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INTRODUCTION.
%_

APARTY of young people of both sexes
being invited to spend the holidays
with a friend in the country, were some-
times &c a loss for amusement, especially
when rainy weather confined them to the
house. Several diversions were proposed :
some named shuttle-cock ; others, blind-
man’s buff; at length a game of cards was
mentioned. On hearm(r this, Mrs. Mentor,
the lady who had invited them, said, she
hoped that they would think of Some more
innocent amusement. Playing at cards for.
money, says she, is so nearly allied to covet-
ousness and cheating, that I abhor it; and
have often Wondcnd, when I was at Bath i
to see people, whose age and rank required
them to set a good example, so far mistake
themselves and abandon coOMMon sense, s to
lead a young gentleman,whohad just ¢ h_uw‘
ed his dress, or a little gisl in a frock, up to
a frammO-tdole, fo play “and bet for shl!lmos,
erowns, and perhaps guineas, among a
‘ B circle



Introduction.

circle of sharpers. Parents, continued she,
might almost as well teach their children
to thieve as to game : for they are kindred
employment and generally terminate in
the ruin of both fortune and character.—
As I have objected to the diversion you
have proposed, it is but fair that I should
provide another that is likely to afford more
entertainment and novelty than the common
sports of your age. 'There is a very inge-
nious young man, continued she, in this
neighbourhgod, who has studied natural
philosophy, and is qualified to instruct and
amuse us at the same time. He is of an
amiable disposition, and takes pleasure in
communicating, in the most familiar man-
ner, the knowledge he hasacquired by hard
study; I will send for him, and desire he
will bring such instruments as may be ne-
cessary to explain his lectures. A general
smile of approbation showed that the pro-
posal was agreeable.  In lessthan an hour
Mr. Thomas Telescope made his appear-
ance, and with great modesty and easy
politeness, comphe(l with the wishes of the
company, by opening his first lecture,
which will be presented in the next chapter.

LECTURE
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LECTUREE,
Of Matter and Motion.

By matter, my young friends, is meant
the substance of all things, or that of
which all bodies are composed, in what-
ever form or manner they may present
themselves to our senses; for this top, that
ivory ball, the hill before us, and all things
you see, are equally made of matter, though
differently formed.

The nature of motion requires no ex-
Pplanation; for every boy who ' can whip
his top knows what motion is.

Matter, or body, may be either 1n motion,
or atrest. As for example, when a boy
whips a top, it turns round, or is in motion ;
but when he leaves off x\,x,ppuw the top
falls down, and 15 at rest.

When a body is in motion, as much
force is required to make it rest, as was re-
quired, while it was at rest, to put it in
motion. Thus : suppose a bay strikes a hall
from a trap, and another stands close by fo
catch it, it will require as much strength
or force to stop that ball; or put it in a
state of rest, as the other gave to putit in

B2 . motion



4 Of Matter and Motion.

motion; allowing for the distance the two
boys stand apart

No body or part of matter can give it-
self cither motion or rest: and thuc‘me a
body at rest will remain so for ever, unless
it be put in motion by some external cause;
and a body in motion will move for ever,
unless some external cause stops it.

This seemed so absurd to Master Wilson,
that he burst into a loud laugh. What!
says he, shall any body tell me that nly
hoop or my top will run for eser ; when I
know by daﬂ/ experience, that they drop
of themselves without. being touched by
any body? At this our pLuoqul ersmiled,
and- haying requested silence, - said, you
judge wi (hout Teflec tion, Master Wilson ;
if you ntend to go through my course of
ph:.mo phy, and to make ylmz self acquaint-
ed with the nature of things, you must
prepare to hear what is more extraor dinar
than this, When you say that nothing
touched the top or the hoo;u, ou for«et

the friction or mb! ing against lhf‘ ey 101md
they ¥un upon, and the resis tance?hey meet
with from ibe air in their course, which is
very considerable, thengh it has escaped
your notice. Somewhat ton might be said
on the gravity and attraction between the
top, or the hoop, and the earth; but that

you



Of Matter and Motion. 5

vou are not yet able to comprehend, and
therefore we shall proceed in our lecture.

© A body in motion will always move on
in a straight line, unless it be turned out
of it by some external cause. 'Thus, we
sce that a marble shot upon the ice, if the
surface be very smooth, will continne its
motion in a straight line till it is stopt by
the friction of the ice and air, and the force
of attraction and gravitation.

The swiftness of motion is measnved by
distance of place, and the fength 'of time in
which it is performed. Thus, if a ericket-
ball and a fives-ball move each of them
twenty yards in- the sanie time, tlicir mo-
tions are equally swift; butif the fives-ball
moves two yards while the cricket-ball 1s
moving one, then is the motion of the fives-
ball twice as swift as the other.

But we must also consider the quantity
of motion measured by ifs swiftness, as in
the instances I have just given you, and
the quantity of matter moved, at the same
time. 'Thus, if the cricket-ball be equal in
bulk andweight to the fives-ball, and move
as swift, then it hath an egual quantity of
motion. Buat if'the cricket-ball be twice as
big and hecavy as the fives-ball, and yet
moves cqually swift, it hath double the
quantity of motion; and so in proportion.

B3 L An



6 Of Matter and DMdotion.

All bodies have a natural tendency, at-
traction, or gravitation towards each other.
Here Tom Wilson, again laughing, told
the company that philosophy was made up
of nothing but hard words. It appears so
to you,.young gentleman, because you are
too idle and giddy o enquire the meaning
of terms of science; or when you have
learnt them, to vetain their signification,
said our philosopher, alittle rufiled at Tom
Wilson’s rudeness.. All words, continued
Mzr. Telescope, are difficult till they are
explained; and when that is done, we shall
find that gravity or gravitation will be as
easily understood as praise or commenda-
tion; and attraction aseasily as correction,
which ill manners always deserves, glancing
his eye at Wilson. »

Gravity, my young friends, is that uni-
versal disposition of matter which inclines
or carries the lesser part towards the centre
of the greater part, which is called weight

or omvnta‘non in_ the lesser body, but at-
traction in the greater, because it draws, as.
it were, the lesser body to it.—Thus, all
bodies in or near the carth’s surface have a
tendency, or seeming inclination, to de-
scend towards is middle part or centre;
and but for this principle in nature, the
earth (considering its form and utuoﬂon

5 m



O}' DMatter and Motion. 7

in the universe) could not subsist as it is,
for we all suppose the earth to be nearly
round ; (nay, we are sure it is so, for Cap-
tain Cook, and many other navigators,
you know, have sailed round it; and as it
is suspended in such a mighty void or
space, and always in motion, what should
hinder the stones, water, and other parts
of matter falling from the surface, but the
almighty arm of God, or this principle or
universal law in nature, of attraction and
gravitation, which he has established to
keep the universe in order. ' To illustrate
and explain what I have said, let us sup-
pose the following figure to be the earth

and
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and seas: let Tom Wilson stand at this
oint of the globe or earth where we are,
and Harry Thomson at the opposite part
of the earth, with his feet (as they must be)
towards us : if Tom drOp an orange out of
his hand, it will fall down towards Harry :
and if Harly drop an orange, it will fall
seemingly upwards (if I may so express
myself ) tow ards Tom : and if these Oranges
had weight and power sufficient to dlspla(‘c
the other particles of matter, of which the
earth is composed, so as to make way to
the centre, they would there unite together,
and remain fixed : and they would then
lose their power of gravitation, as being
at the centre of gravity and unable to fall,
and only retain in themselves the power of
attraction. :
This occasioned a general laugh; and
Tom Wilson, starting up, asked how Mas-
ter Thomson was {o stand with his feet
upwards, as here represented, without hav-
ing any thing to support his head? Have
patience, says the philosopher, and I will
tell you: but pray behave civilly, Master
Wilson, and don’t langh at every thing
you cannot comprchend This dxﬁmulty
is solved, and all the seeming confusion
“which you apprehend of bodies fl ying off
from each other is removed, by means of
thig
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this attraction “and gravitation. Ask any
of the sailors who have been round the
world, and they will tell you that the
peopk, on the partof the globe over against
us, do not walk upon their heads, t}muu‘h
the eartih is round; and though ‘their feet
are opposite to out’s, they are ‘in no more
danger of falling into the mighty space
beneath them, than we are of falling (or
rather rising, I must eall it here) up to the
moon o the stars.

- But besides this general law of attraction
and gravitation, w vhich affects all bodies
equally and universally, there are particu-
lar bodies thatatiract and repel each other,
as may be seen by his magnet or load-
stone, which has the ]}I’O]‘le) of attracting
or bringing iron to it with one end, and
repe ling or iorun:z it away with the other.
My knife, says Sam Jones, which was
rubbed on a lor vklone some years ago, still
retains the power of picking up needles
and small pieces of iron.

But this, says Mr. Telescope, is but a
small part of the virtues of the loadstone ;
for until its use was. discovered, sailors
never ventured with their ships out of sight
of land.  You certainly jest, Sir, says
Harry Thomson, for it -is impossible that
a picce of 1ron like thal, can be of any

~ service
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service in navigating those large ships 1
saw some time ago. It betrays ignorance,
said Mr. Telescope, to believe every thing
impossible for which we cannot see a cause:
but on the present occasion, I will soon re-
move your doubts, and show you the truth
of my assertion. A picce of steel is first
{:rocured, made something like a needle,

ut flat, about four inches longs this is
rubbed with the loadstone, and then ba-
lanced exactly on two points or pivots, so
that it may turn round freely. 8116 of the
ends of the needle thus balanced, will al-
ways point towards thenorth. This needle,
when fixed in a box, is called the mariner’s
compass; and with this guide, being al-
ways able to find the north, sailors can
steer to any part of the world ; which they
could not do without the help of such a

iece of iron.

When bodies are so attracted by each
other as to be united or brought into close
contact, they then adhere or cohere to-
gether, so as not to be easily separated:
and thisis called in philosophy, the power
of coliesion, and is undoubtedly that prin-
ciple which binds large bodies together; for
all large bodies are made up of atoms ox
yarticles inconceivably small.  And this
cohesion will be always proportioned to the

number
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number of particles or quantity of the sur-
face of bodies that come into contact, or
touch each other: forthose bodies that are
of a spherical form will not adhere so
strongly as those that are flat or square,
because they can only touch each other at
a certain point; and this is the reason why
the particles of water and quicksiver,
which are globular or round, are so easily
separated with a touch, while those of me-
tals and some other bodies, are not to be
parted but with great force. To give a
tamiliar instance of this cohesion of matter,
our philosopher took two lcaden balls, and
filing a part off cach, so that the two flat
parts might come into closc contact, he
gently pressed them together, and they
united so firmly, that it required some con-
siderable force to get them asunder.

The same force applied to two difterent
bodies will always produce the same guan-
tity of motion in each of them. This prin-
ciple I proved some time ago by an easy
experiment :—A boy was put into a boat
on the Thames, by the Millbank, which,
including his own weight, weighed ten
hundred. Another boat of one hundred
weight was placed just opposite, having a
rope fastened to it; this rope was given to
the boy in the first boat, who pulled it till

the
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the two boats met: and we observed, that:
as’ the boats approached each other, the
small boat moved ten feet for every foot the
other moved: which confirms what I have
before observed as to the quantity of mo-
tion. a7

Attraction is the stronger the nearer the
attracting Dbodies are to each other; and
in different distances of the same bodies it
decreases as the squares of the distances be-
tween the centres of those bodies increase.
By this expression I mean, the sum of a
number multiplied by itself: sixteen, for
example, is the square of four. But to re-
turn to our subject: If two bodies, at a
given distance, attract each other with a
certain force; at half the distance they will -
attract each other with four times that
force.

LECTURE
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LECTURE II.

Cf the Universe, and pariz'cularly of the

Solar System.

Tue young people were so well pleased
with Mr. Telescope’s instructions, that
Mrs. Mentor determined to gratify them
further, by obtaining permission to visit an
observatory that was erccted in the neigh-
bourhood, in the form of a high tower,
standing on an eminence, adapted to the
- examination of the heavenly bodies, and
furnished with a variety of instruments ne-
cessary for astronomical and philosophical
observations. The company baving taken
their seats, the philosopher addressed them
in the following words :—

Look round, my dear friends, says he;
you see the earth seems to be bounded at
an equal distance from us every way, and
appears fo meet the sky which forms this
beautiful arch or concave over -our h ads.
“ The heavens declare the glory of God,
and the firmament showeth bis bandy
wozk,” as the Psalmist beautifully ex-

¢ presses
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presses it.  That distant round where we
lose sight of the earth, is called the hori-
ZON 3 and when the sun, moen, and stars,
emerge from beneath, and -come into our
sxght we say they are risen, or got above
the horizon: for all this crlonouq canopy
bespangled with lights, that bedeck the
sky.and illuminate the earth, as the sun,
the fixed stars, the comets, and planets,
(to which last our earth and moon beleng, )
have all apparent motion, as may be per-
ceived by the naked eye; though, in fact,
none move but the planets and cornds as
will be proved herealter. |

But besides the stars which we see, there
are others x'ot discernible by the naked.
eye, some of which ave fixed stars, and
some are bodies moving aboat the most
distant planets, which were invisible and
unknown to us hefore the discovery of te-
lescopes.
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Pray hand me that reflecling tcle-
scope.

MINERN TR

which having placed upon the table, he
thus explained the diflerent parts of it :—
This telescope, from ifs construction,
magnifies more than any other kind. It
contains, withinside, two metallic specu-
lums, a large and a small onc.  These,
with two glasses contained in the small
tabe, marked B, serve so to reflect and re-
fruct the rays of light issuing from the
object, as to show them under a magnified
appearance. In using the telescope, whilst
c2 your
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your eye is looking through at B, and the
end A, turned towards the object you wish
to examine, you must turn the long screw
C, on the side, till it is adjusted to your
sight, and you are enabled to sec in the
most perfect manner. i

In the refracting telescope, which con-

sists of glasses only, distant objects also
seem to be both magnified and brought
nearer to the sight. The large end must
be placed pointing toward any distant ob-
ject which we wish to sce more distinctly.
in the other end is a tube which slides
within the telescope, and is adjusied to the
proper distance by gently drawing it out-
wards. Now, if you look through the

glass™at the end of this tube, to that part

of the heavens to which I have pointed it,
or indeed any other part, you will per-

ceive more stars than you saw before with

. your eye alone. These are fixed stars, and
are called so. because they always keep
the same distance from each other, and the
same distance from the sun, which is also
immovable; and were he placed at the
immense distance they are at, would pro-

bably

&,
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bably appear no bigger than one of them.
Hence some phllosophels have concluded,
and [ think not without reason, that every
fixed star is a sun that has a system of pla-
nets revolving round it, like our solar sys-
tem.  And if so, how immensely great,
how wonderfully glorious is the stmdurc
of this universe, “which contains many
thousand worlds as large as ours, .susp(‘ndul
in @ther, rolling, like the earth, round
their several suns, and filled with animals,
plants, and minerals, all perhaps dxﬁcrunt
trom ours, but all intended to magnify the
Almighty Architect; ¢“who weighed the

mountains 1n ]ns golden scales, who
¢+ measured the ocean in the hollow of his
¢ hand, who drew out the heavens as a
curtain, who maketh the clouds his cha-
¢ riot, and walleth en the wings of the
& win.}.”

The fervor and air of piety with which
this was delivered, silenced cvery disposi-
tion to levity and ridicule; and impressed all
present with sublime ideas of the majesty
and omnipotence of the Creator. Master
Wilson, who had before been very imperti-
nent, began now to feel abashed, . in the
comparison of his own ignorance "with the
k ntmled% of one but a few years older ;
and as the solar system had heen mentioned,

c3 4 hc

(4

L84
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ed, he requested that Mr. Telescope would
explain it to him.

That I will with pleasure, replied the
philosopher, if you will be kind enough to
hand me that errery that is in the corner
of the observatory, and place it on the
table; but first let me observe to you, that
of these heavenly bodies some are luminous,
and lend us their own light, as do the sun
and fixed stars; while others are opaqae,
and have no light of their own to give us,
but refiect to us a part of the light they
receive from the sun. Thisis particularly
the case with respect to the planets and
comets of our solar system, which all give
us a portion of the light they have received,
and we, in return, reflect to them a por-
tion of ours; for I make no doubt but
those who inhabit the moon have as nmch
of the sun’s light reflected to them from
our earth, as we have reflected to us from
the moon.

The inhabitants of the moon! says Mas-
ter Lovelace, with some emotion; whither
will you lead us? What! are the stories
that have been told of the Man in the
*Moon, then, true?

I do not know what stories you have
heard, replied the philosopher; but it is
no extravagant conjecture to suppose that

ke
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the moon is inhabited as well as the earth;
though what sort of inhabitants they afe,
we on earth are unable to discover. When
~ I consider the extent of the universe, with

~ the multitude and variety of creatures that
prob"zbly people it, I am lost in admira-
tion of the goodness of God, who has dis-
pensed enjoyment to so many millions of
beings, adapted to their difterent natures.
The sun, which gives life to the world,
seems onl ly a heam of the glory of God
and the air, which supports that life, is, as
it were, the breath of his nostrils.

Do thou, O God, support me while I
gaze with reverence at thy wonderful pro-
ductions; since it is not idle, impertinent
enriosity that leads me to this enquiry, but -
a fervent desire to see only the skirts of
thy vbry, that I may magnify thy pewer .
and thy mercy to mankind.
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Of tfze‘ Solar System.

The orrery is a machme contrived to
illustrate the motions and relative situations
of the planets that compose our selar sys-
tem, which consists ot a cluster of stars that
perform their circuits around one that is
fixegl; this fixed luminous body is the
sun, represented by the the ball a, & the
middle.

Forgive my mterruphon says Tom
Wilson, but how is it then, that we daily
see the sun rise and set ?

Your question, replics Mr. Telescope,
is very natural; for it was an opinion held
by the ancients some thousand years, that
the earth was the centre of the universe,
and that the sun and. planets rcvol\ed
round it; but I think the inconsistency of
this supposition is easily shown by a com-
mon ocewrrence in a kitchen: I mean the
roasting a small bird on a spit before
a large fire..  Would not you think it vety
absurd, 'if the cock should endeavour to
make the grate, with a large fire, move
round the small bird on the spxtp

Certainly I should, answers Tom Wil-
son, for it yould be far better for the bird

to
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Of the Solar System: 91

to turn round before the fire, than the fire
to turn round the bird. :

Very well, then, says our philosopher,
the sun being more than a million times
larger than our earth, we have good reason
to believe that it is the centre of our sys-
tem, and that the earth and otlier planets

jove ronund it.  But you will understand
this better if youw look at the plate I have
drawn of the sun‘and the planets, in their
several orbits or circles, with their relative
distances from the sun, and from each
other; 1o which I have added the orbit of
a comet., P dicii ' ¢

The planets, as I have already observed,
are bodies that appear like stars, but are
opaque; that is, they have no light in
themselves, but receive it from the sun and
reflect it upon us. Of these there are two
kinds : the one called primary, and the
other secondary planets.

Thete are seven primary planets; and
these are marked on the orrery as follows :
Mercury b, Venus ¢, the earth d, Mars e,
Jupiter f, Saturn g, and the Georgium
Sidus or Herschel, ~'The last of these was
discovered only a few years since by Dr.
Herschel, and called by him, out of respect
to his present Majesty King George II.

: the
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the Georgium Sidus, or Georgian. All
these move round the sun, as you see by my
turning the winch of the orrery; whereas
the secondary planets move round other
planets.  The moon, you know, (which is
one of the secondary planets) moves round
the earth ; four moons, or satellites, as they
are frequently called, move round Jupiter;
five round Saturn; and only two have yet
been discovered to move round the Geor-
gian; though we have great reason to be-
lieve there are more; but from the prodi-
gious distance of that planet, we have not
yet perceived them. Thus has the Al-
mighty provided light for those regions
that lie at such an immense distance from
the sun.

I have made out a table of the periods,
distances, and diameters, of the several
planets.

Revolves round | Distance from | Diameter
the sun in the sun im { in Eng.
years, days: Eng. Miles. | miles.

Mercury 0 88 37,000,000 3261
Venus 0 224 68,060,000 7699
Earth 1 95,000,000 920
Mars 1. 185839 145,000,000 5312
Jupiter 11 — 314 493,000,000 | 90255
Katuirn 29 — 167 906,000,000 78012
Georgian| 82 — 121 1812,000,0007 35217

Several
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Several small planetary bodies have been
recently discovered, that, on account of their
comparatively diminutive size, have been
termed asteroids, which perform their re-
volutions between the orbits of Mars and
Jupiter. - It is probable that they will be
distinguished by the names of the astrono-
mers who discovered them : these are M.
Piozzi, Dr. Olbers, and Mr. Harding. As
few particulars of them are yet known, I
have not inserted them in my table. These
all move round the sun from west to east,
in orbits rather inclining to an oval than a
perfect circle, the reason of which will be
explained hereafter.

The knowledge we have of comets is
very imperfect ; itis a general supposition

that thcy are planetar} bodies forming a
part of our system, for they revolve about
the sun in extremely long elliptic curves,
being sometimes very near it, at others ex-
tending far beyond the sphexe of the
Georgian. The period in revolying about
the stuin, of one which appeared in 1630, is

computed to be 575 years.

But let us quit these bodies, of which we
know so little, and speak of our old com-
panion the moon, with whom we ought to
be better acquainted; since she not only
hghts us home in the night, but lends her

aid
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aid to get our ships out of the docks, and
to bring in and carry out our merchandise;
for without her assistance you would have
no tides. But more of this on a future oc-
casion.—A little more now, if you please,
says Tom Wilson. What then, does the
moon pour down water to occasion the
tides? I am at a loss to understand you.
No, replied our philesopher, the moon does
not pour down water to occasion the tides:
but she, by attracting the waters of thesea,
raises them higher; and that is the reason
why tbe tides are always governed by the
moon. ‘

The moon’s diameter is 2160 miles; her
distance from the earth is 240,000uniles.
She nioves round it in the same manner as
the earth does round the sun; she performs
her synodical rootion, as it is called, in 29
days, 12 hours, and 44 minutes; though
the periodical is 27 days, 7 hours, and 43
winutes. By this motion of the mocn are
occasioned the eclipses of the 'sun and
moon ; and the different appearances, ass
sects, or phases she at different times puts
on: for when the earth is so situated be-
tween the sun and the moon, that we se
all her enlightened parts, it is full moon :
when the moon is so situated between the
sun and the earth, that ber enlightened

" Jparts
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* parts are hid or turned from us, it is new
moon; and when her situation is such that
only a portion of her enlightened part is
hid from us, we see a horned moon, a half
moon, or a gibbous moon, according to the
quantity of the enlightened part we can
perceive. ;

But I will endeavour to explain this to
you more clearly, says our philosopher,
taking an ivory ball suspended Dy a string,
in his hand; we will suppose this ball to be
the moon, the candle the sun, and my head
the earth.  'When I place the ivory ball in
a direct line betwixt my eye and the
candle, it appears all dark, because the
-ulightened part is opposite the candle;
bul if I move the ball a little to the right,
I perecive a streak of light, which 1s like
the new moon; if the ball is moved fur-
ther, it presents the appearance of a half
moon; move it still further, until all the

“enlightened part is seen, it appears like a
tull meon. "

I think it is extraordinary, says Tom
Wailson, that the moon, which you say is
so much smaller than the sun, should ap-
pear to our sight equally large.

That is’easily explained, replied our
philosopher, for if you consider that the

D SUR
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sun is at 400 times a greater distance from
us than the moon, your objection is an-
swered ; but this I will explain further in
treating of eclipses.

I have frequently observed, says Master
Lovelace, that the moon appears much
larger when just rising above the horizon,
than she does afterwards; I should like to
know the cause of that. It is occasioned,
replies our philosopher, by the fogs or ex-
halations that arise from the earth, which
magnify objects seen through them; thus
the moon appears larger until she rises
above these fogs.

The total or longest eclipse of the moon
happens when the earth is directly between
the sun and the moon, and prevents the
light of the sun from falling upon and be-
ing reflected by the moon; as you will un-
derstand by looking at the fisure 1 have
drawn, for the purpose of giving you a
clear idea of this pucnomcnon.

We
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We will suppose the candle ¢, to be the
sun; the cricket-ball b, to be the earth;
and the ivory ball ¢, fo be the moon. A
string being tied to each of the balls, I tie
them up to the ceiling, or any other sup-
port, in a direct line from the light of the
candle ; the cricket-ball about eight inclees
from the candle, and the ivory Pall about
two inches from the cricket-ball. When-
ever the earth and moon come in the posi-
tion of these balls, a total eclipse of the

moon ensues; because the light of the
~ candle (or sun\ shining on the cricket-ball
(or the enth) totally obscures or eclipses
the ivory ball (or the moon;, but if we
move the ivory ball a little higher up, or
lower down, so that the lmht from the
candle may pass by the cricket-ball and
shine upon part of the ivory ball, it will of
course be only partially eclipsed.

An eclipse of ‘the sun is occasioned by

D 2 the
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the moou’s being betwixt the sun and the
earth, and preventing the light of the sun
from coming io that part ot the mrth we
inhabit. .

This may be eq,lm wed by changing the
places of the otﬂ 53 for when the ivory hall
1s in a direct line Lefwnt the cricket-ball
and the candle, it will show a total eclipse
of the sun; but if the cricket-ball is moved
a smail decrree higher up or lower down,
so that the light “from ihe candle shines
a little upon 1‘t, it will show only a partial
eclipse. '

- But I should be glad to be informed,
says Charles Hams, how the sun, wluch
is.so much larger than the moon, can be
totally eclipsed from our sight, by the
moon. coming betwixt us and it? =

That is what I intended to explain to
you, replied the lecturer. If you. place
your cricket-ball in a direct line between
your eye and the sun, it will entirely hin-
der you from seeing it, although your ball
is s0 much smaller thari the sun: because
the ball, though too diminutive to conceal
the sun, is 3et large enoughi to obstruct the
rays of uwl ¢ that fall upon your eye.

An ec]'vse of the sun never happens but
at a new moon, nor one of the moon but
when she is at the full,

The
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The moon consists of mountains and
valleys, no! unlike those belonging to our
earth; and ils appearanee is very beauti-
ful when seen through the telescope I show-
ed you some time ago, '

The livid spots and bright streaks of
light are supposed to be the mountainots
parts; and the same parts being constantly
turned towards the earth, she always pre-
sents the same side to us. The dark parts
were . formerly imagined to be seas; but
from later observation it is proved, that
they are hollow places or caverns, which
do not reflect the light of the sun.

'The earth, by its revolation about the
sun in 365 days, b hours, and 49 minutes,
measures out that space of time which we
eall a year; and the line described by the
earth in this annual revolution about the
sun, is called the ecliptic, - By an inspec-
tion of the armillary sphere you will have
a perfect idea of this and other eircles ne-
cessary to be known.

'The annual motion of the earth round the
sun is at the amazing rate of 68,243 miles
every hour. If the carth moves with such
extreme velocily, says one of the young
ladies, it is very surprising that we do not
perceive its motion.

* That proceeds from the equability of the
' D3 motion ;
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motion: If you have ever enjoyed the
picasure of sailing on smooth water, you
must reicember, that on looking through the
cabin window, it seemed rather as if the
objects on land moved by you swiftly, than
that the vessel yoii Were in passed by them.
Now, the earth glides through the ether
with less obstruction and irregularity, than
any body can do through the water; and
congequently its motion is imperceptible to
the creatures that inhabit its surface.

Besides this annual motion or revolution
about the sun in the line of the ecliptic,
the earth turns round upon its own. axis in
about 24 hours; so that it hath two mo-
tions at.one and the same time.

No familiar object that I can recollect,
will ‘represent this double motion so ex-
actly, as the wheel of a carriage runiing
round a circle; the wheel tarns round its
own axis, at the same time it runs along the
circular road. ~

This was easily comprehended by the
whole.company ; and the philosopher pro-
ceeded to explain still more astronomical
principles, by the assistance of the terrestrial
globe,

The
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The revolutions of the earth on its own
axis produces the agreeable changes of day
and night; for those parts of the ecarth that
are turned towards the sun are enlightened
by its rays, - whilst those that are turned
from it will be involved in darkness.

But the length of days and nights, and
the variations of {he seasons, are occasion-
ed by the annual revolution of the earth
about the sun in the ecliptic; for as the
earth, in this course, keeps its axis equally
inclined every where to the plane of the
ecliptic and parallel to itself, the eaxrth, in
this direction, has sometimes one of its
poles nearest the sun, and sometimes the

OthCI‘e
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other. Hence heat and cold, summer and
winter, and length of days and nights. Yet,
notwithstanding these effects of the sun,
which gives us light and heat, his distance
from us is so great, that a cannon-ball
would be twenty-five years coming from
thence to the earth, even if it flew with the
same velocity as it does when it is first dis-
charged from the mouth of a cannon.

" Here they were all amazed ; and Lady
Caroline said, surely this dectrine could
not he true: for if the sun were at that im-
mense distance, how could his light reach
us every morning as it does now.

The velocity of light is indeed incon-
ceivable, which, trayelling 95 millions of
miles, the distance between our planet and
the sun, reaches us in mearly eight mi-
nutes, and must, consequently, move about
200,000 miles in a second of time.

But if you are so surprised at the sun’s
distance, what will you think of the fixed
stars, which are sq remote from us, that a
cannon-ball, flying with the same velocity
as when first discharged, would be 700,000
years in coming to the earth? Yet many
of these stars are seen eyen without the
use of telescopes. f o

There are other things observable in our
solar gystem, which, if attended to, would

' : excite
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'
excite our admiration: such as the dark
spots which are seen on the sun’s disk,

and which cften change their number
and magnitunde. Such also is the amazing

ring which encompasses the body of the

lanet Saturn; and such are the belis that
gird the bod_y of Jupller: concerning all
which there are various conjectures; but
conjectures in philosophy are mrely to be
adﬂllﬂed

LECTURE
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LECTURE III.
Of the Airy Atmosphere, and Metcors.

TuE curiosity and astonishment of the
young company being excited by the won
ders of the solar system, they were earnest
in their entreaties to Mis. Mentor to fix ane
other afternoon for a philosophical lecture,
which she did the earliest opportunity ; for
she thought that such subjects not only
enlarged - “the understanding, but raised
emotions of gratitude and admiration of
the great Creator’s wisdom and goodness,
SO .emmenﬂ) displayed in the order and
harmony of the planetary system.

Mr. Telescope having made his appear-
ance, the young people seated themselves,
with countenances full of expectation, when
he opened his lecture in the following
manner :

Having already considered the earth as

a planet, and observed its diurnal and
'mnual motion; we are now to speak of the
materials of which it is composed, and of
the atmosphere and the meteors that sur-
round and attend it.

In order to explain these effectually, says

Ms,
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Mirs. Mentor, I think you should begin
with giving us an account of the first prin-
cmles of the four clements, which I suppose
we all know are fire, air, earth, and water;
and then show how they affect each other,
and by their mutual aid give motion, llfc,
and spirit to all things: for without fire,
the water would assume a different foun,
and become solid ice; without water, the
fire would scorch up the carth, and destroy
both animals and plants; without air, the
fire would be unable to execute its office;
nor without air, could the water, though
exhaled by the sun into clouds, be distri-
buted over the earth for the nourishment of
plants and animals. Nor is the earth in-
active, but lends her aid to the other ele-
ments; for she, by reflecting the sun’s
beams, occasions that warmth which nou-
rishes all things on her surface; butwhich
would be very inconsiderable and scarcel y

elt, if a man were placed on the highest
mountain above the common level of the
~earth, and in such a situation as to be de-
prived of her reflection.

All this, madam, I have considered, re-
plied the phlloeo sher; and had thoughts
of carrying it ﬁuthu and showing how
those elements pexvad and are becomP

indeed constituent parts ‘of the same body
ior
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for fire, air, earth, and water, are to he
drawrt even from a dry stick of wood..
That two sticks rubbed violently together
will produce fire is. very well known; for
coach or waggon-wheels frequently take fire
when not properly clouted with iron, and
supplied with grease; and if pieces of wood,
seemingly dl.}, be put into a glass retort
over a furnace, both air and water may be
obtained ; and then if you burn the wood
to ashes; and wash out-the salts with
water, as the good women do when they
make lye, the- remaining part will be j pure
earth : and thus we can, at any time, draw
the four clements out of a stick of wood.
But as these speculations would render our
lecture a study rather than an amusement,
I shall defer the consideration of such mi-
nute and abstrusc matters till another oppor-
tanity. Science is to be communicated as
children are taught the use of their legs;
at first they are-shown how to stand alone ;
afterwards, to wallk with.safety; and then
suffered to'run as tast as they please: and
I beg you will permit me to pursue this
met! lod in the course of m mctm‘cs.\"“idrs;_
Mentor-assented to his design with a smile
of approbation, and our philosepher thus
proceeded : i
ol &

af
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Theair is a light, thin, elasfic or springy
body, which may be felt but not seen; it
is fluid, and runs in a current like water;
(as you may perceive by opening the win-
dow;) but it cannot, like water, be con-
gealed into ice: and the atmosphere is
that great body or shell of air which sur-
rounds the earth, and which reaches man y
miles above its surface, as is known by
considering the elasticity or springiness of
the air and its weight together; for a co-
lumn of air is of equal weight to a coluran
of quicksilver of between 29 and 30 inches
high. Now quicksilver being near four
times heavier than water, if the air were
as heavy as water, the atmosphere would
be about fourteen times higher than the
column of quicksilver, or about 84 feet ;
but the air is near 1000 times lighter than
water ; therefore the atmosphere must be
many miles high, even at this rate of com-
puting. And when with this you consider
the elasticity of the air, which, when the
pressure of the incumbent atmosphere is
taken off, will dilate itself so as to fill more
than 150 times the space it occupied be-
fore, you will perceive that the height of
the atmosphere must be very great. For
as the air Is a springy hody, that part next

)N
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the earth must be more dense or thick than
the upper part, as being pressed down by
the air above it. Look at that hay-stack
yonder, which the groom is cutling, and
you will perceive that the hay at the bot-
tom is much closer, and harder to cut than
that at the top, because it has been pressed
into a less space than it otherwise would
have occupied, by the other hay aboveit;
and had not the whole stack been trodden -
and pressed down by the men who made
it, the difference would have been still
more considerable.

"The air, however, even near the earth,
is not always in the same state. It is some-
times rarefied, and becemes lighter than at
other times, as appears by the quicksilver’s
falling in the barometer, and the rain’s de-
scending on the earth. :

1t
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It may serve to illus-
trate the subject we are
upon, says the young

philosopher, to cxpldm
the construction of that
triple weather-glass that [
see hanging up before
me. So walking up to it,
he described it in the fol-
lowing manuer : The up-
permost instrument con-
tained in the round brass
box, is called the hygro-
meter, (marked a.) It
consists of a brass plate,
divided into degrees both
ways, right and left, from
0 to 180. To the left is
engraved moist, and, to
the right dry. Im the
centre of the plate is fixed
the beard of a wild oat,
with a piece of straw
glued to it, as an index.
The mdcx is first set to

0 of the divisions, so that any change of

the air which happens afterwards in the

room to meist or dry, the beard, by twist-

ing or untwisting itself from tl w action of
E2
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the air, will, by the index, point it out ac-
cordingly on the scale.

The open square part next below, is
called the barometer, (marked 4.) It con-
sists of a glass tube about 32 inches long,
closed at the top, first filled with quicksil-
ver, and then inverted on a reservoir or
leather hag below, of quicksilver. By this
means the quicksilver in the tube subsides
to its proper height, accordingly as it is
acted upon by the pressure of the air or
atmosphere; for it is the dense state, or
heaviness of the air, that presses upon the
quicksilver in the reﬁervou, and raises it in

the barometer; this also prevents the

clouds from distillino through the air in
vain; and its hghtness, on the contrary,
admits the fall in showers, &c,

Barometers are likewise used to deter-
mine the lLeights of mountains, &c. be-
cause as we ascend, the quicksilver rises
in proportion; the WCl"‘ht of the atmos-
phere which presses on it being less.

Bat what is the use of that screw at the
bottom of the instrument? says Master
Wilson. I thank you for the question,
says the philosopher; for many a young
igneramus has totally spoiled a good baro-
meter, by foolishly playing with that screw
till they forced it up, broke the bag, and

let
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Iet out all the quicksilver. Let it be par-
ticularly known, that this screw is only
provided by the instrument-maker, to force
up the quicksilver in its tube, in a gentle
manner, so that in conveying the instru-
ment into the country or abroad, it is thus
made portable, and not liable to have the
tube broken by the concussion of the
quicksilver against the top of the tube, The
next instrument below is called the ther-
mometer, (marked c.) It contains a long
glass tube, partly filled with quicksilver,
and screwed down to a brass scale, on which
are marked divisions and terms of various
degrees of heat and cold, from boiling wa-
ter down to freezing, found and adjusted
by actual trial of the maker. 'The freez-
ing point is marked 82, and the boiling
water 212, -This is called Fahrenheit’s
Scale, from the name of the inventor. The
heat of the air expands the quicksilver in
the ball, and it accordingly yises in the
tube; whercas, on the contrary, cold con-
tracts the quicksilver, and ‘it of course
falls; so that at any time by mere inspec-
tion, the change of the temperature of the
air is immediately shown, :
The elastic principle in the air, which
renders it so capable of being rarefied and
sondensed, has been productive of the most

(o3

EJ wonderful
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wonderful effects. But before you pro-
ceed further, says Lady Caroline, pray do
me the favour, Sir, to convince me by
some experiment, that the air is endowed
with this wonderful quality. I will prove
that to your satisfaction, if Master Wilson
will lend me the pop-gun he was making
this morning. Do me the honour to step
this way, Lady Caroline. You see here
1s a pellet in the top of this tube, made of
hemp or brown paper. With this piece
of paper we will make another pellet, and
put it into the other end. Now with the
gun-stick drive it forward. There, you
have forced the pellet some part of the way
with ease; but it will be more difficult to
get it tmthcr, because the air, being com~
pressed and made more dense or compact,
‘will make more resistance; and when you
have pressed it so close that its force over-
powers the resistance which the pellet makes
at the other end, that pellet will fly oft with
a bounce, and be thrown by the spring of
the air to a considerable distance. 'There,
sce with what force it is thrown!

This simple operation has not excited
your attention, because it is a school-boy’s
action, and is seen every day; for, indeed,
we seldom trouble ourselves to reason about
things that are so familiar; yet, on this

. principle



Of. the dir, Aimosphere, &c. ~ 43

principle depends the force of a cannon :
for it is not the gun-powder and fire that
drive out the ball with such prodigious
velocity ; no, that force is occasioned by
the fire’s suddenly rarefying the air which
was contained in the chamber
or breech of the cannon, and
that generated by the powder
itself. As a proof of this, place
the same ball in the same quan-
tity of powder in an open ves-
sel, and when fired you will
scarcely see it move. Butthere
have been guns lately invented,
called air-guns, which suffi-
ciently prove what I have ad-
vanced ; for they are charged
-only with concentrated or con-
densed air.

I have provided one, with
the rest of my instruments, for
~ the purpose of illustrating this
principle. Please to observe,
that there is a small hollow
globe previously filled by a
syringe with condensed air,
which 1is screwed under the
back, and by pulling the trig-
ger a valve is opened in the
globe by a pin; the air yushes
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from thence, through the back into the
barrel against the bullet and drives it to a
great distance : theair in the globe is suffi-
cient to discharge six or seven bullets, one
after the other; ench of which would kill
a buck or a doe at a very considerable dis-
tance.

You seem all amazed and I do not won-
der at it, since you ]mve never yet consi-
dered the extraordinary properties of this
element; and it must seem strange to you,
that the. air, which is so necessary for life,
that without it we cannot breathe, should
be tortured into an instrument of destrac-
tion. You will, however, be more sur-
prised when I tell you that this is probably
the cause of earthquakes; and that the
noble city of Lishon was some years ago
destroyed by a sudden rarefaction of the
air contained in some of the caverns of the
earth; and perhaps under the sea. An ex-
pu‘csmn of doubt appeared on Tom Wil-
son’s counten: ance, but he restrained him-
self from again exposing his ignorance.
Lady Caroline took more courage, and de-
clared that she could not believe what he
had said about earthquakes; for, says she,
I remember to have read in the news-pa-
pers, that the flames burst out of the
ground, That might be, my lady, says

the
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the philosopher ; for there could be no
such sudden rarefaction of the air without
fire. Fire, therefore, did contribute to-
wards the earthquake; and fire might
burn down a mountain composed of com-
bustibles, but fire could never blow one up.
Be assured, that effect is the sole property
of the air; a truth, of which furtlrer expe-
riments will convince you.

1 hope every one of the company has a
clear idea of the signification of the air’s be«
ing rarefied and condensed. 'In the first case
it becomes thinner,and is expanded ; in the
second, the particles are, compressed closer
together, and are confined in a closer space.

In this property of being rarefied and
condensed, the air differs amazingly from
water, which, though composed of such
small particles as not to be distinguished
or seen separately with a microscope, and
notwithstanding ifs readiness to rise or be
evaporated with heat, and 1o be separated
with a touch, cannot, when confined, be
at all concentrated, or brought into a less
compass. R

I have already intimated that heat is the
efficient cause of all fluidity, and that ice
may therefore be tgrmed the natural state
of water. The utility of this diluting power
of heat to man, as well in digesting his

food
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food as in increasing his enjoyments in va-
rious modes, it would be tedious minutely
to describe. Water, thus rendered fluid,
by containiung a quantity of air, is the me-
dium of respiration to aquatic animals. It
is also, if not the principal, at least a con-
siderable part of the foed of vegetables;
which will appear, when that part of nature
comes under our consideration.

By increasing the heat, water is rendered
elastic and volatile; that is, is converted
into vapour, the force of which, when con-
fined, is almost incredible: this force has
been applied to the use of mechanics in the
steam engines, by which it is said, that a
single drop of water, converted into va-
pour, is capable of raising several hundred
weight.  The construction of these en-
gines being so very complicated, it is im-
possible for me to explain them without
proper models.

Air is the medium which diffuses light
to the world ; for if there were no atmo-
sphere to refract or bend the.sun’s rays
round the globe, it would be almost as dark
in the day-timeas in the night; and the sun,
moon, and stars, would only be visible.—
It is also the medium of sounds, which are
conveyed by the tremulous motion of the
air when agitated by any noise. Let me

throw
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throw this peach-stone into the moat, and
you will perceive circles of small waves
diffuse themselves by degrees to a great
distance round it. Now, as the air is fluid
as well as the water, we may conclude
that sound is conveyed somewhat in this
manner ; though, as that is nearly a thou-
sand times lighter than water, sounds are
propagated dt an amazing rate: some say,
after the rate of 1,142 fegt in a second of
time; but however that may be, we may rest
assured thatsound is conveyed in this man-
ner :—Only throw up the sash and halloo,
and the echo will return you the sound;
that is, the waves or pulses of air, which are
pitt in "motion by the noise you make, will
strilie’ against the rocks and return to you
again : for echo is nothing but the rever-
beration of sound. And that there can be
no sound conveyed without air, is proved
by experiment; for a bell, struck in the
receiver of an air-pump, the air having
been previously drawn out, or exhausted,
cannot be heard ; that is, it "has little of no
sound.

Without air there would be no mer-
chandise; for your ships could not sail to
toreign chmates ; and without air the birds
could not fly, since they would have no-
thing to support them, and their wings

would
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would be useless; for we know that a fea-
ther falls with as much velocity as a guinea
in an exhausted receiver of an air-pump.
But above all, air is the principle which
preserves life both in plants and animals :
there is no breathing without air; and you
know, when our breath is stopped, we die.
T his is one of those truths that are called self-
evident; because it is universally known,
and needs no confirmation. Itisa cruel
ex periment to put animals into the receiver
of an air-pump after the air has been

o 3’14 "L‘y \l‘lm:
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drawn
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drawn out; therefore I will not distress
your feelings by displaying such a painful
object before you; it will be sufficient to
relate what 1 have seen, to confirmn the
truth of my assertion, that no animal can
live without air.

All that I have said concerning the
weight and elasticity of the air is demon-
strated in the most simple and elegant
manner by the air-pump. For by working
the handle, (marked A,) all the air that is
contained within the glass receiver (mark-
ed B) is pumped out; and if any living
animal is put within the recelver, all the
air in its body is pumped out likewise :
‘then, air being the principle which pre-
serves life, the animal dics, unless fresh air
be immediately admitted, which may be
done by turning a screw at (C). I have
seen a rat, a frog, and a bird, and any
creature would be the same, put into the
receiver (B); and when the air was nearly
exlfausted, they appeared convulsed and
in great agony ; and more air being pump-
ed out, they fell on their sides as dead ; bat
tesh air being immediately admitted, it
rushed info their lungs, which put them in
motion again, and they recovered. The
manner ot the animal’s recovery puts me
in mind, says Mrs. Mentor, of an accident

: F which
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which I once saw, and which T would hava
you all remember; for it may be of service
on a similar occasion. Some time ago
several boys were bathing in a river; one
of them, who™ was an obstinate, silly boy,
determined to outdo his ‘companions by
running into dangers and difficulties; and
with this view, though he could swim no-
more than a stome, he plunged into a part
of the river, which he was told was greatly
above his depth, where he rose and strug-
gled to get out, but could not. His com-
panions were all in the utmost distress, and
unable to assist him, for none of them
could swim. At this instant: some gentle-
men, on horseback came up, who immedi-
ately dismounted, and got him out; but not
till after he had sunk the third time. He was
brought to the shore, without signs of life,
and let blood without any effect; when one
of the gentlemen, who I havesince heard was
a great philosopher, advised them to blovw
some air down his throat; this was done,
and the elasticity of the air put his lungs in
motion, as I imagine, for a pulsation im-
mediately ensued : he recovered almost zs
soon as this animal. Now, from what |
heard that gentleman say, and from the in-
stance before us, there is reason to believe
that the lives of many might be saved, who
are
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are supposed to be drowned, if this me-
thod was put in practice, of conveying
air to the lungs; for unless the lungs are
in motion there can be no circulation: and
I suppose it was for want of air that their
motion ceased in the water.

Mr. Telescopo desired the company to
observe, that air which has passed through
fire, or is become foul or stagnated, and has
lost its spring, is unfit for respiration. [t
- was the want of fresh air, said he, or, in
other words, the being obliged to breathe
air that was foul, and had lost its spring,
or ¢lastic force, that some years ago killed
so many of our poor countrymen in the
Black Hole at Calcutta in the East Indies :
and this breathing of foul air in inflam-
matory, putrid, and eruptive disoxders ;
such, for instance, as the small-pox, and
some fevers, has destroyed more than can
be imagined. If, thercfore, you should be
scized with any of these disorders, advise
the people about you to make use of their
common sense, and not, because a man is
ill, deprive him of that vital principle the
air, without which he could not live, even
in a state of health. Never suffer your
curtains to be drawn close, or exclude the
fresh air, even when you slecp. :

I am greatly mistaken, says Lady Caro-

' F 2 line,
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line, if the air we are now in has not lost
its kprm«r for I breathe with difficulty.

Were that the case, Madam, replied the
philosoplier, you would not be able to
breathe at all; but if you find a want of
air, you should make use of the instrument
that lies by you, which, by putting the air
in motion, will, in p'nf recover its spring.
W hat mstrumcnt Sir? says the lady.

Your fan, Madavm, returned the philo-
sopher. Every fan is a philosophical in-
strument, and was originally contrived, we
may suppose, for the purpose above men-
tioned.

A bird dying in an air-pump will be, in
some measure, recovered by the convulsive
fluttering of its own wings; because that
motion alters the state of the alr remaining
in the receiver, and for a time renders it fit
for respiration. .

Motion is the only preservalive for air
and water; both of which become un-
wholesome if kept long in a state of rest;
and both may be recovered and made sa-
tutary by being again put in motion.

Since foul and stagnated air has such
dire effects, how much are we obliged to
the learned and ingenious Dr. Hales for
dlccovcrmg‘ the vmtllatm : an instrument
which, in a little time, discharges the foul

ar
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air from ships, prisons, and other close
places, and supplies them with that which
1s fresh !

The researches of our modern philoso-
phers, says our lecturer, have been the
means of many new discoveries in regard
to air. They have proved the existenco
of many different sorts of air : such as our
common air, inflammable air, nitrous air,
and mephitic ‘air, more technically deno-
minafed gasses or elastic fluids. But to
convey to vou a clear idea of these distinc-
tions, would require some previous know-
Jedge of chemistry, I must therefore beg
leave {o dispense with the ‘account of these
at present; and only advise my hearers o
a study of chemistry, as a science that will
afford them much pleasurc and informa-
tion in nature’s wonderiul operations.

When you mentioned inflammable air,
says Master Wilson, I thought you would
have described the balloon; which, of all
wonders I think the greatest. It perpiexes
me to account how it is possible for any
Taree hollow substance, even although filled
with air, to float in the atmosphere, parti-
cularly when weighed down with a bogt
and two men in it, as 1'epr6’5(_:nicd in - this
picture, which records the memorable
event of Mr. Blanchard and Dr. Jetleries

FJ Crossing
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crossing the English Channel from Dover

to France.
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I am surprised at sosimple a question,
says our philosopher. Why, surely you
never considered the reason of those balls
mounting in the air, that I have seen you
make by soap and water beat to a lather,
and blown out of the bowl of a tobacco-

pipe. The air by which they are blown,
Issuing from your lungs, is specifically

Ilglltqr than the common air, even when
contained in that thin watery globe. Now,

inflammable air is about ten times lighter
than
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than common air; so that a large hollow
silk balloon, filled with inflammable air,
although loaded with a boat, two men,
and other articles, is lighter in its bulk
than common air; and consequently, when
released from the cords that fasten it to the
ground, it rises majestically, and soars
along in and above the clouds, according
to the direction of the wind.

We are now to speak of the wind,
which is only a stream or current of air,
as a river is of water, and is occasioned
by heat, eruptions of vapours, condensa-
tions, rarefactions, the pressure of clouds,
the fall of rains, or some other accident
that disturbs the equilibrium of the air: for
nature abhors a vacuum or empty space;
and for that reason, when the air is ex-
tremely rarefied in one part, that which is
mere dense will immediately rush in {o
supply the vacant places, and preserve the
equilibrium ; as is the case with water and
other fluid substances. Raise a vessel of
water suddenly out of a cistern, and see
with what speed the other water will rush
in, to fill up the space and preserve its
level.  And these rarefactions in the air
may happen near the carth, or much above
it; and is the reason why clouds fly in
contrary directions. 'This occasioned 1thc

QD58
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loss of the great kite, which you were a
whole fortnight in making; for though
there was scarcely wind in the park suffi-
cient to raise it, yet when lifted extremely
high by the air, it was seized by a current
of wind, and torn in pieces.

 Winds are violent or gentle, in propor-
tion to the rarefaction or disturbance there
has been in the atmosphere. A violent
wind, in a great storm, flies after the rate
of 50 or 60 miles in an hour; and is somet
times so dense, or strong, as to bear down
trees, houses, and even churches before it.
What the sailors call a brisk wind, flies
after the rate of about 15 iniles an hour,
and is of great use in cooling the air, and
cleansing it from poisonous and pestilential
exhalations. ‘
The winds have various qualities; they
are generally hot or cold, according to the
quarter from whence they blow. I re-
member, some years ago, we had a south-
west wind in Febraary, which blew so
long from that quarter, that it brought us
the very air of Lisbon; and it was as hot
as in summer.  Winds from the north and
north-east, which come off large tracts of
land, are generally cold. Some winds
moisten and dissolve, others dry and thick-
€n; some raise rain, and others disperse it :
soie
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some winds blow constantly from one quar-
ter, and are therefore called the general
trade winds; these are met with on cach
side of the equator, in the Atlantic, Ethi-
opic, and Pacific Oceans. Some winds,
again, blow eonstantly one way for onc
half, or one quarter of the year, and then
blow the contrary way. These are met
with in the East Indian seas, and are called
monsoons, or periodical trade winds. But
as these subjects are abstruse and difficult,
and afford little entertainment, T will defer
an explanation of them at present, and en-
deavour to give you some account of the
meteors that attend the air.

We have already observed, that, besides
pure air, the atmosphere contains minute
particles of different sorts, which are con-
tinually arising in streams from the earth
and waters, and are suspended and Kept
floating in the air.

The most considerable of these are the
small particles of water; which are so se-
parated as to be lighter than air, and are
raised by the sun’s heat, or lifted up by
the wind from the sea, rivers, lakes, and
marshy or moist parts of the carth; and
which descend again in dews, rain, hail,
and snow,

Wher
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‘When many of these small particles are,
by a rarefied state of the air, suffered to
unite, and descend so as to render the he-
misphere more opaque, and by its humi-
dity to moisten bodies on the earth, it is
called a mist. And, on the contrary, those
particles of water that arise, after a hot day,
from rivers, lakes, and marshy places, and,
by filling the dll, moisten objects and ren-
der them less visible, are called fogs.

Clouds: are the greatest and most bene-
ficial of all the meteors; for they are borne
about on the wings of the wind, and, as the
Psalmist observes, ¢¢ distribute fatness to
the earth.” = Clouds contain very small
particles of water, which are raised a con-
siderable distance above the surface of the
earth; for a cloud is nothing but a mist
1l jmcr high in the air, as a mxst is nothing
but a cloud here beloyw.

That these vapours are raised in ihe air,
in .the manner above-mentioned, may be
readily conceived; for itis an action that
is seen every day in common distillations ;
but ‘how these invisible particles which
float in the air, are collected into clouds,
in order to bring the witer back again, is
not so easy to determine. It is probable,
that by umtm‘r first into small drops, then

into
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into larger, they become too heavy to he
suspended by the air, and fall down in
rain.

We come now to describe the causes of
thunder and lightning; but here I must
take the electrical machine to my aid.

All the phenomena called electrical, are
supposed to be effected by an invisible sub-
tile fluid existing in all the bodies of the
earth. The electrical machine is made to
extract this fluid from the earth, in the
manner I will describe to you.

The
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The handle (marked A) being turned
round, by means of some w heelwork in the
box (malLed B) turns round the glass cy-
linder (marked C): this rﬂmder rubs
against the cushion of stuffed silk, which is

called
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called the rubber (marked D:) by this
means the electric fluid is extracted from
the rubber, and carried round by the glass
to the point (marked L,) which it enters,
and remains in the tin tube or conductor
(marked I%,) which is fixed upon a glass
stem (mmarked G :) as the electric fluid can-
not pervade glass, this stem hinders it from
returning again to the earth. When the
machine 1s worked, if a person places one
of his knuckles about half an inch from
the brass knob at the end of the conductor
(marked H) the electric fluid will dart, like
a bright spark of fire, from it to the knuckle,
and give him a small degree of pain. If,
mstead of the knuckle, a coated jar is
placed to the conductor (I,) the fire will be
received by it and accumulated in it : so
that if ‘a person touches the bottom of {he
jar with one hand, and the ball at the top
of it with the other, he will receive the
charge of electricity through him, and feel
the sensation of a sudden shock.

The similarity of lightning and electri-
city is not to be remarked in a few appear-
ances only, but is observable throughout all
their various effects. Lightning destroys
edifices, animals, trees, &c. it always goes
through the best conductors, such as metal
or water; but if it meets with substances

G : which
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which will not conduct it, such as stone
or wood, itrends them, and disperses them
in every direction. Lightning*burns, and
often melts metals and other substances.
All these effects, as I said before, may be
produced by electricity. But besides the -
great similarity existing between lightning
and electricity, what fully proves them to
be the same is, that the matter of lichtning
may be actually brought down from the
clouds by means of electrical kites: but as
this is a very dangerous experiment in un-
skilful hands, I will not now describe the
method of making them. Clouds have
almost always some electrical matter in
them ; and the lightning, accompanied with
the thunder, which is supposed to be col-
lected from the earth, is only that matter
darting from one or more clouds into an-
other cloud, or else upon the earth; in
which case it strikes upon the most lofty
and pointed places, and by this stroke pro-
duces all those dreadful effects that are
known to be occasioned by lightning. But,
says Lady Caroline, I have Been told that
those pointed iron rods, that I have some-
times seen fixed on the top of large build-
ings, are a protection against hohtn.ng.
That they certainly are, “said Mr. Tele-
scope; for the lightning is attracted fro}m
the
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the clouds by the pointed rod, and con-
ducted down the side of the building, ‘to
the nearest water, without damaging it.
These rods were the invention of the late in-
genious Dr. Franklin, of America. People
in general, when they happen to be caught
in a thunder-storm, run for shelter under a
tree; but that is very dangerous; for the
lightning is attracted by the tree, and thus
accidents often happen. The best way is,
to get into an open place, and lay at a dig-
tance all metal which you may have about
you: il you do this, you are not in much
danger of being hurt by the thunder and
lightning. :

Snow is the small particles of water
frozen in the air before they had united into
drops : and hail is drops of rain frozen_ in
the fall.

The Aurora Borealis, ornorthern lights,
are occasioned by certain nitrous and suls
phureous vapours which are thinly spread
through the atmosphere above the clouds,
where they ferment ; and taking fire, the
explosion of one portion kindles the next,
and the flashes succeed one another, till all
the vapour 1is set on fire, the streams of
which seem to converge towards the zenith
of the spectator, or that point of the heavens
which is iminediately over his head.,

a2 At
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At-this instant up started Master Long,
and asked leave to enquire, whether the ap-
pearance of the Jack-with-a-lantern that
had been seen in the park, could be ac-
counted for on rattonal principles; for it
had led onc of his friends, who was passing
that way late one evening, astrange dance.
"The night being dark he missed his way;
but just as he came into the marshy mea-
dow he observed a light, and supposing it
to be seme neighbour with a lantern, he
followed it, it still running before him, till
~he found himself in the pond. His cries
alarmed some cottagers returning from their
work, who helped him out, and told him
some ridiculous stories of the light that had
misled him, calling it Jack-with-the-lan-
tern, or Will-with-the-Wisp ; and sup-
posing it some evil spiril who delights in
deing mischief. ‘

The Ignis Fatuus, Jack-with-a-lantern,
or WVill-with-the-Wisp, as it is frequently
called, is supposed to be only a fat, unctu-
eus, and sulphureous vapour, which in
&he night appears lucid; and being driven
about by theair near the earth’s surface, is
often mistaken for alight in a lantern. Va-
pours of this kind are, in the night, fre-
guently kindled in the air; and some of

them
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them appear like falling stars, and are by
ignorant people supposed to be so. '

It may be here necessary to mention that
beautiful phenomenon the rainbow, since
it has the appearance of a meteor, though,
in reality, it is none; for the rainbow is
occasioned by the refraction or reflection
of the sun’s beams from the very small
drops of a cloud or mist seen in a certain
angle made by two lines, the one drawn
from the sun, and the other from the eye
of the spectator, to those small drops in
the clouds which reflect the sun’s beams :
so that two persons looking on a rainbow
at the same time, do not, in reality, see the
same rainbow. The appearance of a rain-
bow may be produced by turning your
back to the sun, and forcing water out of
a syringe against a dark wall or shady
place; the causes being ‘the same on a
smaller scale, as the rainhow in the sky,

There are other appearances in the at-
mosphere which ought to be taken notice
of ; -and these are the halos, or circles,which
sometimes seem to encompass the sun and
moon ; and are often of different colours.
These always appear in a rainy or frosty
season, and are therefore, we may suppose,
occasioned by the refraction of light in the
frozen particles in the air.

G 3 Here
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Herve the lecture would have ended, but
a sudden clap of thunder brought on fresh
matter for meditation. Some of the com-
pany, and particularly the ladies, endea-
voured to avoid the lightning; but Mr.
Telescope, after the second chp, threw up
the sash, and assured the ladies and gen-
tlemen there was no danger, for that the
clouds were very high in the air. The
danger, in a thunder-qtmm, says he, is in
proportion te the violence of the tcmpcst
and the distance of the clouds; but this
tempest is not vielent; and that the cloud
is at a great dledl’lCE’, or kigh in the air,
youmay know by the lenfrth of time there
is hetween your see g the flash of light-
ning and hearing the clap of thunder.
Look, see how the sky opens to emit the
fire! piescnhy you will hear the thunder;
for you know we sce the fire from a gun at
a distance, long before we hear the rcpo*t
There it is ! and how tremendous! These
tempests always put me in mind of that
beautiful passage in Shakespeare’s King
Lear: where, when the good old king is
out in a storm, and obliged to fly from ‘his
unnatural children, he says,

——=—— Let the great Gods
That keep this dreadful thund’ring o’er our heads,

Find
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#'ind out their enemies now. 'Tremble, thou wretch,
That hast within thee undivulged crimes 1
Unpwhipt of justice ! hide thee, thou bloody hand,
Thou perjur’d, and thou simular of virtue,
That art incestuous ! Caitiff, shake to picces,
That under covert, and convenrient seexping,
Has practis’d en man’s life! Close pent-up Guilt,
Rive your ecrcealing contingnts, and ask
These dreadful summoners grace ! ——
This tempest will not give me leave to ponder
On things would hurt me more—-——
Poor naked wretches, wheresec’er you are,
That bide the pelting of this pitiless storm!
How shall your houseless heads, and unfed sides,
Y our loop’d and widow’d raggedness defgnd you
From seasons such as these 2—0, T have ta'en
Too little care of .this! Take physic, Pomp,
Expose thyseif te feel what wretches feel,
And thou may’st shake the superflux to them,
And shesw the Heavens more just. -

LECTURE
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- LECTURE 1V,

Of Mountains, Springs, Rivers, and the
Sea.

WE come now, says the philosopher,
to the consideration of things with which
we are more intimately acquainted, but
which are not, on that account, the less
wonderful. How was that mountain lifted
up lo the sky? How came this crystal
spring to bubble on its lofty brow, or that
large river to flow from ifs massy side ?
But above all, how came this mighty body
of water, the sea, so collected together ?
and why and how was it impreonated wi‘h
salt, secing ‘the fish and ofher animals
taken out of it are perfectly fresh? These
are questions not to be answered even by
the sages in science. Here the wisest of
mankind, atter having studied to the ut-
most limits of his faculties, and lost in ad-
miration, can only suy with the Psalmist,
““ They that go down to the sea, and oc-
¢ cupy their business in the great waters,
¢ thes men see the greatness of God, and
¢ his wonders in the deep.— W onderful
¢ are thy works, G Lord; in judgment
¢¢ hast thon made them all}—The earth is
¢ full of thy greatness!”



Of Mountains, Springs, &e. 69

It is the busizess of philosophy, how-
ever, to enquire inte these things, though
our enquiries are sometimes vain. We
shall therefore, in this Jecture, give the best
account we can of moeuntains, springs,
rivers, and the sea.

The ancients supposed that mountains
were originally occasioned by the deluge.
Pefore that time they imagined the earth
to have been a perfect level : and a certain
abbot was taken into custody and punish-
ed for asserting that the earth was round;
thongh there is so great a necessity for ifs
*bem«r so, that, according to the properties
with which the Almwhty has endowed the
substances that compose the world, it conid
not conveniently subsist in any o thcr form:
for, not to mention the formation of rivers,
which are geperally occasioned by the

mists that f I on the mountains; if the
earth was a regular plain, instead of that
beautiful vanei} of hills and valleys, of
verdant forests and refreshing streams, w hich
at present delight our senses, a .hsm sea
would cever the whole {ace of the globe;
znd at best it would be only the habita-
tion of fishes.

Does not this assertion, says Lady Caro-
line, question the power of the Creator?
How can you tell that the earth and water

thus
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thus disposed, would have that effect ?—
From daily experience, says the - philo-
sopher.. Throw this stone into the moat,
and you will see it sink; or this clot of

dirt, and it will fall to the bottom. Bat, -

says she, this is not always the ease; for
when I water my flowers, the water sinks
into the ground and disappears.—That 15,
because there is abundantly more earth
than water, Madam, says he; and the earth
being ‘porous, or hollow, the water runs
into the cavities, and fills them ; but were
you to continue pouring ent of the water=
pot till all these crevices were full, you
would find the water flow at top, and the
garden-mould, or earth would remain at
the bottom; for if you take a pint pot of
earth, and another of water, and mix them
ever 50 well together, the carth will, in a
little time, subside or fall to the bottom,
and the water will be seen at the top. This
is to me a demonstration; and it is so far
from calling in question the wisdom of
God, that it is vindicating his wisdom in
the works of creation. So that you may
perceive from hence, as well as from the
motion of the heavenly bodies, that the
earth is round, and that the ancients were
In an error, -

And

el o A o
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And with regard to mountains, though
the deluge mwht throw up some, and
much alter the f}we of the earth, yet, from
the great use mountains are of in collect-
ing the waters of the atmosphere into
springs and rivers, it is reasonable to sup-
pose there were mountains even in the first
age of the world.

I have heard the irregularity of the
earth’s surface attributed to a stroke from
the tail of a comet, a great many thousand
years ago, said Miss Gray, what is your
opinion of this conjecture ?

I am unable to answer for all the extra-
vagant conceits and ridiculous follies that
have entered the heads of ignorant people,
says he; and you might as “well cxpf*ct me
to give a reason for the poor soldier’s pro-
phesying an carthquake, and of the terrors
of the people on that occasion, as to ac-
count for this. That the earth has under-
gone amazing changes since its first forma-
tion, is, I think evident from the contents
of some mountains, even in our own coun-
try; in which we find not only petrifac-
tions in abundance, but the shells of sea-

‘fish, and even the bones of animals, that
were never inhabitants of this climate. = At
Reading in Berkshire, which is above
forty miles from the sea, there is a stratum

of
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of oyster-shells, which appeer like real
oysters, and are ‘spread through a hill of
considerable extent; they lie upon a chalky
rock in a bed of sand, much resembling
that of thesca; and the upper part of the
hill which is a loamy seil, 1s thirty or forty
teet perpendicular above them: and at
Burton near Petworth, in Sussex, was dug
out of a pit the bones or skeleton of an
elephant. Numberless curiositics of this
kind have been discovered here, some of
which [ shall take particular notice of in
my next course of lectures; but I think
there are few but what may be accounted
tor from the eflects of the deluge, earth-
quakes, and subterraneous fires. Iarth-
guakes at the bottom of the sea, for in-
stance, have somctimes thrown up monn-
tains or little 1slands, with the fish upon
them, which have been covered by the
sandy or loose earth giving way, and fall-
ing over them. It is not long since an
island was raised in this manner, in the
Avchipelago, of ten miles in circumference,
the hills of which abound with oysters not
yet petritied, and which are much larger
than those taken an the coast; whence we
may conclude, that they were thrown up
from the deepest part of the sea. Sea-fish
have been also found in other mountains ;

some
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some of which have been petrified ; while
others have been found with the flesh only
browned or mummied. 3

And from the amazing quantity of fire
contained in the earth, and the consequent
rarefaction of the subterrancan air, great
alterations must have been made in its sur-
face in the course of so many years.

At this rate, said Lady Caroline, you
will persuade us that the inside of the earth
1s a mighty furnace, ready to consume us
whenever it bursts forth.

I'should be sorry to alarm you, said Mr.
Telescope, with false fears ; nor, should my
position be true, is there any cause for ap-
prehension; but you may be assared that
there are numbers of these furnaces in the
earth, a factthat is evidently proved by the
great number of burning mountains, which
are continually sending up flames, attended
with Jarge stones and metallic substances.
Some particulars of these eruptions, from
the best authority, shall satisfy your doubts;
when, taking a book out of his pocket, he
read as follows:

““ The most famous of these mountains
Is Altna in Sicily, whose eruptions of flame
and smoke are discovered at a great dis-
tance, by those that sail on the Mediter~
rapean, even as faras the harbour of Malta,

H which
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which is forty German miles from the shore
of Sicily. Though fire and smoke are con-
tinually vomited up by it, yet at some par-
ticular times it rages wnh “greater violence
than usual.  In the year 1536 it'shoolk all
Sicily, from the first to the tweltth of May;
after that there was heard a most horrible
bellowing and cracking, as if great guns
had been fired ; there were a greal many
houses overthrown throughout the whole
island.  When this storm had continued
about cleven days, the gronnd opened in
several places, and dreadful gapings ap-
peared here and there, from which issued
forth fire and flame with greal violence,
which in four days consnmed and burnt
up every thing that was within five leagues
of Atna. A little after, the tunucl, w hich
is on the top of the mountain, disgorged a
great quantity of hot embers and ashes for
three entire days together, which were not
only disper sodﬂ‘loutr} rout the whole island,
bui also carried beyond sea to ltaly; and
several ships that were sailing to Venice,
at two hundred leagnes (mtance suffered
damage. Facellus hath given us an his-
torical account of the emp{lons of this
mountain: and says, that the bottom of it
is one hundred leagues in circuit.

¢ Hecla,
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¢ ecla, a mountain in Iceland, rages
sometimes with as great violence as /otna,
and casts out great stones. T'he imprisoned
fire often, from want of vent, causes hor-
rible sounds, like lamentations and howl-
ings; which make some credulous people
think it the place of hell, where the souls

of the wicked are tormented.
¢ Vesuvius in Campania, not far from
the town of Naples, though it nourishes
the most fruitful vines, and, when undis-
turbed, yields the best Muscadel grapes,
yet it is very often annoyed with violent
eruptions. Dion Cassius relates, that in the
reign of Vespasian, there was such a dread-
ful eruption of impetuous flames, that great
quantities of ashes and sulphurcous smoke
were not only carried to Rome by the wind,
but also beyond the Mediterranean, info
Africa, and even into Egypt. Morcover,
birds were suffocated in the air, and fell
down dead upon the ground: and fishes
perished in the neighbouring waters, which
were made hot and infected by it.  There
happened another eruption in Martial’s
time, which heelegantly describes in one of
his epigrams, and laments the sad change
of the mountain, which he saw first adern-
ed with verdure, and immediately after
discoloured with ashes and embers. When
: H2 the
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the burning ceased, the rain and dew wa-
tered the surface of the mountain, and
made these sulphureous ashes and embers
fruitful, so that they produced a large in-
crease of excellent wine; but when the
mountain began to burn again, and to dis-
gorge fire and smoke afresh, (which some-
‘times happened within a few years,) then
were the neighbouring fields burnt up,
and the highways made dangerous to tra-
vellers.
¢ A mountain in Java, not far from the
town of Panacura, in the year 1586, was
shattered to pieces by a violent eruption of
“glowing sulphur; (though it had never
barnt before;) by which, as it was reported,
ten thousand people perished in the under-
land fields. It threw up large stones, and
cast them as far as Panacura; and conti-
nued for three days to throw out so much
black smoke, mixed with flames and hot
mbers, that it darkened the face of the
sun, and made the day appear as dark as
the night.”

There is a great number of other vol-
canoes, or, as your ladyship is pleased to
call them, furnaces, in the known world ;
but to enumerate them would be too tedi-
ous to my auditors.

We come now to the eonsideration of

SPrings;
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springs ; which are occasioned principally,
we may suppose, by the water exhaled
from the sea, rivers, lakes, and marshy
places ; and forming clouds, are dispersed
by the winds. These clouds, when they
are so collected together as to become too
heavy to be supperted by the air, fall down
in rain to water the herbs and plants; but
those that are lighter, being driven aloft in
the air, dash against the mountains, and to
them give up their contents in small par-
ticles; whence entering the crevices, they
descend till they meet together, and forin
springs; and this is the reason why we
have such plenty of springs in mountainous
countries, and few or none in those that
arc flat.  And you may observe that it fre-
quently rains in hilly countries, when it is
clear and fine in the valleys beneath ; for
the air in the valleys is dense enough {to
support the clouds, and keeps them sus-
pended ; butbeing driven up among moun-
tains, where, in consequence of their height,
the air is so much lighter, they descend in
mists or such small drops of rain that will
not run off; as is the casc in a Leavy rain,
but sink into the crevices of e earth, in
the manner already mentiozed. Now, that .
a great part of this water is exhaled from
the sea, may be known by the extraordis

H 3 nary
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nary rains and great dews which fall upon
islands that are surrounded by the sea; but
some springs, it is reasonable to suppose,
have their source from the ocean, since
those which we meet with near the sea are
generally rather salt or brackish.

These springs, thus formed by the mists
on mountains, and the rain meeting to-
gether, form little rivulets or brooks; and
those again uniting, compose large rivers,
which empty themselves into the sea: and
in this manner the water, exhaled from the
sea by the sun, is returned to it again ; for
Providence has established such wise laws
or regulations for the world, that no part
of the element can be annihilated. But the
very large rivers must have some other
source besides the springs formed by the
mists, dews, and rains, since these scem
tusufficient to support their prodigious dis-
charge; it is therefore no improbable con-
Jecture, to suppese that they have some
cominunication with the sea, and that the
selt water is purified and rendered sweet
by passing through the sand, gravel, and
crevices of the earth,

Lakes are collections of water contained
in the cavities of the surface of the earth
some of which are said to be stagnant, and
made up of the waste water thatflows, after

raig
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vain or snow, from the adjacent countries ;
and these must be unwholesome.—Other
lakes are supplied by rivers, the contents
of which they receive and convey under
ground, to form other springs and rivers :
others, again, are fed by springs which
arise in the lake itself; and some, as that
of Haerlem, and other salt lakcs, have a
communication, it is supposed, with the
sea, whence they receive their waters, and
afterwards discharge them by subterrancan
streams. 4

The sea is a great collection of water in
the deep valleys of the earth; I say, in the
deep valleys; for if there were not prodi-
glous cavities in the earth to contain this
amazing quantity of water thus collected
together, the whole surface of the globe
would be overflowed ; for the water being
lighter ‘than the earth would be above the
earth, as the air is '1bme the water.

Now you speak of the sea, says Mrs,
Mentor, I wish you would tell me why the
sca-water is always salt, Madam, replied
he, I wish I could; but it is beyond the
reach of my phllOSOph}, and indeed; I be-
lieve, of any philosopher Whatever, al~
though some have conjectured, that the
rivers, in their passage, extract the salts
from the carth and convey them to the sea,

I have
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I have often thought, from the prodigi-
ous quantity of salt distributed in the earth
and water, that it must have qualities
which we know not of, and answer pur-
poses in the scale of being with which we
are unacquainted.

The most remarkable quality in the sea,
next to its saliness, is that motion or rising
and falling of the water, that we call tides,
and which is occasioned by the atraction
of the moon, as I mentioned in my second
lecture; (page 24;) for that part of the
water in the great ocean, which is nearest
the moon, being strongly attracted, is raised
bhigher than the rest; and the part Oppo-
site to it, on the contrary side, being least
attracted, is also higher than the rest ; and
these two opposite sides of the surface of
the water, in the great ocean, following
the motion of the moon from east to west,
and striking against the large coasts of the
continent, from thence rchound back again,
and so make floods and ebhs in narrow
scas and rivers, at a distance from the great
ocean. This also accounts for the peri-
odical times of the tides, and for their con-
stantly following the course of the moon,

LECTURE
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LECTURE V.

Of Minerals, Vegetables, and Animals.

Courp a philosopher condescend to
envy the great, it would not be for their
sumptuous palaces and numerous. attend-
ants, but for the' means and opportunities
their riches afford them of enquiring into

the secrets of nature, and contemphtmg the

wonderful works of God. 'There is no
subject so worthy of a rational creature,
except that of prometing the happiness of
mankind ; and none, except that, can give
a man of refined taste and good under-
standing, so much real satisfaction. But
it is our misfortune that few engage in
those enquiries but men of small estate,
whose circumstances will not permit them
to spare the time, nor support the expence
of travelling, which is often necessary to
obtain the knowledge they seel after; and
for the want of which they are obliged to
depend on the relations of those who have
not, perhaps, been so accurate or so faith-
ful as they ought.. Considering the quan-
tity of foreign drugs that are used in Bri-
tain, it is amazing how little even those

who



82 ; Of Minerals.

who deal in them know of their nature or
peculiarities; so little, indeed, that they
~cannot tell where they grow, or how they
are found or manufactured; are unable fo
distinguish the genuine from the fictitious,
and may, therefore, through mistake, often
substitute the one for the other. Health
and life are of too much consequence to he
trified with; yet these are neglected , while
fashion, dress, and diversions, are sought
after throughout the world. This is a me-
Jancholy consideration; but, you may say,
it is no part of our lecture, therefore we
shall drop a subject which has thrust itself,
as it were, into our way, and speak of the
contents of the earth, and its products and
inhabitants : for this globe, besides the
earth and water, which are necessary for
the production and support of plants and
animals, contains other materials which
have been found useful to man. That re-
flecting telescope, this gold watch, and

Lady Caroline’s diamond ear-rings, were
all dug out of the earth; at least the ma-
terials were there found, of which these
things aie composed.

Those sorts of earth, which, with the
assistance of rain, produce vegetables or
plants in such abundance, are common

mould,
=
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‘mould, loam, clay, and sandy soils. There
are earths also that are different from these,
and which are used in medicine; as the
Japan earth, Armenian Bole, &e.

'T'he barren parts of the earth are, for the
most part, sand, gravel, ehalk, and rocks ;
for these produce nofhmg unless they have
earth mixed with them.  Of barren sands
there are various kinds, though their chief
difference 1s in their colour; for the sand
which we throw on paper to prevent blot-
ting, and that the maid throws on the floor,
are both composed of little irregular stonges,
without any carth: and of such there are
large desarts in some parts of the worid,
and one in particular, where Cambyses, an
eastern monarch, lost an army of 50,060
men. Sure, says Lady Caroline, youmust
mistake, Sir.  How was it possible for a

whole army to be lost in that manner. It
is casily accounted for from phenomen a
that frequently happen in those parts, re-
turned the philosopher: the wind raised the
sands in vast clouds, for many days to-
gether, till the whole army was smothered.
And if you read the life of Alexander the
Great you will find, that his army was in
great danger when he crossed the same de-
sart, in his frantic expedition to visit the
temple
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temple of his pretended father, Jupiter
Ammon.—But let us return to our subject.

Besides these materials, which compose
the surface of the earth, if we dig deeper,
we frequently find bodies of a nature very
different; and these, because they are dis-
covered by digging into the bowels of the
carth, are called by the common name of
fossils : though under this head are includ-
ed all metals and metallic ores, minerals, or
half-metals, stones of various sorts, petri-
factions, or animal substances turned into
stone; and many other bodies which have
a texture between stone and earth : as oker
of several sorts, with one of which the
farmers colour their sheep; blagk lead,
that is so valuable in making those pencils
that we use for drawing; and some kinds
of chalk, sea-coal, and other bodies that
are harder than earth, and yet not of the
consistency of perfect stone.

Of stones there is an amazing variety.
They are classed by naturalists under two
heads; that is to say, spars and crystals :
and by others, into vulgar and precious
stones.  Some of the most considerable,
both for beauty and use, are marble, ala-
baster, porphyry, granite, free-stone, &c.
Flints, agates, cornelians, and pebbles,
under which kind are placed the precious

stones,
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stones, otherwise called gems or jewels,
which are only stones of an excessive hard-
ness, and which, when cat and polished,
have an extraordinary lustre. The most
valuable of these arc.diamonds, rubies,
sapphires, amethysts, emeralds, topazes,
and opals.

But there are other stones which, though
void of beauly, may, perhaps, have more
virtue than many of those alrcady men-
tioned ; such as the loadstone, which I de-
scribed to you in my first lecture (page 9;)
also the whetstones, with which we sharpen
our knives and other edge-tools; lime-
stomes, talc, calamine, or lapis calaminaris,
and many others. : ,

Besides the bodies already mentioned,
there are also found in the earth a variety
of salts; such as rock-salt or sal-gem, vi-
triol, nitre, and many others.

The minerals, marcasites, or semi-me-
tals, as they are called by the chemists, are
antimony, zink, bismuth, &c. 'These are
not inflammable, ductile, or malleable, but
are hard and brittle, and may be reduced
to powder; and the first, after melting,
may be calcined by fire. :

Mercury, or quicksilver, has generally
been classed with semi-metals, and indeed,
sometimes among the metals; but I think

' 1 it
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it ought not to be classed. under either of
these heads, but considered separately ; as
also should brimstone, though it be a part
of the composition of crude antimony.

Ores are those kinds of earth which are
dug out of mines, and contain metallic par-
ticles, from whence metals are extracted.

Their form, when dug from the mine, is
very different from that which they assume
when they have been melted in the furnace,
and polished by the art of man. The most
precious metals, as gold and silver, do not
form the most splendid ores.  The pyrites,
Jvhich are a mixture of iron and sulphar,
are much more beautiful to theeye. -

The trade of a miner is the most wretch-
ed and dangerous of all occupations; they
are not only exposed to the common acci-
dents  of the roof falling in, or a sudde
overflow of water, but also to a variety of
damps, as they are called, or noxious va-
pours. In the quicksilver mines the suf-
ferings “of the workmen are deplorable;
their bodies are so impregnated with the
mineral, that they soon become emaciated
and crippled, every limb contracted or
convulsed ; and ina short period end their
miserable existence in a consumptive state :
all this they sustain for the trifling reword
of seven-pence a day. ‘

Metals
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Metals are distinguished from other bo-
dies, by their weight, fusibility, or melting
in the fire, and their malleability, or giving
way and extending under the stroke of the
hammer without buan,mo' in pieces. These
are six, viz. gold, silver, copper, tin, lead,
and iron. They are seldom or never found
in any part of the carth but whatis moun-
tainous, which, by the way, in some mea-
sure proves what we ventured to assert in a
former Iectur@,. viz. that-there were moun-
tains before the delage; for that there were
metals before that (une, appears by what
1s said in hely writ concerning Tubal
Cain, who wrought in brass, &c. “and was
the inventor of orgaus.

What sort of bodies are to be found
decper in the earth, I mean towards its
centre, 1s unknown to us; for we lave
hitherto only been able to make ourselves
acquainted with the fossils contained in its
shell, and the vegetables and animals on its
surface ; whose nature and propertics alone
are, pmbzml ¥, so numerous and compli-
‘cated, as to exercise the enquiry of man to
the end of time,

<
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Of Vegetables or Plants.

Tur vegetables or plants growing on the
earth, may 7 be divided into three classes 5 I
mean those of herbs, shrubs, and trees.

Herbs are those sorts of vegetables whose
stalks are soft, and have no wood in them ;
as parsley, lettuce, violets, pinks, grass,
nettles, thisties, and an infinite number of
others.

Shrubs are those plants which, though
woody, never grow into trees, but bow
down their branches near the earth’s sur-
face. Such arc those plants that produce
roses, honeysuckles, gooseberries, currants,
and the like.

But trees shoot up in one great stem or
body, and rise to a considerable distance
from the ground before they spread their
branches; as may be seen by the oak, the
beech, the elm, the ash, the fir, the walnut-
tree, cherry-tree, &c. From the bodies of
trees, we have our timber for building ; and
of the oak-tree in particular for ship-build-
ing, no timber being so tough, strong, and
durable, as English oak : ne ither does any
tree, perhaps, yldd more timber; for there
was one lately sold for forty pmmd%, from
Langley woods, belonging to the Bishop

of
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of Salishury, which measured six feet, two
inches in diameter, contained {en tons of
tilnber, and was supposd to be a thousand
years old.

¢ From a small acorn %ec the oak arise
Supremely tall and tow’ring to the skies !

Queen of the groves; her stately head she rears,
Her bulk increasing by thelength of years :

Now ploughs the sea a warlike, gallant ship,
Whilst in her womb destructive thunders sleep. «
Hence Britain boasts her wide extensive reign,
And by th’ expanded acorn rules the main.”

The most considerable parts of plants
are, the root, the stalk, the leaves, the
flowers, and the seed; most of them have
these several parts, though there are some,
indeed, that have no stalk, as the. aloe;
others that have no leaves, as savine; and
others that have no flowers, as fern.  But
1 think there are none without root or seed.

W hat most excites our wonder with re-
spect to plants, and what, indeed, has becn
the subject of much dispute among the
learned, is their nourishment and mode of
propagation. I have often heard my fa-
ther, said one of the young gentlemen,
converse on these subjects when we were
amusing ourselves in the garden, but T paid
too little attention to his remarks {o remem-

13 ! ber
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ber them; I shall therefore thank you te
tell us how they receive their nourishment,
and what are the best means of propagat-
ing their specics. A disquisition of this
nature, says the philosopher, would take
up teo much of your time, and could not
be understood without reciting many ex-
periments and observations that have been
made by the learned : I shall therefore de-
fer the consideration of it at present. The
reply to the question is so easy, says Master
Wilson, that I see no reason why you
should defer it. Do not they receive their
nourishment from the earth? and it the
seeds of old plants are sown will not they
produce new ones. :

In order to speak to the purpose, Master
Wilson, says the philosopher, you should
be better acquainted with the subject. The
earth has not, perhaps, so much to do with
the nourishment of plants as is generally
imagined ; for, without water, and parti-
cularly rain-water and dew, there could be
but little increase in vegetables of any kind 5
and this you may know by the languid
state of plants in a dry season, though wa-
tered ever so often from the river or well,
This is known also by the small quantity
of earth which is taken up in the growth
of plants; for both Mr, Boyle and Dr,

" ' Woodward
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Woodward raised several plants in earth
watered with rain or spring-water, and
even distilled water; and upon weighing
the dry earth both before and after the
production of the plants, they found that
very little of it was diminished or taken up
by the plant. Taken up by the plant!
says Lady Caroline, in some sur pl ise; why,

you do not ima weine there is carth in herbs
and trees? Indeed, I do, Madam, replied
the philosopher, and have dlrcafly hinted
this opinion in what was said on the four
elements; and at the same time I observed,

that it might be extracted from the plzm‘(

by Lmnmrr the plant to ashes, and washing
oft the salts, as your lanndry-maid does
when she makes lvo for when these salts
are washed away, the remainder will be
eart h.

It the carth contributes so little towa rds
the production of plants, says Master Blyth,
the water, I av)prchend mist be a good
deal umccrnpd and that is evident from

the quantity of water which most plants re-
quire to keep them in a state ot "health and -
vigour. Your observations, says the phi-
losopher, deserve some notice; but how
witl you account for the g‘kow!h of plants
in sandy desarts, where it seldom rains,
and of planb too that contain juices iIn

great
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great abundance? for God Almighty, for
the preservation of his creatures, has caused
those wonderful plants to grow in such
barren desarts, to supply, in some measure,
the want of water; and some are so con-
structed as to hold great quantities of water
for the use of animals. . This is the case of
the ground-pine, which, though it seems
to grow like a fungus or excrescence on the
branch of a tree, often contains a pint or a
quart of sweet water for the birds, beasts,
and even men, to refresh themselves with in
the sultry climates where they abound.
But a plant may hold much water for the
subsistence of animals, and yet not subsist
on water itself; and that this is the case ex-
perience testifies.  Dr. Woodward put a
plant of spearmint, which weighed 27
grains, into a phial of water, where it
stood 77 days, and in that time drank up
2558 grains of spring-water: and then
being taken out, weiched 42 grains; so
“that the increase was only 15 grains; which
is not an hundredth part of the water ex-
pended.

What nourishment the plant obtains
from the earth and water, is generally sup-
posed to be received by the fibres of the
roots, and conveyed, by the stalk or body
of the plant, up into the branches and

3 leaves,



Of Vegetables. 93

feaves, through small tubes, and then re-
turned by the bark to the root again; so
that there is a constant circulation of vital
fluids in plants as well as in animals. But
I am inclined to think, that a great part
of the nourishment of plants is received by
‘the pores of the leaves and skin, or bark,
as well as from the root; eise how happens
it that plants are so much refreshed by the
dew.

Airis as necessary to the nourishment of
plants as a circulation of these alimentary
juices; for they respire as well as animals,
and for that respiration require fresh air,
and even exercise; since we know, that
plants that are always confined in a close
room wiil never rise to perfection : and it
is evident that they perspire, from the ine
stance of the mint growing in spring-wa-
ter above mentioned ; for, if not a hundredth
part of the water taken up by that plant
became a part of the plant itself, ali the
rest muyt be perspired through the pores or
fittle imperceptible holes in the skin and
leaves, \ This recalls to my mind, says
Tady Caroline, a charge my father gave
me, never to sit in the yew-arbour; be-
cause, said he, the matter perspired by the
yew-trce is noxious, and will make you iﬂ;

A
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and I believe that was the reason of his or-
dering that old arbour to be demolished.

But pray Sir, why, and in what manner
do plants perspire? For the same reason,
and in the same manner, perhaps, that
animals do, returned the philosopher. It
1s occasiened, probably, by heat; for we
. know they perspire much more in summer
than in winter; nay, when this vegetative
principle has been long checked by cold, it
breaks out with such force when warm
weather comes on, that it is no uncommon
thing, in the cold northern conntries, to see
the trees covered with snow one weck, and
with blossoms the next.

Plants are propagated different ways;
but the most general method is by sced.
Some plants, however, are raised by a part
of the root of the old plant set in the
ground, as potatoes ; others, by new roots
propagated from the old ones, as hyacinths
and tulips; others, by cutting off branches,
and puiting them info the ground, which
will take root and grow, as vines; and
othersare propagated by grafting and bud-
ding, or inoculation,

; of
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Of Anmmals.

W E are now to speak of the animals that
inhabit the earth, which are naturally di-
vided into men and brutes.

Of men there seem to be four different
sorts.— Nay, do not be frightened, Lady
Caroline!—Sir, says she, I should bhave
made no objection, had you said four hun-
dred, provided you had distinguishied them
according to their different dispositions.—
True, Madam, says the philosopher, or
according to their different featurcs, and
then you might bave said four hundred
thousand ; for it is very true, Madam,
though very wonderful, ‘that out of four
hundred thousand faces you will not find
two exactly alike; and but for this miracu-
lous and gracious proyidence in God, the
world would have been all in confusion.
But the division I would willingly make
of men, is, that of white, tawny, black, and
red; and these, you will allow are, with
respect to colour, essentially different. Most
of the Europeans, and some of the Asiatics,
are white; the Africans on the coast of the
Mediterranean Sea are tawny ; those on the
Coust of Guinea black; and the original
Americans red, or of azed copper colour.

Perhaps
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Perhaps this difference arises from the very
Jong influence of climate on the same race,
or from some cause that escapes our ob=
servation.  Without being able to give
you a reason for ifs being so, I only state
the fact, which must have been obvious {o
you all, as you must occasionally have seen
Africans and Asiatics, if not some of the
other races, who are more rare in this
country. ‘

Brutes may be divided into four classes ;
thatisto say: 1. Aérial, or such as have
wings, and fly in the air, as birds, wasps,
flies, &¢.. 2. Terrestrial, or those which
are confined to the earth ; as quadrupeds,
or four-footed beasts: reptiles, which have
many feet; and serpents, which have no
fect at all. 8. Aquatic, or those that live
in the water;" as fish of all kinds, whether
they are covered with scales or shells, or
are, like the eel, without either. 4. Am-
phibious, or those that can live for a long
time either upon the carth or in the water ;
as otters, aligators, turtles, &c. I say for a
long time, because ¥ appreliend that the
use of both these elements are necessary fer
the subsistence of those animals; and that
though they can live for a considerab'e
time upon land in the open air, or as long
m the water, excluded in a manver frem

T,
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air, yet they would languish and die if
confined entirely either to the one or the
other of these elements.

In this division of animals we are to ob-
serve, however, that there are some which
cannot be considered under either class, be-
ing, as it were, of a middle nature, and
partaking of two kinds : thus, bats scem to
be partly beasts and partly birds. Some
reptiles, likewise, and some of the water-
animals, want one or more of the five
senses with which others are endowed ; as
worms, cockles, oysters, &c.—If I mistake
not, says Lady Caroline, I have scen the
animals divided into different classes in
books of natural history, and described
under the heads of beasts, birds, fishes, and
msects.  Very true, says the philosopher,
but the method I have chosen suits m y
present purpose the best, and can make no
alteration in the nature of things; however,
as I have not yet mentioned the word in-
sects, though they are included in my di-
vision of animals, it may be necessary for
me to observe, that they are so called, from
a scparation in their bodies, by which they
are scemingly divided into two parts, those
parts being only joined together by a small
ligament; as in flies, wasps, &c. Some of
these insccls undergo diflerent changes,

K and
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and in time become quite different animals.
There is something so amazing and mira-
culous in the 1ransformatlon of insects, that
I am lost in reflection whenever the subject
strikes my mind ; and sometimes I am in-
clined to think that other animals may un-
dergo some such change. 'Who that had
not made the observatlon, would think,

Madam, that this grub, crawling or rather
sleeping here, would by-and-by become a
fine butterfly, decked out in all the gaudy
colours of the rainbow; or that this silk-
woerm should be capable of assuming so
many different forms! And is it not alto-
gether as miraculous, that if some animals
are cut in pieces, every separate piece or
part of the original animal will become one
entire animal of itself: yet, that the po-
lype or polypus is endowed with this pro-
perty has been demonstrated ; and I have
here one that was divided into several parts
some time ago, which parts are now be-

come distinct and perfect polypes, and
alive; as you may see by viewing them
through this microscope.

The
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The part marked A, contains the magni-
fying glasses. 'The object to be examined
is placed at the stage B, between a hollow
and a plane glass; the light is reflected
upon it by the mirror C. 'To adjust the
object to the glasses, you move the stage B,

K2 up
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up or down upon the pillar, while you are
looking through the glasses at A, “till the
objects appear the most distinct. M.,
Telescope then placed one of the polypes
in the microscope, and begged Lady Caro-
line'to look ‘at it.—This 15 really wonder-
ful, says Lady Caroline, for the polypus
seems now to be 40 or 50 times bigger than
it was before. Your wonder will be in-
creased stifl more, Madam, replied our phi-
losopher, when I inform you, that it is sup-
posed the animals which can only be dis-
covered by the MICroscope, are as nume-
rous as those we can see vyithout it.

Mr. Telescope having satisfied the cy.
riosity of the company, by letting them see
this wonderful instrument, proceeded in his
lecture.

Bu! the sagacity and acute senses of some
of the animals (in which they seem to ex-
ceed man) are still more surprising : beavers
building houses ; bees forming themselyes
into a society, and clioosing a queen to 20«
vern them ; birds knowing the latitude and
longitude, and salling over sea through
vast tracts of air, from one country to an.
other, without the use of any compass; and
other things, which are suflicient, I think,
1o lower the pride of man, and make evyen

philosoﬂ;ers
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philosophers blush at their own ignorance.
—And now, Lady Caroline, prepare 1o
hear a few hard words, and I will finish
this lecture. But why must it be finished
in an unintelligible manner? says the lady.
Because I cannot deliver what I am going
to say, without making use of the terms of
art; and I would recommend to all my
young friends to make an occasional study
of these terms, as a means of attaining
science with greater facility. :

All animals receive their food at the
mouth; and most animals, but especially
those of the human kind, chew 1t there till
_ it is intimately mixed with the saliva or
spittle, and thereby prepared for the easier
and better digestion of the stomach. W hen
the stomach has digested the food, 1t is
thence conveyed into the guts, (pardon the
expression, for I cannot avoid it,) through
which it is moved gently by what is called
the peristaltic motion; as it passes there,
the chyle, which is the nutritive part,
is separated by the lacteal veins, from the
excrementitious parts, and by them con~
veyed into the blood, with which it circu=
lafes, and is concocted into blood also; and
this _circulation is thus performed :—The
blood being, by the wena cata, brought
into the right ventricle of the heart, by the

K3 contraction
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contraction of that muscle, is forced into
the pulmonary artery of the lungs; where
the air, which is continually inspired or
drawn in by thelungs, mixes with and en-
livens it; and from thence, the blood be-
ing conveyed by the pulmonary vein into
the left ventricle of the heart, the centrac-
tion of the heart forces it out, and by the
arteries distributes it into all parts of the
body; from whence it returns by the veins
to the right ventricle of the heart, to pursue
the same course again, in order to commu-
nicate life and heat to every part of this
wonderful machine, the body.  But this is
not all; for, according to anatomists, some
part of the blood, in the course of its cir-
culation, goes to the head; where a por-
tion of it is separated by the brain, and
concocted into animal spirits, which are
distributed by the nerves, and Impart sense
and motion throughout the body. The
instruments of motion, however, are the
muscles; the fibres or small threads of
which, contracting themselves, move the
different parts ofthe body ; which, in some
of them, is done by the direction of the
mind, and therefore called voluntary mo-
tion but, in others, the mind secems not
to be concerned, and these motions are
recordingly called involuntary. .
n1g
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This is the progress of animal life; by
which you will perceive that a man may,
even at home, and within himself, sce the
swonders of God in the works of creation.

We have now finished our survey of the
universe, and considered these great masses
of matter, the stars and planets; but parti-
cularly our earth and its inhabitants; all
which large bodies are made up of incon-
ceivably small bodies, or atoms: and by
the figure, texture, bulk, and motion of
these isensible corpuscles, or infinitely
«mall bodies, all the phenomena of large
bodics may be explained, |

LECTURE
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LECTURE VI.
Of the Five Senses of Man, and of his

Understanding,

Tae holidays being almost over, and
the young people having nearly concluded
their visit, Mr. Telescope attended the
summons of Mrs. Mentor to give them
some further instruction, in order to com-
plete the slight survey he bad taken of the
visible creation. Every one was curious to
know what topic would be chosen after the
sky, the earth, and the water, had under-
gone an examination ; but none of them
were able to guess, that the theme of the
philosopher would be that of all others
with which they should he best acquainted,
even the faculties and intellectual powers of
their own minds.

After the company was properly adjust-
ed, and an attentive silence prevailed, Mr.
Telescope addressed them with the follow-
ing remarks:

After the cursory view of nature, which
was concluded in my last lecture, it may
not be amiss to look within ourselves and
eXamine our own faculties, and see b y what

means
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means we acquire and treasure up know-
ledge; and this is done, I apprehend, by
means of the senses, the operations of the
mind, and the memory, which last may
be called the storchouse of the understand-
ing. The first timea little child is brought
10 a looking-glass he thinks he has found a
new play-mate, and calls out, Little boy!
Little boy! for having never seen his own
face before, it is noe wonder that he should
be unacquainted with it. Hereis the idea,
therefore, of something new acquired by
sight. Presently the father and mother
and nurse come forward, to partake of the
child’s diversion. Upon seeing these figures
in the glass, with whom he is so well ac-
quainted, he immediately calls out, There
papa! there, mamma! there, nurse! and
now the mind begins to operate; for feeling
his father’s hand on his own head, and
sceing it on the little boy’s head in the
glass, he cries, There me! Now this trans-
action is lodged in the memory, which,
whenever a looking-glass is mentioned, will
give back to the mind this idea of its re-
flecting objects.

T his familiar demeonstration gave general
satisfaction, and he proceeded thus :—-
All our ideas, therefore, are obtained either
by sensation or reflection ; that is to say,

_ : B
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by means of our five senses: as seeing,
hearing, smelling, tasting, and touching,
or by the operations of the mind.

Before you proceed further, says Mus.
Mentor, you should, I think, explain what
is meant by the term idea. That, I ap-
prehend is sufliciently explained by what
was said about the looking-glass, says the
philosopher; but if you require another
definition, I'will give it you. By an idea,
then, I mean that image or picture, Ma-
dam, which is formed in the mind, of any
thing which we have seen or even heard
talk of; for the mind is so adroit and read y
at this kind of painting, that a town, for
instance, is no sooner mentioned, but the
imagination shapes it into form, and pre-
sents it to the memory. None of this com-
pany, I presume, have ever scen Paris;
yet there 1s not one, perhaps, but has form.-
ed, or conceived in his mind, some idea or
picture of that city. Not one of us ever
saw Tippoo Saib’s prodigious army and
elephants, yet we have all formed to our-
selves a picture of their running away from
a small party of our brave countrymen, led
against them by the gallant and courageous
Cornwallis.  'When we read in the news.
papers a description of a sea engagement,
or of the taking of Louisburg, Quebec, or

any
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any other important fortress, the mind im-
mediately gives us a picture of the trans-
action, and we see our valiant officers
issuing their orders, and their intrepid men
furling their sails, firing their guns, scaling
the walls, and driving their enemies before
them. 'To pursue this subject a little
farther : no man has ever seen a dragon,
a griffin, or a fairy; yet every one has
formed in his mind a picture, image, or,
in other words, an idea of these imaginary
beings. Now when this idea or image is
formed in the mind from a view of the ob-
ject itself, it may be called an adequate or
real idea; but when it is conceived in the
mind without secing the object, it is an in-
adequate or imaginary idea.

I shall begin my discourse of the senses
with that of the sight, because, as Mr.
Addison observes, the sicht is the most
perfect and pleasing of them all. The or-
gan of secing is the eye, which is made up
of a number of parts, and so wonderfully
contrived for admitting and refracting the
rays of light, that those which ‘come from
the same point of the object, and fall upon
different parts of the pupil, are again
brought together at the bottom of the eye;
and by that means the whole object is

painted

4
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painted on a membrane called the retina,
which is spread there.

Bat how is it possible, says Master Wil-
son, for you to know that the object is thus
painted on the retina? In some measure
from the structure of the eye, replied the
philosopher ; but I think it is manifest from
that disorder of the eye, which surgeons
call the gutta serena; the very complaint
which the little boy in the cottage near the
park-gate has in one of his eyes. If you
examine it, you will find that he has no
sight with that cye, though it looks as per-
fect as the other, with which he sees well ;
this 1s, therefore, occasioned by some pa-
ralytic, or other disorder in that membrane
or expansion of the optic nerve, which we
call the retina; and proves that all vision
arises from thence.

That which produces in ns the sensation
which we call seeing, is light; for without
light nothing is visible. Now light may
be considered, either as it radiates from. lu-
minous bedies directly to our eyes; and
thus we see these luminous bodics them-
sclves; as the sun, a lighted torch, &c.
or as it is reflected from other bodies; and
thus we see a flower, a man, &c. or a pic-
ture reflected from them to our eyes by the
rays of light.

It
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Itis to be observed, thal the bodies which
respect the lightare of three sorts, 1. Those
that emit the rays of light; as the sun and
fixed stars ; 2. Those that transmit the rays
of light, as the air: and, 3. Those that re-
flect them 5 as the moon, the ecarth, iron,
&e. Thefirst we call luminous, the second
pellucid, and the third opague bodics. 1t
15 also to be observed, that the rays of light
themselves are never seen; but by their
means we see the luminous bodies, frem.
which they originally came; and the
opaque bodies, from which they are re-
flected : thus, for instance, when the moon
shines, we camnnot sec the rays which pass
from the sun to the moon; but, by their
means, we see the moon, from whence they
are reflected. '

If the cye be placed disectly in the me-
dium, through which the rays pass to it,
the medium 1s not seen; for we never see
the air through which therays come {o our
eyes. But if a pellucid body, through
which the rays are to pass, be placed at a
distance from our eye, that body will be
seen, as well as those bodies from whence
the rays came that pass througl it to our
eyves. For instance, he who looks through
a pair -of spectacles, not only sees hudies
through them, but alsa sees the glass it-
. L LL‘U‘;
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self; because the glass being a solid body,
reflects some rays of light from its surface;
and being placed at a convenient distance
from the eye, may be seen by those re-
flected rays, at the same time that bodies
~at a greater distance are seen by the trans-
mitted rays; and this is the reason, per-
haps, why objects are seen more distinctly
through a reflecting than through a refract-
ing telescope. ’
There are two kinds of opaque hodies ;
namely, those that are not specular ; as the
moon, the earth, a man, a horse, &c. and
others that are specular, or mirrors, like
those in reflecting telescopes, whose sur-
faces being polished, reflect the rays in the
same order as they come from other bodies,
and show us’ their images; and rays that
are thas reflected from opaque bodies, al-
ways bring with them to thie eye the idea
of colour, though this colour in bodies is
nothing more than a disposition to reflect
to the cye one sort of rays more copiously,
or in greater plenty than another; for par-
ticular rays impress npon the eye particular
colours; ‘some are red, others blue, yellow,
green, &c.  Now it is to be observed, that
every body of light which comes from the
sun, seems to be compounded of those va-
rious sorts of rays; and as some of them
k- are
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are moré refrangible than others, that is to
say, are more turned out of their course in
passing from one medium to another, it
necessarily follows that they will be sepa-
rated after sueh refraction, and their co-
lours appear distinct. The most refran-
gible of these are the violet; and the least
the red : the intermediate ones, in order,
are indigo, blue, green, yellow, and orange.
- How do you know that colours are se-
parated in this manner, says Lady Caro-
line; in order to be convinced that it is
really so, I must have further demonstra-
tion. This triangular piece of glass is
adapted to the purpose.

If you please to hold it in the beams of
the sun, you will see the colours separated
in the manner I have mentioned. Please
to look, Mrs. Mentor; the separation is
very pleasing, and you will find what I
have said of the rainbow in my third lec-
ture, confirmed by this experiment.

T2 All
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All these rays differ not only n refrangis
bility, but in reflexibility ; I mean the pro-
perty some have of being reflected more
easily than others; and hence arise all the
various colours of bodies.

‘Phewhiteness of the sun’s light is owing,
it 1s supposed, to a’ mixture of all the ori-
ginal colours in a due proportion; and
whiteness in other bodies is a disposition to
rellect all the colours of light nearly in the
same proportien as they are mixed in the
original rays of the sun: as blackness, on
the contrary, is only a disposition to ab-
sorb or stifle, without reflection, most of the
rays of every sort that fall on those bodies;
and it is for that reason, we may suppose,
that black clothes are warmer than those of
any other colour. The inhabitants of
Naples, though in so hot a climate, for the
most part wear black,

Hearing is the next most extensive of our
senses, the organ of which is the ear, whose
structure is extremely curious; as may be
scen in the books of anatomy,

That which the ear conveys to the brain
15 called sound, though, till it recaches and
affects the perceptive part, it is, in realit Y5
nothing but motion ; and this motion,
which - produces in us the perception of
sound, is a vibratien of the air occasioned

by
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by a very short and quick tremulous mo-
tion of the body from whence it is propa-
gated. That sound is conveyed in this
manner, may be known by what is observ-
ed and felt in the strings of musical instru-
ments, and of bells, which tremble or vi-
brate as long as we perceive any scund
come from them; and from this effect
which they produce in us, they are called
sounding bodies.

Sound is propagated at a great rate, but
not near so fast as licht. I don’t know
that, says Lady Caroline. Then you have
forgotten what passed in our lecture upon
air, replied the philosopher; and {o confirm
by experiment what I advanced, I must
beg leave to order oné of the servants to go
to a distance in the park, and discharge a
gun. Mrs. Mentor, to gratify tlie young
people; ordered her game-keeper out; and
when the piece was discharged, they had
the satisfaction of secing the fire long before
they heard the report.

The effect is the same, says our philo-
sopher, in thunder-storms, for we perceive
the flash of lightning before we hear the
thunder; and the more distant the storm is
from us, the greater is the space of time
between the flash and report.

Smelling is another sense which seems to

L 3 be



t14 Ofthe Fice Senses of Man,

be excited in us by external bodies, and
sometimes by bodies at a great distance;
but that which immediately affeets the
nose, the organ of smelling, and produces
i us the sensation of any smell, arc efflu-
via, or iavisible particles that fly from
those bodies to our olfactory nerves. How
co you prove this, says Wilson ? Had'you
- beon Fere yesterday, you would not have
asked this question; for, as the wind was
north-cast, the effluvia from the brick-
‘kilns were ready to suffocate us : but now
the wind is turned to the south-west, you
perceive no smell, because those effluvia

are driven a contrary way.
d'he power which some bodies have of
emitling these effluvia or steams, without
being visibly diminished, is to me most
amazing; yet that it is true we know by
experience. A single grain of musk will
scent a thousand rooms, and send forth
these odoriferous particles for a great num-
ber of years, without being spent. Surely
these particles must be extremely small’;
yet their minuteness is nothing when coms
pared to the particles of light, which per-
vade and find their way through glass, or
to the magnetic eflluvia, which passes freely
through metallic bodies; whereas those
efftuvia that produce the sensation of smell-
ing,
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ing; notwithstanding their wonderful pro-
perty of scenting all places into which they
are brought, and without any sensible di-
minution, are yet foo gross to pass the
membranes of a bladder; and many of them
will scarcely find their way through a
common white paper.

There are but few names to express the
infinite number of scents that we meet
with. T know of none but those of sweet,
stinking, rank, musty, and sour: for so
barren is our hnfruarm in this respect, that
the rest are C‘{plused eitRer by (lcowes of
comparison, or from epithets borrowed
from bodies that produce scent; which
must, in many cases, be very inexpressive;
for the smell of a rose, of a violet, and of
musk, though all sweet, are as distinet as
any scents whatever.

The next sense under our consideration
is taste, the organs of which are the tongue
and the palate, but principally the tongue.
1 must observe, that though bodies which
emit light, sounds; and scents, are seen,
Lheard, and smelt at a distance, yet no
bodies can produce taste without being
immediately applied to that organ; for
though the meat be placed at your mouth,
you Know not what taste it will produce till

you
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you have touched it with your tongue or
palate..

Though there is an amazing variety of
tastes, yet here, as in scents, we have but a
few general names to express the whole :
sweet, sour, - bitter, harsh, smooth, and
rank, are all that I can recollect ; and our
other ideas of taste are generally conveyed
by borrowed similitudes and expressions, as
those of scents. It is surprising, says a
gentleman who was present, that, in thisage
of gluttony, our ,language should be so
barren, as not té atford words to express
those ideas which are excited by exquisite
flavours! Sir, says Mrs. Mentor, you must
recollect that we are indebted for our most
expressive terms to the poets, who, frem
their poverty, have, many of them, but
fittle skill in the science of good eating.
Your remark 1s a satire on the national
taste, replied the gentleman, and it is a re-
proach that so many good. poets should
want patronage; but if the sons of the
Muses abounded more in riches, instead of
sweets and sours, and such old-fashioned
terms, e might have the flavour of cala pash
and calapee, with a long list of other dain-
ties, each distinguished by their proper
namnes.

M.
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Mr. Telescope recalled their attention to
the subject before them by saying, I have
already taken notice of four of our senses,
and amn now come to the fifth and last, I
mean that of the touch ; which is a sense
spread over the whole body, though it 1s
more particularly the business of the hands
and fingers; for by them the tangible qua-
lities of bodies are known, since we discover
by the touch of the fingers, and sometimes
indeed by the touch of other parts of the -
body, whether things are hard, soft, rough,
smooth, wet, dry, &c. But the qualities
which most affect this sense are heat and -
cold, and which, indeed, are the great en-
gines of nature; for, by a due temperament
of those two opposite qualities most of her
productions are formed.

What we call heat is oceasioned by the
agitation of the insensible parts of the body
that produce in us that sensation ; and when
the parts of a body are violently agitated,
we say, and indeed we feel, that body is
hot ; so that ¢« which to our sensation is
heat, in the object is nothing but motion,
—Hey-day, says Wilson, what sort of phi-
losophy is this? Take care, young gen-
tleman, says Mrs. Mentor, or you will for-
feit all pretensions to philosopby.  The
forfeiture is made already, says the philo-

: sopher;
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sopher; Master Wilson has been botd
enough to deny that which experience every
day confirms for- truth. If what we call
heat is not motion, or occasioned by the
motion of bodies, how came the mill to
take fire the other day, when it was runs
ning round without a proper supply of
corn? And how came your post-chariot, -
Madam, to fire while running down a steep
hill? - Consider, there was nobod y with a
torch under the axle-tree ; but thisis a part
of philosophy known even to the poor igno-
rant Indians, who, when Irunting at a great
distance from home, and wanting fire to
dress their meat, take a bow and . a string:,
and rub two pieces of wood together till they
produce flame.  But you may see, Master
Wilson, that heat is occasioned by the
motion of bodies, by only rmbbing this
piece of smooth brass on the table—Stay, I
will rub it; it must be done briskly. There,
now, you will feel it hot; but cease this
motion for a time, and the brass will be-
come cold again; hence we may infer, that
as heat is nothing but the insensible par-
ticles of bodies put into motion, so cold, on
the contrary, is occasioned by the cessation
of the motion of those particles, or their
being placed in a state of rest.
But bodies appear Lot or cold in propor-
tion
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tion to the temperament of that part of the
human body to which they are applied ; so
that what seems hot to one, may not seem
so to another. This is so true, that the
same body, felt by the two hands of the
gunc man, may, at the same instant of
time, appear warm to one hand and cold to
the other, if with the one hand-he has been
rubbing any thing, while the other was
kept in a state of rest; and for no other
reason but because the motion of the insen-
sible partictes of that hand with which he
has been rubbing, will be more brisk than
the particles of the other which was at rest.
I have mentioned those objects which are
- peculiar to each of our senses: aslicht and
colour to the sight; sound to the hearing ;
odours to the smell, &c. Butthere are two
others, common to all the senses, which de-
serve our notice, and these are pleasure and
pain, which the senses may receive by their
own pcculmr objects ; for we know that a
proper portion of light is pleasing, but that
o much oftends the eye; some sounds de-
light, while others are disagrecable, and
rrmtu the ear ; so heat, in a moderate degr ree,
1S very pleasam yet that heat may be so in-
creased as to give the most intolerable pain.
But these things are so familiar to every
one’s
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one's observation, that there is no occasion
to enlarge upon them.

Now, from the ideas or conceptions form-
ed in the mind by means of our senses, and
the operations of the mind. itself; are laid
the foundation of the human understandg
ing, the lowest degree of which is percep-
tion! and to conceive a right notion of this,
we must distinguish the first objects of it,
which are simple ideas, such as are repre-
sented by the words, red, blue, bitter, syveet,
&c. from the other objects of our senses +.
to which we may add the internal operas
tions of our minds, or the objects of reflec-
tion; such as are thinking, willing, &c.
for all our ideas are first obtained by sensa-
tion and reflection. The mind having
gained variety of simple ideas, by putting
them together, forms what are called con.
pounded or complex ideas; as those signi-
fied by the words, man, Lorse, marygold,
windmill, &e. :

The next operation of the mind (or of
the understanding) in its progress to know-
ledge, is that of abstracting its ideas; for
by abstraction they are made general; and
a general idea is to-be considered as sepa-
xated from time and place, and lodged in
the mind to represent any particalar thing
that is conformable to it.

g ' ‘ Knowled 80
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Knowledge, which is the highest degree
of the speculative faculties, consists in the
perception of the truth of affirmative or ne-
gative propositions; and this perception 1s
either immedinfe or mediate. Wh ien, by
comyparing two ideas together in the mmd
we perccive their &grcemcut or dlaagrlee-
ment, as, that black is not white; that the
whole is bigger than a part; and that two
and two are equal to four, &c. it is called
immediate perception, or intuitive know-
fcdge; and as the truth of these and. the
hke propositions is so evident, as to be
Lknown by a simple intuition of the ideas
themselves, they are also called self-evident
propositions.

Mediate perception is, when the agree-
ment or disagreement of two ideas is made
known by the intervention of some other
ideas. 'Thus, if it be affirmed that my
lord’s bay horse is as high as my father’s,
the agreement or disagrecment may be scen
by ¢ ppi ying the same measure to both :—
and this is called demonstration, or rational
knowledge. The dimensions of any two
bodies which cannot be brought together
may be thus known, by the same measure
being applied to them both.

But the understanding is not confined to
certain truth ; 1t also ]udocs of probability,

M ! which
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which consists in the likely agreement or
disagreement of ideas; ‘and the assenting to
any proposition as probable, is called opi-
nion or belief. We have now finished
this course of lectures. I hope not, says
Lady Caroline with some emotion! W hy,
Madam, returned the philosopher, we have
takena cursory view of nataral bodies, and
their causes and effects ; which I have en.
deavoured to explain in such a manner, as
to be intelligible at least, if not entertain-
ing; and pray, what more did you expect ?
Sir, replied the young lady, I am greatly
pleased with the account you have given
us; and I thank you for the pains you
bave taken to answer the nmany questions
with whieh I have troubled you. But it
would have given me peculiar pleasure {o
have heard you recommend the duties of
humanity to every creature capable of
feeling ; and to have strengthened  yonr
lessous by some living examples, like thoce
of Mr. and Mrs. Loiter at the hall, whe
treat their horses and dogs with such ten-
derness; nay, she is so hiumane, that she
feeds her parrot and favourite cat hefore she
ceats her own breakfist, No one admires
-humanity more than I do, observed Mrs.
Mentor; but in this instance, my. deay
Lady Caroline, I {hink you istake the

¢ estimate



and of his Understanding. 123

estimate of the characters you mention,
Tliere is a vast inconsistency in those
minds who devote an inordinate care and
attention to animals of an inferior nature ;
and neglect what ennobles human nature to
the highest pitch, the charities of life to-
wards their fellow-creatures. Mr. and Mis.
Loiter spare neither expence nor time for
the indulgence of their animal favourites
whilst ie draws hLis large income from traf-
ficking in Negroes, without fecling repug-
nance at separating husband and wife,
parents and children, and forcibly tearing
them from their native soil, to endure hard
labour, and frequently ill treatment from
their tyrannic masters, who too often forget
that they are co-heirs with them of immor-
tality ; she, on the other hand, passes her
time in feeding parrots, cats, and monkeys,
whilst she abandons Lier own offspring to
the care of a hireling. In orderto be truly
good, we must be so in every respect, ¢ for
whosoever shall keep the whole law, and
yet offend in one point, he is guilty of all.”
Therefore, the man of real humanity founds
the law of kindness on the love of God,
who enjoins us to love our neighbours as
ourselves. He who makes this royal law
the rule of his conduct, will not transgress
towards the animals; as he will consider

M 2 them,
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them, thongh inferior in rank to rational
creatures, yet as members of the great fa-
mily of the Universal Parent, who cares
for all, and has with such consummate -
wisdom provided for the wants of the
meancst of his creatures. Let the book of
nature teach us to adore his providence; to
bless his goodness ; and to receive the nu-
merous favours he has bestowed upon us, in
our exalted scale inthe creation, with thank-
fulness. :

Mrs Mentor, on the conclusion of this
speech, thanked Mr. Telescope, in the
name of the company, for the instruction
and entertainment they had received. The
time of separation was now arrived; cach
returned to their respective homes, improy-
ed by, and delighted with, their visit.

APPENDIX.
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A List of the Optical and Philosophical

Instruments mentioned in this Book;
‘ AND
A DESCRIPTION OF
INSTRUMENTS FOR DRAWING,
WHICH WILL BE FOUND

PARTICULARLY USEFUL TO YOUNG
PERSONS.
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A List of the Optical and Philosophical
TInstruments mentioned in this Book;
with the Prices at which they are made

and sold by W. Harris, No. AT, Hol-

born, London.

A Pocket Terrestrial Globe ina case
A Reéflecting Telescope, one foot, in brass
A Refracting ditto, from 10s. 6d. to -
A Planetarimn, according to the whecl-
work, from 1/. 4s. to - - £
An Accurate Map of the Moon - P
An Armillary Sphere on card paper 2
Ditto, ail in brass, completely and elegant~
Iy I);lade, fromt3/-135 810 S - -
A Pair of Twelve Inch Globes, best sort
A Triple Weather-glass [described in
page 39 ] - - -
Air-Gun for experiments only - -
Air-Pump, with Receiver, from 47 14s. 6d.
to - = 2 %
Apparatus to ditto, from 11. 1s. to -
Plectrical Machines, from 20 12s. 6d. to
Microscopes, with Apparatus 10s. 6d. to
Glass Prism = - s

L.

10 10

(0 600 A
(G5, 5]

12 12
313

3 18
16 16

6 6
10 10
8 8
6 6
0 10

S. D.

6
6
0

==}

(===}

SO 0O QO

Orders sent to the Publishers of this Work, will

be duly attended to.
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Drawing Instruments.

A full pocket cascof DRAWING INSTRU-
monTs generally contains, Ist. a Pair of
Large Compasses (marked A) with Ink,
Pencil, and Dotting Points (marked a. b.
c.) either of which may be inserted in one
of the legs, which is made moveable for
that purpose; 2d. a Pair of plain (or hair)
Dividers, (marked B;) 38d. a Drawing.
Pen (marked C,) with a protracting pin
(marked d,) which screws into the handle; -
4th. a Pair of Bow Compasses (marked D ;)
Hth. a Scctor; 6th. a Plain Scale; 7Tth. a
Protractor ; Sth. a Parallel Rule.

Cases of Drawing Instruments, of various
contents and qualities, are charged from

18s. to 14l. 14s.
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The Portable Pocket Instrument.

"This new-invented, curious, and portable
pair of Compasses, may be considered as a
Case of Instruments in itself.

The Points (marked C C) being inserted
info the Cap or Case (marked A) preserves
them from being damaged, and renders
ihese Compasses perfect] y portable; the
lezs being hollow, contain the Ink and
Pencil Poi int, which slide into them by
Spring soc lkets (marked B;) either of them
way be used, by sliding the one wanted
out of the b()(,]x(‘* reversing it, and placing
the plain point (markcd C) in its stead.

The extra advantages of these Compasses
are, they may be used as a pair of Beam
(omp'ls&es, and as Callipers.

The prices of these Instruments arc from
1l. 165, to 3. 3s.
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Proportional Compasses.

These Compasses are used for the more
readily reducing or mhrgmm Plans,

If it is waitted to divide a given line info
a proposed number of equal parts (sup-
pose 7) the compasses must 1 be shut, the
milled nut unserewed, and the slider moved
along the groove, until the line across it is
parallel with the division marked 7 on the
scale of lines, then, afier tighteaing the
screw, by (‘\tcudnm the ]fmuc: pouns SO as
to m!fo m the given line, the shorter points
will give the 7th part of that l“u.

For i inscribing in a circle a regular poly-
gon, (sSuppose of 9 sides, ) the md(! must
be moved along the groove until the line
across it is puuliol with the division mark-
ed 9 on the scale of cireles; 1hen, by ex-

tending the longer points to the radius of
ihc given circle, the shorter points will giy
the side of the wqum(i ‘,U'y gon.

These Compasses may be purchased at
various prices, from 1/. Hs Bd. 1o, 51,83,
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The Pentagraph.

The usc of this Instrument is for copying
any proposed Plan, Picture, Draught, &c.
in any given proportion greater or less than
the original.

In using it for reducing a Plan, &c-
(suppose 3) the sliders on the bars B and D
must be moved to the division marked 1,
and the weight piaced at B, the Plan which
(s to be reduced being then put under the
tracing point or tracer C, the pencil at D

will draw it in the proportion of L to the
original. e

For enlarging 2 Plan (suppose 1) the
same method is used, except changing the
situation of the tracer and pencil, placing

the former at D and the latter at (B
For copying a plan of the same size, the
Jiders must be moved on the bars B and D
~ tothedivisions marked L, the weight placed
at D, the tracer at B, and the pencil at C.
For striking an Oval, the slider on the
bar B, must be moved to the division
marked &, the weight placed at G, the
tracer at C, and the pencil at D, then, by
moving the slider on the bar D to any {)f
the

=
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the divisions, an Oval, more or less acute,
may be struck. :

For preveniing the pencil making any
improper marks, a string for lifting it up
communicates through E A and H to the
tracer.

Pentagraphs vary in prices, according
toe the materials of which they are made,
from 24s. to 71. Ts.

THE ENI¥,

Piinted by W. Uarion, and J. and J. Harvey, k
Gracechurch-street, London,
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