Flumsteed
Grus ....oovvveee . The Crane oovvvvviinniinnens 13
Phenix ............The PheniX..o0 vverrievninnes. 138
Indus.........% .....The Indiam.......oovnvrnennnn. 12
Pavo................ ThePeacock ....... seereiaeass 14
Apus, Avis Indica. . ..., The Bird of Paradise .......... 11
Apis, Musea ..........The BeeorFly ................ 4
Chamaleon .......... The Cameleon............... e 10
Tiiangulum Ausnale .. The South Tiiangle ............ 5
Piscis volans Passer. ... The Fiying Fish....oovveviee. 8
Dorado, Xtphias ......The Sword Fish.............. e 6
Toacan ....... «ve. «.The American Goose ........... 9
Ihydrus .o.ovou oo The Water Snake ovvnevnnnne. 10

Hevelius’s Constellations made out of the unformed Stars,

- Hevelius. Flamstced.

Lyox «oceceivenen o The Lynx coovvaiiiiis 19 14
Leominor........ ....The Little Lion........ 55
Asterion and Chara....The Greyhound........ 23 25
Ceiberus ............Cerberus.............. &

Vulpecnla and Anser ..The Fox and Goose ... ¢7 3
Scutum Sobieski......Sobieskr’s Shield ...... 7

Lacerta.......o......The Lizard..... ...... 10 1o
Cameclopardalug ......The Camelopard ...... 3¢ o8
Mounoceros ..........The Unicorn .......... 19 31

SeXtans +v.eveoeveess.The Sextant ,......,. .1 3]



LETTLER XXV.

Solar System—Pythagorean System of the World ~Ptolemaic and
Tychonic Theorics—Copeinican  System—Primary Planegs—
Secondary Planets—Description of an Ellipse—Centrifugal and

Centripetal forces—Distances of the Plaucts;-.’l‘able of the Solar
System. !

Tue sun, my young friend, is to other worlds what
one of the fixed stars is to us; they agree*in the pro-
perties of constantly emitting light and of perpetually
retaining their relative situations, at least with but little
variation, with respect to the other fixed stars, and it is
highly probable that they have many other pfoperties in
common. ‘The sun then may be regarded as a fixed star,
comparatively near to us, and the stars are to be con-
sidered as suns to other systems of worlds perpetually
revolving about them, as we shall now shew that the
earth and other planets are turning about the sun.

To us, the sun is the most conspicuous of all the
celestial bodies; at which you will not be surprized,
when you consider how much is dependant upon, him.
On his attractive power the earth aund planets depend for
that circular kind of motiow, which carries them round
him in their several years or periodical revolutions: on
him they depend for the blessings of light and heat,
which arc distributed in greater or less proportions,
according to their relative distances from that body.
While, however, we reflect on the advantages derived
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from the power and attractive influence of the sun, we
must not forget that infinite power which created the sun;
that wisdom v.hich adjusted all the proportions so accu-
rately as to enable this great luminary to retain the
planets in their orbits: and that goodness which no
doubt in other planets, and other worlds has adapted
the quantities of light and heat to the wants of their
inhabitants.

You know, hecause it is a species of knowledge which
we obtain at an early period of our existence, that the
 Solar System” consists of the sun and several planets,
together with their moons and comets. Varicus opi-
nions have been adopted by philosophers, with respect
to the motion of the sun and planets. The uninformed
of all countries and all ages, trouble themselves but little
about the cppearances of nature what they see, or think
they see, they give credit to; and hence they infer, that
the earth is an immoveable extended plane, round which
the sun and stars perform a 1evolution every twenty-four
hours.  Such, probably, was the general opinion in the
early ages of the world; nor can we trace the beginnings
of science so completely, as to kuow when other and
inore rational doctrines were taught. It is, however,
believed upon pretty good evidence, that Pythagoras,
who flourished five centuries before the Christian zra,
was acquainted iwith the true system of the world; but
whether he was the author of the system, or an improver
only upon other men’s discoveries, cannot be ascertained.
He contended that the planets revolved about the sun as
a common centre ; he taught that the moon reflected the
rays of the sun, in other words, that the moon shone by
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a borrowed light; he contended that the stars were
worlds, and that the moon was iuhabited like the earth,
and that the comets were a kind of wandering stars,
disappearing in the farthest parts of their orbits, and
becoming visible as they approached the sun.  The white
colour of the milky-way he ascribed to the brightness of
a great multitude of small stars; he supposed the distances
of the moon and planets from the sun, were in certain
harmonic proportions to one another, gorresponding to
the musical intervals or divisions of the mqnochord.
How the truths, promulgated at this period of the
world, weie again lost and forgotten cannot well be
conceived; the fact is, however, certain; so that, in the
t.me of Ptolemy, who flourished i the first and second
centuries of the christian @ra, and who was a most able
astronomer, there was not a trace of the Pethagorean
system left.  This philosopher, guided by the sensible
appearances of the heavenly bodies, without regard to
their absolute or relative motion, considered the ‘earth as
stationary, fixed in the centre of the system, and that the
sun and planets were subordinate, and revolved round
the earth in 24 hours. This, from its founder, was,
called the ¢ Ptolemaic system.” .
Another celebrated system was that invented by Tycho
Brale, a learned Dane; this supposed the earth as the
centre of the universe, agd the sun constantly going
round it; but the other planets were considered as re-
volving about the sun. In an improvement of the
T'ychonic system, a diurnal motion was given to the
caith about its axis, to account for day and night, instead
of forcing the sun and stars to turn round the earth in %4
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hours. Those who held this doctrine were called Semi-
Tychonics.

To Copernicus, who was born at Thorn, in Prussia,
in the year 1472, we are indebted for the restoration of
the Pythagorean, or true system of the wuld. This
philosopher was prior, in point of time, to T'ycho Brahe,
and it is wondeiful that a man of such talent and philo-
sophical penetration should have abandoned the theory
of Copernicus, to establish one of his own, so full of
difficulties, and so little accordant with existing phe-
nomena.

According to the Copernican system, which, in truth,
was but a revival of the Pythagorean theory, and which
has since ‘veen denominated the Newtonian system of the
world, on account of the various and highly important
discoveries, made by Sir Isaac Newton, in confirmation
of the principles adopted by his predecessors, the sun is
supposed at rest in the centre, and the earth, and other
plauets, to move about him in ellipses. Hence the sun
and stars are supposed to be at rest, and the diurnal
motion which they appear to have from east to west, is
occasioned by the earth’s rotation from west to east.
I'he sun, according to this theory, is very near the centre
of gravity of the whole system, and is the focus of all the
planetary orbits.

In the plate which accompanies this (plate 1, Astro-
nomy) vou will have a view of the system of the world,
according to the Copernican theory. and as it is esta-
blished at present beyond the possibility of being over-
turned, because every part of it is now founded on
mathematical demonstration, which camnot err.
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You know that the planets are distinguished from the
fixed stars, by their steady light. Planetary bodies are
of three kinds, called primary, secondary, ayd comets.

There are seven primumy planets, beside four very
small bodies of the same kind, which have been dis-
covered during the present century. s, nour plate repre-
sents the sun, a large body, about a million of times
larger than the earth, but the space of a plate is much
too diminutive to exhibit either the proportional magni-
tudes of the sun and planets, or the propﬁr{ional distances
of the planets from the sun. The planet Mercury ¥ ,is
that which is nearest the sun ; then comes Vcnus 2, that
brilliant planet which was formerly denominated Lucifer
or Hesperus, according asit was a morning or an evening
star; for the ancients had no doubt that these were two
distinct stars, till Pythagoras, by exact observat.ion, found
that it was the same planet in different positions. Next
to Venus is the caith @, with her moon revolving about
her; then comies Mars @; after which we bave the
orbits of the four newly discovered, and, to the unassisted
eye, invisible planetary bodies, viz. Jun8, Pallas, Ceres,
and Vesta, marhed in the plate 3, P, c, and v; beyond
these revolves Jupiter o, with his four maons; thenpe
comes Saturn b, with seven moouns; and far beyond him
is the Herschel planet, with his six moons. .

You will cbserve that Venus aud Mercury are ealled
inferior planets, because their orbits are included within
that of the carth; the others are denominated superior
planets, as thieir orbits include that of the earth.

The sccondary planets, which arc denominated satellites
or moons, are attcudants on the primary planets, and
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revolve about them while they move round the suu.
Comets are bodies which likewise revolve about the sun
in very eccevtric elliptical orbits, such as are described
in the plate c, c.

Although the orbits of the planets are drawn as circles
in the plate referred to, yet the true orbits, or the paths
in which they move about the sun, are not circles but
ellipses, such as is represented in figure 1, Plate 11.
Iere A c B b represents the orbit of a planet; ss are
the two foci, thut is, the two points from which the
ellipse* would be drawn, and s is supposed to be the
place of the sun. A B is called the transverse axis, and
¢ D the conjugate axis of the ellipse: but as an astro-
nomical <erm, A B is called the line of the Apsides, and
when the sun is at s, and the planet at A, its greatest
distance from it, the planet is said to be in aphelion, or
higher apsis; when it is at B, the other extremity, or
nearest the sun, it is then in perihelion, or lower apsis.
The mean distance of a planet from the sun at s, is
when the planet is at ¢ or b, that is, at either extremity
of the conjugate diameter; and this mean distance is
equal to half the sum of its greatest and least distance
*. *aAn ellipse is a transverse section of a cone formed by a plane
cutting both sides of the cone; but the scction must not be paiallel
to the base, because the section of a cone parallel to its base is
always a circle, and is greater or less according as it is more or less
distant from the apex. 'To dcsc.ibe an ellipse in an easy manner,
let two pins, nails, &c. be stack into a table, and a thiead be tied
loosely round them; then let a pencil be held within the thread,
Lept pretty tight, and moved vound the pins, which will describe the
cllipse. ‘The points wliere the pius stick are the foci ; and according
as those poiuts are nearer to or farther from the centie, the ellipse

\ill have more or less eccentricity; for when they coincide in x the
curve is a circle,
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from the focus in which the sun is placed, that is, the
line ¢ s=ASHSB_AB,
P) 2

Two planets are said to be in conjunction when they
are in the same point of the heaveus, or answer to the
came degree of the ecliptic ; suppose Jupiter and Venus
to be in the 10th degree of Sagittaiius, they aie said to
be in conjunction; and when two planets are in opposiie
points in the heavens, they are said to be in opposition;
if Jupiter be in the 10th degree of Angd, and Saturn in
the 10th degree of Libra, they will be in upbosition

Before 1 conclude this letter, let me lmpress your
mind with the natwe of the powers which’ cause the
planets to keep in their course. These are called the
centrifugal and centripetal forces.

A centrifugal force is that by which a body,.revolving
round a ceutre, or round another body, endeavours to
1ccede from it.

A centripetal force is that by which a moving body is
perpetually urged towards a centre, and made to revolve
n a curve.

It is, as you have seen, page 32, an established law of
nature, that all motion is of itself rectilinear, and a mov-
ing body never recedes Irom its first right line, ull some
new impulse be superadded in a different direction ;
after this new impulse the motion will be rectilinear,
though the direction of the life will be altered: plate 2,
fig. 1. 'To move in a curve line, a body must receive
a new impulse, in a different direction, every instant of
time ; now to apply this to the motion of the planets:
suppose the earth at a, it has, by the centrifugal force.
impressed on it by the Deity, a tendency to fly oft in
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the right line A z, but the centripetal force, occasioned
by the attraction of the sun constantly acting upon it,
draws the egrth towards itself: and, therefore, as there
are two conteanding forces, one in the direction A z, the
other in the direction A s, the planet must describe a
line between the two; and as the attractive force of the
sun is perpetually acting upon it, the planet will describe
a curve A € B D, for the same reasoning will apply when
the planet is situated in any other part of the ellipse, as
at w0, &c.

The effects of a centrifugal force may be familiarly
illustrated by whirling a stone at the end of a string. A
hoop driven by a boy, and a bowl urged along a plane,
are likewise instances of the centrifugal force.

The general law for ascertaining the distances and ve-
locities of the planets is this : ¢ the squares of the times
of the revolution are proportional to the cubes of the
distances. If the distances of two planets from the sun
be known, and also the time which one of them takes in
going round the sun, the time that the other 1equires is
easily found: *

ExampLE. By the table, p. 235, the distances of the

. planets Saturn and Herschel are 900 and 1800, that
is, 1 to 2, and the periodical revolution of Saturn is
knoivn to be about 50 years, therefore to find the pe-
riod of the Herschel, I say, as 17:2%:: 30°
to a fourth proportional, or 1 :8 ::900: 7200,
but the square root of 7200 is equal to 85, or the num-
ber of years that the Herschel takes in circulating about
the sun.

« 'The same law is established with respect to the secon-
dary planets, or moons, revolving about their primaries.
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DISTANCES OF THE PLANETS.

TABLE OF THE SOLAR SYSTEM.

1
|
i

y A = — il ———
L]
Mean Diamgter Mean Distances from | Rotations about their | Time of their revolving

English Miles. the Sun. oA xes, about the Sun. !
: |
Days. Hours. Min. | Days. Hours. Min, '
The Sun...eve...... 883,246 25 14 8 .
Mercary..ovovvenvne 3,244 37) Unknown, 83 28 16
Venus...uovvvannen.s 7,687 66| & 3 91 281 16 &9
The Earth vevvvvies, 7,911 0| = 1 0 o 65 5 49 |
The Moon...ecvvvas 2,180 95 /M 29 17 44 i
Mars....oovvvieieone. 4,189 144 [ o 24 %9 686 23 30 !
Jupiter .......ouiee. 89,170 490 | 2 9 55 4532 14 o |

Saturn....oouiiii 79,042 900 | = 10 16 10739 1 51
Herschel............ 33,112 _mo@ Uunknown. 50757 18 o




LETTER XXVL

‘The Sun and its Motions—Dr. Herschel’s Theories—Proportionai
Distances of the Planets—of Mercury—Of Venus.

THE sun is placed nearly in the centre of our system,
and revolves on its own axis from west to east 1 about
254 of on. days. Like many cther of the fixed stars, of
which the syn is unquestionably one, it has, probably, a
progressive motion, at this time, directed towards the
constellation Hercules. The direction of the axis of
the sun is to a point about half way between the Pole-
star and Lyra. The time and direction of the sun’s ro-
tation is ascertained by the change of the situation of
the spots, which are usually visible, with a good glass,
on his disc ; these spots were formerly supposed to be
elevations or mountains on his surface, but which more
modern astronomers think to be excavations in the lu-
minous matter covering the sun’s surface. These spots
‘are frequently observed to appear and disappear. La-
lande thinks, that they are parts of the solid body of the
sun, which, by some agitation of the luminous ocean,
are left entirely bare. But Dr. Herschel attributes the
spots to the emission of an riform fluid, not yet in
combustion, which displaces the luminous atmosphere,
and which is afterwards to serve as fuel for supporting
the process; hence he supposes the appearance of many
spots to be indicative of the approach af warm seasons.
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on the surface of the earth. Many of Dr. Herschel’s
speculations are curious and important ; some of which,
taken from the Philosophical Transactions, I will give
you in an abridged form, because they not only appear
rational, but have a tendency to raise the mind to the
most noble contemplations of the works of the Creator.

“ Sir Isaac Newton has shewn that the sun, by its
altractive power, retains the planets belonging to our
system in their orbits; he has likewise pointed out the
method whereby the quantity of matter confained in the
sun may be accurately determined. Dr. Briwey has
assigned the velocity of the solar light with « degree of
precision exceeding our utmost expectation. .Galileo
and others have ascertained the rotation of the sun upon
its axis, and determined the position of its equator. By
means of the transit of Venus over the disc of the sun,
our mathematicians have calculated its distance from the
earth ;—its real diameter and magnitude ;—the densz'y

of the matter of which it is composed ;—and the laws of
the fall of heavy bodies on its surface.

“ It is by analogical reasoning that we consider the
moon as inhabited. For it is a secondary planet of con-
siderable size, its surface is diversified, like that of the
earth, with hills and valleys. Its situation, with respect
to the sun, 1s much like that of the earth ; and, by a ro-
tation on its axis, it enjoys ap agreeable variety of sea-
sons, and of day and night. To the moon, our globe
would appear a capital satellite, undergoing the same
changes of illumination as the moon does to the earth.
The sun, plauets, and the starry constellations of the
beavens, will rise and set there as they do here: and



238 ASTRONOMY.

heavy bodies will fall on the moon as they do on the
earth. There seems then only to be wanting, in order
to complete the analogy, that it should be inhabited like
the earth.

‘ It may be objected, that, in the moon, there are
no large seas, and its atmosphere (the existence of
which is doubted by many) is extremely rare, and unfit
for the purposes of animal life:—that its climates, its
seasons, and the length of its days and nights, totally
ditfer from ours ;—that without dense clouds, which the
moon !xs not, there can be no rain, perhaps no rivers
and lakes. o

“ In auswer to this, it may be observed, that the
very difference between the two planets strengthens the
argument. We find, even on our own globe, that there
is a modt striking dissimilarity in the situation of the
creatures that live upon it. While man walks on the
ground, the birds fly in the air, and the fishes swim in
the water. We cannot surely object to the conveniences
afforded by the moon, if those that are to inhabit its
regions are fitted to their conditions as well as we on
this globe of ours. The analogy already mentioned es-

“tablishes a high probability that the moon is inhabited.
¢ Suppose, then, an inhabitant of the moon, who
has not properly considered such analogical reasonings
as might induce him to surmise that our earth is inha-
bited, were to give it as his opinion, that the use of that
great body, which he sees m his neighbourhood, is to
carry about his little globe, in order that it may be pro-
perly exposed to the light of the sun, so as to enjoy an
“agrecable and useful variety of illumination, as well as
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to give it light by reflection, when direct light cannot be
bad; should we not condemn his ignorance and want of
attention? 'The earth, it is true, performs'those offices
which have been named for the inbabitants of the moon,
but we know that it also affords magnificent dwelling-
places to numberless intelligent beings.

“ From experience, therefore, we affirm, that the
performance of the most salutary offices to inferior pla-
nets, is not inconsistent with the digmity of superior
purposes ; and, in consequence of such am.lo%ical rea-
sonings, assisted by telescopic views, which plainiyfavour
the same opinion, we do not hesitate to adnfit, that the
sun is richly stored with inhabitants.

“ This way of considering the sun is of lhe utmost
importance in its consequences. That stars are suns
can hardly admit of a doubt. Their immens& distance
would effectaally exclude them from our view, if their
light were not of the solar kind. Besides, the gnalogy
may be traced much farther: the sun turns on its axis;
so does the star Algol; so do the stars «alled g Lyre,
3 Cephei, » Antinoi, , Ceti, and many more, most pro-
bably all. Now from what other cause can we, with so
much probability, account for their periodical changes?.
Again, our sun’s spots are changeable ; so are the spots
on the star , Ceti. But if stars are suns, and suns are
habitable, we see at once what an extensive field for
animation opens to our view.

“ It is true, that analogy may induce us to conclude,
that since stars appear to be suns, and suns, according
to the common opinion, are bodies that serve to enlighten,
warm, and sustain a system of planets, we may have an
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idea of numberless globes that serve for the habitation
of living creatures. But if these suns themselves are
primary planets, we may see some thousands of them
with the naked eye, and millions with the help of te-
lescopes ; and, at the same time, the same analogical
reasoning still remains in full force with regard to the
planets which these suns may support.” See Phil. Trans.
1796.

The sun is accompanied in his progressive motion
among the £xed stars by eleven planetary bodies, which
have «ifeady been enumerated, revolving around him
from west %o east in elliptical orbits, approaching nearly
to circles, and visible to us by the means of the light
which they receive from him. The real distances of the
planets have been given in table, p. 2335, and to enable
you readily to call to your recollection the proportional
distances of the primary planets from the sun, you may
call the distance of the earth from that body 10, and
that of Saturn 100: then the distance of Mercury will
be 4, of Venur 7, of the Earth 10, of Mars 16, of Ju-
piter 52, of Saturn 100, and of the Herschel 196.

The motions of all the planetary bodies, except the
"four small ones lately discovered, are comprehended in
a zane of the celestial sphere called the zodiac, the
breadth of which is 18°, and it is divided into two equal
parts by the ecliptic. We*shall now proceed to these
planets.

Mercury, which is nearest the sun, and whose diame-
ter is but about one-third as large as that of the earth,
performs his revolutions in less than three months, and
at the distance of 37 millions of miles from the sun.
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He is rarely seen by the inhabitants of the earth, and
then only for a short time. He appears in the evening
a little after sun-set, and again in the mdrning a short
time before sun-rise. He is never so much as 28 de-
grees distant from the sun, and cannot be seen at any
one time either before or after the sun, more than about
an hour and three quarters. For suppose E A B, fig. 2,
the earth’s orbit, m r z the orbit of Mercury, and s the
sun : if the earth be at E and Mercuptat m, it cannot
be seen because of the rays of the sun, As+t approaches
x it becomes visible, and for a short time it \);’n'}happear
as stationary at x, it will then be visible till*it comes so
near n as to be hidden by the sun’s rays; as, however,
it approaches z it becomes again visible, and at z it ap-
pears stationary. In looking at any of the planets, we re-
fer them to the fixed stars, ¢ z p, and it is%vident to
vou that Meccury, though he makes his circuit in the orbit
xnzm, will never be seen farther from the place of the
sun z among the fixed stars than o or », that is, about
28 degrees from z. . .
You will also observe, that while Mercury is moving
through one part of his orbit as from z, through m to z,,
it will appear to move in the direction o z p, but when
he comes to the other part of his orbit and moves along
z m x, he will appear to move among the fixed stars in
a contrary order, as in the direction P z o : this is what
is meant by the planet’s retrograde motion. You will
now know that what is proved of the motions of Mer-
cury is applicable to those of the other planets, and that
to an inhabitant on the earth, they may and will appear
sometimes stationary, sometimes moving according to the
order of the signs, and sometimes in a contrary direction.
M
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You will likewise see the reason why Mercury and
Venus can never appear in that side of the heavens which
is opposite to the sun, and why they are never seen far
from the sun.

The motion of Mercury, thus explained, has been
compared to the oscillations of a pendulum swinging
backwards and forwards from o to p, and from P to 0 ;
and it is found, that though the time of a complete os-
cillation varies, .yet it is never less than 100 days, and
never more than 130, and this variation depends on the
motiow: .. the earth combined with the motion of Mer-
cury, to wh'ch we have not referred.

You will easily conceive,. that a counsiderable time
must have elapsed before observers of the heavens could
ascertain that the stars which were seen approaching the
sun in tke evening, and, after a certain interval, were
again visible in the morning, were one and the same.
The suspicion was probably first excited from the cir-
cumstance, of the one never being seen at the same time
.with the other.

The apparent diameters of Mercury and all the planets
vary according to their position with respect to the earth :
as they are nearer to or farther from the earth, they ap-
pear to us larger or smaller. When the planet Mer-
cury passes from z through # to z, fig. 2, or when its
mootion is direct, it appeass the smallest, because it is
farthest from the earth : when its motion is retrograde,
or when it moves along z m z, it being nearest to the
earth, at m it will appear largest, and is the largest pos-
.sible when it plunges in, or emerges from the sun’s rays
‘in this part of its orbit.

Sopetimes, wheu Mercury disappears during his re-
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trograde motion, that is, when it plunges into the sun’s
rays in passing through z m x, it may be seen crossing
the sun under the form of a black spot. This is what is
called a ““ transit of Mercury” over the sun. The tran-
sits of Mercury and Venus are really eclipses of the
sun, which demonstrate, that the planets are opake bo-
dies, and that they borrow their light from the sun.—
Both Mercury and Venus, viewed through a good te-
lescope, exhibit the same phases of Aoined, gibbous,
&ec. as the moon. The light and heat enjc,od by Mer-
«ury is seven or eight times greater than what we enjoy,
avd the velocity of his motion is about 135,000 miles
w i hour. N

' enus, the planet next in order, is the most beautiful
star in the heavens, and is commonly known by the
name of the morning and eveolig star. She presents
the same phenomena to us as those described of Mer-
cury; but her phases are more sensible, and her pscilla-
tivus ure of longer duration. Since her greatest distance
from the sun varies from 45 to 48 degrees, the mean
sluration of her oscillations is about 584 days. By the
transits of this planet in the years 1761 and 1769, the,
distance of the sun from the earth was accurately ascer-
tained. The variations in the apparent magnitude of
Venus are considerable : it seems largest when it passes
over the sun, being then the®nearest to the earth, She
cnjoys about twice as much light and heat from the sun
as the earth ; and she travels in her orbit at the rate of
75,000 miles in an hour.
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LETTER XXVIL

Of the Earth—Of the Moon—The Earth a Globe—Diurnal Motion
of the Earth-——A'nnnal Motion of the Earth—Of the Seasons.

THE e~h, my dear sir, is the next to Venus; its
diamefer is reckoned about 7,911 miles, its distance from
the sun is estimated at 95 millions of miles. In passing
through °ts orbit, it travels at the rate of 68,000 miles
in an hour, and takes 365 days, 5 hours, 48 minutes, 48
seconds, to make its annual circuit. The earth turns on
its axis in about 23 hérs 56 minutes, which produces,
as you well know, the apparent diurnal motion of the
heaverly bodies from east to west in the same time.
This diurnal motion of the earth causes likewise what
we call the risiug and setting of the sun, and the length
of the days and nights ; for in the morning, that part of

‘. the earth on which we live, turns into the light of the
sun, and we see it rising, as it were, in the opposite part
of the heavens: the farther we move into the light, the
more the sun appears to move to us; and in the even-
ing, by our turning from tne sun, or sinking below its
rays, we conceive the sun to have sunk from our sigh.

The axis of the earth is inclined to the plane of its
orbit in an angle of about 23/ degrees, and always pa-
oallel to itself; that is, the axis as it points to-day, will
be parallel to the position it will have a month, or three,
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or six months hence, which is the cause of the sun en-
lightening at one period of the year more of the northern
parts of the globe, and at another more of, the southern
parts: in other words, the inclination of the axis of the
earth is the cause of the various seasons of spring, sum-
mer, autumn, and wiater.

The moon is an attendant on the earth, revolving
about it in an elliptical orbit, in one of the foci of which
the earth is placed : but as the earti®revolves about the
sun at the same time that the moon . ;evolving about
the earth, they may both be considered as .. :pmg about
their common centre of gravity; that is, an 1magmary
point, which is as much nearer the earth than the moon,
as the mass of the earth exceeds that of the nsoon.

The moon makes its revolution in its orbit gound the
earth in 27 days 8 hours nearly; 5 moving with a velocity
of more than 2,200 miles in an hour. But while the
moon has been going round the earth, the earth has
moved in its orbit nearly a whole sign, and therefore the
time between one new or full moon to another, or when
the earth, sun, and moon, will be in on& straight line, is
29 days 12 hours nearly. The diameter of the moon is
about 2,180, and its mean distance from the earth i
240,000 miles. It is very remarkable, that the time
which the moon takes to turn on its axis is précisely
equal to the time it takes in making its revolution about
the earth : so that its day and night are equal to our
lunar month. Another singular circumstance is, that the
hemisphere of the moon opposite to the earth is never
in darkness ; for when it is turned from the sun, it is
illuminated by light reflected from the earth in the same
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manner as we are enlightened by a full moon. But the
opposite hemisphere of the moon has a fortnight’s light
and darkness by turns, and an inhabitant of that part of
the moon would never behold the brilliant light afforded
by the earth to his antipodes, unless he travels a thousand
or two miles for the sight.

Having given you a general account of the earth and
moon, [ shall come to some particulars which hitherto
1 may have seemed to take for granted, but which arc
easily proved. For instance, we have assumed that the
earth is 3 -Jiind body, which is obvious from the follow-
ing circumstances : (1.) When a ship leaves the shore
and goes to sea, a spectator on land first loses sight of
the hull, then of the mast, gradually from the bottom to
the top :<and when a ship approaches land, the top-mast
is first visible, and the hull last. See fig. 8. These
appearances could not occur if the sea were a plane ;
because, then every part of the vessel would appear or
disappear at the same instant, or rather the hull or body
of the ship being so much larger than the mast, would
be seen longer than the mast, which is contrary to ap-
pearances. (2.) Several of our own countrymen, as Sir
Francis Drake, Lord Anson, and Captain Cook, and
many others, have actually sailed round the earth, always
keepi't;g in the same direction, and yet returning to the
ports from which they set ont. (3.) The moon is fre-
quently eclipsed by the shadow of the earth, and in all
eclipses, the shadow is circular, which is another proof
that the earth is a globe, which in all situations projects
a conical shadow. (4.) In travelling towards the north,
tht southern stars are depressed, and the northern stars
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elevated : and the sun arrives on the mendian of places
that are more easterly sooner than to the meridian of
those that are more westerly: that is, it is swelve o’clock
at noon, or night, sooner at Rome than st London, and
sooner at London than at Lisbon. (5. The same glo-
bular figure is inferred from the operation of levelling,
or of conveying water in canals, &c. from one place tg
another, in which it is found necessary to make an allow-
ance for the difference between the gpparent and the
real level, or for the figure of the earth.

The real or true level is not a straight'ling, but a
curve which falls below the straight line, or tangent
made from any point, about 8 inches in a mile; four
times eight, or 52 inches in two miles ; nine tfmes eight,
or 72 inches in three miles; and sixteef times eight, or
128 inches i four miles, and so on, always ivcreasing as
the squares of the distances.

After all, it must be observed, that from actual mea-
surement, it is found that the earth is not a’ perfect
globe, but a spheroid, the diameter, of the equator
being about 34 miles longer than that between the
poles.

Having established the fact that the earth is of a gld-‘
bular form, you will readily believe, that, as the earth
must turn on its axis in 24 hours, or .the sun and stars
turn round the earth in thessame time, it is more natural
that the motion should be in the earth than the con.
trary. Tt will be no argument against it that you can-
not perceive the motion: because the motion of a ship
in a smooth sea is not observed by the passenger, who
would infer, from his sight only, that external objeéts
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were moving from him, rather than that the ship was
movmg from them. A similar decepuon is observable
in travelling sw:flly along a narrow road in a chaise, &c.:
or to a person sitting in a windmill while that is turned
rapidly round.

Besides, it is known from observing spots on the sur-
faces of the sun and planets, that they have a motion
about their axis, and the earth being a planet, may from
analogy be supposed to partake of the same kind of mo-
tion. Admitting then the revolution of the earth about
its axis fronf" west to east, and the phenomenon of the
heavens appearing to turn from east to west is accounted
for. As the earth is an opake spherical body at a great
distance from the sun, one half of it will always be illumi-
nated, while the ®ther half remains in darkness. The cir-
cle which distinguishes the illuminated from the dark side
of the earth, and which is the boundary between light
and darkness, has been called the terminator : and a line
drawn from the centre of the sun to the centre of the
earth, is perpendicular to the plaue of this circle. Sup-
pose s the sun, (fig. 4.) and D N E s the earth, placed
in an inclining position, 2 d represents the terminator,
ind as the earth turns on its axis, N s part of the dark
side is perpetually coming into the light, and part of
that which is light is getting into darkness, and when any
point in the globe comes ipto the enlightened hemi-
sphere, the sun is just risen to that part ; when it gets half
way, or to its greatest distance from the terminator, it
is then noon ; and when it leaves the enlightened hemi-
sphere it is sunset ; and from that time till the sun is 18
degrees beyond the terminator, it is twilight.
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The same figure to which I have already referred,
represents the annual motion of the earth about the sun;
but you will perhaps ask for proof of thé fact that the
earth does revolve about the sun in a year. In the shaft
of a very deep mine, the stars are visible in the day as
well as in the night: they may also be seen by means of
a telescope fitted up for the purpose. By this method
the sun and stars are visible at the same time, Now if
the sun be seen in a line with a fixed stary on any parti-
cular day, it will in a few weeks be found to the east of
him, and by constant observations made at ‘cestain in--
tervals, we shall be able to trace him roundsthe heavens
to the same fixed star from which we set out, consgy
quently the sun must have made a journey round the
earth in that time, or the earth round the sun. Bat the
sun being a million times larger than the curth, it is
surely more natural that the earth should have the mo-
tion than the sun. Besides, as they must move round a
common centre of gravity, the quantities of mdtion in
both bodies must be equal, and the garth being the
smaller body, must make up by its aotion what it wants
in the quantity of matter.

Again, if the sun be regarded as the centre of the’
planetary system, the bodies all move about it agreeable
to the universal laws of gravity, and the motion of the
carth round the sun accords with the law of all other
moving bodies, viz. ¢ that the squares of the periodical
times are as the cubes of the distances.” The known
facts cannot be accounted for upon any other principle ;
nor can the motions of Mercury and Venus already des-
cribed be understood on any other theory.

M 3
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It may further be observed, that the inhabitants of
other planets‘ will consider the existing phenomena as we
do: they, if they are ignorant of astronomy, will sup-
pose the sun to move round them in their several years,
as the uninformed here suppose he revolves about the
earth in 365 days. Thus an inhabitant of Mars would
say the sun goes round him in two years: of Jupiter in
twelve years : of Saturn in 30 years, and so on. Now,
as it is impossibig that the sun can have all these motions
“really in itgelf, it may be asserted that none of them are
real, Bt that all are apparent only, and arise from the
motions of the respective planets.

@ You uay now turn again to fig. 4, which is intended
not only to exhibit the annual motion of the earth, but
to give you an idea in what manner the seasons are pro-
duced. ‘The sun enlightens half the earth, however it is
situated. I have drawn you four different positions of
the earth, from which you may understand how all the
changes .are produced. In June, the north pole isin
the light, and it is summer to the northern parts of the
earth ; in Decembér, the south pole is in the light, and
.itis summer to the southern parts of the globe, and
winter to the northern regions. In March and Septem-
ber the sun’s light reaches to the north and south poles,
because a line drawn from the centre of the sun to that
of the earth, will pass thréugh the cquator, or through
that line which divides the earth into two equal parts;
whereas in June such a line would pass higher than the
equator g, as through b, and in September it would pass
below it as at e: in the former case the sun, to enlighten
half the globe, must shine much beyond the pole N, and
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not so far ass: and in December the sun will shine
much beyond the pole s, and not so far as N.

Hence you see the reason of long d2ys in summer
and short ones in winter: for if Loudon or Great Bri-
tain be situated at /, it is evident that in June almost all
the circle on which it stands, is in the light, and in De-
cember almost the whole will be in darkness, and in
proportion as the circle on which any place is situated is
in light or darkness, the length of thg day to that place
is longer or shorter. Thus, in Jule the days are 16
hours long in London, and the night only eight; and in
December the days are eight hours long and the nights
sixteen. While the earth is moving from Libra, through
Capricorn to Aries, that is, from March to September ;
the north pole N being continually in the light, will have
six months day : but while the earth is travelling from
Aries through Cancer to Libra, the north pole will be
in darkness and the south in the light.  When the earth
is in Aries, or Cancer, we see the sun in the’opposite
points of the heavens, or in Libra and Capricorn.

You will observe, that the sun is not placed in the
centre, but is supposed to be In the focus of the ellipse,
the consequence of which is, that the summer seasoh,
or the time in which the earth is travelling from Libra
to Aries, is about elghl days longer than the winter sea-
son, or the time in whigh it is passing from Aries to
Libra. You may perhaps inquire why then our winters
are so much colder than our summers.” The answer is
plain ; though we are two or three millions of miles
nearer the sun in December than in Juue, yet the wea-
ther is hotter in summer than in winter, because the suu
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rises so much higher above our horizon in the summer,
and therefore its rays fall wmore perpendicularly on the
earth, that is,; with more force ; and again, because the
days are so much longer in the summer than in the win-
ter; by which means the earth and air are heated by the
sun in the day, more than they are cooled in the night;
on this account, therefore, the heat will. keep increasing
in the summer, and for the same reason will decrease in
winter when the_ nights are long. The earth being
nearer the sun in winter than in summer, causes the dia-
meter of the’sun to appear larger in the winter than it is
in the summer.
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Of the Moon—Phases of thé¢ Moon—Eclipses of the M?on-—-'
Eclipses of the Sun—Number of Eclipses in a Year—Of the
Tides.

THE Moon is a satellite to the Earth, and revolves
about it while the Earth is making her journey round
the Sun. The Moon’s apparent place, viewed by a
spectator on the Earth, is extended to a ‘great circle
among the fixed stars, and it appears to move through
the twelve signs of the Zodiac in a month; that is, in
27 days, 7 hours, 43 minutes; this is called a periodical
month. The plane of the Moon’s orbit intérsects the
plane of the ecliptic in two points, making an angle
with it of about five degrees. The two points where
the Moon’s orbit cuts the ecliptic, are called the nodes,
when the Moon crosses the ecliptic, i is in its nodes,
but in all other parts of its orbit, it is above or below
the ecliptic ; and according as it is north or south, it u .
said to have north or south latity e,

A synodical month is the time elapsed betwegn one
new Moon and the next, which is equal to 29 days, 12
hours, 44 minutes. }f the Earth were stationary, the
periodical and synodical months would be the same;
but as the Earth moves forward in its orbit, while the
Moon is performing its revolution, it has not only to.
pass through its own orbit, but likewise to overtake the
Earth again in its passage through the ecliptic: in the
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same manner as if the two hands of a watch set out to-
gether at twelve o’clock, the minute hand must not only
make an entire circle, but part of a second before it
overtgges the hour hand.

"I@e Moon is an opaque body, and shines by a light
borrowed from the sun, which illuminates one half of
its body, and leaves the other in darkness. An inhabi-
tant of the Earth perceives different degrees of this
illumination, according to the various positions of the
Moon with respect to the Sun and Earth, as is evident
from the figure which accompanies this. 1f x (fig. 5.)
be the Earth, and A, B, ¢, p, &c. the Moon’s orbit,
then the figures beyond will represent the appearance
which the Moon shews to a spectator here, in its several
positions. When the Moon is at A, between the Earth
and Sun, its dark side will be towards the Earth, and it
will be invisible, as it is represented at «, aud as it really
is at change or new-moon. When the Moon is at s,
the small part a x z, will be seen at X, and its appearance
to a spectator there will be such as the light part of &
shews. In the position ¢, the light part ax z is seen at
the Earth, under the appearance of the light part in ¢ :
at D, still more of theMluminated side is turned to the
Earth, and at E, the whole enlightened half of the Moon
is turned to the Earth, and it appears full-moon, as at e.
Hence, you see how the Moon waxes and wanes: why
"t disdppears, why it becomes horned, gibbous, &c.

The Earth serves to enlighten the Moon, in the same
manner as the Moon enlightens the inhabitants of the
Earth; but it appears to the Moon about 13 times
arger than the Moon appears to us, and the changes



ECLIPSE OF THE MOON. 255

take place in a contrary order ; that is, when the Moon
appears full to us, the Earth must be in conjunction
with the Sun, and disappear to the Moon. Soon after
the nuv-.moon, the whole body is dimly seen, inde-
pendently of the illuminated crescent, which proceeds
from the light that is reflected on it from the Earth: for
at our new-moen, the Earth appears as a full-moon to
the lunarians,*and part of the light which they receive
from us, is reflected back again to thes Barth.

An eclipse of the Moon is a privation of light caused
by the interposition of the Earth between the Sun and
Moon which intercepts the Suw’s rays, #nd prevents
them from illuminating the Ssurface: you know that
every opaque body presented to the light, whether of
the Sun, or a candle, projects a shadow behind it. The
shadow projected by the Earth is always donical, and
when the Moon passes through this shadow, its light is
eclipsed. The shadow being conical, it is largest at the
base, and runs off to a point; now according to the
position of the Earth and Moon, the latter will he some-
times nearer and sometimes farther from the former,
and in proportion to its nearness it will have a wider
space of shadow to pass through; in other words, the
nearer the Moon is to the Earth during an eclipse, the
longer the eclipse will last.

The Earth’s orbit is in the plane of the ecliptic, when
viewed from the Sun, consequently its shadow tends di-
rectly to that part of the heavens; and as the Moon’s
orbit has an inclination of about five degrees with the
ecliptic, and only crosses it in two points, called its

*uodes, the shadow of the Earth cannot fall upon the
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Moon, except it is in or near one of its nodes, when
the Moon is full, or when’it is in opposition. See fig.
‘6and 7: in'fig. 7, you have a representation of the
manner in which an eclipse of the Moon ocdrg. s is
supposed to represent the Sun, M N the Earth, and m the
Moon in its orbit o b just entering, or coming out from
the shadow; and you observe how the Moon m is
situated at the time of an eclipse: the Earth is between
it and the illamirating body, the Sun, and so it is every
full-moon ; but in some cases the Moon passes above,
and in.some below, the shadow of the Earth, and in
either of those situations there will be no eclipse. This
is easily proved.

Let a line a p represent a part of the ecliptic, the
plane of which coincides with that of the Earth’s orbit,
and the lie ¢ B, part of the orbit of the Moon, cross-
ing the ecliptic at H; and the point u, where they cross,
is called the node. Now, if E, F, G, 1, represent sec-
tions of the Earth’s shadow in different positions of its
orbit, when the Moon 1, approaches its node H, and the
shadow of the Earth is at E, there will be no eclipse;
but if the Earth’s shadow be represented at F, ¢, H,
then the Moon in its passage to &, will just touch the
shadow F, it will be totally eclipsed at ¢, and it will be
totally and centrally eclipsed at n. When the Moon is
full, it sometimes happens that the Earth’s shadow is too
low or too high for the Moon-to enter in it, asat E;
sometimes it is found as at F, or @, or #, and on this
depends the nature of the eclipse, or whether there will
be an eclipse at all.

"The duration of an eclipse depends, as I told you
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before, on the length of the shadow it has to pass
through, and the duration of a central eclipse, or the
time that the Moon takes from entering the ghadow at M,
till its egress at m, is about four hours, during two of
which the moon passes through three times the length of
its diameter totally eclipsed.

In speaking of eclipses, we suppose the Moon’s
diameter to be divided into 12 equal parts, called digits;
and the magnitude and duration of a partial eclipse are
denominated by the number of these-'di.gits which are
obscured : thus, if a half, or a third, or a fourth of the
Moon be obscured, we call it an eclipse of q, or4,or8
digits.

The Earth, like all other opaque globular bodses which
receive the Sun’s rays, not only throws a dark, converg-
ing or conical shadow behind it, but has likewise a thin
diverging shadow on each of its sides, as A M B, and
A N ¢, called the penumbra, or almost shadow, which is
occasioned by a partial obscuration of light fram the
Sun.

If s be the Sun, and M N the Earth r€ceiving its rays
on its surface, there will be a dark shadow M A N, which
cannot receive any of the direct light from the Sun, and.
a penumbra, or thinner shadow, will fall on each side,
more or less dark, according as it is nearer to or further
from M a and N c. It is evident that the Moon passes
through the penumbra before it enters the dirk shadow,
and having passed the shadow, it traverses the opposite
penumbra before it resumes its usual brightuess.

Lunar eclipses are visible over every part of the Earth
that has the Moon above the horizon, and the eclipse
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appears of the same length and magnitude to all who
see it. 'The eastern side of the Moon enters the western
side of the chadow, and passes out at the eastern. You
see by the figure, that central eclipses must be the
longest; but these are not always of the same length ;
because the Moon is sometimes in apogee, or the far-
thest from the Earth; sometimes in perigee, or the
nearest to the Earth: sometimes the Earth’s distance
from the Sun is greater or less, and as it is in aphelion or
penhelion ; that is, the farthest from, or nearest to the
Sun, the duration and quantity of the eclipse will vary.
The greatest variation is, however, no more than about
20 minutes, the longest central eclipse being 3 hours, 57
minutes,‘and the shortest 3 hours, 37 minutes.

The Moon, in an eclipse, has usually a faint copperish
appearance, which is attributed to the refraction of the
rays of light by the Earth’s atmosphere, and which are
sent from that to the surface of the Moon.

Eclipses, as you know, depend on the Moon’s nodes;
now these nodes have a retrograde motion with regard
to the signs, aud this motion is equal to about 191°in a
year; so that in 18 years, 225 days, the nodes pass

'<hrough the 12 signs, and come into the same position
again; and this space of time is the period of succession
before the same eclipses fall in the same part of the
ecliptic. .

I will now lead you to the consideration of eclipses
of the Sun. What is called an eclipse of the Sun, is
caused by the interposition of the Moon between the
Sun and the Earth, of which fig. 8 is a representation.
Here s is supposed to be the Sun, L the Earth, and M



ECLIPSE OF THE SUN. 259

the Moon, in that part of the orbit which is between
the Earth and Sun. Now the dark part, zs u ¢, is the
conical shadow projected by the Moon, and this, as the
Moon passes by the Earth, will overshadow different
parts of the Earth’s surface in succession ; on each side
of the conical shadow is a penumbra; namely, in the
spaces x tz, and z us, because in these spaces there is a
partial privation of the rays of the Sun.

As the Moon is so much less than the Earth, it can,
as is shewn in the figure, only cover & small part of it
by its shadow ; therefore to those parts which are gut of
the shadow, there will be no eclipse, for t{p them the
Sun will appear as usual. The Moon’s shadow rarely
exceeds 180 miles in diameter, though the penumbra
extends much farther both ways, The course of the
Moon’s shadow on the Earth is generally frogn west to
east, inchmng to the north, if it be in the ascending
node, and nclining towards the south, if it be in the
descendmg node.

The whole time that the shadow and_ penumbra take
to pass any given point, is called the eclipse; but the
total eclipse is only whilst the darkest part passes the
place. 1f the Moon be in its apogee, or greatest dis-
tance from the Earth, its shadow is not sufficiently long
to reach the Earth, and the Sun appears like a luminous
ring round the dark body qf the Moon: this is called
an annular eclipse.

Professor Vince observes, that the ecliptic limits of
the Sun, to those of the Moon, being nearly as 8 to 2,
there will be more solar than lunar eclipses in about the
same ratio. But more lunar than solar eclipses will b2



260 ASTRONOMY.

seen at any given place ; because a lunar eclipse is visible
to a whole hemisphere of the Earth at once; whereas a
solar eclipse.is visible to a part only, and therefore there
is a greater probability of seeing a lunar than a solar
eclipse. Since the Moon is as long above the horizon
as below, every spectator may expect to see half the
number of lunar eclipses which happen.

An eclipse of the Moon, arising from a real depriva-
tion of light, must appear to begin at the same instant of
time to every plice on that hemisphere of the Earth
which is next the Moon. Hence it affords a ready
method of finding the longitudes of places upon the
Earth’s surface : for, if to a person at Greenwich, the
eclipse Begins at 10 o’clock, and at other places it is
observed to begin at 9 o’clock, or at eleven, then thosc
places will be 15 degrees west and east longitude of
London.

The greatest number of eclipses which can happen in
a yea®is seven; and when this occurs, five will be of
the Sun, and two of the Moon. 'The least number will
be two; and in"this case, they will be both solar: for,
in every year there must be two solar eclipses. The
smean number in a year is about four. In total eclipses
of the Sun, the planets and some stars of the first mag-
nitude have been seen. .

There are two seasons in the year when eclipses hap-
pen: that is, when the Earth approaches near each’
node; and as the nodes lie at opposite points of the
Earth’s orbit, these seasons would be at the distance of
half a year from each other, if the nodes were stationary :
but, as the nodes have a retrograde motion of about 19
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degrees in a year, and as the Earth moves about one
degree in a day, the seasons of eclipses will return at an
interval of about 9 or 10 days less than haif a year: so
that if there be eclipses in the middle of April, they
may be expected again early in October. Thus, in
1809, there was an eclipse of the Sun, April 14, and
one of the Moon, on the 29th ; there were also eclipses
of the Sun and Moon on the Oth and 23rd of October.
In 1808, there were five eclipses; one of the Moon,
May 10th, one of the Sun, May 25tb, one of the
Moon, October 19th, and one of the Sun, November
3rd ; and one also of the Sun, November 13th.

Before we leave the astronomy of the Earth it may
be proper to observe, that the tides in rivers, as those in
the Thames, and in the sea, are produced chiefly by the
attraction of the Moon on the waters, though the at-
traction of the Sun has some influence on the occasion,

If you look into Moore’s Almanac, orinto the Ephe-
meris, you will see that the time of high water 1s cal-
culated for every day in the year; ang it is calculated
upon the knowledge of the Moon’s and Sun’s attrac-
tions. At an average, the time of hlgh water vanes
about three-quarters of an hour on each day: thus, it is
high water to-day, the 18th of March, 1821, at 58
minutes past one, and to-morrow it will be 31 minutes
past two before it is highewater. Sometimes the dif-
ference of time is not above half an hour, and at other
times it is an hour and a quarter.

You know there is an attraction between all bodles,
of course between the Earth and Moon; and when the
Moon passes over the sea, it raises the waters, and
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causes high tides, not only in that part under the Moon,
but in the opposite side of the Earth also.

1t is easy‘to perceive how the attraction of the Moon
should occasion a rise of the sea on the side which is
turned towards her ; but it is not so easy to comprehend
how this could take place on the opposite side of the
Earth.

To understand this, you must recollect, that from the
universal law of, gravitation, every particle of the Earth
and Moon are drawn towards each other, and that in the
inverse proportion of the squares of their distances.

Leta b defgh (fig. 1, misc. pl. ii.) represent the
Earth, and let the Moon be supposed to be situated in
the direction m mm. Now the points a7 e being at
nearly the same distance from the Moon, will.gravitate
alike towards her, in the directions am, tm, em. Let
ad,it, ce represent the degree of force with which
they are drawn towards the Moon; but the particles
b and'd being nearer to the Moon than a, i, and e, will
gravitate more than them towards her, as by the spaces
b, dd', and the particle ¢, which is still nearer, will be
yet more affected by her influence, and consequently
“removed to the greater distance c ¢’: hence it is evident,
that the semicircular arc, a b ¢ d e, will become more
and more curved as we approach towards ¢, where it
will be most protuberant.~-In like manner, the parti-
cles f and %, in the opposite hemisphere, being less
drawn from their situations than a i, or e, are moved
over the spaces ff’, and & 1/ less than ad’, ¢ 7, and e ¢/,
and the particle g, the most remote, is moved by the
least quantity g g/, and hence the same effect is produced
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i this as in the other hemisphere—an increase of curva-
ture as we approach towards g. By this means, the
Earth will assume an elliptical form, having the trans-
verse axis in the direction of the attracting force; and
thus it is that in‘e;ery lunar day we have two high tides;
the one on the Moon passing our meridian, and the
other on her passing the mendian of our antipodes.

The attraction of the Sun, as well as that of the
Mooap, occasions a variation of tide, but pot in so greag
a degree : this arises from the Sun beihg at such an im-
mense distance from us, that the gravitation of the parti-
cles a b c d e towards him, differ less in progoertion from
each other than the gravitation of those points towards
the Moon. *

The cffect of the Sun, however, upon ,the tides is
very sensible, as may be seen by what are called spring
and neap tides; the former are those which take place
about the full and new Moon, (which are much the
highest, in consequepce of the Sun and Moof then
acting together), the latter are when the Moon is in
quadrature, and are much the lowest, which is occa-
sioned by the Sun and Moon at those times acting in a
manner s as to counteract each other.

.
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LETTER XXIX.

Of Mars—Of Pallas, Juno, Ceres, and Vesta—Of Jupiter— Of
Saturn—Of the Herschel—Method of measuring the length of a
Degree, and ﬁndmg the Distances of the Earth and Planels from
the Sun—Method of finding the Longitude.

I sHALL, my young friend, conclude what I have to
say on astrbnomy in this letter ; beginning with the pla-
net Mars, which is next in order to the Earth, and the
first of the superior planets. 'This planct is of a dull
reddish coldur, and sometimes appears as large as the
planet Venus. He is not subject to the same limitation
in his apparent motions as Mercury and Venus, but
sometimes appears to be near the Sun, and sometimes in
the opposite part of the heavens, shat is, rising when the
Sun sets, and setting when the Sun Tises.

Mars, and the other superior plancts, appear to move
_ from west to east round the Earth; but their motions
are sometimes direct, sometimes retrograde, tnd some-
times they appear for several days to be stationary in
one part of the heavens. Mars is stationary when he is
about 137 degrees from the Sun; then his motion be-
comes retrograde, till he comes again within 137 degrees
of the Sun, when his motion is direct, and continues so
for about 78 days ; it now approaches the Sun, and at
length is lost in the evening in its rays.

Let A B ¢, fig. 9, represent the orbit of the Earth,
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¥ G H the orbit of Mars, and L m the sphere of the
fixed stars: now when the Earth is at x, and Mars at »,

e planet is said to be in opposition to tht sun; but if,
while Mars is at », the Earth is at 2, it is said to be in
conjunction. The Earth moves faster than Mars; while
the Earth moves from w to x, Mars will move from o to
n; and while the Earth moves from x to v, Mars will
have travelled from = to m. It is clear that while the
Earth is moving from w to v, Mars, which has actually
moved from o to m, will appear to have had, among the
fixed stars, a retrograde motion from a to c. Hance, a
superior planet, for the same must be true of Jupiter,
Saturn, &c., is retrograde while it is travellin& in oppo-
sition. But if the Earth be at %, and the planet at »,
then, while the Earth moves to %, p, &c., the planet
Mars moves to m, ¢, &c., and appear} to *move in a
direct order. As, then, a superior planet appears to
move sometimes direct, and sometimes retrograde, it
must appear stationary at the two points where the
motion changes from ong to the other. ,

When the planet is in‘ 3pposition at 7, it will be full-
faced ; so it will to a spectator at z; but if k be the
position of the planet, then a spectator on the Earth'
will have a small portion of the dark part turned to him,
and it will not be full orbed to the Earth, but appear
gibbous, like the moon a little before or after it is full.
But if the planet be at a very great distance from the
Sun, compared with the Earth’s distance, there will be
so little of the dark part turned towards the Earth, that
it will, as to sense, appear full orbed. This is the case
with Jupiter, Saturn, and the Herschel, which betweén

N
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conjunction and opposition are observed to appear full
orbed on account of their great distances.

There is a great analogy between Mars aund the Earth;
their diurnal motion is nearly the same ; they have neariy
the same inclinations to the ecliptic, and therefore their
seasons are not much different. Dr. Herschel has no
doubt, that it has a considerable atmosphere, and that
the bright spots, visible in its polar regions, arise from
the reflection.of, the fight from the mountaine cocred
with ice and snow. The figure of Mars 1s that of an
oblate spheroid, whose equatorial diameter 15 to the po-
lar one as 16 to 15 uearly.

In the interval between Mars and Jupiter, four smaller
bodies have been discovered revolving in oibits consi-
derably inclined to the ecliptic.  Dr. Herschel denomi-
nates themr asteroids, and they have been named by the
astronomers who made the discovery, Ceres, Pallas,
Juno, and Vesta : the first was discovered by M. Piazzi,
the second and fourth by Dr. Olbers, and the third by
M. Harding.

Jupiter is the largest of all the planets, his diameter
is eleven times as great as that of the Earth, and, as bo-

‘‘dies are to one another as the cubes of their diameters,
Jupiter is 1331 times larger than the Earth; but the
force of gravitation at his surface is only tiiple the ter-
restrial gravitation. The figure of Jupiter is evidently
an oblate spheroid, the lougest diameter being to the
shortest as 13 to 12.  His rotation is from west to east,
and the plave of his equator is nearly coincident with
that of his orbit ; so there will be scarcely any difference
df seasons in that planet. He revolves rouud the sun in
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about 1€ years, at a little more than 5 times the Earth’s
distance from the sun, of course he enjoys 25 times less
light and heat than what the inhabitants of the Earth ex-
plirience. His rotation is performed in less than ten
hours.  With a good tele:cope, ceitain appearances
may be observed on the surface of Jupiter, called belts,
which are variable in number aund position ; sometimes
only one is visible, sumctimes seven or eight have been
seen-at ((nq(‘. o
Jupiter has four moons constantly accompanying him ;
all of them, on account of their great distance, seém to
heep near then primary, and their apparenf motion is a
hind of vscilfation hike that of 4 pendulum, golng alter-
nately from their greatest distance on vne side, to the
grcatest distauce on the other. When a satellite is in its
superior ~emicircle, or that half of its orhit which is
more distant from the Earth than Jupiter is, its motion
appuats o us direet, or according to the order of the
igns ;. but in It inteni o semicucle, that i:, when it is
nearer to us than Jupiter, its motion appars retrograde.
The satellites of Jupiter must fiequenily be eclipsed,”
and from these eclipses the lungitude of unkuown places,
1s discuvered 5 for the times of the cdipses are culcu-
lated for the mendian of the Royal Obscrvatory at
Greanwich, and put down in the Nautical Almanack,
which is always published sohie years beforchand, and,
therefore, the times of their happening at other places
may be compared, and the difference of time turncd
into degrees and mmutes, gives the longitude from Gieen-
wich. .
N2
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ExanpLE. By the table I find that, on the 2d of
September, of the present year (1810), there is an
eclipse of Jupiter’s first satellite at 2 hours, 13 minutes,
28 seconds ; but if on board a ship, or at any unknovn
place, I find it to happen 4 hours, 1 minute, 48 seconds,
I know the difference of time is 1 hour, 48 minutes,
20 seconds, which, converted into degrees, will give
27 degrees, 5 minutes east longitude from Greenwich ;
for each hour of time is equal to 15 degrees ; ¢€ ccurse,
1 hour, 48 miuutes, is equal to 27 degrees : and 20 se-
condr of time is equal to 5 minutes calculated on the
equator. ¢

The diameter of Saturn is ten times as great as that
of the Earth ; consequently its bulk is a thousand times
the bulk of the Earth; but on account of the smaller
density of® its substance, the force of gravity at his sur-
face is but little more than it is at the surface of the
Earth ; in other words, the substance that weighs a
pound or a ton here, would not weigh much more at
Saturn, but on the surface of Jupiter it would weigh
three pounds or three tons. Saturn revolves in his

_orbit in less than 30 years, and his rotation on his axis
takes but little more than 10 hours. He is accompa-
nied by seven satellites, two of which were discovered
by Dr. Herschel. The most remarkable circumstance
attending this planet is the-appearance of a double ring
about him, suspended over his equator, and revolving
with a rapidity almost as great as that of the planet.
The light reflected from the ring is generally brighter
than that of the planet; for the ring appears sufficiently
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bright when the telescope affords scarcely light enough
to fobserve Saturn. The dimensions of the rings and
Taces are as follow :

Miles.

Inner diameter of the smaller ring.............. 146,345
OQutside diameterof do ......ovceveerevennn... 184,393
Inner diandeter of the larger ring.......cc....... 190,248
Outside diameter of do, ..ocvcesesccasrocanas 204,883
T‘ea:ij of the iNNer FiNg....coeeeve.vnveeannne 19,474

reafth of the outerring.............. preenns 7,260
~“Préadth of the vacant space, or dark zofle....... 2,927

The Herschel, so called from its discoverer, rsvolves
in 833 of our years, at a distance from the sun equal to
10 times that of the Earth. Its diameter is more than
4 times that of the Earth, yet it can rarely.be disco-
vered by the naked eye.

It appears from the foregoing observations, that Mer-
cury, Venus, and Mars, are opaque bodies, because they
do not always shine with full faces, that part towards the
Earth, which is not towards the sun, being dark. 7 upiter
and Saturn cast shadows and eclipse thgir satellites, and,
therefore, must be opaque bodies, and hence it is m-
ferred, that the Herschel is also an opaque body, though,
hitherto it has not been in a situation to eclipse its sa-
tellites. .

Comets are solid bodies revolving in very eccentric
ellipses about the sun in one of the foci, and are subject
to the same laws as the planets, but they differ from
them in appearance. They exhibit but a faint light,
and generally as they approach the sun a tail begins to
appear, which increases till the comet comes to its peri-
helion, then it decreases and vanishes.
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Upwards of 500 comets have been observed at dif-
ferent times, and the elements of the orbits of more .han
100 have begn correctly ascertained.

By the clements of a comet’s orbit are meant, tfe
place of the perihelion, or nearest approach to the suu,
the time of its passage through the perihelion and peti-
helion distance, place of the node and incl: n'mon of the
o1bit to that of the earth.

By comparmﬂr the elements of comets togetl ar, S%V( ral
have been identified, and their periodic revuliio..:
thereby determined. This was the case with the comet
of 1082, t!)e return of which was predicted by Dr.
Edmund Halley, from the remarkable coincidence of its
clementst with those of 1531 and 1607. This predic-
tion was completely verified by the re-appearauce of the
comet in ) 750, seventeen years after the Doctor’s death,
though iu rather an unfavourable position to be seen from
nur earth. The same comet will appear again in the
year 1434, its period belng 754 years.

The most remarkable comet lhat ever appeared is the
one observed in 1680. In its perihelion it approached
so near to the sun as to be less than oue-sixth of his
‘diameter from him. [t is supposed by Sir Isaac New-
ton to have a period of 575 years, and tobe the samc as
is recorded to have been seen in the years 1106 and
531 of the Christian @ra, 'md 44 before Christ.

‘The comet of 1810 and 1811 was a very splendid
and beautiful orbit. 'The French astronomers have cal-
culated its orbit, and suppose it to have a period of
2400 years ; but by others it is thought to be the same
&s that which appeared in 1300 and 1301, which would
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make its period only 510 years. The plane of this
comet’s orbit is nearly perpendicular to that of the
«arth, :

. But the comet which has perplexed astroiomers more
ilan any other, is that which was seen in 1770, Itis
supposcd tu fiave a period of not more tan seven years
and u half, though 1t never has been seen since.

"The calchlation of the orbit of a comet has always
beewconsddered as one of the most difficult problems in
ao by, This arises partly fiom cur not being able
to hace them through any considerable part of their or-
bits, and partly from their being such ill-defined objects
as to render it almost impossible to determine with ac-
cwacy their apparent places in the heavens. »

You still, perhaps, wonder how the magnitude of the
carth, and the distances of the sun and planets from it,
are ascertained.  The subject does not admit of a very
casy explanation, but yet, I trust, [ can say enough to
satisfy your mind, that the thing is possible, though you
have not acquired a sufficient knowledge to perform the
task vowrself. I will begin with the ‘measure of the
earth. ‘

Let a 8 ¢ b, fig. 2, of miscellaneous plate ii. repre-
sent the earth, « a star in the zenith of an inhabitant at
A, and d a star one degree to the northward or south-
ward of a ; then, if an observer proceed from A towards
B, until he get the star d in his zenith, or, what is the
same thing, until he get ¢ one degree to the south or
north of bis zenith, he will have moved over one degree
of latitude on the earth. Let this point be », and let
him measure the distance of A from B, which he will
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find to be 69-% of an English mile; but if 1°=69t,
of a mile, 360°, or the whole circumference of the eauh,
will be equal fo 24,912 miles.

The distances of the sun, moon, or planets, from the
earth are found by means of what is called their parallax.
By paratlax is meant the apparent change off situation in
any object, arising from a change of place in the ob-
server. Thus, for instance, suppose I werc to see a
star from my pallour window, just over the tup of:the
building which is gpposite to me ;—if 1 go up u..- Gt
drawing-room, I shall see the same star some distance
abovet. Now this can only arise from an apparent change
of place either of the star or of the building ; that it is
not in thevapparent situation of the star is evident, be-
cause we know from experience, that no change of place
on our globe, however great, can produce any sensible
change in their places, so prodigiously distant are they
from us; it must arise, therefore, from an apparent
changef place in the building, and this change is called
parallax.

Now, in plac‘e of a fixed star and a building, let us
suppose a fixed star and the moon, the case will be
‘ just the same, with this difference only, that the moon
being much more distant, it will require a proportion-
ably greater change of place in order to render her pa-
ratlax sensible to the spectator.

Let B E A s represent half of our globe, then will
2 be the zenith of a spectator under the line at E, and
Jet ¢ :and  be two places, one 30° to the northward, and
the other SO° to the southward of E, then will'a star at

" z appear toa spectitor at a 50° north of his zenith, and
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to a spectator at b the same star would appear 30 south
g/ the zenith, and this would also be the case with the
noon, were she at the same immense distance ; but it is
fbund from observation, that when the moon is in the
zenith of a Jpectator at E, she appears 30}° from the
zeniths of l’,&e spectators at a and 4, and consequently,
that there 7s a parallax, or apparent change, in her situ-
atio s in roing from a to b, but the distance between a
av e ‘b heing one-sixth part of the earfh’s’circumference,
is equal to her semi-diameter, and therefore a change of
situation equal to the earth’s semi-diameter causes a pa-
rallax of 1°. i

From a and 6 draw two lines, one making an angle
of 301° with a 2/, and the other a like angle with 5z%,
these lines will evidently meet at M, the place of the
moon, and the distance of M from e will be found to be
about 60 times ab, or in other words the moon is 60
semi-diameters, or 240,000 miles from us,

The distances of the sun and planets are found in the
same way, but being much greater shan that of the
moon, their parallax will of course’ be much less.

This being a very important problem in astronomy, I
will now shew you how the same result may be obtained
from one station only.

Let B A 6 be half the earth, s the sun, and m the
moon, the arc, B K L, is that which represents one
fourth part of the moon’s path. ¢ R s is the rational
horlzon to an observer at A, but his sensible horizon is
AC; AL cis the angle under which the eafth’s semi-
diameter A c, is seen from the moon L, which is equal,
by a theorem in geometry, to the angle L A 0; A 5 6 is

N3
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the angle under which the earth’s semi-diameter is seey at
the sun, and is equal to 0 4 /. Now, it is found .vy
observation, that the angle 0 A v, or its equal A L ¢, i
much greater thay the augle 0 A f; or its equal A s ¢,
which proves that the carth’s diameter a ¢, as seen
from the moon, appears mucl: larger than t does when
seen from the sun s, cousequently the earth 1s much far-
ther from the sun than from the moon. .
The quantity of the angle 0 A L is found by chsevi-
tion in the fullomng manner : By means of the quad-
rant, A D d, we find the exact time that the moon takes
in passing feow the meridian & to the sensible horizon
0, which will appear as a quarter of a circle, but it will
be less than a quaiter of a circle by the arco L,and o L
is the measuic of the angle 0 A L, equal to the angle
A L ¢, which subtends the semi-diametes of the earth.
Now it is kuown that the moon revolves completely
about the earth n 24 hours 48 minutes ; of course it
takes 6 Lowrs, 12 minutcs in passmg fiom E to L;
theiefure the time taken to pass from E to o, subtracted
from G hours 12 miautes, gives the time taken to pass
through the arc o 1, which, turued into degrees and
* \minutes, givgs the arc o L, or the measure of the angle
0 AL urALC, the moon’s hotizontal parallax ; then,
to find A L, the distance of the moon from the earth,
we say, by u rule in trigonotaeuy, as'the size of the angle
A Lc is to ac (or the senn-diameter of the earth, which
is known by other means)so is the sine of the right angle
A C L, or 90 degrees, to ils opposite side A L; this
.&pmes out to be about 240,000 miles from the earth.
1 ® There are other methods i use which are more ac-
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curgte, but this will suffice to show you that the thing
myfy be done. To find the length of A s, or the distance
Of the earth from the sun, is much more difficult, be-
cause it is almost impossible, by any common method,
to find the qyantity of the angle o s ¢. This, however,
15 discoverab'e by the transits of Venus, of which there
was one in (761, and another in 1769, and by these it
was Jeter nined that the horizontal parallax, or the angle
A ¢ C.is equal to 85 seconds, which gives the distance
A c, about 95,000,000 miles.

The distance of the earth from the sun being found,
the distances of all the other planets are easily found;
because the times of their periodical revolutions are
known by observation; but the times are to one another
as the cubes of their distances from the sun: thus, if T
be the periodical time of the earth in its orlfit, and that
of any other planet we say as

T2tz 9-.‘)",—(7)(),—06(_)]3 : D:=the cube of .lhe dis-
tance of that planet. Here the three first terms being
known, the other 1s found by the rule of three, and the
cube root bemng extracted, we gtt the distance of the
planet from the sun. e

The distances of the heavenly bodies being determined,
their maguitudes may be calculated from their apparent
diameters ; and thus it is that astronomers are enabled
to describe the real orbite and the actual maguitudes of
the sun, moon, and planets from their parallaxes, and
apparent motions and diameters.

Having made you acquainted with the theory of
astronomy, I will now endeavour to explain to you some
of its practical details, and show you how it enables the
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maritier to steer his vessel throtgh the trackless ocean,
with & dégree of precision that is tritfy astonishing. Yuo
are sufficiently dcquainted with geography to know that
the situatiotiy of pldces are niarked on the earth by
éans of their latitudes and longitudes. 'he elevation
of the visible polé above the horizon is al\ays equal to
thé latitude of the place, and the elevation of the equator
to the complement of latitude.

The first thing 2 seaman has to do, is to ascertain} ™=
latitude ; this is found by taking the altitude of the sun
dt hoon, or of a star at night, whilst passing the meri-
diin. The ’sun or star’s declination being known, the
ltitide may be found from it by calculation.

The next thing is to find the time at the place of ob-
§ervation, and this is done by taking an altitude of the
sun or of a star, two or three hours before or after pas-
sing the meridian.

For if the latitude of the placé be fousid from obser-
vation, and the declination of the sun or star from the
Nautical Almamc, it is easy to compute what should be
their altitude at a certain hour, and v v, from their alti-
tude to compute the time.

The time thus formed is compared with that shewn
by a chronometer carefully set and regulated, so as to
shew the time at Greenwich, and from the difference of
these times the longitudeis Geduced.

Buat however accurate this method may be, it is evi-
dently too precarious to be depénded upon, as any ac-
cident to the chronometer, or forgetfulness in winding
it up, would leave the mariner at & Joss how to discover
his longitude.
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The lunar method, as it is called, is therefore very
Justly preferred as equally accurate, and only requiring a
watch which can be depended upon to sBew time cor-
rectly for the space of a few hours.

The accusate ealculation of the longitude by this me-
thod is rather intricate, but the principle upon which it
depends is very simple, and easily understood.

The appurent motion of the moon among the fixed
stars in 24 hours is upon an average equal to about 12°.
In the Nautical Almanac is set down her distance from
some of the most remarkable fixed stars, for every, three
hours of each day at Greenwich; this being the case, it
is evident, that by measuring her distance from ome of
those stars, a seaman can at any time know what o’clock
it is at Greenwich, and thi‘g, compared with his own time
found as before explained) gives him the difference of
longitude. The intricacy of the calculation arises solely
from the moon’s parallax and refraction, which are dif-
ferent in different places. )

The instrument used at sea for taking altitudes, or the
moon’s distance from the sunyot*from a star, is~called a
Hadley’s Sextant, from its inventor. The great exsﬁ
lence of this instrument, and what particularly recom
mends it to marivers, is, that it does not require the
same degree of steadiness of support as other instru-
ments: it is also extremely, portable, very accurate, and
easily adjusted.
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ELECTRICITY.

LETTER XXX.
Of the Electric Fluid— Electrical Machine described.

Tue earh aud all bodies with which we are ac-
quainted, are supposed to contain a certain quantity of
an exceedingly elastic fluid, which is called the electric
fluid, and which passes throvgh them with more or less
facility, arcording to their d fferent powers of conduct-
ing it. This certain quantity belonging to all bodies
may be called their natural quantity, and so fong as it is
undisturbed in a body, it produces no effect; but when
any body, or part of a body, becomes possessed of more
or less than 1ts u=tura ol ~re, 1t 1s said to be electrified,
arJ is capable of exhibiting those appearances which are

+ascribed to the power of electricity. The equilibrium
vould never be disturbed, or if disturbed, would be im-
mediately restored, but that some bodies, as glass, wax,
"&ec. donot admit the pa-sage of the electric fluid through
their pores, or along their surfaces, though others do.

The effects of the clectric fluid are distinguished from
those of all other substances by an attractive and repul-
sive quality, which it communicates to different bodies,
and which differ, in general, from other attractions ard
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1epulsions, by their immediate ccssation, when the bodies
acting on each other come into contact, or when they
are touched by other bodies.

Itis by excitation that the electric fluid becomes per-
ceptible to the senses, which will be fully explained by
the following experiments.

ExeeriveE~T 1. Let a long glass tube be rubbed
with the hand, or with flannel, and it will immediately
attract light substances, and give a lgeid spark to the
finger, or to any metallic or other conducting substance
brought near it.

The glass tube is called an electric; aifl all bodies
capable of being excited, so as to produce elegtrical ef-
fects, are called electrics.

As the exciting glass tubes was a laborions operation,
and the quantity of electiicNy so obtained was%ery small,
globes and cylinders were invented and made to turn on
their axes, and a rubber of leather so applied as to excite
the parts of it in contact with the leather.: I'ltr 1. re-
presents an electrical machine: A is m’g‘yhnder of glass
so fitted up in a frame as t6” rewTE‘by means \f the
I"mdle i ; the rubber R, behind the machine, is dop-
ported by a glass stem T ; the chaim o A is intended
conduct the electric fluid from the table, and frg e
carth, by the table, to the rubber; ¢ pis a mefallic
conductor intended to collect the electric fluid frgfn the
cylinder A. The stand m m, which s w~tlie con-
ductor ¢ D is made of glassito pravént the electric fluid
from running out of the conductor on the table.

Ex. 11. Tum the haudle of the machiue, and if it be

Jwell excited, you may, by bringing a knob of brass, ‘or
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your knuckle, &c. near the conductor at z, get a spark
at several inches distance. This distance will vary ac-
cording to the excitation of the machine. The electri-
city which is accumulated on the prime conductor ¢ z,
is prevented from flowing away by being placed on the
glass leg m M, which is a non-conductor of electricity.
If it were placed on a moist wooden stand, instead of
one of glass, there would not be the smallest accumula-
tion ; for, as fasc as it was thrown off from the cylinder
on to the conductor, it would flow through the wooden
stanc into the table, and from thence to the earth.

Ex. 111" If a person standing on the ground, place
his hand, on the conductor, and the machine be worked
in its bighest state of excitztion, still there will be no
electrical appearances, becaise, however great the ac-
cumalation of electricity or’ the conductor, it will flow
through™ the hand and body to the earth in perfect
silence.

Ex.1v. But lf the person stand on a stool supported
with g}pss lavs, ar bv a cake or cakes of rosin, sealing-
wax, snlphur, &ec. his Body, being now insulated, th¢
_sectricity cannot pass to the earth ; and sparks may Ye
\taken from any part of him, as it was before from the
pn ‘me conductor.

ky these experiments you perceive the difference be-
twee;n conductors, and electrics or non-conductors : all
bodies ndt ‘ransmit electricity are c=lled conductors,
such is the human body, such are all metallic substances,
and almost all fluids, excepting oil. Those substances
that will ot transmit the electric fluid are called elec-
trics, or non-conductors. But all substances become
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conductors either by heat or moisture. The principal
method of exciting the electric fluid is friction, and elec-
tricity is most powerfully excited, when an slectric and
conductor are rubbed against each other; in: this case
the electric fluid passes from the conductor: thus, if I
rub with my hand a glass tube, or a stick of sealing-wax,
the electric fluid passes from the hand to the glass or
wax. Again, if you examine fig. 1, the electrical ma~
chiue, the rubber is a conducting substance, and made
more powerfully so, by spreading overat an amalgam of
mercury and tin, the friction of this against the cylinder
collects the fluid from the surrounding substancds by
means of the chain 0 a. That it proceeds from the
surrounding bodies is evident from this circumstance,
that if the rubber » be dhpported by a glass stem o,
and the chain taken off, t* electrical appearances will
be trifling, only those which¥¢an be given by the rubber;
but if a person place his hand on the rubber while he
stands on the ground, then an abundant quantity will be
supplied. 'The rubber is sapplied by t‘:e quantity taken
from the hand and body of thg.‘x il jn wontert with
1g and these are supplied by the general mass o. the
fluid that is lodged in the earth.

You are now aware of the meaning of the term-i
lated, which perpetually occurs in this science;
condnctor u surrounded or supported by nom-conflue-
tors, it i to be iusulated. Thus the rubber rfwhen
supported by thi glass stem o 7, is. mnnﬂttd because
there is no communication: between it and the earth.
The chain however, gives the communication, and elec-
tricity is produced.




28¢ ELECTRICITY.

Electricity is said to be positive or negative accord-
ing to the different effects produced. [ suspend two
pith balls on silken and parallel thieads, and bringing
them near an excited glass tube, they will diverge, and
remain at a distance from each other till the surrounding
air carries off the superabundant electricity. If I bring
near them another excited glass tube, they will dwerge
still farther; but if, instead of a glass tube, I make use
of an excited stick of sealing-wax, or rosin, then the
diverging balls will, by the influence of the wax u1 rosin,
be instantly brought togetlier.  The glass by cxcitation is
supposed to have more than its natural quantity, and is
said to be positively electrified ; but the wax, by the same
process, is supposed to lose a part of its natural quantity,
and to be minus, or negatively electrified. These elec-
tricities by some are though? to be different in quality,
rather than in guantity, ald by thein they are called
vitreous and resinous from the substances used. The
former is usually denominated the theory of Dr. Frauk-
lin; the latter (heory was first espoused by Du Fay, and
other f_ueﬂsbq\h“ww “hers,

T‘ne Franklinian gystem is usually regarded as tfe
ot simple, and therefore I shall adopt it; and you
(qill observe, that the two states of positive and negative
eléstricity always accompany each other : for if any sub-
statb;e acquire the one, the body with which it is rubbed
acqunes the other. When one side, or one #4d of a
conducting sulistance receives the elec..i¢ fluid, the whole
substance is instantly pervaded with it: thus, sparks may
be taken in any part of the electrified conductor A z, fig.
1; but when an electric is presented to an electrified
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body, it becomes electrified in a small spot only. The
positive and negative electricities cannot come together,
but by means of a communication with corductors ; but
the instant there is a communication between the two
clectricities, their electrical effects are destroyed, and the
act of their union produces an electric spark, and if the
union be made by different parts of the body, a sensa-
tion will be felt more or less painful, according to its
strength: this is called the electrical shock.,

Ex. v. Infig. 2, you have a rep?es;eutalion of an
clectrical jar, called a Leyden phial: it is a glass jar,
open at one end ; the cover at top is wood, pierced to
admit a brass wire and chain lying at the bottom ; the
top of the wire is terminated with a brass kneb. The
jar is lined inside and outs{de with tin-foil, to within two
or three inches of the topbecause the eleclri.c fluid will
accumulate on the tin-foi, and easily flow from the
inside to the outside, when a conducting substance is
brought to touch the outside foil, at a, and the knob x,
which communicates with the inside by means of a chain
that rests upon the bottom of Lh.“ "'—lr', L

The jar is electrified by brmgmg ‘Ee knob PR the
pnme conductor, when the machine, fig. 1,1s worked;
and it may be discharged by any conducti substancg ;
for if onc hand touch the outside of the jar, and; ‘the
other be brought to the knob x, the electric fluid! will
pass instantaneously through the arms from thtix,osxtlve
to the negative~. s o oA

A number of these jars umted as in fig. 8, is called
an electrical battery : the insides are connected by means
of the wires and chains, and the outsides are connectgd
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by being all placed in a box, the bottom of which is
covered with tin-foil. Supposing the battery charged by
means of the electrical machine, and with the rod A B c,
it may be instantly discharged.

Sometimes the battery is sufficiently large, and so
powerfully excited as to melt the wire 2 in its passage.
By this means, small animals, as birds and mice, have
been killed in a moment : gunpowder, spirits, and other
bodies may be inflamed.

I will now describe a few experiments which may be
easily made with an electrical machine ; observing first,
that podies which are charged with the same electricity
repel each other; but if one have more, and the other
less than its natural share, they will attract one another.

Ex. v1. If a tuft of feat'iers be placed in the hole z
of the prime conductor, tnd the machine be then
worked, the feattiers will enlieavour to avoid one another,
and stand erect at a distance ; because all of them being
electrified' by the same electricity, they repel each other.
Teke the electricity from the conductor, and the feathers
will inste=dy odusssth.c

J¥x. vi1. Suspend a metallic plate from the condue-
'qbt, and upderneathy it, at the distance of three or four
inches, putianother plate of the same size, or larger; on
thu)» place some small pieces of paper, or some bran or
sand, and work the machine ; the paper, &e. will jump
to'ths upper plate, from which lhey will ha.repelled,
and fly and dachorge. themselves upsi @ the lower plnte
after which they will be attracted and repelled’ again,
and‘so confiniue till the electricity of tie upper plate is
discharged.

y Ny
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Ex. viir. Take a little bit of cotton, or a light
downy feather, lay it upon the palm of your hand, and
hold it four or five inches from the prime conductor;
turn the machine, and the cotton or feather will fly to
the prime conductor, and from the prime conductor to
the hand, with a very quick motion, and continue as long
as the machine is turned. In this experiment, the prime
conductor being strongly electrified, attracts the unelec-
trified cotton or feather, and electrifies .lt, s then repels it
to the nearest conductor, viz. the hand: there the cotton
deposits its electricity, and is again attracted by the
prime conductor. -

Ex. 1x. Fig. 4 represents a set of bells, the middle
one of which is to be copnected with the pﬁme con-
ductor: the moment the ‘mchine is set to work, the
bells will begin to ring, be'ause all the bellsvand clap-
pers, except the middle one, are hung on silk, and all
excepting the middle one are connected with the earth
by means of the chains. The centre bell, having more
than its natural quantity of electricity, - ttracts the clap-
pers, and they are repelled te "he.dutztie beils, where
thay deposit the electricity which they carry, from ihe

centre one 2. !

Ex. x. Let a person standing on an inshlated stood,
hold in his hand a spoon filled with highly rectified
spirit of wine, and made warm by heating the .ilver
spoon, if =nnther person take sparks from: the -epurit, it
will be instantly nuamed.
© Ex. x1. Introduce the blunt end of a wire into the
hole of a prime conductor, aud let the other end be
drawn to a point, on which place another horizontal
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wire, four or five inches long, but its ends bent in acute
angles, Work the machine, and electricity will issue
out of each point, resembling a star; and if it be made
to turn upon its centre, and the machine act very
powerfully, the flame will appear as one continued circle
of fire.

Ex. x11. If a person stand on the insulated stool,
holding a shilling or half-crown between his teeth, and
another person yot insulated take a spark from it, the
sensation will be so severe ac to make him drop the
mongy, unless his lips touch it.

Ex.x11r. The Florence flask used in clectrica! expe-

riments, Js nearly exhausted of air, having a biass cup
and ball fised to its neck: if it be held by the brass
work, and be rubbed pretty brlskl\, it will be shightly
luminous’ within ; but if th: ball be presented to the
prime conductor while the machine 1s at wok, the ap-
pearance will be extremely beautiful, and will remuin so
some time after‘it is removed from the piime conduc-
tor.
Ex. ITC“’R‘\&BT:T St 'any kind is illuminated in the
followinggmanner, on a long slip of glass: the word is
Q:de with fin-foil in parallel lines, scparated at different
piaces, to ciuse sparks to pass from one piece to anu-
ther, the word is exhibited by the passage of the elec-
tricity over the tin-foil.

Eléurlcn'y,,and lightning are undou‘: =Ly Teffects of
the same cause. Lvely effect of ]l{,lllllll]" may be pro-
duced by electricity, and every cxperiment in electricity
may be made with lightuing, by conducting it from the
clouds to a convenient place, by means of insulated rod:,



EXPERIMENTS. 287

or by kites raised i the air, a method which was disco-
vered by Dr. Franklin; and it is found, that in the
natural, as in the artificial electricity, there is the positive,
and also the negative. The ascending electricity in the
air is said to be negative, because it leaves bodies in a
uegative state. The descending electricity, or that which
passes from the higher parts of the atmosphere to the
carth, is called positive electricity, because it renders all
bodies electrified by it, in a positive statg.

The knowledge of this branch of s.piencc has been
applicd to various practical purposes; as the defgnce
of buildings from the dangers of lightning, -and to the
art of healing.

High buildings are protegted fiom the dire effects of
hightning, by fixing to them Yone or more pointed metal-
lic conductors, which are el.vated a few feet zbove the
building, and are continued th the ear th, and a few feet
below its surface ; these convey the lightning of electri-
fied clouds silently away, which might otherwise Stiike
the building, and do much mischief.

Electricity is used for medical purptie ) by giving the
pautignt sparks, or slight shocks : this is best cﬂicted by
machines contrived by Mr. Nairne for the purgse. But
sparks may easily be given to, or taken from,/the b'odv,
by the most common electrical machines. Electricity
has been successfully used jn the cure of deafuess,
rheumatisz<_of Jong standing, the ear-ache, tcoth-aclie,

&e. ‘e
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GALVANISM, or VOLTAISM.

LETTER XXXI.

Origin  of Gaha;lism-—Experimenu—Galnnic Circles—Voltaic
Batteries—Decomposition of Water— Voltaism and Electricity
compared.

7

It is now, my dear sir, more than half a century since
the first electrical shock wa; felt by M. Muschenbroek,
which, at that period, excjted the attention of all the
philosophers in Europe. The theory of the Leyden
phial was soon explained ; and thence the powerful ef-
fects of batteries were called in aid of the experimen-
talist. After this, it was discovered that certain fishes
had the power of producing shocks on the human frame
similar to"thcse ‘Giren by the electrical jar. Of these
fishes there are three very remarkable ; viz. ¢ the Tor-
pedo, lh\‘ Gymnotus Electricus, and the Silurus Elec-
tricos.” \From this circumstance, and from the convul-
sive motions excited in dead animals, by means of elec-
tricity, we had a branch »f science devoted exclusively
to soimal electricity ; but about the_ vea=791, it was
observed by Galvani, that elecincal effects could be
produced on animals without the aid of an electrical
apparatus, and, apparently, by different means. This
discovery, which has led to the most important and
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brilliant series of facts, was the effect of accident. Gal-
vani, professor of anatomy at Bologna, having noticed
certain involuntary motions o1 contractions in the mus-
cles of some dead frogs, which had been suspended on
the iron palisades of his garden, found, upon a more
minute cxamination, that he could produce these con-
tractions at pleasure, by touching the lifeless animal with
two different metals, provided the metals were at the
same time in coutact with each other. | .

If in an animal (as a frog), recently dead, the mus-
cles and nerves being prepared for the purpose, a com-
munication be made between a muscle and nerve by
some conducting substance, or substances connected to-
gether, as silver and zinc, lbe limb will be putinto mo-
tion. \

ExveErIMENT 1, If pa;; of the nerve of a prepared
timb be wrapped up in tinfoil, or be laid only upon
zinc, and a piece of silver be laid with one end upon the
muscle, and the other upon the tin or zinc, the otion
of the limb will be violent.

Ex. 11. Place two wine-glasses, full of water near
each other, and put the thighs and legs of a fr:ﬁ, as fig.
3, into the water of one glass, and lay the [Jerve ¢ v, *
covered with tin-foil, over the edges of the 1wo glasses,
and just touching the water ; let now a cotimunication
be made between the water jn the glasses by means of
silver, or Lyz.pytting the fingers of one hand into the
water of the glass that contains the legs, and holding a
piece of silver in the other; if then, you touch the
coating of the nerves with it, the legs will be so violently
excited as sometimes actually to jump out of the glass.

o
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These convulsive motions may be excited not only in
dead, but in living animals, particularly in frogs, eels,
flounders, &e.

Ex. 111. Place a living flounder upon a plate of zinc,
pasting upon its back a slip of tin-foil, then form a com-
munication between the zinc and the tin-foil by means of
a wire, &c., and the same kind of contractions will take
place as are witnessed. in dead animals.

The taste-and the sight may be affected by galvanism.

Ex. 1v. If you lay a piéce of zinc upon your tonguc,
and a piece of silver, as a half-crown, under it, and then
form a connection between them by bringing the edges
together, you will find a peculiar taste or seusation which
is not broduced by the metals separately, or indeed to-
gether, provided they are nz:t brought into contact.

Ex. v» To affect the sight, you may put a piece of
zinc between the upper Iil‘) and gum, as high as possible,
and a piece of silver upon the tongue, and whenever the
two metals are made to communicate, by touching onc
another, a flash of light will be distinctly seen.

The conduwetors-of this fluid, if it be a fluid, differ
from egch other in their conducting power ; they are
divided Into perfect and imperfect conductors. The
perfect cuductors consist of the metallic substances and
charcoal, these are termed conductors of the first class.
The conductors of the second class, or imperfect cou-
ductors, are water, and the mineral acids -and all sub-
stances that contain these fluids. «

The most simple combinations capable of exciting
the galvanic effects must consist of three different bo-
dies, viz. of oue conductor of one class, and two diffe-
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rent conductors of the other class ; thus, in the experi-
ments just referred to, there are the silver, the zinc, and
the saliva. Here are two perfect and one imperfect
conductor, and it is called a galvanic circle of the first
order. Whére only one perfect and two imperfect con-
ductors are used, it is called a circle of the second
order.

It was soon ascertained, that if a single combination
of three conducting substances produged a certain effect,
a second and a third would produce a double and treble
effect, and so on. The combinations are now denomi-
nated Voltaic piles or batteries, from Volta, an inge-
nious Italian, who improved the science, or ragher, who,
seizing the first ideas of ®ialvani, improved upon them
so much, as to render it a pew science in his own
hands. ’ ‘

The earliest effort in this way was a pile, consisting
of alternate layers of zinc, copper, and moistened yoollen
cloth. One of these piles is represented by fig. 6 ; the
layers consist of round pieces of metal, and cloth, and
they are placed in exact ordef, ziud, copper, cloth; this
1s necessary, because it is found that there isfa positive,
and negative end; and, of course, in evevy complete
circle, the electric fluid circulates in one way only. If,
therefore, two equal simple combinations were so ar-
ranged, that the two curremts opposed each other, they
would be aniihilated, and produce no effect; = and z
are two pieces of wood, made to slide on the rods a b ¢,
which are of glass, and so placed as to prevent the pile
from falling.

Ex. vi. If, now, the pile be in action, and a pers:ou

02



202 GALVANISM.

put one hand to the lower stratum of zinc, and the other
to the upper stratum of copper, he will feel an electric
shock, in a greater or lesser degree, according to the
height of the pile.

In fig. 7, we observe a different kind of battery, con-
sisting of a row of finger-glasses, or china cups, contain-
ing a weak solution of nitrous acid in water ; into each is
plunged a plate of zinc, z, and a plate of silver, s, fas-
tened together by <urved wires, w.

Ex. 7. If, instead of three or four glasses, there
were twelve or twenty, arranged in the same manner,
and you wer€ to put one hand in the first and the other
in the last, you would perceive a considerable shock.

We have, in fig. 8, a more “onvenient battery : it con-
sists of a trough made of welgewood ware, divided, as
is exhibited in the figure, ard at each division there is a
plate of zinc, and one of copper; between the divisions
is a solution of acid and water, the two wires @ @ con-
nect the positive and negative ends of the battery, and
if the battery be* sufficiently large, the most interesting
and brilliant experimients may be produced. Glass, you

&know is 3 non-conductor, therefore the small tubes z
and z slide on the wires, that the operator may handle
them‘withox?} danger of a shock. The square plate ¢ is
likewise glass.

Ex. viur. If charcoal,* gunpowder, gold or silver
leaf, &c. be placed on the glass ¢, and the two wires
be brought together, as in the figure, the substance,
thus exposed to their action, will be instantly deflagrated.

It should, however, be observed, that, to produce an
action equal to this effect, there must be several such
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batteries as that represented in fig. 8, united by metallic
cramps, such as fig. 9. The battery used at the Royal
Institution consists of so many plates as to make a sur-
face of metal equal to many thousand square feet.

You are already apprised, that water is not a simple
substance. It was by the modern improvements in
chemistry that the discovery was made, that this fluid,
one of the elements of the ancients, is a compound of
two gases or airs, denominated oxygtn“and hydrogen.
By electricity, and by voltaism, water has been decom-
posed, or reduced to these gases: and by theesame
agents water has actually been produced by the union of
these gases in a certain proportion, viz. of ;about 80
parts of hydrogen to 20 of oxygen.

Ex.1x. Fill a small' glass tube, A B, fig. 10, with
very pure distilled water, apd connect the wires, which
pass through the corks, with the zinc and copper wires,
z ¢, of the battery, fig. 9, and almost immedjately a
stream of gas proceeds from that wire which is con-
nected with the negative end of the battery, which is
hydrogen gas; from the other Wire dxygen gas is evolved.
The hydrogen may be collected, but the oxyden unites,
with the wire, unless both the wires proceeding from
the battery be of gold or platina, which ar; not gxyda-
ble, then the two gases may be collected (ogether, aond
if presented to a candle, will explode with great vio-
lence, which proves, that they consist of hydrogen and
oxygen. *

Without entering farther into the subject, you will,
from the foregoing observations, be able to draw for
yourself some conclusions, viz. that voltaism appears 'tq
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be a peculiar mode of exciting electricity, by the che-
mical action of certain bodies upon one another. The
oxydation. of metals produces it in great quantities, It
is by the oxydation of the metallic plates, made use of
in the batteries already described, that the voltaic effects
are produced, of course the action is greatest when the
troughs, &c. are first filled with the fluid, and it becomes
less and less till the plates are completely oxydated,
when it ceases ; tue plates must then be removed, and
the oxyde cleaned oft before they will be fit for farther
experiments. The nerves of animals are more easily
affected by coltaic electrjcity than other substances;
and to prove the similarity between this and the com-
mon electricity, it may be nouced, that the same sub-
stances are conductors and non-conductors of both. By
both, Leydtn jars may be charged, and shocks given to
one, or many persons holding hands ; but when voltaic
clectricity is used, the bands must be moistened with a
solution of salt and water. The electric shock pro-
duced by the terpedo, Silurus Electricus, &c. is very
aualogous to that produced by the voltaic battery.
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MAGNETISM.

LETTER XXXII. .

Maznet described—1Its Properties—Magnetism com\aﬂiﬂted to
Iron aud Steel—Experiments—Magnetic Meridian—Polarity of
the Magnet useful to Mariners—Artificial Magnets—Variation of
the Compass—Dipping of the Needle—Horse-sho® Magnets—
Mariner’s Compass,

MacNETISM is another branch of science with which
it is necessary you should be acquainted. It derives its
name from the loadstone, or natural magnet, a very sin-
gular substance, not much unlike the ore of iron, which
was well known to the ancients for i property of at-
tracting iron. But it was not till'the beginning of the
14th century, that this most important préperty was,
applied to the conducting vessels over seas to foreign
countries. Till this period, mariners had, scarcgly ever
ventured to quit sight of land, no knfwing, if they
did, by what possible cotse they ‘could return. To
exhibit the attractive power of the magnet is shewn the
following *

ExpPErIMENT. If a magnet and a piece of iron be
placed on pieces of cork on a vessel of water, and brought
to within a certain distance, they will attract one another,
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and if equal in weight, they will meet iu a point half
way between the two.

This attracuive preperty of the natural magnet may
be communicated to iron and steel, by which means
they also become magnets, and will produce the same
effects on other iron and steel. Iron or steel thus con-
verted are denominated artificial magnets. Soft iron
acquires magnetism with more ease than hard iron or
steel, but the latter will retain it much longer; and
what seems very surprising is, that the magnetic virtue is
not diminised, but rather increased, by communication.
It is most act've at the two opposite points, which are
denominated the poles, from their correspondence with
the poles of the earth.

Ex. 11. It is found, by placing the maguet on a
piece of cork floating on water, so that it may turn
freely, it will arrange itself in the direction of the poles
of the earth, namely, north and south, but not accu-
rately so.

Ex. 111. To fud the poles of a magnet, place it
under a smooth piece of paper, and sift some steel
filings on the paper, which will arrange themselves in
curves. At each end of the magnet the filings will
take a straight direction, and those which are situated
at a small dist.nce from the poles, will assume more or
less of the curve, in proportion to their distance from
them.”

The readiest and most convenient way of discovering
whether a piece of metal is magnetic, is by means of a
‘maﬂ compass needle ; for if it contain iron which 1s not
magneused every part will attract either end of the
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compass indifferently ; but if it be magnetised, then its-
north pole will attract the south, and rgpel the north
pole of the needle; dnd, vice versd, its south pole will
attract the, north, and repel the south pole of the
needle.

There are various methods of giving the magnetic
property to iron or steel, but in these there is need of a
real magnet ; in some cases, indeed, the property is ac-
quired without the use of another nngnet

Examrpres. A piece of iron brought sufficiently
near a magnet becomes itself a magnet. iSof iron
that have stood a long time in a perpendic'ular direction,
are frequently found to be maguetical. Ife long bar
of hard iron be made red hot, and then suffered to cool
in the direction of the magnetical line, it becomes mag-
netical.  Lightning, and ghe electric shock, will .«mﬁg
times give polarity to iron and steel. -

Artificial magnets are made by applying one sor more
powerful magnets to pieces of steel; and a needle,
adapted to a compass, is made by fasfening the steel on
a piece of board, and drawing magnets over it, with a
heavy hand, from the centre outwards. g

The power of a magnet is not diminished by commu-
nicating its properties to other bodies ; and itas much
increased by the addition of iron gradfally. Two or
more magnets joined together may communicate a greater
power to a piece of steel than either of them possesses
singly.

A magnet bent so that the two ends almost meet, is
called a horse-shoe magnet. Maguets are made so to
increase the action, because it is found, that both poles

03
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together attract with much greater energy than a single
one, and in this shape they are easily made to act at the
same time on the same body.

+ If two soft pieces of iron are applied to the poles of
a bar-magnet, and made to project in the same direc-
tion, they not only become magnetical themselves, but
may, in this situation, be made to act at the same time,
on the same plece of iron. The magnet, in this case,
is said to be ¢ armod,” and the pieces of iron are called
the armaturr ; to avoid the necessily of this, horse-shoe
magnets e used, Magnets should not be left with two
north or south poles together, for, in this position,
they destrey each other’s polarity, or, at least, very much
diminish it. Bar-magnets should always be left with
the opposite poles laid against each other, or by con-
nectmg their opposite poles by a bar of iron; hence, a
small bar of iron is always placed at the ends of a horse-
shoe magnet, which not only preserves the power of
the magnet, but prevents it from acting on surrounding
bodies. -

If a needle before ‘being” magnetised be suspended on

* a horizontal axis passing through its centre of gravity, it

will rest in any position in which it may be placed ; but
no sooner is it magnetised, and brought into the magnetic
meridian, ti:ah it Yakes an inclined position, making in
this country an angle of 71" or 72" with the horizon,
the south pole being elevated, and the north pole de-
pressed. ’

Soft iron instantly imbibes the magnetic fluid, and as
instantly loses it ; hardened iron is difficult to magnetise,
but then it retains the magnetic virtue permanently.
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Ex. 1v. Take a bar of soft iron, a kitchen poker
which has been long in constant use will answer the
purpose,—place it parallel to lhe’magne‘:ic axis of the
earth, ana it will mstantly become magnetic, as may be
seen by bringing a small compass needle close to it;
reverse it, it will still be magnetic, its poles changing
with its change of position.

The magnetic poles are not directed towards the same
part of the heavens as the poles of it earth. Indeed,
the magnetic axis does not seem to passsthrough the
centre of our globe, for the north and sso\u& agoetic
poles are not antipodes to each other. * °

The north magnetic pole is supposed to pe situated
somewhere about latitud€ 70" north, and longitude 100°
west of London ; whilst the south magnetic pole see
to be somewhere about lat"tude 65° south, aifd longitu?;
130° west of London. .

Since the magnetic poles do not coincide yith the
poles of the earth, it is evident, that the needle cannot
point due uorth and south, except is those countries
where the maguetic and true’ meridian coincide.

Th:s deviation of the maguetic from the true meridian ,
i called the variation of the needle. In London it is at
this time about 24° to the westward. The inclination
of the needle to the horizon is called the i he dip
is found to increase as we #pproach the maguetic poles,
where, according to theory, the needle ought to take a
perpendicular positidn.

When the needle was first known in this country, the
variation was to the eastward ; about 1657 it pointed
due north in London. In 1817, it was about 24° 17"
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west ; and, since then, it has been slowly returning to-
wards the trug meridian. Hence it appears, that the
magnetic poles are not permanent, but probably revolve
round some central point in a period of about 60O
years.

The needle is subject to a small diurnal variation.
About eight o’clock in the morning it begins to move
westward till two in the afternoon, when it gradually re-
turns. The diurna! variation is probably occasioned by
the heat of tue sun.

The Auiora Borealis is found to derange the needle
very considerably, particularly in high latitudes : in Swe-
den it haw been observed to amount to as much as 6’
or 7%
++«The Aurora Borealis always appears in the direction
of the mag;letic pole. In the late voyage to the Arctic
Sea, this phenomenon appeared in the south, the ships
being then to the northward of the north magnetic
pole.

The cause of* magnetism is little understood ; the
discoveries of Professor Oersted, however, have thrown

- considerable light on the subject, and plainly indicate, if
not the identity, at least a close connection, between
magnedism, electricity, and galvanism.

If the edwémes‘of a voltaic battery be conuected by a
platinum wire, the wire beGomes heated; and, if very
small, suffers ignition. Suppose such a wire to be laid
upon the positive and negative conductors of a voltaic
apparatus ; bring the north pole of a common magnetic
ngedle below and at right angles to the platinum wire,
and it will be repelled ; 1emove the ncedle, so that it
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may still be at right angle's to the wire, but with its north
pole above it, and it will be attracted: if the electric
poles be reversed, those phenomena wilt also be re-
versed.

If the conjunctive platinum wire be placed verti-
cally instead of horizontally, it will occasion the needle
to oscillate, but in no part will it permanently attract or
repel the needle.

If a small steel bar be attached to the conjunctive
wre, and parallel to it, it is ot polanse but if it be
altached to it transversely, it becomes pertsanently po-
larised. . :

To render a steel bar magnetic, it is not necessary
that it should actually touch the conjunctive wire, for
the electro-magnetic influence is conveyed to a consider-
able distance, and is not excluded by the wterposn;wn
of a plate of glass, of metd], or of water.

If two conjunctive wires be placed parallel to each
other, and so attached to the voltaic battery a% to have
their opposite ends attached to the same pole, they will
attract each other; but if so plaged as to have the con-
trary ends attached to the same pole, they will repel
each other.

These experiments of Mr. Oersted have been repeated
and verified by Mr. Ampere, Sir Hunmpl:[y,%vy, Dr.
Wollaston, and others. P

I will now conclude what [ have to say on this sub-
ject with a descripiigp of the * mariner’s compass.”

This instrument, always to be met with on board of
ship, consists of three parts, the box, the card, or fly,
aud the needle. The box which contains the cardeand
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needle, is made of wood, brass, or copper, and is of a
circular shape. [t is suspended withjn a square wooden
box by means of two concentric circles called gimbals,
so fixed by cross axes, in the manner of the rolling lamp,
see MEcHaNI0s, that the inner one, or cumpass-box,
retains a hounizontal position in all the motions of the
ship, while the outer or square box is fixed, with respect
to the ship. The compass-box is covered with a pane
of glass to prevent the card from being disturbed by
the wind. The card is a circular paper fastened upon
and moving“with the needle. The outer edge of the
card is divided iuto 360 parts or degrees, and within the
circle of those divisions it is again divided into 32 equal
parts, which are called the peints of the compass or
rhumbs, each of which is again subdivided, and the let-
tes N., NF., ENE,, &c., are marked. 'The magnetic
needle is a slender bar of harcened steel, with a hole in
‘the centre, to which a conical piece of agate is adapted ;
this turné on a pin fixed in the middle of the box, and
is obedient to every change in the direction of the ship
to which the compass is attached.
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LETTER XXXIIL

Leungth of a Pendulum vibrating Seconds, as G;termined by Captain
Kater—The constrnction of achiromatic Telescop.3 explained—
Heating and Chemical Rays— Magnetism by violet R¥;~~Double
Refraction—Polarisation of Light.

MY DEAR SI1R,

Your answer to my last letter gives me the greatest
satisfaction, as it evinces a close attention w the svb:
jects recommended to your.nolice, and a laudable desire
of obtaining a more complete knowledge respecting
them. )

You ask me to explain to you Captgjn Kater’s method
of determining the length of a pendulum vibrating se-
conds. The construction of achromatic telestopes, and
what is meant by the polarisation of hight,

The difficulty of obtaiming the actual length of a pen-
dulum arises from this circumstance ’ that tha-tentre of
oscillation, though a real,sis an invisible’fud untangible
.point, and consequently that its distance ffom the point
of suspension caniitt be measured with any thing like
precision.

It is now upwards of a century and a half since
Huyghens first applied the pendulum to clocks ; and it
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is to that great mathematician we owe the demonstration
of this curious and important theorem, namely, that the
centres of suspensivn and oscillation of a pendulum are
mutually convertible into each other ; that is to say, if
a pendulum vibrating in any given time whilst hanging
in one position, be inverted and suspended from what
was then its centre of oscillation, its former point of
suspension will now become the point of oscillation.

Fig. 7. of ‘miscell. plate i. represents a pendulum
similar to th.t employed by Captain Kater. It consists
of arcd <%, with a large bob b, fixed at one end, and
a smaller” bub ¢, m>veable along the rod at pleasure.
This pendulum is capable of bemg suspended either at
aor b.

First let the pendulum be suspended by the point g,
:'ind the tiriie of its vibration noted ; then from the point
b, ‘and if its vibrations be thé same in this as in the for-

"mer position, it needs no adjustment.

But if the vibrations in the two positions be unequal,
move the bob ¢ trwards « or b, as occasion may require,
until the vibrations are perfectly isochronal.

The pendulum being thus adjusted, it is evident from
the theorem of Huyghens, that @ and b will become
mutually points of suspension and oscillation to each
other. “AM titat rymains, therefore, is carefully to inea-
sure the distair.~ ofithese po:ats from each other, which
distance will ‘be the length of the pendulum.

In this manner Captain Kater.4<termined the length
of a pendulum vibrating seconds in the latitude of Lon-
don, to be 39,138 inches English measure.

T will now explain to you in what respect achromatic
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telescopes differ from those of the ordinary construc-
tion, ‘

White or common light, as you, know; is a hetero-
geneous substance consisting of various rays of different
colours aud different degrees of refrangibility. In con-
sequence of this latter property every ray has its parti-
cular focus, so that a convex lens, instead of producing
one colourless image, producesa number of different
coloured images, lying, as it were, bpon each other,
which makes objects appear ill definéd, aqd surrounded
with coloured fringes.

Let A'B fig. 4. miscell. plate ii. repressnt: the con-
vex object-glass of a common telescope, s A, s B, rays
of light from the sun, moen, or any other lumitous body
falling upon it. The light composing these rays is de-
composed in passing through the glass by thgir unequai
refraction, the red rays comverging to a focus at &, fhe
violet at v, and the other colours to intermediate points
between v and R.

There are two sorts of glass used in the construction
of telescopes, crown glass and flint, glass ; the former is
the most transparent, and therefore generallyepreferred
for single object-glasses, the latter possesses a greater re-
fractive power over all the rays, particulatly over the
violet. v

By combining these two gorts of glasy :he optician is
enabled to correct the error of each, and to form an
achromatic object-glacs. that is, a glass which shall bring
all the rays to the same Tocus.

Suppose A B, fig. 5, to be a convex lens of crown
glass, the rays s A, s B, as in the former case, would de
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decomposed, the violet coming to a focus at v, and the
red at R. To prevent this, the concave lens ¢ », of
flint glass, is y laced immediately behind A B. The effect
of this glassis to lessen the convergency of both the rays,
but that of the violet most ; and by this means they are
made to converge to the same focus r.

By employing a third lens, the object-glass is rendered
still more achromatic, The finest refracting telescopes
that ever were myde have triple object-glasses, consist-
ing of two convex lenses of crown glass, with a concave
lens of ﬁmﬁ glass placed between them.

Before [ proceed to the polarisation of light it will
be proper to make you acquainted with the discoveries
of Dr. Herschel and Dr. Wollaston, and to explain
what is meant by double refraction.
~ By placing a very sensible thermometer in the different
coloured portions of a prismatic spectrum, Dr. Herschel
found that the violet rays indicated the least heat, and
that the thermometer gradually rose as it was removed
from one colour to the other, until it reached the red :
here he naturally expe,cted to find it at its greatest height,
but to hissgreat surprise this was not the case; for on

" remaving it just without the red extremity of the spec-
trum, the thermometer rose still higher : plainly indicat-
ing the-gxistgnce. of an invisible ray beyond the red,
hotter than ti.z gestq—This ray has since been called the
calorific or heating ray. .

This discovery of Dr. Hersche[,. induced Dr. Wol-
laston to examine the other exlremny of the spectrum ;
and the result of his experiments has been the discover-
ing of another invisible ray, just beyond the violet, mani-
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festing less heat than the re'st, but possessing the peculiar
property of changing muriate of silver from white to a
black colour, and gum guaiacum frons yellow to green.—
This ray, from its effects, has been denominated the che-
mical ray.

These experiments, though extremely difficult to
make, have been repeated and amply verified, and prove
that the solar rays are separable into three principal
parts; the calorific or heating rays, ¢he colorific or
colouring rays; and the chemical rays. N

Auother very remarkable discovery, said to have been
made by the Marquis Ridolfi, and verified vby- the late
Professor Playfair, is the extraordinary property pos-
sessed by the violet rays 8f magnetising a steel needle.
Great doubts, however, have been entertained of the
justness of these experiments, which seem, ut least, to
stand in need of further triaf.

I now come to the subject of double refraction; by
which is meant that curious property, possessed by cer-
tain crystals, of dividing a ray of light into two distinct
sets of rays, so as to form two perfectly similar images
of one and the same object seen through them?

This extraordinary phenomenon is most strikingly
exhibited in Iceland spar, and sulphate of lime, the
crystals of which are of a rhomboidal form.—S:e fig, 9
of misc. plate i.

If a piece of this spar be placed upon 8 sheot of
white paper, on whict: small dots have been described,
they will each appear like two distinct dots, more or less
separated from each other, according to the greater or
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lesser thickness of the piece of spar.—This plainly
shews that the light, in coming through the spar, is
separated into two complete rays. The refraction always
takes place in the direction of the diagonal plane which
Joins the two obtuse angles of the crystal.—This plane
is called the principal section of the crystal.

Let a b, fig. 7, misc. plate i. represent the principal
section of a crystal of carbonate of lime, e a ray of light
falling onit at’f. This ray will be divided into two com-
plete rays, one refracted to f'g, the other to_f A—the for-
mer is. cafled the ray of ordinary, the latter the ray of
extraordiaai j refraction.

ExperiMENT. Lay a piece of Iceland spar upona
sheet of ;/riting paper, on wlhich has been described two
or three small dots with black ink. Each dot will ap-
pear like swo, and if the piece of spar be turned round
on the paper, the extraordidary image of each dot will
appear to revolve round its ordinary image; the two
images always lying in a line parallel to the diagonal
joining the two nbtuse angles, a d, fig. 7.

The double refraction of Iceland spar was known to
Huyghen$, who attempted to explain this extraordinary
appearance by his hypothesis of the undulatory motion
of light. The fact has always been considered as one
well d@srving the attention of philosophers; but it has
lately acqufr'éﬂ a still greater degree of interest by its
connection with the important discovery of M. Malus,
of the polarisation of light by ref.ction.

The polarisation of light is a subject far too extensive
to be comprised in the narrow compass of a letter, [
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will endeavour, however, to give you as distinct and
comprehensive a view of the subject as I can, by
describing one or two of the principul experiments.

Let a b, fig. 6, misc. plate ii. represent a ray of
light coming "from the candle a, and falling on the
plate of unsilvered glass b, standing upright, and so
placed as to receive the ray a b at anangle of incidence
of 85° 25'; let this ray be again reflected to another
unsilvered glass at c, also standing uprght, and at the
same angle of incidence, the reflection from this last
plate will be in the direction ¢ d, in the same > plane as
abandbc. ~

Things being thus arranged, an eye placed a d will
see the twice reflected infage of the candle very dis-
tinctly; and the same will be the case, if instead of
placing the second glass c, so as to reflect the iraage to d,
it be placed so as to reflect 1t into the same plane, but
in a contrary direction from ¢ towards f.

Now, let e and f'be a candle and glass placed ina simi-
lar situation with respect to each other s @ and b; but
instead of the second glass being ia a vertical position,
let it be inclined to the table as g, so as toreceite theray
S g at an angle of 35° 25'. By the common principles
of optics, the ray f g should be reflected to 4; but an
eye at & will see no image whatever of’the candle at e,
though the reflected image of the gyss ¥ ntself will be
distinctly perceived.

If the second glass e so mclmed as to reflect the ray
b c or f g neither into the same plane with the first inci-
dent and reflected ray, nor in a plane perpendicular to it,
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but in one inclined to it, then a faint image of the can-
-dle will be seen, more or less bright as the reflection
approaches'ngarest to the direction cd or gh.

This peculiar modification of light, which disposes it
to be reflected into one plane, is called ifs polarisation.
Thus, the ray a b, or e f, issaid to be polarised in the
plane a 6 ¢ d, and depolarised in the plane f'g 4 ; and
in planes inclined to these it is said to be partially depo-
larised. T,

The angle of 35° 25/, is called the angle of polarisa-

tion, because it 1s only under that precise incidence that
the phetiomenon completely takes place, at least with
respect to glass.
" For the angle of polarisaion differs with the refract-
ing power of the reflecting substance, and of the sur-
rounding" medium, and appears to be such that the
incident ray, if refracted, Would be perpendicular to the
first reflection : thus the incident ray a b, if refracted,
would proceed to z, and b ¢ will be perpendicular to
bx. .

The refracted light b-x, is polarised in a direction.
contrary to that of the reflected light & ¢: for if a glass
be placed at «, parallel to b, it will not reflect light, but
inclined, as at g, it will reflect in a plane at right angles
to ab»apd b¢.

The ray &-dirarily refrected by a doubly refracting
crystal is polarised in the direction of its principal axis,
the extraordinarily refracted rav.én the transverse direc-
tion.

This, although a very rude and imperfect sketch, will



MISCELLANEOUS. 311

cnable you to understand what is really meant by the
polarisation of light. The subject is in itself an exceed-
ingly ditficult one, and has been rendered siill more so by
the vain attempt to reconcile it to idle preconceived

theories, and’ elaborate calculations, founded on very
uncertain data.
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/ ES .
, l%U STIONS

AND OTHER EXERCISES

On the scveral Letters contained in this Work ; intended as well
JSor the Examination of Pupils, as for a Guide to young Persons
who would become their own Instructors'in Experimental Philo-

saphy and the Art of Compositicu,

Sce Prefuce.

MECHANICS.

LETTER II. Page 5.

WuaTis meant by matter, and to
what is the definition applicable?

What experiments prove that air
is a body?

Is it known of what matter is
composed?

Can you turn to fig. 1. and show
how it is demonstrated that matter
is infinitely divisible?

Mention some instances in which
the division of matter is carried tp
very great lengths?

Ave there not facts still more sur-
prizing with regard to the natr
divisions of matter?

Do the properties of extensi
aud mobility, as applied to mattef,
require demonstration?

How is motiof defined, and how
many kinds of motion are there?
2.3nes the principl. 'of inertia
imply, and how is it ilmstrated ?
What circumstances tend to stop
a body in notion? Give the exam-
ple. -
What inferenrd “is drawn from
this? v ’
How is the velocity ur motion
measured? Give the examj e,
How do yr wuscextyin thevelocity
of a bodv ¢
How s the space run over found ?
Giyr4 fic example. -
" Exphajn the course of a body in
motion b¥fg. 2and’3. )
In what cases does a body in mo-
tion have the same directiow, and in
what casey a different direction,

a

P
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Explam, by fig. 1, the composi-|  What example proves that the
tion of forces. Give the examples. | power of grav ty is the same in all
bodies?

LETTER III.’ Page 15. . How d.id S.fl I.sa'c.\c New(on-prove

N | that gravitation 's in proportion to

Why do the planets move in curve ' the qu» stity of matter attract-

lines? Explain thus by fig. 5. ed?

What is meant by an accelerating ~ What inference is diawn from

motion? Give the example. Letit this?

be illustrated by means of fig. 6. [ How are the apparent exceptions
By what laws is acrelerated mo- ' to this rule explained? Give the ex-
tion governed. _periments,

How many feet will a body fall By what arc bodies kept steady
in 4, 6, and 8 seconds ; and how is on the surface of the earth?
the depth of a ~cl! &c. fonnd by, How has the deluge bcen ac-

the motion of a falling body? ' counted for ?
What is mean. by attraction? .13 the carth a perfect glohe ?
How many kinds of attractionare ~ Where is the power of gravity the

theie? greatest, and what laws does 1t fol-
Why do heavy “odies fall towards low ?

the earth? | Whatis the difference of weight

What ‘s meant by the attraction of bodies at the surface and at par-
of cohesion, and in what cases docs ticular hicights above the surface of
it take place ? Give the cxamples of the earth?

the bullets and cork. | What would a pound weight
What is capillary attraction, and, weigh at the distance of the moon,
what experimen illustrates 1t? | and how is this explained ?

Explain the priv~iple shewn by | Does the earth gravitate towards
fig. 7, "0 that of the third expeii- , other bodies, and how is it explain-

ment, led? Give the experiments
Men ion some fawiliar instances, What is the cause of attraction,
of this kind of atu,action. and what experiment did Dr. Mas-

What is meant by repul\i*n; and : kelyne institute in proof of it?
what examples illustrate 1}, prin- | s giavity an univeisal principle?
eiple? -

LETTER V. Page 32.
LETTER IV. Fage 24. What is the first law of motion,

What is the attraction of gravita- | 'ind how is it illustrated ?

tion, and what motions depend onit? |« What is the second law of motiow,
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A hiow s it illustigted? Explam  gifferent bodies found? Explaiu fig.

what 1» meant by figyle 8. |
What is the third law of motion, |
how is 1t illustratedf and what is

learned from 1t ? {u
the cXision of

Ou what doc
bodies depend?

How is the principle of elasticity |
explained? |

‘What facts are mentioned in con-
nection with elastic hodies?

Explain what is intended to be
shewn by fig. 9 and 10.

What cmrious fact dependson the
inertixe of matter ?

What is a pendulum? Explainthe
principle of pendulums in motiony |
fig. 11. !

What is the point of snspension,!
and what is the rule with regard to i
the lengths of pendylums? . !

What is meant by the centre of’
percussion ? |

Wieie do pendulums vibrate the |

Pslowest, and what is the conse-
guence of this? J
|

1 LETTER VI. Page 42. |'

!

What is meant by the centre of |
gravity ?

What is the line of direction? o |

On what principle do bodies

stand, and on what do they fall?

Explain what is meant by fig. &

and 13.

What inferences are drawn frojs
this? |
How e the centres of gravity ¢f

.
7 Exp

14.

In bodies revolving about ome
anotaer, wht does the centre of
gravity describe ?

Shew by fig. 15, how the centre

. of gravity is found?

In what case will scale-heams,
&c. rest in any position ?

Explain what is mcant by figs.
16 and 7.,

Tn wimt case is # waggon, &e.
liable to be ovérset, and under what
circumstance is there no danger?
Sce fig. 18. o+ o»

Explain what is meant by fig. 20,

How aie the modions of, a loaded
cylinder and a double cone explain-
ed? See fig. 21 and 22,

Mention some familia\' instances
in which the cquilibrinm’ of motion
is lained upon the pripeiple wf
v SN

fxplain the principle of the rol-
ling candlestick, fig. 23.

What circumstance will the know-
lcdge of the centye, of gravity ena-
ble us to explag? !

LETTER VII. Pa 5 9.

-
For

powers used?

Whayés meant by the word mo-
men'$ 4 2

)
what wechanical

”
in the experiment shewn by
-

fig. 24. ! - .
Wiy do cannon-balls do more

mischief than the ancient battering

rams ?

ll Q N
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“What are the mechanical powers,
wliat do they epable a man to per- |
form, and what is Jerived from
them?

Explain the principle of the lever
by fig. 25.

With fig. 26 point out what is in-
tended by the first experiment.

In what cases is there an equili.
brium between the welght and the
power?

How is the velccity of a body
measured? Explaio this by fig. 27.

Point out what is meant by the
phrase ¢ What we gain in power
-we lose in time.”

Explain the principle of the steel-
yard, fig. 28.

What instruments, &c. are to be
.referred o levers of the first kind?

o« Explain the principle of a lever
of the second kind, fig 257"

What instruments are to be re-
ferred to this?

Explain the principl: of a lever
of the third kind, fig. 30.

What familiar ynstances have we
of lgvers of this sor¥¢ Explain what
is meant by fig. 31.

Wlmlriu meant’dby th . fourth sort
of lever, figimg ¥

. \
¥
LETTER VIIL Png‘g'a&:

L
Explainthe principle of the wbcelg
and axis, fig. 83, 34, 35. !

Explain th* principle of the wheel
and pinion. '

To what i« the wheel and pinion
applied? &

Explairithe pi*uciple of the crane
represdited by fig. 36.

How does the circular crane act,
fig. 37¢

What is the principle of the wind-
lass, fig. 88 ?

Explain the principle of the pul-
Teys, figs. 39—d44.

How is the advantage gained by
pullies estimated?

What inconveniencies attach to
the working of pllies ?

“In what respect are these defects

obviated by Mr. White’s pullies ?

LETTER IX. Page 65.

Explain, by fig. 45, the ‘principle
of the inclined planc.

For what is the inclined plane
chiefly used?

How is the foice of a body de- r‘
scending down an inclined plane
estimated? )

Point out what isintended by fig. -
46, 47, and 48.

How is the advantage gained by

i

ki

N

the inclined plane estimated ?

What instruments are referred to
the inclined plane?

Explain the principle of the
wedge, fiz. 49,

For what is the wedge used, and

To what is the wheel and axis how is the advantage gained by ity

_applied?

.

|

estimated ?
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Of what are wedges sunally thade,
and how are they geJrally used?
What instruments are referred to

the wedge?
;v,‘mpji of the

Explain the
screw, fig. 50.

What are fignres 51 and 52 in-
tended to explain?

How is the power gained by the
screw estimated?

LETTER X. Page 71.
°

To what are the principles of the | plied?

mechanical powers reducible?

In the mechanical powers how dte
the powers and weights arranged?

How much is to be allowed in
practice for friction?

What is friction, how is it repre®
sented, and how does it vary?

Under what circumstances is the
impediment from friction the small-
est?

For what are friction rollers used?
Explain what is meant by figs. 53,
54, and 55.

Point out the action eof the ma-
chine represented by fig. 56.

Give the example to prove that
“ what is gained in power is lost i,
time.”

What proportion of labour is that
of a man to a horse? -4

Why is running water preferable {
to wind as a moving power?

Which is the most powerful oi»
agents, and to what is it applied?
|

t

'y

17

o To what motions are heavy
weights applied?

In what regpect is the force of a
spring useful as a moving power,
and in what does it differ from that
of a descending weight?

LETTER XI. Page 77.

With what are bodies in motion
compare(l,oalld Inow’i_s the subject
illustrated? o

To what investigation have the
properties of the dever been ap-

eV

Explain this by fig. 57

What inference was deduced by
Galileo? Explain this by the figure.

What reason is assigned for the
stalks of corn, the quills of feathers,
&c. being hollow ? I

“Toizhas this prinotple been
applied? *

What bodies, as to large and
small, are aore in danger of acci-
rdents s

How is the foy & which tends to
break bodies, cstimated ? gylam
this by fig. z(

What cirfamstances mul?be con-
sidered in the c%',mznonﬂpf me-
chanics ?

In wiii way is a compound ma-
chin~ > be examined ? fig, 56.

How '« the mechanical power of
an engine djcovered?

Tllustrate this with the enmple,
fig. 56.

How is the power gained by
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&
wheel-work calculated? Give the Explain, by means of the fizures,

examples, in what way' they we construct-
What rules are dedifted from this? ! ed. !
Give the example. How dees th» watch act after it
is wound«tp? \,
LETTER XIL Page 67 Whiy'does the honr-hand tarn 12
Explain, by figz. 59, the parts of times slower than the minute-
the inside of a clock. " Land?
What effect is produced hy the : Why is the fusee cut into aspiral
motion of a pendulum? form?

What regylates the ‘vplocity of ~ How is the motion of a wateh
the wheel-work, and how is this ex- udjusted?
plained? Repeat the lines from Lucretins
Point out the method by \vhlch on time,
the hour and mnmto hands are  How is time noticed, and how 13
moved. " it measured ?
Explam by what means time is 50 © "~ What instruments have been used
exactly measured by a pendulum. | to measure time ?

Is the weight a necessary part of |  Explain the principles of the hour

a clock.* glass, clepsydra, and sun-dial,
« JBplain the striking train of a | What is the most equable mation

clock. -~ poote !'in nature, and what was the causc
Explain what is meant by fig. I of the divisions of time?

62%, I Why are time-pieces faster in

Of what are watched composed? . some countries than others?

Ma. "

‘\
N .. ‘What is meant by a flnid, and how
LET .1, Page 102.
TER Reil. Puge 102 ymany kinds of fluids are there?

Of what does the scicnice of Hy-| What is said of their particles,
drostatics tcach? Y- . .and for what circumstances does
To whaf does it party..larly re-1 this theory account?
Jate? ¢ . rs
How is the scienice of hydrosta- ,' liquids ?
tics distinguished from that of hy-" What particularities attach
draulics? . :.walerwhich do not belong to solids ¢

* ITY DROSTATICS.

e

S

How are fluids distinguished fropn
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Why was it suppoged fornlerly
that fluids had no welght in fluids
of the same kind?

What is the experinent that re-
futes this opnion? ./ .

Why is a bucket so eash_,’.-]rawn
up a well?

Give an account of the experi-
ments to prove that fluids press in
all directions. See Plate Hydrostu-
s, fig, 1—4.

What pressure docs the bottom of
avessel, filled with any kind of fluid,
sustan ? .

How is the upward pressure dis-
tinguished from that downwards?

Can lead be made to swim, fige5?

dox, fig. 6, and 7?
What inference is drawn from
this ? .

In what respects does pressure

differ fiom gravity?
Explain the nature and principle
of the hydrostatical paradox, fig. 8.

What will be the consequence of,;

incrcasing the length of the tube?

Explain the mechanism of Bra-

mal's hydrostatic press.

LETTER XIV. Page 113,

What bodies swim, and what sin’; !

in fluids?

What is meant by the speciﬁi i

gravities of bodies, and what is n

cessary to ascertain them? ,
Who made this discovery, arg

how was it found out? )

‘ other? .

+1f a body be suspended in water,
what weight does it lose ¢

In what cusg do bodies lose equal
and i1f what unequal weights?

Explain the nature of the hydro-
statical balauce, fig. 9.

Give an account of the first ex-
periment.

How is the specific gravity of g
guinea found, and what is the gene-
ral rule? |

Point 8ut the medimd of finding
the specific gr‘avity of a piece of
flint glass. N

How is thewssfecific gravity of
wood, that i¢ lighter than water,

 found? [ '
What is the hydrostatical para-

How is the specific gravity of
mercury found?

What is the Constructivn of the
hydrometer, fig. 10, and how is the

i aravity of fluids “sutie™dy
it? . .

How are the specific gravities of
fluids estirgated ?

What experiments are explained
by the knowled-®s of the specific
gravities of beiies? fig. 11. and 12,

Can fluid/ of differegs~apecific
gravities bf arranged uport’one an-

2 2 i/

Explain the ptfciple of e table,
page 120, .

How is the ascent of .air balloons

-ficcou 'ted for?

Can yeu give c\v‘m?'vg;‘connt of
Lunardi’s nd Garnerins exhibi-
tions ? fig. 10 and 11, Plate 11, Hy-
drostatics,
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On what does the diving bell de-
pend for action?
Explain the diving bell, repre- '
sented by fig. 13, and for whd, is it
used?

LETTER XV. Page 124.

What is learnt from the science of
_bydraulics?

Repeat the rule for finding the
velocity of spouting water, and from
what does this -ule result?’

How does pressure against the
sides of a vessel ncrease, and how
is it illustrated byvn eriment ?

By what method is ét proved that
the pressure of  fluids follows the
same law as falling bodies? fig. 1,
Plate 11, Hydrestatics.

What l{ the presiure on the bot-
tom and sides of a cubical vessel
eq .

Give some account of (e pressure
of fluids as it relates to their motion
through pipes.

What difference exists between
pressure of fluids vgainst the side of
a vessel, and the ylocity of those |

Hunids e,

0

By what lw does the velocity of
spouting watd~, decrease, and what
instrument depends on this princi-
ple? oo

How is ;the expsydra construct-
ed? .-

Why is great strength necessary
in the banks of rivers, canals, &c.?

Point out what fig, 2. is to ex-
plain.

What is the general rule with re-
gard to the horizontal distance to
which a fluid will spout ?

Whe. do the pipes pointing ob-
liquely shew? fig. 2.

Can flulds be couveyed over hills,
and through valleys, and why ?

Describe the principle and expe-
riments relating to the syphon, fig.
1, 3,4, and 5.

+ Why does not water spouting
from a pipe, fig. 2, rise to the level
of that within the vessel?

Explain the principle and struc
ture of the common pump, fig. 7.

. Explain the operation of a forcing
, pump, fig. 8.

Point out what fig. 9 is intended

to shew.

- PNEUM

LETTP™ ¥VI Poge 134
1 /7

ATICS.

“1ip-common with other Buids, and in

what particulars does it differ from

What is the air, aud to what |them?

height dues it extend?

*To what is the science of Pucu-

What propertles does it possees mltu:t devoted?
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By what experiments is it proved
that airis a snbstan‘t?

What is the avéfage weight of
air? Work the exaﬁaple in note,
page 136. >

Explain the pirnctufsof an air-
pump, fig. 1. Plate Pneumatics.

By what law is the pressure of
fluids regulated ?

Explain the 5th, 6th, and 7th ex-
periments. See fig. 2.

Point out the air’s elastic power i

by experiment 8, and fig. 3.

Do none of these experiments
depend on suction? and how is this
shewn by fig. 4.

How is a piece of wet leather
made to lift a heavy*weight?

Explain the operation of the he-
mispheres, fig. 5.

How does the transferrer agt,
fig. 6.

What facts are shewn as resulting
from the pressure of the atmos-
sphere?

How does the fountain in vacuo
act? fig. 7.

Explain the principle of fig. 8,
and how are the changes of the at-
niosphere ascertained?

What experiments prove the elas-
ticity of the air? experiments 16,
17, and 18,

Can air be compressed intd a Jess
space than it usnally occupies, and
how is it proved by fig. 9?

What is the elastic spring of the
air always equal to, and how is it
proved?

.

What facts are there to shew that
“he air near the earth is denser than
that higher above it; and how far
is the atmosphere supposed to ex-
tend?

Explain the operation of the arti-
ficial fountain, fig. 10.

LETTER XVII. Page 146.

Explain what fig. 11 is intended”
' to shew.

| Howei$ it shewn.+kat light Lodies
“are more afftcted than heavy ones
. by the resistance of the air, fig. 12?

| How is mgcrr.y forced into the
| pores of wood ?

; What do experiments 4,5, and 6,
' prove?

Why does the smoke of a candle
just extinguishe 1 ascend ?

What experiment shews that air
oz necessary to sound? -

In wiwisair is soud’the strong-
est?

Is air necessary to sound and ani-
mal life?®

Efplain the 12 experiment.

Can air be “perfectly exhausted
by means o”'the air-punyr--~»

Point o/t the action avll theory
of the Torricellian experifent, fig.
15, L

Explain the structure of the haro-
meter, fig. 14, ’
¢ How high can the 'memlry be
made to rise, anda: Bys ¢ ,

What is¥he variation of the scale,
and what is the constructinn of the
Vernier ?

P3 ,
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.

[ ]

To what 1s the vatiation of the
mereury in the barometer applied ?*

What does the rising and falling
of the mercury presage?

When is bad weather not expect-
ed to last ?

When may a continuance of fair
weather be expected?

What does the unsettled state of

~*... mercury denote?

Explain the principle of the hy-
grometer, and for what is’it used.

Point out the natre of a rain-
gauge, and for what 1t is used.

Explain the stracture of the ther-

L))

mometer, fig. 16, plfie 11.

the utmost extent of this instru-
ment?

Explain the nature of thc thermo-
meter idvented by Mr. Wedge- |

w&&dsm.

Do, you understand the principle
on which the ‘¥scale of heat” is con-
structed? pagé 157,

Show how \he centigrade scale is
reduced to that\f Fahrenheit, and
vice versa. ~ %

LETTER XVIIL Page 159.

How are great heights measared
by the barometer?

What is the pressure upon the
human body?

Can you explain the structure
and op'éralion of the steam-engine,

| figs. 17 and 18 ?
How i is it graduated and what is !

What work will a steam-engine
peliform, and at what expense ?

To what were steam-engines first
applied, and for what purposes are

i they now used?

. ACOUSTICS.

-
LERTER XIX. Nge 167,

.In wiWt dpes the sciente of acou- K
+ sounds proceed?

stics instruct DE? <,

From what kind of bodies o
clear, and from what kind do harsh

What opinions had the ancients | ' Is every substance a conductor of

respecting sound ?
Will all fiuids convey sound? <

' sound &

In what way may a trifling scrateh

With wirs. .~slocity does sound | with a pin be heard at some dis-
‘travel, and liow is that uscertained? | tance ?

Do 3gll kinds of sound travel at l
" and what is the result ?

the same rate?

How is experiment 1v. conducted,



Is the earth a conductor of u‘nmd?

Of what is sound e effect ?

Under what cifcnmstances is
sound reflected? /

What is an echo? Explain the
experiment, fig, 19. *

What is the theory of pionuncia-
tion o as to obtain a distinct echo?

Explain the principle of the whis- :

pering gallery at St. Paul’s,

What 15 the principle of the
speaking trumpet, and of speaking
figures ?

Shew what is meant by figs. 20
and 21,

What are the causes of the variety
8f sounds

What does fig. 22 shew?

How are the sounds of an Eolian
harp produced?

What is wind, and how is it pro-
duced?

Explain experiment 9.

On what does the smoke-jack de-
-,

| pend for action ?

; How are the winds denomina-

fted? o

; How many kinds of wind are
" there, and what are they ¢

oPrmTeeEr.

LETTER XX. Page 178,

Ou what does the science of Op-
tics depend, and what is said of the
particles of light?

At what 1ate does light travel,
and how was it observed? Explain
this by fig. 1, Plate 1. Optics.

What have philosopliers conjgc-
tured on this subject?

What ecxperiment proves that

light moves in all directions without
any impediment?

At what distance can a candle be
seep in a dark uight?

j By wieat law does the intensity of

i ln;,hb increase ? Gwe the illustra-
tion.

i Whatis meant by a 1ay of hghta

i What i refiaction, 8 a plled to
light ? Ekplaln fig. 2.

When is light* J..%vn nearer to a
peipendicular, and when does it pro-
ceed farther from a perpendicular ?

How are objects seon ?

Explain experimgnt 4.

What igthe axiom in'Gptics?

Why does a straight stick, im-
mersed in water, appear crooked?
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Does water appear deeper or
shallower than it really is?
Are the heavenly bodies seen
where they really are?»fig. 3, ,
Explain experiment 6.

LETTER XXI. Page 185.

With fig. 4 explain the structure
~57'we several kinds of lenses.

What effect is produced by len-
ses? . .,

When are rays said-to converge,
fig. 5¢

How is the foclis of a lens fonnd

in a plano-convex len‘;', and what is
the reason of it ? |

What is the distance of the focus
of a double convex lens? see fig. 6.

What is a common burning-glass?

Do yorfrecollect the experiments
which wgre made with Mr. Parker’s
large burninz-glass? o~

Can you «xplain the principles
illustrated by .igs. 6, 7, and 8?

How is the experiment i.ade?

What is the rule for finding the
image or picture of an object?

Tell me what fig. 9 is.intended to
explain, l\

How § fig. 10 explaided, and
what is meanthgmgn imaginary fo-
cusd

Where are the foci of the differ-
ent kind of lenses to be found?

Explain what is meant by reflect-
ed light, ste fige 2. &

What general maxim recurs in
this part of the subject?

Explain what fig. 11 is intended

* | to illustrate,

Can a person)'!ee the image of his
whole petson’in a glass balf as tall
as he is high?  «

Under wiiat circumstances, and
why, are two images of the same
| candle seen in a lookiug-glass ?

i 1Is the image as vivid as the ob-
! ject?

Explain the effect of fig. 12.

When is the image of an object
inverted, and when erect, and when
{ will the image and objeet =oincide?
see ﬁgs.‘is, 14, and 15.

What are anamorphoses, and how
are they produced ?

(3

LETTER XXII. Page 195.

Of what is light composed, what
"are the several colours excited by
'it, and which is most, aud which
the least refrangible ?

How many colours are there, aud
how are whiteness and blackness
produced?

+ Illustrate, by fig. 16, the principle
of colours.

What is inferred from the oblong
figure of the image of a ray of light?

What analdgy is there between
colour and sound?

How is white produced by mixiug
other colours?

How is the rainbow produced?

Explain the principle of the rain-
bow, figs. 17 and 18,

Explain the structure of the cye,
figs. 19 and ¢0.
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What are the three humoary call-
ed, and what are th gir uses?

How are objectdBeen? fig. 21,

Can you mention What Dr. Young
says on this subject?

What are thg causes'of indistinct
vision?

LETTER XXIII. Page 203,

How are the colours of hodies
explained, and what are white and
black ?

How 15 it proved, that colour is
not inhejent in bodies ?

Which have been snpp®ed to be
the largest, and which the smallest
particles of light, and why?

How is it proved, that light & the
cause of colour?

How are the colours of natural
bodies produced?

What bodies reflect the great®st
quantity of light?

What reason is there to suppose
that all bodies are naturally trans-
parent ?

How are opake bodies renderod
transparent and the reverse?

On what principle is the variety

of colours in some stuffs, silks, &c.
Lxplained? '

What theory is adopted by Mr.
Delgval ?

Explain the principle of the
microscope? see figs. 22, 23, and
24.

Docs a lens actuaily magnify ob-
jects? Explain this by experiment
v, -

How many kinds of micrescopes
are there, and what is a single mi-
croscope? o -~

Explain the structure of a com-
pound microscope, figs. 25 and 26.

Explain tif#® nalure and use of the
solar microscope, fig. 27.

What are telefcopes 2

Explain, by figs. 28 and 29, the
structure of the refracling teles-
cope. . '

Point out the principle, .?-f- the~
"ifoetine telescope, ,

Can yo‘u give any %:ount of the
¢ Camera Obscura,f and * Magic
Lanthoryg ?”

What is the pri.nep(eof the phan-
tasmagoria? ’ .

What are multiplying gln‘les [

ASTRONOMY.

LETTER XXIV. Page2i6. |

o W, .
Why dq the appareni~motions cf

What great discoveries have been ; the heavenly bodies excite ne surs

lately made in astronomy?

! prise ?
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Why are the stars not seen in the
day ¢ ’

Can the distances of the heavenly
bodies be ascertained 2.

Why are some stars called ’ﬁ.ted
and some dcnominated planets, and
how is the difference between them
observed?

‘What are comets ¢

«-2n the periods of the planets'
and comets be ascertained? }
Do planets and comets difer from -
the fixed ‘star§ by thejr hgint, and
how are they distinguished? |

How are the fixed stars divided '
and distinguished ffontune another? |

How did the ancients divide the .
starry sphiere, and'uow is this done !
by the moderns?

Into what are the heavens di-
vided ? .

What does the zodiac include?

Have anyof the smgle ALars=pis -
ticular namgw point them out on
the celestial gipbe.

What is .yeant by a neknla, and
what is Dr. chscchel‘s acconnt on
this subject ? '

« Are the fixed stars supposed to be
absoluteTy Iv.moveable with respect
10 one a\other?

LETTER XXW© Page 227.
What is said of the.sun?

consist ? )

© What is -flie gommon

Pythugotas !ed%k?

Wh*at theory did Ptolemy adopt+

What was Tycho's system, and
what improvemeat was made upon
it?

Who revived the Pythagorean
system of 4he world, and why is it
uow denominated the Newtonian
system ?

Explain what is intended by
plate 1. of Astronomy.

Which are the ‘¢ inferior” and
which the “ superior” planets, and
why so called?

What motions have the secondary
planets 4nd comets ?

Explaio what is mcant by fig. 1,
plate 11, Astronomy,

Whien are planets said to be in
‘“ conjunction,” and when in * op-
positions”

What are the ¢ centrifugal” and
‘“ {entripetal” forces? Explain this
by fig. 1.

What is the general rule for as-
certaining the distances and velocei-
ties of the planets? Explain the
table, page 235.

\

LETTER XXVI. Page 236.

What motions has the sun, and
how are they ascertained ?
Can you give any account of D).

. Hgrachel’s speculations with respect
i to the moon and sun?
Of what does the solar system

How many planetary bodies at-
tend the sun, and what are their

?pnnon re- | proportional distances?
specting the world, and’ what did i
hended ?

1n what are the motions compre-



Give me some account of .Mer-
cury, and explain Ms notions by
fig. 2.

Why are Mercu#y and Venus
never seen in that side of the hea-
vens which is o;:posite'm the sun?

To what has the motion of Mer-
cury been compared, and why? fig.
2,

Why do the apparent diameters
of the planets vary; and when does
Mercury appear largest and least?
fie. 2.

What js meant by a tiansit ; and
what do transits prove?

Do Meicury and Venus exhibit
sumilar phases  to those of the
moon?

What account 18 given of Venus?
What prcportions of light and heat
do Mercury and Venus enjoy?

2]

LETTER XXVII. Page 244,

Give me some account of the
carth and its motions.

What docs the inclination of tjie
earth’s axis produce?

What is said of the motious of the
car th and moon combined?

What length is the diameter of the
moou, and at what distance is that
body from the earth?

How long is the moon lnrninﬁ on
its axis, and what is the effect of
this? i

\th“,:,easons are there to induce
one to believe that the carth isa
round hody? see fig. 5.

3¢

27

What 1s the true level of the
éuth? Is the carth a perfect
globe?

Does the garth turn on its axis,
and That effect is produced by this
motion?

Explain what is meant by fig. 4,
with regard to the illumination of
the earth?

How is it known that the gasth
bas an annual motion round the
sun? o

Point out,the caMre~of tlie sea-
sons, and shew the reasons for long
and short days. o

Why are #ife Winters colder than
the summers?

LETTER XXVIII Page 255.

What is said of the moon, and
what is the difference between a pe-
«Zipdical and synodical month?

Explain what fig. 52fs intended to
represent.

Does the earth serve to enlighten
the moon, and wiae?effect does 1t
pro:ince? i)

What is an eclipse of the nfoon?
Explain this by fig<. 6and3a. ‘

On what does the dura’ion of an
eclipse depend ? i

What is meant by the term di-
gits?

"Where are Tanar eclipses visible,
and on what does the length of
eclipses depend? # . . o

On what does the faint light of
* the moon in an eclipse depend?




328

In what length of time do the
moon's nodes come into the sambe
potition as they are at any given
period, and what effect does this
produce? ’

"Explain the nature of an eclipse
of the sun, fig. 8.

What observations does Dr.
Vince make on the subject of
ezXnses?

To what have eclipses of the
moon been applied?

How madly’eclipser are there in
a year, and when do they usually
bappen?

Give some account'df the tides.

When are tides the highest and
when the lowest? ®

LETTER XXIX. Page 264.

Give some account of Mars and

his motions, see fig. 9.

When does Lie appear full-faced’
to an inhab® dnt of the Earth, and
when otherwibe?

w

' Is there any analogy between
{ Mars and the Earth?
What smallér revolving bodies
! are found be.ween the orbits of
Mars and Jupiter?
! What account is given of Jupiter
" and his moons?
* What is discovered from the
eclipses of Jupiter's satellites? Give
" the example,
Give some account of Saturn, his
 satellites, and rings.

What issaid of the Herschelplanet?

What account is given of comets?

What“'reasons are there for be-
lieving that comets are very solid
bodies?

Can you explain, by fig. 10, in
what way the distance of the moon
from the earth is ascertained ?

] Explain what is meant by Paral-
i Ja%, and how the distances of the
sun, moon, and planets are found.

Explain the methods of finding the
latitude and longitude at sea.

"+ ELECTRICITY.

LETTER-XXX. Page 278.

What is said of the electric fluid ?
What'are the effects produced by

the electric fluid, and how is it made
perceptible to the senses?

Explain the structure of the

! electrical machine, fig. 1, and give
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some account of the ¢irst four €xpe-
riments.

Give some accounbof the differ-
ence between conductors and elec-
trics, N

What is the nfeaning of the word
¢¢ insulated ?”

What is the ditference between
positive and negative electricity ?

What are the theories of Dr.
Fraoklin and Da Fay? Give an
illustration of Dr. Franklin’s theo-
ry. .

What is meant by an ®ectrical
shock ?

\

s Explain the nature of the electri-
cal Leyden phial, fig. 2.

What is mgant by an electrical
battefy?

Give some account of the 6th,
7th, and 8th experiments.

Explain the action of the electri-
cal bells.

Give an account of the 10th, 1”[.!,
12th, 13th, and 14th experiments.

Are lightning and electricity ef-
fects of°the same canseda -

To what practical purposes has
the science of elgctricity been ap+
plied? o 2

GALVANISM.,

LETTER XXXI. Page 788.

What fishes possess the electrical
properties?

How were the discoveries of Gal-
vani made ?

How is the limb of a dead animal
put in motion?

Give an account of the first three
experiments.

In what way are the taste and
sight affected by galvanism? Ex-
periments 4 and 5.

How are the conductors of this
fluid divided ; and which arc the

perfect, @nd which tly imperfect
condpctois? “)’

Of what does a’mmple combma-
tion consist?

Explain the structura of the pile
represented by fig. 6. B

How does the battsry, fig. 7, act ?

Explain th¢’method of operating
with the battery represeuted by
 fige. 8 and 9. .

How is water decomposed, (see
figs. 9 and 10,) aua of what is it
composed?

What conclusions are drawn from
this subject?
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MAGNETISM.

e
LETTER XXXII. Page 295.
What is magnetism, and from

what does it derive its name ?

'To what has the magnet been ap-
plied?

42w is the attractive power of
thie magoet shewn, and to what can
it be communicated ?

How will'a magnet at liberty ar-
range itself, and how are the poles
of a magnet tound?

In what circumstances do the
poles of a maguet attract and repel
each other? '

What is meant by the  varia-
tion” of the needle, and what is
meant by its ¢ dipping ?”

What is the magnetic meridian,
and what is the declination of the
magnet? "

In what parts of a magnet 1s the
attraction the strongest?

Explain how the polarity of the
magnet is useful to mariness.

What is meant by the matiner’s
compass?

Is the variation of the compass
the same in different parts of the
earth?

What is meant by the ¢ dipping
needle?”

Iow is magnetism commaunicated
to iron, &c. ?

What is meant by a horse-shioe
magnet, and what does arming a
magnet mean?

Give some account of the disco-
vt ries of Professor Oersted.

Explain the structure of the ma-
riner's compass,

MISCELLANEOUS.

L3

LETTFR XXXIII. Page 303.

Describe the metiod employed
by Captain Kater for determining
the length of a pendulum.

In what respects does the Achro-
matic telescope differ from the sim-
ple one? '

Explain what is meant by calori-
fic and cliemical rays,

What is the discovery said to
have been made by the Marquis
Riolfi?

Explain what is meant by double
refraction.

Give some account of the disco-
veries of Mr, Malus, and explain
what is meant by the polarisation ot
light.
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