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PREFACE.

Tux desire of obtaining knowledge is one of the most natural,
and, at the same time, moat ennobling attributes of the
human mind, for it is impossible, whatever may be our station
in life, to walk through the world without noticing facts of
the highest interest, which cannot be duly appreciated unless
properly understood.

The P’anorama of Science is intended, like a guide-book
to strangers, to lead our readers through the most agree.
able paths to knowledge, and explain in the most simple
manner the Principles of Science. No scholastic difficalties
will be allowed to impede our progress; for there is now no
neceasity to affect, like the priests of old, an air of mystery in
elucidating the artless means which nature takes to accomplizh
many of her most important and beautiful operations : indeed,
truth disdains all artificea; she does not love to appear
masqueraded in the costume of quaint and hyperbolical
devices ; her ways are ways of the utmost simplicity, and may
be readily understood by every individual desirous of acquir-
ing information. This information we will now lay before
the reader, excluding, or explaining, all acientific terms; and
it is hoped that this will appear a * Panorama” more than in
name,

G. &.

Liverpool, May, 1849.
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PANORAMA OF SCIENCE.

INTRODUCTION.

ScreNTIFIC knowledge hae often been neglected from an
idea that it can ouly be attained by individuals who pre=
viously possess conxiderable information. There cannoé
poeribly exist u greater mistake ; for pature is so simple
in all her operations, that they can be rendered as intelli«
gible to the mind of the humble mechanic or unlettered

easant, as to that of the haughty peer or the mosé
earned philosopher. It iw certaiuly true, that in former
times, partly from ignorance or the defect of the English
language, and partly from an ignoble wish to fetter the
progress of the human mind, the most simple traths were
stadiously obscured ; but the curious signs and figares—
the harsh and disjointed phraseology—the crude and
complicated technical terms which were then in general
use, have now been done away with, and the path to the
Temple of Science is at the present day open and easy of
access to all.

In this age of intellectual excitement many means have
been contrived to extend the blessings of education ; and
schools of art have been institated, and popalar lectures
judiciously delivered, with the view of communicating,
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in the most easy and familiar manner, those principles
of science which explain the various phenomena of na-
ture, and the different processes of art by which we can
supply the necessaries and the luxaries of life. But it is
now our intention in publishing this volume, to bring
home to every fireside in the kingdom, that species of
information, which has hitherto been confined to schools
and lecture rooms, or published in an expensive or too
elaborate form for general use. To obviate every diffi-
culty, therefore, and to render the scientific subjects of
which we are about to treat, adapted to the capacity of
even the most illiterate of readers, the most perfectly
simtﬁle style of language will be used iu the composition
of the following articles.

Science admits of two general divisions ; the first com-
prehending an investigation into the nature and ope-
rations of our own minds; the second, into the various
properties and conditions of matter, or the objects whicbh
we perceive in the external world. It is by a strict ex
amination into these that we become acquainted with the
laws of nature, without some acquaintance with which
we must be continually passing over many objects and
events unnoticed, that would otherwise excite the
greatest possible interest and admiration. Nor is this
all ; for when any event does occur of #u uncommon and
striking a kind as to attract our attention, and so to
awaken our ignorance, if we are unable to explain 1t on
fixed principles, we must fall back upon the suggestions
of fancy, which, as every person has found, lead to the
most absurd and extravagant superstitions. ‘Thunder
and lightning, comets, meteors, northern lights, rainbows,
and indeed every phenomenon of nature has in its turn,
excited those superstitious feelings which appear natural
to man while in a state of ignorance; but happy are we
that such is not the condition of the working men of the
nineteenth ceutury—the schoolmaster is abroad, and a
cheap press has wrought miracles. But a few examples
will not be out of place here to show the advantages we
enjoy over what our forefathers enjoyed.

n ancient times thunder and lightning were regarded
as occurrences beyond the common course of nature.
Under the Mosaical dispensation, the Jews were accus«
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tomed to open the doors and windows of their dwellings
during a thunder storm, in the expectation of the promised
Measiah making his appearance amidst this war of the
elements. The Roman Catholics, in many districts of
Giermany, toll the bells of the churches during the con-
tinuance of a thunder-sturm; and in Athens, when a
person was struck dead by lightning, the spot on which
the accident oceorred was enclosed, and an altar raised
for the people offring up their sacrifices to their gods.
The super«titions of the ignorant® which gave rise to such
customs, have, from the rapid advancement in our own
days of the knowledge of science, not only been dispelled,
but we have contrived, by a very simple expedient, to
rob the eloud of its lightniog, and to protect our houses
and churchey from 3ts disastrous eflects. Comets have
Wc- been, from a very varly period, regarded as unnatural

wnts, which appeared i the heavens to predict the
most dismal calimities, such as wars and pestilence, the
dethronement and death of kings, and the destruction of
ampired. By seferring to the history of Rome we will
obrerve the undue importance which wae attached to the
comet that appeared a short time previous to the
Augustan war, and to that which attended the battle of
Pharsalia ; neither has Josephus, the celebrated Jewish
historian, been sparing of them at the destroction of
Jerusalem. TDuaring those days of ignorance and super=
atition comets were merely regarded as flaming meteors;
but thanks to the progress of dircovery, our astronomers
are now enabled to examine their nature more minutely
—to point out the orbit they describe—and to foretell
with certainty the periods of their return. Meteors,
which occur =0 much more frequently than comets, have
also aroused the apprehension of the vulgar, who have
fancied them to bear away the spirits of the departed,
and to be the sure forerunners of death. ¢ The account,”
says Mr. M‘Pherson, “given to this day by the ignorant,
is very poetical. ‘The ghost comes mounted on a meteor,
and surrounds twice or thrice the house destined for the
person to die in, and then goes along the road through
which the burial is to pass, shrieking at intervals; at last
the meteor and the ghost disappear above the burial
place.” Northern lights have also given rise to many
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conjectures and prophecies. If of a pale colour, the
‘were supponed tg hg the precursors of famine; if of {
brilliant red appearance, to be ominous of pestilence and
war. The rainbow even, which *“ compasseth the heaven
about with a glorious circle,” has been the parent of
numerous fanciful notions. The superstition nf the
Athenians caused altars to be raised for 1ts worship ; and
even to the colours it exhibits were assigned a mysterious
interpretation, during the earlier ages of Chrstianity.
The red and green colooes were considered to be migmfi-
cant of the destruction of the world by fire and water;
while in the other colours were recoguised typical al-
lusions to the mysteries of baptism and the Loly sacrament
of the supper. These, and many other false notions we
could point out, shew, that without snme knowledwe of
the elementary principles of science, we not ouly faill to
observe and appreciate, but are apt to place an ahsurd
and mischievous interpretation on the must iuteresting
and beautilul pheromena of nature.

By the aid of scientific principles, derived from the ob-
servation of a few facts of the mort simple kind, and
which are capable of immediate proof, the weakeat dis-
ciple of science has it in hix power to explain the pro-
perties aud effects of hght—the sources, operations, and
numerous apphlications of heat—the compoxtion of air
and water, and the various kinds of earthe, minerals,
metals, and other substances of which this globe we in-
habit is composed. Besides all these, there are many
phenomena of frequent occurrence which claim pecuhar
attention; the varied and frequently beautilul colours
that are often observed reflected along the aky—the
formation and varieties of clonds—the condensation and
fall of snow, hail, rain, and dew—the motions of the sir,
gea and land breezes, trade-winds, whirlwinds, the bur-
ricape, the tornado, and the simoon—the various a

ces which prognosticate change of weather—the

ncy, the glowing tinte and depths of the ocean,

with the motion of its waves, its tides, its corrents, aud
jts whirlpools—the lakes, rivers, and springs, which so
beaatifully diversify the face of nature; the terrible con-
vulsions which, under the form of earthquakes, lay the
proudest cities in the dust, and overwhelm with fear the
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heart of man—these, and many other wonders of crea-
tion, are well calculated to excite, even in the most
heartless mind a spirit of inquiry, which, once arovsed,
will go along upon its path rejoicing, fully conscious that
at every step it is gathering power and enlarging the
boundaries of human happiness. All mankind, vatural
historiaus, moralists, ports—are accustomed to speak of
the surpussing heauties of pature; but these cannot be
felt nor, sufliciently appreciated without bejog properly
understood ; therefore this is ome of the strongest in-
ducements for us to cultivate such knowledge—to apply
ourselves to obtain a clear perception of the globe we
whabit—for whatever may be the »phere of hfe in which
we are destined to move—whatever the duties we may
be called upon to perform, or the cares and anxieties that
may oppress us, tliere are times when we escape from
these into the free open air, to wander perhaps through
the green fields or along the sea shore, and then the mind
£0 eadowed carnies along with 1t a talisman, by which it
can at all times commaud the most interesting sutjects
for its contemplation. But hemides the foreguing in-
quiriea, which relate prineipally to what is termed in-
organic matter, when we have examined the irregularities
of the earth’s surface, its mountains and its valiies—its
bills and itx plams—its stupendous rocks and 1ts level
shores, it will remain for us to to cousider the numerous
tribes of arganie beiugs which in these different regions
find their appropriate abode. We shall find that the
vegetable creation alone opens up to us a world which
first bewilders us with the multitude of its wonders and
beautier, and then charms us into meditation. Every
plant, from the humble moss clinging to the barren rock,
to the majestic oak of the umbrageous forest—irom the
despised weed on which we disdainfully trample, to the
beautiful Bower which it is our delight to cultivate, are
under the influence of the same unalterable laws—they
all require light, heat, air, and moisture ; they all possess.
a living principle, and require & certain quantity and
kind of nourishment which is distilled into sap, and con=
verted into different kinds of matter, for the leaves,
flowers and fruit; they have all the faculty of reproduc-
tion, whereby the same species is continued, and they all
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grow, attain maturity, and then die, and their decayed
remains, even as human dast, then contribute to the
formation of the soil, which is always by such means in
the course of renewal. The seeds and fruits of some of
these plants, by various processes of art are converted
into food, examples of which we have in the numerons
kinds of grain now cultivated in Europe; others again
which supply vs with the means of clothing, instances of
which we recoguize in the hemp, flax, and cotton plants;
others produce valuable medicinal substances, by which
we are enabled to lessen and often entirely subdue the
sufferings and progress of disease; besides all which, it
is almost unnecessary to add that timber of different
kinds forms a most important article of commerce, seeing
it is applied to so many purposes of life.

From all this we perceive that the vegetable kingdom
pot only adorns the world with verdant beauty, but that
all its productions, its grasses, herbs, shrubs, and trees,
are adapted to supply the various wants of the great
‘human family. But it is not man alone that derives
support and enjoyment from that source ; the plants that
grow beside rivers, the shrubs that beautify rocks, the
extensive forests formed by the grouping together of
trees,—all afford nourishment and protection to thousunds
of living beings. Here myriads of iusects that have
hitherto escaped the observation of the maturalist, and
birds whose melodious warblings are unrivalled by
human art, enjoy their liberty; there, also, secure from
the domivion of man, animals, in their wild and undo-
mesticated state, find shelter. As the principle of life
which exists in plants does not lead to the obvions
manifestation of any sentient or thinking priuciple, they
have been placed at the bottom of the scale of organized
beings, ascending from which the numerous living beings
that inbabit the air, the water, and the earth, and which
exhibit a regular advancing scale, from the most simple
to the most complicated structures, engage our attention
and our interest. Certain general laws we find govern
all these—they all require light, heat, air, and food—they
all have the pdwer of multiplying their individnal and
distinet races—they all grow and enjoy the power of
Jocomotion—they have all senses which warn them of
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the approach of danger, and enable them to select the
most proper substances for their suppert—they have all
WYheir appropriate residences, some being. the inhabitants
of cold, others of hot climates, some being destined to
live in the bosoms of vallies, others on the heights of
mountains—they have the habits which are connected
with certain peculiarities visible in the form of their
bodies—they all endure only a temporary existence, some
of them living only a few minutes, others for centuries;
and finally, like the plants alregdy noticed, the remains of
their decaying bodies contribute to the formation of the
earth on which we tread. Finding himself perplexed, by
the immense number of these animated beings, the na-
taralist hus arranged them according to their various
" forms and habits into certain general divisions, and these
again he has wubdivided into particular classes, genera,
epecies, and varieties. At the head of these, pre-emi-
nently distinguished by the faculty of speech, and the
powers of his mind, we find man, whose knowledge,
when tempered with humanity, teaches him humiliﬁ,
forbearance, and gentleness to all living things. In his
uncivilized state man is perbaps the most abject and
helpless creature that moves on the face of the earth;
nor is it until the light of reason dawns upon his soul
that he can.understand how to supply his numerous
necessities and comforts. Naked, unarmed, exposed to
all the inclemencies of the weather, he seeks only to
redress s immediate physical wants. His hunger he
appeases by eating the fruits of the trees, or the roots gf
herbs—his thirst he quenches at the river's brink, and his
abode.is in the depths of otherwise unfrequented forests.
In this state be has no language to explain his ideas ; but
let us turn from a picture so humiliatiog to human vanity,
and contemplate man in his more civilized condition, en-
joying not only all the comforts, but likewiee the luxuries
conferred on him by the progress of the arts and sciences.
Imperial Rome, formerly the mistress of the world,
originally consisted only of a few mud hovels irregularly
scattered, and we are informed by Vitruvius, that even
in his time, the Temple of Romulus, was thatched with
straw for its preservation. Such was the origin of that
proud city ; and this is only an emblem of the significant
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changes, improvements, and contributions to bappiness
4hat have been, and will be effected, by the progress of
the human mind.

Great Britain itself, which has held so commanding an
attitade amoog surrounding nations, bas also risen from
as hamble an origin; and to what can her glory and
prosperity be attributed ¥ Undoubtedly to the advanced
state of the arts and sciences; it is this which led to her
conquests both by land and sea; and it this which now
forms the broad aud firm basis of her commerce. The
application of tbe principles of scieuce tu her various
manufactures has brought many of them to n state of
the most wonderful perfection. Wheu we cunsider,
therefore, that the knowledge of the principles of
chemistry will enable us to understand the most interest=
ing processes of art, no one will deny that 1t 18 a most
desirable acquisition, more especially as it requires but
little sacrifice of time and no great application to wtudy.
By referring to the History of Great Britain we will
learn that previous to the eight ceutury glass was an
article unknown, and that the windows of houses, and
even of cathedral churches, admitted light through fine
lipen cloths, or lattices of wood; but now, by the union
of potash and a certain kind of sea sand, and the applica=
tion of heat, glass in formed, which supplies us with the
means of enjoymg light in our habitations, while at the
same time 1t excludes the inclemency of the weather;
and the manufacture of glass at the present day forms an
important branch of our trade. The arts of bleaching,
dyeing, aud tanuing, are hikewise chemical operativns,
which may be understood with httle difficulty. The pro=
cess of bleaching is one of great antiyuity; fur we are
credibly infurmed that lime was used in bleaching 300

ears before Christ. Here the bleacher has been indebted

the progress of science, as without knowing the ele=
mentary principles of which, it is not possible to under=
stand the action that takes place in this process. In
dyeing, not a colour can be imparted unless an affinity
or attraction exists between the cloth and the dye; and
if this is not present, recourse must be had to some other
agent to form a bond of union between them. For ex=
ample, if we dissolve some indigo in a little common
wvitriol, and dilute it largely with water, and then dip info
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the solution a piece of silk, linen, or cotton, we shall
#ind, on taking it out immediately, that the indigo combines
‘with the cloth and gives it a bloe colour; but if, in the
place of indigo, we use cochineal, or madder, and im-
merse the cloth, we shall find that there is 8o slight an
attraction between the colouring matter and the fibres of
the cloth that it only receives a stain which may be re-
moved by washing. In this case a mordaunt or basis,
gencrally a preparation of iron or tin, is requisite to
render the dye permanent. e hereby perceive that the
process of dyemg depends on a chemical action, which
admits of a very easy explanation. Tauning, likewise,
can only be understood, by having recourse to the science
of chemustry, which has taught us that, in the rind or
bark of trees, more especially of the oak kind, a sub-
stance is found which may be made, by a very simple
process, to comhine with the skins of animals, 8o as to
form leather. The mode of extractiug metals, also,
from their different ores, and the important art of agri=
culture, require a knowledge of chemical principles.
Bemdes these, even the most simple culinary processes,
daily going forward in our kitchens, proceed likewise on
principles of chemintry, which every individual cught to
understand. We are informed that (‘ount Rumford, the
distinguished philosopher, did vot disdain to exercise
the powers of lus scientific mind in devising means to
improve the art of covking. He endeavoured to ascer-
tain how the greatest quantity of nourishment could be
obtained from food at the least possible expense ; and so
successful was he in his experiments, that, in one of his
establishments at Munich, three women prepared a dinner
for a thousand pereons, and burned only ninepence worth
of fuel. Ie proceeded o far in his improvements so as
to economise all the heat of the smoke; and it was even
believed, bad he lived, that he would bave cooked his
own dinper with the smoke from bis neighbour’s chimney.
Many more examples might be here brought forward to
illustrate the universal application of the principles of
science, but sufficient has been said to point out how
much there is to delight as well as to interest the stu-
dent as he advances along the path of useful knowledge.
'We may observe that the instruction which thus enables
us to appreciate the beauties of nature, and qualifies us
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to understand the various processes of art, should
exercise the happiest and most beneficial effects on
homan character; for such meditations are every way
calculated to elevate the thoughts, refine the feelings,
enrich the imagination, and render us happier as we
proceed on our journey through this world, and at the
same time making us better fitted for the enjoyment
of a glorious eternity.
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LIGHT.

*¢1x the beginning God created the heaven and the earth.
And the earth was without form, and void, and darkness
was upon the face of the degp: and the Spirit of God
moved upon the face of the waters. And God said, Let
there be light : and there was light.” The accomplish-
ment of the divine command was immediate, and the sud-
den removal of the dismal darkoess which was upon the
face of the deep was instantaneously followed by the
bright splendour of the sun. The transition presented
over the whole appearance of the now illumined, face of
the waters, must fill every thoughtful mind with a sense
of power and sublimity which cannot be exceeded. We
cannot feel surprised that this light, so unsullied in its
nature, and so lovely in all its different effects, suddenly
called into existence,—~we cannot feel surprised, we re-
peat, that this light, which so freely scatters its blessings
around us, should baveattracted the attention of the most
highly gifted and accomplished philosophers. Let us
then enter on this interesting suhject, and proceed to
consider its nature and properties, and its influence on
the avimate and inanimate creation.

The sun, which has been worshipped as a vigible God
by mauy nations, is the most obvious source of light
and heat; and every one is now, or ought to be aware,
that it is the change of position which our earth, in its
constant revolution, undergoes in its relation to that
luminary, which causes and regulates the retarn and
duration of day and night, and the succession and inten-
sity of the different seasons. But the sun is not the onl
source of light; for was this the case we should be left
during the period of night in the helplessness of dark-
ness, than which nothing could be more dreadful. Instead
of this, however, when the sun has eunk below the
horizon, and the twilight which follows has faded away,
the reflected light of the moon, and the light of innumer-
able stars, shed a soft and sparkling lustre through the
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world. These heavenly bodies are the most obvious
sources of natural light; but man, at a very early period,
mpted by his necessities, contrived to procure both
ht and heat artificially, to accomplish which, he had
recourse to several ingenious plans. It was observed,
that when two bodies are pretty smartly rubbed against
each other, both light and heat are obtained by the frice
tion. The arctic Highlanders of Baffin’s Bay obtain fire
by rubbing two fish bones against each other. The
Fuegians, an uncivilized race of people, inhabiting one of
the coasts in the Southern (cean, procure fire by rubbing
a pyrite, or firestone, and a fhaty stone together, and
catching the sparks on a soft dry sabstance resembling
moss, which is quickly ignited. The inhabitants of New
Holland take two pieces of soft dry wood—the one &
stick about eight inches long, the other a flat piece. The
stick is shaped into a blunt point at one end, and pressed
firmly against the piece of wood, holding it between both
their hands, and tara it quickly round. By this method
light and heat are obtamed, in somewhat less than two
minates. It is for this reason necessary to grease the
iron at the axis of carriage wheels, as otherwise from the
friction, when the carriage is drawn swiftly along, as on
railways they are apt to take fire—an accident which has
frequently occorred. Friction, therefore, is one of the
sources of artificial light. When one body is quickly
strack against another, say a piece of flint against a piece
of iron, light and heat are likewise produced. This is the
method of obtaining light and heat by percussion ; and it
is well known thut advantage is taken of it in the locks of
guns and pistols. When fire has been thus produced, it
is cpglied to an inflammable body, during the burning of
which, a more or less bright light is emitted. Thus oil
and tallow are inflammable substances, and by putting
in either of these, a piece of cotton wick, on lighting
which the oil or tallow rises through its threads and pro-
<duces a steady flame. Many gases are likewise inflam-
mable, and when mixed together in certain quantities,
comvume more or less rapidly. .

Light is also produced by electricity, which is a very
peculiar and subtle fluid, that seems to pervade in &
greater or lesser degree all bodies, animate or insnimate.
‘When this electric fluid has accumalated in any particular

o
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region, it seeks to disperse or equalise itself, and in so
doing, evolves itself, and becomes perceptible to our
sight. This is the cavse of lightning; sud many are
of opinion that it is likewise the cause of the aurora
borealis, meteors, shooting stars. and other interesting
phenomena in nature. (ertain animals also have the
power of generating a phosphorescent kind of matter,
which gives out light, such as the glow-worm, the fire=
fly of the West Indies, and some descriptions of fish. It
is probable that sea water ig capable of dissolving this
luminous matter, which explaioa the reason why the
waters of the ocean by night often appear shining when
agitated. Such are the general sources of light. But
the principal, and most constant of them all is undoubt-
edly the sun.

Naturally inquisitive, the homan mind is next led to
inqnire what is the natore of this light which is so uni-
versally spread over the world, and what are its proper~
ties; nor have these subjects remained uninvestigated.
The celebrated philosopher Deacartes was of opinion that
light is caused by a certain motion or undulation of a
very thin elastic medium, which he suppoeed pervaded
space; but Sir Isaac Newton, whose valuable discoveries
established a new era in the history of science, discarded
this doctriue, and from various observations, came to the
conclusion that light consists of very minute particles of
matter, which are thrown out in all directions from
luminous bodies. The opinion of Descartes was after~
terwards supported by many secientific men of eminence;
but the views of Sir Isaac Newton appear better founded,
and are consequently more generally countenanced.
particles of light are extremely small, nay, #o exquisitely
minute, that they do not affect the moet delicate balance;
but when we call to our recollection, that objects exist
of such extreme minateness as to escape even the powers
of the microscope, 8o also does matter exist of so subtile
a nature as not to affect the most exact scale that has as
yet been constructed. This is the case with the matter
of heat, and also with that of electricity. We may
weigh, perbaps, the thousand part of a grain, but, ga{:
Dr. Thomson, we are certain that no particle of ligh
weighs the one millionth millionth part of a grain. This
exquisite minuteness of the particles of light enables
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them to enter freely into the eye, without inflicting the
alightest injury on the structure of so delicate an organ.
Rare indeed is the adaptation of every arrangement of
nature to fulfil its final end or purpose. The number of
these particles which flow from every luminous body is
also wonderful. It has been estimated that there flow
more than gix million million times as many particles of
light from a candle in one second of time as there are
grains of sand in the whole earth. Be this as it may, the
particles of light from a single candle, if there be no
obstacle in the way to obdtruct their passage, will fill a
space of two miles distance in every direction. The
velocity with which light travels has equally excited the
wonder and admiration of every intelligent mind. The
sun is above ninety millions of miles distant from our
earth, yet its light reaches us in about seveu minutes and
a half.—Dr. Brewster says, that it moves at the rate of a
hundred and ninety-two thousand five hundred miles in a
second. But while we pause on this surprising velocity,
it may be well to recollect that all our notions of dis-
tance and time are merely comparative, and in this, as in
many other instances, our ideas are confined to the limits
of our own circumscribed experience. We know that
the swiftest race-horse can scarcely ever run more than a
mile a minnte, nor can he support this speed more than
one or two minutes ; but the swallow does this with ease
for nine or ten hours a-day. The golden eagle, it has
been confidently affirmed, will wing its way, through the
fiercest storm, at the rate of forty miles an hour; while
the little swift, one of our smallest birds, flies at the rate
of two bundred and fifty miles an hour. It is well
known from actual experiment that sound travels eleven
hundred and forty feet in a second, and in all these
instances the rapidity of motion is almost incredible, but
we must never allow our scepticism to be excited by
what at first sight appears to be beyond the range of
possibility. A stream of these particles of light, ema~
nating from the sun, or any Juminous body, constitutes
what is called a ray of light which at all times proceeds,
80 long as it meets with no obstruction, in a straight
line. ‘Thus we can see through a straight, but not
through a bent tube. In aiming with a gun at the bull's
eye in the centre of a target, our endeavour is to direct
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the bullet along the straight rays of light which proceed
from that point to oor organs of vision, and to enable us
to take a surer aim, we generally close one eye in order
to exclude all the rays of light excepting those which
proceed from the point to which the attention is directed.
We accordingly say that a ray of light moves in a straight
line; but if it meet with a body, such as a mirror, that
interrupts its progrees, what is the result? It is unable
to proceed directly onwards, and is reflected out of its
course as a stone is when struck againet a wall. This is
called the reflection of light. *On a clear summer’s day,
when the sun is shining on the bosom of a lake or river,
its rays of light are thus turned or reflected back to the
eye, with a brightness so overpowering as to be fre-
quently insupportable. So likewise in walking on the
sunny side of a street, the reflection of the rays from the
pavement and houses dazzle the eyes, and induces us to
seek shelter in the shade. On the smdx deserts of Africa
and Egypt the continued reflection of the sun's rays from
the sand gives rise to painful maladies of the organ of
sight. It is for the same reason that when we walk out
after a fall of snow, if the noonday sun shine brightly,
the number of rays that are reflected from the snow
around causes a painful seoration in the eyes. Travel-
lers who have visited the northern latitodes have com-
plained much of the annoyance they had to endure from
this reflection of light from the snow and ice which pere
petually exist in these dreary regions. The Esyuimaux
are not even reconciled by habit to this inconvenience,
butare subjected to inflammation and other diseases of the
eyes; many persons having, says Captain Lyon, lost their
eyelashes and were nearly blind. But if such be the dis-
tressing consequence of the sun’s rays, it may be asked,
how comes it ;.lhat we ourselves do not experience more
annoyance from this cauvse? By the knowledge conferred
on us by science, we are enabled to explain the reason,
which is simply this—that while certain bodies do re-
flect all the sunlight, others take up or absorb it in &
considerable quantity, so that onlya part of it is reflected.
Thus a soft dark earthy soil allows the rays of light to
enter into it, and the{Othere remain retained. It is this
power which certain bodies have of absorbing light, that



26 PANORAMA OF SCIENCE,

prevents our having to walk through a world in which
we should otherwise be continually dazaled.

We have thus far alluded very generally to the reflece
tion and absorption of light; but there is another inte
resting property it poasesses, which we will shortly con-
sider, a8 it gives rise to some of the most beautiful and
curious appearances 1n nature. When a ray of light pro=
ceeds through the same medium, we will say the air, it
moves in a straight line, and if admitted into a dark
room, through a hole in a ghutter, appears white: but if
it passes in a slanting direction from & rarer into a denser
medium, as from air into water, it i3 then urged ont of
the straight line, and apprars as if it had heen suddenly
bent. For this reason, a straight rod or stick, when im-
mersed in water, appears to be broken at the surface of
the water, and the portion immersed seems to be bent
apwards. The light thus proceeding out of 1ts straight
course is said to be refracted, nnd our observations on
objects placed in water are linble from this circumatance
to considerable deception. For example,—a deep bodied
fish seen near the surface of the water appears a flat fish;
a round body there seems oval ; and ohjects seen at the
bottom of the water do not appear to be so deep aa they
really are ; from which source of error, judgmg of the
depth of a clear river from the bank, people have been
frequently tempted beyond their depth, and, not unfre-
quently, drowned. Now, we must not forget that light,
in passing into oar atmosphere, has moved ffom a rarer
into a denser medium—that is, from the thin ether above
the highest stratum of the air, into the thicker mass of
air which more immediately surrounds the earth. ‘This
air is generally loaded with watery vapour, so that the
medium throogh which light has to pass in our atmos-

ere undergoes many remarkable changes. Hence the

istance, height, and relative position of mountains, hills,
vallies, and towns often appear altered. A certain range of
mountains in one condition of the atmosphere will appear
nearer; iu another, more remote from the spectator than
usual. But in being thus bent out of its course, a ray of
light exhibits a variety of beautiful colours, the cause of
which Sir Isaac Newton satisfactorily explains. We
have already observed that if a ray of light be admitted
¢hrough the hole of a shutter into a dark room, it appears
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of unifirm whiteness, but Sir Isaac discovered that this
white ray of light is a combination of seven different
coloured rays, which by a priem (a triangular piece of
@lass,) may be separated eamly from each other. This
indeflutigable philosupher proceeded with his experiment
thus.—he made a hole 1 one of his window-shutters,
and having darkened- his room, let in a couvenient quan=
tity of the sun's light. He next intercepted this light
with his prism, and found that in passinz through the
glass, the hight was a0 refracted as to exhibit on the wall
an image of sevenghifferent colours, viz., violet, indigo,
blae, green, vellow, orange, and red. ¢ It was at firat,”
says he, = a very pleasing divertisement to view the vivid
and nteuse colours produced thereby :” and we may
suspect what might be the feelings of the illustrious dise
coverer, from what we ourselves have felt on trying the
experiment more than once. After varying his experie
ments 10 a most ingentons manner he established this
interestg fact, that every ray of white light consiats of
seven ot wer primary and different coloured rays, each of
which s»ven iy more or less refrangible than the other.
sir Isaac having obtained the seven different coloured
rays, gathered them again together by the aid of a lens
{a glas4 sphierically convex,) and re-produced the white
ray of hght. Further, in corroboration of this, he mixed
together one part of red lead, four parts of blue bise, and
a proper proportion of orpiment and verdigris. This
mixture was dun s >mewhat resembling wnood newly
cot. 1le took one third of the mixture and strewed i
over the floor of his room, where the sun shone apon it
through the open window, aud beside it, in the shadow,
he laid a piece of white paper of the same size. Then
going to th+ distance of twelve or eighteen feet, so that
he could not discern the unevenness of the surface of the
powder, nor the little shadows let fall from the gritty
particles thereof, the powder appeared intensely white,
80 as to transcend even the paper itself in whiteness.
Sir Isasc Newton's discovery, that the combination of
these different coloured rays produced the white ray of
light, and that each of these elementary or primary rays

ned its own specific degree of refrangibility,
revealed at once the explanation of many of the most
interesting appearanoces in natare. Nothing can be more.
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beautiful than the colours with which the tops of moune
tains, the surface of the ocean, and the different shaped
clouds are tinged at sunrise and sunset, the canse of
which now became perfectly plain. The white rays of
the sun, entering into an atmosphere of varying density,

ass through it like the sunbeam through Sir Isaac

ewton’s glass prism, and are in a similar way decom-
posed. The rays that are the least refracted or bent from
their course reach the earth in all the purity and beauty
of their own individual colpurs, and enter into a thousand
varied combinations. When the sun ¢s shining 10 all its
noon of brilliancy high above the horizon, 1ts rays, falhng
on the wide expanse of the ocean, are retlected back
unchanged in all their onginal silvery splendour; but
when the sun is setting, and its raya fall slanting on the
face of the waters, the red, being the least refrangible of
the primary rays, oods with a fiery glow the moving
billows, and the line of the viaible horizon. Around the
heavenly bodies—the sun and the moon—circles of light
of the most varying colours frequently appear, which
may be explained on the same principle, these halos
being nothing more than the rays of light reflected and
refracted by the small round particles of vapour through
which they paes before reaching the sphere of our vision.
But the most familiar instance of the decomposition of
light into its prismatic colours is extu'nted to us by the
rainbow, which i# occasioned by the light of the sun
shining on the globular drops of water falling in an
opposite shower. In this instance the rays of white
light are refracted or resolved into their primary rays,
which are reflected in the form of an arch across the
firmament. Sometimes more than one or two of these
arches are formed. Captain Parry informs us that he
saw five rainbows at one time, and each complete.
Sometimes the arches intersect each other, and they have
been seen in an inverted position. Lunar rainbows aleo
frequently occur, but do not display such variety of
colours. Rainbows also frequently appear among the
waves of the sea, when their tops are bufleted by the
winds, and blown into small globules. They appear,
too, occasionally on the ground when the sun shines on
a very thick dew. The falls of Niagara, and those of
Jess mote—even small cascades and fountains, whose
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waters in falling are divided into drops, display rainbows
when the spectator is in a proper position to observe
them. But the most remarkable consequence of the
refraction and reflection of light is the numerous atmos-
pherical deceptivns which are thereby occasioned. Places
at considerable distances are sometimes unexpectedly
brought within the sphere of vision. In the Records of
the Trapsactions of the Royal Society of London, we
find that in 175, the coast of France was distinctly seen
at Hastings. Towns, hills, vplleys, islands, ships, &c.,
have been seen reflected in the heavens. In the county
of Huntingdon, on the morning of July 16, 1320, at half
past four o’clock, the sun was shining in a cloudless sky,
and the hght vapours that arose from the river Ouse were
moving over a httle hill near St. Neots, when suddenly
the village of Great Paxton, its farm-houses, barns, dis-
persed cottages, trees, and it different grass tields, were
clearly and distinctly visible in a beautiful aerial picture
which «xtended from vast to west abont four hundred
yards. Nothing couid exceed the surprise and admiration
of the spectators an they looked at this surprising pheno=
menon, nor their regret at i1ts disappearance in little more
than ten minutes. Among the [lartz mountains in
Germany, at Soutra Iell in Cumberland, in the south of
Italy. and in several other places similar phenomena
have been observed. Iu the Memoirs of the Wernerian
fociety of Fdinburgh for 1827, appears an account of the
Skerry lslands, situated in the sea about four miles dis-
tant from the north coast of Ireland, appeariog at an
extraordinary elevation, apparently 2 yards above the
level of the sea, breaking off by degrees in the centre
into appearances resembling old castles, towers, and
spires. Two or three of such images in an inverted
position are sumetimes seen one above the other. In the
neighbourbood of Edinburgh, Inchkeith, an island in the
Frith of Forth, has been seen reflected in the sky in an
inverted position above the islund, and above that another
picture of it in its natural position. In the northern seas,
owing to the peculiar refractive state of the atmosphere,
such appearances are of frequent occurrence. When the
rays of light fall on the surface of the ice, they are thence
reflected into the air above, and often prodace an aerial
map of the ice and sea below. This is called the iceblink.
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WNothing can exceed the carious, and at the same time
splendid e¢xhibitions, presented by the unequal refraction
of the light from the ice and the land in these dusolate
regions. Captain Scoresby says., hummocks of 1ce as-
sumed the forms of casties, obeliske, and spires © 1nxome
Places the distant ice was no irregular, and apjeared so
full of pinnacles, that it resembled a forent of naked trees ;
in others it presented the character of an exteuwve city,
crowded with churchen, castles, and pubhie editces. He
also records severa! instanges of ships heing veen r flscted
ope above another m the sky, at u time when the =lups
themselves and the images were wo distant as to he
recognized only by the md of a telescope.  We have
already explained how the rayn of light become refructed
in passing from a rarer into a denser atmorpler . ard the
frequeucy ot these appearances i these regions i owing
to the varying and unequal density of the atn.osphere,
which, when moist and warm, becomes chilled and con=
densed by pussing over the extensive surfaces ut 106,
Light produces the most important and beneficinl effects
on the inammate and snimate Creation, and, without ita
gracious ageocy all natare wonld sicken and die. Many
substances such as oils, minersl acids, prepasations of
mercury, silver, lead, &c., change their culour when op-
posed to light. Those parte of a room which are pminted
with white lead and o1, and defended from hght by fur-
nitore, become darker than the rest, but vn ¢ xposure
acquire the same brightness. TPlunts, raised m the open
air, when placed in darkneds, hecome pale, and fade in
two or three days; those wlLich atter having boen raived
in darkopess, have been eapored for a time to xunhght,
cannot support the want of light, but decay. Plants
that grow heneath stomes are white, soft, watery, and
insipid, of which fact many gardeners avail themselves to
furpish oor tables with white and tender vegetubles, by
binding vp and compressing their leaves together, so as
to defend them from the contuct of light. The light of a
lamp can, although but imperfectly, replace thut of the
sun. The plant becomey green and inelines to the light; but
this artificial light has a more beneficial influence when
reflected from mirrors; and bence many hill-sides are ren=
dered peculiarly fertile by the similar reverberation of the
light. When the sky has been long obscured by clouds, the
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leaves of trees and grass lose their usual bright green co=
Jour. Thin is corroborated by an American Professor,
who says, “ (louds and rain have obscured the hemisphere
during the last six days. In that time, the leaves of all
the forexts which are seen from this place have greatly
expanded . but they were all of a palhd hue until this
afternoon, when, within the period of six hours, during
which we had wunshiue, they all changed their colour to
a beautiful green.”

The entire absence of light is 8o injurious to planta, that
it bas bLeen coucluded, thut without the light of the moon
and stars, night would destroy vegetables. The come
plexion of man. and the colours of the difterent races of
animals, are considerably moditied by exposure to hght.
African ladies, who live much within doors, are not so
dark as those persoes who spend much of their time in
the open wir.  Animals in the polar regions do not exhibit
the vanety of colours which those present that are patives
of tropical chmates. In this country hkewise, we observe
that foxes, rablnts, hares, &c., assinilate to the colour of
the roi! they frequent. Birds, too, that fly by night do
not dinplay wo vared and gaudy a plumage as those which
fly by duy. Anmmals, if totally deprived of light, would,
like plant«, languish and die.  Nothing, indeed, can be
more appalliug than total daikness; and for this reason
the denunciation of Him who made the suu and the moon
is 80 termble, which declares that the wicked shall be
cast iuto outer durkness, where there shall be weeping
and wailing and gnashing of teeth,

Having thus explained, m a general manner, the
gources, the nature, and the eflects of light, we shall now
proceed on the same principle—that 18, endeavouring to
explain every thing in the most simple manner, and avoid=
ing as much as possible the introduction of scientific
terms—to devote our attention to the subject of



32 PANORAMA OF SCIENCE.

HEAT.

In taking & view of the magnificent theatre of nature,
we at once perceive the vast importance of this agent :—
by its power, rocks, islands, hills, and mountains have
been upraised out of the innermost depthe of the earth: —
by its operation, the genial moisture, which, under the
form of rain, descends, cooling the heated air, and refresh-
ing the parched up soil, is raised from the hosom of rivers,
lakes, and seas ;—by its influence, the waters which were
chained up by frost daring the desolate reign of winter,
are again set free to sparkle along at the bases of their
sunny bauks :—by its benignant agency, the trees, that
were deprived of their foliage, and the herbs, that were
apparently withered, are aguin mvigorated with new
Iife, and arrayed in new beauty;—it controls and mo-
difies, indeed, life under every form; and is the most uni-
versally pervading and important agent with which we
are acruainted. iy

When we consider the dreary monotony of the polar
regions, where human nature appears in its most humble
and degraded form, and where the bears, wolves, and
foxes seem alone to find appropriate habitations; and
when we compare these trackless solitary wastes with
the blooming valleys of sunny Italy, we at once see the
vast influence of different temperatures on the surface of
the globe ; nor do we hesitate to refer such modifications
to the sun, which is undoubtedly, the principal fountain
both of heat and light. At a period when science was in
its infancy, the ancients observed this general fact, and
concluded that the sun was an immense globe of fire ; but
this opinion has long since been exploded. The astrono-
mers of our own more enlightened age, have shown, by
the aid of telescopes of vast power, that the sun is itself
a solid and opaque body, perhaps a habitable globe, and
they have come to the conclusion that we owe both its
light and heat to the peculiar atmosphere by which it is
surrounded. Although this opinion has been advocated
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by Sir William Herachell, it must be acknowledged, that
the manner and region of the sun in which heat and light
are generated, can by no means be understood, and on
this, as on every other subject of inquiry, it is better to
confess our ignorauce, than to raise up a plausible and
satisfactory knowledge. Certain it is, that the rays of
the sun do impart heat; but 1t must be observed, that
they do not 8o unless they come in contact with some
sohid body—that is to say, they pass freely through the
air without giving out any sensible heat until they reach
the surface of the earth. Accbrdingly the higher we
ascend in the air the colderit becomes—a fact experienced
by those who have ascended in balloons; several of whom
have, on such occasions, found the thermometor sink a
great many degrees, even below the freezing point. It is
from the same cause that the higher we ascend a moun-
tain, the more intense does the cold become, so that we at
length arrive at a region where we can trace no signs of
animal or vegetable life, all around being shrouded in per-
petual snow. When the traveller ascends the Cimborazo
mountain, which forms the extremity of the Andes in
South America, and which rises to the height of twenty
thousand nine hundred feet above the surface of the earth,
he leaves at its base a hot region, where the exhalations
of a marshy sol, and the continuance of heat, generate
fevers and diseases fatal to animal and vegetable life.
Ascending higher, he arrives at a temperate region, which
possesses & moderate and constant warmth and is a per-
petual season of spring to those who have arrived from
the lower, summer-like, hot region. Above this again, as
he ascends still higher, he finds himself surrounded by ice
- and snow, and thtn suffers the most intense winter cold,
#0 that it may be truly said, that summer, winter, and
spring, are here seated on three distinct thrones, which
tgey never quit, and where they are constantly surrounded
by the attributes of their respective powers. Vegetable
and animal life present us with equally remarkable grada-
tions, in these different regions—thus, the forests of the
lower or burning regions are remarkably rich, and they
continually resound with the howlings of different tribes
of monkeys, and the ant-eater and black tiger prowl
about them, while the surrounding air is infested with
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myrinds of mosyuitoes and other obnoxious insects.
Higher up the mountain is found the most splendid palm
trees, upon which the sloth may he seen hauging, and at
the teet of which the terrible tioa-constrictor and croco=
dile may be often scen extending their frightiul forms.
Above thie regivn iy met the most beautiful ahorescent
ferns, and the precious bark tree, and maoy fluwers of
surpassing beauty ; but here, the air becoming colder, the
seneitive plant, as if giving warning of the sterihty and
lifeleszness of the regivu to which we are approximating,
loses its peculiar senmbility, and no longer closes its
Jeaves on being touched. At length, as we ascend higher,
the gigantic tree« appear to have dwindled : the eye rests
on notluug buat shurt stunted dwarfish shurbs aud alpine
plants, until at last the lichiue und mosses amidst patches
of scattered suow apprise us t' 1t we have arrived at the
boandary of organized beingx and that shove us is no«
thing wave the dreary region of eternal winter,  lere no
animal 13 observed, cxcepting occamonully the great
condor, which iz the only Livisg baiug that appears tu in-
babit these dismial wolitudes. It i obvious that here there
is a regular yradation of temperaturs from the surface of
the earth to t'.we upper regions of the air] aud fur one hun-
dred aud ten yards of ascent, the heat diminishisn as much
as if we were to advance one degree of latitude towards
the northern polar regions. Tue fucty here dexcribed are
of the utmost importance, because from these we observe
that certain partg of the world are reydered not only ha-
bitable, but poss-gs a five and genial climate, which
would otherwise be parched up by a tropical aud burning
sun. Jor example the city of Quito is almost under the
equator, and were we to form a superficial judgment of
its temperature from its situation, we might conclude
that it would be oppressed with intolerable heat, instead
of which, owing to its elevation, the air of that city
g)iﬁ’gnl little in temperature from that which we fiud in
aris.

It is, therefore, obvious that the rays of the sun do nof
produce heat unless they strike upon some solid body,
and even the greater or lesger intensity of the heat they
produce is greatly modifled by the direction which they
take, for when these solar rays fall directly or vertically
on a particular district, they give out much greater heat
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than when they fall obliquely. The reason for which ig
simple; when they descend upon a spot directly, they
fall vp it with much force, and a great number of them
are included in a small apace; whereas, when their
direction is more slanting, they not only do not strike the
spot with the same force, but are more reattered, so that
they by 1o meaus prodoce the same iutensity of heat. By
thix general fact, then, we are enabled to explam the
diminution of temperatare from the equator to the poles—
that is from the tropical to the frigid regions. Near the
equator we tind & zone, which passes immediately under
the sun twice u vear, and receives its rays ina very direct
or vertica! mauner; and here we have the tropical resion.
Next, we find a portion of the globe, which does not
receive the sun's rave so directly, but, on the coutrary,
more obliquely, 5o that less heat is produced, and here,
therefore, we find the temperate region.  After this we
reach another region of the globe, which 18 altogether
deprived of the heat of the sun for the greater part of the
year, and, durinz the other recetves its rays still more
obliquely : and here, consequently, we have the frigid
zone, that desulate region of eternal ice and snow, which
has been explored in vain by so many intrepid navigators.
This variety of temperature, occasioned by the different
direction which the sun's rays take 1 reaching the earth,
is remarkably obvious in hilly countries. If a hill, haviog
a southerly aspect, present a certamn inclination, and the
sun be at a corresponding altitude, the solar rays will
atrike the side of the hill perpendicularly, while on the
plain below and around, the rays strike the earth obliquely,
acd with a proportionate diminution of force. 1If the
ground extend to the north, it will receive no rays, and
remain always i shade; and it is on this account that in
the Vulais we see the Alps on one side covered with
eternal ice, whilst the opposite hills are adorned with
rich vineyards, and orchards, and all the charms of
fertility. “Nor is the different mauner in which the ra
of the sun «trike the earth the only circumstance to
considered in examining the temperatore of different
climates; for the rays of heat, like the rays of light,
undergo a greater or lesser reflection; that is when they
strike the earth they are thrown backinto the atmosphere,
and are more or less confined and diffused among the
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watery vapour with which it is always loaded. Ifence
arises the warm and genial temperature which surrounds
the immediate surface of the earth, and which is so ad-
mirably ada{:ted to support animal and vegetable life.
Some soils hkewise absorb the sun’'s rays more than
others ; thus, a moist clayey soil takes up and retains the
rays of heat for a considerable time : a dry sandy surface,
on the contrary, immediately reflects them; and thence it
in that the traveller, in journeying through the sandy
deserts of Africa, experiences the most oppressive and
almost intolerable heat. This is aggravated by the dry-
ness of the air, for when it contains much moisture, as is
the case over marshy roils, the heat is considerably
diminished ; but such marshes in hot countries undergo
fermentation, and give rise to exhalations that produce
the most pestilent digeases. The vicinity of the sea alan
very considerably moderates the eflects of temperature;
and on this account the interior "of continents is culder
than their coasts. o intense ix the cold in the mountains
of Norway, that 1t proved fatal to most of the Swedish
army during the war, the dead bodies of the soldiers:
having been found in great numbers ; but those who live
on the coasts of that country enjoy a very mild and
agreeable climate. \Vhen the sun's rays fail on the sur-
face of the water, part of them enter it,and the continual
motion of the waves, presenting a coul and fresh surface
to the heated air, it is cooled, #o that, while the land air
is heated, and rises up into the upper regions, a cool sea
breeze springs up and rushes in to supply 1t place. The
vicinity of the sea, therefore, moderates the heat of
summer. Itis also well known that the temperature of
water is always more equalised than that of land, and,
consequently, in winter, when the sun’s rays full very
obliquely on the earth, and its surface is covered with
snow which prevents the heat of the earth radiating
into the air, the sea, haviog a more uniform temperatare,
continues to radiate heat, and thus a warmer region of
air is formed, which modifies the cold of winter. On
this account, at Plymouth, although the mean heat of the
year is, on the whole, a little less than at Paris, the
‘winter months are moch less severe. Also, in the coldest
winter months, the temperature of Edinburgh is some
degrees warmer than that of London. From what we
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have stated, it must appear obvious that, while we regard
the sun as the principal source of beat, yet the heat is
modified by the direction which the solar rays take in
reaching the earth, by the reflection and absorption which
they there undergo, and by the vicinity of the sea.

We have as yet only considered the heat produced om
the surface of the earth by the direct and immediate
action of the sun; but, independent of this, we have con-
clusive evidence of the existence of very intense heat in
the central depths of the earth. 1a descending into deep
mines, the temperature of the air has been found to in~
crease as we go down, but the presence of the miners,
the lamps they use, and the explosions of gunpowder,
render many of such experiments very erronevus. Other
methods, therefore, have been adopted to examine into
the truth of the supposed fact, such as boring and cutting
mchee 1nto rocks, taking at the same time every possible
precaution against all xources of fallacy. The result has
atill been the same, and leads to the conclusion that a
very great heat exista at a depth of the earth beyond the
sun's intiuence. 'The hot springs, which abound not only
in volcanic districts, but in varions other parts of the
world, also lead us to the same inference. The most re-
markable springs of this kind are found in Iceland,
where the principal one is called the Geyser, situated in
the middle of a plain aud surrounded by forty other
springs of a smaller size. These throw up their waters to
a very considerable height. The eruption commences
with short jets, which gradually increase in size; the
steam then rushes forth furiously, accompanied by a loud
thandering noise, resembling the distant firing of artillery
from a ship at sea, until at last a great mass of water is
raised to a height of seventy, eighty, or ninety feet, The
Icelanders use the more temperate of these springs as
warm baths; in those that are hotter or boiling they boil
their various articles of fuod, taking only the precaution
to cover the vessel used to prevent the volcanic odour
giving a taste to their food. Volcanoes are also un-
vjuestionable proofs of the existence of this subterranean
heat, which must exist at a considerable depth in the
earth, because rocks, which are well known to have their
original position at such depths, are, during their violent
action, ejected into the air actually liquified by heat.
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Some of these volcanoes seem to have exhausted them-
selves and have become extiuct, examples of which are
to be found in the central parts of France and Germany.
Others exint in a atate of frequent or cuntinual activity,
such as Vesuvius, /Etna, Stromboli, and ITecla. Bemdes
which, we are aware, that owing to violent volcanic
action, immense rocks are forced up from a conmiderable
depth, even from below the surface of the sea, and so
form islands. 1In July of the year 1=31, an wsiand of this
kind arose in the Mediterranean. The water was at first
violently ayitated, after which vast yuantities of smuke
and steam were evolved, and enormous masses of hot
cinders, dust, &c. ejected several hundred feet into the
air. (aptain Steunhouse landed on this iland the fol-
lowing month, and estimated its circumference to be
about a mile and a quarter. It 18 supposed that rocks so
formed are of igneous origin, and of such rocks there are
numerous examples in the immediate neighbourhvod of
the city of Edmburgh. In examimwg either of which it
is at once perceptible how these i1gucous rucks have
rent asunder and forced their way through super-
incumhent strata, now filliug up the immense crivices
they have torn open, and now overrunmng the whole
subjacent mars. When there vast aud powerful vpera-
tions of nature took place, terrible and subhe, indeed,
muert have been the convulsions exhilited, and altogether
beyond the rauge of the human imagiation.

From what has been stated—from the temperature in-
creasing in the deeper parts of rocks and mives—-from
the existeuce of hot springs in various parts of the world
—from the phenomena exhibited by volcanoes, and the
appearances of rocks that have visibly undergone a state
of fusivn, we are entitled to believe in the existence of
heat as a mont important agent beneath the wurface of
the earth; and whether it arise from ceuntral fire, or whe-
ther it be generated by some remarkable chemical actions
that are in progress, has not as yet been eatisfactorily
determined.

But in taking this general survey of the sources and
influence of heat in nature, we ought not to forget, that
it is frequently seen to arise from electricity. Even in
Great Britain where thunder storms are neither so fre-
guent nor so violent as in many other parts of the world
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nothing is more common than fur lightning to melt
metallic substances, especially iron. In a great thunder
storm that happened in Hercfordshire, o few years back,
the thick band of iron that was nsed to support a wooden
railing in a field adjoining to the city of llereford, was
completely melted between each piece of wood—a fact
which at ouce shows how intense the heat must have
been. In [taly, where such occurrences are not so rare,
previons to the removal of the remains of the celebrated
poet Ariosto from the Benedictine church to the Library
of Ferara, his bust, which surmounted the tomb, was
struck by hghtmug and the crown of iron laurels melted
away. Lord Byron has recorded the circumstance, in
the followwg stanza in the fourth canto of Childe
Harold :—

#¢ The lightning rent from Ariosto’s bust

The iron crown of laurels' munue leaves,

Nor was the ominous clement unjugte—

For the true laurel eaf w hich glory weaves,

Is of the tree no bolt of thunder cleaves,

And the false semblance but disgraced his brow ;

Yot stull it fondlv superstition grieves,

Runow what the lyghtning sanctifies below

Whatc'er it stuhes. Y on head 1s doubly sacred now.”

When we take into our consideration the operations of
heat on the capacious and splendid scale of which they
really take place mm nature, it may readily be supposed
that man would be led, even belore the sun of science
shone upon the world, to contrive some plan of pro=-
curing that peculiar modification of light and heat which
conatitutes fire; nor 18 it to be wondered at, that so
many remarkable superstitions were attributed to it by
the ancients. It is generally well known that the Per-
sians worshipped fire. The patriarchs used it in their
burnt offeriugs; it was kept constantly burning in the
Jewish tabernacle, and was regarded as the origin of
life, the soul of the world, and the visible symbol of the
Deity. We have already explained how it has been
procured artificially by friction, as well as by concussion,
and likewise stated that it might be kept up by the burn-
ing of inflammable bodies, which is called combustion.
The compression of the particles of bodies nearer to each
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other is always more or less attended by an evolution of
heat; and this is the case with air; for if a quantity of
air be confined in & syringe, in which there is a piece of
tinder at the bottom, and then violently, compressed, suf-
ficient is produced to ignite the tinder. It has also been
shown by a member of the Academy of Paris, that water
itself, when submitted to a pressure of twenty at-
mospheres, gives out a certain uantity of heat. But it
may be asked what is the nature of heat? of what does
it actually consist* We shall simply reply that there are
two opinions advocated; the first, that heat consists of
nothing more than a certain vibration of the particles of
the hot body; the other that it does not couxist of any
such vibration, buat is itself, an independent substance,
being an extremely subtie and elastic fluid, contained
and dispersed among the pores of matter. This latter
opinion appears to be the most plausible, and among
reasous for thinking so, we may state the following two :
The first is, that the addition of heat to a body increases
its bulk, leading us 1o suppose that it recerves some ad-
dition; the recond is, that bodies throw out their heat to
a considerable distance, wlich could scarcely happen
unless the heat so solved was distinct, and independent
of the body itself whence its proceeds. Heat, therefore,
we conclude, is a very subtile and elastic fluid; bat we
may here mention, that some philosophers consider light
and heat are only modificatious of each other, and this
opinion has been very ingeniously supported by Sir John
Leslie, of the Edinburgh University. Whatever be the
abstract nature of heat, its accumulation in, or abstrac-
tion from different bodies, gives rise to the most remark-
able changes; a few instances of which we will intro-
duce as we proceed in our description of 7%e Properties
of Heat, and its Fffects.

Without heat the earth would not pour forth its nu-
merous atreams, nor be clothed with verdure—nor would
the air be refreshed with genial moisture—neither would
the humblest of living beings be enabled to support its
own bare existence.

‘We have said that heat is a fluid, because like all fluids,
it has a tendency to seek its own equilibrium, that is to
say, to distribute itself equally in every direction. Sus-
pend a ball of iron, red hot in an apartment, and the heat
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from it disperses itself equally through the cooler air,
until one temperature pervades the ball and snrrounding
air. A fire placed in a grate diffusesits heat equally until
every object in the raom arrives at the same temperature.
And well it is 80 ; ar were it not for the tendency of heat
to equalize its distribution, it would accumaulate in large
and irregular quantities, and we should be exposed to
the most painful trapsitions, and hurried continually from
the sufferings of the most excessive heat to the equally
intense agomes of the extremest cold, hke the unhappy
spirits described by Dante and Milton—

¢ T'hather by harpy-footed furics hurl'd
From beds of raging fire, to starve in ice.”

Ileat therefore seeks its own equipoise; it also enters
in greater or lesser quantities into the pores of all bodies ;
but sume do not allow 1t to pass through them so readily
as othera. If we place one end of an iron rod in the fire,
the heat passes so (uickly through the whole length of
the rod that in a short time we cannot touch the other
end without being burnt; but we may hold one end of a
short stick in our hand while the other is actually blaz-
iog, #0 slowly does the heat pass through the substance
of the wood. Metallic vessels, used for containing hot
fluids, require wire, bone or wooden handles, which being
very slow conductors of heat, interropt its communication
to the hand. ‘Those bodies which allow heat to traverse
through them very quickly, are called good conductors—
those that retard its progress, bad conductors of heat;
and it has been found that the densest bodies are the best
conductors.  Nilver, gold, copper, iron, allow heat to
traverse them more readily than glass, wood, porous
earths, and bodies of a looser texture. Fluide, owing to
the mobility of their particles, receive and transmit heat
better than solids; hence when a hot body is plunged into
water, it cools more quickly than if_it were plunged into
amass of sand. Air is not a good conductor of heat,
which is another admirable provision; for if it allowed
its transmission as readily as the metals, the heat from
the surface of the earth would be so rapidly carried
away, that nothing would be able to support life. But it
has been discovered that air in a state of absolute rest,
does not conduct heat at all—and this is a fact of the
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greatest importance. On a hot summer’s day, when
there is acarcely a breath of wind »stirring, the oppression
we fecl id in a great measure owing to this cause, fur we
are then moving in an atmosphere which does not carry
away the accumulating heat of the Lody. Furs, wools,
feathers, and loose epongy substancew, are bad conductors
of heat, for the air which 13 retained between their inter-
stices, and which are at rest, prevents its transmixsion
through them. Such materials are therefore chosen for
winter clothing, not, ax 14 the general idea, becuuse they
contain or impart auy heat, but sumply because they
prevent its ercape from the body aud protect us at the
same time from the external cold air.  Thus jrotected,
many of our boldest and most ntripid ravigators have
braved the winter of the polar regions, and lived with
impunity amidst the colduess of those demolate solitudes,
which geem to place an eternal barrier against the further
extepsion of humankpowledge or of human domuton.
Prodigal in her beueficence, nature hus provided an ap-
gropnnte and adequate coverng for the ammaly of the
ifferent regions on the face of the globe.  ‘Thone hiving in
hot countries have the hair of their coat tine, thir, ai.d short
in those again that frequent more temperate chmates,
their bair becomes thicker and woolly ;. while t .use 1n the
coldest countries, in lgh latitudes, their coat becomes
shaggy, coarse and thick, Ammale that live much in
water, are provided with the finest, longest, and thickest
furs; and in all inetances the fur 1s thicker vn the parts
of the body most exposed, more especinlly on the back,
because the heat escaping upwards, requires a greater
obstruction in that direction. Birds frequenting the
higher regions of the atmoephere require nut ouly that
their bodies should be light, but well protected from the
eold, which, as we have already explained, increases as we
ascend into the higher regions of the air. We find that
pature has not been unmindful of these requirements;
for in these birds the body is not only rendered light, by
their bones being hollow sud communicativg with the
lungs, so that they are always filled with air, but they
are enveloped in a mauner which does not allow their
patural heat to be easily carried off; their plumage, also,
80 beautiful to the eye of the spectator, ia likewise an ad-
mirable protection against culd, for the quill, shaft, and
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web of the feather are so constructed as to offer the ne-
cessary obstruction tu the escape of heat. The feathers,
too, vary in kind and quantity, according to the habits of
the bird, tle climate it inbabits, and the seacon of the
year. But there are animals destined to live in the
northern seus, which are cxposed to a much more intense
degree of cold, yet which are pot protected either by
feathers or furs. ‘They are, however, provided with an
equally ellicieut defence, for under the ekin, disposed in
small cells, large guantities of fat, or thick oil are im-
bedded, which completely envelopes the whole body.
Suchis found in the whale, the sea), and the walrus ; and
the o1l that is thence procured is well known to be a very
importaut article of commerce. In all these instances,
and numerous others nevdless here to mention, such co-
veriogs operate simply as non-conducters of heat; pre-
venting at the same time the escape of the patura)
warmth of the Lody, and the penetration into it of the exter-
pal cold.  Map, taught by observation and experience, has
tuken sdvantage, an already remarked, of these facts, to
supply hunsell with winterclothing ; and according to ex=
periments made by scientific meu, it appears hare fur, and
eider down ure the warmest materials for such apparel ;
after Leavers' fur, raw alk, sheeps’ wool, and cotton
woul, aud after them lint, or the scrapings of fine linen.
I'rom what we have stated, we presume that it is up=
derstuod that heat Las at all times a tendeney to distri-
bute 1tselt equally in all directions, and that vome bodies
allow 1t to pass through them more readily than cthers;
which facts will now enable us to understand the cause
of our seusations of heat and cold. When several bodies
of equal temperature are placed together, they each give
out and receive the same quantities of heat, so that there
i8 no increase of the temperature; but when bodies of
different temperature are placed in contact witheach other,
the hotter gives out heat to the colder body, until the
same temperature is extablished between them;—for ex-
ample, when the hand takes hold of a body colder than
iteelf, it becomes sensible of cold, because a portion of its
beat is conducted away by the colder body; but if it grasp
a body that is hotter than iteelf, then the body of higher
temperature communicates to the hand, which becomes
sensible of warmth. In all these instances the intensity
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of the sensation depends on the snperior or inferior con-
ducting power of the body grasped, for the more rapidly
the heat is carried away from the hand, the more intense
is the sensation of cold thereby produced. The carpet ina
room of usual temperature, feels nearly as warmas thehand ;
the table feels rather colder; the marble chimney-piece
colder still ; and the fire-irons coldest of all; but each of
these will, on the application of a thermometer, be found
of the same temperature, and the difterence of the sensa-
tion is produced only by the greater or lesser rapidity
with which they severally conduct away the heat from
the body. Our sensations of heat and cold, therefore,
are merely relative; for even ice, when carried into a
room, the temperature of which is below the freeziong
point, will radiate heat. Snow appears cold to a healthy
hand; but it is frequently applied to frost-bitten limbs,
because it is warmer than limba so affected ; the object
being to apply heat in the most gradual manner. Two
persons bathing, will, according to the heat of each, find
an apparent difference n the temperature of the same
stream. A person from [ndia arriving in England, in the
spring season will complain of coldness, although the 1n-
habitants in that country are beginning to cast aside their
winter apparel. The great danger which arises from
going out a heated ball-room or a theatre, is occasioned
by the transition of the warm body into a colder atmos-

ere; by which many lives are annually sacrificed, as
1t were, on the shrine of pleasure; and the seeds are sown,
by which the fairest, and the loveliest of the land, fall
victims of lingering consumption.

Heat is an agent of so subtile and diffused a nature,
that we have not discovered any kind of matter that is
totally destitate of it, and its accumulation, or abstrac-
tion, in various bodies, must neecssarily effect great
changes in them. It is a well known fact, that the
#olid particles of all solid bodies are held together by a
power of attraction which they exert among themselves,
-and which is called the attraction of cohesion, or ag-
gregation ; but no two particles of matter are ever in
actaal contact. lnterstices of greater or lesser magnitude
must exist between them ; and it is into these that heat
insinuates itself. It is evident therefore thut heat must
produce expansion ; for, by accumulating, it must stretch
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these spaces, and force particles bounding them to a great-
er distance from each other, whereby the whole body must
necessarily be increased in bulk. But as thisaccumulation
of heat causes an increase in the riz#, 80 must its abstrac-
tion, by dimivishing the size of these openings and allow-
ing the surrounding particles to each other, occasion the
contraction of a body. A few examples will suffice. An
iron bar when heated cannot be made to enter an opening
which, when cold, it will readily enter; of this fact
coachmakers and others avail themselves. In making
carriage wheels, they place the iron rim round the
wheel while red-hot, then as the iron cools it con-
tracts and embraces more firmly the wooden portion of
the wheel. Even in this country, the heat of summer is
sufficient to occasion the most remarkable changes in the
condition of metallic bodies; for instance, the centre
arch of an iron bridge is higher in hot than in cold wea-
ther; the gate of an iron railing, which during cold
weather will open and shut easily, will sometimes stick
fast ona warm day, owing to there being a greater expan=
sion of 1t and the adjoimog railing than of the ground in
which they are fixed. The pitch of a piano-forte or harp
is lowered during u warm day; and although tuned in &
morning, will become out ot tune if the same room be
heated by a crowded party, owing to the expansion of
the strings being greater than that of the frame-work of
the instrument. Buildings of considerable size and
strength have been very often much injured by the expan-
sion of the iron bars fixed in different parts of them; a
case of which kind happened only a few years since to
Bow Churchin London. In this charch, the bars of iron,
used to hold together its fine steeple, expanded during
summer, and forced the stones sufficiently apart to allow
dust and sandy particles to ludge between them; nor
is there any doubt but that had it not been repaired
8soon enough, the whole edifice mighthave fallen. A very
curious experiment upon the known expansion of metals
by heat, occurred some time ago in Paris at the Abbey
St. Martin, afterwards called the Conservatoire des Arts
et Metiers. The immense weight of the roof of this
building was forcing the walls asunder, when they were
restored in the following ingenious manner, to their per-
pendicular position :— Holes were made at opposite
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points in several places in the walls, through which,
strong iron bare were introduced, %o an to extend across
the building, and their extremities beyond the walls.
Large nuts were then $laced upon their ends and serewed
up vu a8 to press upon the wallds. Every alternate bar
was then heated by powerful lamps, s» that its length
increased by expansion, and the nuts, before in contact
with the walls, retired some distance from them. The
puts were again aerewed up to the walle; and the iron
bars, on cooling, contracted. and trom the preswire of the
nats, the walls were drawn together =0 as to br reatored
to their proper position.

It must now be ohvious to every reader, that the firat
effect of heat ir the expansmon of the hody into whiel it
enters; and when a still farther quuntity ¢ added,
another change is produced, and the body however dense
it may be, is converted into a liquid. =ilver, gold, lead,
iron, tin, and all suhstances with which we are ac;uainted,
may thus be hguitied, excepting the diamond, which
being a combuatible hody, catchiea fire at a low tempera-
ture. The most remarkable circumstance attending liguis
faction i this—when a body changes from w xolid to a
liquid, or from a liqmd to a vapour, 1ts expaneiom canses
asudden increase of 1t= capacity for heat, i conssjuence
of which it absorbs an additional ruantity, which be-
comes fixed, aud so concealed as not to affect the ther-
mometer. This is what is termed /lutent (secret) feat.
It is this addition of heat which vecaxiong the hody to
pass from the solid to the fluid state; ax thus, when ice
is converted into water, it abxorbs as much heat as it
would, if it did not melt it, raise its temperature 140
degrees. On the other hand, before water can be con-
verted into a solid state, it muut, after being reduced to
32 degrees, part with this 140 degrees of heat, which oc-
casioned it to exist in a fluid form. 7This is the reason
that the processes of freezing and thawing are slow
operations ; were it otherwise, the cold of a single night
might freeze an ocean, and the heat of a single dny con-
vert the accumulated snows of winter into a sudden and
frightfal inundation. When water has been heated in
an open vessel to the boiling point, instead of its tempera-
ture increasing, the additional heat escapes in the form of
steam, and this steam absorbs 1000 degrees of heat
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which immediately becomes insensible. ‘This is the
reason, that when water is thrown ppon araging fire, it so
powerfully represses it, that the heat enters so rapidly
into its lateut state 1n the converflon of the water into
steam, that 1t is woon abstracted from the burning body.

It is now unuderstood, that after expansion, the next
effect of heat is to produce liquifaction; bat if the heat
be xtiil continued, the matenal particles being forced to
a still greater distance from ench other, the liquid enters
into u state of vapour. Water affords a favourable
example of this, beng easily vaporised ; indeed it un=
dergoes spontaneous evaporation at very low fempera=
tureg: bit, on the application of cold the watery vapour
ix immedintely condensed. When steam is first formed
it 1 anvisible, a8 may be observed by noticing it isening
from the spout of a tea-kettle; but when it comes into
contact with colder air it 18 condensed, and assumes the
appearance of a vistble cloud.  Auneimmense (uanitity of
water 1 mees<antly evaporating from the surface of the
earth.  The fields aud roads ure inundated after a heavy
fall of ran, tut tae water soon disappears during a little
sunsequent fine weather.  Many large rivers issneinto the
Mediteriunran s »a . «till it never increases in size, owing
to the coutmual evaporation from its surface. The water
thus evaporated from rivers, lakes, and seas, uscends into
the wir, and brecomes condensed into clouds. In this
country it 18 seldom that the sky ix perfectly transparent,
but oiten on a clear day, we may obrerve a cloud sud=
denly formed by a cold current of wind in the upper
regions of the ar, which rapidly condenses the watery
vapou- there mto light fleecy clouds. We may also add
here, that water does wot evaporate so quickly when
still, ax wheu agitated by a brisk wind ; for this reason
varinble winds are geuerally regarded as the precursors
of rain, and more rain fulls duriog spring and autumn,
than during summer and winter.

When a body has absorbed a certain quantity of heat,
it distributes 1t forth ngaiu; aud in so doing, the heat
passes off from its surface in straight lines. When a solid
substance 18 nterposed, however, the rays of heat are
intereepted, as is the case when we use a hand-screen to
protect the face from the heat of 8 common fire. Several
curious experiments have been made on this subject; and
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it has beer found that a rough and dark surface projects
heat better than a smooth and polished one, so that
metals do not radiate heat so well as other substances.
Were it not for this rediation, the earth which has been
absorbing the sun's rays for many days, would become
parched up by the accumulation of heat; instead of
which, when the san has set, it again radiates 1t forth
into the surrounding air. The consegnence of this is,
that the surface whence this radiation takes place be-
comes colder than the atmosphere which encompasseth
it, and condenses the visible vapour which the wir alwayas
contains into dew. Dew, we may remark, 18 only de-
posited on thosegubstances that are below the temperature
of the air by which they are sorrounded ; and as fibrous
substances radicate heat best, the dew appears in greater
abundance where it is most wanted, on the grass of open
plains, rather than on bare earth, rocks, and masses of
water. It is well kmown that dew is deposited most
liberally on a fine clear night. and but little is produced
when the sky is overcast with clouds—the reawon of
which is, that the clouds, acting like a concave marror,
reflect back the radiated heat to the earth's surface, and
.80 tend to keep 1t warm. Snows act in the same
manner; and by obstructing the radiation of its heat,
keeps the earth below warm, while the air above is mauy
degrees below the freezing point. Our own bodies ra-
diate heat. When we go out into the open air at mght,
this radiation of heat induces a sensation of cold; and
the coldness we experience is most intense when we are
in an open country in a clear calm night. When it is
cloudy the heat is reflected back to us; and even in
towns the reflection from the houses affords to us some
compensation; but in the country when the night is
clear and calm, this radiation proceeds without inter-
ruption.
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SPONTANEOUS COMBUSTION OF THE HUMAN
BODY.

IN explaining the different sources of light and heat,
we have already observed that during the decomposition
of animal and vegetable matter & certain gas is often
generated, which ignites on coming in contact with
common atmospheric air. The ignis fatuus, known also
by the names of the /Will »* the Wisp, and Jack o
Lantern, is occasioned by this gas; and the fact of its
appearing in marshy districts, has given rise to the
popular soperatition amoungst the vulgar, that it is an
evil spirit endeavouring to mislead the luckless traveller
to his destrnction. The northern lights, so frequently
witnessed in this conatry, have been attributed by some
to the same canese; but we may hereafter explain that
this theory does not satisfactorily account for this pheno-
menon. But that a certain combination of hydrogen gas,
with a proportion of phosphoros, forms a compound
which takes fire immediately on coming in contact with
air can be proved by direct experiment, and, notwith-
standing its incredibility, it would appear the human
body itself may become ro impregnated with these ele-
meats or other inflammable matter, us to take fire spon-
taneously and be almost entirely consumed. Hnuman
knowledge is 80 limited in extent, that we should pause
before we venture to deny the possibility of any thing ;
for facts, which at firat sight may appear dificult to be-
lisve, may be afterwards explaine«{, on very easy prin-
ciples. Ignorant and vulgar persons may easily play the
sceptic, and deny the possibility of every thing which
passes beyond their own narrow and limited compre-
hension ; but it remains for those who are possessed of
higher abilities, to receive with a proper spirit, facts,
sufficiently attested by disinterested witnesses, and to
explgin them afterwards according to the theories which
may be suggested by the advancement of science. We
shall in this place insert a few instances of spontaveous
combustion; which have been recorded by witnesses
D
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‘whose veracity cannot fairly be impeached, and which
yemain registered on the best authorities.

Coruelia Banoli, Counters of ('esina, an Italian lady,
pixty-two years of age, having felt drowsy oue evening,
yetired earlier to bed than was usual, and was attended
by her maid until she fell asleap. When the wervant
entered her mistress's apartment on the following
morning, for the purpuse of awakening her, a dreadfal
:gectucle presented itself to her view. At the distance

about four feet from the bed there waw a heap of ashes,
in which the head, legs, and arms of the countess alone
could be traced. The head lay between the legs, hut the
half of its posterior part, together with the bram and
chin, were entirely consumed. The legs aud arms were
uninjured. This case was communicated tu the public
by Dr. Cromwell Mortimer in the Philosophical ‘I'rans-
actions in 17 1.

The follow g is another case, the authenticity of which
eannot be doubted. Don (+. Maria Bertholi, a fridar, whe
tived in Mount Volere, went to the fair of Liletto, and
baving walked about all day, retired in the evening to
the house of a relation at Fenille, to spent the night.
Tpon his arrival he went direct to his bedroom, and had
a handkerchief placed between lis shoulders, beneath his
shirt. In a few minates after having been left alune, a
gingular noise, mingled with cries, was heard from his
room; and when the people of the house rushed in, they
found him on the floor, surrounded by a lambent flame.
When visited next morning by Joseph Battaglia, a
surgeon of Ponte Basco, the body was found much
burned : he lingered in great pain for four days, when he
died. The details of this case appeared at the time in
the German periodicals.

Another instance, worthy of notice, and the authenti-
city of which may be relied on, is the followiug. Anne
Nelis, wife of a wine and spirit merchant living in South
Frederick street Dublin, Jet in her husband, who had been
out at a party, between twelve and ome o’clock on a
Batarday uight. After some altercation having {pken
K{l:ce between them, both beiog in a state of intoxication,

. Nelis went up stairs to bed, but in a fow minutes
came down to request his wife to accompany him, an in-
vitation which she positively declined, upon which he
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took with him her candle, observing, that if she was re-
golved to sit up, she should do so in the dark. Next
morning the servant girl having opened the windows of
the back parlour, observed something in the chair in
which her mistress usually sat, which she imagined at
first sight to have been put there by young Nelis, who at
the instant entered the room, for the purpose of frightening
her. Upon examination, however, it turned out to be
the remams of Mrs, Nehs, which were found in the fole
lowing state. She was seated in a chair at a distance
from the fire, which appeared to have burned out, with
the head leaning upon the right haud, and bearing behind
against the wall, The trunk of the body was burned to
& cinder, as also the clothes which invested it; but the
region of the pelvis, and the upper and lower extremities
of the body had sustained no injury. Her face had a
ecorched nppearance ; but her hair and the papers she had

ut in it, hud escaped. The back and seat of the chair

d not suffered, but its arms were charred on the inner
mide, were in contact with the body. With the excep-
tion o the arms of the chair, the surrounding bodies
'‘were not injured by the combustion. The room was
Siled with a penetrating and disagreeable odour, which
1asted many days.

Mr. Woud, a Wesleyan clergyman, residing in Limerick,
relates the following ease in the Methodists’ Magazine for
1£09. Mr. O°Neil, keeper of the Five Pounds Alms-house
in the city of Limerick, was awakened about two in the
morning by a person knocking at his door, upon which he
rose, and having enquired who knocked, he opened the
door, and going with the person who called him into his
apartment, which lay under Mrs. Peacock’s room, he
found a dead body lying on the ground burning with fire,
and red as copper, having dropped down from the loft;
he saw a large hole, the size of the dead body, burned
through the boards and ceiling. He instantly ran up
stairs, and having broken open Mrs. Peacock’s room door,
saw in the middle of the room the burned hole through
which the body had fallen. Having with assistance
quenched the fire about the hole, he examined by what
means the hody had taken fire, but eould find no cause.
There was no candle or candlestick near the place; no
fire in the grate but what was raked in the ashes, as is
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the manner of preserving fire by night; the room was
examined, and nothing had taken fire but that part of
the floor, through which she had fallen; even a small
basket made of twigs, and a small trunk of dry wood
which lay near the hole, escuped, and were not so much
as touched by the fire. .

Here, likewise, we shall add another case, on appa-
rently good authority. Mrs. Stout, widow of a watch.
maker, and married a second time to a man of the name
of Hanna, went to bed one eveninx in apparent health,
and was found next morning burnt to a cinder, lying on
the floor of her bedroom. When discovered, a vapour
was still issuing from her mouth and nostrils, and those
parts of the budy, the form of which had not been al-
tered. Iler chemire aud nighteap remained umnjured.
"This case occurred in 121~ at a place called Coote I11ll,
in the county of (avan. The subject was a woman
about sixty years of age, and an inveterate drunkard.

The Rev. Mr. Ferguson, of Camden strect, Dublin, has
attested the following facts: a woman, about mixty years
of age, who lived with her brother, in the conuty of
Down, retired one evening to bed with her dauxhter,
both being, as was their constaut habit, in a state of
intoxication A little before day, some members of the
family were awakened by an extremely offensive smoke
which pervaded their apartment, and, on going 1nto the
chamber where the old woman and her daughter s'ept,
they found the smoke to proceed from the body of the
former, which appeared to be burning with an internal
fire. It was as black as coal, and the smoke issued from
every part of it. 'The combustion having been arrested,
which was effected with difficulty, life was found en=
tirely extinct. Ier daughter sustained no injury: nor
did the combustion extend to the bed or bed-clothes,
which exhibited no other traces of fire, than the stains
produced by the smoke. According to the testimony
of one of her relations, who is represented as a woman
of the strictest veracity, there was no fire whatever in
the room.

We could easily lay before our readers the details of
numerous similar cases that have occurred in Great Bri«
tain, France, and Germany; but we consider the fore=
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going sufficient to show the curious and remarkable fact,
that the human body is, in certain conditions, capable of
generating a gas which, the moment it comes in contact
with air, takes fire. Thix has happened hitherto gene-
rally to those who have been addicted to ardent spirits ;
that is, to such persons whose bodies have, from exces=
give drinking, become saturated with alcohol; and it is
a well kuown fact, that, after death, the internal organs
of such persons—even the brain—will give out the odour
of wpirits. The gad, which 18 thus formed, is a compound
of hydrogen and phosphorus. Hydrogen is one of the
principal constituents of water; and may, by the decom-
position of water, be easily obtained. Now the human
body contains a great quantity of water; and phos-
phorus also, 10 a certain combination with earthy matter,
enters into the composition of bones, and other solids of
the body. This being premised, it is not difficult to on=
derstand, how, in certain cases, the phosphorus may be
set free, ro as tv enter into combination with the hydro=-
gen, producing this inflammable gas. Hence it is not
necessary to apply a spark, or flame to the body, which
becomes wo ignited; and only those parts may be de-
stroyed which present the requisite proportion of phos-
phorus : accordingly the clothes of such persons are not
destroyed, nor does water put ount the flame; because
the water contains hydrogen, and being immediately de-
composed, ita hydrogen uunites with an additional pro=
portion of phosphorus, and #o renews the gas which thus
spoutaneously inflames.  I'Azyr, Lecat, Lair, Kopp, and
Mare, have, with many other celebrated men, paid par-
ticalar attention to the phenomena exhibited during
spoutaneous destruction by fire of the human body. M.
de Foutenelle lately read a paper to the French Academy,
in which he draws the following general conclusions :—

1. Spontaveous combustion generally happens to those
who are habitual drinkers.

2. Uld women are most nub{ect to this calamity.

3. The combustion is usually general, but sometimes
very partial, the fect, hands, and the top of the head, are
geuerally the only parts that have been preserved.

This kind of burning does not inflame the most com-
bustible substances.

5. Water, instead of diminishing, increases the flame.
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Such are the general facts which have been estahlished
on this interesting subject; and the moral we wish to
draw from their detail 19 simply this—that we shonld
hesitate before we dogmatically assert any thing to be
false, becanse it does not accord with our own exe
perience ; for the progress of sciences with which we are
at present unacquainted, may explain on the most simple
principles, the very facts which appear to us the most
startling and incredible.
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ATTRACTION.

Ta1s word betokens that power hy which all kinds of mate
ter, whether of the size of atoms or of worlds, are drawn
towards each other. Perhaps, there is nolaw of nature
which produces phenomenn so universally and continunally
presented to our vbrervation as attraction. If we lift our
eyes to the atarry heavens, aud ohserve the ¢ mystic
dance” of these shining orbs, we find it, like aninvisible
rein curbing them in their amazing journeys through the
tracklesy ether, and compelling them to deviate from the
straight forward couree in which they wonld otherwise
run, and wheel in a circular manner round some other
body, the centre of their orbits of motion.  Or if we turn
our atreution to the globe we inhabit, we find it drawing
down te the varth the stone which we have thrown into
the air, or we see it forming into a globule the little drop
of dew which hangs hke an appropriate gem upon the
delicate leaf of a flower. Or we see two contiguous
drops upoun the same spray, when brought near to each
other, but still situated at a distance suflicient to be dis=
cerned Ly the eye, at last rush suddenly together and bew
come one. Or we may detect its operations in unite
ing a few simple subatances ju various proportions, and
producing the wonders of vegetable orgauization in
infinite variety and never-failing sympathy! How su=
blime, yet how simple : how minute, yet how comprehen=
sive and magmficent is this law! at once exercising &
power over the smallest asnns around us, while it is, at
the same time, determining the revolutions of the gigantic
and innumerable orbs that roll throughout the universe;
a height and a depth, a breadth and a length of existence,
which imagination, in vain, attempts to picture, or reason
to calculate. Or, as Rogers justly observes :—

« That very law which moulds a tear
And bids it trickle from its source,
That law preserves the earth a sphere,
And guides the plancts in their course.”
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This law is indispensable for the preservation and ex-
istence of the present order of things; and it would not
be difficult to show, that the suspension of it, even with
respect to a single star, would in course of time, spread
disorder and anarchy throughout the universe. But its
invariable operation is the certainty of destiny. Without
this unchangeableness philosophy would ounly be a doc-
trine of chances ; but eclipses for thousands of years to
come, for inatance, (supposing our world was to remain
for 80 long,) can be calculated upon without fear of mis-
take, almust to the beat of a watch.

The subject of attraction naturally separates itself into
two grand divisions. There is first, the attract:on which
is exercieed hy masses of matter, situated at sensible
distances from each other; aud secondly, the attraction
existing amongst the atoms constituting these masses,
which takes place at insensible distauces. These two
divisions are again subdivided, the former into the at-
tractions of gravitation, electricity, and magnetism; and
the latter into those of aggregation or cohesion, and
chemical attraction or aftimty. Many philosophera have
supposed, and with some degree of plausibihity, that all
these varietier depend upon some ultimate power of
matter, and may thus be reduced into one; yetas no con-
clusive argument has been brought forward m support of
this suppomtion, it in needless to take up the time of
the reader with ideal speculations, even allowing that
they may be correct.

By gravitation is meant that power which draws the
objects of the universe towards each other. The sublime
genius of Newton, 1t 1» said, conceived the idea of univer-
sal attraction, from the simple incident of an apple falling
from a tree in his garden. May not, he reasoned, the
power which drawse this apple to the ground with un-
erring certainty, he the same as that which regulates the
movements of the celestial systems. And so, following
up this idea, he made a eeries of discoveiies the most
brilliant that ever adorned the anvals of philosophy. e
proved satisfactorily that what we term weight is nothing
more than an instance of universal attraction, which
decreases in intensity as we recede from the earth in
distance. This, of course, suggested the idea that weight
must be less on the tops of mountains, and in balloons,
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than on the sea shore, or on plains, which is the fact.
What weighs 1000 pounds on the sea shore, weighs 5
pounds less at the tops of mountains of a certain beight,
as ia proved experimentally by a spring-balance; and at
the distance of the moon, the weight or attraction towards
the earth of 1000 pounds is diminished to 5 ounces. This
has been proved by astronomical tests.
It may be necessary, however, before proceeding
farther, to inform the reader of the manmer in which
gravitation operates on its amplest scale in regulating the
movements of the unnumbered orbs which compose the
system of the universe. All budies have a tendency to
continud in the state of motion or of rest in which they are
])ut. In other words, bodies do not acquire motion, nor
ose motion, nor change the kind or degree of their motion,
unless some force or another he applied to them. Ths
property, as it may be termed, is called in scientific
language, the inertia of matter.  For instance, when an
arrow is shot from a bow, it would proceed onward
through the infinity of space to all eternity, if some force
did not curb it« apeed, and finally draw it to the earth.
And what power 1s this? Plainly, that of attraction.
Bexides, there in the resistance which the air offers to
every body heavier than 1tself passing through it. Now,
space originally was a vast vacuity, we shall suppose,
in which ther» being no matter, there could exist none of
the laws of matter. When the Divine ('reator brought
into existence our own system, to take a familiar instance,
he placed the sun in the centre, and endowed it, so to
speak, with power and authority over all the other bodies
within its range; they were compelled to pay obeisance
to it like the surrounding sheaves to the one in Joseph’s
dream. ‘The lesser or subordinate orb, may be supposed,
for the sake of illustration, to have been hurled from the
plastic hands of the Deity in a straightforward course, in
which they would for ever have moved had not the sun
possessed the power of attractiog them to its centre and
compelling them to revolve round him. There was just
as much attraction given as would keep them in their
proper orbits of motion, and just that degree of impetus
imparted which would prevent them from coalescing with
the sun on the one hand, or departing beyond the sphere
of his attraction on the other. With what wisdom, yet
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with what simplicity, have not the ¢ worlde heen framed.”
To each of them the Creator has traced out its course.
€ Thus far shalt thou go and no farther.” And they can=
not for a moment cross the boundaries he has assigned.

# Lightnings and storms his mighty word obey,
And plancts roll where he has marked the way.”

To this principle we are also indebted for the flax and
reflux of the tides, which, us is well kuown, are caused
by the moon's attraction.

¢ For this moon through heaven’s blue concave ghides,
And into motion charms the expanding tides;

While carth smeptuous round her axle rolls,

Exalts her watery zone, and sinks the poles,”

It is aluo the cause of the ronndness of our earth, of the
moon, the planets, and the wan itrelf.  IHence it may be
inferred that originally all matter was, to a certain
extent, in a fluid state, and that at the divine command
the atoms were endowed with attractive qualities, by
which they were impelled to a common centre; and thus
the congregated mawses assamed a globular form. At
New South Wales, which 1s situated nearly opposite to
England on the earth’s surface, planets hang and stones
fall towards the centre of the globe just as they do here.
And the people there are standing with their feet towards
us; hence they are called our antipodes. A plummet
suspended near the side of & mountain will be attracted
to it in a degree exactly dpmportioned to its magnitude.
This fact was acertained by Dr. Maskeleyne, near the
mountain Shehallion, in Scotland. But the plammet was
not so strongly attracted to the mountain as it was to the
earth, because the magnitude of the latter was so much
greater than that of the former. Let it always be kept in
view that it is size, in connection with distance, which
determines the force of gravitation, and this may be
illustrated by a few familiar facts.

A falling body receives fresh velocity every moment of
its descent, while a body projected into the air loses
velocity every moment of its ascent. Both propositions
are illustrated by a very simple experiment. Sling &
stone into the air'and the eye will be found incapable of
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following it till it has reached a certain height, when we
can easily observe its progress. Upwards it rises slower
and slower, and for a moment before it has reached, and
after it has passed, ity climax, there is scarcely any motion
perceptible; just as the tide at the full appeara for a
moment neither to ebb nor flow. Downwards the stone
desceud«, however, gathering fresh velocity in every inch
of 1ts declination, until, as it approaches nearer to the
carth, the eye can searcely follow it. This may, no doubt,
be partly accounted for from the well known circume
stance, that, to the eye, bodies seen at a distance seem to
move slower than they do when we stand near to them.
But, in our calculations, the fallacy arising from this
circumstance is comparatively trifling.  The propositions
have wot ounly been proved by the mosat incoutestible
philusophical expériments, but a few familiar facts, when
recalled to memory, will settle the point. Leta ball drop
from the hand, and 1t can be canght easily the first in=
staut; let 1t accamulate its motion, however, and the
haud in vain pursaesit. Take an example on a larger
ncale—uuy. the cataract of Niagara. Nlow and heavily
the broad column of water bends over the precipice. It
grows thinner and thinner, while 1ts motion rapdly ine
creases, until at last 1t plunges down the deep descent
wto the buling gull below with irresistible force and
rapidity, carrying all before it, and

“ Ruvalling the lightning's glanee in ruin and in speed.”

All hodivs, whatever their size or weight may be, should,
from the law previously laid down, fall to the ground with
the same speed. But this is found not to be the case,
Here, for iustance, is a ball of lead and a ball of cotfon
dropped from the wame height at the same moment, and
the lead hax reached the earth some time before the cotton.
At firat sight this would really appear to be quite con<
sistent with the law of nature; because there being, we
shall say, o hundred parts more matter in the lead than in
the cotton, it will be drawn to the earth with a hundred
times more force, the power of gravitation being always
proportionate to the quantity of matter. But again, it
there be a hundred parts more matter in the ballet than
in the other body, it of course réquires a hundred times
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more attraction to bring it down, for bodies destitute of
thia quality, as has been frequently observed, have no
tendency to fall: and every atom of every description of
matter is drawn to ‘the earth with the same degree of
force. What is it, then, which prevents the cottou from
reaching the ground at the same moment with the
weightier body ° The resistance of the air. The bulks
are equal, and of course the resistance oftered to both 1
alike, but the one having a far greater number of atoms,
and hence a far greater power of attraction m proportion
to its bulk than the other, it overcumes the resistance
with greater ease, or, in other words, it has far greater
strength to expend with only the sume obstroctions to
overcome, and hence it reaches its distination sooner.
For illustration’s sake, let us suppose there are two boats
to start for the same goal. They are of equal mze, and
of course their bows present the same breadth of surface
to the water, and are ahke impeded by 1it. In the one
boat there are two rowers, we nhall suppose, and in the
othersix. They all pull with equal skilt sud power, and
it is unneceasary to say which buat will reach 1ts destina-
tion firet.  But suppose the boat which had the smallest
number of rowers were to he reduced 1 size, weight, and
resistance in a proportion which exactly counterbalanced
the power which the other had over 1t, they would both
arrive at the same time. Thuy, if the cotton ball was re=-
duced to the density of the lead, they wuuld both reach
the earth at the same time. The powers of attraction
possessed by the two substances, without attenuatiug our
simile to an invisible thinness, may be compared to the
physical energy exercised in the two several boats, and
though the comparison be not perfect in sume respects,
it is sufficiently 8o in others to give a forcible illnstration
of the subject. In fine, it is found thut in the exhausted
receiver of an air-pump, that is, a glass vessel deprived
of its air, a feather and a guinea fall to the bottom at the
same instant. 1t would not serve the end contemplated,
were the subject of gravitation to be pursued through
all its labyrinths, and demonstrated by mathematical
symbols. The point aimed at is rather to awaken a desire
for philosophical study, than altogether to supply the
materials of it.

Very little need be said here respecting the magnetic
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and electric attractions, as they are more fally discussed
under the titles Magnetism and Electricity in another part
of this volume. They act on certain bodies, or under
peculiar circumstances, giviug rise to a distinct class of
phenomena. Inso far as they operate on masses of matter
at sennible distances, they coincide with gravitation.
When certain bodies are submitted to friction they exhibi
electrical attraction. 1f a dry glass rod or a stick of
sealing wax is rabbed upon a piece of silk, and then
presented to light bodies, such as bits of paper or straw,
these Iatter are attracted to the other body. With respect
to the magnet, 1t is universally known that it possesses
the property of attracting ateel. Its undeviating ten-
dency to turn to a certain pumt of the earth is also well
known No phenomena of nature has been o frequently
pressed into the service of poetry in the shap- of a simile
than this. What poet for the last two hundred years has
not used it ?

. « The obedient steel with hiving instinet moves,
And veers for ever to the pole it loves.”

1t is unnecessary to enter more particularly into these
subjects at present, for the reason given ahove.

We whall now turn to the other grand division of the
subject, namely, the attraction exercised between partie
cles of matter mituated at ghort or insensible distances
from ench other. (ohesive attraction is that power
which retaina atoms of the same kind together-in masses.
When two drop« of the same sort of liquid are placed
near to each other, as was remarked at the beginning of
this article, they attract each other, and uniting together,
form one glohule. The roundness of the drop is caused
by this attraction, The poet Drummond remarks this:—

« Hast thou not seen two pearls of dew
The rose’s velvet leaf atlorn—
How eager their attraction grew,
. As nearer to each other borne.”

If two globules of quickeilver on a smooth surface be
brought near to each other, they will unite in a similar man-
per. They have also a tendency to remain in that state,
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gﬂ will not separate until some force be applied. Coherion
“Jo strongest in solids. For instance, a bar of iron of half
@ inch in diameter, or even lesn, will defy all vur efforts
$0 break it with the hand. In luids the power ¢ a great
deal weaker as is proved by the ease with winch we can
separate one portion of water from another  Small
needles, however, can be made to float on water, their
weight not being suflicient to overcome the cohesion of
the fluid. [n the same way small insects wall: on the
surface of water without heing wetted. In gaseous
bodies, such as air, this attraction is entirely overcome,
and a mutual repulsion exists amongst the particles,
which is the cavse of their elasticity.  Cohesion 1= 111us-
trated by the following facts:—When portiony of the
same size are cut from two leaden bullets, and the fresh
surfaces being brought into contact, and rhehtly pressed,
they will umite, and appear as 1f they had been onginally
cast in one piece. Fresh cut surfaces of India-rubber
cohere in a similar mauner. There 18 a species of attrac-
tion called ndhesive attraction, instances of which comg
frequently under ohservation. If water be poured from
8 jug which has not a projecting lip, it will not fall per-
gndicularly, but ran down the outside of the vessel.

ence the reason of having a spout to such utensilv. A
plate of glaes, when brought into contact with a level
surface of water, adheres to it with considerable tenacity,
and resists a separation. [DPieces of wood floating in a
pond attract each other, and remain in contact, and the
wrecks of vessels, when the sea is wmooth, are often
found gathered together in heaps.

There is & species of attraction called capillary, which
takes place under the following circumstances:—when
one end of an open glass tube is put mto the water, the
enclosed liquid stands above the level of that on the
outside, and it rises always the higher the smaller the
bore of the tube is; the surrounding glass, being thus
nearer to the water, attracts it more powerfully. A
piece of lump sugar, whore lowest corner touches the
water, soon becomes moistened throughout. Thus also
the wick of a lamp or candle draws up the oil or tallow
to supply combustion. The sap which rises from the
roots to the tops of vegetables, though chiefly an action
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of vegetable life, partly depends on capillary attraction
for its ascent.

We come now to a most important and in
part of the subject—chemical attraction or aflinity. "(See
also article ("hemistry in another part of this work.)

There are in nature about fifty-four substances which
gre termed elements, from the impossibility of human
skill or industry to reduce them to amy thing simpler.
‘These elements, uniting together by the power of chemical
attraction, form the infinite variety of objects around us.
The investigation of this subject, from 1ts great extent
and importance, prevents us doing more in this place
than giving a general idea of it, sufficiently attractive to
induce the reader to feel interested in the acience of
chemistry, which will well repay a lengthened study of
that important branch of scientific knowledge.

Chemicnl attraction is exercised between particles of
dissimilar bodies, which uniting, form a new substance,

ossessing properties different from those of its ingredients.

‘requently, 1udeed, the qualities of the compound are ex-

actly the opposite of ita constituents, as in the case of
water. Tlas liqud is composed of hydrogen, one of the
most inflammable bodies known, and oxygen, the grand
supporter of combustion on the globe. Yet when these
are unpited, they form a fluid possessing qualities so
totally difterent from their owa, that it destroys all flame
whatsoever; upless, indeed, the heat be ao intense as to
decompore the water; and frequently the same com-
ponent parts when united in different proportions, produce
the most opposite substances. Thus the common air that
we breathe, s composed of the very same elements as
aqua fortis. All bodies have not a chemical attraction
for each other. Thus oil and water, thongh shaken
together, will not unite ; but if lime water is employed,
& union takes place, and the result is a new compound
which is insoluble in water. Again sulphuric acid, or
vitriol, will wot dissolve or unite with gold; but it will
with copper or iron, (besides a great variety of other
bodies) forming in the first instance sulphate of copper or
blue vitriol ; and in the second, sulphate of iron or cop=
peras. Common sea sand and soda when heated, attract
each other, and combining, form glass. What are called
acids and alkalies have a strong affinity for each other,
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and their compounds form a class of substances called
‘salts, which are most important in the arts and manu-
factures. Oil of vitriol and soda, for instance, combine
with great facility, and the compound is Glauber salts.

Thus by the existence and exercise of this peculiar
property of matter, are formed the endless diversity of
substances which constitute the mass of our globe. It is
impossible to contemplate the subject of attraction in
general, without a feeling of religious reverence and awe
for the Divine Being who drew the mighty plag—set it
1n motion at first, and etill upholds it. But the wisdom
of it is not more conspicuous than the benevolence. In-
deed, the operations of all the various laws of nature are
{0 man so many sources of enjoyment. le stands, as it
were, the centre of the system of life and natore around
him. What attraction is in the abstract, human sagacity
has not yet, and probably never will, unravel. The chain of
cause and effect here breaks off, or rather for the present
may be said to terminate, in the Deity. Philosophers
may, however, discover a proximate canse, and even
trace the golden linke through a thousand beautiful
;windings, but in a Divine Creator they must merge at
ast.
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ASTRONOMY.
THE EARTH'S MOTION.

WE shall commence this article by selecting that portion
which is most intereating to us, the earth ; and after en=
deavouring to form a distinct 1dea of the part which it
performa in the general system, proceed from thence to
form nome conceptivu of the grandeur and immensity of
the universe. Let us suppose the earth at its creation to
have: been projected forwards iuto universal space. We
koow that if no obstacle impeded its course, it would
roceed 1 the same direction, and with a uniform ve=
ocity for ever; but the attraction of the sun stopped its
onward progrees, and confines it to a centre. It then
commenced a course which it has pursued ever since it
first issued from the hand of its Creator, and which there
18 every reason to suppose 1t will follow as long as it re-
mains in existence. The earth travels round the sum,
not in a circle, but an ellipsis, of which the sun occupies
one of the foci; and in 1ty course the earth alternately
approaches und recedes from it; so that what at first ap~
pears to be u dangerous irregularity, is the means by
which the most perfect order and harmouy are produced.
The earth then travels on at a very unequal rate, its
velocity being accelerated as it approaches the sun, and.
retarded an it recedes from it.

The part of the earth’s orbit nearest the sun is called
its perihelion, that part most distaut from the sun its
aphelion ; uud the earth is about three millions of miles
nearer the sun at its perihelion than at its aphelion.
The reader wall be sorprised to learn that during the-
height of our summer, the earth is in that part of ite orbit
which is most distant from the sun, and it is dqring the
severity of wiuter that it approaches nearest to it. The

K
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difference, however, of the earth’s distance from the sun
in summer and winter, when compared with its total
distauce from the sun, is but inconsiderable, for threa
millions of miles sink= into insigniticance when compared
with ninety-five millions, which is our meun distance
from the sun. The change of temperature arising f.om
this difference, would in itself scarcely be sensible, and
it is completely overpowered hy other causes which pro=
doce the variations of the seasons; but the explanation
of these must be deferred till we have made some farther
obrervations on the heaveuly bodies. Swnce the eurth
moves with the greatest velocity in that part of its orbit
neareat the gan, it must compiete its journey through one
half of its orbit in a <horter time than through the other
half; and, in fact, it is about seven days longer in pere
forming onr summer half of it< ortt than the winter half,
The planets are celestial bodies which revolve round the
sun, o the same prisciple, and they are supposed to re=
semble the carth al<o in mny other respects; und we aro
led by analogy to consider them as inhahited worlds,
Some of the planets are proved to be larger than the
earth; it is onlv their immense distance from us which
renders their apparent dimensions so #mall. Now, if we
congider them a4 ennrmons globes, instead of small
twinkling spots, we shall find it most congistent with
onr ideas of the Divine wisdom and beneficence, to sup=
pose that these celestial bodies should be created for the
habitation of heings who are, hike us, blessed by his
Yrovidence. Hence, in & moral, as well as a physical
point of view, it is most rational to consider the plavets
as worlds revoiving round the sun; and the fixed stars as
other supy, each of them probably attended by its system
of planets, to which they respectively impart their in-
flaence.  Our telescopes are brought to such a degree of
perfechon, that from the appearances which the moon
exhbits when seen through them, we have probable
reason to conclude that it ig a habitable glohe; its
mountains and valleys are very perceptible, and eome
astronomers have even imagined that they saw volcanoes
in it.
The planets which are supposed to revolve round the
fixed stars must of course be much smaller than the suns
which give them light; and the distance which makes
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these suns appear to us like atars must render their
planets quite invisible : besides, the light of these planeta
would be much more feeble than that of the fixed stars;
there would be exactly the same surt of diference as
between the light of the sun and that of the moon, the
first being a fixed star, the gecond a planet.

According to the laws of attraction, the planets bee
jonging to vur system, all gravitate towards the sun;
and this furce, combined with that of projection, vcca=
sion their revolution round the sun, in orbits more or
less clliptical, according to the proportion which these
two forees bear to each other.  But the planets have also
another motion: they revolve npon their axie. The axis
of a planet is an imaginary live which passes through its
ceptre, and on wlich 1t turna; and 1t is this motion
which produces day and wmight. With that wside facing
the wun, 1t 18 day; and with the opposite side which
remainy in darkness, 1t is mght.  Our earth, which we
cousider as a planet, iy twenty=tour hours in performing
otie rev lition on ats axis; e that period of time there=
fore we huve a day and n night.  Hence this revolution
i called the eart’s diurnal or daily motion; and it is
thie 1. volution of the earth from west o east whieh pro=-
ducex an apparent motion of the sun, moon, and stars in
the cuntrary direction.

THE PLANETS.

The plunets are distingnished into primary and se-
condary. Those which revolve immediately about the
sun are called primary. Many of these are attended
in their course by smaller plavets, which revolve round
them; these are called secondary planets, satellites, or
moons. Such is our moon, which accompanies
earth, and is carried with it ronnd the sun. The sun
is the general centre of attraction to our system of
planets ; but the satellites revolve round the primary
Punets, on account of their greater proximity. The
orce of attraction is mot only proportional to the quan=
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tity of matter, but to the degree of proximity of the at-
tracting body. This power being weakened by diffusion,
diminishes as the squares of the distance increase. The
square is the product of a number multiplied by itself;
80 that a planet situated at twice the distance at which
we are from the sun would gravitate four times less than
we do, the product of two being multiplied by itself
being four. The more distant planets, therefore, move
slower 1n their orbite; for their projectible force must be
proportioned to that of attraction. This duminution of
attraction by the iucrease of distance also accounts for
motion of the secondary round the primary planets, in
preference to the sun; for the vicimty of the primary
planets renders their attraction stronger than that of the
sun. DBut since the attraction between bodies is mutual,
the primary planets are also attracted by their satelhites.
The moon attracts the earth, as well as the earth the
moon, but as the latter is the smaller budy, her attrac-
tion 1s proportionally less. ‘The result is, that neither
the earth revolves round the moou, nor the moon round
the earth: but they both revolve round a point which is
their common centre of gravity, and which is as much
nearer the earth than the moon, as the weight of the
former exceeds that of the latter. 1f two bLodies are
fastened together by a wire or bear, their common centre
of gravity will be in the middle of the bar, provided the
bodies are of equal weight; and if they difler in weight,
then it will be nearer the larger body. Attraction is the
tie which unites the earth aud moon; and if thewse
bodies had no projectile force winch prevented their
mutual ttraction rom bringing them together, they
would eet at their common centre of gravity.

The earth, then, Lias three different motions; it revolves
round the sun, upon its axis, and around the point to-
warde which the moon attracts it; and this is the case
with every planet which is attracted by satellities. The
complicated effect of this variety of motions produces ir-
regularities, which, however, it is pot necessary to uotice
at present. The planets act on the sun in the same man-
ner as they are them-elves acted on by their satellities;
but the gravity of the planets (even when taken col-
lectively) isso trifling compared with that of the sun,
that they do not cause the latter to move so much as one
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balf of it diameter. The planets do not, therefore, re-
volve round the centre of the sun but round a point, at a
smal! distance from its centre, about which the sun aleo
revolves. The sun also revolves on its axis. This
motion is ascertained by orbserving certain spots which
disappear and reappear regularly at stated times.

The great distance of the planets render their motions
apparently so slow, that the eye is not sensble of their
progress in their orbit, unless we watch them for some
considerable length of time: in different seasons they ap-
pear in different parts of the heavens. The sun is the
common centre of the whole.

Mercury 18 the planet neareat the sun: his orbit is con-
sequently contained within ours: but his vicinity to the
sun occarions his being nearly lost in the brilliancy of his
rays; and when we see this planet, the sun is so dazzling,
that very accarate obrervations canmot be made upon
him. e performs his revolution round the sun in about
eighty-seven days, which is consequently the length of
his year; the time of his rotation on lus axis is not ac-
curatel known; lus distance from the sun is computed
to be thirty-seven millious of miles, and his diameter
3224 mules. The heat of this planet is so great, that
water cannot exist there but in a state of vapour, and
metals would be liquified.

Venus, the next 1n the order of planets, is sixty-eight
millions of miles from the sun; she revolves about her
axis ju twenty-three hours and twenty-one minutes, and
goes round the sun in 224 days 17 hours. The diameter
of Venus ia 7657 miles. The orbit of Venus is within
ours; during nearly one half of her course in it we see
her before aunrise, and she is called the morning star; in
the correspondiog part of her orbit, on the other side, she
rises later than the sun. We then cannot see her rising,
as she rises in the day time; but she also sets later, so
that we perceive her approaching the horizon after sun-
set: she is then called Hesperus, or the evening star.

The planet next to Venus, is the Earth, of which we
shall soon speak at length; at present we shall only ob-
eerve, that we are ninety-five millions of miles distant
from the sun—that we perform our annual revolution in
865 days 5 hours and 49 minutes—and are attended in
our course by a single moon.
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Then follows Mars. He can never come between us
and the sun like Mercury, and Veous; his motion, how-
ever, is very perceptible, as he may be traced to different
gituations in the heavens; hisdistance from the sanis 144
milhons of miles; he turns on his axis in tweunty-four
hours and thirty-nine minutes, and he performs his annual
revolution in about G=7 of our days; lus diameter is 4,14
miles. Then follow four very small planets—Juno,
Ceres, Pallas, and Vesta, which have bheen rocently dis-
oovered, but whose dimensions and distances from the
sun have not as yet been very accurately ascertained.

Jupiter is next iu order.  This is the largest of all the
planets; be 18 about 190 mitlions of nules distant from
the sun, and completes hix annual period m nearly twelve
of our years; he revolves upou hia axis in about ten
bours; he is about 1,400 timey as large as our earth, his
diameter being ¢9,179 muler. 1le 18 attended by four
moons.

The next plavet in Satarn, whose distance from the sun
i8 about You millien of miles. THis diornal rotation 18
performed in about ten hours and a quurter; Jus aunual
revolution is nearly thirty of our years: his diameter is
75,000 miles.  Ting planet i surrounded by a lumuous
ring, the nature of which astronsmers are much at 4 Joss
10 conjecture: he has seven moous,

Lastly, we obeerve the Georgium Sidus, discovered by
Dr. Herschel, and which is attended by six moons. i
pumerous moons are, however, far from making so
splendid an appearance as ours; for they can only reflect
the light which thev receive from the sun; and both hght
and heat decrease 1 the same ratio or proportion to the
distances as gravity ;—cousequently, Saturn, which is
nearly ten times the distance at which we are from the
sun, has an hondred timey less heat and light. To us
such a climate wonld not be habitahle; but this furnishes
no argument against the supposition that these planets
are worlds, peopled with beivgs whose bodies are adapted
to the various temperatures and elements in which
they are situated. Whether we judge from the analogy
of our own earth, or from that of the great and uni-
veraal beneficence of Providence, we may readily con-
jecture this to be the case: and an inhabitant of Mercory
might with as much plausibility pity us for the intense
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coldness of our situation, or those of Jupiter and Satarn
for our intolerable beat, aa we can draw any infe
againet their existence, from the circumstauce thatWye,
constituted as we are, could pot live there. |

Comets are sopposed to be planets. The re-appearance
of some of them proves that they revolve around the
sun; but in orlnts 80 extremely eccentric, and running to
such a dirtance from the sun, that they disappear for a
great number of years, If they are iuhabited 1t must be
by a specier of beings very different, not only from the
inbahitants of this, but from that of any of the other
planets ; a8 they must experience the greatest vicisgitudes
of heat aud cold; their heat 1 that part of their orbit
mearest to the sun is computed to be greater thau red hot
iron. In tlow part of 1ts orbit the comet emits a luminous
vapour, called the tail, which it gradually loses as it
recedes from the sun; and the comet itself totally dis-
appears from our gight in the more distant parts of its
orbit, wlich, in most cases, extends consderably beyond
that of the farthest planet. The number of comets
belonging to our system cannot he ascertained, as some
of them are weveral centuries hefore they make their ree
appearance.  The number that are kmown by their
regular re-appearance is very small,

The unecients, in order to recognize the fixed stars,
formed them into groups, to which they gave the name of
the figures deliseated ou the celestial globes. In order
to show their proper situations in the heavens they should
be paiuted on the internal surface of a hollow sphere,
from the centre of which they should be viewed: they
would then be peen as they appear in the heavens. 'The
twelve constellations called the eigns of the Zodaic, are
thore which are so situated, that the earth in its anpual
revolution passes directly between them aund the sun.
Their names are, Aries, the Ram; Taurns, the Ball;
Gemini, the Twins; Cancer, the Crab; Leo, the Lion;
Virgo, the Virgin; Libra, the Balance; Scorpio, the
Scorpion; Sagittarius, the Archer; (apricornus, the
Wild Goat; Aquarius, the Water carrier; Pisees, the
Fishes; the whole occupying a complete circle, or broad
belt, in the heavens, called the Zodiac. Hence, a lup
drawn from the earth, and passing through the sum, ie
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said to be in that constellation at which the line
terminates.

The perfection of astronomical instruments has afforded
the prospect of being able to determiuve the anunual
Parallax, and consequently the distauce of the fixed
stars; but the quantity of deviation i» so small as to
have hitherto eluded the closest observation. 1t cannot
amouunt to a single second in the most conspicuous, and
probably the nearest of the atars. ‘These luminous bodies
must therefore be more distant at two hundred thousand
times than the measure of the diameter of the earth.
‘The light emitted from such neighbouriug suns, though it
flies with incredible rapidity, must yet travel more than
8ix thousand years before 1t reachen the confines of our
system. DButscattered over the immensity of space, there
may exist bodies which, by their magnitude and pre~
dominant attraction, retain or recal the rays of light,
and are lost in solitude and darkness. 1lad the cele-
rity of the lumicous particles not exceeded four hun-
dred miles in a second, we should never have enjoyed
the cheeriog beams of the sun. ‘They would have been
arrested in their juourney, and drawn back to their rource
before they reached the orbit of Mercury. But a star
similar to our sun, and having a diameter mixty-three
%imes greater, would entirely overpower the impetus of

ight.

‘Whether the apparent difference of size and brilliancy
of the stars proceed from their various degress of remote-
ness, or of dimension, is a point which astronomers are
unable to ascertain. Considering them as suns, we
know no reason why they should not vary in size, as
well as the plavets belonging to them.

It may perhaps be objected to this system of the uni-
wverse, that it is directly in opposition to the evidence of
our senses, to which it is plain and obvious that the earth
is motionless, and that the sun and stars revolve round
it. Bat our aenses, or at least the inferences we draw
from them, too often mislead us, for us to place implicit
relianc# on them. When sailing on the water with a
very steady breeze, the houses, trees, and every object
appear to move, whilst we are insensible of the motion
of the vessel in which we sail. It is only when some
obstacle impedes our motion that we are conscious of
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moving; and were you to close your eyes while.sailing
on calm water, with a steady wind, you would not per-
ceive that you moved, for you could not feel it, and youn
could see it only by observing the change of place of the
objects on shore. So 1t is with the motion of the earth:
every thing on its surface, and the air that surrounds it,
accompanies 1t 1o its revolution—it meets with no resist-
ance, therefors we are insensible of motion.

The apparent motinn of the sun and stars affords us the
same proof of the earth’s motion, that the crew of a ves-
sel has of their motion from the apparent motion of the
ohjects on shore. Imagine the varth to be sailing round
its axis, and muccensively passing by every star, which,
like the objrcts on land, we sappose to be moviog, in-
stead of ourselves.  In baloous, the earth appears to sink
bentﬂl?th the baloun, 1ustead of the baloon nising above the
earth.

It ix a law which we discover throughout Nature, and
worthy of its great Author, that all 1ts purposes are ac=-
comphshed by the most mmple meanx. We have no rea-
son to suppose ting law 1nfringed in order that our earth
may remain at rest, while the sun and stars move round
ua. their regular motime, which are explained by the
lawsa of attraction, on the tirst supposition, would be un-
intelligible on the last, and the order and harmony of the
universe be destroydd,  What an immeunse circuit the sun
and stars would muke duilv, were their apparent motions
real! We know many of them to be bodies more con=-
siderable than our earth; for our eyes vainly endeavour
to persuade us, that they are little brilliants sparkling in
the heavens, while science teaches us that they are im-
mense spheres, whose apparent dimensions are diminished
by distance. If the heavenly bodies revolved round our
earth ifi twenty-four hours, the ce_ntrifngal force implied
in 80 rapid a motion would be quite destructive; and no
power can be assigned which woulgl be sufficient to bal-
ance it; grindetones driven by machinery in manufactories
have been known to fly in pieces from their great velocity.
Why then should these enormous globes traverse sugh an
immensity of space, merely to prevent the necessity of
our earth revolving on its axis? The motion prm_luced
by the revolution of the earth on its axis,is about thirteen
miles and a half in a minute, to an inhabitant of London.
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A person at the equator moves much quicker; and ome
situated near the poles much slower, since they each per-
form a revolution in tweuty-four hours. But in perform-
ing its revulution round the sun, every part of the earth
moves with an equal velocity, and this velocity is o leus
than a thousand miles a minute,

In ancient times the earth was supposed to vceuyv the
centre of the system; and the suw, moon. and stars to
revolve around it. Thie was the system of Prolemy:
but g0 long ago as the beginning of the sixtevnth century
it was discarded, and the solar system ruch as we have
shown, wus established by the celebrated astronomer
Copernicus and his followers, und 1~ heuce called the
Copernican system. But the theory of gruvitation, the
source whence this beantiful aud harmonious nrrungee
ment flows, we owe to the pownrtul genius of Sir Isanc
Newton, who lived at a much later penod.

1t is far less difficult to trace Iy olwervation the mo-
tion of the planets, than to divine by what power they
are impelled and guided. ‘The 1dea of graviatiou, it 18
said, was first suggested to Sir Isanc Newton, by a ar-
cumstance from which one sbould httle Lave « xpected o
grand a theory to have arisen. Durning the prevalewece
of the plague 1in the year 1665, Newtou retired mto the
country to avoud the coutagion. When xitting one day
in his orchard, he obeerved an apple full from a tree,
which led to a train of thought whence hix graud theory
of gravitation was ultimately developed. [hix first re-
flection was whether the apple would fall to the earth, if
removed to a great distance from it; then. how far it
would reyuire to be removed from the earth, hefore it
would cease to be attracted; would it retain ite ten-
dency to fall at the distance of a thousaud miley, or ten
thousand, or to the distance of the moour And here the
idea occurred to him, that it was not impossible the
moon herself might have a similar tendeucy, and gravi-
tate to the earth in the same manner an the bodies on or
near its surface, and this gravity might possibly be in the
power which balanced the centrifugal force implied in her

wer in her orbit.. It was natural then to extend thie
adea to the other planets, and consider them as gravita-
ting towards the sun, in the same manner as the moon
gravitates towards the earth. He followed up this beau-
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tifal hypothesis, by a series of calculations and demon-
strations unparalleled for their originality, and the in-
dustry and judgment with which they were conducted,
until he established the stupendous doctrine of universal
gravitation! Who would imagine that the mimple cir-
cumstnnce of the 1all of au apple would have led to such
magniticent resulte” [t is the mark of superior genius
to find matter for observation and research in circum-
stunces which, to the ordinary mind, appear trivial,
hecause they are common, and with which they are sa-
tisfled because they are natural, wathout reflecting that
Nature 1« our grand field of oliservation—that within it
i8 contained our whole <tore ot knowledge : in a word,
that fu wtudy the works of Nature, 13 to learn to appre-
ciate and admire the windom of God. Thus it was the
simple circomstance of the fall of an apple which led to
the diceovery of the laws upon which the Copernican
svatem ik founied s and whatever credit this eystem had
obtained Lifore, it now rests upon a hasis from which it
caunyt | ¢ rhukea.

THE EARTH.

In explainiug the effects resulting from the earth’s
annual and dinrnal motion, 1t 18 necegsary that the reader
shonld understand the terrestrinl globe. This globe re-
presents the earth.  The hue which passes through its
centre, aud on which it turns is the axis; and the two
extremities of the axis are the poles, distinguished by the
names of the north aud south pules. The circle which di-
vides the globe into two equal parts between the poles is
called the equator or equinoctial live ; that part of the globe
to the north of the equator is the northern hemisphere ;
that part to the south of the equator, the southern hemis-
phere. 'The small circle, which surrounds the north pole,
is called the arctic circle ; that surrounding the south pole,
the antarctic circle. There are two immediate circles be-
tween, the polar circles and the equator,—that to the
north, callec{] the tropic of Cancer; that to the south,
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called the tropic of Capricorn. Lastly, this circle which
divides the globe into two equal parts, crossing the equa-
tory: and extending northward as far as the tropic of
Cancer, and southwards as far as the tropic of Capricorn,
is called the ecliptic.

The spaces, between the several parallel circles on the
terrestrial globe, are called zones ; that which is compre-
hended between the tropics is distinguished by the name
of the torrid zone; the spaces which extend from the
tropics to the polar circles, the north and south temperate
zones; and the space contained within the polar circles
the frigid zones.

The several lines which are drawn from one pole to the
other, cutting the equator at right augles, are called
meridians. When apy one of these meridians is exactly
opposite the sun, it is mid-day, ur twelve o'clock in the
day, with all the places situated on that meridian ; and
with the places situated on the opposite meridian, it is
consequently midnight. To places situated equally dis-
tant from these two meridians it ia six o'clock. If they
are to the east of the sun's meridian, it is six o'clock in
the afternoon, because the sun will have previously passed
over them ; if to the west, it is six o’clock in the morn-
ing, and the sun will be proceeding towards that meridian.

Those circles which divide the globe into two equal
parts, such as the equator and the ecliptic, are called great
circles—to distinguish them from those which divide it
into two unequal parts, as the tropics and polar circles,
which are called small circles. All circles are divided into
360 eqyual parts called degrees ; and these degrees into*60
equal parts called minutes.

Besides the usual division of circles into degrees, the
ecliptic is divided into twelve equal parts, called signs,
which bear the name of the constellations through which
this circle passes in the heavens. The degrees measured
on the meridians from north to south, or south to north,
are called degrees of latitude; those measured from east
to west on the equator, or any of the lesser circles paral-
lel to it, are called degrees of longitude ;—these circles
are called parallels of latitnde, because being every where
at the same distance from the equator, the latitude of
every point contained in any one of them is the same.

The degrees of longitude must necessarily vary in
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length according to the dimensions of the circle on which
they are reckoned, those, for instance, at the polar circles,
will be considerably smaller than those at the equator.
The degrees of latitude on the contrary, never vary in
length, the meridians on which they are reckoned being
all of the same dim*sions. The length of a degree of
latitude is 60 geographical miles, which is equal to 694
I:nglish statute miles. The degrees of longitude at the
equator would be of the same dimensions were the earth
a perfect sphere, butits form is not exactly spherical, being
somewhat protnberant about the equator, and flattened
towards the poles. This form proceeds from the superior
action of the centrifogal power at the equator. The re-
volution of the earth on its axis gives every particle a
tendency to fly off from the centre. This tendency is
stronger or weaker in proportion to the velocity with
which the particle moves. Now a particle situated near
one of the polar circles, makes one rotation in the same
space of time as a particle at the equator, the latter there-
fore having a much larger circle to describe, travels
proportionully faster, consequently the centrifugal force
is much stionger at the equator than at the polar circles :
it gradually decreases as you leave the equator and ap-
proach the poles, where, as there is no retatory motion,
it entirely ceases. Supposing therefore, the earth to have
been originally in a fluid state, the particles in the torrid
zone would recede much farther from the centre than
those in the frigid zone; the polar regions wonld become
flattened, nnd those ahout the equator elevated. Accord-
ing to the same rule, our heads move with greater velocity
than our feet; and on the summit of a mountain, our
velocity is greater than in a vallex; for the head is more
distant from the centre of motion than the feet—the
mountain top than the valley, Evenat the equator, how-
ever, the force of gravity preponderates very considerably,
being at the equator two hundred and eighty eight times
greater than the centrifugal force. L]

It would be natural to suppose that the prominence
at the equator and depression at the poles would render
the attraction of gravity stronger at the former, so that
a body would weigh heavier at the equator than at the
poles. This, however, is erroneous. The manner in
which the force of gravity varies, at different spots on the
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warface of the earth, de‘mxdo on considerations too complie
g’e- to be here explained ; but the general result is
fhat, althoagh the difference in different situations is very
#mill, the nearer any part of the surface ia to the centre
of attraction, the more strongly it is attracted. We re-
fer, however, only to any situationgon the surface of the
earth. Were you to penetrate into the interior, the at-
traction of the parts above you would counteract that of
the parts beneath you, and consequently diminish the
power of gravity in proportion as vou approached the
centre; and if you reached that point, being equally ate
tracted by the parts all aronnd you, gravity would cease,
and you would be without weight. Bodies therefore
gravitate less, and consequently weigh lesy, at the equator
than at the poles, while their centrifugal force is much
greater; and as this force tends to drive bodirs from the
centre, it is necessarily opposed to, and muat decrense the
power of gravity. There are then two cavees which
render bodies lighter in weight at the egnator than at the
poles—the dimination of gravitatiou, and the increase of
the centrifugal force,

We shall now explain the varintion of the seasons, and
the difference of the length of the duy« and nights in those
seasons—hoth effecta reanlting from the xame caune, In
moving round the sunp, the sxis of the earth iz not per-
pendicular to the plane of 1ts orhit; in other words, its
axis does not move round the wun in an upright position,
but slanting or oblique. In the mudst of summer, the
globe is situated at what is called the sammer solutice,
which is on the 21st of June. The north pole is then in-
clined towards the snp, and the northeru hemisphere en-
joys much more of its rava than the routhern. The run
now shines over the whole of the north frigid zone ; and
notwithstanding the'“earth’s diurnal revolution, it will
continue to shine upon it as long as it remains in this
sitoation, whilst the south frigid zone is at the same time
completely in ofucarity.

Let the earth now set off from its position in the sum-
mer solstice and carry it round the sun: observe that the
axis must always be inclined in the same direction, and
the north poledpoint to the same spot in the heavens.
There is a fixed star situated near that spot—which is
hence called the North Polar Star. The earth has now *
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goue through ope quarter of its orbit, and is arrived at
that point at which the ecliptic crosses the equatorjignd
which is called the autumnal equinox. The san sow
shines from one pole to another, as it 'would ;
do were the axis of the earth perpendicular to its orbit,
the inclination of the axis being now neither towards the
sun nor in the contrary direction. At this period of the
year the days and nights are equal in every part of the
earth, excepting at the very poles; but the next step she
takes in his orbit involves the north pole in darkness,
while it illumines that of the south. This change was
gradually preparing as the earth moved from summer to
autumn ; the arctic circle hegins to have short nights,
which increase ae the earth approaches the autummal
equinox ; aod the instant it passes that point, the long
night of the north pole commences, and the south pole
begins to enjoy the light of the sun. As the earth pro-
ceeds in its orbit, the days shorten and the nights
lengthen throughout the northern hemisphere, uatil it ar«
rives at the winter solstice, on the 218t of December,
when the north frigid zooe is entirely in darkoess, and
the southern enjoys uninterrupted daylight. Exactly
half of the equator, it will be observed, is enlightened in
every position, and conserquently the day is there always .
equal to the night.
#The inhabitants of the torrid zone, it may be observed,
have much more heat tfll‘mu wehh?v:l, as t|he sun; rayls fall
dicularly upon them, while they shine obliguely on
&mt:mmmm, and slmost horizontally on the frigid
zope ; for during their long day the sun moves round at
no great elevation above their horizon without either
rising or refting; the only observable difference is, that
it is more elevated by a few degvees at midday than at
midnight; but at the poles themselwes, the sun travels
round in the coursw of tweaty-four hours nearly at the
ssme elevation from the horizon, rieing every day a ,verx
little higher from the vernal equinox till midsummer, an
declining after that period till the autumnal equinox,
when their long night begins.

To a person placed in the temperate zone, as 'we are in
England, the sun’s rays will shine neither so ohhguely a8
at the poles, nor so vertically as at the equator; but will
fall upon him more obliquely in autamn and winter than
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in summer. Therefore, the inhabitants of the esrth bee
m‘ﬂne polar circles and the equator will not have
one day and ‘One night in the year, as happens at
the poles; nor will they have equal days and equal
nights, as at the equator; but their days and nights will
vary in length at the different times of the year, accord-
ing as their respective poles incline towards or from the
sun, and the difference will be greater in proportion to
their distance from the equator. During the other half
of her orbit, the same effect takes place in the southern
bhemisphere, a8 what we have jyst remarked in the
northern. When the earth arrives at the verual equinox,
where the ecliptic again cuts the equator, on the 22nd
of March, she is sitoated with respeet to the sun, exactly
in the same position as in the autumnal equinox, except~
ingﬁthat it is now autumn in the southern hemisphere,
whilst it is spring with us; for the half of the globe
which is enlightened extends exactly from one pole to
the other: the sun rises to the north pole and sets to the
south pole. On the two days of the equinox the sun is
visible at both poles; bat only half of it is seen from
either, the other half being councealed by the horizon.

The sun is nearly three of our days in rising and set-
ting at the poles. About thirty hours, or rather more,
before he reaches the exact period of the autumnal
equinox, the upper edge or limb of the sun begins to be
visible at the south pole; and it is there seen constantly
travelling round the horizon, and gradually rising higher
and higher till at the end of about sixty. hours, after
revolving nearly 2} times round the horizon, the whole
of its orb is visible.

At the same moment that the edge of the sun becomes
visible at the south ‘Ky, the same edge which appears as
the lower limb at north pole, begins to dip below
the horizon ;' but the sun still continues visible, travelling
round the horizon, more and more of it being hid, till at
the end of sixty hours, it totally divappears, just at the
same moment when it is fully seen at the south pole. As
the earth proceeds towards summer, the days lengthen
in the northern hemisphere, and shorten in the southern,
ill the earth reaches our summer solstice, which brings
it again to the spot whence we firat accompanied him.

The mind can find no object of contemplation more
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sublime than the course of this magnificent globe impelled
by the combined powers of projection and attracti

roll in one invariable course around the source of Hght
and heat; and what can be more delightful than the
beneficent effects of this vivifying power on its attendant
planet? 1t is at once the grand principle which ani-
mates and fecundates Natare.

The sun's rays afford less heat when in an oblique
direction than when perpendicular, because few of them
fall upon an equal portion of the earth. This accounts
for the greater heat of summer, as the sun shines less
obliquely in summer than in winter. But there is also
another reason why oblique rays give less heat than those
which are perpendicular; the former have a greater m‘;
tion of the atmosphere to traverse; and though it is
that the atmosphere is itself a traunsparent body, it does
not admit the passage of the sun’s rays quite freely ; and
besides, it is always loaded more or less with dense and
foggy vapour, which the rays of the sun cannot easily
penetrate ; therefore the greater the quantity of atmos-
phere the sun’s rays have to pass through in their way to
the earth, the fewer of them will reach it.

The diminution of heat, morning and evening, is also
owing to the greater obliquity of the sun’s rays; and as
such, they are affected by both the causes which have
just been explained. The difficulty of passing through a
foggy atmosphere is more particularly applicable to them,
as mists and vapours are very prevalent about the time
of sunrise and sunset. But the diminished obliquity of
the sun's rays is not the sole cause of the heat of summer;
the length of the days greatly conduces to it; for the
longer the sun is above the horizon, the more heat he
will comffunicate to the earth, an@’yet, though both the
longest days, and the most perpendrealar rays are on the
21st of June, the greatest heat prevails in July and
August. To account for this, you must reflect, that those

rts of the earth, which are once heated, retain the heat
};‘r a considerable length of time; and the additional
quantity they receive occasions an elevation of tempera-
ture, although the days begin to shorten, and the sun’s
rays to fall more obliquely. For the same reason we
have generally more heat at three o’clock in the afternoon
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$hap at twelve when the sun is on the meridian. As
long as the sun continues to communicate more heat than
the earth parts with in a given time, s0 long the heat of
the earth will igcrease, even though the rate at which
it recgives new heat from the sun is diminished.

There is one more observation to make relative to the
earth's motion which is, that althoagh we have but 365
dgys and nights in the year, she performs 366 complete
revolutions on her axis ; during that time. This is owing
to the progressive motion of the earth in its orbit whilst
it vevolves on its axis: as it advances almoat a degree
westward in its orbit, in the same time that it completes
8 revolution eastward ongts axis ; it must revolve nearly
one degree more, in order to bring the same meridiau back
fo the sun. These small daily portions of rotation are
each equal to the three hundred and sixty-fifth part of a
eircle, which at the end of the year amounts to one com=

lete rotation. If the earth, then, had no utber than ite

iurnal motion, we should have 366 days in the year; or
rather we shoold have 366 days in the same period of
time that we now have 365; for if we did not revolve
round the sun, we should have no natural means of com-
puting years,

In regard to time, we must add, that the earth's
diurnal motion, on an inclined axis, together with its
anpual revolution in an elliptic orbit, occasions 80 much
complication in its motion as o produce many irregulari-
ties : therefore true equal time cannot be measured by
the sun. A clock which was always perfectly correct,
would in some parts of the year be before the sup, and in
other parts after it. There are but four periods in which
the sun and a perfect clock would agree, whigh are, the
16th of April, the 16th of June, the 31st of August, and
the 24th of December. The greatest difference between
solar time and true time amounts to between fifteen and
gixteen minutes. Tables of the equation of time are
Bonstructed for the purpose of pointing out and correcting
these differences between solar time and equal or mean~
:l:eg;hich is the denomination given by astronomers to

e time,
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THE MOON.

Let us now turn our attention to the moon. This
satellite revolves round the earth in the space of
twenty-seven days, eight hours, in an orbit nearly
coinciding with the plane of the earth’s orbit, and
accompanies us in our revolution round the sun. Her
motion, therefore, is of a complicated nature ; for as the
earth advances in her orbit whilst the moon goes round
her, the moon proceeds in a sort of progressive circle.
There are also other circumstances which interfere with
the simplicity and regularity of the moon’s motion, but
which are too intricate for us to notice in our limited
space. .

The moon always presents the same face to us, by
which it is evident that she turns but once upon her axis
while she performs a revolution round the earth; so that
the inhabitants of the moon have but ene day and one
night in the course of # lunar month. Since we always
see the same hemisphere of the moon, the inhabitants of
that hemisphere alone can perceive the earth. One half
of the moon, therefore, enjoys our light every night,
while the other half has constantly nights of darkoess;
and we appear to the inhabitants of the moon under all
the changes or phases which the moon exhibits to us.

When the moon is full, she is said to be in opposition;
when a new moon, to be in conjunction with the sun.
At each of these times, the sun, the moon, and the earth
are in the same right line; but in the first case, the earth
is between the sun and the moonj in the second, the
moon is between the san and the earth. An eclipse can
take place only when the sun, moon, and earth are in &
rightl{ine. When the moon passes between the sun
the earth, she intercepts his rays, or, in other words,
casts a shadow on the earth: then the sun is eclipsed,
and the daylight gives place to darkness, while the
moon’s shadow is passing over us.. When, on the con=
trary, the earth is g:tween the sun aud the moon, it is
we Who intercept the sun’s rays, and cast a shadow on
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the moon: she then disappears from our view and is
eclipsed.

Why then, it may be asked, have we not a solar and a
lunar eclipse every month ?

planes of the orbits of the earth and the moon do
not exactly coincide, bat cross or intersect each other;
and the moon generally passes on either one side or the
other when she is in conjunction with, or in opposition
to, the sun, and therefore does not intercept the sun’s
rays, or an eclipse; for this can take place only when
the and moon are is conjunction near those parts of
their orbits which cross each other (called the nodes of
their orbits), because it is then only that they are both
in the same plane and in a right line with the sun. A
partial eclipse tukes place when the moon, in passing by
the earth, does not entirly escape her shadow. When the
eccli‘ple happens precisely at the nodes, they are not only
total, but last for some length of time.

When the sun is eclipsed, the total darkness is confined
to one particular part of the earth. The lunar eclipses,
on the contrary, are visible from every part of the earth,
‘where the moon is above the horizon.

When the moon eclipses the sun to us, the earth is
eclipsed to the moon; for if the moon intercepts the sun’s
rays, and casts a shadow on us, we must necessarily dis-
appear to the moon, but only partially—a black epot will
appear to pass over the earth.

n the distant planets, few days elapse without an
eclipse taking place; for among the number of the satel-
lites, one or other of them is continually passiog into the
shadow of the planet, or between the planet and the sun.
Astronomers are 8o well acqnainted with the motion of
the planets and their satellites, that they have calculated
not only the eclipses of our moon, but those of Jupiter,
with sach perfect accuracy, that it has afforded a means

ascertalning the longitade. When, as on land, we

ow where we are situated, there is no difficulty in
ascertaining the latitude or longitude of the place by re-
ferring to a map; but the question is, to find out our situ-
ation when we do not know where we are: for instance,
at sea, interrupted in ‘our course by storms, a map would
afford no assistance in discovering where we were. The
latitnde may be found by taking the altitude of the pole:
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that is to say, observing the number of degrees that it is
elevated above the horizon, for the pole appears more
elevated as we approach it, and less as we recede from
it. Itis troe that the pole is not visible to us; bat the
north pole points constantly towards one particular part
of the heavens, near which a star is situated, called the
Polar Star. The altitude of the polar star is therefore
nearly the same number of degrees as that of the pole;
and as this atar ie visible in clear nights from every part
of the northern hemisphere, it farnishes an easy mode of
ascertaining the latitude in all that half of the %world.
The latitude may be more accurately determined by other
observations, which may be made on the sun, or any of
the fixed eatars; the situation therefore, of a vessel at
sea, with regard to north and south, is easily ascertained.
The difficulty is respecting east and west—that is to say,
its longitude. As there are no eastern poles from which
we can reckon our distance, some particular spot must be
fixed upon for that purpose. The English reckon from
the meridian of Gireenwich, where the Royal Observatory
is situated; in French maps the longitude is reckoned
from Paris.

The rotation of the earth on its axis in twenty-four
hours, from west to east, occasions, as we have already
seen, an apparent motion of the sun and stars in the con-

direction, and the sun appears to go round the earth
in the space of twenty-four hours, passing over fifteen
degrees, or a twenty-fourth part of the eartb’s circumfer~
ence every hour, therefore, when it is twelve o’clock in
London, it is one o’clock in any place situated fifteen de-
grees to the east of London, as the sun must have passed
the meridian of that place an hour before he reaches that
of London. For the same reason it is eleven o’clock to
any place situated filteen degrees to the west of London,
as the sun will not come to that meridian till an hour
later. 1If, then, the captain of a vessel at sea could know
precisely what was the hour at London, by looking at his
watch, and comparing it with the hour of the spot in
which he was, ascertain the longitude. For this pu
he must be. furnished with two watches—the one daily
regulated by the sun, and the other unaltered. The former
would indicate the hour of the place in which he was
situated, and the latter the hour of London ; and by com-
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*
Eﬁx}g them together, he would be able to calculate his

ongitude; but the best watches are liable to imperfece
tiovs, and should the time-keeper go too slow, there
would be no meauns of ascertaining the error: implicit
reliance, therefore, cannot be placed upon them.

Recourse is had therefore to the eclipses of Jupiter's
satellites. A table is made of the precise time at which
the several moous are eclipsed to a spectator at London.
‘When they appear eclipsed to a spectator in any other
apot, he may, by consulting the table, know what is the
hour #® London; for the eclipse is visible at the moment
from whatever place on the earth it is seen. He has
then only to look at the watch which points out the
hour of lace in which he is, and by observing the
difference of time there and at London, he may immedi«
ately determine his longitude.

Let us suppose that a certain moon of Jupiter is
always eclipsed at six o'clock in the evening at London,
and that aman at sea consults lus watch and finds that it
is ten o'clock at night, where he is situated, at the mo«
ment the eclipse takes place: he would be sixty degrees
east of London ; for the sun which (apparently) travels

degrees an hoar, must have passed his meridian
four hours before it reaches that of Londun; for this
reason the hour is always later in London when the place
is east longitude, and earlier when it is west longitude,
Thus the longitade can be ascertained whenever the
eclipses of Jupiter’s moons are visible.

The loogitude shows on what meridian you are
situated, and the latitude on what part of that meridian ;
therefore, when you can ascertain both these, you discover
the very spot in which you are sitaated. But it ie not
only the secondary planets which produce eclipses, for
the primary plgnets near the san eclipse him to those at a
greater distance, when they come in conjunction in the
nodes of their orbits; but as the primary planets are
much longer in performing their course round the sua,
than the satellites in going round their primary planets,
these eclipses very seldom occur. . .

Mercary and Venus have, however, passed in a right
line between the earth and the sun, but being at s0 great
a distance, their shadows did not extend so far as the
earth. No darkness was therefore produced on any pary
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of our globe; but the planet appeared like a small black
spot pdssing across the sun’s disk : this is called a transit
of the planet. It was by the last transit of Venus that
astronomers were enabled to calculate, with some degree
of accuracy, the distance of the earth from the sun, and
the dimeusions of the latter.

The tides are produced by the attraction of the moon.
The cohesion of fluids being much less than that of solid
bodies, they more easily yield to the power of gravity;
in cooseyuence of which the waters immediately below
the moon are drawn up in a protuberance, produc¢ing &
full tide, or what is commonly called high-water, at the
spot where it happens. According to this theory it would
be imagined that we should bave the full tide only oncein
twenty-four hours—that is, every time that they were
below the moon—while we find that we have two tides
in the course of the twenty-four hours, and that it is high
water with us and with our antipodes at the same time.

The influence of the sun on the tides is less than that
of the mnon; for observe, that the tides rise in conse-
quende of the moon attracting one part of the waters
more forcibly than another part: it is this inequality of
attraction which produces full and ebb tides. Now the
distance of the sun is 80 great, that the whole globs of
the earth is comparatively but as & point, and the differ-
ence of attraction for that part of the waters most under
its influence, and that part least subject to it, is but
trifling ; no part of the waters will be much elevated
above, or much depressed below their general surface, by
its action. The sun has, however, a considerable effect
on the tides, and increases or diminishes them as it acts
in conjunction with, or in opposition to, the moon. .

The moon is a month in going round the earth; twice
during that time, therefore, at full and at ehange, she-is
in the same direction as the sun. Both these act in con-
junction, on the earth, and produce very great tides,
called epring-tides; but when the moon is in the inter-
mediate parts of her orbit, the sun, instead of affording
assistance, weakensher power by acting in opposition to
it; and smaller tides are produced, called neap-tides.

Since attraction is mutual between the moon and the
earth, we produce tides in the moon ; and these are more
oonlidenbYe in proportion as our planet is larger. Neither
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the moon nor the earth in reality assumes an ovgl form,
for the 1and which intersects the water destroys the regu-
larity of the effect. The orbit of the moon being nearly
rallel to that of the earth, she is never vertical but to
he inhabitants of the torrid zone ; in that climate, there-
fore, the tides are greatest, and they diminish as you
recede from it, and approach the poles; but in no part
of the globe is the moon immediately above the spot
where it is high-tide. All matter, by its ivertion, offers
some resistance to a change of state; the waters, there~
fore, do not readily yield to the attraction of the moon,
and the effect of her influence is not complete until some
time after she has passed the meridian.

The earth revolves on its axis in about twenty-four
hours : if the moon were stationary, therefore, the same
g:;:of the globe would every twenty-four hours retorn

ath the moon ; but as during our daily revolution the
moon advances in her orbit, the earth must make more
than a complete rotation, in order to bring the same meri-
dian opposite the moon : we are three-quarters of an hour
in overtaking her. The tides, therefore, are retarded, for

same reason that the moon rises later, by three-
quarters of an hour, every day. This, is only the average
amount of the retardation. The time of the bighest tide
is modified by the sun’s attraction, and is between those
of the tides which would be produced by the separate
action of the two lauminaries. The action of the sup,
therefore, makes the interval different on different days,
but leaves the averagement unaffected.
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MECHANICS. *

ON THE LAWS OF MOTION, AND THE CENTRE
OF GRAVITY.

THE science of Mechanics is founded on the laws of
motion ; it will therefore be necessary to explain these lawa
before we examine the mechanical powers. Motion con-
sists in & change of place. A body i¥ in motion whenever
it is changing its situation with regard to a fixed point.
Now, as one of the general properties of bodies is
inertia, that is, an entire passiveness either with regard to
motion or rest, it follows that a body cannot move with-
out being put into motion : the power which puts a body
into motion is called force; thus the stroke of the hammer
is the force which drives the nail ; the pulling of the horse
that which draws the carriage. Gravitation is the force
which occasions the fall of bodies; cohesion that which
binds the particles of bodies together; and heat, a force
which drives them asunder. The motion of a body acted
upon by a single force is always in a straight line, in the
direction of which it received the impulse. .

The rate at which a body moves, or the length of time
which ‘it takes to move from one place to another, is
called its velocity; and it is one of the laws of motion
that the velocity of the moving body is proportional to
the force by which it is pat in motion. The velocity of a
body is called absolute, if we consider the motion of the
body in space, without any reference to that of other
bodies, When, for instance, a horse goes fifty miles in
ten hours, his velocity is five miles an hour. Itis termed
relative, when compared with that'of another body which
is still in motion. Thus a man sailing in a ship may
remain at rest relatively to the vessel, though he pat
of its absolute motion ; but if he walk the deck in the
same direction as that in which the ship is sailing, his
absolute motion will be increased by the rate at whichhe
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moves along, and his relative motion will be the difference
between his own absolute motion and that of the ship.
Bo if two carriages go along the same road in the same
direction, their relative velocity will be the difference of
their abeolute velocities; if in opposite directions, the
samet If they startfrom the same point, ajong two roads,
making an angle with each other, their relative motion
will be measured by their distance, in.a straight line,
from each of the other after a given time, and the direc
tion of this relative motion will be the direction of that
live. The absolute velocity of a body is measured by the
space over which it moves, in some particular time,
selected as the standard; the velocity per hour, for
instance, would be shown by dividing the number of
miles travelled over hfy the namber of hours occupied in
the journey. Thus if you travel one hundred miles in
twenty hours, and wish to know what is your velocity,
Lou divide one handred by twenty, and the answer will

five miles an hour. We say, also, that space is eqjual
to the velocity multiplied by the time; if your velocity
be three miles an hour, and you travel six hours, you will
have gone in all a space of eighteen miles.

Uniform motion ie that of a body which passes over
equal spaces in equal times. It is produ by a force
having acted on a body once and having ceased to act,
such as the stroke of a bat on a cricket-ball. But it may
be said, that the motion of a cricket-ball is not uniform,
its vebocity gradually disminishing till it falls to the

d. In answer to this objection, you must observe
that the ball is inert, having no more power to stop than
to put iteelf in motion; if it fall, therefore, it must be
stopped by some force superior to that by which it was
projected ; and this force is gravity, which counteracts,
and finally overcomes that of projection. If neither
gravity nor any other force (such as the resistance of the
air or friction of the ground) opposed its motion, the
cricket-ball, or even a stone thrown by the hand, would

onwards in a right line and with a uniform
velocity for ever! Yet we have no example of perpetual
motion on the surface of the earth; because the causes
referred to ultimately destroy all motion, whether pro=
duced by natural or artificial means.

When we stady the celestial bodies, we find that
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uature abounds with examples of perpetual motion, and
that it conduces as much to the harmony of the system
of the universe, as the prevalence of it would be to the
destruction of all stability on the surface of the globe.
Provideuce has therefore ordained insurmountable ob-
stacles to perpetual motion here below; and though
these obstacles often compel us to contend with great
difficulties, yet the general result is, that order, regularity,
and repose, 8o easential to the preservation of the various
beings of which thie world is composed.

Retarded motion is prodoced by some force acting on &
body in a direction oppused to that which firat put it in
motion, and this gradually diminishes its velocity.

Accelerated motion is produced when the force which
put a body in motion coutinues to act upon it during its
motion so that ity velocity is continually increased.
us suppose, that the instant a stone is let fall from a high
tower the force ofggravity were annihilated: the stone
would nevertheless descend, for a body having once
received an impulse, will not stop (unless some obatacle
impede ita course), but move on with a uniform velocity.
If, then, the force of gravity be not destroyed after having
given the first impulse to the stone, but continues to act
on it during the whole of its descent, it is easy to under=
stand that its motion will be thereby accelerated. Let
us suppose that the impalse given by gravity to the stone
during the first instant of its descent be equal to one;
the next instant we shall find that an additional impulse
gives the stone an additional velocity equal to one; so
that the accumulated velocity is now equal to two; the
following instant another impalse increases the veloci
to three, and so on till the stone reaches the gro
The spaces described in a given time follow a law
slightly different ; for it has been ascertained both by exe

iment and calculations, that heavy bodies deacending
m a height by the force of gravity, fall sixteen feet in
the first second of time, three times timt distance in the
next, five times in the third second, seven times in the
fourth, and so0 on, regularly increasing both their velocities
and the spaces described according to the mumber of -
seconds during which the body has been falling. Thus
the height of & building or the depth of a well may b
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measared by observing the length of time which a stone
takes in falling from the top to the bottom.

If a stone be thrown perpendicularly upwards, it is the
same length of time ascending that it is descending. In
the first case the velocity is diminished by the force of
gravity; in descending it is accelerated by it. The force
of projection given to a body in moving it upwards, is
equal to the force with which it strikes the ground when
it descends again, and this latter force is the effect pro-
duced by gravity during the time of ite fall. If a stone be
thrown npwards gently it will not rise high, and gravity
will soon make it descend; if thrown with violence, it
will rise higher, and gravity will be longer in bringing it
back to the ground. Suppose that it be thrown with a
force which will make it rise only sixteen feet, in that
case it will fall in one second of time. Now it 18 proved
by experiment, that an impulse requieite to project a
body sixteen feet upwards, will méke it ascend that
height in one second ; here then the times of the ascent
and descent are equal. But suppose it be required to
throw a stone twice that height, the force must be
greater. Then the impulse of projection in throwing a
body upwarde, is equal to the accumulated effect pro-
duced by gravity during its descent; and it is the
greater or less distance to which the body rises, that
makes these balance each other, for it gives more time for
the force of gravitation to act.

* The Momentum of bodies is the force or power, with
which a body in motion would strike against another
body, 80 as to set the latter in motion. The momentum
of a body is composed of its weight, multiplied by its ve-
locity. The quicker a body moves, the greater will be
the force with which it will strike against another body ;
80 that a small light body may have a greater momentam
than a heavy one, provided its velocity be sufficiently great.
For instance, the momentum of an arrow shot from a bow
is greater than that of a stone thrown by the hand. We
Imow also by experience that the heavier a body is, the
greater is its force ; if it acts in other respects under the
same circumstances, therefore, the whole power, or mo-
mentum of a body is composed of these two properties.
But why should not these be added together, instead of
being multiplied by one another? It is found by experi«
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ment, that if the weight of a body be represented by the
number 3, and its velocity also by 3, its momentum wilt
be as 9 not 6, as would be the case were these

added; instead of being multis»lied together. The same
conclusion may very easily be deduced by reasoning. If
two bodies, one of one pound weight, the other of two,
have the same velocitiy, the moving force of the second
or its momentum, is double that of its first. If a third
body also of two pounds, move with three times the ve-
locity of the second, its momentum, the weights in this
case being equal, is three times that of the second. Bat
the momentum of the second is twice thatsof the first,
therefore the momentum of the third is six times that of
the first. By thus dividing the process, and |poking first
to the eflect of a change of the velocity, and afterwards
to that of the change of weight, it becomes evident that
these effects are to be multiplied together.

‘The Re-action of bodies is the next law to be explained.
When a body in motion strikes against another body it
meets with resistance, the resistance of the body at rest
will be equal to the blow struck by the body in motion;
or, in philosophical language, action and re-action will
be equal, and in opposite directions.

The mosat striking experiments on these subjects are
made with elastic bodies. Elasticity is a property, by
means of which bodies that are compressed return to their
former state. If you bend a cane, as soon asit is at
liberty it recovers its former position; if you press
your finger on your arm, as soon as you remove it, the
flesh, by virtue of its elasticity, rises and destroys the im=
pression. Of all bodies, those in the form of air or gas
are the most eminent for this property. Hard bodies are
in the next degree elastic : if two ivory or metallic balls
be struck together, the parts at which they touch will be
flattened, but no mark is perceptible, their elasticity in-
stantly destroying all trace of it. If, however, a very
small spot of ink be placed on one of the balls at the
point of contact, it will be found after the contact to have
spread, and will thus show that there has been compres«
sion. Soft bodies, which easily refain impressions, such
as clay, wax, tallow, butter, &c., have very little elas-
tici

city.
The cause of elasticity is not well ascertained. Elase
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ticity implies susceptibility of compression, and the sns-
eeptibility of compression depends upon the purosity of
the bodies; for were there no pores or spaces between
the particles of matter of which a body is composed, it
could not be compressed. But we must not hence infer,
that bodies whose particles are most distant from each
other are most elastic. Elasticity implies not only sus-
eeptibility of compression, but the power of resuming its
former state, ufter compression. The pores of such bodies
as ivory and metals are invisible to the naked eye; but
it is well ascertained that gold, one of the most dense of
all bodies, iwexternally porous,and that its pores are saffi-
ciently large to admit water, under great pressure, to
gﬂ through them. In cork, =ponge, and bread, the pores
rm considerable cavities; in wood, and many kinds of
stone, when not polished, they are perceptible to the naked
eye; whilst in ivory, metals, and most varmwshed and
ished bodies, they cannot be discovered. To give an
ides of the extreme porosity of bodies, ¥ir Tsaac Newton
conjectured that if the earth was so compressed as to be
absolutely without pores, ite dimensions might possibly not
be more thar a cubic inch.

Birds, in flying, strike the air with their wings; and it
is the re-action of the air which enables them to rise or
advance forwards. The force with which their wings
strike against the air must equal the weight of theiwr
bodies, in order that the re-action of the air may he able
to support that weight; the bird will then remain sta-
tionary. If the stroke of the wings be greater than is
required merely to support the bird, the re-action of the
air will make it rise; if it be less, it will descend: the
lark sometimes remains with its wings extended, but mo-
tionless; in this state it drops rapidity into its nest. A
bird expands his wings when he gives the stroke, the re~
action of which is o impel him onward, and contracts
them when in the opposite direction. The swimming of
fishes is on the same principle; their fins are expanded
and contracted in a like manner; and a man in swimmiog
strikes his hands out to produce the re-action which im~
pels him forward, gnd turns them edgeways to lessen the
effect of the contrary re-action. In rowing a boat, the
oars are lifted out of the water after every stroke, so as
eompletely to prevent any re-action in a backward direc-



MECHANTICH, -7 ]

tion; and even in moving them throngh the air they are

tarned edgeways, or feathered, as it is called, from its

?c_emblmoe to the action of the feathers of a bird in
ying.

Let us now retorn to the subject of re-action, on which
we have some further observations to make. It is re-ac~
tion being contrary to action which prqduces reflected
mation, Il you throw & ball against a wall it rebounds;
this return of the ball is owing to the re-action of the
wall agaiuwt which it struck and is called reflected motion.
A ball filled with air rebounds better than one stuffed
with brau or wool, for the elasticity of the air re-acts
after compression. If the ball be thrown perpendicularl
againat the wall it returns straight towards the hand,
though the action of gravity draws it downwards before
reaching it; butif thrown obliquely upwards it rebounds
still higher. We use the term perpendicalarin preference
to the more familiar word straight, hecause straight is a
general term for lines in all directions, which are neither
curved nor bent, aud is, therefore equally applicable to
oblique or perpendicular lines. A perpendicular has al-
ways a reference to sumething towards which it is per-
pendicular; that is to say, that it inclines neither to the
og:ie gide nor the other,but makes an equal angle on either
side.

We ghall now proceed to circular motion; this is the
result of the action of two forces on a body, by ome of
which it is projected forward n a right line, whilst by
the other it is continaally directed towards a fixed point.
For instance, if I whirl a bull fastened to my hand with
a string, the ball will have a circular motion, because it
is acted on by two forces, that I give it, which represents
the force of projection, and that of the string, which
confines it to my hand. 1f during its motion I were spd-
denly to cut the string, the ball would fly off in a straight
line; being released from confinement to the fixed point,
it would be acted on but by one force, and motion proe
duced by one force is always in a right line. When a
mop is trundled the threads fly from the centre; but
being confined to it at one end they cannot part from it;
whilst the water they contain is thrown off in straight
lines. In the same way, the flyers of a windmill, when
put in motion by the wind, would be driven straigh#
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fbrward in a right line, were they not conflued to & fixed
point, round which they are compelled to move. The
gomtgo which the motion of a small body, sach as the
all with the string, is confined, becomes the centre of its
motion, for it may be considered as moving in the same
plane or flat surface. But when & body is not of a size or
shape to allow of our considering every part of it as
moving in the bame plane, it revolves round a line, which
is_called the axis of motion. In a top, for instance,
when spinning on its goht, the axis is the line which
passes through the middle of it, perpendicularly to the
floor. The axle of the eails of & windmill is the axis
of its motion. The centre of motion is not always in
the middle of a body.

The middle point of a body is called its centre of
magtitude, that is, the centre of its mass or bulk. Bodies
have also another centre, called the centre of gravity,
which shall be explained; but at present, we must
confine ourselves for a short time longer to the axis of
motion., This line remains at rest, while all the other
parts of the body move around it; when a top is spun,
the axis is stationary, whilst every other part is in
motion round it. A top, it is true, has also generally a
motion forwards, besides its spinning motion ; and then
no point within it can be at rest. But what is said of
the axis of motion relates only to circular motion; that
is to motion round a line, and not to that which a body
may have at the same time in any other direction.

is one circumstance in circalar motion, which

must be carefolly attended to; it is, that the farther any

of a body is from the axis of motion, the greater ig

its velocity : as yon approach that line, the velocity of

the parts gradually diminishes till yon reach the axis of

motion which vinlnseﬂ'ect;ly at rest. The extremities of

the fiyers of & windmill move over a much greater space
than the parts nearest the axis of motion.

The force which confines a body o a centre, round
which it moves, is called the centripetal force; and the
power which impels a body to fly from the centre ie
called the centrifugal force; in circular motion these two
forces balance each other; otherwise the revolving body
would either approach .the centre or recede from it, ac-
.cording as the one or the other prevailed. And should
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any cause deltro¥ the centripetal force, the centrifagal
force would impel the body to fly off from the centre. &
would not, however, fly off in a right line from
centre, but in a right line in the direction it was moving
at the instant of its release: if a stone yrhirled round in
a sling, gets loose, it flies off at a tangent. This force
would, therefore, with more propriety, be called the
tangential than the centrifugal force, or rather, inertia of
the body which inclines it to move in the direction of the
tangent is the tangential force. But motion in the
direction of the tangent would remove the body further
from the centre, and that part of its force which tends to
produce motion thus away from the centre is called the
centrifugal force.

If a ball be thrown in a horizonta) direction, it is acted
on by no less than three forces : theforce of projection first
given to it; the resistance of the air throvgh which it
passes; and the force of gravity which finally brings it
to the ground. Gravity and the resistance of the air act
continually; and as the whole effect produced by them is
always so great as to overpower any force of projection
we can communicate to a body, the latter is gradually
overcome, and the body brought to the ground; but the
stronger the projectile force, the longer will these powers
be in subduing it. A shot fired from a cannon, for in=
stance, will go much farther than a ball thrown by the
hand. Bodies thue projected described a curved line in
their descent. If the forces of projection and of gravity
both produced uniform motion, the ball would move in
the diagonal of a parallelogram, but the motion m-
duced by the force of projection by gravity is accelerated ;
and it is this acceleration which brings the ball sooner to
the ground, and makes it fall in a curve instead of g
straight line. . .

We have not taken notice of the resistance of the air,
which mach complicates these results in practice.
principles of its ogeration may easily be understood from
the mode in which the other forces act ; but the degree .
and manner in which it modifies their effects cannot be

. shown without much difficulty and intricacy of explana-
.tion. It is, however, sufficiently plain that this resistance |
tncreases with the velocity of the ball, for the particles of

k,‘ q
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air react on the ball in proportion to the stroke they
yeceive from it; so that if the force of J\ro'ectiorbo
doubled, the resistance of the air is doubled also, nor is
this all, for in doubling the velocity of the ball, it passes
through twice the quantity of air in the same time, and
receives twice the resistance from each particle; the
‘whole of the resistance must therefore be four times as
geltuin the firstinstance. And if the velocity of the ball

tripled, it will pass through three times the quantity
of air; will strike each particle with three times the
force, and receive three times the re-action; which
summed up will make nine times the resistance.

The shortest mode of calculating the resistance is to
multiply the velocity by itself; thus, if the velocity be
three, multiply it by three and the product will be nine.
The prodact of a number multiplied by itself is called its

square.

The curve line which a ball describes, if the resistance
of the air be not taken into consideration, is called in
geometry a parabola. But when the ball is thrown per-
micnlarly vpwards, it will descend perpendicularly ;

use the force of projection, and that of gravity, are
in the same line of direction. i

We noticed the centres of magnitude and of motion,
but we have not as yet ez;ghined what is meant g{ the
centre of gravity. It is that point about which all the
parts of a body exuctlg balauce each other, in eve
position of the body ; if therefore, that point is supportez
mbody will not fall. Were any other point of the body
alone supported, the surrounding énm no longer
‘balancing each other, the body would fall on the s
at which the parts are heaviest; therefore, whenever
the centre of gravity is unsupported the body must
fall. This sometimes happens with an over-loaded
waggon winding u&na steep hill, one side of the
soad being higher the other. It is dangerous,
when a boat is in any risk of being upset, for the pas-
sengers to rise suddenly ; this is owing to their raising
the centre of gravity, and thus increasing the chance of
throwing it out of the hn:f“dvi;:ymﬁ When ;mhu:_
stands upright, the cebtre of gravity is #tpported by hi
feet. 1f be lean on due side he will no longer stand firm.
A rope-dancer performs all his feats of agility, by dex<
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- terously supporting his centre of gravity; whenever he
finds himself in danger of losing his balauce, he shifts the
heavy pole, which he holds in his hands, in order to throw
the weight towards the side that®s deficient; and thus
by changing the situation of the centre of gravity, restores
lxiaA equilibriubn.)i ced be . : fnger.

stick is balanced on ¢ int of the , by sup«
porting its centre of gravity ?ound it is for want of this
eopport that spherical bodies roll down a slope. A sphere
being perfectly round can tonch the slope but by a single
point, and that point is not perpendicularly under the
centre of gravity, which therefore is not suﬁpm'ted. The
centre of gravity, in this case, coincides with the centre of
magnitude, but when one part of the body is composed
of heavier materials than another t, the centre of
gravity, being the centre of the weight of the body, will
generally no longer correspond with the centre of mag-
nitude, though it may accidently do so.

Bodies having a narrow base are easily upset, for if
they are the least inclined, their centre is no longer su
ported. A person carries a single pail of water wi
great difficulty, owing fo the centre of gravity being
thrown on one side, and the opposite arm is stretched
out to endeavour to bring itback to its original situation.
But two pails, one hanging on each arm, are carried with
much, greater facility, because they balance each other.

‘When two bodies are fastened together by a rod, they
are to be considered as forming but one body. If the
two bodies be of equal weight the centre of gravity will
be in the centre of the line which unites them, but if one,
be heavier than the other, the centre of gravity will be
propertionably nearer the heavy body than the light one.



100 PANORAMA OF BCIENCE,

ON THE MECHANICAL POWERS.

The mechanical powers are six in namber, one or more
of which enters into the composition of every machine.
The lever, the pulley, the wheel and avle, the tnchined
plane, the wedge, and scretw.

In order that we may understand the power of a
machine there are four things which claim our consi-
deration.

1st. The power that acts: this consists in the effect
of men or horses, of weights, springs, steam, &c. .

2ndly. The resistance which is to be overcome b
the power; this is generally a weight to be movedv.
The effect of the power acting ic the manner which in
each particular case it is applied, must always be supe-~
rior to the resistance, otherwise the machine could not
be put in motion. For instance, were the resistance of
carrisge equal to the strength of the horses employed to
draw it, they would not be able to make it move.

3rdly. We are to consider the centre of motion, or as
it is termed in mechanics, the fulcrum, which means a
prop; this is the point about which all parts of the body
move: and, .

Lastly, The respective velocities of the power, and of
the resistance.

We shall first examine the power of the lever. The
Jever is an inflexible rod or beam, that is to say, one
which will not bend in an¥ direction. For instance, the
steel rod to which a pair of scales is suspended ie a lever,
and the point by which it is suspended, called the prop or
Yolcram, is also the ceritre of motion. The two parts of
a lever, divided by a fulcrum, are called its arm. Now,
both scales being empty, they are of the same weight,

oonsequently balance each other. We have pre-
viously stated, that when two bodies of equal weight
‘were {astened to&ether,the centre of gravity wounld be
in the ‘middle of the line that connected ghem; the centre
of gravity of the scales must, therefore, De in the middle
between them, as the fulerum is, and this being sup-
ported, the scales balance each other.
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We must bear in mind, that if a body be suspended by
that point in which the centre of gravity is situated, it
will remain at rest in any position indifferently; which
is not the case with this pair of scales, for when we hold
them inclined, they instantly regain their equilibrium ;
the reason of this is, that the centre of suspension, in=
stead of exactly coinciding with that of gravity, is a
little above it; if therefore, the equilibrium of the scales
be disturbed; the centre of gravity moves in a small
circle round the point of suspension, and is therefore
forced to rise, and the instant it is restored to liberty it
descends and resumes its sitvation immediately below
the point of suspension, when the equilibrium is restored.
I¢ is this property which renders the balance so accarate
an instrument for weighing goods. If the scales contain
different weights the centre of gravity will be removed
towards the scale which is heaviest, and being no longer
supported, the heaviest scale will descend. The fulcrum
of the balance is moveable; the lever may be taken off
the prop and fastened on in another point which then
becomes the fulcrom. In this case the equilibrium is
destroyed, the longest arm of the lever is heaviest and
descends. The ceqgtre of gravity is not supported be-
cause it is no longer immediately below the point of sus-
pension ; but if we can bring the centre of gravity imme-
diately below the point, as it is now situated, the scales
will again balance each other. Now if a heavy weight
be placed in the scale suspended to the shortest arm of
the lever, and a lighter one into that suspended to the
longest arm, the equilibrium will be restored. Itis not
therefore, impracticable to make a heavy body balance
a light one; and by this means, an imposition in the
weight of goods is very frequently effected by dishonest
dealers, as a weight of ten or twelve ounces might thus
be made to balance a pound of goods. An ingenious
balance, called a steelyard, has been invented on the
principle that a weight increases in_effect, in proportion
to its distance from the fulcram. In this machine, for
instance, a single pound ;vexghg n.n-_We{s ghe purpose 9:‘
weighing any quantity of goods, simply by moving.1
along the leveﬂ% for in proportion as it recedes from the
fulcram, it will balance five, ten, twenty, fifty, or per«
haps even as many as a hundred pounds weight. The
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hook by which the instrument is suspended, forms the
falcrum ; it is, for instance two iuches distant from the
basin which is ‘to contain the articles to be weighed,
while the opposite arm of the lever extends two feet; a
small weight is suspended to it, and the graduations on
the lever indicate the different powers of this weight
according to the situation which it occupies on the long
arm of the lever; when pushed to the extremity a weight
of five pounds is equivalent to sixty pounds placed in the
basin, The same steelyard when suspended by a second
book, which divides the lever with less inequality, and
corresponds with another scale of graduation, is used
for weighing smaller quantities of goods, and the same
weight when hung at the extremity may be equal to
twenty pounds placed in the basin.

Let us now return to the balance, and divesting it of the
basins, consider the lever simply. In this state the ful-
crum is no longer in the line of direction of the centre
of gravity, but it is, and must ever be, the centre of mo-
tion, as it is the only point which remains at rest while
the other parts move about it. When a lever is put in
motion, the longest arm or acting part of the lever must
move with greater velocity than the shortest arm, or
resisting part of thé lever, because it is farthest from the
centre oipl motion. When two boys ride-on a plank
drawn over a log of wood, the plank becomes a lever,
the log which u&porti it the fulcrum, and the two boys
the power and resistance at each end of the lever.
‘When the boys are of equal weight, the plank must be
sup in the middle to make the two arms equal;—
if they differ in weight, the plank must be drawn over
the prop so as to make the arms unequal, and the lightest
boy be placed at the extremity of the longest arm, in

that the greater velocity of bis motion may com-
pensate for the superior gravity of his companion, so as
1o render their momentions equal. But we know that
the action of the power mult%a greater than the resist-
ance, in order to put the machine in motion. For this
;::ﬁu, each boy at his descent touches the ground

his feet, and the support he receives from it
diminishes his weight and epables his companion to
Taise him; thus esch boy alternately represents the
Power and the weight, and the two arms alternately
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the jonction of the acting and the resisting part
of the lever.

A lever, in moving, describes the arc of a circle, for it
can move only around the fulcram. or centre of motion.
It would be impossibe for one child to rise perpem=
dicularly, or for Ee ther toldescend in a straight m;
they describe arcs of their respective circles; and you
may judge from the different dimensions of the circle
how much greater the velocity of the little child must
be thag that of the bigger one. Enormous weights may
be raised by levers of this description, for the longer the
acting part of the lever in comparison to the remsting
part, the greater is the effect prodoced by it; because
the greater is the velocity of the power compared to
that of the weight. You may bave seen a heavy snow=
ball rolled over by thrusting the end of a long stick be-
neath the ball, and resting it against a log of wood, or
any other object which may give it support, near the end
in contact with the snow-ball. The stick in this case is
a lever; the support, the prop or fulcrum; and the
nearer the latter 1s to the resistance, the more easily will
the power be able to move it.

There are three different kinda of levers—in the first,
which comprehends the several levers we have been
describing, the fulcrum is between the power and the
weight. When the fulcrum is situated equally between
the power and the weight as in the balauce, the power
must be greater than the weight, in order to move it;
for nothing can in this case be gained by velocity. The
two arms of the lever being equal, the velocity of their
extremities must be so likewige. The balance is, there=
fore, of no assistance as a mechanical power, but it is
extremely useful to estimate the respective weights of
bodies, But when the fulcrum of a lever is not equally
distant from the power and the weight, and that in
amount, though greater in effect, the power acts at the
extremity of the longest arm, it may be less than the
‘weight, 1ts deficiency being compensated by its superior
velocity ; as we observed in the case of the boys and the
see-saw. Therefore, when a great weight is to be raised,
it must be fastened to the shortest arm of the lever, and
the power applied to the longest arm; but if the case
will admit of putting the end of the lever under the
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weight, no fastening will be required, as you may perceive
stirring the fire. The poker is a lever of the first kind;

e point where it rests againet the bars of the grate,
whilst stirring the fire, is the fulcrum ; the short arm, or
resisting partof the leveris employed in lifting the weight,
which is the coals, and the hand is the power applied to
the longest arm, or acting part of the lever. A pair of
gcissors is an instrument composed of two levers united
in one common faleram ; the point at which the two levers
are screwed together is the fulcrum; the handles to
which, to which the power of the fingers are applied, are
the extremitien of the acting part of the levers, and the
cutting part of the scirsors are the resisting parts of the
levers ; therefore, the longer the handles, and the shorter
the points of the acissors, the more easily will they cat.
Thus, when pasteboard, or any hard substance is to be
cut, that part of the scissors nearest the screw, or rivet,
is used. Snuffers, and most kinds of pincers, are levers
of a similar description, the great force of which consists
in the resisting part of the lever being very short in com-
parison of the acting part.

In levers of the second kind, the weight, instead of
being at one end, is situated between the power and the
fulecram. In moving it, the velocity of the power must
necessarily be greater than that of the weight, as it is more
distant than the centre of motion. Let us take, for ex-
ample, a snow-ball moved by means of a lever of the
second order, as well as by one of the first. The end of
the stick that is thrust under the ball reste on the ground,
which becomes the fulerum ; the ball is the weight to be
moved, and the power the hands applied to the other end
of the lever. In this instance, there is an immevse
difference in the length of the arms of the lever, the
weight being almost close to the falcram, and the advan-

gained is proportional. Fishermen's boats are thns
raised from the ground to be launched into the sea, by
means of slippery pieces of board, which are thrust under
the keel. Thbe most common example that we have of
levers of the second kind is in the doors of our apartments:
in these the hinges represent the fulcrum, the hand, the
power applied to the other end of the lever, and the door,
or rather its inertin, is the weight which occupies the
whole of the space between the power and the fulcram.
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The whole weight and inertiea of the deor may be
regarded as collected into its centre of gravity ; that is to
say, the resistance of the door is the same that would be
offered by a force equal to the inertia of the door, and
passing through its centre of gravity. Another very
common instance is found in an oar: the blade is kept in
the same place by the resistance of the water, and becomes
the fulcrum; the resistance is applied where the oar
gasm over the gunwale of the boat, and the hands at the

andle are the power. Nut-crackers are double levers of
this kind: the hinge is the falcrum. the nut the resistance,
and the hands the power.

In levers of the third kind the folcrum is also at one of
the extremities, the weight or resistance at the other,
and it is now the power that is applied between the
fulcram and the resistance. Thus the fulcrum, the weight,
and the power, each in its tarn occupies ome part of the
lever between its extremity. But in this third kind of
levar, the weight being farther from the centre of motion
than the power, the difficulty of raising it instead of
being diminished is increased. Levers of this description
are used when the object is to produce great velocity.
The aim of mechanics 1o general, is to gain force, by ex-
changing it for time; but it is sometimes desirable to
produce great velocity by an expenditare of force. The
treddle of a common turning lathe affords an example of
alever of the third kind employed in gaining time, or
velocity, at the expense of force. A man inraising a long
ladder perdendicularly against a wall, cannot place his
hands on the upper part of the ladder ; the power, there-
fore, is necessarily placed nearer the fulcrum than the
weight, for the hands are the power, the ground the fule
crom, and the ladder the weight; which, as in the case
of a door, may be considered as collected in the centre of
gravity of the ladder, about half way up, and consequently
beyond the point where the hands are applied. Nature
employs this kind of lever in the structure of the human.
frame. In lifting a weight with the hand, the lower
of the arm becomes a lever of the third kind; the elbow
is the fulcrum; the muscles which move the arm, the

wers ; and as these are nearer to the elbow than the

@ is, it is mecessary that their power should exceed
the weight to be ra.iseg.
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It may perhape be matter of wonder that nature should
have farnisbed us with such levers, bat the disadvantage
is more than compensated by the convenience resulting
from the structure of the arm. 1t is of more consequence
that we should be able to move our limbs nimbly, than
that we should be able to overcome great resistance, for it
is comparatively seldom that we meet with great obsta-
cles, and when we do, they can be overcome by art.
Besides, the Creator has endowed the muscular fibres with
mrmone strength, so that upon the whole this kind of

is best adapted to enable the arm to perform its va-
rious functions. i

We will now direct our attention to the Pulley, which
is the second mechanical power. It is a circular flat piece
of wood or metal, with a string running in a groove
round it, by means of which a weight may be pulled up.
Thus pulleys are used for drawing up curtains, the sails
of a ship, &c. When the pulley is fixed it does not in-
crease the power to raise the weight. It is evident there-
fore, that the power must be greater than the weight to
move it, A fixed pulley is useful, therefore, only in alter-
ing the direction of the power, and its most frequent
application ia to make us draw up a weight by drawing
down the string connected with the pulley. But a move-
able puiley affords mechanical asmatance. The hand
which sustains a caek by means of the cord going over
the moveable puiley, does it more easily than if it held
the cask suspended to a cord without & pulley; for the
fixed hook., to which one end of the cord is fastened, bear~
ing one half of the weight of the cask, the hand has only
the other half to sustain. Now it is evident, that the
book affords the same assistance in raising as in sustain-
ing the cask, so that the hand will only have one half
thé weight to raise. But observe, that the velocity of
the band must be double to that of the cask; for in order
to raise the latter one inch, the hand must draw the two
strings one inch each; the whole string being shortened
two inches, while the cask is raised only one. Thus the
advantage of a moveable pulley consists in dividing the
difficulty ; twice the length of string it is true must be
drawn; bat only half thestrength is required which would
be to raise the weight without such asmstance :
80 that the 3imcnlty is overcome in the same manner as it
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would be by dividing the weight into two equal
and raising them successively, Itmay perhaps be
to pulleys that a longer time is required to raise a Mﬁ:
with their aid than without it; that is true, for it is a fan:
mental law in mechanics, that what is gained in power is
lost in time: this applies not only to the pulley, but to the
lever, and all the other mechanical It would be
‘wrong however, to suppose that the loss was equivalent to
the gain, and that we derived no advantage from the me-
chanical powers; for since it is entirely beyond our power
to augment onr bodily strength, it must be admitted that
science is of the greatest ntility that enables ve to reduce
the resistance or weight of any body to the level of our
strength. This we accomplish by dividing the resistance
of & body into parts which we can successively overcome ;
ard if it require a sacrifice of time to attain this end, we
must be very sensible how very advantageously it is ex~
changed for power. The greater the number of pulleys
conuected by a string, the more easily the weight is raised,
as the difficulty is divided amongst the number of strings,
or rather of parts into which the string is divided by the
pulleys. Several pulleys thus connected form what is called
a system or tackle of pulleys. They may be seen sus-
pended from cranes to raise goods into warehouses, and
in ships to draw up the sails. Here both the advantages
of an increase of power and a change of direction are
united ; for the sails are raised op the masts by the sailors
on deck from the change of direction which the pulley
effects; and the labour is facilitated by the mechanical
power of a combination of pulleys. Pulleys are fre-
quently connected, both for nautical and other purposes;
but in whatever manver pulleys are connected by a single
string, the mechanical power is the same in its principle.
The wheel and axle is the third mechanical power. Lét
us suppose the weight to be a bucket of water in a well,
which is to be raised by winding the rope, to which it i»
attached, round the axle; if this be done without a wheel
to turn the axle, no mechanical assistance is received.
The axle without a wheel is as impotent as a single fixed
ey, or a lever, whoee falcrum is in the centre ; but add
he wheel to the axle, and you will immediately fiad the
bucket is raised with much less dificulty. The axle acte
the part of the shorter arm of the lever, the wheel that
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of the longer arm. The velocity of the circumference of
the wheel is as much greater than that of the axle, as it
is forther from the centre” of motion; for the wheel
describes a large circle in the same space of time that the
axle describes a small one, therefore the power is in-
creased in the same proportion as the circumference of the
wheel is greater than that of the axle. If the velocity of
the wheel were twelve times greater than that of the
axle, a power nearly twelve times less than the weight of
the bucket would be able to raise it. Instead of a wheel
there is more commonly attached to the axle a crooked
handle, which answers the same purpose. For the branch
of the handle which is united to the axle represents the
spoke of a wheel, and is as effectaal as an entire one; the
other brauch affords no mechanical aid, merely serving as
a handle to tarn the wheel. Wheels are a very essential
Km of machines. They are employed in various ways;

nt, when fixed to the axle, their mechanical power is
always the same; that is, as the circumference of the
wheel exceeds that of the axle, 8o much will the energy
of the power be increased. In mills and manufactories,
00 person has seen without admiring the immense wheel,
the revolution of which puts the whole of the machinery
into motion ; and though =0 great an effect is produced by
it, a horse or two has sufficient power to turn it; but the
-steam engine is both the most powerful and the most con-
venient mode of torning the wheel. We have the ad-
vantage sometimes of a gratuitous force, such as a stream
-of water to turn the wheel of a water-mill; and the wind
which acts upon the sails of a windmill. One of the great
benefits resulting from the use of machinery is, that it
gives us, as it were, a sort of empire over the powers of
nature, and enables us to'make them perform that labour
which would otherwise fall to the lot of man. When a
current of wind, a stream of water or the expansive force
of steam performs our task, we have only to superintend
and regulate their operations.

The fourth mechanic power is the Inclined Plane. This
is nothing more than a gentle slope or declivity, frequent-
1y used to facilitate the drawing up of weights. 1t is not
dificult to understand, that a weight may with much
greater ease be drawn up a slope than it can be raised the
same height perpendicularly. “But in this as well as the
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other mechanical powers, the facility is purchased by a
loss of time.

The Fedges, which is the next mechanical power, is
composed of two inclined planes; it is frequently used b,
woodcutters to cleave wood. The resistance consists in
the cohesive attraction of the wood, or any other
which the wedge is employed to separate; and the ad-
vaotage gained by this power is in the g)mportion ot
half its width to its length. The wedge, however, acts
priocipally by being struck, and not by mere pressure :
the proportion stated is that which expresses its power
when acting by pressure only.

All cutting instruments are conatructed upon the prin-
ciple of the inclined plane, or the wedge. Those that
have but one edge sloped, like the chisel, may be referred
to the inclined plane; whilst the axe, the hatchet, and
the knife (when used to chop or split asunder), act on
the principle of the wedge. Bat a knife cots best when
drawn across the subatance it is to divide, as it is used i
cutting meat, for the edge of a knife is really a very fine
saw, and therefore acts best when used like that instru-
ment.

The Screw which is the last mechanical power, is muclr
more complicated than the others. It is composed of two
parts, the screw and the nut. The screw is a cylinder,
with a spiral protuberance coiled round it, called the
thread, the nut is perforated to contain the screw ; and
the inside of the nut has a spiral groove, made to fit the
spiral thread of the screw; just like the lid of a box
which screws on. The bandle which projects from the
nut is a lever, avithout which the screw is never used as
a mechanical power. The nut, with a lever attached to
it is commonly called a winch. The power of the acrew
complicated as it appears, is referable to one of the mest
simple of the mechanical powers, the inclined plane. Ifa
slip of paper be cut in the form of an inclined plane, and
wound round a pencil, which will represent the cylinder,
it will desctibe a spiral line corresponding to the spiral

berance of the screw. The nut then ascends an in-
clined plane, but ascends it ina spiral instead of a straight;
line. The closer the thread of the screw the more easy is
the ascent, but the greater are the number of revolations
the winch must make ; so that we retarn to the old prin=
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eciple—what is saved in power is lost in time. The
power of the screw may be jncreased also, by lengthening
the lever attached to the nut; it is employed either for
compression or to raise heavy weights. It is used in
cider and wine presses, in coining, book binding, and for
a variety of other purposes.

All machines are composed of one or more of the six
mechanical powers we have been examining and explain-
ing. more remark must be made relative to them,
which is, that friction in a considerable degree diminishes
their force. Friction is the resistance which bodies meet
with in rabbing against each other. There is no such

ing as perfect smoothness or evenness in nataure.
Polished metals, though they wear that appearance, more
than any other bodies, are really far from possessing it ;
and their inequalities may frequently be perceived through
s good magnifying glass. When therefore the surfaces of
the two bodies come into contact, the prominent parta of
the one will often fall into the hollow parts of the other,
and occasion more or less resistance to motion. In pro-
portion as the sarfaces of bodies are well polished, the frice
tion is diminished ; but it is always considerable and it is
usually computed to destroy one-third of the power of a
machine. Oil or grease is used to lessen friction ; it acts
as a polish by filling up the cavities of the rubbing sur-
faces, and thus making them slide more easily over each
other. 1t is for this reason that wheels are greased, and
the locks and hinges of doors oiled. In these iustances,
the contact of the rubbing surfaces is so close, and the
rubbing =0 continual, that, notwithstanding their being
polished and oiled, a considerable degree of friction is
produced. It is a remarkable circamstance, that there is
generally less friction between two bodies of different
substanees, than of the same. It is on this account that
the holes in which the spindles of watch works are fre-
quently made of jewels; and that when two cog-wheels
work in one another, the cogs of the one are generally
made of wood and of the other of metal. , *

There are two kinds of friction ; the one ocoasioned by
the sliding of the flat surface of & body, the other by the
rolling of a circular body. The friet{onmulﬁngﬁom
the first is much the most considerable, for great force is
required t0 enabls the sliding body to overcome the re<
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sistance which the asperities of the surfaces in contact’
oppose to its motion, and it must be either lifted over, or
break through them; whilst, in the other kind, the fric~
tion is transferred to a small surface, and the rough

roll over each other with comparative facility ; hence it
is, that wheels are often used for the sole purpose of
diminishing the resistance of friction. Where, 1n descend=
ing a steep hill, we fasten one of the wheels, we decrease
the velocity of the carriage by increasing the friction,
that is to say, by converting the rolling friction of one of
the wheels into the dragging friction; and when castors
are put to the legs of a table the dragging is converted
into the rolling friction.

The great fly-wheel which is frequently attached to
steam engines and other large machines, acts in the first
instance as a heavy weight to impel their free uncontrolled
motion. However paradoxical this mode of improving
machinery may appear to be, it is nevertheless of great
advauntage. The motion of a machine is always more or
less variable, owing to the irregularity, both of the
power which works it, and of the resistance which it has
to overcome. Whether the power consists in wind,
watsr, stedm, or the strength of animals, it cannot be
made to act with perfect regularity, nor can the work
which the machine has to perform be always uniform.
Yet in manufactures, and most cases in which machinery
is employed, uniformity of action is essentially requisite,
both in order to prevent injury to the machine, and im-
perfection in the work performed. A fly-wheel, which is
a large heavy wheel attached to the axis of gne of the

rincipal wheels of the machinery, answers this purpose

regulating the action of the machine: by its weight

it diminishes the t of increased action, and by its

inertia it carries on the machine with uniform velocity,

when the power transiently slackens; thus by either

checking or impelling the action of the machine, it regu~
lates its motion so as to render it tolerably uniform.

There is another circomstance which we have drend{
noticed as diminishing the motion of bodies, and whic
greatly affects the power of machines: this is the re-
sistance of the medium in which a machine is worked.
All fluids, whether of the nature of air, or of water, are
called mediums ; and their resistance is generally propore
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tionsd to their density: for the more matter & body con-
tains, the greater the resistance it will o to the
motion of another body striking agaiost it. It is, there-
fore, more difficult to work a machine under water than
in the air, If a machine conld be worked in vecuo, and
without friction, it would be t; bat this is unat-
taimable. A comsiderable ion of power must,
therefore, be allowed for the resistance of the air.

‘While on this subject, we may be allowed to make a
few observations on tools. The difference between a too?
#nd a machine is not capable of very precise distinction ;
nor is it necessary, in & popular explanation of those
terms, to limit very strictly their acceptation. Various
:gguﬁonl occur in the arts, in which the assistance of an

itional hand would be a great convenience to the
workman, and in these cases tools of the simplest con-
struction come to his ready aid. The simpler machines
are often only one or more tools placed in a frame, and
acted on by any moving power. In pointing out the
advantages of tools, we shall give an example of one of
the simplest.

To arrange twenty thousand needles throqn promis-
cuously into a box, mixed and entangled with other
in every possible direction, in such a form that they shall
be all parallel one with another, would at first sight
appear a most tedious and difficult operation; in fact, if
each needle were to be separated individually, many
hours must be occupied in process. Yet this is an

tion which must be performed many times in the
manufactare of needles; aud it is accomplished in an in-
credible short space of time—a few minutes, by a ve
i tool ; nothing more being requisite than a small
flat tray of sheet iron, slightly comcave at the bottom.
The needles are placed in it, and shaken in & peculiar
manner, by throwing them up a very little, and giving at
the same time a slight longitudinal motion to the tray.
‘The shape of the needles assist their arrangement ; for if
ti:g({ nesdlesb‘c;fu am:l;l other, g:;l:u, Wh::l‘; {:‘ 1exceod-
e, appen preci anced,
7 , when th?;yfdl on the bottom of the tnty, tenz
to place themselves side by side, and the hollow form of
the tray assists this disposition. As they have no projec-
tion on any part {0 impede this tendency, or to entangle
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each other, they are, by continually shaking, arranged
lengthwise in three or four minutes. The direction of the
shake is now changed ; the needles are but little thrown
up, but the tray is shaken edgways; the result of which
is, that in a minute or two, the needles which were pre-
viously arranged endways, become h up in a wall,
with their ends against the extremity of the tray. They
are now removed by hundreds at a time, by raising them
with a broad iron spatula, on which they are retained by
the forefinger of the left hand. During the progrees of
the needles towards their finished state, this parallel
arrangement must be repeated several times; and, unless
some such cheap and expeditious method had been de-
vised, the ~xpense of manufactaring needles would have
been considerably enhgnced.

Another process in the art of making needles farnishes
an example of one of the simplest contrivances which
can come under the denomination of a fool, the efficiency
of which for the purpose required no one will denmy.
After the needles have been arranged in the manner we
have been describing, it is necessary to separate them into
two parcels, in order that their points may all be placed
in one direction. This is for the most part done by wo-
men and children. The needles are placed sideways in &
heap, on a table or bench, in front of each operator, just
as they are arranged tw the process above described.
From five to ten are rolled towards this person by the
forefinger of the left hand; this separates them a ve
small space from each other, and each in its turn, 1s
pushed lengthwise to the right or to the left, according
as its eye is on the right or the left hand. This is the
usual process, and in it every needle passes individually
under the finger of the operator. A small alteration ex-
Pedites the process considerably; the child puts on the
orefinger of its right hand a small cloth cap, or finger-
stall, and rolling out of the heap from six to twelve
needles, he keeps them down by the forefinger of the
left hand whilst he presses the forefinger of the right
hand gently against their ende: those which have the
points towards the right-hand stick into the finger-stall;
and the child removing the finger of the left hand, slightly
raises the needles stjcking into the clo.ﬂ;, and then pushes

. H '
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fhem towards the left side. Those needles which had
fheir eyés on the right hand do not stick into the finger
cover, and are pushed away to the heap on the right side
previously to the repetition of this process. By means of
this simple and ingenious contrivance, each movement of
the finger from one mde to the other, carries five or six
needles to their proper heap; whereas, in the former
method, frequently only one was moved, and rarely more
than two or three were transported at one movement to
their place.



PNEUMATICS, 118

PNEUMATICS.

TaE science of Pneumatics treats of the density,
sure, aud elasticity of the air, and the effects which they
produce.

The air is the floid in which we live and breathe; it
entirely envelopes the globe, and extends to au unknown
height above its aurface. 1t is, together with the clouds
and vapours that float in it, called the atmosphere.

Anciently, the air was supposed to be destitute of
weight, aud Galileo was the first who proved, by experi-
ments, the fallacy of this supposition; and 1t is now
sufficiently manifest, that like all other fluids, it presses
upon bodies in proportion to the depths they are immersed
init; and that the pressure is in every direction, or on
all sides of such bodies. It difiers from most other fluids
in the fonr following particulars: 1. It can be compressed
into a much less space than it naturally possesses. 2. It
cannot be congealed or reduced to a sohid state, 3. Itis
of a different density in every part upwards from the
earth’s surface, decreasing in its weight as its distance
from the earth increases. 4. Its elasticity, or the force
with which it springs, is equal to the incumhent weight.

The air being perfectly invisible, and affording no resist-
ance to the touch, it is not surprising that, according to
vulgar apprehension, it should not be considered as a
molid substance, and yet that it possesses weight, and
great power of resistance to other bodies, many simple
experiments may be devised to prove. A bladder, open
at the aperture of the neck, may have its sides pressed
together with the greatest ease; but if a bladder 1s ﬁl[ed
by blowing air ioto if, and a string tied fast round its
neck, it becomes impossible to press the sides together
without bursting, and a very slight alteration of ite’
Bgure requires considerable pressure. This resistance
evidently proves that air is matter. ., .

It is the great transparency of the air, which, in the
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common acceptation of the term, renders it invisible ; but
the blae colour of the sky may be considered as the colour
of the air, for this blaeness is occasioned by the light
reflected from the air, and the particles it contains. If,
however, the atmosphere was absolately transparent, it
would reflect no light; every object would then be in
total darkness, except it received the direct rays of the
sun, and the stars wonld be visible at noonday.

The pressure of the atmosphere is removed for philoso-
phical purposes by means of the air-pump. With this
machine, a great variety of interesting experiments may
‘be performed in proof of the properties of the atmos-

here; without it, indeed, pneumatics wounld ecarcely
eserve the name of a science.

When the gravity of the air had once become known,
it may be thonght that it could not have been very diffi«
cult to account for some of its more remarkable effects,
such as the ascent of water in the body of a puomp. The
contrary, however, appears to have been the case. Some
Italian artists having received orders to construct a com-
mon pump for the purpose of raising water to the height
of 50 or tU feet, found, to their astonishment, that
about 33 feet was the limit to which the water
would rise. CGialileo was applied to for an examina-
tion of this circumstance ; am{ as he had accepted the
current opiniou, that the only reason why water rose at
all in pumps was natore’s abhorrence of a vacuum, so to
this inquiry he answered, that nature did not entertain
the horror of a vacuum beyond 33 feet! Galileo had
afterwards reason to suppose that he had not given a
very philosophical answer to the question put to him, but
Torricelli, a pupil of his, was the first who conjectured
that water is elevated in pumps by the pressure of the
exterior air; and that the amount of this pressure could
counterbalance no more than a column of water 33 feet
high. He instituted an experiment that at once verified
his conjecture, and proved the origin of that important
invention, the barometer. He took a glass tube of about
three feet in length, hermetically sealed at one end, and
open at the other; he filled it with pure mercary, and
sto;ping the orifice with his finger, he reversed the tube,
and placed the open end in a vessel full of the same mer-
cory. He had no sooner removed his finger than the
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column of mercury, which was about 36 inches long, was
reduced to the length of about 2% inches. This height
being to that of 33 feet, in the inverse ratio of the densi-
ties of water and mercury, he concluded that, as he had
copjectured, it was the pressure of the air which caused
both water and mercury to rise until an equilibrium was
produced. The experiment thus tried is called the Torri~
cellian experiment, and the epace left at the top of the
tube, the Torricellian vacuum. It is the nearest approach
to a perfect vacuum which the art of man can form, and
is much superior to that of the best air-pump.

The preesure of the atmosphere is npt always the
same at the same place. 'l'ﬂe-e changes take place
chiefly in countries at a distance from the eqnator. In
Great Britain the barometer has been koown to vary
more than an inch in a few hours. Supposing the sar-
face of a middle sized man, equal to fourteen and a half
feet rquare, the pressure upon him, when the atmosphere
is lightest is equal to thirteen and a half, and when
heaviest, it is about fourteen and one third tons. The
immense pressure we sustain does not impede our
motions, because the pressure on one side is balanced by
an equal pressure on the opposite side, nor is it capable
of crushing the human frame, because the elastic force
of the air, or some other elastic fluid within the body, is
just suflicient to resist every injurious effect. So far
from the pressure of the atmosphere being a disadvantage
it is indinpensable; and we find that our frame is braced,
and that we are never more alert and active than in
clear and fine weather when the mercury stauds highest,
ond consequently the pressure of the atmosphere is
greatest; on the contrary, when the mercury fulls and
the weight of the air diminishes, we feel listless and un~

comfortable. .
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PNEUMATICAL INSTRUMENTS.

Ever since it wasobserved that the height of a colamnl
of mercury, sustained in a tabe by the pressure of the
atmosphere, varied in height at different times, and that
these variations were accompanied or followed by
chaoges in the weather, such an instrument has been apa
E'ied to meteorological purposes, under the nume of the

rometer.

The Thermometer isa chemical rather than a pneumatie
cal instrument, but it claims notice as a useful appendage
to the barometer. All substances expandiug with ax
increase of their temperature, it is obvious that, under the
same pressare of the atmosphere, the mercury in the
barometer will be highest when the heat is greatest; a
correction is therefore necessary for this source of error,
before the exact effect of the pressure can be aacertained,
and this is accomplished by means of the thermometer, or
instrument for measuring the degrees of heat, joined with
a kmowledge of the rate at which the mercury in the
barometer expands.

The atate of the amosphere, with respect to dryness or
moisture, is measured by an instrument called an Aygro<
meter or hygroscope. Various substances are susceptible
©of considerable alterations in weight or length, by atw
tracting or parting with moistare; such substances are
<called hygroscopic.

The quantity of water returned by the atmoaphere to
the earth in the state of rain, is ascertained by an instra-
ment called & pluviometer or rain-guage. It is ususally
made in the form of a jar, or hollow cylinder, with &
fuonel at the top of it. They are made of various sizes,
but in general, if the ring be twelve inches in diameter it
may not be considered too large.
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WINDS.

Air, when in progressive motion, is called wind, in
which state it becomes one of the most powerful agents
in nature, ita force increasing nearly as the square of its
velocity, aud its velocity often being prodigious.

The natural tendency of the atmosphere as of .all other
bodies, is to remain in a state of rest; and if this ten=
dency were not checked by unceasing causes, this flaid
would everywhere be stagnant, and at the same elevation
would have the eame. The density of air is diminished
by an increase of temperature, that is, the more it is
heated, the more space it takes up, and consequently the
less in 1ts pressure, bulk for bulk, on the surrounding air.
This being the caee, and the contrary, when its density
is increased by cold, being equally true, it follows that

. when any particular tract of air is heated or cooled more
than the rest, the heavy parts will press it upwards, and
occupy its place; and the atmosphere will not be at
rest, until the equilibrium of its parts, in heat and density
take place.

Dr. Fraonklin was the firast who observed, that winds
originate at the precise point towards which they blow.
Thus, in going out of a large town in winter, a wind is
met in every point of the compass, beause the air in the
town being rarified by so many fires and the breathing of
the people, is fo to ascend by the pressure of the
colder and denser air of the country on all sides of it.
Partial changes of temperature, are, therefore, the chief
general causes of all winds, and it is the business of
man, with respect to this subject, to discover where, and
in what degree, they occur, in order to account for the
individual phenomena. The atfraction of the sun and
.moon is on .good grounds supposed to oceasion wind,
and.it.is calculated from the theory of gravitation, that
the influence of these bodies in their daily motions, is
«aufficient to produce a continual east wind about the
«xuator. When, therefore, attraction coincides with heaf:
do produce an aerial tide, the combined effect may .be
-sery «considerable. ‘Whatever may be the .influence .of
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the sun and moon in occasioning winds by their attrace
tion, that of the moon will be the greatest, for the same
reason, and in the same proportion, that her influence is
the greatest in produciog the tides of the ocean. The
most likely periods of the year to have high winds are
the two equinoxes; and storms are more frequent at the
time of new and full moon, especially those new and full
moons that happen about the equinoxes.

The most remarkable of all the winds is called the
T'rade-wind ; and as it evidently follows the course of the
sun, it appears undeniable that the sun is the cause of it.
‘This wind, about the middle part of its track, always
blows either exactly or very nearly from the east; bLut
even when the sun is at, or very near the equator,
towards its northern boundary, 1t deviates more and
more from the east towards the north; and towards its
southern boundary, it deviates more and more from the
east towards the south. The manner in which the sun
causes the trade-wind, seems to be gemerally agreed
upon. o+

pg)f the periodical winds, the most remarkable are those
called the Monsoons, which blow for six months in one
direction, and for six months in an opposite one. They
are confined to the tropics, and are deviations from the
regularity of the trade-winds of half a year's duration,
because for half the year, the monsoons mostly coincide
with the general trade-wind. The origin appears to be
owing to the circumstances of the different degrees of
heat commuuicated to the air by water, and particular
tracts of land. From October till April, the monsoon
sets in from the north-west to the south-east, opposite to
the general course of the trade-wind on the other side of
the line; and here also the general trade-wind resumes
its usual course daring the other months, which consti-
tute the winter seasons in these regions.

Some of the variable winds which prevail in warm
countries, are distinguished by particular names, and
possess very extraordinary qualities. The Harmatian is
a wind which blows from the interior parts of Africa
towards the Atlantic ocean. It prevails in the months
of December, January, and February; but its duration
is uncertain, sometimes only a day or two, sometimes as
many as fifteen or sixteen. It is always accompanied
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with a fog that robs the sun of his splendour. Such
is the extreme dryness of this wind that it withers the
whole vegetable creation. The human body is much
affected with the harmattan, which if it continues five or
six days, the scarf skin peels off, and though the air is
cool, it excites a troublesome sensation of pricking heat.
Notwithstanding, the harmattan is salubrious, stopping
infection, and removing the virulence of distemper, with
an efficacy not less remarkable than its other qualities.

The Sirocco is a south wind, which generally blows in
Italy and Dalmatia, every year about LEaster, It is sup-
posed to blow from the burning deserts of Africa.—~
During its continuance, the inhabitants of the countries
where its prevails, never venture out of doors unless
compelled by necessity, but closing every aperture that
can admit the air into their houses, they keep continually
sprinkling their apartments with water. In Sicily this
wind seldom continues longer than thirty-six or forty
hours; in Italy it sometimes continues twenty days, but
is not ro severe. Itis commonly succeeded by the tra-
montane, or north wind, which in a short time restores
the vigour of languishing nature.

The Samsel, or mortifying wind of the deserts cannot,
it is ®said, be breathed without destruction. The camels
are reported to be instinctively aware of its approach,
and to thrust their heads under the sand till it 18 blowa
over, which is commonly in a few minutes. The travel-
lers throw themselves flat on the ground to avoid it;
but if any one breathe it, his whole body becomes imme-
diately mortified.

Whirlwinds are generally supposed to be occasioned
by the conveyance of winds from all parts to one point,
by some extraordinary rarefaction of the air at that
point. The currents acquire by their conflict at the
place of meeting, and the velocity with which the rari-
fied air rushes upwards, a centrifugal force, which causes
them to recede from the axis of rotation.. .

A Tornado is a whirlwind upon a large scale, being pro-
duced by the same causes ; it is the whirlwind of tropical
regions, and its effects are often tremendous. A moist
vapour usually attends a tornado, the path of which is

marked as if with rain. .
Hurricane is another term for a storm wind, seldom
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seen, in its most terrific form, except in tropical climates.
It is occagioned by the struggle of opposite winds, but
does not, like the tornado, shift through all the points of
the compass. It geunerally comes on with a northerly
wind, and after veering to the east, it ceases; but the
chaoge is effected with such sudden impetuosity, that
00 ship can veer with it; whence 1t happens that the
sails and yards are carried away, and sometimes the
masts themselves twisted off. Ot hurricaues it is vaually
observed that they happen either on the day of the full,
change, or quarter of the moon.

It would be an interesting speculation to attempt the
developement at large of the purposes cffected by the
winds; but in this place it muost suflice to observe gee
nerally, that their cessation would accomplish the im«
mediate destruction of animated exiatence. It in the
atmosphers’s ceaseless propensity to motion, from every
cause that varies its density, and the umversal prevalence
of such causes, that carries off noxious effluvia as it ia
Eoduced, to parts where, by chemical operations in the

boratory of natare, it is absorbed or regencrated, and
the whole mass of atmosphere preserved from corruption.
Aud when we turn from this point of view tu another,
we find the services of the winds almost equally im=

rtant in ameliorating the fervour of a vertical sun, and
wn short, equahising the temperature over the whole
globe. When these salutary and universal benefits are
considered, the transient and partial effects of storms,
especially when regarded as arisiug out of the rapidity
with which the winds perform their office, can be re«
garded only as a slight sacrifice to the general good.

THE WEATHER.

A knowledge of thenrpruching changes of the wea<
ther is of so mach utility and importance to a greaf
part-of mankind and of convenience to all, that it may
ssem surprising every indication of change observation
das yet farnished, has not been accumulated, and reducad
into one system. It is true, however, that with respeot
40'this, a8 on other .oscasions, those .most interested:are
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willing to content themselves with argning from the -ap~
pearances of the passing moment, or from a set of rules
which, almost without effort, they have formed for them=
selves. Itis to be admitted that farmers, and a great
number of others, are generally furnished with a barome«
ter or weather-glass; but this instrument from its ine
dications as to height not being combined with other
circumstances 18 aeldom of much use to them, and not
uufrequently leads them into errors, which might bave
been avuided, under a more comprehensive consideration.
Dr. Hally appears to have been the first who drew up,
from au extensive series of observations, the laws which
govern the motions of the barometer, and it is to his con=
clusions we whall here advert. He states the most general
phenomena in eight propositions.

1. In calin settled weather, when the air is inclined to
rain, the mercury w commonly low.

2. In serene, good, settled weather, the mercury im
generally high.

3. Great winds, though not accompanied with rain,
sink the mercury lowest of all, with relation to the point
of the compass the wind blows apon.

4. The greatest heights of the mercary are ohserved,
dauriog easterly and north-easterly winds.

5. In calm, frosty weather, the mercury generally
stands high.

6. After great storms of wind, when the mercury hag
been low, 1t generally rises again very fast.

7. The more distant places are from the equatar, the
greater the range of the mereury in the barometer.

8. Within and near the tropics, the variation of the
mercury is very little in all weathers. .

Hence he considers the principal cauee of the rising
and falling of the mercury to be variable winds which
are found, in the temperate zones, and which in England
are remarkably inconstant. A -second cause is the ume
eertain exhalation, and precipitation of the vapours
lodging in the air, which is thereby rendered heavier or
lighter; but this cause is in 8 great measare de
.uponthe former; but it will now be mecessary to stats
more minutely the particular states of the wedther whialt,
are likely to follow such changes. .

1. The rising of the mercury generally presages faig
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weather, as its falling does the coutrary, or rain, snow,
high winds and storms.

2. In very hot weather, the sudden falling of the mer-
cury de thonder.

3. In winter, the rising indicates froet; and in frosty
weather, if the mercary falls three or four divisions,
there will certainly follow a thaw; but if it rise in o
continued frost, it will be accompanied with snow.

4. When foul weather quickly succeeds, after the
falling of the mercury, it will not be of long duration ;
nor are we to expect a continuance of fair weather when
it soon succeeds the rising of the mercury.

5. If, in foul weather, the mercury ascends consider-
ably and continues in an advaucing state for two or
three days successively, before the foul weather is over.
then we ma{' expect fine weather ot some continuance.

6. If, in clear weather, the mercury falls remarkably
for two or three days together, before the rain sets in, it
is highly probable that much rain, and perhaps high winde
will follow.

7. An unsettled state of the mercury indicates change=
able weather.

#. The mercury sometimes falls counsiderably without
any remarkable change following it, this may arise from a
distant storm, or even an earthquake.

9. If the mercury begin to rite steadily from a low
state, and the wind change from the south or west, to the
north or east, fine weather may be expected.

10. A rapid movement of the mercury, even when
rising, is an indication of bad weather, though not of
fong continuance. )

11. The rising of the barometer is a more certain in-
dication of fair weather, than its eiuking is of rainy
weather; because it vo often sinks for wind as well as
rain. If, therefore, while.the barometer is sinking, the
atmo:ghere still remain clear, wind may be expected.

With respect to prognostics of the weather independent
of the barometer, and which indicate the general state of

an ap ing season, Kirwan has deduced the follow-
ing rules from observations made in England during a
period of 112 years.

1. When no storm has either preceded or followed the
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vernal equinox, the succeeding summer is in general dry,
or at least five times out of eix.

2. If a storm happen from an easterly point, on the
19th, 20th, or 21st day of May, the following summer will
four times in five be also dry. The same event generally
takes place, if a’storm arise on the 25th, 26th, or 27th,
days of March in any point of the compass.

3. Should there be a storm, either at south-west, or at
west-south-west, on the 19th, 20th, 21st, or 22nd of
March, the fellowing summer is wet five times out of
ix.

To these prognostics of the weather might be added
mauy others; but, perhaps, the list has been already
sufficiently extended. The work of observation, onall the
changes of the atmosphere that can be detected by
instruments, is now carrying op, to an extent without
example in former times; and it is only as these come
forward that prognostics of real value can be multiplied.

SOUND.

The only remaining mechanical property of air which we
have to notice, is that which renders it the medium of
sound.

Auy body which produces sound by collision from
another, is called a sonorous or sounding body ; though
the term sonorous is more especially applicable to such
bodies as produce a distinct and continuous sound, like a
bell, or the string of a musical instrument, than to
those which produce a dull and momentary sound like
that of clashing together two%ieces of chalk. .

The velocity of sound, though the subject of different
opinions, has been examined with considerable success,
and on the authority of numerous experiments, it is sup-

d to travel uniformly at the rate of about 1,142 feet
in'a second, or one mile in rather less than five seconds.
All sounds move with the same velocity ;. thg gentlest
whisper moves over the same distance to which it extends,
as rapidly as the report of a cannon over the same distance.
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Ao orator, with a gaod voice, may easily make himeelf
heard at the distance of one hundred feet in a direct
line before him ; but he will not be heard with equal dis-
tinctoess at more than the distance of wvighty feet on his
right and left: or of forty feet immediately behind him.

A knowledge of the veloeity of sofind is obviously
applicable in certain cases, to the purpo« of determining
distances. 1f a vewssel in nhserved to fire a gun, and eight
seconds elajre hetween weeing the flash aud hearing the
zeport, the distance of that vessel is = times 1,112 feet,
or 1 mile 1,215 yards; because the flash and the report in
reality happen together, and the velocity of light is so
great, that, at any terrestial distance it may be convidered
instantaneous. Ju the same manner may be estimated the
distance of thunder, by noticing the number of seconds
that intervene between seeing the lightniug and hearing
the thander.

‘When smooth and level ground is interposed between
the soundiug body and the hearer, the rouud 14 heard at a
much greater distance, than when houses, wulls, trees,
crops of grain, &c , are mterspersed in the path of sound.
Over the surface of smooth water, sound 18 conveyed
admirably well, and may be heard at a greater distance
than in any other way which natare affords. By placing
the ear close to the ground, or to the water, distant
sounds may be heard which wonld otherwise be imper-
ceptible. The iuhabitants of uncivilized countries under-
stand this practice.

The vivacity with whichsoundsare tranemitted through
solid substances is very remarkable. The scratch made
with a pin at one end of a piece of timber, fifty feet long,
may be distiuctly heard by an ear placed close to the
other end, although the same could not be heard through
the air at the distance of a dozen feet.

When the air, in a stlte of vibration, strikes upon
a solid regular surface, it is reflected by it in the
same state, at an angle equal to the angle of incidence.
An ear, therefore, situated in the direction of these re-
flected vibrations, perceives a sound similar to the original
one, but apparently originating in a right line with its
last direction, equal to the reflected and incident course.
These refiected sounds are called eehoes; they canmot
on account of the great velocity of sound be distinguished
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from the original sonnds within the space of fifty-five foet
from the reflecting surface, therefore, an echo must always
be at that distance: when the reflecting surface is nearer,
it is only said to iucrease the sound. As reflecting
surfaces produce various differences, according to their
distance, figure and composition, the effects of echoes are
very different.
“1t is in general known,” says Goldemith, ¢ that
~gaverns, grottoes, mountaing, and roined buildinge return
this image of sound. 1mage, we may call it; forin every
respect it resembles the image of & visible object reflected
from a polished surface. Our figures are often represented
in a mirror without seeing them ourselves, while those
standing on one mide are alone sensible of the reflection.
To be capable uf weeing the reflected image of ourselves,
we must be directly in a line with the image. Just so
itis in an echo, we must stand in a line in which the
sound is reflected, or the repetition will be loat to us,
while it may, at the same time, be distinctly heard by
others who stand at a small distance to the one side of
8. I remember a very extraordinary echo, at a ruined
fortress near Louvam, in Flanders. If a person sung, he
only heard hinown voice, without any repetition; on the
contrary, those who stood at some distance, heard the
echo, but not the vowe; then they heard it with sur-
prising variatwus, sometimes louder, sometimes softer,
DOW more near, then more distant.”
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HYDROSTATICS AND HYDRACULICS.

THE science of Hydrostatics treats of the pressure and
equilibrium of fluids in general ; batit is chiefly exemplified
by the developement of the mechanical properties of
water, excepting 80 far as this fluid is dependent for its
effects npon its motion. The science which teaches the
laws of fluids in motion, and the application of fluids in
that state to machines is called //ydrawlics. This dis-
tinction between Hydrostatics and Hydraulics, appears
to make two sciences of subjects too intimately con-
nected to be considered in any other light than as ine
cluding only different parts of the same subject. We have,
therefore, classed them together, and shall regard them as
convenient heads for different chapters, on the properties
common to fluids.

HYDROSTATICS.

A fluid is a body whose particles yield to the least
effort of partial pressure. Fluids are of two kinds,
elastic, and non-elnstic. Elastic fluids are those in a state
of air or gas; their bulk varies with the force compressing
them, and in their other mechanical properties they
resemble common air; the general lJaws relative to them
are, therefore, to be derived from pneumatics. Non-
elastic fluids, as oil, water, spirit, or wine, are either
absolutely or very nearly incompressible. These are the
bodies with which hydrostatics are chiefly concerned.

The cause of fluidity has been the subject of much
speculation, but ope opinion is, that the particles of fluids
are spherical, in consequence of which configuration they
slide over and among each other with prodigious facility.
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This assumption cannot be affirmed by experi ; Do
microscope gemg powerful enough to show the component
E:rﬁcle- of any fluid, but it is favoured by the proofs we
ve of the numerous interstices of fluids; in water, for
example, salt and various other bodies may be dissolved
in considerable quantity without enl 1ts dimensions.
According to this theory, also, the densities of different
fluids are accounted for, by supposing their spherical
particles to be of different sizes, the densest fluid having
always the least particles; but why the particles
of various solids should assume a spherical figure by the
action of fire, which fuses them, and some other
when these bodies become solid in cooling, is not so easily
determined. It is, therefore, the opinion of others that
fluidity is simplg the consequence of the caloric (heat)-
combined with different bodies; the caloric su i
these Yamclel and lessening their cohesion so much that
they slide very easily over each other; when, however,s0
much caloric 18 abstracted, that the attraction of cohesion
can operate, fluide become solid. Perhaps this theory
would be improved, if the former were combined with it,
rather than wholly rejected. Caloric, it may be supposed,
will most easily lessen the attraction of cohesion between
grticlea perfectly spherical, because these have the
west points of contact ; bodies may, therefore, be more
or less easily rendered fluid, in proportion as their particles
differ more or less from the spherical figure.

Though the particles of fluids have certainly a very
small degree of cohesion to each other, yet it is not so
small but that it may in & variety of instances be rendered
visible; for example, it is the attraction of cohesion that

revents a drop of water, placed gently on any dry sur-
g.we, from extending iteelf; and that allows a vessel to.
be filled above its brim with water, which could not
ha if water were a perfect fluid. )

e Academy of Florence inferred the total incompres-
gibility of water; but Canton established some concla-
sions which showed that the inference drawn by the
Florentines was not te be acce without limitation.~—
He found that water ex one part in 21,740, when
the pressure of the atmos was removed, and sub-
mitted to a compression of one part in 10,870 under the
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'weight of a donble atmoesphere. He also obheerved that
weater a most remarkable property of heing
more compressible in winter than in sammer ; contrary
to the effect on spirits of wine and oil of olives. It
remains, therefore, for fatare investigation to fix the

judgment of philosophers on this subject; in the mean-
time, even granting all the compreasibility that has been
osttended for, the quantity of it is too sma!l to be notieed
4D practiee.

‘Pereons at wea frequently try an experiment which
gom in a great degree the incompressibility of water.

aving corked a bottle containing only air, and therefore
called empty, they tie a rope to it, and sink it to a eonsi«
derable depth by a sufficient weight; on pulling up the
bottle, they generally find it either broken, or the cork
forced in: but on sinking to the same, or any greater
depth, a bottle filled with water, they find it, when drawn
up, to be uninjured, because the water resists compres-

-sion, and therefore supports the bottle; which support,

mde{ the pressure at a -great depth, the air canaet
supply.

Fg’nids, as well as-golids, press downwards by gravita-
tion, according to their quantities of matter, endeavouring
always to attain the lowest place possible, or plage
nearest the centre of the earth; but they have this pecu-
liarity, that they press in every direction alike, in pro
portion to their perpendicular height, and not their
guantity. Itis from this property of pressing in every

irection, that the sides of vessels containing fluids,
although at rest, must be made strong like the bottom;

-or if any difference be made, it must be gradual towards
the top, because the pressure diminishes with the diminu~
tion of the colomn sustained.

*  The downward pressure of water may be proved,
where wood and other bodies lighter ‘than water refuse
to swim. Teke two pieces of wood, planed so perfectly
flat, that when put together no water can get between
them ; cement one of them to the bottom of a jar, or any
wvessel capable of holding water; place the other piece
upon the one 8o cemented down, the two flat faces of
-oourse being in eontact. Press upen the upper piece
with a stick, to prevent its moving while the vessel is
filled with water; after which, the stick being with«
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drawn, the loose piece of wood will remain in ite situ«
ation, as steadily as the piece cemented down, because it
is pressed by all the weight of the water over-it; batif
it be raised, however little, at one edge, some water will
then get under it, which being acted upon by the water
above, will immediately press it upwards, and from its '
lightness it will reach the surface.

On the disposition of water to press upwards to the
level of its source, depends the existence of springs,
which always originate in higher situations than those in
which they are found. Of this property the ancients
appear not to have been aware. When they had water
to convey from one hill to another, they were at the ex«

of constructing an immense aqueduct to cross the
valley in & right line from the source, without reflecting
how commodiously the same might be effected by a p‘ili».

From the pressure of water being as its perpendicular
height, it becomes necessary to guard against its effects
in the construction of canals and other reservoirs; for
when a column of water insinuates itself under a bank,
if its upward pressure exceed the resistance of the
weight upon it, which might frequently happen, the bank
will be destroyed. Such accidents are prevented by
lining the bottoms of the reservoirs with clay, or some
material impervious to water.

SPECIFIC GRAVTY.

The expression, specific gravity, is of very frequent,
occurrence in scientific works; the explanation of it, and
the method of determining the specific gravity of any
body, forms an important branch of hydrostatics. )

The specific gravity of a body is simply the expression
of its weight, when compared with an equal bulk of dis=
tilled water. For example, the specific gravity of gold
s to the specific gravity of water as 19 to'1; the mean-
ing of which is, that a given magnitude of gold, for
example, a cubic inch, will weigh niveteen times as

.much as the water that could be contained in a vessel
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thehcaptcity of which is precisely equal to one cubic
inch.

When' a solid body is wholly immersed in a fluid, or
as the fluid presses upon aud touches it at every point,
it is evident that the quantity of fluid displaced must be
precisely equal to the bulk of the body immersed in it:
consequently it follows that the greater the density of the
body, that is, the greater its weight for its bulk, the less
will be the quantity of flaid which any given weight of
it can displace.

When a body sinks in a fluid of its own accord, it is
because of its being heavier than an equal bulk of that
fluid, in consequence of which it overcomes the upward
preesure by which it is upposed; this upward pressure,
supposing the fluid to be water, is equal only to its bulk of
that fluid, and, therefore, after deducting the weight of its
bulk of water, the remainder is the force with which it
ginks. Thus, if the weight of a body be three ounces,
and the weight of its bulk of water be opne ounce, it will
siok in water with a weight of two ounces. This ac-
counts for the differeent degrees of rapidity with which
different bodies sink.

Yrom the above remark, that the force with which a
body sinks in water is less than what it weighs in the
open air, by the bulk of the water it displaces, this hydre-
statical axiom is plainly deducible, that every body
immersed in water, and every other fluid, loses just so
much of its weight as equals the weight of an equal
bulk of the water or other fluid. A knowledge of this
truth renders the most admirable assistance in detecting
the identity of substances, when all other characteris-
tics, that can be conveniently resorted to, prove ineffec-
tual ; of this a remarkable example and illustration imme-
diately resulted from its first discovery, which happened
in the following manner:—

Hiero, King of Syracuse, had employed an artist to
make him a regal crown of gold, and had farnished a
sufficient quantity of pore metal for that purpose. When
the crown was brought home its weight was found to be
equal that of the gold delivered for it, yet the Ki
suspected an adulteration. He applied to the celebra
Airchimides for the means of detecting the amount of the
fraud; the philosopher could not for some time arrive at
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any satisfactory conclusion, but at length an accidental
observation which be made, reminded him of the means
he might employ. When stepping one day into a bath,
he took notice that the water rose in eroportion to the
guantity of his body immersed in it, and immediately re-
ecting that a body of equal bulk with himself would raise
the water in the same degree, though a body of equal
weight, but not of eqnal bulk would not, raise it so
much, he became instantly alive to all the consequences of
this reasoning, and in the ecstacy of the moment, with-
out recollecting his clothes, he ran into the streets of
Syracuse, exclaiming “ I bave found it! I have found it!"”
He forthwith took masses of metal, each of them equal
in weight to the crown, bat one of them was of pure
gold, the other of silver. These he separately let down
into a vessel containing water, the rising of which by
the alternate immersion of the masses, could easily be
determined by measure. He found that the silver dis-
placed a greater 3ua.ntity of water than its weight of
gold; he then tried the crown, and found thatit displaced
more water than its weight of gold, but not so much as
its weight of silver. By these means he discovered that
the crown was not made of pure gold, and by comparing
his observations on the bulk of water displaced by the
crown, the gold, and the silver, he discovered the
quantity of gold the crown actually contained. .
As whatever weight a body is found to lose, on being
weighed while suspended in water, is the same as a
quantity of water equal to its bulk; hence to obtain
specific gravities, it is not necessary to reduce solids to
any given size, in order to compare them by measure-
ment, but they are taken of any size or figure, and
weighed first in air, and then in water, by means of a
hydrostatic balance. .
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THE DIVING DELL.

The rature of the diving-bell m:z be easily understood:
by reflecting on the facility with which air may be
yetained under water, in vessels open only at the bottom,
because, like any solid, it prevents other bodies from
occupying the place it occupies itself. Thusif we take
a glass tumbler, or any similar vessel, and holding it
inverted, push it vertically downwards into the water,
the air it containe will not escape, and the water at in=
considerable depths, will scarcely rise at all within it.
It is clear, that whatever were the size of the vessel, the
‘water would in the same manner be excluded by the air,
and as the air is the same as that of the atmosphere, it is

ually clear, that in a veseel of sufficient size, men
ht be stationed without being incommoded by the
water, as they could breathe the air and live till its
vital principle was exhausted. If then any means were
contrived to remove the contaminated air, and to send
down a fresh supply of fresh air, they might remain under
water any length of time that they chowe, and if let
down by a rope, to a wreck, or to the bottom of the sea,
they might perform any work of which the size of the
vessel admitted, or to which they were competent on
land. The veseel used for this purpose is called a bell,
because it is much in the form of a trancated cone, and
often resembles a bell in its general appearance. It
must be mentioned, however, that the water in proe
on to the depth to which the bell is sunk, rises
within it, by the increase of its pressure; and compresses
fhe air. At the depth of thirty-three feet under water,
the water presses into the bell with the power of a
double atmosphere, and the air, which, when it was at or
very near the top, occupied the whole interior capacity,

* does not then occupy more than half of it, consequently
the bell becomes half full of water; and at all greater
depths the air sostains a proportionably greater com-
pression, the water at the same time rising as this effect
goes on, till at length it covers the divers.

Dr. Halley was the the first person who materially
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Jmproved the diving-bell. He formed a machine of this
kind of copper in the form of a bell; and weights of lead
‘were distrnibuted about the lower part, to keep it in an
inverted position, while they readered it at the same time
specifically heavier than its bulk of water, and conse=
?nently it would sink by its own weight, It was three
eet wide at the top, five feet at the bottom, and eight feet
high. In the top was a window of very thick glass and
also a stop-cock, to let out the hot air which had been
breathed ; and within the bell was a circular seat for the
divers. To supply the divers with air, two barrels of
about sixty-three gallons each, cased with a sufficient
quantity of lead to make tbem sink, were prepared to be
sent down to the divers. The bung-hole in each barrel
‘was left open, and kept on the uuder side, to let in the
‘water as the ar in the barrele condensed duriug their
descent, and to let the water out again when they were
drawn up. To a hole in the upper side of the barrels,
‘was fixed a leathern pipe, well prepared with bees’ wax
and oil, which was long enough to fall below the bung-
hole at the bottom, and kept down by a weight in such &
way tiat the air in the upper-part of the barrels could
not escape, unless the lower end of these pipes were first
lifted up. Theee air barrels, by means of proper tackle,
wers made to rise and fall in succession, like two
buckets in a well ; in their descent they were directed to
the divers by ropes fastened to the under edge of the
bell, and one person held himself alwaya in readiness to
receive them, and by taking up the end of the pipes
above the surface of the water in the bell, the water by
itw pressure filled the barrels, while the air they con-
tained rushed into the upper part of the bell. As soon as
one barrel was discharged, by a sigoal given it. was
drawn up, and another sent down; thus a continual
sopply of fresh air was s:gglied to the divers. Means
while, as the cold air rushed into the bell from the barrel,
it expelled the hot air at the top where the stop-cock
was opened for that purpose. Dr. Halley was himeelf
one of five, who who went down together in his bell;
they remained at the bottom, at the depth of ten fathoms.

for an hour and a half without experiencing any il
effects, and might have continued any length of time
that they chose. The window in the fop of the bell let
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in 8o much light, that when the son shone, and the sea
was unruffled, they could read and write with great
ease, and conld see the pebbles or take up any small
objects that happened to be at the bottom; but every
thing they saw appeared red. By writing with pieces of
sharpened iron upou small pieces of lead, which they
sent up with the retarning air-barrel, they maintained a
communication with those above, and directed the bell to
be moved as they desired. In misty weather, and when
the sea was rough, it was nearly dark in the bell, and it
became necessary to burn a candle, which consumed as
much air as one person. The divers in descending with
this bell, felt a pain in their ears; as if the end of a quill
bad been thrust into them. This sensation was owing to
the pressure of the condensed air upon the tympanum;
it went off gradually as the air in their bodies became as
dense as that withont. It appears by this account, that
the pressure of a double or even threefold atmosphere is
much more endurable than the diminution of the ordinary
pressore to half a single atmosphere.

The main rope by which a diving-bell is susported.
ought to be soaked in water before it is used; or it
would perhaps be still better if a cbain were substituted.
An instance occurred in the bay of Dablin, where the
rope, in suffering the contraction which water always
occasions, caused a diving-bell to turn round, by which
means the signal strings were entangled. The people
above, not receiving the expected signals, drew up the
bell ; but they were too late; the two men it contained
‘were both dead ; not drowned, but suffocated by the want
of a supply of fresh air,

Another circumstance proper to be attended to, in
using a diving-bell, is to lower it very gradually through
the water, to prevent the injurious effects which the
abrupt condensation of the air contained in it might bave
upon the men.
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HYDRAULICS.

WE will now consider the objects of hydraunlics, which
relate to the laws and uses of fluids in motion. Here,
as in hydrostatics, though the doctrine laid down might
be applied to fluids in general, allowing for differences in
depsity, yet water is the fluid constantly referred to;
becanse it ia the fluid with which men are most exten-
sively concerned, and elucidations specifically applied
give greater precision to the subject.

MOTION OF WATER FLOWING OUT OF RE-
SERVOIRS.

When a vessel, containing water, and open at the top,
1s pierced below the surface of the fluid, the velocity
with which the water flows ount is observed to ‘be
greatest at first, and to diminish gradually as the water
sinks, and the nearer the aperture is to bottom, the
greater the quantity which flows out in a given time.
From a hole on a level with the bottom of the vessel, the
water would emerge with nearly the same velocity as if
it were in the bottom. This egress of flnids from the
perforated sides of vessels, is a consequence and a proof
of their pressing in every direction; and the law, which
governs the rate of it, is an admirable illustration of the
harmony which distinguishes the operations of nature;
althous{ our limited powers are but occasionally com=
petent to its developement: the velocity with which
water flows out of an aperture at the side or bottom of
a vessel, is as the square root of the distance of the
aperture from the surface of the water. This_is but
saying in other words, that the velocity is according to
the pressure or force which occasions it, and it" has
aiready been demonstrated that the pressures of fluids is
as their perpendicular heights. In order therefore that

-
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double the quantity of water may flow through one hole
that lows through another of the same size, the former
must be four times as far from the surface as the latter;
and if a sapply of three times the quantity of water be
required, without changing the size of the aperture,
three times the velocity must be produced, and three
times the velocity will require nine times the preenure;
consequently the hole must be nine times as far from the
surface of the fluid, as that which only produced a third
of the supply. An experiment in proof of these positions
is easily made: let two enual pipes be fixed wto the side
of & vessel containing water, but one of them at four
times the distance from the other from the surface: let
the pipes be allowed to run at the same moment, while
water is constantly poured into the vessel, and kept at
the same height in it during the experiment. Then if &
cup that holds a pint be #o placed as to receive the water
that spouts from the upper pipe; and, at the same time,
8 cup that containe a quart, be placed to receive the
water from the Jower pipe, both cups will become full at
the same moment.

The borizontal distance to which a fluid will spout
from an aperture, in any part of the side of an opright
veasel, below the surface of the fluid, is equal to twice
the length of a perpendicular to the side of the vessel,
drawa from thg mouth of the pipe to a semi-circle de-
scribed upon the altitude of the fluid: and therefore, the
distance will be the greatest possible when the mouth of-
the pipe is at the centre of the semi-circle; because a
perpendicular to its diameter (supposed parallel to the
gide of the vessel) drawn from that poiat, is the longest
that can poseibly be drawn from any part of the diameter
ta the circumference of the semi-circle.

*The of water through a pipe is greatly re-.
tard every deviation from a straight direction, and.
by every eplargement, contraction, projection, or roughe-
mes it meets with in its passage; and most of. theso
imegularities are of too variable a nature to be submitted.
to. regular calculation. They operate in oecasioning,
eddies or contrary currents; in counteracting which part-
of themoving force is inevitably lost. To avoid as muelr
a8 possible the retardation. from flexure, when, it is-
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necessary to give a new. direction te a pipe, the point.of.
flexure shenld not be sharp, but take upleg:’lpreh&plil‘e,m
sweep as can be allowed.

MOTION OF WATER IN RIVERS, AND WAVES.

The motion of a river is in general produced by gravi-
tation, which obliges the water to descend from a higher
to a lower situation; and therefore it is swift or slow
according as the descent or inclination of the bed of the
river is great or small. Sometimes, or in some parts of
rivers, the motion is produced by pressure, or disposition
of the water to spread itself out,in which case it in-
creases with the depth.

To ascertain whether the water of a river, almost
horizontal, flows by means of the velocity acquired in its
descent, or by the pressure of its depth, set up a stake
perpendicularly in it, then if the water rise and swell
immediately against the stake, it is the descent which.
occasions ite motion; but if it first stop a little, it is.
impelled by preseure.

A very simple mode of ascertaining the mean velooi,?.
of a stream, cunsists in the use of a pole of light wood,
about the same length as the depth of the stream; the
lower end of this pole is loaded, so that in the water it
will remain in a vertical position, with its upper end near
the surface: the preparation is finished by fixing in the
apper end, exactly in the direction of its axis, a slender
rod to project above the water. This pole being placed
in a river, the rod will point up or down according as tire
stream is swiftest at the surface or near the bed ; and: the-
rate of its motion, in any given space of time, will be.the:
mean velocity at that place. )

The waves formed on water by the action of the wind,,
are superficial oscillations of the fluid that are by no
mesns go irregular in their action. as might be- inferred..
The first impreseion of the wind upon the water is to-
produce a cavity ; this cavity cannot be produced writhe-
out heaping up the water before it; the water thus
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heaped, having attained an elevation proportionate to
the force which caused the depression, sinks dowm
towards its level, but in thus sinking down, it acqnires
a velocity which carries it below its level ; by this means
it produces a depression like that caused by the wind in
the first instance, and thus successive waves are pro-
pagated, but the motion diminishes in proportion to the
distance over which the force extends.

The depth to which the sea is agitated, even in violent
tempests, is not very conriderable ; at the depthof twenty
feet below what is the level in a calm, the effect is very
slight, and at thirty feet it would probably be altogether
imperceptible. It may therefore seem difficult to account
for the mountainous waves encountered by seamen; but
it must be remembered that the wind is constantly acting,
and that one wave is raised on the top of another, till the
accamulation becomes prodigious.

‘When a stone or any other body ix thrown intoa vessel
containing oil, it agitates the sorface nearly as much as
if thrown into a like quantity of water; but the power
of the wind on a surface of oil is exceedingly small, and
incapable of producing more than g slight undulation. A
quantity of oil in the proportion of an ounce to an acre

ured out on the windward side of a lake, will spread
itself over the whole surface, and still the waves raised
by the wind. .

HYDRAULIC MACHINES.

‘There are many machines for hydraulic purposes which
the limits of this volume will prevent us from giving
little more than their names and uses; but this is the less
to'be regretted as they are in general so well known that
a notice of them here will saffice.

‘The common pump with which water is drawn out of
is usaally called & Sucking-Pump. This lpgellaﬁve
nated at a period when the effect was attributed to
suction, and ought to have been rejected when the pres-
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sure of the atmosphere was proved to be the efficient
agent in cauvsing the water to rise.

The velocity of the stroke of a pump should never be
less than four inches, nor greater than two or three feet
in a second; the stroke should be as long as possible, to
prevent loss of water by the frequent alternations of the
valves. The diameter of the suction-pipe is best propor-
tioned, when it is from two-thirds to three-fourths of that
of the barrel.

The Lifting- Pump is generally used for great water-
works, and where the water is not to be brought up from
any great depth. It is variously constructed, but in ge-
neral the upper valve is fixed, and the lower one move-
able; and the water is, in fact, lifted, as if it werein a
bucket; the sides of the bucket being formed by the bare
rel, and the piston forming its bottom.

The Forcing Pump is furpished with two valves, which
are both stationary, or open and shut in the same situa-
tion. A forcing pump is the essential part of an engine
for extinguishing fires. These engines have generally two
forcing pumps, and the pipe for the air vessel, except at
the extremity, is made of leather, or some pliable material,
that the jet may be easily directed to any given point.

The Screw of Archimides.~This useful invention ori-
ginated with the famous Archimides of Syracuse. It is
formed by wrapping a tube round a cylinder, in the form
of the thread of a screw. The cylinder is suspended upon
pivots, and turned by meauns of a winch; its position is
inclined to the horizon, with its lower end in the water
to beraised. The tube or spiral is open at both ends, and
when, by turning the winch, the lower orifice strikes the
water, the water gradually rises in the tube till it is at
last discharged at the upper orifice. When the water is
raised out of a river by meaus of this screw, if a wheel
with float-boards be attached, the screw will be wrought .
by the stream itself.

This screw has been successfully used to propel steams
boats in place of the paddle-wheels. .

The Rope Pump.—Ifa gnll?y, set in motion by a large
wheel, is fixed in a suitable frame over the mouth of a
well, while another pulley is situated in a eimilar sitaa-
tion in the water of the well, and an endless rope passes
over both pulleys; on revolving the large wheel, every
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part of the rope will saceessively dip into the well, and
after attaining the top of the upper puliey, will, in descend-
ing, throw off, by its centrifagal force, a portion of the
water ‘it has imbibed, the (uantity of which, when the
otation is quick, will be very considerable.

The Hydraunlic Press.—This is a very useful invention
for those who require great preasare, such as packers,
priaters, &c. 1t occupies very little space and may be
made several hundred tons pressure, which can be applied
at any time by a boy.

‘The Steam Engine.—The first person who entertained
the idea of employing steam asa motive foroe, is not cer-
tainly known; but the earliest application of steam to
‘this object, ismot carried further back than the year 1629,
when an Italian, called Brancas, published an account of
an invention of hie, in which steam ejected from a large
zolipile was the force that wrought a stamping engine.
‘Thirty-four years afterwards, in 1663, the Marqms of
“Worcester, a nobleman of great ingenuity, published a little
work, called “ A (entory of Inventions,” 1n which one
‘thundred contrivances of his own were enumerated ; the
account he furnishes of each is short, and often very ob-
scure; with the latter fault is particalarly chargeable, the
description he farnishes of an engine for raising water by
‘the force of steam. At this day we have no means of
certainly knowing whether the discovery of Brancas was
kmnown to the Marquis or not; but it is not suspected that
he was acquainted with it, and therefore the English are
inclined to consider the original idea of the steam engine
as having arisen in their own country : the French on the
contrcfy, claim it for themselves, and bring forward the
name of Papin, but Papin’s application of steam asa motive
force wasnot published till 1690, which was twenty-seven
'{::rs sfter the Marquis of Worcester's publication. Bat
‘let it even be supposed, that for Brancas, the Marquis, and
Papin, the claim to independent and original invention
could be substantiated, yet the Italians and the French
have no claim to notice afterwards, for following up the

-ideas of their coun ; it is solely to the English that
-the world is indebted for rendering the steam-engine what
1t mow is, the noblest machinery ever invented by man j—
‘the pride of the machinist,—the admiration of the philo~
sopher. Animals require long and frequent periods of
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relaxation from fatigue; and any great accumulation of
their power is not obtained without great expense and
inconvenience ; the wind is changeable toa proverb; and
water, the constancy of which is in few places equal to
the wants of the machinist, cannot in general be obtained
on the spot where other circumstances require machinery
to he erected. To relieve us from all these difficulties,
the last century has given us the steam-engine for a ree
source ; the power of this assistant may be accumulated
indefinitely ; it requires butlittleroom ; it may be erected
in all places; and its mighty services are always at our
command ; whether in winter or in summer, by day or by
-night, it knows of no intermission but-what our wishes
dictate. But we must forbear aswe could fill a volume
on this sabject.
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AEROSTATION.

THE principles and practice of the art of navigating the
atmosphere is called aerostation.

The general terms for the machines used in this act, is
that of ferostats, or Aerostatic machines ; but those which
are of a spherical figure, and filled with gas, are better
known by the name of Air-balloons. The person who takes
a voyage in one of these is called an Aeronaut.

The art of ascending into and nusvigating through the
air ai)peau at all times to bave Leen an object of fond
speculation ; but the most exact inquiry hus not shown

t it was any other than a romantic bope till 8o lately
as the year 17¢2. The first aerostatic attempts were di=
rected towards an imitation of the motion and flight of
birds, but these proved abortive, wen muscular exertion
was depended on, because the muscles which could be
brought into action, were altogether imsufficient to give
motion to wings of a suitable size: and when machinery
was thought of, the weight of materials and complexity
of construction necessary, appeared to be insurmountable
barriers to success, Still there was one avenue to the
object of pursuit, to which the common and well known
principles of hydrostatics appeared to direct the way,
though it had been of all others the most neglected ; this
was the obvious one, that any body which is slleeiﬁcully
or bulk for bulk, lighter than common air, will rise an
swim in it and submit to the action of the wind ; there-
fore, if any body could be foend which was in any con-~
siderable degree lighter thai air, by making it of a suf-
ficient size, a person might attach himself to it, and float
lhngu:vith it. But as air was considered the lightest of
al} things, there appeared little reason to believe that
gch a discovery would be made, till, in the year 1766,
Henry Cavendish announced to the world, that the gas,
now generally called bydrogen, but at that time €alled
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inflammable air, was at least seven times lighter than
common air. In consequence of this discovery, it oc-
curred to Dr. BRlack, and he mentioned it in his lectares,
m 1767 or 1768, that if a bladder sufficiently light and
thin, was filled with this air, it would form a mass so
much lighter than the same bulk of atmospheric air, that
it would float in the latter. lle proposed to use the al-
lantois of a calf for this purpose, but other avocations
prevented him from pureuing the suggestions he offered.
Reflecting on the remarks of Black, Cavalla, about the
commencement of the year 1782, made several experi-
ments to elevate a bag filled with hydrogen gas; he
tried bladders the thiunest and largest that could be pro-
cured; but though cleaned with great care, aund every
superfluous membrane scraped off, they were found some-
what too heavy for the purpose. He also tried bags of
the finest China paper, of such a size, that had it been
possible to fill them with the gas, their ascension would
have been certain; but the experimenta failed, the reason
of which was, that though common air would not pass
through this paper, hydrogen gas passed through it like
water through a sieve. Inshort, he was completely suc-
cessful only in filling soap-bubbles with the gas, which
was easily done by pressing small quantities of the gas
out of a bladder, while a small pipe from the bladder
was immersed in a solution of soap and water; these
bubbles rapidly ascended in the ambient air, and they
may he considered as the first inflammsble air-halloons
that were ever exhbited.—Cavalla read to the Royal
Society the paper in which he gave an account of his ex-
periments, on the 20th of June, 1732.

In the last mentioned year and month, but unknown
to the English philosophers, two brothers, Stephen and
Joseph Mouotgolfier, paper manufacturers at Annovay,
about 36 miles from Lyons, in France, conceived ideas
that Jed in a short time to the practice of aerostation on
a great scale. Taking notice of the ascent of smoke and
vapours, it strack them, that if & cloud be enclosed in a
bag, 8 floating vehicle would be immediately formed :
their attention was thereforedirected to the most feauible
method of accomplishing this purpose, or something equi-
ulent” to it; and the first experiment was made at

K
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Avignon, by Stephen, the eldest of the two brothers,
towards the middle of November, 1782. lle prepared a
bag of fine silk, in the shape of & parallelopipedon;
its capacity was about forty cubic feet, and he applied to
ite aperture bursing paper, which ranfied the air, and
thas formed in it a kind of cloud; when the bag was in
a good degree inflated, he beheld, with high satisfaction,
that it ascended rajndly to the ceiling. Eucouraged by
this success, he subsequently made several experiments
in the open air, in conjuuction with his Lrother, and on
the fifth of June, before a large assemblage of people,
exhibited the powers of a machive of great magnitude.
The capacity of the new aerostat was equal tu aboot
23,430 cubic feet, aud when inflated it measured 117
English feet in circumference. It was formed of linen,
lined with paper; 1ty shape was uearly spherical, and
when filled with air, half the deosity of comman air, it
was estimated to be capable of lifting about 140 pounds
besides 1ts own weight, which, with a woouden frame
sixteen feet in surface, that distended the mouth of it,
‘was equal to 500 pounda. 1t was suspended 1n a flaccid
state on a pole thirty -five feet high; straw and chopped
wool were burnt under the openiog at the bottom, and
the smoke, as it wan then cluefly supposed to be which
entered it, distended it,in all its parts, and it ascended
with such velocity, that in less than ten minutes 1t reached
the elevation of 6000 feet. A breeze carried 1t 1n a hori-
zontal direction to the distance of 766 feet, and it then
fell gently to the ground. Ballouns of this description
were afterwards called Montgolfiers.

The brothers wuppused thut the ascent of their ma-
chine was owing to the peculiar pature of a gas disen-
gaged from burping substances, and which was lighter
than common air, whereas the real cause was simply the
rarefaction superinduced by heat. By the addition of one
degree of heat, of Fahrenheit's scale, air expauds about
one four-hundredth part; and about 435 degrees of heat
will just double the bulk of a quantity of air.

The intelligence of the Montgolfiers’ experiments no
sooner reeched Paris, than they engaged the attention of
philosophers there, and improvements were immediately
soggested. As in the experiments which had hitherto
been made, the gas employed was only about onpe half
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the density of common air, it was jostly inferred, that
inflammable air, which they estimated at an eighth or a
tenth part of that of common air, would be stili more suit-
able. They constructed a globular vessel of latestring,
which was rendered more impermeable to the subtile gas,
by a varnish of elastic gum. It was thirteen feet in
diameter, and had only one aperture like the neck of a
bladder, to which a stop-cock was adapted. When it
‘went up 1t was thirty-five pounds lighter than the same
bulk of common air.  'I'lns machine, from its shape, was
called & balloon. On the 27th of August, 1723, it was
carried to the Champs de Mary, and 1n two minutes from
the time of itsa being disengaged from the cords, it rose
to the height of three thonsand one hundred and twenty-
three feet. After having fluated ahout three-qnarters of
an hour, it fell in a field about fifteen miles distant from
the place of awcent. Its fall was owing to a rent occa-
gioned by the expansion of its conteuts, under a much
~dimmirhed atmospheric pressure.

The use of rarified balloons was nevertheless not yet
superseded;  several brilhant experiments were tried
with them, and at Jast Pilatre de Rozier gave new zest
to the admiration they excited, by the intrepid offer of
becoming in oue of them the first aerial navigator. A
splendid machine was constructed for this purpose by
the younger Montgolfier, who was then in Paris. It was
of an oval figure; its diameter was forty-cight feet, and
its height about seventy-four feet. To the aperture at
the bottom was attached n wicker gallery about three
feet broad, with a balustrade about three feet high. An
jron grate in which a fire was lizhted for inflating the
machine, was suspended under the middle of the aper-
ture, by chains which came down from its sides, and
port-holes were opened 1 the gallery, towards the aper-
ture, through which any person who might venture to
ascend could feed the fire on the grate with fuel, and
regulate at pleasure the dilation of the air enclosed in the
machine. The weight of thiaaerostat was upwards of one
thousand six hundred pounds. Qna the 15th of October,
from the midst of an immense multitude, Rozier ascended
in this balloon, to the height of eighty-four feet from the
ground, where he kept the machine afloat by repeatedly
throwing straw and wool upon the fire. The farther
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ascension of the machine wasprevented by ropes. Bya
proper management of the fire, Rosier allowed himself to
descend gradually, and on regaining the e¢arth, assured the
spectators that he had not experienced the slightest incon-
venience in his excursion. He afterwards repeated the
experiment several times, in one of which, accompanied
by Giraud de Villette, he hovered over Paris about nine
minutes, at the height of three hundred and thirty feet.—
In all these experiments the balloon was secured by
Topes, but it was now determined to attempt an uore-
stricted excursion. Accordingly the same balloon was
removed to La Muette, a royal palace in the Bois de
Boulogne ; and on the 21st of November, Rozier and the
Marquis de Arlandes ascended about fiftv-fuur minutes
after one. Haviog reached the height of about two
hundred and eighty feet, at an easy and majestic rate of
ascent, they waved their hats, as a token of their satisfac-
tion and safety, to the gazing multitude below, and soon
after rose too high to be distinguished ; but are thought to
have attained the height of not less than 3000 feet. When
they concluded to descend, they demsted from supplying
the fire with fuel, in consequence of which they descended
in a field about mine thousand yards from the place of
ascent, after having been in the air about twenty-five
minutes.

The enthusiasm of acrostatic experiments rose to a great
height, and the Parisian philosophers, supported by
adequate supscriptions, determined to attempt an aerial
voyage with an mflammable air balloon. Charles and
Robert were appointed to constract this balloon, and they
were the firat adventurers in it. It was of a spherical
form, and measured twenty seven feet and a half in
diameter. The upper hemiaphere was covered by a net,
which was fastened to a hoop encircling its middle, and
called its equator. From this equator proceeded ropes
by which was suspended a car in the form of a boat, a
few feet below the balloon. In order to prevent the
bursting of the machine, by the expansion of the gas in
an elevated region, a valve opening inwards was made in
the upperpart of it; a string descended from this valve
into the car, and by pulling at it, the gas might, be let
out: the car was ballasted with sand-bags. On the lst
af December, 1783, the two aeronauts ascended in this
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balloon from the garden of the Tuilleries, in thesight of a
prodigious concourse of people. Having with a moderately
accelerated velocity attained the height of mx hundred
yards, they made vignals of their safety. ‘They descended
m a field about twenty seven miles from Paris, at a
quarter past three o'clock, after having travelled at the
rate of titteen milen an hour, yet they did not experience
the slightest inconvenience. The bailoon still containing
a considerable quantity of gas, Charlesreascended alone,
and in ten minutes he estimated his elevation at nine
hundred and fitty nine and three quarters Enghsh feet.
‘The pressure uf the atmoaphere being here greatly dimi-
mished, the balloon swelled considerably ; he therefore let
out some of the inflammable air, after which, as the
balloon’s power of uscension was increased by the expan-
sion of the gas, 1n agreater degree than it was diminished
by the loss, he rose to a greater height : and it waws calcu-
lated that he had ascended to the height of nine thousand
seven hundred aud forty-tive Foglishfeet. He continued
in the air about thirty-three minutes, and by occasionally
pulling the string of the valve at the top, to let out the
gas, he descended about three miles from the place
of arcent. The only inconvenience he had experienced,
was from & dry sharp cold, and from a pain in one of s
ears and a part of his face, which he ascribed to the
extension of the internal air.

In January, 1751, Juseph Moatgolfier constructed the
largest balloon ever witnessed, and with six other per-
sons, among whom was Rozier, ascended init. It was
131 feet in height and 104 feet in diameter. It was
formed of a double covering of linen, with three layers
of paper between, and strengthened with strings and
ribbons. It contained about 540,000 cubit feet of rarified
air, and ite weight including the gullery and passengers,
was 1600 pounds. Notwithstanding the care exerted to

.make this machine strong enough, its descent to the
ground was rendered inevitable from the rents it re-
ceived ; one of which was upwards of fifty feet in length.
In its descent, when ahout £00 feet from the grouund, its
velocity was considerably accelerated ; and 60,000 people
hastened to the spot full of apprehension, and impatient
to know their fate. They were, however, all handed out
of the gallery in perfect safety.
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The brilliant dawn of a new art which had thus ape
peared in France, was soon extended to the rest of
Europe, and everywhere excited a lively interest and
emulation. In Loudon the first public experiment with
an inflammable air balloon, was uudertaken by Coung
Zambeccari, au Italian, on the 25th of November, 1743;
this balloon wae ten feet in diameter; but the firsé
aerial voyage performed in England was by Vincent
Lupardi, who ascended from the Artillery tirouud, Lone
dom, on the 15th of September, 1734, with an mtamma«
ble air balloun, 33 feet 1n diameter, made of mled willkka
He started about five minutes after twa o'clock, aad
arrived at Collier's hull, five miles beyond Ware, 1n Herte
fordshice, at twenty tive minutes after four.

The epirit of enterprise for these undertakings being
pow at its height, acrial voyagew in various (narters were
undertaken in great numbers, and the piab e journals were
continvally furmshiog new accounts of the adventurers.
Even the common prople and chiliren caught the en<
thusiasm of the moment, and at night in London and
other parts, hittle Montgolfiers, made of paper, were
often seen traversiog the air 1n the direction of the wiad.
Many of the great undertakings were in themselves highly
worthy of note, but in a collective view they would lose
their interesat by taeir resemblance to each other; we
shall therefore notice only one or two of the most remark<
able. In France, on the 15th of July, 1734, th= Duke Do
Chartres, and the two brothers, Charles and Robert,
ascended with an inflammable air halloun from the park
of St. Cloud, at 52 immutes past seven n the mraing.
This balloon was of an vbloug form, measuring 55 feet
by 34. They remained in the atmosphers about 45
mioutes, and descended only a little way from the place
of ascensiou ; but the mcidents of their voyage are the
most singular upon record. The large balloon contained
a smaller oune filled with common air, the intended ase of
which was to regulate their ascent ani descent without
the loss of either inflammable air or ballast. In three
minutes they were enveloped in a dense vapour which
prevented them from seeing the earth, or being ween
therefrom. In a sitnation thus terrific and sublime they
were attacked by a kind of whirlwind, which in a mo«
ment turned the machine three times from the right to tha
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deft, and the shocks they suffered entirely prevented them
from using the vars and helm they had provided for guid=
ing themuelves. Never iu their apprehension, did a more
dreadful scene present itself to any eye, than that im
which they were involved. An unbounded ocean of
shapeless clouds rviled beneath, and seemed to forbid
their return to the earth, which was stll invisible, and
the agitation of the halloon became greater every moment.
They cut the cords that held the interior balloon, which
consequently fell on the bottom of the external balloon,
just over the aperture of the tube that went down to the
boat and stopped up that communication. A gust of
wind from below drove the balloon upwards, to the ex=
tremity of the vapour, where the apprarance of the sun
shewed them the existence of nature: but they were now
assailed by other fears; for the heat of the sun and the
dimimshed pressure of the atmosphere, caused so great &
dilatation of the gasin the balloon, that they expected it to
burst. Theyintroduced a stick through the tube to remove
the inner balloon which covered its upper orifice, but the
pressure of the dilated gas upon this ballvon was 8o great
as to render this impossible.  They therefore continued to
ascend to the height of about 5111 feet ahove the surface
of the earth, aud their danger became greater. In this
extremity, to prevent their total destruction by the burst-
iog of the ballom, their only hope was, that a gash cut in
it would not spread a0 far as to be dangerouns by letting
out the gas too rapidly. Accordivgly, the Duke himself,
in bis earnestness to secure his object, made two holes in
the balluon, with one of the spears of the banners. These
holes instantly became a rent of seven or eight feet.
They now descended rapidly, and as soon as they came
in sight of the terraqueous globe, they perceived themselves
to be descending into a lake; but the celerity with which
they threw out about 60 pounds weight of ballast, a little
protracted their flight, and caused them to descend about
thirty feet beyond the edge of the water. They were
none of them injured. L.

Among the number of those whom cariosity or the
hope of gain hy the exhibition induced to become aero-
pauts, Jean Pierre Blanchard, ahsdmlnchm;:,m mgch_ dutx:;
guished himeelf. This person ong esirous
fying, but previous to the discovery of balloons, his ex-



152 PANOBAMA OF SCIENCE.

periments had been directed to the inveation of mechami-
cal contrivances for that purpose. The new principles
therefore proved exceediogly gratifying to him: and
baving constructed an inflammable air balloon, 27 feet in
diameter, he in a short space of time performed five
voyages of the ordinary description, Having thos be-
come a veteran in the service, he determined upon an en-
terprise, which, at the time it was undertaken, appeared
to be one of the most daring that the mind of man could
conceive; this enterprise was to cruss the channel be-
tween Dover and Calais. ‘The balloon he ured was the
same that he had always hitherto employed. Dr. Jefferies,
an American, accompanted him. About one o'clock on
the 7th of January, 17835, with a gentle wind about N.N.w.
they rose from the cliff before Dover (astle. The day
was remarkably fine, aud Dr. Jefleries described with
rapture the prospect they enjoyed. (n one mde appeared
the formidable breakers on the Goodwin Sands; on the
other, in the country at the back of Dover, they counted
thirty-seven towns and villages. At /) minutes past one
they found themselves descrnding, in consequence of
which they threw out half their ballast, which at first
cousisted of three bags of sand weighing ten pounds
each. They bad now lust sight of Dover Castle, and
had accomplished about one third of their journey. Find-
ing, by the rising of the mercury, that they were descend-
ing again, they threw out the remainder of their ballast
and a part of their books into the sea. At twenty-tive
minutes after two, they had passed over three-fourths of
the channel, and were solaced by an enchanting view of
the French coast. Still they were in some danger, for
their balloon descended ; they therefore threw out the re-
freshments they had provided, also the oars, or wings of
the boat and other articles. * We threw away,” says
Dr. Jefferies, *“ our only bottle, which in its descent, cast
out a steam like smoke, with a rushing noise ; apd when
it struck the water, we heard and felt the shock very
perceptibly on pur car and balloon.” The descent of their
balloon still alarmed them, and they began to throw
away their clothes. As a last resource, they were going
to fasten themselves to the cords and cut away their car,
but at this critical juncture, while yet four miles from the
French shore, they perceived themselves to be risiog. Ia
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a short time they were greeted by a magnificent prospect,
including Calais and twenty other towns and villages.
At three o’clock they passed over the high grounds about
midway between C'ape Blanc and Calais, and descended
at last in the forest of Guinnes. None of Blanchard’s
excursions, amounting to between thirty and forty, re-
munerated him so well as this. The king of France pre-
sented him with a purse of 12,000 livres, and assigned
bim a pension of 1200 livres a year.

Among the aeronauts of a later date, Sadler, of
Oxford, was the moat distinguished ; he had been in the
habit of taking occasional aerial excursions for upwards
of twenty-¢ight years, in balloons constructed by himself;
and with the record of his latest excursion we shall close
this view of the practice of aerostation. Saddler had
for some time, in the early part of 1812, declared his re-
rolution to attempt to cross the channel from Ireland to
Englaud ; and accordingly, this astonishing act of intre-
pidity was performed early in October of that year.
The bold adventurer ascended from Belvidere Grounds,
Dublin, about one o’clock, with a moderate wind at
south-west, and in a gradual and majestic style left the
ahores of Ireland, amidst the blessings, the prayers, and
the plaudits of an immense throng, expressed on all sides
with the elojuence aud energy characteristic of the people
of that country. For some time the wind favoured him,
but afterwards began to vary, and he hovered about,
baviog the Isle of Man, the Isle of Anglesea, and Ireland,
all in view. He was then carried in a direction towards
Liverpool, and about half-past four had a distinct view
of Bidston light-house, about four miles from that port,
which he then confidently expected to reach in about
balf an hour. By the changing of the wind, however, he
‘was carried completely out of sight of land, and now
finding night coming on, and that he must spend it in the
air, unless he could avail himself of the assistance of
some vessel, he descended to the surface of the water
within sight of five sail, but as they took no notice of
him he re-ascended ; and after a considerable time came
down again upon seeing three others. He was now per-
ceived, but encountered considerable difficulty, and was
almost drowned by the dragging of the balloon, before he
could be got on board a Manx fishing boat, which took
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him up in the daek of the evening. At eight o'clock next
morning, he was put on hoard, and kindiv entertained by
the commauder of the Princess frigate, lving in the river
Men:iy, opposite Liverpool, at which place he landed,
in order to take us seat in the Hovlyhead mail on his
return to Dublin.

Since Sadler, Green has been the most snccensful aeroe
aaut, and has made several aerinl excursions, but none
of them worthy of particular notice.

No discovery has ever been made which drew after it
a more gen-ral admiration, or excited more extravagant
hopes of utility to man, than the art of aerostation, It
was Do sooner announced thau already, in the imagie
mation of many, countries were conuscted and commercial
intercourse maintained, with unheiwrd of advantage,
while philosophy was to receive vast treasures of new
facts to extend her borders. How few of these great
expectativns, after a lapse of thres quarters of a century
have been realized; and how little has heen added to the
real knowl=dge or convenieuces of hfe, will he disco=
vered from a review of the most wnteresting facts that
the various voyages which have been performed have
brought to lLight.

Of the various circumstances observed by seronauts
during their voyages, when the appreheusion of their
safety has ceased, none impresses them so strongly than
the stillness that reigns around; with some few excep=«
tions, they hear no wind, whatever may be its violence;
nor perceive their motion whatever muy be its rapidity.
To account for this, it must be considered, that the air
is, with repect to them, at rest, for tney mve at the
same rate with it. It is also remarkable that they never
experience any sickness or giddiuess. In one instance,
the aeronaut, after his descent, was affected with a tem=

deafness, but the wet and cold which he had ex=

ienced, would probably bave the same effect upon him

in a terrestrial journey. Difficaity of respiration, bas
pever been an object of motice. It should not be omit«
ted, that voyages have been performed in all weathers,
and at all seasons of the year, and that lightning, which
had been dreaded ro la potent enemy.bh;r nehve: inter=
posed ; upon the whole, it a rs probable, thut a voy=
mincbpslooni-notmom ﬂ'hely to eadanger the safety
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of an individual, than a voyage from England to Ireland
on the sea,

The longest aeronaut excursion ever taken was 300
miles. Thne greatest height ever attained 13,00 feet.

But slender additions have been made to science from
the observations of aeronauts, sometimes because they
have not Leen furnish:d with proper 1nstrameats, bat
geacraliv becaass the iadividaals were incompetent,
aud bad nut p'nlisophy, bat pecumary interest in view,
It has beeu founi that the aiwr at great heights is rather
purer than at ths surtace of the earth. [t has also been
observed, that there are often different currents of wind
over the place; 4o that the aeronant in asceniing, goes
1a one direction till he has attained a certain height,
when h2 is driven in another, and proYahly in a third:
hence, whence h2 uscends he has no certainty of the
direction he must submit to.

The ascendiag power of a balloon is eqnal to the
weight by which it 1s lighter than an eqnal bulk of com=
mon air. Everv cubic foot of the inflimmable air may
be conaidered e 1al to three and one-sixth drams avoire
duapois, winch 13 ahout one-sixth of the weight of common
air.  He=ncy, if the capacity of a balloon be such, that it
contains 12.0).) cue feet of this gas, its ascending
power may be eatimated at 12,000 ounces; and, there=
tore, the aeronant, with the boat and all other appen<
dages, m1st weigh less than this.  Aa intlammable air
balloon, if twenty feet in diameter, will just suffice for
one person.

la a rarefiad air balloon, or Montgolfi=r, the air cannot
be cxpected to be ahove one-third lighter than air, and
a machine of this sort, must, therefore, be in that proe
portion larger than the other, to have an equal ascending ,

ower.

P To witness the light of a large balloon, has an effect
upon the mind, as different to describe as it is impossible
not tu ferl. S spacious a globe, with the magnificencs
of the decorations, excite admiration; the apparently
precarious situativn of the adventuarers raises apprehens
sion; a machins of such extraordinary dimensions ma=
jestically making its way through a medium which is
incapable of supporting a feather ;—impressions from all
these sources combine to form a mingled sentiment of
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the deepest interest, unlike that produced by any other
exhibitions of art. Many have not been able to bear the
-pe.chcle without shedding tears; others have involun-
tarily lifted their suppliant hands to heaven, or fallen upon
their knees; several have fainted, aud at Lunardi's first
ascent, a delicate female was 80 overcome by her feelings,
that she died upon the spot.

CONSTRUCTION OF BALLOONS,

There are, as already mentioned, two kinds of balloonw,
viz., those filled with raretied air, and those tilled with
inflammable air.

The best form of balloons, of both kinds, 18 that of a
globe, the capacity of which figure, is, for its surface,
greater than that of any other. Next to a globe, an
elliptical or egg-shape should be preferred; for these
forms the louger axis should be horizoutal, because that:
in the direction in which they would naturally float, in
ordeg‘bltlut their centres of gravity may be the lowest

ible.

The envelope of large rarefied air balloons i generally
made of strong linen, lined within und without with
paper, over which is laid a varuish copsisting generally
of strongly dried linseed vil.  As a precautionary measure
against fire, it is usual in the first instance, to prepare
the linen, by soaking it in some fluid that will render it
less combustible, for example a solution of alum, or of

. sal ammoniac and size, uvaing one pound of each tv every
gallon of water; and when the cloth is dry to paint it
over with some earthy colour, and strong rize or glue.

Small rarefied air balloons are made of paper which
has not undergone any new preparation whatever. The

per must be of that kind called tissue, and chosen
?r.ee from the small holes which are often in it ; the pieces
are united together by means of flour-paste or gum-water,
till a globular bag is formed. A single aperture is then

.made in it, about ten or twelve inches in diameter, to
which is fastened a ring of slender wire, and fastened to
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each side of it, paswes a strong wire, upon the middle of
which is hung a ball of spun yarn, or a spunge dipped in
spirits of tarpentine. When the spirits are lighted, the
balloon inflates by the expansion of the air within it, and
when it is at its full gize, it is suffered to take its flight.

No kind of stuff has been 8o suitable for inflammable
air balloons as wik, particularly that kind called lute-
string. The sitk should be woven on purpose, and at the
distance of each eighteen inches both in the warp and
woof, should be inserted a strong cord of flax or silk, so
as to form squares in the web. By taking this precau-
tion, when a rent is made in the balloon, the length of it
will not extend beyond the aquare in which it commences.
To the upper part of the balloon should te adapted a
valve opeuing inwards, to which should be fastened a
string passing through a hole made in a small piece of
wood, which is fixed in the lower part of the balloon.
The string reaches into the car, so that the aeronaut may
at any time open the valve with facility. Thos2 parts of
the valve and 1t« frame, whichare in contact, are covered
with thick, soft leather, aud the valve is kept close by a
spring. To the lower part of the balloon, and opening
mto it, are affixed two pipes, of the same kiud of staff
as the envelope. Through these pipes the balloon is filled,
and for a balloon of thirty feet, they should be abeout six
mnghes in diameter.

The car or boat of a balloon, for the reception of the
aeronaut, should be made of wicker-work, and covered
with leather well painted or varnished. The balloon is
covered with a net, made to ita shape, and to this net are
fastened the ropes which support whatever it is intended
to carry up. ‘The met is generally made large enough to
cover the greater part of the balloon, though sometimes
it covers only half of it ; the various cords from it pro<
ceed to the circumference of a circle or ring to which
they are fastened. From this ring, which is composed of
glender pieces of cane bound together, proceed the ropes
by which the boat issuspended, at the distance of several
feet below the balloon. For the sake of greater strength,
the meshes of the net are made closest at the top, where
there is the greatest strain, and very gradually larger
Jower down. ) .
_ To stop the draggiog of a balloon after it has descended
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almost to the earth, the aeromaut is provided with two
small anchors, or grappling irons, which are shaped either
like a ship'a anchor or like three fish hooks, tied together.
These are thrown out 8o as to catch hold of trees or other
fixed objects.

MAGNETISM.

A PECULIAR species of attraction, exerted hy hodies
called maguets or loadstones, receives the appellation of
magnetisi.

Of magnets there are two kinds viz., the natural and
the artificial. The natural magnet is a mineral, so hard
as to strike fire with steel; ita colour is dull, avd general-
ly either dark grev. or brown, or nearly black. It is an
ore of jron. and derives its name of mugnet, from its
possessing the singular property of attracting ferrugimous
subatances, with a force entirely independent of the or-
dinary properties of matter. This power of attraction
may be communicated to iron in any state, under a variety
of circumstances ; and iron imbued with it in any con-
siderable degree, in called an artificial magnet or Inadstone.
Magnetism 15 an accidental property of 1ron, which may
either possess or be deprived of it without losing any of
its essential characteristics.

Magnetic attraction was till lately supposed to be
exerted by ferruginous bodies alone on other ferruginous
bodies, and hence the use of the magnet was resorted to,
with a view to detect the presence of iron; but modern
investigatione repder it probable that nikel is also
susceptible of it. Richter, having made a series of ex-

iments on this metal, considers it more attractable by
the loadstone than iron; and Chenwix is of opinion that
both nikel and cobalt are really magnetic, and that when
this does not appear to be the case, it is owing to their
oombination with areenic. .
* A magnet suspended by a thread, or placed in any
sitoation that leaves it at liberty to move with freedom,



MAGNETISN, ' 158

tarns one part of its surface towards the north pole of
the earth, aud, consequently, the opposite part of ite
surface towards the suuth pole. Those parts of the surface
of a magnet which assume the position stated, are called
its poles; they are not reversible points, but the pole
which is at any time observed to poiut towards the north,
always pomts in the same direction or nearly so, and the
]ikle remark must, of course, apply to the other or south

e.

The attractive properties of the magnet have been
known from time immemorial; but it was not till about
the close of the twelith or beginning of the thirteenth
century thut ite directive property became known. The
discovery of i1t 13 generally attributed to John de Gioja, a
handicraft of Naplex, although several authors previous to
his time had obscurelv intimated their knowledge of it.
Givja having observed the property by accident in a few
maguets, soon extended his researches, and found that it
‘wag common to them all, at leant at the plaée where he
lived. &enmble of the value of the acquisition the world
would oltat 1t the property he had thue discovered re-
mamned uwmmpaired by time or place, he made several
Jjourneys to vanous parte ot Italy, toprove its immutability,
and hig inquines satistied him that there was no per-
ceptible differeuce m 1t except by the vicinity of masses
of iron. The first trial of the directive property of the
magnet on the water consiuted in mooring a vessel out at
sea in a direction corresponding with that of the magnet;
and a boat, having a maguet surpended by its centre on &
pivot, wae dexpatched at night in the exact line the mag-
net pointed out, the consequence of which wae, that it
arrived at the place where the vessel wasat anchor. Such
was the origin of the marnner’s compass, the inestimable
value of wlich as a guide in croesing the ocean, and
trackless deserts, as well as in other circumstances of
minor importance, can be more duly appreciated by the
supposition of our situation under the want of it than by
any other means. .

The magnetic needle does not, in general, rest exactly
in the direction of the meridian of the place where it is
observed, consequently unot directly north and south.
This phenomenon, which is called the Declination of the
Magnet, was discovered in the year 15600 ; but the son of
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Colambus asserts, that his father observed it in 1492,
At first it was not doubted, that the magnetic declination
was an equal quantity at all times and places; bat Gelli-
brand, an Enoglishman, discovered that it was variable,
and published an account of this discovery in a pamphlet
printed in 1635.

Another property of the magnetic needle, mach more
singular than that of the declination is, that when suse
pended by the point which would be its centre of gravity
according to ite mass of matter, it does not remaia hon-
zontal, but one extremity sinks lower than the other.
This is called the dipping of the needle or magnet, and it
wvaries in different latitudes. In the southern hemisphere,
it 48 the sonth pole which is depressed; and in the
uorthern hemisphere it is the north pole. At the equator,
the needle assumes a position almost correctly horizontal.
‘The dipping of the needle was discovered by R. Norman,
who published his account of it in 1531, but he had
ascertained the fact a considerable time previously.

If the morth pole of one magnet be presented to the
south pole of another, the two magnets will attract each
ather; but if the north pole of one ke presented to the
north pole of the other, they will repel each other, pro-
vided they be suspended by thread, or in any other way
at liberty to move with perfect freedom. This is cailed
Magnatic Repulsion.

Maguoetic repulsion never takes place except between
poles of the same name; thus a north pole repels a north
pole; and a south pole repels a south pole; yet, when
the north pole of a weak magnet .is presented to the
north pole of a powerful one, an attraction is often ob-
served; but when this occurs, it is found that the poles
of the weaker magnet have been in reality reversed, and
#s north pole has acquired polarity.
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THEORY OF MAGNETISM.

The only proposition towards the Theory of Magnetism
which seems placed beyond the reach of doubt, is, that
the earth iteelf acts as a great magnet; and if this be
evident, it will scarcely be denied, that all other mag-
pets derive their power and properties from its effects.
Supposing the earth to be a magnet, the manner in
which it operates, in causing the directive property and
inclination, or dipping of the needle, is just what might
be expected, and may be exemplified by an easy experi-
ment: over the needle of a magnet, hold a ised
needle, suspended by a fine thread, and so fixed, that if
it were removed to a distance from any magnet or iron,
it would remain horizontal. In this position, the needle,
being equally attracted by both ends of the magnet,
remains horizontal, but it turns its north pole to the
south pole of the magnet, and its south pole to the north
pole of the magnet. A globular magnet exhibits this
epitome of magnetism in a still more agreeable manver,
and a magnet of that kind made for the purpose is called
a terrella, or little earth. As the large magnet in this
experiment acts upou the needle; so does the earth upon
all other maguets. When the centre of the needle in this
experiment, 1s over the ceutre of the magoet, it corre-
sponds nearly to the situation of any suspended maguet
at the equator of the earth, where the attraction from
both poles is nearly equal; and where the needle would
be exactly horizontal, if the magnetical and geographical
poles of the earth coincided ; but, as this is not the case,

the magnetical and geographical equators are diffrently

situated. .

That the earth is a8 magnet also admits of strong colla-
teral proofs ; it may be inferred from the vast quantities
of ferruginous bodies contained in it, which are often dug
up in a magnetical state, and from the magnetism which
iron acquires by its position. Yet all this carries us bus
a very little way towards a complete theory of mag-
netism. For 8xawple, it is found, that the cal

L
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poles of the earth change their sitoation, aud this singular
circumstance has opened a wide field for speculation. It
has been supposed that the earth contains a detached in-
ternal magnet, which has a different motion from that of
the earth, though both their axis eoincide. This internal
loadstone i« supposed to be separated from the outer
globe or earth by a fluid medium; and to account for the
variation of the needle westward, they suppose 1ts motion
with respect to that of the earth, to be auch, that its
north pole revolves from east to west, at the rate of one
degree in five years, 80 as to make a complete revolution
in 1920 years. This theory has never given much satis-
faction; and it scems much more rational to conclude,
that the magnetism of the earth arisestrom the magnetism
of all the magnetic substances it coutaine, whether inter-
mixed with other bodies or not; that the magnetic poles
of the earth may be considered as the centres of the po-
larities of all the particular aggregates of the magnetic
substances within the earth,ure by various canses altered,
80 a8 to have their power diminished, increased, approach
to, or removal from the principal poles  ‘The agents ade-
quate to the produétion uf these effects may be, heat and
cold, volcanoes, earthyuakes, electricity, chemical de-
compositions, and probably several others, of which
philosophers have no know ledge.

By those who had s0 far dererted the paths of morality,
as greedily to fatten upon the weaknesses of their fellow
creatures, aud boldly to venture upon any practice, how-
ever really flagitious, if it promised gain, aud was
screeped trom legal punishment; a pretended art called
animal maguetism, wis unpudently announced as curative
of all diseases incident to the human body. The vulgar,
who are always perversely fond of a mysterious creed,
seized the bait, and the pockets of the projectors over-
flowed with the receipts of their impositions. When the
folly of the moment had passed away, and the subject
‘was rationally examined, abundant evidence was for-
nished, that though the human body contained, like most
other substances, a small quantity of iron, the action of
magnetism produced no physical change upon it, and
that, therefore, the cures said to have been performed by
magnetic sympathy, were either absolute falsehoods, or
mere efforts of a deluded imagination. After animal
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magnetism appeared to have had ita day, and was sinking
fast into disrepute, 1t was succeeded by a kindred in-
vention, the wonders of which were performed by rods
of metal called metallic tractors ; but these quickly fol-
lowed their parent to the grave.

MAGNETICAL INSTRUMENTS.

The Mariner's Cumpass —The chief magnetical instru-
ment i« the mariner's compass, which consista of a circular
brass box, containing a curd or paper divided into thirty-
two pomtx, at each of which is given the name of a par-
ticular wind, or name of the direction to which it points.
Over the ceutre of this card is suspended an artificial
magnet, which, from the smallness of its size is called a
needle.  Ax the nvedle, allowing for its declination,
always turns its north pole to the north, the helmsman
can either keep the atem of the vessel always in the same
direction, in which case he will always sail due north, or
he can keep it in a direction any number of degrees dis-
tant from the north ut his pleasure, by which means the
compass becomes & universal guide.

In steering a vessel, it has been usval for the helmsman
to have one compass, and the captain in his cabin to have
another, and the want of a perfect correspondence be-
tween the iustruments, or the inattention of one party,
often rendered the helmsman chargeable with neglects,
which he refused to acknowledge. To remedy such in-
conveniences, an improvement on the compass was made,,
by which the instrument used by the helmsman could at
all times be seen from the cabin.

The Azimuth (Compass.—This instrument is nearly the
same as the preceding: the principal difference consists
in ite being adapted to two sights, through which the
sun or a star may be seen, to find its azimuth, and thence
to ascertnin the declination of the needle at the place of
observation. . .

The Dipping Needle.—To form this instrument, an axis
is passed through a needle, of the same shape as the com-
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pass needle ; the terminations of the axis are covical, and
they fit into mall holes of the same shape in two crose
bars. The needle before 1t 1# magnetized, must be made
80 as to lie perfectly horizontal when suspended between
those bars ; theu after being rendered maguoetic, its north
pole will be found in this country to dip about 72 degrees
below its former situation. or level of the horizon. In a
lower latitude the dip will not be so great; in a higher
latitude it wil) be greater: and at the magnetic pole,
which caunot be far removed from the pole of the eurth,
it would doubtless be vertical.

MAGNETICAL EXPERIMENTS.

1. If a small magnet b placed upon a table strewn
with iron filiogs, and a tremulous motion be given to the
table by a few blows, the tilings will bo observed to ar-
range themselves in a very curious manoer. From the
centre of each band or pole of the maguet, they will lie
nearly in a straight line; but on each side of the magnet
they will dispose themseives in concentric curves, both
extremities of which termiuate 1n the sides of the magnet,
and they have pretty nearly the magnetic centre for their
middle point. The cause of this appearance is, that eaclr
particle of iron becomes, for the moment, a magnet, and
disposes itself accordingly at the place where it lies;
attracting, at the same time, the opposite poles of the
neighbouring particles.

. <. If a straight piece of wire which has been rendered
mugpetical, be twisted in a spiral form, it magnetism
will be strangely confused : in some parts it will attract,
in others repel the same pole; and this will, in some
ortions of the wire, take place on its opposite sides.
is experiment appears to indicate the disposition of the
fluid to flow in a right line. )

3. A tee-totum with a piece of iron in the top of it
may, even while in motion, be taken up by a magnet, and
its motion, while thus sowpended vertically, will continue
as if it remained upon thetable. The experiment may be
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rendered still more diverting, by taking up another tee~
totum by the bottom of the first, and this second may
h:hve its motion 10 a completely opposite direction to the
other.

ELECTRO-MAGNETISM.

The analogies that exist hetween the phenomena of
magoetism and thoee of electricity, in their general cha-
racter, in the laws which govern them, and in the various
combinations they present, are ro extensive and so
remarkable, as naturally to suggest the notion that the
agenciea themselves from which they proceed must be
allied to one another by some close and intimate relation.
Adventurous theorists have advanced the doctrine that
each of these principles is merely a modification of the
otber, and that both may be regarded as ultimately identical
in their nature, constituting instead of two separate and
primary powers a single power of a higher order of
simplicity.

The conuexion between magnetism and electricity was
a favourite subject of speculation and inquiry among
philosophers in the middle of the last century. Many
were the efforta made to resolve this seductive problem,
which continved, however, to bafle the labours of each
nucceeding experimentalist, who multiplied his attempts,
and varied his processes, without approaching nearer to
the point he aimed at; and also to elude the reasonings of
those who theorized upou every new fact until they
bewildered both themselves and their readers in the maxes
of visionary and conflicting hypotheses.

Ia the year 1774, the following question was proposed
by the Electoral Academy of Bavaria as the subject of a

rize dissertation.—* Is there a real and phyei analogy
tween electric and magnetic forces ; and, if such lnu!ogy
exist, in what manner do theae forces act upon the animal
body?® The essays received by the Academy on that
oocasion, were coilected and published ten years after-
wards, by Professor Van Swinden, of Franeker, the
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author of one of the emsays for which the prize was
awarded. The conclusion at which he arrived, after a
long and elaborate discusesion of the subject, was that the
similarity between electricity and magoetism amounts
merely to an apparent resemblance, and does not coostitote
a true physical analogy; whence he infers, that these two
powers are essentially different and distinet from one
another. The opposite opinion, on the other hand, was
maintained by Protessors Steiglehner and Hubner, who con-
tended that so close an analogy as thatexhibited by these
two classes of phenomena, ndicated the eflects of a
single agent, varied only 1n consequence of a diversity of
circumstances. o many new facts have been brought to
light since the time in which these authors wrote, that
the reasonings adduced on either side in this controvers
bave now lost their interest, excepting that it is still
curious to ohserve hy what devious paths they were led
away from the truth, at the moment when they had nearly
reached it, and when a very slight varation in the form
of their experimeuts would at once have disclosed it to
their view.

Subsequent discoveries relating to the laws of electric
and maguetic action both as respects attraction and
repulsion, aud also induction, have tended to confirm the
analogy between them, and to corroborate the opinion
that they ultimately emapate from a common eource.
Electricity, it is true, affects every species of matter with
which we are acqoainted, in nearly an equal degree ; while
magnetism, although perhaps equally umversal in its
operation, yet acts very feebly, and, probably, unequally
upon most kinds of matter, and certainly exerts its
principal energy upon iron, a circumstance which has to
this day remained inexplicable; although we have
ac‘quiredy the knowledge that electricity, under certain
modificatious, will proouce every effect of magnetism.
Electricity, we know, may be transferred from one body
to another; but magnetism can be excited by induction
only, and is incapable of any similar kind of transference.
8till, however, t{:ere existed many positive facts, which,
independently of all analagy, demonstrated that the mag-
netic needle was occasionally influenced n ita movements

the action of electricity; aud that, in certain cases,

e magnetic properties could be excited by eclectric ex=
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losions. The appearance of the aurora borealis, which
as all the characters of an electric phenomenoon, has been
very frequently observed to be accompanied by a dis-
turbance 10 the position of the compaes ; and a delicately
suspended magunetic needle has generally exhibited on
these occasions, very frequent oscillations. Lightning,
which in still more decidedly electric has been known in
numberless instances, to destroy, and sometimes to reverse
the polarity of the compars-needle; and many disastrous
accidenta happening to whips, in consequence of their
mistaking their course, may very probably have been
owing to this cause. In confirmation of this. we meet
with a narrative recordedin the Philosophical Transac-
tions, in which the ship Alexander, being one hundred
leagues from Cape ('od, in Intitude 4= degrees, encountered
a violent thunder-storm ; the mast was struck by hght-
ning, which also reversed the poles of all the comnpasses
in the slup, a change which was not discovered till the
enruing nicht, when the stars appeared, and it was found
that they had been steering in the opposite course to that
which they intended. It is also stated, that in one of the
compasses, the end which had before pointed to the north
now pointed to the west.  Another instance is recorded
in the same work, where a stroke of Lightning passed
through a hox contaimuog a great nomber of knives and
forks, meltirg some, and scattering the reat about the
room. It was found that all those which were not melted
had been rendered strongly magnetic, ro as to take up
large nailw, and other pieces of iron placed near them.
Experiments were tried with the electric battery, in
imitation of these effects, and in order tv ascertain the
circumetances on which they depended. But although
steel hars were easily rendered magnetic by passing
strong electric shocks through them. vet the results were
by no means uniform, and no general law could be traced
as governing the production and distribution of the
polarity thus induced. A large proportion of the effects
ap red to be referable to the concussion which the par-
tlc?::of the bar received in consequence of the violence
with which the accumulated torrent of electricity rushed
through them, thereby giving efficacy to the inductive influ-
ence of the earth. The experiments of Mr. Scoresby, as
reported in the Transactions of the Royal Society of Edin-
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burgh, made with a view of determining the amount of
this influence when aided by electric concussion, fally con-
firmed the principle upon which that mode of explaining
the phenomenon rests, by showing that the action of a
powerf{ul electric shock is, in a great measure, similar to
that of a blow from a hammer, or to the forcible twisting
of the iron, or any kind of mechanical violence.

Nothing illustraten more forcibly the proneness of the
human miud to draw general conclusions from mnsufficient
data, than the various opinions so confidently maintained
by different experimentalists on this subject.

As nothing had been gained by following the more
violent operations of highly-condensed charges of elec-
tricity, other philorophera occupied themselves in the
attentive study of the more tranquil influence of this
agent, when merely accumulated in insulated conductors,
and exerting simply ita attractive and repulsive powers
in conjonction with those of magnetism. But however
the actions might be combined, uothing could be detected
that indicated any interference of agency or modification
of effect consequent on the combination. An electrified
body is found tu exert the same attractions aud repulsions
on a magnetized needle, as it does on the same needle
when devoid of magnetism; nor does it, like magnetism,
exhibit any decided preference for iron compared with its
action on other metals. When the two agencies are
united in the same body, or when barse of steel, already
rendered magnetic, are also charged with electricity, and
placed so as to act with one another, their electrical and
their magnetic actions appear to be perfectly distinct, and
in no respect to influence or modify one another.

The discovery of Galvaniam, and the invention of the
Voltaic apparatus, opened a new field of inquiry ; for by
furnishing the experimentalist with the means of main-~
taining a continuous eurrent of electricity in very large
quantity, it enabled him to study the effects of this pow-
erful agent under circumstances of a very different kind
from those he had previously had under his command.—
I'be ‘electro-chemical phenomena, bronght te light by its
application to avother branch of phyeical science, for a
long time occupied the talents and absorbed the attention
of scientific men in every part of Europe, and many
years elapsed before Voltaic electricity was applied with
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any success to determine the inflnence which it so directly
exerts over maguetic bodies. The various hints inter-
spersed amoug the journals of this period, respecting
movements having been ohserved in the magnetic needle
by the action of the Voltaic pile, were too vague and
uncertain to warrant any determinate conclusion. The °
most definite and authentic narrative relating to this
subject was that of Ritter, who asserted that a needle,
composed of wilver and zinc, had arranged itself in the
magnetic meridian, and had been slightly attracted and
repelled hy the poles of a magnet. e also stated, that
by placing a gnld coin in the Voltaic circnit, he had sae-
ceeded in giving to it positive and negative poles; and
that the polurity so communicated was retained by the
gold after it had been in contact with other metals,
and appeared, therefore, to partake of the nature of mag-
netism. A gold needle, placed in eimilar circumstances,
acquired still more decided maguetic properties. These
experiments suggested to Ritter some vague idea that
electrical combinations, when not exhibiting their electric
tension, were in a magnetic state; and that there existed
a kind of electro-magnetic meridian, depending on the
electricity of the earth, at right angles to the magnetic
poles. But these speculations were of too crude a natare
to throw any distinct light on the true connection between
magnetism and electricity.

The real diecoverer of the magnetic properties of
electric currents was M. Oersted, Professor of Natural
Philosophy, aud Secretary of the Royal Society of Copen-
hagen. In a work which he published about the year
1213, on the identity of chemical and electrical forces, he
had thrown out conjectares concerning the relations sub-
nisting hetween the electric, galvanic, and magnetic
fuids, which he conceived might differ from one another
only in their respective degrees of tension. If galvanism,
he argued, be merely a more latent form of electricity, so
magnetism may possibly be nothing more than electricty
in & still more latent form; and he therefore proposed it
as a subject, worthy of enquiry, whether electricity, em=
ployed in this, its most latent form, might not be found
to0 have a sensible effect upon a magnet. It is difficult
clearly to understand what he means by the expression
of latent form, as applied to electricity, but it is safficient



170 PANORAMA OF BCTENCE.

for us to know that in the various endeavours he sube
sequently made to verify his conjectares, he was led to
such forms of experiment as afforded decisive indications
of the influence of Voltaie currents on the magnetized
,meedle. Yet even after he had ruceceded thus far it wan
a matter of real difficolty to determine the real direction
of this action, and it was not till six years afterwards
that his perseverance was at length rewarded by com-
plete success.

The first account of his discoverv that appeared in
England, is contained in a paper which he huneelf com-
mounicated, in Thomson's Apnals of Philovophy, for
October, 1520 ; and in which the two following experi-
ments is described. —The two pules of a powerful
Voltaic battery were connected by a metallic wire so as
to complete the galvanic circuit. The wire which per-
forms this office i called the wniting 1ire ; and the effect,
whatever it may be which takes place in this conductor,
and in the space surrounding it, during the passage of the
electricity, he designates by the term «lectric conflict,
from an1dea that there takea place mome continued col-
lision and neutralization of the two epecies.of electric
fluids, while circulating in opposite currents 1 the ap-
glratus. Then taking a magnetic needle properly

alanced on its point, as in the mariner's compass, and
allowing it to assume its natural position in the magnetic
meridian, he placed a straight portion of the uniting
‘wire horizontally above the needle, and in a direction
parallel to it; and then completed the circuit, so that
the electric corrent passed throogh the wire. The mo-
ment this was done the needle changed its position, its
end deviating from the north and south towards the east
apd west, according to the direction in which the electric
current flowed, no that by reversing the direction of the
current, the motion of the needle was also reversed. The
general he expressed as follows:— That end of the
needle which is situated next to the negative vide of the
battery, or towards which the current of positive elec~
tricity is flowing, immediately moves to the westward.

The deviation of the needle is the same whether the
uniting wire, instead of being immediately above the
needle, be placed somewhat to the east or west of if,
provided it continue parallel to. and always above it.
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This shows that the effect is not the result of a simple
attractive or repulsive influence, for the same pole of
the magnetic needle, which approaches the uniting wire
when placed on its east side recedes from it when placed
on ite west side.

If the uniting wire be placed in a horizontal plane
under the magnetic needle the latter is affected to an
equal degree am in the former case, but the motions are
made in the contrary direction; for the pole of the
needle next to the pole of the battery now deviates to-
wards the east.

When the uniting wire in situated in the same
horizontal plane as that in which the needle moves, and
is at the same time parallel to it, no declination takes
place either to the east or west; but the needle is in-
chined, so that the pole next to the end of the wire at
which the negative electricity enters is depressed, when
the wire is mituated on the west side, and elevated when
situated ou the east side.

Oersted found that theseexperimenta succeeded equally
well if the uniting conductor cousisted of one or of
reveral wires, or metallic ribbons, connected together.
Neither is the effoct altered 1n its kind, though it may
vary somewhat in its degree, when different metals are
used. The conductor atill exerts this power, although it
be interrupted by water, provided the interval between
the metals does not extend to several inches in length.
The magnetic influence of the wire on the needle is not
prevented hy the interposition of glass, metals, wood,
water, 1e¢iu, stones, or any other subistance that was
tried. The eflect produced, nevertheless, is referab!e
purely to maguetism, for it is exerted on magnetic
bodies only, and has po influence on needles of braes,,
glams, or gum-lac.

The announcement of the important discovery of
Oersted excited the greatest interest among all the
philosopliers of Furope, and they immediately oqcupied
themselves in repeating and extending his experiments.
Among those who were early distinguished by their zeal
and activity in this research were Ampere and Corago in
France, aud Sir H. Davy and Faraday, in England. 5o
many were the cultivators in this new Seld of mqul7,
and 80 eagerly did they pursue the path thus unexpectedly
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opened, that a great number of interesting facts were
speedily brought to light ; and where all were pressing
forward in the same career, it is scarcely possible to
adjust the claime to priority of discovery, with respect
even to the most important facts.

An attentive examination of what has been already
etated on this subject will soon convince ns that the
magnetic force, which emanates from the conducting
wire, is entirely different inits mode of operation from all
the other forces in nature with which we are acquainted.
It does not act in a direction parallel to that of the
current which is paesing along the wire, nor in any
plane passing through that direction. It is evidently
exerted in a plane perpendicular to the wire, but still it
has no tendency to move the poles of the magnet in a
right or radial line, either directly towards or directly
from the wire, as in every other case of attractive or re-
pulsive agency. The peculiarity of its action is that it
produces motion in a circular direction all round the
wire, that is, in a direction at right angles to the radius,
or in the direction of the tangent to a circle described
round the wire in a plane perpendicular to it. Hence, an
Mr. Barlow expressed it, the ¢lectro-magnetic force exerts
& tangential action.

‘When the direction of the current in reversed, the wire
still preserving its vertical position, the direction of the
section is also reversed; and the circular motions pro-
duaced correspond to the movements of the hands of
a watch with its face downwards ; that is still looking
towards the positive electrical pole.

The actions of either the descending or ascending
electrical current upon the sonth pole of a maguet are
exactly the reverse of those which are exerted on the
north pole. On reversing the direction of the current
these effects will again be reversed.

It is evident that in the coarse of experiments on electro-
maguetism, the carrent and magnetic poles may be pre-
sented to our observation in a great variety of relative
positions; and it will be found not very easy to retaina
perfect recollection of the way in which the force should
act conformably to the rale above stated. Ampere has hit
upon an ingenious method for imprinting this rule more
frmly in the memory, and enable us to apply it under a



MAGNETINY, 173

great variety of circumstances. The electric carrents are
not only characterised as positive and negative, aad as
flowing in one or other of two directions along the wire
that conducts them, but may be actually personified and
conceived as endowed with a head and feet, with a face
and back, and with a right and left hand.

It is more natural to fix our attention on the current of
positive than of negative electricity. In a vertical wire,
a descending current will occur to us more readily than
an ascendiug one; or if we imagine ourselves borne along
by the current. it would be more natural to conceive onr-
selves moving with our feet foremost ; but if on the con-
trary, we conceive ourselves to be at rest, we should
suppose the current to be passing from our head to our
feet. Our face would, of course, be tarned towards the
magnetic pole to which we are directing our attention;
we should attend to the north pole in preference to the
south; and the movement with which we are most
familiar is that which we perform with our right hand,
as in writing, for instance, that is from lelt to right.
Combining these conditions then, we may always recollect
that if we conceive ouraelves lying in the direction of the
current, the stream of positive electricity flowing through
our head towards our feet, with the magnet before us,
the north part of that magnet will be towards our right
hand. If apny of these conditions be reversed, the result
is reversed likewive.

The direction of the electro-magnetic force being
thus determined, we have next to ascertain the exact law,
according to which its intensity varies with relation to-
the distance of the electric curreut from the point in
which it acts. The most reasonable conjecture we can
form on this subject is, that this law is the same with
that which is followed in the case of electric and magnetic
actions, that the intensity of forceis every where inversely
as the square of the distance. But if this be the real
law of action, it must apply to the elementary portions
of the two agents which thus mutually act upon each
other; or, to adopt the more convenient language of
theory, it must obtain only among the elementariy par-
ticles of the electric and maguetic particles of the electric
and magnetic fluids. In the magnet, the action of the
latter may be regarded as concentrated in the points,
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which are the poles of the magnet; bat in the conduct-
ing wire, the electric fluid which is passing through it,
acts in an equal degree along the whole line of its motion ;
and admittiog the hypothesis of the action being inversel
roportional to the squares of the distances of eucx
individual particle, we have to deduce the law which
will result from the combined actions of all the points
of a line directed upon a point out of that line. Now,
st may be mathematically demonstrated, that if the
live in question be perfectly straight, and its length be
exceedingly great in proportion to the distance of the
zint on which it acts, then the intensity of action will
inversely proportional, not to the =juare, but to the
simple distance of the point, 80 that at three times the
distance, for example, the force shall be one-third, and
four times the distance, one-fourth, and 8o on. ‘I'hat this
law is conformuble to observation, has heen proved by
many experiments, in which the intensmities of the force
at different distances were accurately ascertaned by
observiog the number of oscillations performed by the
needle in a given time, and takiog the rquares of those
numbers.

The discovery of the remarkable phenomena of electro-
magnetism natarally gave rise to the invention of &
variety of hypotheses for their explauation. Professor
QOersted conceived that a distinct class of effecta resulted
duoring the act of their re-union, which was marked, not
only by mechanical agitations among the particles of
bodies, by the production of sound, by the evolution of
light, and by the disengagement of heat, but also by the
disturbance of the maguetic equilibrium. These pheno-
mena seemed to indicate the occurrence of great and
sudden changes taking place in the conditions of two
powerful agents at the moment of their coalescence, and
suggested to Oersted the idea that momething analogous
to a shock takes place when the fluids rush together from
a distance. During galvanic action the separation of the
two electric fluids, proceeding without intermission in
one part of the apparatos, and their reunion being in like
manner effected in perpetual sequence along the conduct-
ing bodies which complete the circuit, he conceived that
a continued series of shocks took place throughout the
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whole line of conductors ; a condition which he expressed
by the term Electric Conflict,

If these views be correct, it must follow that the
electric fluids, which, whether in motion or at rest, have,
when isolated, no apparent inflaence on magnetic bodies,
acguire during their couflict the power of affecting these
bodies. This hypothesis was expressed by Oersted in the
following words :— Tha electric conflict acts only on
the maguetic particles of matter. All non-magnetic
bodies appear penetrable by the electric conflict, while
magnetic bodies, or rather their magnetic particles, resist
the passage of this conflict. Hence they can be moved
by the impetus of the contending powers. It is suf-
ficiently evident that the electric conflict is not confined
to the couductor, but dispersed pretty widely in the
circumjacent space.

“We may hkewise collect that this conflict performs
circles; for without this eondition, it eeems impossible
that one part of the uniting wire, when placed below the
magnetic pole, should drive it towards the east, and
when placed above it, towards the west: for it is the
nature ol a circle that the motions in opposite parts
ghould have au opposite direction. Besides, a motion in
circles, juined with a progressive-motion, according to
the length of tne conductor, ought to form a conchoidal
or apiral line ; but this, unless I am mistaken, contributes
nothing to explain the phenomena hitherto observed.

© All the effects of the porth are easily understood
by supposiug that magnetic electricity moves in a spiral
live bent towards the right and propels the north pole,
but does not act on the south pele. The effects on the
south pople are explained in a similar manner, if we
ascribe to positive electricity a contrary motion and
power of acting on the south pole, but not upon the
north.”

The views entertained by Oersted were very generally
adopted by philosophers who prosecuted the path of
discovery he had laid open. . .

All the effects of terrestrial magnetism may be imitated
by distributing wires round the surface of an artificial
globe, 80 as to direct a current of electricity through
them. Mr. Barlow, in a paper read at the Royal Society,
describes the following experiment, which he made with
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this view. A hollow wooden globe, sixteen feet in

diameter, was furnished with wires passing in
m along each of latitude for every tenth
When an electric currenst was made to pass

through these wires, in the same divection in each, it was
found that a magnetic-needle, properly veutralized with
regard to the earth's action, aud suspended in different
situations near the surface of the artificial globe, arranged
iteelf in positions perfectly analogous to those actually
assumed by the dipping-needle in corresponding regions
of the earth. It is probable that if we could indefinitely
multiply these electric currents on a globe so prepared,
the apparatus might be made to represeut with great
accuracy ev circumstance of mwagnetic dip and
direction; and by employing, instead of a magnetic
needie, an electro-dynamic cylinder, all the phenomena of
terrestrinl magnetism might bLe exhibited, without the
intervention of magunetiem, by-means of electricity alone.
Professor Seebeck, of Berlin, discovered in the year
1822, that currents of electricity might be produced by
the partial application of heat to a circuit cumposed ex-
clusively of solid conductors. 'I'he original experiment
which he established, was firet announced in this country
in the Annals of Philosophy. A bar of antimony, about
eight inches long, and half an inch square, was taken,
and its extremities connected by twisting a piece of braes
wire round them =0 as to form a loop, each end of the
bar having several coils of the wire. (n heating one of
the extremities for a short time, with a spint lamp,
electro-magnetic effects were produced in every part of
circuit so formed. The electric current thus excited has
been termed 7hermo-eloctric, in order to distinguish it
from the common galvanic current, which, as it requires
the intervention of a fluid element as one of its essential
%ﬁmh, was denominated /{ydro-clectric current.
chief evidence we possess of the existence of
thermo-electric currents consists in the production of
electro-maguetic effects. A compass-needle either within
or without the circuit, and at a small distance from
it, is deflected from its natural position in a direction
conformable to ite situation with regard to the circuit.—
Stil) stronger indications of electro-magnetic action are
obtajped by placing two ends of one of the metalljc
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arcs in contact with the wires of a galvanometer.
The thermo-electric current has also been found to excite
contractions in the muscles of a frog ; but as faras
riments have yet been tried, it is inadequate to
chemical decompositions, the ignition of metals, or to
exhibit sparks or any other of the phenomena of ordinary
electricity.

INFLUENCE OF LIGHT ON MAGNETISM.

Professor Morichini, of Rome, announced hie baving
discovered that steel, exposed in a particular mauner to
the concentrated violet raye of the solar spectrum, be-
came maguetic; but the umiform failure of the experiment,
when tried by other persons, had created great doubts of
the accuracy of the results as reported by Morichini.
In the course of some experiments made by Mr. Christie,
in the year 1824, he was led to the conclusion that the
solar rays actually do exert a sensihle influence on mag-
netism, which is shown by their affecting the vibrations
of a magnetic needle exposed to them, quite indepen-
dently of the efects produced by the heat which they
impart. A needle six inches long, coutained in a brass
compass, but with s glass cover, was suspended by a fine
hair, and made to vibrate, alternately shaded and exposed
to the sun. He found, from a number of trials, that the
vibrations of the needle, when exposed to the sun, ceased
in a much shorter time than when they took place in the
shade. That this greater slowness of the vibrations was
not attributable to a change of temperature, was proved
by the needle's Leing observed to vibrate more rapidly
when its temperature was raised by other means.

In the Philosophical Transactious for 1826, we are
informed that, in the summer of 1825, Mrs. Somerville
was indnced, by the unusual clearness of the weather, to
investigate the subject. Having at that time no-informa-
tion of the manner in which Morichini's experiments had
been conducted, it occurred to her that, if the whole

M
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needle were equally exposed to the violet rays, it was
pot probable that the same influence which produced a
south pole at one end, would, at the same time, produce a
porth pule at the other. She therefore covered half of a
slender sewing needle, an ioch loug, with paper, and
fixed it iu such a manner as to expose the uncovered part
to the violet rays of a spectrum, thrown, by an equis
angular prism ot fhint glass, on a panuel at five feet
distance. As the place of the spectrum shifted by the
motion of the suu, the needle was moved so as 1o keep
the exposed part constantly m the violet ray. ‘The sun
beiog very bright, in less than two lLours the needle,
which before the experiment showed no migns of polanty,
had become inaguetic, the exposed end having the
properties of a nurth pole.

The season continuing favourable, afforded daily oppore
topities of repeating and varying the experiments with
meedles of different sizes and placed in different positions
with respect to the meridian, and at different distances
from the prism. The result was nearly umform, and
similar to that above stated. It was not found necessary
to darken the room, provided the spectrum was thrown
out of the direct solar rays.

Mrs. Somerville next endeavoured to ascertain whether
the other prismatic rays had the same property as the
violet. Needles previously ascertained to be unmaguetic,
exposed to the blue and green rays, sometimes acquired
magnetism, though less uniformly and less quickly thap
in the violet ray : when magnetism was thus communi-
cated, it seemed to be equally strong am in the former
case. The indigo ray succeeded nearly as well as the
violet. The exposed end, in almost every case, became
anorth pole. Inno one instance was magnetism pro=
*duced by the yellow, orange, or red rays, though in some
instances the same needles were exposed to their influ=
ence for three successive days; meither did the calorific
rays of the spectrum produce any sensible effect. .

Pieces of clock and watch-spring were next tried with
similar success, and were even found to be more suscep=
tible of this peculiar mugnetic influsnce than needles,
possibly on acconnt of their blue colour, or greater pro=
portional surfaces. The violet rays concentrated by &
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lens produced magnetism in a shorter time than the prism
alone.

Experiments were next instituted by transmitting the
solar rays through coloured media. Needles, half covered
with paper, were exposed on a stone outeide a window,
under a blue glass coloured by cobalt, to a hot eun, for
three or four hours. They were found to be feebly mag-
netic; but their magnetism wasnot permanently retained.
In subsequent experiments, by an exposure of needles
under the same circumatances, for six hours, a very
sensible degree of magnetism was acquired, and remained
permanent. The rays transmitted through the blue glaes
employed in this experiment blackened muriate of silver
as powerfully as those transmitted through uncoloured
glass; thus proving that it was freely permeable to the
chemical rays of the solar spectrum. Green glass was
also tried ; and the rays which had penetrated it were
hkewise found to communicate magnetism. The white
light of the sun produced no magnetic effect whatever on
needles exposed to its influence.

ORIGIN OF TERRESTRIAL MAGNETISM.

Several causes have been assigned for the magnetic
influence which the globe of the earth is found to exer-
cise, not only over the magnetic needle, but also over
enrrents of Voltaic electricity transmitted through con-
ductors. Among the various substances which ocoupy
the interior of the globe, it is extremely probable that
chemical actions of different kinds are incessantly occur~
ring. These actions will, for the most part, however, be
very slow, and will continue with a certain degree of
uniformity for very extended periods of time. They will
occur more especially in the superficial strata of the
earth, when the combined agencies of water, of atmos~

heric air, and of heat, are in constant operation. The
influence of the solar rays ou a surface of such vast
extent must be very considerable : and excepting in the
vicinity of the poles, every portion of that surface is
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exposed in succession to their action, and acquires during
that exposure a certain degree of heat, which heat 18
again lost by nocturnal radiation. Although the effect of
the alternate changes of temperature may extend only to
a small depth beneath the surface, yet considering their
immense superficial extent, they may be suflicient to give
rise to thermo-electric currents of considerable power.—
It hae bren conjectured also, that these efiects may be
combined with an influence of another kind, more directly
derived from the rotation of the earth on ite axis, on the
principle that all bodies have been found to exhibit
magnetic polarity by rotation.

That electric currents do really circulate in different
parts of the solid strata of the earth, 13 not merely matter
of conjecture; the existence of such currents haw been
lately proved in the most satisfactory maunner, by Mr.
Robert Fox, in a paper ‘- On the Llectro-Magnetic pro-
perties of metalh'erous vens,” which waa published in
the Philosophical Trarsactions. Iaving been led from
one theory to entertain the belief that a connexion exists
between electric action in the 1wterior of the earth, and
the arrangement of metalliferous veinr, he was anxious
to verify this opin-on by experiment. The first trials he
made with this view were unsuccessful, but by perse-
vering in his attempts, he woon obtained decisive evidence
of considerable electrical action, in the mine of Huel
Jewel, in Cornwall. 1lis apparatus consisted of small
plates of sheet-copper, which were fixed in coutact with
ore in the veins by copper nails, or else wedged closely
against them, by wooden props stretched across the
galleries of the mine. Between two of thexe plates, at
different stations, a communication was made by meaus
.of copper wire, one-twentieth of an inch in diameter,
which included a galvanometor in its circuit. In some
inatances three hundred fathoms of copper wire were
employed.

he iotensity of the electric currents was found to
differ considerably in different places. It was generally
greater in proportion to the greater abundance of copper
ore in the veins, and in some degree, also, to the depth
of the station. This curious fact may possibly afford the
miner some useful indications as to the relative quan-
tities of the ore which the vein contains, and aleo as to
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the direction in which it is most productive, The elec-
tricity thus perpetually in motion, does not appear to be
in any effect influenced by the presence of the workmen
and their candles; nor even by the explosions of gun-
powder in blasting.

Mr. Fox obeerves, that ores which transmit electricity
have generally some conducting material interposed in
the veiuw between them and the surface; a structure
which appears to bear some analogy to the ordinary gal-
vanic combinations. These electrical eurrents which
pervade mines, were fouud to have various and fre-
quently oppomte directions in different parts of the same
mive.

The metals are probably not the only substances capa-
ble of giving rise to electrical currents in the earth, for
it 13 well known that galvanic combinations may be
formed by arrangements of elements that are not me-
tallic. The direction of each current will, of course, be
determined by the relative position of the elements from
which it 1s derived ; but evenf we suppose the arrange-
ment of these elements to be fortuitvus, a prevuiliug
carrent will still result, arming from the diflerence of
their actions; for it 14 mtinitely improbable that, without
a demigned arrungement, the currents in opposite direc-
tions should be exuactly equal so as to destroy oue
another.  Irregulaggies of distribution probably exiat
with regard to the materials composing the interior of
the globe; the resultant electro-magnetic action of the
whole combination, bemg thut of which we witness the
effect, and which may be considered ns due to electrical
currents circulating i direetions parallel to the magnetic
equator round the surface of the earth.

Even in the irrepularities incident to the magnetic
forces derived from the earth, we may discover the ope-
ration of causes which are periodical in their operation.
Thus the diurnal and annual changes of the variation of
the needle may be traced to corresponding changes in the
position of the difierent parts of the earth, with regard
to the sun, in us far as these electric currents are depeg-
dent upon solar influence. The progressive chauges in
the variation, which embrace longer periods of time, are
less easily accounted for, and appear referable to causen
which act at greater depths below the surface of the
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earth; and are probably connected with chemical changes
taking place in the interior of the globe, of which we
can possess no certain knowledge.

On the whole, then, it must be allowed that there are
strong grounds for the belief that there eubsists some
mutual conuexion, or rather an intimate relation and
affinity, between the several imponderable agents, namely,
Heat, Light, Electricity, and Magnetisin, which pervade
in so mysterious a manmner all the realms of space, and
which exert o powerful an influence over all the pheno-
mena of the universe.



BLECTRIOITY. 188

ELECTRICITY.

A oENERAL idea of a science may be more frequently
communicated by a review of the rise and progress of
that science, than by any other means. This remark
applies to electricity with greater force than to many
other branches of knowledge; and in drawing up the
following historical sketch, attention has been paid to the
extrusion of matter which has not instruction for its
object.

The earliest account of electricity, artificially excited,
of which we have any record, is carried as far back as
eix hundred years before the birth of Christ, when Thales,
the Milesian, observed that amber, after having beem
Tubbed, possersed the power of attracting light bodies,
such as feathers, &c. 'We have no proof that much notice
was taken of this fact; indeed it would appear of too
little conseqnence to be much regarded; and it does nol
even seem to have been known that any other substance
resembled amber in ite attractive property after friction,
till about three hundred years afterwards, when Theo-

hrastus mentions that a stonme, which he called the
lyncurium, and which is supposed to be the same with
what we now call the tourmalin, possessed the same

culiarity. From this period commences another chasm
in the history of electricity, of nineteen hundred years®
duration. The commencement of the seventeenth ceutury
may be considered the earliest era at which the science
takes its date. The person who first contributed essen=
tially to its promotion was Dr. William Gilbert, who in
the year 1600, published a book, which contains a variety
of electrical experiments, relative, however, merely to
such substances as had the properties of amber, the whole
of which class of bodies are now called electrics. These
properties as yet excited no general interest; they be=
came not the exclusive ohject of any one’s attention, but
only transiently arrested the motice of those whose re-
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searches extended to every branch of knowledge, how-
ever nnpromisiog and trivial ite appearance. After the
date of Gilbert's volume, additions continued to Le made
to the catalogue of electrios, but nothing of moment war
observed farther, till about seventy years afterwards;
when the celebrated Robert Boyle greatly enlarged the
number of electrics, and discovered that their effects
‘were much increased hy wiping and warming them before
they were robbed; and saw a faint epecimen of the
electric light, from some diamonds which he had rubbed
to give them the power of attraction.

Otte Guericke, of Magdeburg, who was contemporary
‘with Boyle, and justly famed as the inveutor of the air-
%nmp was eminently successfuol in his electrical pursuits.

e constructed a globe of sulphur, to which he applied
his hand while it was whirled round in a proper frame,
by which means he had the pleasure of observing that
he obtained an accumulation of electricity far beyond any
former example, and which enabled him to perform a
great variety of electrical experiments with considerable
advantage. e discovered electrical repulsion, and not
only saw in a state of intensity the electric light of which
Boyle had seen but a glimpse, but heard the sound with
which i is accompanied. He also observed that a feather
when repelled by an excited electric, always keeps the
sameside towards the body which repela it, and that, after
having been repelled it is not again attracted till it has
touched some other body.

The torch of investigation into this subject, had now
become distinctly lighted, and the number of discoveries
increasing with considerable rapidity, kept curiosity alive,
though without many flactuations. Dr. Wall, by rubbing
amber upon a woollen substance in the dark, produced
considerable quantities of electrical light accompanied by
a crackling noise; and he remarked that ¢ this light and
crackling seems, in some degree, to represent thunder and
lightning.” In 1709, appeared a treatise by Hauksbee,
‘which posseased great merit. He repeated and confirmed
the experiments of Dr. Wall, and noticed the sensation
communicated to the hand by the electric spark. He
introduced the important improvement of using a glass
globe instead of a sulphur one, and among other new ex-
periments, relates a method of rendering opaque bodies
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transparent by means of electricity. He lined more than
balf of the inside of a glass globe with sealing wax ; and
baving exhausted the globe, he put it in motion; when
applying his hand to excite it, he saw the shape and
figure of all parts of his hand distinctly, on the concave
superficies of the wax within just as if only uncoated
gure glass had been interposed Letween his eye and his
and. The liuing where it was spread the thionest,
wouid but jost allow the sight of a candle through it in
the dark ; but in some places the wax was at least the
eighth part of sn inch thick; yet the whole appeared
equally transparent. ‘I'he wax did not adhere to the glass
in all pluces, but this seemed an immaterial circumstance.
Pitch answered the purpose as well as sealing wax.

_ Sir Isaac Newton’s discoveries attracted so much atten-
tion that electricity was kept for a time in the back ground ;
but soon after the decease of that great man, the opening
that appeared for new discoveries in it again brought it
forward. Ilitherto the distinction between electrics,
such as amber, glass, &c., which were excited by rubbing,
and those bodies which were only capable of receiving
electricity, appears to have been scarcely thought of.
The distinct view of it was accideutally obtained by
Stephen Grey, in 1729. After many ineffectual attempts
to excite an electric power in metals, by heating, rub-
bing, and hammering, he recurred to a suspicion he had for
sometime entertaived, that, an a glars tube, when rubbed
in the dark, communicated its light to various bodies, it
might possibly at the eame time communicate to them an
electricity or power of attracting light bodies. To ex=
amine into this matter, he provided himself with a glass
tube, three feet five inches long, and nearly one inch and
two-tenths in diameter. 'To each end was fitted a cork,
to keep the dust out when the tube was not in use. His
first experiments were made with a view to determine
whether the tube would attract equally well with the
ends closed by corks, as when they were open. In this
respect there was no difference, but he found that the
corks attracted and repelled light subetances even with
rather more power than the tube itself. He then fixed
an ivory ball upon a stick of fir about four inches long,
and thrusting the end of the stick into one of the corks,
he found that the ball obtained a strong power of attrac-
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tion and repulsion. He varied the experiment, by fixing
the ball upon loug sticks, and upon pneces of brass and
iron wire, and always obtained the same result; also
when be suspended the ball by a packthread from a bal-
cony twenty-six feet high, he still found, at this and all
other heights, that by rubbing the tube, the ball acquired
the same power as in his first experiment.

Grey's next attempt was to ascertain whether electris
city could be conveyed horizontally as well as perpendicae
larly. With this view he fixed a cord tv & nal which
was in one of the beams of the ceiling, and making a loo
at that end which hung down, he inserted his puckthreas
with the ball at the end of it, through the loop of the
cord, and retired with the tube to the other side of the
room, but in this state he found that his ball had no
gower of attraction. A friend of his, to whom he related

is disappointment, suggested that the supporting packe
thread, from ite coarseness, might 1ntercept the electric
power, and proposed to sabstitute a thread of silk. Upon
this chauge being made in the apparatus, the experiments
(which were made by Grey and his friend counjointly,)
completely succeeded, and the ivory ball showed signs of
electricity at the distance of 147 feet from the glass tube.
In sabeequent experiments they increased the conducting
cord, till at length the silken thread supporting it broke.
As they attributed their success, since the adoption of the
silken thread, entirely to the fineness of that material,
they naturally conjectured that brass or iron wire would
be still more advantageous; upon making the trial, how-
ever, they were completely disappointed, for they found
that the ivory betrayed mot the slightest evidence of
electricity. They therefore again resorted to the use of
silk, but used it thicker than before; and by this means
cdnveyed the electric power, without any apparent dimi-
nation to the distance of 765 feet.

Sach were the experiments which immediately led to
the important trath, that though a great number of bodies
had the power of conducting the electric energy, yet there
were other bodies which entirely stopped its course; and
as the former were called conductors, the latter were
called mon-conductors. It was soon fonnd that those
bodies which showed sigus of electricity by rabbing were
always non-conductors, and that those which could not
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be brought to this state, were conductors. Grey cone
tinued a zealous electrician to the period of death, and
made many interesting discoveries, In particular, along
with his friend, he discovered the method of insulating
bodies which were electrified, by placing them upona
non-conducting body, and thus preventing the electricity
they have recerved from immediately flying off.

The grand discovery made by Grey and his friend had
been annonunced but a short time, before another, scarcely
leas importaut, was made by Du Fay, who was intendant
of the French King's gardens. It arose from casually
observing, that though an excited glass tubgyrepelled a
piece of gold leaf, yet an excited piece of gam copal
eagerly attracted the same material. Du Fay found upon
trial, that sealiug-wax, sulphur, resin, and a number of
other substances, yroduced the same effect as gum copal.
To the electricity of those substances which attracted the
gold leaf after excitation he gave the name of the resinous
electricity, as they were most of them resins; and to the
alectricity of glass he gave the name of the vitreoes
electricity, for ne entertained not a doubt but their nature
was a8 opposite as their eflects. Among other experi-
ments, he found it impossible to excite a tabe in which
the air was condensed; and in repeating Grey’s experi-
ments, with a packthread, he perceived that they suce
ceeded better by wetting the line. Hair being a none
conductor, Grey had insulated and electrified a boy by
suspending him with hair lines; on this, Fay, in repeating
this experiment of the effeets of electricity on the animal
body, suspended himeelf by silken cords; in this situae
tion, sparks of fire were drawn from him, on his being
touched by any one, and both he aud the other persom
felt a sharp pain at the instant of contact, which was
accompanied by a snapping noise. *

When another person, by holding a rod of metal,
touched the one that was electrified, the spark was
drawn as before. From this instance of the accamue
lation of electricity, and its being drawn off by metal,
Grey inferred, and in fact, his former experiments i
electrifying insulated substances, has proved, that elece
tricity might be collected in metal, as well as the animal
body, and .drawn off, doring a short interval, as it was
wanted. This suggested to him the propriety of that
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part of an electrical machine now called the prime con-
ductor, which he formed by suspending a piece of metal
pear his excited glass tube, and was enabled to draw
sparks from it. The method of making the prime con-
ductor in the form of a tube was first adopted in Ger-
many, in 1742, where the use of the glube, invented by
Hauoksbee, was revived, and the conductor was at first
suspended by & man stauding upou casks of resin, but
afterwards it was suspended by silken lines. In Ger-
many, alwo, about the same time, a woollen rubber waw
used instead of the hand to excite the globe.

Electricigy bad now become a part of philosophy, and
it had become the duty of sume to study that they might
teach it; whilst others, who were dinposed to the acqui-
sition of koowledge, were incited by the desire of prov-
ing what others had asserted, or the higher motive of
finding out something new. In this conflict of exertion
a discovery was made that may justly be conridered ax
forming an epoch in the history of science, which it
immediately raised to an extraordivary degree of esti-
mation. This discovery consisted in the art of accumu-
lating electricity, by what is now called the Leyden
phial. Towards the close of the year 1715, Von Kleist.
dean of the Cathedral of Camnin, made an experiment,
of which he sent the following curious account to a
friend in Berlin. ¢ When a nail, or a piece of thick bras«
wire, &c., is put into a small apothecary's phial, and
electrified, remarkable effects follow : but the phial.must
be very dry and warm. I commouly rub it over before-
hand with a finger on which I put some pounded chalk.
If a little mercury, or a few drops of spirits of wine are
put into it, the experiment succeeds the better. As soon
as the phial and the nail are removed from the electrifying
+glass, or the prime conductor to which it hath been ex-

is taken away, it throws out a pencil of flame so

ng, that with this burning machine io my hand, I have
taken above sixty steps in walking about my room.
When it is electrified strongly, I can take it into another
room, and there fire spirits of wine with it. If, whilst
it is electrifying, 1 put my finger, or a piece of gold
which I hold in my hand, to the nail, I receive a shock
which stons my arms and shoulders. A tin tobe, or &
man placed upon electrics, is electriffied much stronger
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by this means than in the common way. When I present
this phial and nailto a tin tube, which I have, fifteen feet
long, nothing but experience can make a person believe
how strongly it is electrified. Two thin glasses have
been broken by 1t.” In this experiment, as the phial was
of small dimensions, and as the circumstances essential
to its greateat effects, were not combined, because they
were unknown, the power of the electricity accamalated
was inconsiderable; but, soon afterwards, the art of
giving a strong shock was discovered in Holland, because
the vessele employed happened to be larger. As it was
known that the air, or the partial floating in it, abstracted
the power of electrified bodies, so that even insulation
was no remedy aganst their being in a short time de-
prived of it, an idea svggested 1tself to Muschenbrok,
and some of his friends, that if the electrified body were
entirely surrounded by a non-conductor, the dissipation
of the electricity would in a great measuare, be prevented.
To realise this 1dea, a qaantity of water was put into a
bottle, and electrified till it was thought to be fully
changed ; but here the original invention of the experi-
ment was lost sight of, by an unexpected result which
awallowed up all their aMention. Happening to hold
the bottle in one hand, while he endeavoured to disen-
gage it from the conductor with the other, he suddenly
received a shock, which shook many of his joints, passed
through his breast, and in a great degree, stonned and
terrified him. In this manner was first discovered, what
atill continues to be called the electric shock. It exciteh
a smile, to observe the terms in which the shock is
spoken of, by several of those who first submitted to its
e'&gcts. One who tried the experiment with a thin
bowl, wrote to his fricnd afterwards, thut he felt himself
struck in his arms, shoulders, and breast; that he lost his
breath for a time, and did not feel himself well again for
the space of two days. He adds, that he would not
have taken a second shock for the whole kingdom of
France. Other philosophers, however, were found, who
had the resolution to take several shocks of great inten=
sity; and one of the most hardy wished that he might
die by the electric shock, in order that his death might
farnish an article for the memoira of the Parisian Aca~
demy.
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After the art of giving a shock by means of a phial or
jar bad been discovered, the art of combining several jars,
80 as to unite their powers in one discharge sova followed,
and this improvement constituted what is now called a
HBattery. 1t was made by Dr. Franklin, and resulted from
his reflections on the phenomena of the Leyden phial with
a conducting substance which communicated by a wire
with the person who discharged it, the strength of the
shock was exceedingly increased ; and that unless some
eonducting substance was in coutact with the outmide of
the jar, no charge could be given. Dr. Franklin, in ac-
coonting for this circumstance, suggested the idea that a
charged phial or jar contained no more electricity than
before ; but that as much was taken from one wide as the
other had above its natural portion, and that to discharge
it, nothing more was necessary than to make a communi-
cation between the two sides, and the equilibrium being
by this means restnred, no vigns of electricity remained.
He also demonstrated by experiments, that the electricity
did not reside in the coating, as had been supjosed, but
in, or upon the glaes itself. Afltera phial was charged he
removed the coating, and found that upon applying a new
coating, the shock might be received. When to any body
or surface, was attributed the property, according to this
theory, of haviog more than its usual portion of electricity,
the Doctor proposed to distiuguish its state by the term

or positive; when the body or surface had less than
its usual share of electricity, its state was distinguished
by the term minus or negative. These terms answered
the same purpoee and ex d the same things as those
of vitreous aud resinous, but they were supposed to be so
much more appropriate, that their admission into the lan-
guage of the science soon became complete. 1t ma{ only
therefore be necessary to remark here that bodies electri-
fled plus or positively, are those possessed of vitreous
electricity ; while thoseelectrified minus or negatively, are
mnd of what was termed the resinous electricity.

former seek every opportunity of imparting, and the
other of receiving electricity. This consideration of the
mubject induced the supposition, that if the insides of se-
veral jars were connectsd by means of a conducting sub-
stance, and their outsides connected with each other in
like manner, they would receive and impart a charge like
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a single jar, with the difference only of power, whick
would be increased in proportion to their number and
size; and thus a battery of any force could be obtained.
By a battery it was found that small animals might be
instantly killed, as if struck by lightning, and these con=
vincing examples of its power induced philosophers, where
life was coucerned, to be more cautious in the use of it
than they had been with the jar; but experiments of other
kinds were prodigiously multiplied. It was proved that
the electric matter might be conveyed to distances much
exceeding what had yet been conjectared; Dr. Watson,
bishop of Llandaff conveyed it four miles, a distance which
it traversed instantaneously. Inanother experiment made
by the Ductur the electric matter was conveyed by a wire
through the river Thames, and spirits were kindled by it
afterit had run this watery circuit. In other experiments
it was conveyed nine miles, and a shock has been sent
through 1200 men with a force inconceivably rapid.

The fi-ld for electrical experiments had now become
very extensive, but there still wanted data that might
lead to some knowledge of the nature of the principle
thus brought into action, aud of the various circumstances
that were essential to its production. Dr. Watson, how=
ever, made some experiments which tended to these points.
Having rubbed a glass tube while he was insulated, by
standing on a cake of wax, in order to be electrified, he
found that no snapping could be drawn from him by ano-
ther person whe touched any part of his hody; butif a
person not electrified held his hand near the tube while it
was rubbed, the spapping was very sensible. He also
observed that if an electrical machine, and the person
who turned it, were suspended by silk, no fire was pro-
duced; but if he toached the floor with one foot, the fire
appeared upon the conductor. From these and other ex=
periments of a similar nature he inferred, that glass tubes
and globes only afford the means of obtaining the elec-
tric energy, which does not reside in them, but is derived
by them from some external source.

Dr. Fraoklin's explanation of the phenomena of the
Leyden jar, and of positive and negative electricity, was
iven in the course of a correspondence With Mr. Collinson,

England, to whom he also communicated a curious
important observation on the power of points in drawing
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and throwing off the electric matter. The first intima=
tion of the latter particular he derived from one Thomas
Hopkinson, who electrified an iron ball of three or four
inches in diameter, with a needle fastened to it, expecting
to draw a strooger spark from the point of it; but his
expectation was entirely frustrated.

The attention of those inclined to philosophical pur-
suits in Philadelphia, had been directed towards electri-
city by the care of Mr. Collinson, who, in 1745, had sent
to the Library Company in that city, an account of the
extraordinary experiments then performing in Europe, to-
gether with a tube, and directions for its use. Bat
Fraoklin's eagerness in the research, and his success in
making discoveries, exceeded that of all his friends. In
1749, he suggested an explanation of the phenomena of
thnnder-gusts, and of the aurora borealis, on electrical
rrinciples; he pointed out many particalars in which the

ightoiog and electricity agreed ; and in adverting to the
power of pointed rods in drawing off lightning, he sug-
posed that pointed rods of iron fixed in the air when the
atmosphere was loaded with lightuiog, might, without
noise or danger, draw from it the matter of the thunder-
bolt into the body of the earth. He says, * The electric
fluid is attracted by points. We do not know whether
this property be in lightniog; but since they agree in all
the particulars in whick we can already compare them, it
is not improbable that they agree likewise in this: let the
experiment be made.” The earliestobservation, it will be
recollected, on the similarity of electricity and lightning,
was made by Dr. Wall. On the supposition of the iden-
tity of lightnivg aod electricity, Franklin immediately
saw and pointed out, that houses and ships might be se-
cured from lightoing by pointed iron rods, which shoald
rise some feet above the most elevated part of them, and
descend some feet into the ground. But while he post-
ed the completion of his views, on account of the
‘want of a proper building in Philadelphia for his parpose,
they were realized in Frauce, by the followiog means, and
produced incredible surprise.

Franklin having communicated regular accounts of his
proceedings aund theories to his friend Collinson, who
published them for the information of the world, they
were soon extensively circulated, and trauslated into
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different langnages. In France the principles of Franklin,
and several of the experiments by which they were sup-
ported, soon became familiar to some of the principal
philosophers, and several of them, among whom were
DrAlibard, and De Lor, determined separately to under-
take the experiment. Frauklin had proposed for bringing
lightning from the clouds. D'Alibard prepared his
apparatus at Mary-la-ville, aboat five or six leagues from

aris : it connisted of an iron rod forty feet long, the
lower extremity of which was brought into a sentry-box,
where the rain could not come; while on the outside it
was fastened to three wooden posts by long silken strings
defended from the rain. In his absence he entrusted the
care of the macline to a joiner of the name of Coissier,
a man of seuse and courage, whom he furnished with
directions how to praceed in case of a thunder-storm.
On the 10th of May, 1752, Coissier heard a clap of thun-
der between two and three in the afteruoon. He ranm to
the apparatus, for D'Alibard was then absent, and drew
sparks from the rod, in the presence of several witnesses.
Eight days afterwards, De Lor proved equally successful
with his apparatus.

While the lanrels with which posterity should crown
the memory of Franklin were thus springing up in Europe,
where his character now hecame emblazoned with a
general admiration of which he wasignorant, he had him-
self devised the means of easy access to the elevated
regions of the uir. He concluded that a pointed rod of a
moderate height would not auswer, and therefore did not
try one; but it occurred to him that a common kite, such
as children amuse themselves with, would reach any
height he wished. He accordingly prepared one of silk,
that it might not be injured by rain, the straight piece of
wood up the middle of it was pointed with iron, and af
the first approaching thunder-storm, he went to a conve-
pient gituation for ruising it. He was assisted by his son
to whom alone he communicated his intentions, possibly
with a view to avoid the appearance of premature boast-
ing if he should be unsuccessful. The string of the kite
was of hemp as usnal, except at the lower end, which
was of silk. Where the hemp terminated was fastened a
key. After the kite had been raised, a thunder-cloud

N
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passed over it ; bot no electricity appeared. Disappointe
ment appeared to be impending; when suddenly wome
loose fibres of the string agpemd to stand erect and to
avoid ope another, as if they had been suspended by
the conductor of a common electrical machine; he
presented his knuckle to the key, a strong spark ensued,
and as soon as the string became wet, the supply of
electricity became copious. Ile afterwards prepared an
insulated iroun rod, to draw the lightning into his house,
and by means of real lightning, he performed all the
experiments usnally executed by means of electrical
machives. This memorable experiment was tricd in June,
1752: the French philosophers hud therefore the prece-
dence in point of time; but tbey only trod in the path
which Fraokliu had explicitly pointed out.

‘When the method of giving the electric shock had just
been discovered, such was the influence of the feelings
it inspired, that maoy of those who received it appeared
to think no terms too extravagant to convey an idea of
the violent effects of a charge which may be borne by a
child; bat now the time for real terror had arrived ; and
many who incautiously adventured to bring down the
ethereal fire, suffered much by violent shocks, while they
incurred the most imminent hazard. Ia one ipstance a
fatal catastrophe ensued, and we shall record it for the
sake of strongly impressing upon the young electrician
the necessity of caution. On the 6th of August, 1753,
Professor Richmap, of Petersburg, was making experi-
ments on lightning drawn into his own room. He had
provided himself with an instrument for measuring the
quantity of electricity communicated to his apparatus,
and as he stood with his head inclined to it, Solokow, an

graver, who was near him, obrerved a globe of blue
S:e, as large as his fist, jamp from the instrument, which
was about a foot distant, towards his head. The pro-
fessor was instantly dead, and Solokow was also much
hert. The latter could give no particular account of the
way in which he was affected ; for, at the time the pro-
fessor was struck, he stated, that there arose a kind of
steam or vapour which entirely benumbed him, and made
him sink down to the ground, so that he could not even
remember to have heard the clap of thunder, which was
very loud. The globe of fire was attended with an ex-



FLECTRICITY. 195

plosion like that of a pistol ; the inatroment for measuring
the electricity was broken to pieses, aud the fragments
thrown about the room. Among other effects of the
lightoing in the chamber, the door-case was found to be
half split through, and the door torn off, and thrown inte
the room. A vein was opened in the professor's body
twice, but no blood followed ; after which attempts were
made to recover life by friction, but in vain; upon turning
the body with the face downwards, a small quautity of
blood ran out at the mouth. There appeared a red spot
on the forehead, from which came rome drops of blood
through the pores, without breaking the skin. The shoe
belonging to the left foot was burst open, and on une
covering the foot, at that part was found a blue mark;
whence it was inferred that the electric matter, having
entered at the head, made its way out again at that foot.
Upon the body, particularly on the left side, were several
red and blue spots, resembling leather shrunk by heat;
and many more became vistble over the whole body,
particularly over the back. That vpon the forehead
changed to a brownish red ; but the hair of the head was
not ringed. In the place where the shoe was unripped,
the stocking was entire ; the coat also was wholly unin-
jured, and the waistcoat was only injured on the fore-flap
where it joived the hinder. On the back of Solokow's
coat appeared long narrow streaks, as if red hot wires
had burned off the nap. In forty-eight hours the pro-
fessor's body was 8o much corrupted, that the removal of
it was exceedingly difficult.

But it has been left to our own times to effuct the most
important discovery of the utility of electricity—the
electric telegraph: by which an instantaneous communi-
cation ix established between every town and village ofi
any consequence thronghont the United Kingdom. This
invention was finished in 1848; it is conducted by means
of five wires of zinc and copper laid in tubes under ground,
and connected with metallic plates at the various stations
of each town. By this discovery, intelligence is imme«
diately conveyed throughout the length and breadth of
the land. For example, when her majesty Queen Victoria

ed her parliament in 1848, the printers in various
of the kingdom, hundreds of miles distant from
don, were actually employed in putting ber speech in
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while she was apeaking. The speech was telegraphed
zpiet was deliven-d,g or eight words at a time; and
the inbabitants of the remotest dintricts were gratified in
baving it in their power to peruse the speech from the
throne, almost as soon as the denizens of London them-
selves.

‘We had scarcely ceased to wonder at the achievements
of the electric telegraph,—conveying intelligence between
places, hundreds of miles apart in the twinkling of an
eyelid, when we were called upon for wonderment at a
still more extraordinary invention—it is that of the
¢ FElectric Light.” Several tnals of this light have been
made; and it is averred that it will supersede the use of
all other artificial lights; that by its iutense brilliancy
darkuess will be dispelled ; that iu point of safety, cheap-
nees, and efliciency, 1t will far surpaes all other inventivus
for illuminating ; that there i8 no smoke, no vapour; that
it can be lighted up and extinguished by the touch of a
child ; that it is inexhaustible, and may yet be put out 1n
a moment. It is expected to be seen careering ar a pillar
of fire on the railways, and spreading its rays across the
turbulent waves from the distant steamer. It will Le
from the lighthouses a gem bound on the dusky brow ol
night. Such are the fond expectations. Patents have
been recured, and companies are in course of organization
for dispensing the blessings ot this wonderful invention.

——

’

REMARKS ON ELECTRICITY.

Electrical Clock.—This machine, which is exhibited in
Geneva, is especially remarkable on account of its extreme
simplicity, is8 composed only of a pendulum, a large
wheel, two escapements, and a quadrature. Such are
the visible parts: we must, however, suppose that a
pinion and a wheel make the communication between the
great wheel and the quadratore. The pendulum at each
vibration, causes one of the escapements to advance the
great wheel one tooth, which, after this movement has a
pause making the dead round. As there is nmo metallic
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moviog power to set the machine a-going, we find, on
examining, what keeps up the motjon, that the pendulam,
which is almost out of proportion With the clock,descends
into a cnse; and there, at each vibration, the ball or bub,
which is furnished with a conductor, approaches alter-
nately two poles, tv which voltaic piles supply their
portion of electricity. o that the pendulum, when once
put in motion, retains it by meuns of the electricity alter-
nately drawn from the two pole«. Thia machine, which
is equally simple and iugenious, is worthy of the attention
of the artist. Perhaps other interesting results may be
obtained by employing the electric fluid as a moving
power, however shight the force such an agent may seem
capahle of communicating.

In drawing up the preceding sketch, we omitted to men-
tion that although the chief technical terms belonging to
the subject have becn in a good measure explained, put
to render the referenco to them more easy, we shall here
explain them more fully.

All bodies which admit electricity to pass through them,
such as gold, silver, copper, platina, brass, iron, quick- .
silver, lead. &c, are called conductors of electricity; the
same bodivs are often called non-electrics.

All bodies which are impermeable to electricity, such
as glass and vitrifications, precious stones, amber, jet,
sulphur, wax, silk, cotton, resinous snbstances &c., are
called non-conductors of electricity ; they are also called
electrics with almost equal frequency.

We have already observed that electricity is found to
be of two kinds, which are generally distinguished by
the appellations of positive and negative. In what the
difference of these electricities consists has been much
contested; but we coincide with Dr, Franklin, who
argues that when bodies are electrified positively, their
electricity is redundant or greater than their natural
quantity; when they are electrified negatively, he sup-
poses that part of their natural quantity of electricity 18
abstracted. . .

The cause of electricity is supposed to be a fluid, which
in therefore called the electric fluid.

Any electric body, the surfaces of which possess the
two different electricities, is said to be charged.
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ELECTRICAL APPARATUS.

‘We will now notice shortly, the principal machines by
which electricity may be accumulated and accomodated
to the purpuse of experiment; and then proceed to the
consideration of the theory of electricity.

The simplest kinds of electrical apparatus, such as glass
tubes, rolls of ecaling wax, cakes of resin, &e., require
no separate description, as they will be sufficiently under=
stood by their names.

The cylinder machine, which is most commoniy used,
is better known by the name of the Electrical Machine.
‘The cylinder, couductor, rubber, and pillars should, when
it igin uee, be perfectly dry, and to ensure tiis they should
be rather warm than otherwise. ‘I'he machine is supposed
to be in order and a commuuication made between the
rubber and the ground by means of a chain ur prece of

. wire attached to it; on turning the cylinder, the vlectric
Buid, in the form of sparks, accompanied by a snapping
noire, may be drawn from the prime conductor by pre=
senting to it the kunuckle or any blunt umnsulated con-
dactor. If any pointed body, such as a needle, be pre
sented to the conductor while the cylinder is turned, a
star or globule of light will be seen at the puint, but no
noise will be heard.

The Plate Machine.~When glass was first used as the
electric of a machine, the form of a glube was adopted ;
but afterwards the cylinder, as above mentioned, was
found more convenient and economical. Dr. Ingenhouz,
however, introduced the use of a flat cylinder plate, turn-
izg on a horizontal axis in the manner of a wheel, and
the machine thus constructed has many good properties ;
it is mmple, elegant, compact, and powerful. The most
powerful electrical machine ever made was of this de~
scription, for the museum at Haarlem.

The Electric Jar.—Electricity, derived from the con=
ductor of a machine, is accumulated, and for a time pre=
served by means of electrics coated with conducting
substances. Glasa is the electric moat usually employed,
and the form generally selected is that of & jar.  Leyden
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phial” is synonimous with “electric jar.” In selecting
Jars for electrical purposes, care should be taken to have
the glass equally thick in every part. When a jar is de-
fective in this respect, it will break in the thinnest part
if strongly charged.

'The Electric Battery is formed by combining a number
of jars, in a wooden box of a size adapted to the number
of jars it is to contain, not quite so deep as the jars are
high, divided into compartments, each of which will re-
ceive only one jur. A powerful battery may be formed of
wine bottles ; but they must be coated and furnished with
a wire in the same manper as ordinary jars.

Electricity may be obtained in a great numbher of ways
as well as by friction, insomuch that we have reason to
consider this poweras a universal agent of pature. 1. It
is produced by the heating Or cooling of a variety of sub=
stances. 2. By the evaporation and condensation of
vapour. 3. By the natural changes in the atmosphere.
4. By the will of certain animals. 5. By the action of
certain hodies on each other when in contact.

The Flectricity cvolved by heating and cooling bas been
sometimes called spontaneous electricity. If sulphur be
melted in an earthen vessel, and then left to cool in the
same vessel upon conductors, it will, upon being taken
out after it is cold, be found strongly electrical : but if
left to cool upon electrics, no snch effect ensues. If
sulphur be melted in a glass vessel, and left to cool, hoth
the glass and the sulphur acquire a strong electricity ;
but the electricity is stronger when they are cooled upon
electrics than when cooled upon conductors; and if the
glass vessel be coated with metal, the electricity acquired
is stropgest of all.

The Electricity evolved in evaporation and condensation
of vapour—Volta discovered that bodies from which
water had evaporated showed sigus of negative electri=
city, by which it appears that water, in the state of va~
pour, retains a larger portion of the electric fluid than in
the state of water. Exceptions have, however, been
taken to this rule: 1. If water be evaporated by contact
with a red hot piece of rusty iron, it will leave the iron
electrified positively ; but the iron will be negatively elec~
trified if notrusty.” 2. If water be evaporated by throw-
ing into it impure red hot glass, (such as the glass of
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hottles,) the vessel, or the remaining water will be elece
trified poritively.

Atmospheric Electricity—Since Franklin and his cone
temporaries first drew lightning from the clouds, and ex-
hibited with it the whole series of electrical phenomena, no
experiment bas ever been devised, which could throw a
shadow of doubt on theidentity of lightning and electricity.
Accordingly, lightning is only to be consdered as » name
for a vast accumulation of electricity; or electricity as a
pame for small (uantities of lightuing. When we con-
eider the sharpuess of a spark supplied by a few inches
of glass, we cannot hesmitute to nllow that the effect of
the spark drawn from a thousand acres of cload must be
violent in the extreme.

The atmosphere almost at all times affords signs of
electricity, and it may be proper to advert here to the
means commonly used to discover it. Cavallo’s electro-
meter is a very useful instrument for this purpose. By
holding it up a few feet above the ground the pith-balls
will gradually diverge, and the kind of electricity may
be ascertained by touching it with auy excited electrc,
observing that the electricity of the instrument in this
case, is the contrary of that of the atmosphere.

1nstroments have been vented, called multiphers and
doublers of electricity, intended to be used where extreme
delicacy of examination is proposed; but the action of
these is rather of a dubious nature, and we shall pass on
to a short potice of

The Flectric Kite, which, as we have already observed,
differs in no respect from those used among cluldren, ex-
cept that the paper is covered with drying linseed-oil, to
prevent its being destroyed by the rain, and a slender
wire i8 interwoven with the string to render it a better
conductor. It is, however, doubtiess known to every
one, that there is a considerable difference amoong chil-
dren's kites in their flying properties; some of them,
under every favourable circumstance of wind and size,
can scarcely be raised or kept aloft by any exertion, so
that the pertinacity of infantine perseverance, in affairs
of sport, is almost exhansted in attendiog to them. We
shall therefore give the proportions that will cerhinl{
answer well, and as thesv may be observed with so mac
facility, we presume it will not be required that we
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shonld devote a sentence to the consideration of how
much they may be deviated from without hazarding the
convenience of raising the machine. The straighter and
the bow, should, when the latter is open, be of the same
length, reckoning the length of the straighter from the
pluce where it is notched to the bow. By this means
when the bow is in its place, the cord which connects its
extremities, passes over the straighter at the distance of
one third of its length of the latter from its end; and the
tapering of the kite therefore commences at two thirds of
its length from its poiuted extremity. ‘The cord to which
the cord for raixing the kite is attached, is fastened by
hoth enda to the straighter, and at one sixth of the whole
length of the kite from the extremity. The length of the
cord may be about equal to that of the straighter. The
cord, the length of which regulates the distance of the
tlight of the kite, must be attached to such a part of the
cord fastened to the straighter, that the kite if suspended
by it, without a tail, shall remain horizontal, that is, it
shall be jnst opposite the centre of gravity of the kite;
and if the weight of paper on each side of the straighter
i8 not equal, it should he made so by putting on ad-
ditional peces. The tail of the kite should be at least
seven times the length of the straighter, and it should be
ioaded-in nbout twenty different places with some such
material as rolls of paper, and a ball or heavy roll of the
same kind at the extremity. The proper weight of the
tail is easily ascertained by a few trials. The straighter
should be made of fir, and the bow cannot be made of
any thing better than a light hoop. A kite thus com-
atructed will be easily raised with a moderate wind to a
great height. A kite four feet high is very convenient
for electrical purposes.

In an electrical point of view the whole power of the
kite cousists in the string; it is, therefore, of little use
to coat the straighter with tinfoil, or tip it with iron as
some have proposed; but it is important to make the
string a good conductor. FKor this purpose the simplest
mode is to wet it; but it is better still, to use with two
threads of common hemp oneof the copper threads used for
trimmings.

The highest idea which the ancients could form of
omnipotence, comprised the exclusive ability of directing
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4he thunderbolt; the power of which they considered to
be abeolutely irresistible, and the command of it im-
measurably removed from human control. If then weak
man venture to interfere with this astonishing agent of
Bature, let him remember its tremendous power, and not,
for a moment, forgo the precautions that ¢nsure his sufety.
In serene weather there never is any danger in raising the
kite; but it is always vnsafe to raise it during a thunder-
storm, or while black clouds are hovering overhead ; for
the quantity of electricity brought duwn will often be
very great, although there may be no thunder. When the
electricity duripg a storm is intended to be observed, the
kite ehould be raised while the air 18 yet tolerably clear;
at the lower end of the conducting line should be attached
three or four yards of silk cord covered with wax, that it
may pot, by getting dump, readily become a conductor.
From the termination or scme othier partof the conducting
line, a chain of sufficient length to reach the earth should
be faetened, or instead of it, when jars are to be charged
and other experiments are to be made, a elender wire may
reach from the condncting Iine to an insulated prime con=-
ductor. This conductor should be furnished with 8
quadrant electrometer, that the strength of the electricity
may be determined by inspection. The wire connecting
the string of the kite and the prime conductor should not
be stretched, to prevent the motions of the string or the
conducting line from throwing down the conductor. In
making experiments with an insulated string, especially
when a storm is apprehended or actually present, 1t would
be proper to bave a rod of iron or some other good con-
ductor in direct communpication with the earth, and within
an inch or two of the string, so that notice would be
given of the descent of any unusual quantity of electricity
by the snapping between the conductor and the string,
::g the operator would have time to provide for his

Al?er experiments with the electrical kite had proved
that lightoing could be drawn from the clouds, it ceased
to be a dounbtful question whether buildings might not be
saved from destruction by lightning, if they were furnished
with proper conductors. But a controverry arose as to
the best form for them. 1t was maintaived by one party
that they should bave blunt terminations; by another
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that they should be pointed. A number of experiments
made under the inspection of the Iuyal Society, decided
the question in favour of pointed conductors, and ne
others are now in use.

An effective conductor should rise eight or ten feet
above the highest part of the edifice it is intended to
secure, and should terminate in several short branches,
each of which must be pointed, 1n order that if one or
more be melted by the hghtning, the rest may perform the
office assigned them. The conductor should not be
smaller than half or three quarters of an inch in diameter,
and as its effects would be injured by rust, the upper
part of it shonld be copper. 1t should not descend very
close to the mde of the building, aud care should be taken
to direct it from the house towards the foundation, and
terminate it il possible in moist earth or water under
gronnd.

Personal security, during a thunder-storm forms another
object of importaut consideration. Persons apprehensive
of lightning should sit in the middle of a room, not under
a metal luatre or any other conductor, and place their feet
on another chair. A precaution of this kind is the easicet
that can be olserved, and ensures a high degree of safety.
But the place of most perfect eafety is the cellar, and
especially the middle of it; for when a person is lower
than the surface of the earth, the lightning must etrike it
before it can reach him. It is therefore most probable
that it will become immediately diffused and not enter the
cellar, especially af it be not damp.

The best situation for a person who happens to be in
the fields during a thunder-storm, is, not immediately
under a tree, but within a short distance of it, as the
lightning generally strikes first the highest and best con-
ductors. . . .

Animal Flectricity. There are three species of fish
which possess the power of giving an electrical shock;
viz., the torpedo, the gymnotus electricus, and the silurus
electricus. .

The Torpedo has been known from the most ancient
times, but the wonderful accounts of its power were till
recently regarded as fabulous by those who had not wite
nessed them. The torpedo is a flat fish, of the ray tribe,
very seldom exceeding twenty inches in length and twenty
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pounds in weight, It inhabits the Mediterranean and the
North Seas. If the torpedo either in the water or out of
it, be touched with one hand, it generally communicates
a slight shock to the hand ; but the sensation is felt in the
fingers of that hand ouly. If the torpedo be touched
with both hands at the same time, one being applied to its
under, and the other to its upper surface, a shock will in
that case be received. which 18 exactly like that given by
the Leyden phial. ‘The animal is supposed to stupify its
prey by this siogular faculty.

The Gymnotus Electricus, or the electrical eel, is gene-
rally of the length of three or four feet, of an unpleasant
appearance, aud much like a large eel, but thicker in
proportion to ita length, and always of ablackish brown
colour. It is found in the hot climates of Africa and
America.  This animul has the power of giviog au
electric shock to any pwrson, or to any number of persons
who join hands togetiter, the extreme person on each
side touching the fish.

Of the third tish capatle of giving the shock, but few
particulara are known. 1t is called the Siluras Elvctricus,
and is found in the rivers of Africa. It is sometimes
found to excved twenty inches in length. The body of
this fish is oblong, smooth and without scales; the electric
organ seems to be towardw the tail, where the skin is
thicker than on the rest of the body. It is merely said
m general that it has the power of benumbing hke the
torpedo, but we have scen no details of experiments made
with it.

FElectrical Cohesion.—The force with which electrified
bodies remain in contact, has, instead of attraction, been
called electrical cohesion. Ao amusing instance of this
is seen in Symmer's experiments on silk stockings. He
had been accustomed to wear two silk stockings on the
same leg, one of them white, the other black. When
these stockings were drawn off together, nothing remark-
able appeared; but if, while they were both on, he rubbed
hie hands several times over them, and then drew off the
outer or black one by itself, he heard a crackliog noise,
and in the dark perceived sparks of fire between them.
‘When the stockinge were separated, and held at a distance
from each other, both of them appeared to be Mfahcl{
excited; the white stocking positiyely, and the b



ELECTRICITY, 206

stocking negatively. While they were kept at a distance
from each other, both of them appeared inflated to such a
degree that they exhibited the entire shape of the leg.
Two black or two white repelled each other with con-
siderable force; but a white and a black one, would, if

rmitted, rush together with surprising violence ; their
inflation subsiding at the same time, and entirely ceasing
when they were iu contact. (n separating them their
electricity was renewed. At first Symmer found that it
required a force of from one to twelve ounces to separate
them ; and at another time they required seven ounces to
separate them, which was twenty times the weight of the
body that supported it. Flectricul effects will be obtained
by rubbing with the hand any small pieces of black and
white silk in hke mannper.

Medical Electririty. —1n the infancy of -electricity
accounts were multiplied of cures next to miraculous
periormed by means of this newly acquired power; but
upon closer investigation 1t appeared thbat most of these
either bad no existence, or wers exaggerated by weak or
interested men, and that mischiet rather than benefit had
occasionally been produced. The error of the early
electricians counsisted in giving strong shocks, which
experience has shewn to be nearly in all cases improper.
¢ One thing, however,” says (‘avallo, * appears to be a
little remarkable in favour of electricity as a medicine,
that though it has often fallen into the hands of very
unekilful and injudicious persons, who have applied it at
random in all cases, without being capable of distinguish-
ing either the nature of the disorder, or the degree in
which it ought to be administered, yet it haa seldom been
known to be attended with any bad effects; the patient
generally has been relieved, and very frequently cured,
but the ill consequences have been even more rare than
those of inoculation. Electricity differs from other medi-
cal applications in this, that it acquires not 0 much a
thorough knowledge of the distemper, as a pecoliar nicety
in conducting the operation. For, however paradoxical
this may appear, it is certain that the eleetric ehock is by
no means prejudicial £o persons in health, and therefore to
electrify a sound part of the body along with a diseased
one can do no harm. The degree of electrization must be
regulated rather by the patient's feelings, than by the
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species of disease, and therefore nosology is not aun indis-
peosably necessary branch of science to the medical
electrician. ‘There can be no doubt, however, that medical
electricity will have every chance of being best apphed,
as weil as improved by skilful physiciany and surgeons,
whose knowlege of avatomy as well ns nosology, will
enable them to direct the electrical fl ud to the most
proper part of the body, and to pass it through the most
minute vessels, according to the nature of the disease,
and the part of the body uffected.”

Insensible perspiration is one of the moat important
functions of the enimal frame; and asit 1 promoted by
-electricity, it may fairly be iuferred that electrierty pro-
mises to render signal services in casen which will yield
to no other power. The power of electrici'y over the
blood, also, is evidenced by the fact of itx jucreasing the
force of its circulation. Thus on insulating and elec-
trifying persons who have been bled in the arm, t'e blood
bas sprung up to a greater distauce thun hefore. ‘The
same treatment will caose a fresh wonnd to bleed anew,

The medical application of electricity requires but few
instruments in addition to the common electrifying
machine. An electric jar, snited with Lane's electrome-
ter; an insulatiog stool of such a rize that an or hinary
chair may be set on it for the patient to sit in, and a pair
of simple instruments called directors, are all that are
necessary.

In the medical application of electricity it is of import-
ance to begin geutly, and to persevere for some time.
At first the electric fluid should be drawn by a metallic
poiot, the person being insulated and connected with the

rime conductor, and the metallic point commumeating
with the earth. 1f after some days trial no abatement
of the disorder ensues, and the electrification has not the
favourable effect even of impartiog an agreeahle warmth,
the electric fluid may be drawn by means of a wouden
int ; next to a wooden point are aparks, and after these
ow shocks. The electrification, whether in using the di-
rectors or otherwise, may be made through the clothes,
amless they be very thick. In administering small ahocks
‘throngh thick clothing, it will be proper to pass metallic
p':;:u through the clothes so as to be in contact with the

L]
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In disorders of an inflammatory nature, electricity, as
it is a stimulant, should not be resorted to, unless at the
commencement of those of a slight and local nature, as
of a catarrh, inflammation of the eyes, and swellings
where suppuration has pot actually commenced. In
chronic rheumatism, and chronic complaints in general,
electricity may always be applied with safety, and even
if it should not effect a cure, it seldom fails to afford re-
lief. The toothache, when of rheumatic origin, and un-
attended with caries, seldom fails to yield to this appli=
cation. Dr. Samuel Perry, of New Bedford, America,
nuccessfully applied electricity in two instances of locked
jaw, after bleeding, cathartics, antismodics, the warm
bath, and opium applied internally and externally had
totally failed. In one case the complaint was entirely
removed by three shocks, in the other by an occasional
ghock for a few days.

There is one method of applying electricity, the value
of which has not as yet been fully ascertaiued ; it is that
of electrifying a bath, whether of warm or cold water.
This may be accomphished by lining the bath with non-
conducting substances.



208 PANORAMA OF SCIENCE,

GALVANISM.

TaE electricity evolved by the mere contact of cun-
docting substances is called galvanism; a name given
to tbis branch of science in compliment to Galvani, a
celebrated physiologist of Italy, whouse investigationw
first directed the attention of the public to the phenomena
it comprehends.

While Professor Galvani was employed in dirsecting
some small animals, his wife observed that a dead frog.
lying mear the prime conductur of a common electrical
machine, was much agitated when one of his assistant«
happened to bring the poist of a scalpel near its croral
nerves; Galvani, on being apprised of the circumstance,
endeavoured to obtain a repetition of the eflect, and
fouud that the convulsions of the animal could be pro-
duced at pleasure, by drawing a spark from the prime
conductor, at the time the scalpel was in contact withthe
nerve.

The novelty of the fact which he had thus been led to
observe stimulated him to pursue with ardour the track
which had been opened to his view. Iis experiments
were accordingly numerous, and he developed many in-
teresting facts, which he communicated to the pubdlic in
a work published in 179]. He found that a prepared
frog, that is, the hind legs of a frog with its crural
nerves laid bare, constituted an electrometer of exquisite
-delicacy, being agitated by degrees of electricity far too
minute to affect the best inorganic electrometer. An
entire frog did not evince the same susceptibility, because
its course was more extended. Electricity drawn from
the atmosphere in the ordinary manner by means of a
kite, uced the same effects on animals, according to
its ity, as that of the machine.

Accident soon assisted Galvani in his researches:
baving suspended some frogs from the iron palisaden
which surrounded his garden, by means of metallic hooke
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*
fixed in the spines of their backs, he observed that their
muscles contracted frequently and involuntarily, as in the
case above mentioned from electricity. Heat first
that these effects might be dependent on a
state of the stmo:ghere ; but this conjecture was refated
by the discovery that the same movements could be
duced at any time, by touching the animals with
different metals, which at the same time touched one
another, either immediately, or by the intervention of
some other substauce capable of conducting electricity.
The contractions were strouger when a metallic coating
such as tinfoil, was applied to the nerve.

Galvani szggosed that the convulsions he had observed
were produced by a disturbance of the electricity ine
herent in animals, which was identical with the nervous
fluid, and that the metallic substances employed had not
any other effect than that of trausmitting the electricity
from the muncles to the nerves, or from the nerves to the
muscles, or two parts of the same muscle, provided two
different metals were used. To explain the phenomena,
ke had recourse to the experimenta of Bennet, who had
some time before observed, that when plates of different
metals were brought into contact, one of them trans-
mitted a portion of its electricity to the other, and when
separated, they evinced signs of opposite states of elec-
tricity. When the plates, for instance, were one of
copper, and the other of zinc; the former, while the two
‘were in contact, gave a portion of its electricity to the
latter. Hence, when they were separated and examined
by the electrometer, the copper exhibited signe of
tive electricity, and the zinc those of positive. Volta
therefore concluded, that the electricity evolved in the
experiments in question, arose from the contact of the
different metals, and the convulsions of the animals oper-,
ated upon, were merely the consequences of the. stimulus
applied to their merves and muscles, which were thus
evinced to be most delmg glectt;onﬁ't:?. of tval E

The first e Or € in the ry of galvanism,
must be eon:it;gred that in which it was observed that.
excited electricity produced muscular contractions in
dead animals; the second, is that in which it was obe
served that different metallic bodies, by mere contact,
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produced the same kind of contractions; the third, and
most remarkable one, commences with Volta's admirable
discovery of the meaos of accumulating the galvaunic in-
fluence  This invention, which justly confers so much
celebrity on ita author, is, in galvamsm, analagous to
that of the Leyden phial in common clectricity, and be-
came, like the phial, the precursor of the most brilhant
discoveries ; and philosophers can indeed as yet form
but a very imperfect judgment of the consequences to
which it will lead. It is called the Voltsic jule, and
cousists in combining the effects of a number of plates
of different metals, by which means a gulvanic battery,
capable of giving a shock, is constituted.  As silver and
zinc had been found, when a single piece of each was
employed, to have the greatext effect in producing mue-
cular contractions, these metals were welvcted by Volta
for his battery. The milver platea generally cousinted of
coing, and the plates of zinc were of the same size  The
like number of picees of cloth, pastebourd, or leather, of
the same si1ze, und saturated with a solution of common
salt were alwo provided. These substances were piled
upon each other in the following order: first, zinc, then
gilver, then wet cloth ; then again, zinc, silver, wet cloth,
till by this regular alternation the pile became sufliciently
high. If the height of the pile was considerable, it was
usnally supported by three pillars of glass ur varmshed
wood. The pile thus formed, was found to unite the
effects of an many pairs of plates as it coutained. A pile
of fifty pairs of plates, with as many corresponding preces
of wet cloth, was found to give a pretty smart shock,
similar to an electric shock, every time that a communi=
cation was made between the top and bottom of the pile.
It was found however, that little or no shock was per=
ceived, when the hands, or other parts applied, were not
previously moisteped. 1t was also observed, that the
effects were increaned when a larger surface was exposed
fo the action of the pile. If the commuunication was
made by touching the pile with the tip of each finger
merely, the effsct was not perceived beyoud the joint of
$he knuckle ; but if a spoon, or other metallic substance
awae grasped in moistened hands, the effect was felt up to
the shoulder. 1f the communication be formed between
any part of the face, particularly mear the eyes, and

-
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another part of the body, a vivid flash of light, corre-
sponding with the shock is perceived. This phenomenon
may be more faintly obmserved, by placing a piece of
silver, as a shilling, between the upper lip and the gum,
and laying a piece of zinc at the same time upon the
fongue; upon bringing the two metals into contact, &
faint lash of hight geuerally appears. It is singulur, that
this light is equally vivid in the dark with the strongeat
light, and whether the eyes be shut or open.

Volta contrived another variety of the galvanic bat-
tery. The pairs of plates were soldered to each end of
a bit of wire, which was afterwards bent into an arch,
80 that the plates became paralle] to each other. Glass
cuops were then filled with a solution of common salt,
and ranged side by side; the metallic arcs were so placed,
that the silver plate was immersed 1n one cup, and the
zine plate in another; and each glars, except the extreme
onew, contuined one plate of each metal. Its effects are
similar to those of the pile, when the circuit is completed
by a communication between the liquid of the first and
last glass.

The Voltaic pile, as well as the battery, are now but
little used, having been superseded by batteries of more
convenient form, particularly when a great accumulation
of galvanism is required. In using the pile for example,
it im tedious, after the cloth has become dry, to take the
whole of the pile in pieces to muisten it, and the battery
with glasses 18 deficient in compactness. ('ruiksbank,
of Woolwich, therefore, invented a battery commonly
called from its form, a galvanic trough. 1t consists of a
trough of baked wood, about three inches deep, and three
inches broad. The two sides of this vessel contain a
pumber of perpendicular grooves, opposite each other,
and about three-eighths of an inch apart. Into each pair
of the grooves is put a {;late of zinc and silver, or zinc and
copper soldered together at the edges. Theee double
plates are fastened in the grooves by means of a cement
composed of five parts of rosin, four of bees’ wax, and
two of powdered red ochre. All the cells between the

lates musat be perfectly water tight, and care must
erefore be taken to run in the cement 8o as to eecure
this point. It will be found convenient, and will facilitate

the buainess of fixing the plates, if they be heated till
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they can only just be handled, and smeared at the edges
with the cement before they are put in. Aov communi-
cation between the cells would destroy the effect.

The order of metals in a troungh must he the same as in
the pile, that is, the different metals must be next each
other, and supposing zinc and copper to be used, if zinc
be the outermost at one end, copper must be the outermost
at the other.

The length of the trough is of course determined by the
number of plates it is to contain, and the general rule is
not to make the troughs heavier than one person can con-
veniently lift : fifty pairs of plates are a common number.

When the plates are properly fixed, the kind of fluid
with which they are to be filled must be conmdered ;
water will answer only in a very slight degree; -it has
been found that the effect of the trongh has been greatly
increased by the use of liquids which are capable of
oxidating, or exerting a chemical action on, at least, one
of the metals; the water is, therefore, acidulated.or some
common salt or muriate of ammonia is dissolved in it.
Haviog filled the cells, the uppermost edges of the plates
must be dried witha towel, to prevent any communication
in that way.

When a communication is made between the first and
the last cell, the same effects take place a8 wheu a com-
munication is formed between the top and bottom of
Volta's pile, only in degree proportioned to the difference
of acting surface.

In performing experiments, the communication hetween
the extremities of a battery is ususlly completed by
inserting a wire at each end, and the extremitien of these
‘wires being bronght nearly into contact, the galvanic
action is exerted on any unbstance interposed between

* them, by which means very slender wires, or thin leaves
of metals, or pieces of charcoal may be consnmed; the
action of galvanism npon inflammable bodies is astonish-
ingly powerful, and the exhibition of it upon metals is
particularly interesting.

‘When s great accumulation of galvanism is wanted it
may be obtained by a combination of troughs. Pieces of
copper bent 80 as to dip into the adjoining cells, connect
the troughs together, and the wires connected with the
ends, act on the substances with the accumulated force of
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the whole number of troughs employed. In thus con-
necting batteries care must be taken that the zinc end of
one trough be next to the copper end of the other.

GENERAL VIEW OF GALVANISM.

It has been much contested, whether galvanism and
electricity are owing to the operations of the same fluid,
but the question appears to be now satisfactorily decided
in the affirmative. A principal argument in favour of
their bewng difierent, was, that galvanism decomposed
water, an effect of which electricity wae not known to be
capable. But Dr. Wollaston not only decomposed water
by electricity, but produced, by the same agent, a variety
of other eflects, which had been previously considered as
exclusively producible by galvanism. It appears, there-
fore, that the priocipal difference between electricity and
galvanism consists 1n the mode of exciting, accamulating,
and applyiog the flmd.

It will be proper to observe that the conductors of
galvanism are divided into two classes: the first class
includes dry and good conductors, sach as metals and
charcoal, the secoud class includes water and other
oxidating fluids, and the substances which contain these
fluids. ‘This second class might be subdivided into spe-
cies; for substances not themselves good conductors, if
merely containing or moistened with a fluid, are not
equal in conducting power to the fluid itself.

From the varivus researches of philosophers the fol-
lowing results have been obtained. .

In common electricity, the fluid is excited by the rub-
bing of an electric or non-electric conductor, and withe
out the electric no effuct of this sort can be produced :
in galvanism, the fluid is excited by the conductor alone,
without the intervention of electrics, being evolved by
the chemical agency of the substances employed ; for Sir
H. Davy discovered, that the electricity is produced by a
chemical action of the different substances on each other,
that the effuct is greater or less in proportion as this
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action is 80, and that therefore two dissimilar metals are
not essential to the evolutions of galvanism.

To prcduce the galvanic action, three different sube
stances at least, which are conductors of electricity,
maust be placed in contact so as to form a circuit from
one to another; for no sensible effect is produced from
two conductors, nor from three when the communication
between any two of them is broken Ly an electric ; hence
such a combination of three different condactors is called
a simple galvanic circle.

1t seems to be indispensably requisite, that in a simple
galvanic circle, the conductor or conductors of one class
should have some chemical action upun the other con=
ductor or conductors; withont which circamstance the
combination of three bodies will have either no galvanic
action at all, or a very slight one. Further, the galvanic
action is evidently proportionate to the degree of chemi=
cal agency; which seems to show that some chemical
action is the primary cause of the electric phenomena.
The most active circles of the first order, are two solids
of different degrees of oxidability and a #luid capable of
oxidating at least one of the solids. Thus gold, silver,
and water do not form an active galvanic circle; but the
circle will become active, if a little nitric acid, or any
fluid decomposable by silver is mixed with the water.
A combination of zinc, silver and water forms an active
galvanic circle, and the water is found to oxidate the
zinc, provided the water holds some atmospherical air,
and especially if it contains oxygen gas. But gzine,
silver, and water containing a little nitric acid, form a
more powerfal galvanic circle, the fluid being capable
of acting both upon the zinc and upon the silver. The
most powerful galvanic combinatious of the second
order, are when two conductors of the second class have
different chemical actions on the conductors of the first
class, &t the same time that they have an action on each
other. Thus copper or silver, or lead, with a solution of
an alksline sulpharet, and dilated nitrous acid, forms a
very active galvauic oircle,

After Volta had discovered the pile, it became an in-
teresting object of inquiry to sscertain, with as much
minuteness as ble, tlnl'e combinations of substances
which the greatest effoct. A vast number of
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experiments were tried with this view by different per«
80ns, aud at the Hoyal Institativn, by which the follow=
ing results were obtained.

Galvanic Circles of the first Order, viz., which consist of
two Conductors of the First Class, and one of the Second.

Zinc with gold, or charcoal, or silver, or copper, or
tin, or iron, or mercury; and water containing a small
quantity of any of the minersl acids.

Iron, with gold, or charcoal, or silver, or copper, or
tin, and a weak solution of auy of the miueral acids, as
above.

Tin, with gold, or silver, or charcoal and a weak
golution of any of the mineral acids as ahove.

Lead, with gold, or silver, and a weak solution as
above.

Any of the ahove metallic combinations and common
water, viz, water contalning atmospherical air, or eg=
pecially water containing oxygen air.

Copper, with gold or silver, and a solution of nitrate of
sil\;ier and mercury; or the uitric acid; or the acetous
acid.

Silver, with gold and the nitric acid.

Galvanic Circles of the second Order, viz., which consist
of one Conductor of the First Class, and two of the Second.

Charcoal, or Copper, or Silver, or Lead, or Tin, or Iron,
or Ziuc, with water, or with a solution of any hydroge=
pated alkaline sulphuret, capakble of acting on the first
three metals only ; and diluted nitrous acid or oxygenated
muriatic acid, &c., capable of acting upon all the metals.

The history of philosophy affords many examples of
observations which have remained isvlated and uselesl
for ages, and which though often desired or discredited,
have by the progress of discovery grown into importance,
and become parts of a beautiful syatem ; contributing at
the same time essentially to the early maturity of some
departments of knowledge. Hence those who have
accurately detailed a single new phenomenon, which
appeared to have no connexion with any thing useful or
any thing known, have in fact often been performing &
work which should give celebrity to their names, by the
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direction it has given to inquiry, and the light it has
thrown on subsequent researches.

In galvanism, several instances of the kind alluded to
have occurred, and some of them it may be curious to
mention.

A long time prior to the establishment of galvanism as
a science, it had been observed, that if two different
metals were placed in contact under water, they were
subject to a rapid oxidation, though the water had no
pemegtible action upon them when they were alone.

It had also been observed that ancient inscriptions,
made of mixed metals, were totally defaced; while those
made of pure metalas were in excellent preservation.

When metals have been soldered by means of other
metals, they were found to taruish about the places
where they were joined; and the copper sheathing of
ships, when fastened by means of iron nails, soon cor-
rodes about the place where the different metals touch
each other.

It had been generally affirmed that porter drunk out
of a pewter vessel, has a taste different from that drunk
out of a glass, or earthern ware.

1t is now evident, that in all these cases, the metals
pgdnee these effects, by their galvanic action on each
other.

The zinc end of a battery is considered to be plus, or
positive; and the copper end to be minus, or negtive.

Galvanic batteries, containing an equal quantity of
similar metallic surface, have different effects, if the size
of the plates be diflerent. The greater the number of the
plates, the stronger is the shock which they will give;
on the contrary, the larger the plates, the greater is their
power of deflagration; the extent of surface in each case
supposed to be the same.

ifferent animals are susceptible of galvanism in very
different degrees. In cold blooded animals this suscep~
tibility sometimes continues for several days alter death;
in the more perfect animals, as man, it continues only for
a few hours, and sometimes ceases in a few minutes. A
fish, with the organization of its head completely destroyed
by bruises, preserves its irritability longer than if it had
not been thus treated. .
Frogs have been found the most convenient subjecta
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for galvanic operations. Galvani prepared these animals
by skinning their legs when recently dead, and leaving
the legs attached to a smal‘l)ert of the spine, but sepa-
rated from the rest of the body. The strongest contrac-
tions are produced, when the galvanic electricity is
cauged to pass through the nerve to the muscles. Froge,
which have been galvanized very quickly become putnd.

Perhu'ps, most of those who try galvanic experiments
merely for the purpose of amusement, would choose to
dispense with the skinning of frogs. It may, therefore,
be observed, that an ample proof of the power of gal-
vanism over the dead amma? muscle, may be obtained
by galvanizing any snimal killed for domestic use. It
will only be necessary to point the wires from the bat-
tery, and to penetrate the ekin with them, at the two
parga between which a communication is intended to be
made.

The medical uses of galvanism cannot yet be fully
estimated. In some cases it bas proved beneficial; in
others, it has had no effect whatever; and in others, an
unfavourable effect has been attributed to it. The cases
in which it is in general most eligible to try it, are those
for which common electricity is proper, and has failed.
In iustances of numbness, palsy, and suffocation, it has
proved highly advantageous.

Various hypotheses have been offered to account for
the phenomena of galvanism; but that which appears to
be the most comprehensive, considers them as of an elec-
trical nature. During the combination of a metal, and,
perhaps, of other substances, with oxygen, a quantity of
electricity it is supposed, is liberated or generated. In
proof of the similarity of electricity and galvanism, Dr.
Wollaston observes, that both ap;lxear to depend upon
oxidation, for an amalgam not liable to oxidation, such *
as of gold and platina, will not excite an electrical
machine, and the effect of any amalgam is in proportion
to the ease with which it is oxidated.

To account for the difference in the effects between
galvanism and electricity, it is asserted, and seems to be
a well established fact, that galvanism is electricity in a
state of little condensation. In proof of this, it is found
that a common electrical jar or battery, may be charged
by means of a galvanic battery; one wire from which,
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for this purpose, must communicate with the inside,
and the other, with the outwmide coating of the jar: the
charge is given in & moment, but it in low, and such only
as the jar would receive from a few turns of the ordinary
electrical machine. Hence 1t ie not difficult tv explain,
why the galvanic should be greatest from a numerous
seriee of plates, while the largeness of the plates is most
emsential to deflagration; for the force of the electric
shock depends upun the intensity of the electric fluid,
while the combustion depends very much upon its quan-
tity, If, then, six large pairs of piates, and wix hundred
small ones, contain the same surface, and produce equal
quantities of the electric or galvanic fluid ; yet, as in the
latter series, the product is coutined to narrow limits, and
acquires probably a fresh impulse frumn every addition to
its quantity in passing from plate to plate through its
lepgthened course, it arrives at the extremity of the
apparatus in a state of much greater intenmty then,
when only a few plates are employed.

We shall make but one remark more: the galvanic
ipvestigations of Sir H. Davy tend to establish an
opinion, that all substances which have a chemical action
on each other, are in opposire electrical states, and that
this difference of states, is the causs of such chemical
action. Ewidence is, however, want'ng to confirm this
beautiful hypothesis, and consequently 1t would be use-
less to show how it ought to modify chemical, galvanic,
and electrical theories.
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OPTICS.

Tag splendid phenomena of optics must have been
among the firet natural appearauces to attract the at«
tention of munkind. Of all the objects in natuare, light is,
perhaps, the most pleasurable.  Vision, at once the most
perfect and useful of the senses, wholly depends upon it.
By 1ts agency the sphere of our observation and ex=
perience is indefinitely enlarged. It brings sure and
immediate mtelligence of existences and events, whose
places are remote, and thus gives us a certain degree of
omnipresence,  Setting aside all the beavtiful variety
and form of fiwure, and the gurgeous phenomena of
colours, which 1t is the means of disclosing, light itself is
a delightful perception. Nature supplies it 8o continually
1nd so abundantly that we are apt to forget its value;
bnt, in cases where habit has not blunted the sense of
pleasure, 1t seems to produce singular enjoyment. The
mfant eagerly directs 1ts zaze to the window or the
lamp, and stretches forth ite little hand as if to grasp an
object 8o ugreeable. Persons blind from infancy, but
whose organs are not absolutely opaque, derive exquisite
pleasure from the perception of the cloudy light which
the imperfectly transparent humours allow them.

Optics, therefore, is one of the most interesting
branches of Natural Philogophy: it is the science of
vision, and teaches us how we see objects. In this,
science, bodies are divided into luminous, opaque, and
transparent. A luminous body is one that shines by its
own light—as the sun, the fire, & candle &c. Bat all
bodies that shine are not luminous: polished metal, for
example, when it shines with 8o much brilliancy, is not a
Tuminous body, for it would be dark if it did not receive
light from a laminous body; it belongs, therefore, to the
class of opaque, or dark bodies, which comprehend all
such as are neither luminous mor will admit the light to

pass through them; and transparent bodies are those
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which allow light to pass through them, such as glass
and water. Transparent or pellucid bodies are frequentl
called mediome ; and the rays of light which pass throug
them are said to be transmitted by them. Light when
emitted from the sun, or any other luminous body, is
rojected forward in straight lines in every possible
Snech‘ iop, or at least appears to move as it would on that
supposition: so that the luminous body seems not only
the general centre whence all the rays proceed, but every
int may be considered as a centre which radiates light
in every direction. A ray of light is a single line of light
jected from a luminous body ; and a pencil of rays is
a collection of rays proceediug from oue point of a
luminous body.

Philosophers are not agreed as to the nature of light.
Some maiutain the opiniou that it 1s a body consisting of
detached particles, which are emitted by lumiuous bodies,
in which case the particles of hight must be 1nconceivably
minute, since they must crows each other in every
direction, they are mever known to interfere with each
other ; others suppose it to be produced like sound by the
undulations of a sabtile fluid diffused throughout all
known space. In some respects light is obedient to the
laws which govern bodies; in others, it appears to be
independent of them. ‘Thus, though it courresponds
with the laws of motion, it does not seem to be in-
fluenced by those of gravity; for it has never been dis-
covered to have weight, though a vaniety of experiments
have been made with a view of discovering that point.
We are, however, 80 ignorant of the intimate nature of
light, that an attempt to investigate it would lead us
into a labyrinth of perplexity, if not of error. We shall
therefore confine our attention to such of its properties as
are well ascertained.

To return, then, to the examination of the effects of light
from a luminous hody; since the rays are projected in
straight lines when they meet with an opaque body
through which they are unable to pass, they are stop
short in their course for they cannot move in a cnrb line
round the body. The interruption of the rays of light by
the opaque body produces, therefore, darkness on the
opposite side of it; and if this darkness fall upon a wall,
a sheet of paper, or any object whatever, it forms a
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shadow, for shadow is nothing more than darkness pro-
duced by the intervention of an opaque body. which
prevents the raya of light from reaching an object behind
1t. You might suppose from this definition of a shadow,
that it would be perfectly black; butit frequently happens
that light from another body reaches the space where the
shadow is formed, in which case the shadow is pro-
portionably fainter. This happens if the opaque body be
lighted by two candles, if you extinguish one of them, the
shadow will be both deeper and more distinct. Yet it
will not be perfectly dark, because it is still slightly
illuminated by light reflected from the walls of the room
and other surrounding objects.

There are several things to be observed in regard fo
the form and extent of shadows. 1If the luminous body
be larger than the opaque body, the shadow will generally
diminish in size till it terminate in a point; if smaller
the shadow will continually increase in size, as it is
more distant from the ohject which projects it. The
shadow of a man varies in size according to the distance
of the reveral gurfaces on which it is described. Two
lights produce two shadows from the same object. The
number of hghts (in different directions) while it dee
creages the intenmity of the shaduws, increases their
number, which always correspond with that of the lights;
for each light makes the opaque body cast a different
shadow. Now what becomes of the rays of light which
oparue bodies arrest in their course, and the interruption
of which is the occasion of the shadows* This leads to
a very important rroperty of light— Reflection.

When rays of hght encounter an opaque body which
they cannot traverse, part of them are absorbed by it,
and part are reflected, and rebound as an elastic-ball
which iz thrown against a wall. Light in ita reflection
js governed by the same laws as solid perfectly elastic
bodieg. 1fa ray of light fall perpendicular on an opaque
body, it is reflected back in the same line towards the

int whence it proceeded; if it fall obliquely, it is re-
g:cted obliquely ; but in the opposite direction, the angle
of incidence being equal to the angle of reflection. If
the shutters be closed, and a ray of the sun's light ad-
mitted through a very small aperture, and reflected by a
mirror on which the ray falls perpendicularly, but one
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Tay is seen; for the ray of incidence and that of reflaction
are both in the eame {iu(s, though 1 opposite directions,
and thus are confounded together. Tue ray, therefore,
which appears single is in fact double, being compored of
the incident ray proceeding to the mirror, and the re-
flected ruy returning frum the mirror.  These may be
separated by holding the mnrror in such a wanner that
the incident rav shall fall obhiguely upon it then the
reflected ruy will go off in another direction.  If o he
be drawn from the point of ncidence perpendicular to
the mirrur, 1t wall divide the angle of wedence from the
angle of refivction. and the angles will be equal,

It 18 by reflected raye only that we see vpaque objects
Luminous hodies send rays of light immediately to our
eyes; but the rayvs which they send to other bodies are
ipvisible to ue, and are seen ouly when reflected or
trapsmitted by those bodies to our eyes.  Yet it may be
observed that the ray of light ou 11« passage from the
sun to the murror, aud 1ts reflection, have been spoken of
as visible, though in neither case were thuse rays m a
direction to enter our eyes. The fuct 18, thut what is
seen i the light reflected to the eye by small particles of
dust floating io the air, and ou which the ray shone 1 1ts
passage to and from the mirror. No when, in common
pbrase, we speak of seewng the sun shiving on an
opposite tiouee, it is imposmble to see u mugle ray which

sses from the sun to the house: no rays are vismble

ut those which enter our eyes: therefore 1t ix the rays
which are reflected by the house, and not those which
meed from the snn to the house that are seen. Why,
, does oue side of the house appear to be in sunshine,

and the other in the shade 7 fuor if we cannot sve the sun
shine upon 1t, the whole of the house should appear in
the shade. That side of the house on which the sun
‘whines reflects more vivid and luminous rays than the side
which is in shadow, the other being illumiuated only by
raye reflected upon by other objecta: the rays therefore
are twice reflected before they reach our sight; and as
light is more or less absorbed by the bodies it strikes
upon, every time a ray is reflected its intensity is dimi-
mshed. Thus on a large sheet of water the sun appears
to shine on one part only, though the whole of it is
equally exposed to its rays. This partial brilliancy of
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water is more remarksble by moonlight, on account of
the deep obecurity of the surrounding parts. To account
for this it muet be remembered that the direction of a
reflected ray depends on that of the incidence ray;

sun's rays therefore, which fall with various degrees of
obliquity uwpon the water, are reflected in directions
equally various, some of these will meet the eye, and it
1;v:)nll see them, but those which fall elsewhere areinvisible

it.

Let us now examine by what means the rays of light
produce vision, They enter at the pupil of the eye, and
proceeding to the retina or optic nerve, which is situated
at the back of the eye ball, there describe the figure,
colour, and ( with the exception of rize) form a complete
representation of the ohject from which they proceed. 1f
the shutters be cloved, and a ray of light admitted throogh
the small aperture, a picture may be seen on the opposite
wall similar to that which is delineated on the retina of
the eye; 1t exhibits a picture in miniature of the garden,
and the landscape wounld be perfect were it not reversed.
This picture 18 produced by the raye of light reflected from
the various objects 1 the garden, and which are admitted
through the hole 1 the window shutter. 1t is called a
camera obscura (dark chawmber), from the necessity of
darkening the room b order to exhibit it.

The retina of the eye exhibits a much more perfect
image than sny mirror; the extensive landscape beheld
from the window is there represented with the greatest
accuracy. Art would n vain attempt to paint so small
and distiuct a miniature ; but naturesworks with a surer
hend and a more delicate pencil. That Power which
forms the feathers of the butterfly and the flowerets of the
daisy can alone pourtray o admirable and perfect a mini=
ature. As the rayn iutersect each other on entering the
pupil in the sume manner as they do on entering thé
camera obscura the image is reversed. The scene how=
ever, does not excite the idea of being inverted, because
we always see an object in the direction of the rays which
it sends to us. How it is that we do g0 is a point rather
difficult to explain clearly. The following, however, ap=

to be the best explanation:—A ray which comes
m. the upper part of an object describes the image on
the lower part of the retina; but experience having
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faught us that a ray which strikes the retina there comes
from above, we consider that part of the object it repre-
wents as uppermost. The raye proceeding from the lower

of an object fall upon the upﬁr flr’o“t of the retina ;

t as we know their direction to m below, we see

that part of the object they describe as the lowest. When
you wish to see an object above you, you look upwards ;
when an object below, you look downwards. You look
up to see an elevated object, for it is only thus that the
rays which proceed from it fall upon the retina of your
eyes, aud they must do so if you are to see the object;
but the very circamstance of directing your eyes upwards
convinces you that the object is elevated, and teaches yon
to consider as uppermost the image it forms on the retina,
though it is in fact represented in the lowest part of it.
‘When you look down on an object you draw your conclu-
gion from a similar reasoning. It is thus that we see all
oﬁh in the direction of the rays which reach our eyes.
e different apparent dimensions of ohjects at differ-
ent distances proceed from our seeing, not the objects
themselves, but merely their image on the retina. Let us
suppose we see a row of trees, as viewed in the camera
obscura ; the direction of the rays from the objects to the
image is expressed by lines. Observe that the ray which
comes from the top of the nearest tree, and that which
comes from the foot of the same tree, meet at the aper-
ture forming an angle of about twenty-five degrees ; this
is called the angle of vision, being that uuder which we
see the tree. Thesg rays cross each other at the aperture,
and represent ﬂ;&m inverted in the camera obscura.
The dimensions of {.e image are considerably smaller
than those of the ohject, but the proportions are perfectly
preserved. The upper and lower ray, from the most dis-
tant tree form an anfle of not more than twelve or fifteen
and an image of proportional dimensions. Thus
the objects of the same size, as the two trees, form figures
of different sizes in the camera obscura, accordiag to their
distance, or in other words, according to the angle of
vision ander which they are seen.

The experience we acquire by the sense of touch cor-
rects the errors of our sight with regard to ohjects within
our reach ; we are 80 perfectly convinced ef the real size
of objects which we can handle, that we do not attend
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to their apparent difference. The opposite house does not
appear to you much smaller than if you was close to it ;
and yet ryou see the whole of it through one of the win-
dows of the room you sit in, and the image of the
house on your retina must be very considerably smaller
than that of the window through which you see it. Those
accustomed to draw from nature are well aware of this
difference. When we look up an avenue, the trees not
only appear smaller as they are more distant, but seem
gradually to approacheach other till they meet in a point,
for the road which separates the two rows forms a smaller
visual angle, in proportion as it is more distant from us;
therefore the widthof the road seems gradually to dimi-
nish as well as the size of the trees, till at length the road
apparently terminates in a poiut at which the trees seem
tu meet.

In sculpture we copy Nature as she really exists; in
painting we represent her as she appears to us, that is to
say, we do not copy the objects, but the image they form
on the retina of the eye.

If an object with an ordinary degree of illumination
does not subtend an angle of more than half a minute of
a degree, it is invisible, ‘There are, consequently, two
cases in which objecte may be invisible, either if they are
too small, or 80 distant us to form an angle less than one
second of adegree. The fixed stars subtend much smaller
angles, and yet are visible ; but they are bodies Juminous
in themselves, and possess much more than any ordinary
degree of illumination. In like mannar, if the velocity
of a body be #o small that the arc which it describes in
an hoar does not subtend an angle of more than twenty
degrees, its motion is imperceptible, provided the distance
of the moving body be sufficiently great; for the greater
its distance, the smaller will be the angle under which
its motion will appear to the eye. It is for this reason
that the motion of the celestial bodies is invisible not-
withstanding their immense velocity; for the greatest
apparent motion of any celestial body does dot exceed
fifteen degrees in an hour, being that seemingly produced
in a body at the equator by the revolution of the earth.
The greatest of the real motions is that of the moon, and
even that does mot exceed above thirteen degrees in a
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day. The real velocity depends altogether on the s
comprehended in each degree; and this space depend,:.::
the distance of the object, and the oblic&uity of its path.
Light caunnot be implicitly relied on; it deceives us both
in regard to the size and distance of objects—indeed our
senses would be very liable to lead us into error, if ex-

rience did not set us right. Nothing more convinc~
wgly shows how requisite experience 18 to correct the
errors of sight tham the case of a young man who was
blind from his infancy, and who recovered his sight at the
age of fourteen, by the operation of couching. At first he
had no idea either of the size or distance of objects, but
imagined that every thing he saw touched his eyes, and
it was not till after haviug repeatedly felt them, and
walked from one object to another, that he acqjuired
an idwa of their rerpective dimeusions, their relative
sitnations, and their distances.

Since an 1mage 1x formed on the retina of each of our
eyes, it would seem that we ought to see objects double.
1o fact, however, we do not; uud p=rhaps the best solu-
tion which has been offered of the difficulty is tlus, that
the action of the rays on the optic nerve of each eye is 8o
perfectly similar, that they produce but a single sensa-
tion: the mind, therefore, receives the same idea from the
retina of both eyenm, and conceives the object to be single.
1t is however, more safe to treat the fact as one established
by experience, but not admitting of any eatisfactory
explapation; for the maunner in which external ohjects
act upon the mind admits of no direct observation, and
all theories respecting it can therefore rest on no sound
foundation. DPersons afflicted with a disease in one eye,
which prevents the rays of light from affecting it in the
same manner as the other, frequently see double.

* The image of an object in a looking-glass isnot inverted,
because the rays do not enter the mirror by a small aper-
ture, and cross each other as they do at the orifice of a
camera obscura, or the pupil of the eye.

When a man views himeelf in a mirror, the rays from
his eyes fall lperpendiculnrly upon it, and are reflected
in the same line; they proceed therefore, as if they had
come from a point behind the glass, and the same effect
is produced, as if they proceeded from an image of the
object described behi.ng the glass, and situated there im
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the same manuer as the object before it. This is not the
case only with respect to rays falling perpendicularly on
the glass, but with all others.

A man may see himself at full length in a mirror which
is not more than half his height; but he cannot see him=
self if he stand to the right or the left of it, because the
incident rays falling obliquely on the mirror will be
reflected obliquely in the oppositedirection ; the angles of
incidence and refiection being equal.

Bnt we must observe, that in a glass mirror it ie not
the glass thaf reflects the rays which form the image, but
the mercury behind it. The glass acts chiefly as a transe
parent case, throngh which the rayr fiud an easy passage.
Could mirrors be made of mercury, they woald reflect
more perfectly; but mercury is a fluid. By amalgamating
with tin-foil, it becomes of the consistence of paste,
attaches itself to the glass, and forms, in fact, a mercurial
mirror, which would be much more perfect without its
glass cover, for the purest glass 18 never completely trans=
parent: some of the ravs, therefore, are lost during their
prssage through it, by being absorbed, or irregularly
reflected. This imperfection of glass mirrors has intro-
duced the use of metallic mirrors for optical purposes.
All opaque bodies would be mirrors, were their surfaces
sufficiently smooth ; but the surface of bodies in general
is 80 rough and uneven, that their reflection is extremely
irregular, which prevents the rays from forming an image
on the retina. You may easily conceive the variety of
directions 1 which rays would be reflected by a nutmeg=
grater on account of the inequality of its surface, and
the number of holes with which it is pierced. Now all
golid bodies resemble the nutmeg-grater in these respects
more or less; and it is only those which are susceptible
of receiving a polish, that can be made to reflect the rays
with regularity. As hard bodier are of the closest texture,
the least porous, and capable of taking the highest polish,
they make the best mirrors; none therefore are so well
calculated for this purpose as metal.

There are three kinds of mirrors nsed in optics: the
plane or flat, which are the common mirrors we have just
noticed,” conves mirrors, and concave mirrors. The
reflection of the two latter are very different from the

former.
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The plane mirror, we have seen, does mot alter {the
direction of the reflected rays, and forms an image behind
the glass exactly similar to the object before it: for it
forms an image of each point of the object at the same
<distance behind the mirror, that the point is before it:
and these images of the different points together make
up one image of the whole object. A convex mirror has
the pecnliar property of making the reflected rays diverge,
by which means it diminishes the image, and a concave
mirror makes the rays converge, and, under certain cir-
cumstances, magnifies the image. Let us hegin by ex-
amining the reflection of a convex mirror. This is formed
of a portion of the exterior surface of a sphere. When
several parallel rays fall upon it, that ray only which. if
prolonged, would pass through the centre or axis of the
mirror, is perpendicular to it. If the rays diverge before
they fall on the mirror, they will diverge atill more after
reflection, but in thix case also they will diverge asif
they proceed from a point within the mirror, which ix
the focus of those rays. The rays, therefore, which really
proceed from a point of the mirror, will appear to pro-
ceed from a point within it, at which they would unite.
and form an image. This point within the mirror, like
the imaginary focus of parallel rays, ie always a point in
the line joining the centre of the mphere, with the point
without the mirror, from which the rays really proceed.

If instead of supposing a single luminous point, we
imagine a hody of some ‘magnitude placed before the
mirror, the rays of light which proceed from each point
of it will be reflected exactly in the same manner as if
that was a single luminous point; and an image of that

int therefore will be formed as before, in the line join~
ing that point to the centre of the aphere. An image
"being thus formed of each point in the object, there will
be an image of the whole object, formed by the collection
of these images in its different 2

A concave mirror is formed of a portion of the internal
surface of a hollow s%here, and its peculiar property is to
make the rays of light converge. If three parallel rays
fall on the concave mirror, the middle ray will be re-
flected in the same line, being in the direction of the axis of
the mirror, and the two others will be reflected obliquely,
an they fall obliquely on the mirror. When any number
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of parallel rays fall on a concave mirror they are all
reflected to a focus: for in proportion as the rays are
more distant from the axis of the mirror, they fall more
obliquely upon it, and are more obliquely reflected : in
consequence of which they come to a focus in the direc~
tion of the axis of the mirror; and this point is not an
imaginary focus (a8 with the convex mirror), but the
true focus at which the rays unite. If rays fall con~
vergent on a concave mirror, they are sooner brought to
a focus than parallel rays; but the true focus of mirrors,
either convex or concave, i3 that formed by ganllel rays,
which is equally distant from the centre and the smface
of the sphere. If a metalic concave mirror of polished
tin be exposed to the sun, the rays will be collected into
a very brilliant focus, and a piece of paper held in this
focus will take fire; for rays of light cannot be concen-
trated without accumulating a proportionate quantity of
hieat ; hence concave mirrors have obtained the name of
burning mirrors. If a burning candle be placed in the
focus, the ray which falls in the direction of the axis of
the mirror will be reflected back in the same line; but
two other rays drawn from the focus and falling on the
mirror will be also reflected. Therefore the rays which
proceed from a light placed in the focus of a concave
mirror fall divergent upon it, and are reflected parallel ;
it is exactly the reverse of the former figure, in which
the sun’s rays fell parallel on the mirror, and were re-
flected to a focus. In other words when the incident
rays are parallel, the reflected rays converge to a focus;

en the incident proceed from the focus, they are re-
flected parallel; this is a very important law of optics.
We have said that the image was formed in the focus of a
concave mirror, yet glass concave mirrors are often
seen, where the object is represented within the mirroY,
in the same manner as in those which are convex. This
is the case only when the object is placed between the
mirror and its focus; the image then appears magnified
behind, or within the mirror.



230 PANORAMA OF SCIENCE.

REFRACTION AND COLOURS,

Refraction is the effect which transparent medioms
rodace on light in its passage through them. Opaque
ies reflect the rays, and trausparent bodies trausmit
them ; but it is found, that if a ray in passing from one
medium into another of different density, full obliquely, it
is torned out of its course. The power which causes the
deviation of the ray is not fully understood, nor com=
Ppletely ancertained; but the appearances are the rame as
if the ray (supposing it to be a succession of moving
particles, which is for this porpose the most convenient
m of considering it) were attracted by the denser
ium more strongly than by the rarer. Let us suppose

the two mediums to be air and water: when a ray of
light passes from air into water, it appears to be more
stroogly attracted by the latter. If then a ray fall per~
pendicularly on water, the attraction of the water acte in
the same direction as the course of the ray; it will not,
therefore, cause a deviation, and the ray will proceed
straight on; but if it fall obhyuely, the water will attract
itoutof its course. Letua supposs the ray to huve reached
the surface of a denser medium, and thatitis there afiected
by its attraction. If not counteraofed by some other
power, this attraction would draw it perpendicularly to
the water; but it is alwo impelled by its projectile force,
which the attraction of the denser medium cannot overs
come: the ray, therefore, acted on by both these powers,
moves in a direction between them, and instead of pur-
suing its original course, or being implicitly guided by
the water, it appears bent or broken. Let us suppose a
ray passing ohliquely from glass into water; glass being
the denser medium, the ray will be more attracted by that
which it leaves, than by that which it enters; so that
when & ray passes from a dense into a rare medium, a
refraction takes place in the opposite direction to that
observed when the ray passes from a rare into a dense
mediom, The distance at which the denser medium pro-
duces its effect upon a ray is #0 small as to be insensible:
the ray appears, therefore, to be refracted only at the
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point at which it passes from one medium to the other,
and passes on in a straight course through each.

If a shilling be placed at the bottom of an empty
basin, and the basin at such a distance from the eye, that
the rim shall hide the shilling, it will become visible, by
Billing the bagin with water. In the first instance, the
raye reflected by the shilling, are directed higher thay
the eye; but when the basin is filled with water, they
are refracted by its attraction, and bent downwards at
quitting it, 80 us to enter the eye. When the sbilling
becomes visible, by the refraction of the ray, you do not
see it in the situation which it really occupies, but an
image of it higher in the basin; for, as objects always
appear to be situated in the direction of the rays which
enter the eye, the shilling will be seen in the direction of
the refracted ray.

The manner which an oar appears bent in wateris &
similar effect of refraction. Lvery point of the oar
below the surface of the water, will have an image of
itaelf formed above it at some point. The part of the oar
above the water, in seen in its natural position; that
below the water, appears broken or bent, at the surface
of the water. The fact of the formation of an image
above the true place of the body, does not depend on the
situation of the eye.

When we see the hottom of a clear stream, the rays
which it reflects, being refracted in their passage from
the water into the air, will make the bottom appear
more elevated than it really is, and the water will conse~-

vently appear more shallow. Serious accidents have
?requently been occasioned by this deceptive circum-
stance; and boys, who are ignorant of this fact, in the
habit of bathing, should be cautioned, not to trust to the
apparent shallowness of the water, as it will always
prove deeper than it appears.

The refraction of light prevents our seeing the hea~
venly bodies in their real sitaation. The light they send
to us being refracted in passing into the atmosphere, we
pee the sun and stars in the direction of the refracted
ray. If the sun was immediately over our heads, its
rays falling perpendicularly on the atmosphere would not
be refracted, and we should then see it in its true sitna-
tion. To the inhabitants of the torrid zone, where the
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sun is sometimes vertical, its rays are not then refracted.
There is, however, another obstacle to seeing the hea-
venly bodies in their troe situation, which affects them
in the torrid zome, as elsewhere. Light is ahout eight
minutes and a half in its passage from the sun to the
earth; therefore, when the rays reach us, the sun has
yuitted the spot he occupied on their departure ; vet we see
him in the direction of those rays, and consequently in a
situation which he had abandoned eight minutes and a
half before. In speaking of the sun’s motion, we mean
his apparent motion, produced by the diurnal rotation of
the earth, for the effect being the same, whether it be our
earth, or the heavenly bodies which move, it is more easy
to represent things as they appear to be, than as they
really are. The refraction of the sun's rays by the atmos-
phere prolongs our days, as it occasions our seeing an
1mage of the sun, both before he rises, and after he sets;
for below the horizon he still shines upon the atmosphere,
and his rays are thence refracted to the earth. So like-
wise, we see an image of the sun before he rises, the
rays that previouely fell upon the atmosphere being re-
flected to the earth.

In passing through a pane of glass the rays saffer two
refractions, which being in contrary directions, produce
nearly the same effect as if no refraction had taken place.

Lenses.—The focal distance, or distance of the focus

from the surface of the lens, depends both upon the form
of the lens and of the refractive power of the substance
of which it is made; in a glass lens, both sides of which
are equally convex, the focus is situated nearly at the
centre of the sphere of which the surface of the lens forms
a portion: it is at the distance, therefore of the radius of
the sphere.
« There are lenses of various forms. The property of
those which have a convex surface is to collect the rays
of light to a focus; and those which have a concave sur-
face, to disperse them. Lenses which have one side flaf,
and the other convex or concave, are called plano-convex
and plano-concave. The focas of the former is at the
distance of the diameter of a sphere of which the convex
surface of the lens forms a portion. Parallel rays are
brought to a focus by the plano-couvex lens ata point.

Thus far we have only spoken of the refraction of
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Imnllel rays; if rays diverge originally, they will be
ess convergent or more divergent after refraction, but
they would in general still finally meet at a point, or
appear to diverge from one. Taking the case of a convex
lens, the point at which they would meet would be far-
ther from the lens than that in which tnrallel rays meet,
and continually farther and farther, as the rays were more
divergent, or as the hody from which they proceeded was
brought nearer to the lens. An image wounld therefore
be formed, but continually farther and farther from the
lens as the body approached it : and the image is smaller
or larger than the body, as it is nearer to or farther from
the lens than the body itself is. If the body is brought as
near to the leos as the distance of the focus for parallel
rays, no image would be formed, for the rays would be
refracted parullel to each other; and if the body were
brought still nearer, the rays would diverge after refrac-
tion. The case of a convex lens is one of the most simple
and the most important; bat the same principle may
eanily be extended to other cases.

We shall next direct our attention to the refraction of
a triangulur piece of glass, called a prism. The sides are
flat; 1t cannot bring the rays to a focus, nor can its re-
fraction be similar to that of a flat pane of glass, because
it has not two sides parallel. The refractions of the
light, on entering and on quitting the prism, are both in
the same direction. 1f the window shutters be closed,
and a ray of light admitted through a small aperture,
fall upon a prism, it will be refracted; and a spectrum
representing all the colours of the rainbow, will be formed
on the opporite wall. It is dificult to conceive how a

iece of white glasa can produce such a variety of bril-
iant colours; but the fact is, that the colours are not
formed by the prism, but existed in the ray previous tb
its refraction; for the white rays of the sun are composed
of coloured rays, which when blended together, appear
colourless or white.

Sir Isaac Newton to whom we are indebted for the
most important discoveries respecting light and colours,
was the first who divided a white ray of light, and found it
to consist of an assemblage of coloured rays which formed
an image on the wall, displaying the following colours—
ved, orauge, yellow, green, blue, indigo, and violet. Now
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& prism separates these coloured rays by refraction. We
pointed out the method adopted by Newton in making
this experiment in a previous portion of this work. It
appears that the coloured rays have different degrees of
refrangibility ; in passing through the prism, therefore,
hey take different directions, according to their suscep-
tibility of refraction. The violet rays deviate most from
their original course: they appear at one end of the
m. Contiguous to the violet are the indigo rays,
being those which have somewhat less refrangihility : then
follow, in succession, the blue, green, yellow, orange,
and, lastly, the red, which are the least refrangible of
the coloured rays. The union of these colours, in the
roportions in which they appear in the spectrum, pro-
uces in us the idea of whiteness. 1f a card be painted
in compartments, with the seven colours, and whirled
rapidly on a pn, it will appear white. But a more
decisive proof of the composmition of a white ray is
afforded by reuniting these coloured rave, and forming
with them a ray of white light. This can be done by
letting the coloured rays, which have been weparated by
a prism, fall upon a lens, which will make them converge
to a focus; and when thus reunited, they will appear
white as they did before refraction. 'The prism separates
a ray of white hght into seven coloured rays; and the
lens bringe them to a focus, where they aguin appear
white : thus by means of a prism and a lens, we can
take a ray of white light to pieces, and put 1t together
again.

This division of a ray of white light into different
colours, being caused by the unequal refrangibility of the
different coloured rays, must take place, more or less,
whenever the ray suffers refraction. Thus the rainbow,
which exhibits a series of colours so analogous to those
of the spectrum, is formed by the refraction of the sun’s
rays in their passage through a shower of rain ; every drop
of which acts as a prism, in separating the coloured rays
as they pass through it. .

The sun’s rays may be collected to a focus by = lens in
the same manaer as they are by & concave mirror: in the
first, the rays pass through the glass and converge toa
focus behind it ; in the latter they are reflected from the
mirror, and brought to a focus before it. A lens, when
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used for this purpose, is called a burning-glass; and if,
when the sun shines bright, a piece of paper be held in the
focus of the rays it will take fire. This experiment suce-
ceeds best with brown or any dark coloured paper; for
though it is true that the lens collects an equal number of
rays tua focus, whether the paper held there be white or
coloured, the white paper appears more luminous in the
focus, because most of the rays, instead of entering into
the paper, are reflected by it, and this is the reason that
the paper is not burnt; whilst, on the contrary, the
colonred paper which absorbs more light than it reflects,
soon becomes heated and takes fire.

It is supposed that the tendency to absorb or reflect
rays depends on the arrangement of the minute particles
of the body, and that the diversity of arrangement renders
same bodies susceptible of reflecting one coloured ray,
and absorbiug the others; whilst other bodies have a ten-
dency to reflect all the colours, and others again to
absorh them all. A body appears to be of the colour
‘which it reflects ; as we see it only by reflected rays, it
can but appear of the colour of those rays. Thus grass
is green, because it absorbs all but the green rays: it is
therefore these only which the grass and leaves of trees
reflect to our eyes, and which make them appear green,
The sky and flowersin the same manner reflect the various
colours of which they appear to us: the rose the red
rays; the violet the blue; the junquil the yellow, &c.
If you imagine that these are the permanent colours of
the grass and flowers, you are mistaken. Whenever you
see thuse colours, the objects must be illominated ; and
light, from whatever source it proceeds, is of the same
nature, composed of the various coloured rays, which
paint the grass, the flowers, and every coloured object in
nature. Objects in the dark have no colour, or are black, «
which is the same thing. You can never see objects
without light. Light is composed of colours, therefore
there can be no light without colours; and though every
object is black, or without colour in the dark, it becomes
coloured as soon as it becomes visibel. .

An ohject placed in a coloured ray of light which has
been refracted by a prism, will appear of the colour of the
ray in which it is placed. A sheet of white paper will
take all the colours indifferently, but a coloured body will



236 PANORAMA OF BCIENCE.

appear most brilliant when placed in the ray which it
naturally reflects. But though bodies, from the arrange-
ment of their particles, have a tendency to absorb some
rays and reflect others, yet they are not so perfectly uni-
form in the arrangement as to reflect only pure rays of
one colour, and perfectly to &bsorb the others. A body
reflects, in great abundance, the rays which determine its
colour, and the others in a greater or lesser degree, in
proportion as they are nearer or farther from its own
colour, in the order of refrangibility.

Bodies which reflect all the rays are white; those
which absorb them all are black. Between these ex-
tremes they appear lighter or darker in proportion to the
qunrtitdy of rays they absorb or reflect. A rose is of a
palered ; it approaches nearer to white than to black;
it therefore reflects rays more ahundantly than it absorbs
them. Pale-colvured bodies reflect all the coloured rays
to a certain degree, which produces their paleness, ap-
proaching to whiteness; but one colonr they reflect more
than the rest: this predominates over the white, aud
determines the colour of the body. Since, then, bodies of
a pale colour in some degree reflect all the rays of light,
in passing through the various colours of the spectrum,
they will reflect them all with tolerable brilliancy, but
‘will appear most vivid in the ray of their natural colour.
‘The green leaves, on the contrary, are of a dark colour,
bearing a stronger resemblance to black than to white:
they have, therefore, a greater tendency to absorb than to
reflect rays. Blue often appears green by candle-light,
because this light is less pure than that of the sam, and
when reflected by a prism, the yellow rays predominate ;
and as the admixture of blue and yellow forms green,
the superabundance of yellow gives to blue bodies a
greenish hue.

The sun appears red through a fog, owing to the red
rays having a greater momentum, which gives them
power to traverse g0 dense an atmosphere. For the same
reason, the sun generally appears red at risiog and set-
ting ; as the increased quantity of atmosphere which the
oblique rays mast traverse, loaded with the mists and
vapours, which are usually formed at those times, pre-
vents a large proportion of the other rays from reaching
us. The colour of the atmosphere, commonly called the
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8Ky, is blue ;—now since all the rays traverse it in their
passage to the earth, it would be natural to infer that it
should be white; but we must not forget that we see
none of the rays which pass from the sum to the earth,
excepting those which meet our eyes; aud this happens
only if we look at the sun, and thus intercept the rays, in
which case you know it appears white. The atmosphere is
a transparent medium, through which the sun’s rays pass
freely to the earth; but when reflected back into the
atmosphere, their momentum is considerably diminished,
and they bave not all of them power to traverse it a
second time. The momentum of the blue rays is least;
these, therefore, are the most impeded in their return, and
are chiefly reflected by the atmosphere ; or it may be, that
without any question of momentum, the colour which the
particles of air most readily reflect is blue—just as grass
reflects the green, or a rose the red rays. This reflection
is performed in every possible direction; so that wherever
we look at the atmosphere, some of these rays fall upon
our eyes; hence we sée the air of a blue coloor. If
the colour of the atmosphere did not reflect any rays,
though the objects on the surface of the earth would be
illamined, the skies would appear perfectly black. This
would not only be very melancholy, but pernicious to the
sight, to be constantly viewing light objects against a
black sky.

. When bodies change their colour, as leaves which
wither in autumn ; or a spot of ink, which produces an
iron mould on linen, it arises from some chemical change,
which takes place in the internal arrangement of the
jparts, by which they lose their tendency to reflect certain
colours, and acquire the power of reflecting others. A
withered leaf thus no longer reflects the blue rays: it ap-
pears, therefore, yellow, or has a slight tendency to re-,
flect geveral rays which produce a dingy brown coloar.
An ink-spot on linen at first absorbs all the rays; but,
exposed to the air, it undergoes a chemical change, and
the spot partially regains its tendency to reflect colours,
but with a preference to reflect the yellow rays; and such
in the colour of the iron mould.
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THE STRUCTCURE OF THE EYE.

The body of the eye is of a spherical form. It has two
membraneous coveringe ;—the external one is called the
sclerotica : this has & projection in that part of the eye
which is exposed to view, which is called the cornea;
because, when dried. it has nearly the convistence of very
fine horn, and is sufficiently transparent for the hght to
obtain free passage through it. The second membrane
which lives the cornea, and envelopes the eve ia called
the choroid ; this has an opening in front jnat beneath the
cornea which forms the pupil, through which the rays of
light pass into the eye. The pupil is rurronnded by a
coloured body of fibres, called the 1rik, which, by its
motion always preserves the pupil of a circular form,
whether it be expanded in the dark, or contracted by a
strong light.

The construction of the eye is 80 admirable, that it is
capable of adapting itself, more or leas, to the circom-
stances in which it is placed. In a faiot hight, the pupil
dilates so an tu receive an additional quauntity of rays;
and in a strong light it contracts, in order to prevent the
intensity of the hght from iujuring the optic nerve. The
eyes suffer pain, when from darkness they come suddenly
into a strong light; for the pupil being dilated, a quantity
of rays rush in before it has time to contract; and when
we go from a atrong light into obscurity, we at firat
imagine ourselves in total darkness; for a sufficient nom-
ber of rays caunot gain admittance into the contracted
pupil to enable us to distingnish objects; but in a few
minutes it dilates, and we clearly perceive what was be-
fore invisible. The choroid ix imbued with a black liquor,
which serves to absorb all the rays that are irregularly
reflected, and to convert the body of the eye into a more

ect camera obacura. When the pupil is expanded to
its utmost extent, it is capable of admitting ten times the
quantity of light that it does when most contracted. In
cats and animals which are said to see in the dark, the
power of dilatation and contraction of the pupil is still
@reater: it is computed that their pupils may receive one
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hundred times more light at one time than at another.
Within these coverings of the eyeball are contained three
transparent substances chlled humours. The first occa=
pies the space immediately behind the cornea and is
called the aqueous humour, from its liquidity and resem=
blance to water. Beyond this is situated the crystaline
humour, which derives its name from its clearness and
transparency : it has the form of a lens, and refracts the
rays of light in a greater degree of perfection than any
that have been constructed by art: it is attached by
fibres to each side of the choroid. The back part of the
oye, between the crystaline hamour and the retina, is
filled by the vitreous humour, which derives its name
from a resemblance it is supposed to bear to glass or
vitritied substances. The membranous coverings of the
eye are intended chiefly for the preservation of the retina,
which is by far the most important part of the eye, as it
18 that which receives the impression of the objects of
sight. The retina copsists of an expansion of the optic
uerve of perfect whiteness: it proceeds from the brain,
enters the eye on the side next the nose, and is finely
apread over the interior surface of the choroid. The rays
of light which euter the eye by the pupil, are refracted by
the several humours in their passage through them, aud
unite in a focus on the retina.

Rays proceed from bodies in all possible directions;
we must therefore consider every part of an object which
sends rays to our eyes as points from which the rays
diverge, as from a centre. Divergent rays, on entering the
pupil, do not cruss each other; the pupil, however, is
.afficiently large to admit a small pencil of them; and
these, if not refracted to a focus by the humours, would
continue diverging after they had passed the pupil, would
fall dispersed upon the retina, and thus the image of a
single point would be expanded over a large portion of
the retina. The divergent rays from every other poinf
of the object would be spread over a similar extent of
apace, and would interfere and be confounded with the
{irat, so that .no distinct image could be formed on the
retina.

Let us suppose two pencils of rays issuing from two
points of a tree, and entering the pupil, refracted by the
crystalline humour, and forming distinct images of the
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spot they proceed from on the retina; but if the eye was
not supplied with a lens, the pencils of rays could not be
refracted, and no distinct image formed on the retina.
The tl:g'o issuing from two points would alone be de-
lineated. The interference of these two pencils of rays
enables us to form an idea of the confusiun which wounld
arise from thousands and millions of points, at the same
instant, pouring their divergent rays upon the retina.
The refraction of the several humours umtes the whole
of a pencil of rays proceeding from any one point of an
object, in a corresponding point on the retiva, and the
image is thue rendered distinct and strong. You may,
Kethaps, inquire why, since the eye requires refracting

umours in order to form a distinct representation on the
retina, the same refractious are not necessary for the
image formed in the camera obscura® It is because the
aperture through which we receive the ravs into the
camera obscura is so extremely small, that but very few
of the rays diverging from a point gain admittance; but
if the aperture be enlarged, and furnished with a lens,
the landscape will be more perfectly represented.

‘That imperfection of sight which anses from the eyes
heing too prominent, is owing to the cryatahue humour
being too convex; in cousequence of which it refracts
the rays too much, and collects a pencil proceeding from
the object into a focus before they reach the retina. From
this focus the rays proceed diverging, and consequently
form a very confused image on the retiua. This is the
defect of short-sighted people; and it is remedied by
bringing the object nearer to the eye; for the nearer an
object is brought to the eye the more divergent the rays
fal’l upon the crystaline humour, and therefore do not so
soon converge to a focus: this focus, therefore, either
falls upon the retina, or at leant approaches nearer to it,
and the object is proportionally distinct. The nearer,
therefore, an object is brought to a crystaline or to a
lens, the further the images recede behind it. But short-
sighted persons have another resource for objects which
they cannot approach to their eyes: this js to placea
concave lens before the eye, in order to increase the di~
vergence of the rays, the effect of a concave lens being
exactly the reverse of a convex one. By the assistance
of such glasses, therefore, the rays from a distant object
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fall on the pupil as divergent as those from a less distant
object; and, with short-sighted people, they throw the
image of a diatant object back as far as the retina. Those
who suffer from the crystaline humour being too flat, ap-
ply an opposite remedy : that is to say, a convex lens to
make up for the deficiency of convexity of the crystaline
hamour. 'Thus elderly people, the humours of whose eyes
are decayed by age, are under the necessity of using con-
vex spectacles; and when deprived of that resource, they
bold the object at a distance from their eyes, for the more
distant the ohject is from the crystaline, the nearer the
image will be to it. These two opposite defects are easily
comprehended ; but it isdifiicult to conceivehow any sight
can be perlect, for if the erystaline humour be of a proper
degree of convexity to bring the image of distant ohjects
to a focus on the retina, it will not represent near objects
distinctly ; and if, on the contrary it be adapted to give a
clear image of near objects, it will produce a very im-
perfoct ooe of distant ohjects. It 18 true, that every
rson would be subject to one of thege two defects, were
it not in our power to increase or diminish, in some
degree, the couvexity of the crystaline humour, and to
project it towards, or draw it back from the object, as
circamstances require. In a young well-constructed eye
the fibres to which the crystaline humour is attached
bave go perfect a command over it, that the focus of the
rays constautly falls on the retina, and an image is formed
equally distinet both of distant objects and those which
are near. e cannot, however, see an object distinctly,
if we bring it very near tv the eye, because the rays fall
on the crystaline humour too divergent to be refracted to
a focus on the retina. The confusion therefore arising
from viewing an object too near the eye is similar to that,
which proceeds from a flattened crystaline humour; ,
the rays reach the retina before they are collected to a
focus. If it were not for this imperfection, we should be
able to see and distinguish the parts of objects which are
pow invisible to ua from their minuteness; for could we
bring them close to the eye, their image on the retina
would be 80 much magnified as to render them visible.
The microscope is constructed on this principle. The
single microscope consists simply of a convex lens, in the

Q
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focus of which the object is placed, and throngh which it
is viewed. By this meaus you are enabled to bring yoor
eye very near the object, for the lens, by diminishing the
divergency of the rays before they enter on the pupil,
makes them full parallel on the crystalive humour, by
which they are refracted to a focus on the retina. The
lens magnifies the object merely by allowing us to bring
it nearer tu the eye: those lenwes, therefore, winch have
the shortest focus is most convex ; and 1ts protuberance
will prevent the eye from approaching very near the
object. This inconvenience is remedied by making the
lens extremely small; it may then be spherical without
occupying much space, and thus unite the advantuges of
:b short focus, aud of allowing the eye to approach the
ject.

ii double microscope is a more complicated instrument,
in which you look nmot directly at the object, but at a
magnified image of it. In this microscope two lenses are
employed : the oue is placed #o near the object, that the
image which it forms is farther from the lens than the
object itself is; the image, therefore, is larger than the
object ituelf, aud it is further maguified by being viewed
through another lens, which acts on the principle of the
single m:cruecope, and is called the eye-gluss. The solar
microacope is the most wonderful, from its great magnia«

ing puwer: in this we also view an image formed by &
lens, not the object itself. A ray of light 1f admatted 1ato
a darkened rooin, through & small aperture 1n the window-
shutter, and the object placed before the lens, and nearly
at its focus ; the lens iteelf being placed at such a dis=
fance from the opposite wall, that un image may be acca«
rately formed upon it; the image, therefore, will be
represented on the opposite wall iu the same manner as
the landscape was in the camera obscura—with this
difference, that it will be magnified instead of being
diminished, because it is further trom the lens than the
object; while the representation of the landscape was
diminished, because it was nearer the lens than the land-
scape wad: a leus, therefore,answers the purpose equally
weﬂf either for magnifying or diminishing objects. ]hm
is but one thing more required to complete the solar

scope, which is a small mirror placed on the outside
of the window, which receives the incident rays and
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reflects them on the lens. This microscope can only be
n;gd 1;v:hen the sun shines, and is adapted to transparent
objects.

OPTICAL INSTRUMENTS.

The construction of optical instruments has, in almost
every instunce, originated with eminent philosophers and
. mathematiciung. Their gradual perfection has been a
natural result of the difficulties which were presented to
the progress of discovery, by the inefficient and inaccu=
rate means which science possessed ; and thus, the same
great minds have struck out and pursued vast and splen=~
did ideas 1n their investigations of nature, have only been
enabled to follow up their own conceptions by applying
themselves to the practical improvement of the instru-
ments with which they had commenced their discoveries.
For example, we are indebted to Newton for the cone
struction of the first reflecting telescops that was ever
made, although the 1dea had been previously suggested
by Doctor Gregory. Leuwenhoek, one of the most assi-
duous naturahsts of his day, carried on his interesting
researches iu the animal and vegetable economy, by means
of microscopes made by his own hands, The late Doctor
Herschel, whose astronomical discoveries were the result
of the profoundest mathematical knowledge, conatructed
the most powerful telescopes ever known, which, like the
Gregorian, bear the name of the inventor. Indeed the
ordinary makers of optical instruments have been often
men of considerable scientific attainments;—and it is”
from this union of a theoretical and practical knowledge,
that these instruments, as is the case with almost every
other important invention and improvement, have been
conducted to their present very high state of perfection,
in an almost unlimited adaptation to the purposes of
science, and all the wants and luxuries of common life.
The ancients seem to have been but little acquainted
with dioptrical instruments, or those by which the light
is refracted and tranemitted; from their earliest history,
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however, they appear to have been conversant with the
laws of the reflection of objects from the sarface of
water and polished metals, or that department of optical
science called catoptrics. The first application of their
knowledge of this branch of science, with which we are
acquainted, is that of the burning mirrors of Archimedes,
a philosopher of Syracuse, about two hundred years be-
fore the birth of Christ, who, at the siege of that city, by
Marcellus, the Roman consul, employed them to destroy
the besieging navy. The method by which this was

robably accomplished is thus described by an ancient

istoriau :— When the fleet of Marcellus was within bow-
shot, the old man, Archimedes, brought out an hexagonal
mirror, which he had previously prepared, at a proper
distance from which he also placed other smaller mirrors
of the same kind, that moved in all directions on hinges,
which, when placed 1 the sun's rays, directed them
upon the Roman fleet, whereby it was reduced to ashes.”
We are also informed, that Proclus in the same way
destroyed the fleet of Viteliius, at the siege of Byzantium.

In this hmited notice, we will be only able to point
out a few of the more remarkable pecuharities of optical
instruments.

Mirrors are surfaces of polished metal, or glass silvered
on the back, capable of reflecting the rays of hght from
objects placed before them, and exhibiting to us their
image. As we bave previously remarked, there are
three classes of mirrors, dishinguishable by the figure of
their reflecting surface—plane, concave, and conver. The
reflection of light by either of these mirrors observes this
copstant lqw, that the angle which the incident ray
makes with the reflecting surface, is equal to the angle of
reflection. As already stated, the image appears behind
the glass, exactly at tl.e same distance as the ohject is
before it. The illusion iy 8o complete, that domestic
animals, when seeing themselves in a looking-glass for
the first time, often have their passions strongly excited.
‘When a person is viewing himself in a looking-glass,
if he measures the size which he appears on the glass,
the image will be one half his real magnitude, let his
distance from the glass be ever so varied.

Concave Mirrors are those whose polished surfaces are
wpherically hollow. The properties of those mirrors may
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be easily understood, when we consider their surfaces
as composed of an indefinite number of small planes,
all of which make a determinate angle with each other,
80 as to throw all the rays to a point. Concave mirrors
are used in the construction of reflecting telescopes.

The employment of concave mirrors in collecting the
heat of the sun’s rays from the whole of its surface to a
single point, thus accumulating a very great degree of
heat, for the combustion and fusion of various nataral
substancen that are fusible in the greatest heat, capable of
being produced from ordinary fire, may be exemplified,
amongst thore of modern date, by the burning-mirror of
M. de Villette. The diameter of this metal speculum
was 3 feet 11 inches, and its focal distance, or point
from the surface was 3 fect 2 inches. The comyposition
of this metal was of tin and copper, which reflects the
light very powerfully and 18 capable of a high degree of
polish. When exposed to the rays of the sun, a silver
sixpeuce was melted in 7§ seconds when placed in its
focus: a copper half penny melted in 16 seconds, and
liquified 1 34 seconds ; tin was melted in 3 seconds; and
a dinmond weighing four grains lost seven-eights of its
welght.

Concave mirrors afford many curious and pleasing
illustrations of their peculiar properties. For example;
—when a person stands in front of a concave mirror, a
little further from its surface thau its focus (or half the
radius of its concavity), he will ohserve his own imgge
hangiug in the air before him, and in an inverted position,
this image will advance and recede us he advances or
1.cedes; and, if he stretch out his hand, the image
will do the same. Exhibitions have been brought before
the public, in which a singular deception was practised
by means of a large coucave mirror. A man bein,
placed with his head downwards, in its focus an erect
image of him was exhibited, while his real person was
concealed, and the place of the mirror darkened; the
spectators were then directed to take a plate of fruit
from his head, which in an instant was dexterously
changed for a dagger or some other dangerous weapon.

Convexr mirrors are chiefly employed as ornaments in
apartments. The objects scen in these are diminished,
but seen in an erect position; the images appear to



246 PANORAMA OF SCIENCE.

emanate from a point behind the mirror; this poing,
which is its focus, will be half the radius of convexity
behind their surface, and is called the negative or
imaginary focus, because the rays are not actually
collected as by a concave mirror whose focus is called
vertual.

The reflecting surfaces of cylinders have been oc~
casionally used in optical amusements, for rendering
distorted or deformed pictures of their proper shape
when retlected from its surface.

Spectnelrs—These instruments are said to have been
invented as far back as the year 1294, When two lenses
are mounted in a frame to fix before the eyew, they are
denominated spectacles, and are employed to render
objects before the wearer more distinct. (See preceding
article, Optica.) In the selection of spectacle-glasses

at care should be used in examining them, and the

t pomnt of importance is the quahty of the material of
which they are formed; this should be free from all
veins or small bubbles, for if one of these occur in the
portion through which we look, it will greatly impair
the eyes. The mext circumstance is the colour of the
glasses: the best adapted fur general purposes ia a pale
blue. The figure of their surfauces should be perfectly
spherical, for if they are curved more in one direction

n in another, they will injure the sight, unless they
are cylindrically formed, as for some particular disease.
The polish should be clean, and free from flare, which
too often arises from the maunner in which they are
usnally polished oo heterogeneous surfuces producing
what is technically called a curdled glass. But above
all things we should strungly recommend that persons
who require the aid of spectacles, to refrain from
purchasing from the itinerant venders who ex
articles made to sell : sight is too valuable a blesring to
be deprived off for the sake of saving afew pence, which
will be all the difference in price between & good pair
and a bad pair.

A Telescope is an optical instrument employed for
viewing distant objects, by increasing the apparent angle
under which they are seen without its assistance; an
hence the effect on the mind of an increase in size, or, a8
it is commonly termed, magnificd representation. The
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construction of the Telescope is, perhaps, one of the most

important acquisitions that the sciences ever attained, as

it unfolds to our view the wonders of the heavens, and

enables us to obtain data for astronomical and nautical
poses.

The inventor of this inatrument is somewhat uncertain,
and is ascribed to different individuals, as John Baptista
Porta, Jausen of Middleburg, and Galileo. The time of ite
first construction was in the year 1590.

The Microscape.—The history of the microscope, like
that of many other valuable inventions, has been veiled in
considerable obscurity by the lapse of time; and the dige
covery amongst the moderns, of so useful a class of
optical instruments has been claimed by reveral indie
viduals. But it seems certain that the ancients were
acquainted with the microscope, at least in one of its
forms, as appears from the following passage in Seneca tw=
“ Letters, though minute and obscure, appear larger
and clearer through a glass bubble filled with water.”
Although we have no account that they understood the
laws by which the magnifying power of the spherule was
effected, yet their acquaintance with its application
appears certain.

The invention of the microscope is attributed by the cele«
brated Dutch mathematician, Huygeus, to a countryman
of his, named Drebell, (for it must be obseirved it was en=
tirely lost in the middle ages). 1le constructed them about
the year 1621, or thirty-one years after the invention of the
telescope. According to Borelli, the microscope was
invented by Jansen, the reputed inventor of the telescope,
wha presented some instruments of his first construction
t0 Prince Maurice, and Albert. Archduke of Austria.
These instruments were six feet in length, and consisted
of a tube of gilt copper, one inch in diameter, supported
by tlun brass pillars in the shape of dolphins, on a base
of ebony which was adapted to hold the object to be
examined. Of the internal construction of this microscope
we have no precire account ; though there is reason to think
that it was nothing more than a telescope converted into
a compound microscope. Viviani, an Italian mathe-
matician, says expresaly in his Life of Galileo, that this
great man was led to the construction of the microscope
from that of the telescope; and in the year 1612 he actus
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ally sent a microscope to Sigismund, King of Poland.
‘The honour of making a microscope of two double lenses
like those at presemt in use (without their field-glass,)
seems to belong to F. Fontana, a Neapolitan, who, in &
work published in 1646, claimn it as his own, and dates
the invention from the year l615.

The numerous forms of microscopes which bave at
different intervals been constructed, may be included in
three distinct classes, however varying as tu their exter-
nal appearances ;—these are Single, Compound, Refract-
ing, and Reflecting Microscopes.

The Magic Lantern is coustructed similarly to the
solar microscope (vide Optics,) but having the object and
field-glasses of larger diameters and longer foci, to admit
more extensive objects ; these objects are usually painted
representations of famihar or grotesque objects on glass
sliders, having the parts mot occupied by the design
blackened to obstruct the passage of light. These sliders
are introduced by an opening cut in each side of the tube;
the diameter of the lenses are nearly equal to that of the
condenser or bull's eye, and are made tu «lide within the
outer tube to adjust the image on the wall at different
distances. A lamp is used to illuminate the lens.

Camera Ubscura, or Darkened Chamber, is an optical
apparatus for the representation of ull surrounding ob-
jects, under the same angle which they suohtend to the
unassisted eye, and which are exhibited in their proper
colour or shape, so as to enable a person to delineate or
trace, both vear and remote objects; without an ac-
quaintance with the rules of perspective, when they are
thrown on the paper.

In the construction of this instrument, a convex lens
and plane mirror are its principal parts; these are
urranged differently, according as it 18 required to be
portable or stationary.

Although the modifications of this apparatus are
numerous, they all depend on the same principle, which
admits of the following iniprovement: the lens being
convex, converges the rays that pass through it to the
same distance from every part of its surface, but as the
image is received on a flat plane, the rays will have to
diverge farther than those in the centre, which are nearer
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the lens; hence, the image will be a distorted represen«
tation of the object: to remedy this, when not required
for tracing, the 1mage should be formed on a concave
surface. When, however, the instrument is wanted for
the delineation of objects, Dr. Wollaston has proposed to
make it Periscopic (from two Greek words signifying
seeing about) by having the lens formed with such carves
that the marginal rays are rendered longer than the cen-
tral ones.

The Kaleidoscope is an instrument invented by Dr.
Brewster while investigating the polarization of light,
by successive reflections between plates of glass, in the
year 114 The patent he obtained for it, described it as
a mew Optical Iustrument, * for creating aud exhibiting
beautiful forms:” this is effected by two reflecting plates
inclined to each other, at any angle that is an aliquot
part of a circle. These plates are placed between the eye
and certain objects to form the intended pictnre; they
are usually enclosed in a tube, and the objects, consisting
of pieces of coloured glass, beads, &c., are loosely con=
fined between two circular pieces of common glass, the
one of which is usually greyed to make the light uni-
form. 1lu order to give the picture varied outlines,
threads of glass spun, or twisted, may be mixed with the
picces, being first formed into circles, ellipses, looped
curves like the tigure R, curves like 3, or spirals like the
letter S. On looking down the tube, through a small
hole placed near the meeting of the plates, a beautiful
circular figure will be seen, having six, twelve, or twenty
angles, according to the inclination of the plates: these
beautiful forms, by slightly turning the tube, will be
changed, by which an almost infinite variety of patterns
may be produced. From this iustrument is derived many
of the most beautiful patterns of the fancy shawls now
maanufactured. .

In order to produce perfectly beautiful and symmetrical
forms, Dr. Brewster found that the three following con-
ditions are necessary : .

1. That the reflectors should be at an angle which ig
an even or odd aliquot part of a circle, when the object
was regular, and similarly situated with respect to both
the mirrors, or an even aliquot part of a circle, when the

object was irregular.
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2. That out of an infinite variety of positions for the ob=
ject both within and without the reflectors, there was 022
one position where perfect symmetry could be obtain
namely, by placing the object in coutact with the ends of
the reflectors. '

3. That out of an infinite number of positions for the
situation of the eye, there was enly one where the sym-
metry was perfect: namely, as near as possible to the
angular pomnt, sv that the whole of the crcular field
could be distinctly seen; and that this point was the
only one vut of an iofinite number, at which the uni-
Jormisy of the reflected light was & maximum.
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GEOLOGY.

I7 i imjpossible to discover a study more interesting to an
enquiring mund, than that which leads to an acquaintance
with the numeious changes the globe we inhabit has
undergone in past ages. 1f we can by any possiblity
ascertain ‘he order of those changes and the probable
perieds in which they were effected, it is clear that we
may form a complete history of the earth, for the entire
period necessury to produce the appearances within the
reach of examination, as well as to infer, with something
hike certainty, the course of future revolutions. With
respect o the ongin of the materials compusing the
globe, serence aud observation can give us no informas
tion.  But the chauges to which they have been sub=
jected, and the agents which have been most energetic in
operating these changes, we can easily explore, with the
certainty of acuiring information more and more correet
a8 we proceed in our exammation.

The science which employs itself in this interesting
task is called Geology, or the study of the structure of
the earth. A system which would account for the
original birth and organization of the globe, is called
Cosmugony ; but no system of thia nature can be more
thua a eeries of suppositions, strung together in some
plausible order, or an hypothesis, since pature, since she
offurs us abundance of signs by which we many learn the
changes to which she has been subjected, gives us no
information of the period when she began to exist, or of
the manuer in which the material universe was brought
into being.

The firat idea which must suggest iteelf to any one
who looks, even in the most superficial manner, on the
patural objects by which he is surrounded, is, that every
portion of the earth has undergoune total, and, uptal they
are accounted for, stupendous changes. If he dig a hole
in a bog, he finds huge trees rooted in spots whera now



252 PANORAMA OF SCIENCE,

there is only a shrubless morass; if he cut through the
s0il of a verdant meadow, he may find a bed of peat en-
closing the trunks of trees; if he go still lower, he dis-
covers a bed of clay, including the shells of fresh water
fish ; still lower the ehells of sea fish will he intere
mingled ; + while below this last layer or stratum, the
shells of salt-water shell-fish, or, as a naturalist would
call them, marine testacea, which have no river or
fluviatile species mixed with them. Again, a mountain
stream, the sudden melting of ice, or an unusual frost,
detaches a fragment from the side of a hill; and behold,
similar layers of buried trees aud shells, aud boues, are
suddenly exposed to view on the ¢levated mountain
precipice! The pative of the district cullects xome of
theee shells ; he has never scen any like them before ; no
such fish inhabit the neighbouring lakes, or nivers, or
ocean, and he preserves them i wmlent or ignorant
amazement. At length a traveller arnves: to lum the
unknown curiositive are shown; and he redoubles the

rplexity of the already astonished poesesmor by in-
orming him that he has frequently collected similar
shells inhabited by living fish on the shores of the Indian
Ocean or the banks of some fur away river. Ten thou-
sand conflicting ideas now crowd upon the collector’s
mind. Curiosity so startlingly aronsed cannot slumber
until some satisfaction has been given to 1ts restless
spirit. Did these very objects before me once inhabit

ose distant climes where their species now reside®
Were they swept from their original locality by the re-
sistless force of some mighty deluge, and left to perish
in these ungenial climes ? 1le looks at the hill side, and
the regular order in which he eeen layer after layer de-
posited, checks this conjecture. Surely, had such been
the cause of their transportation, masses would have been
heaped upon each other in wild counfusion. C(an they
then have once made this their home and dwelling-
place? Was this once an expanse of waters fitted for
the reception and support of creatares which require the
heat of a tropical sun? If a0, how can the climate have
undergone 0 remarkable a change ? Ilas the sun changed
his course Such are his probable reflections, until he
puts an end to his perplexities in one of those ways, ace
cording to the character of his mind. If his intellect be
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restless, impatient and feeble, after revolving the matter
once or twice, and * finding no end in wandering mazes
lost,” he discards it altogether from his thoughts as ime
practicable and useless; if he be a pert, conceited
reasoning thing, ever skipping from conclusion to con-
clusion, with a sneer for all who do not imitate his
agility, he straightway forms a supposition, quits his
single trace of facts, and flits away to some new-topic.
Should another traveller pay him a visit and detail new
facts mconsistent with his hypothesis, he gives himself
no trouble about that. Ignorance and self-conceit have
a ready balm for such wounds, and he contents himself
with thinkinz, if he does not absolutely remark, with the
Freuchman, that it is *“so much the worse for the
facts.” DButif he has a patient reflecting spirit, a true
desire for knowledge, aud a proper sense of the united
extent of his information—it in short, he is by nature and
by haht a philosopher in the true sense of the word, he
treasures up his acquired knowledge, and sets diligently
to work to add to his store. lle digs new holes, cuts
the face of other hills, carefully observes the appearances
Offered to his view, and procures all the information in
his power from those whose observations have been more
extensive than his own, ur carried on in another direc~
tion. Thus he may hope mn time to acyuire sufficient in-
formation to enable him to form some just idea of the
causes of the various and apparently inconsistent ape
pearances he has noticed. The first of these classes are
evidently iucapable of inquiring with effect into any
gabject. Numbers of the second, and a few of the third
aud rarest class, have occupied themselves in geolugy.
Among those incomparably the most distinguished, is
Professor Lyell, the Sir Isaac Newton of the science,
whose views we shall now proceed to explain in as
simple and as clear a mauner as possible. Indeed it
would he difficult to state Professor Lyell’s views of the
great laws which govern the changgs to which the
stracture of the globe is liable, otherwise than simply
and clearly ; for simplicity is the characteriatic of all the
great laws of nature; and when once elucidated, they
appear to have been from the first a most obvious solation
o¥ the phenomena or appearances.

Like all other great philosphers, or men who have been
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remarkably successful in developing the laws of nature,
Professor Lyell has constructed his simple hypothesis
upon an almost boundless accumulation of facts. 1In the
industry with which he has amamsed information re-
specting the state of the globe, and the cavtious use he
has made of his materials, he has no superior except the
great master of human knowledge, Arstotle, and the
reviser of the true Aristotelian mode of philosophising,
Lord Bacon.

Before proceeding to explain Lyell’s system, it is
mecessary to point out some of the errors he has to
combat. Ilitherto, geologista, when at a loss to account
for the traces everywhere left on the face of the earth of
gigantic change, have called into their mid the unbridied
violence of the elemeuts. They have supposed the earth
at some past eras to have been seized with convuleive
paroxysms, which have dislocated all 1ta parts, and shat-
tered its very frame-work. That after these chaotic
agitations, 1t has again settled down into a comparatively
quiescent state. In one of these happy intervials we a

t exiut, warned only of the lurking energies which

ve wrought there tremendous results, and which may
again probably annihilate, 1n one vast explosion, the
present order of things, by the low grow! of some insig-
pificant volcano, the shght tremor of a loeal earthquake,
or the ravagesof a partial inundation. These philosophers
wielded the powers of nature much in the same way as
prae-Newtonian astronomers did the frame-work

of the heavens. As the latter lavished upon the celestial
architecture spheres, cycles and epicycles, without end,
“to save the phenomena,” so0 have the former dincharged
the earth:joake, the volcano, the deluge, with remorseless
fary over the fair face of creation. Were they ata loss
%0 account for the elevation of a mountain ridge?
Btraightway the subterranean mines were charged, and
an explosion, which would shake creation to the centre,
shot the Andes up into the air. Were they perplexed by
the remains of marine animala on the tops of loity moune
fains? Some sudden inversion of the planet hurled an
ocean over the heights, and transported thither fragments
and relics from the moat opposite and distant regione.
Such was the recent state of the science of geology.
‘The entire theory of paroxysms and convulsions was as
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completely a tissue of inventions, supported by mno
analogy in nature to account for appearances, as
sycles and epicycles of the astronomers. However,
Newton arose, aud by the announcement of the simple
law of gravity, put an end for ever to the din of com-
flicting spheres, aud the dizgy maze of centric and ec=
centric orbs. The simple fact announced by Professor
Lyell, as the result of extensive observation and calcula=
tion, which is to dispense with these periodical returns of
agitation, is, that the operations of nature, as seen around
us from day to day, are fully adequate to the production
of every change which we can ascertain to have taken
place in the structure of the globe. He tells us that we
may daily see processes going on, which, though insignifi«
cant to our limited and brief opportunities of observation,
are yet sufficient, by their ceaseless operation, to level the
loftiest mountains, fill the profoundest depths, dissipate
existing continents, and elevate into their place the
 0oze und sunken bottom™ of the present ocean.

To do justice to his theory, we muat consider it under
two divimons—the agencies by which these changes are
to be cffected, and the most probable popular objections
to which it may be liable. These agencies are divided
into two principal classes—organic and inorganic; that
is to say, agents endowed with life, and those not ene
dowed “with lhfe. or animals and vegetables. The in-
organic changes are again subdivided into aqueous and
igneous. The aqueous are streams, springs, tides, and
currents. 'The igneous are the earthquake and volcano.
These causes, incessant in their operation, are sufficient,
according to Lyell, to produce every change which cam
be traced in the structure of the earth, and in the dise
tribution of sea and land. To establish this theory, he
has collected an astonishing multitude of facts, compre=
hending almost all the remarkable earthquakes, eruptions,
landslips, and floods recorded in the annals of time. He
shows us how the rivers are incessantly wearing down
the hills from which they spring, and the soil through
which they flow, and conveying the materials to
ocean; how tides are continually filling up arms of the
sea, and conflicting currents excavating the floor of the
ocean in one place, and heaping up huge accumulations
in others. He tells us how earthquakes have occasioned
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the sudden subsidence or sinking) of land in some
quarters, and volcanoes have raised new mountains and
islande iu others. These changeshave actually been effected
during the very brief period of which we have any re-
cords. Now, then, if the same causes continue to
operate through an indefinite series of agee, they are
obviously sufficient to produce a tutal revolution in the
aspect of the globe, and, in the lapse of time, to rextore
it again to its present condition. Thus we can ascertain
that within the laet two thousand years, the upper part
of the Adriatic has received accessions of land of many
miles in extent from the deposits left in 1t by the Pu, the
Adige, and other rivers descending from the Alps. How
can we, therefore, avoid the concluvion, that in process
of time, that gulf must become aun salluvial valley,
bounded by the Appeuives on the west, and its present
mountainous shores on the east, and irrigated by the
lengthened P’o wandering through the centn? llaving
once pictured such a result in our imagioation, as
the certain consequences of causes now iu operation,
we bave only to turn our eyes to the great valleys
through which many existing rivers flow, tv recognize at
once the process of their formation.

A recent intelligent traveller in the Ilighlands and
Islauds of Scotland, descrihes his astonishment and
delight in discovering the sras on the west coast filled
with living creatares, all of which were engaged in the

rocess of forming land. lle perceived that the sea
From Shetland to the Mull of Cantyre was filled with
animals like glittering sand, each of which, ou inspec-
tion, was found to consist of a minute spiral, resembling
the worm of a ramrod, but not the hundredth of an inch
jn diameter. So numerous were these, that the water

ed muddy with their prisence; and he calculates,
mif all the hairs on the heads of the men, women and
children, born since the hegiuning of the world, were
enumerated, and all their separate hairs were lives, these
would not amount to one generation of this apiral Heople,
born on Monday morning to die on Wednesday night, and
80 on for ever and ever. Such an infinite number is ahso-
lutely appallings Buteven thisis nothing, when it is found

® The Iate Dr. Chalmers in speaking of the boundlessness of the
greation says ¢ About the time of the invention of the telescope, another
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that the intervals between these are filled by fifty different
kinds of creatures, each of them fifty times smaller, and
all engaged in the same endless occupation. The invisi-
ble iusensible toils of these ephemeral points, conspiriug
with others 1n one great design, workiog unseen, unheard,
for ever, guided by one volition, by that One Volition
which cannot err, converts the liquid water iuto the solid
rock ; their bodies die, sink and concrete ; the bottom of
the ocean, and the shores of 1lands, are gradually elevated
by the morind deposit; the deep ocean is at length con-
verted by them uto dry land, and extends the dominion
of man, who sees 1t pot, aud knows 1t not, over regions
which even his ships had scarcely traversed. Thus the
great Pacitic, by other means than that of the allnvium of
of inflowng rivers, is destined at sume future day, to be
a new continent,

Facts hke these are enough, in our estimation, to indi-
cate the principle of Professor Lyell's theory—a princi-
ple which was in fact recoguized by some of the ancient
plalosophers.  Indeed it is wnot to natural objects alone
that the great principle of revolution of decay, and repro-

L]
instrurnent wos formed, which laid open a scenc no less wonderful, and
rewarded the inquigtive spint of man,  This was the microscupe. The
onc led me to see a systen in every star; the other leads me tosec a
world 1n every atom,  The one taught me that this mighty globe with
the whole burden of s peuple and its countries, 1s but a grain of sand on
the high field of immensity ; the other teaches me ‘that cvery gram of
sand may harbour within 1t the tribes and the families of a busy popus
Jation. The one told me of the insignificance of the world T tread upon ;
the other redeems it from all ats imigmificance; for it tells me, that n
the leaves of every forest, and in the flowers of every garden, and
in tue waters of every nivulet, there are worlds teeming with life,
and numberless are the glonies of the firmament.  The one has suggested
to me, that beyond and above all that is visible to man, there may be ficlds
of creation which sweep immeasurably 1long, and carry the inpress of the
Almighty'shand tothe remotest scenes of the untverse. the other suggested
to me, that within and beneath all that minuteness which the aided eye of
man has been able to cxplore, there may be a region of invisibles ; and
that, could we draw aside the mysterious curtain which shrouds it from
our senses, we might sec a theatre of as many wonders as astronumy has
unfolded, a umiverse within the compass of a point so small as to clude
all the powers of the microscope, but wherethe wonder working God finds
room for the excrcise of all his attributes, where he can raisc another
mechanism of worlds, and fill and animate them all with the evidenoce of

his glory.”
R
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duction, is applicable. Every succeeding addition to our
knowledge appears to bring us back more and more
directly to the views of the leading ancient philorophers,
as though science, as well as the materinl world, had 1ts
periods of use, decay, and restoration. LEvery successive
discovery of modern times appears to point more plainly
to the principles of the ancients, as though all that we
konow had been known befure, all that we discover had
been discovered before, and the results only to have
survived. 'The process by which the early philosophers
arrived at those results har perished ; hence doubt and
contempt have been thrown upon them by conceited
ignorance, until phlogophy, after re-exploring the arcana
of nature appears to be tinding her way once more 1o her
original rextiug places. =o trueit 18 that there is nothing
new under the sun.

In a limited sketch like this it is impossible to do more
than indicate the lme of argument followed hy Professor
Lyell's Principles of Geology. For the ample details
of facts calculated to establish its truth, we munt refer to
the work itself which will be found well worth au atten-
tive perusal. .

Let us, however, consider one or two of the objections
most likely to occur to plain people when the theory is
first explaned to them. = Mauy persons are very ready to
follow renaoning to a certain extent, who, when a more
startling resultis presented to them, find it impossible to
assent, although it may be quite as fair a deduction as
the former. For example, a man may say “I cau easily
believe you, when you tell me that a peat-moss was once
a forest, and that it was so less than two thousand years
ago, when in addition to the undeniable remaing of trees,
many of them still rooted in the ground which I observe,
1 find beneath it the traces of a Roman road, and hear
that the historians of that-people mention the spot as a
wood ; but when I see a bed of coal, of ‘prodigiouu thick=
mess, extending quite across the bed of the Forth, at &
eonsiderable depth, and you call on me to believe that
$hat too was once vegetable matter, I am confounded, I
eannof go along with you.” The only way to meet such
persons is to shew them some equal or greater wonder
going on before their eyes in a manner which they cannot
deny. Detail to him, then, what is now going on at the
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mouth of the Mississippi, and his incredulity must give
way. In addition to the incalculable quantity of loose
drift timber annually carried down, and imbedded in the
Gulf of Mexico by that enormous stream, there was &
single raft formed of torn-up trees, ten miles long, two
hundred and twenty yards wide, and eight feet deep ; the
whole of which wus accumulated, in consequence of
some accidental obstruction, in the course of a few years.
How insignificant then, must this mass of timber, enor-
mous as it is, he, when compared to what must have
accumulated, in the course of centuries at the mouth of
the river. When the progress, making daily, in shale
lowing the qulph is ascertamned, it requires no distant
geological view to look forward to a time, when that
expanse of water will be converted 1ato a vast alluvial
plain, through the centre of which, the mighty stream
will roll 1ts extended course towards ¢ the bated and re=
tinng waters” of the Atlantic. Our ohjector will now at
.at once perceive, that, whenever such a time shall come,
there miust be found beneath the bed of the river strata of
vegetable origin, more extensive than imagination can
coliceive.

There may be no analogy between the actual cases, but
the one is not more wonderful than the other; and, on the
other haud, they might have been similar. A single fact
may sometimes occur, 8o intelligible and undeniable, as
to have greater weight, with many minds, than the mosat
ample evidence collected from quarters less accessible and
obvious. Thus, the tree found a few years since in
Craigleith quarry, in the vicinity of the city of Ednburgh,
was emough to convert the most obstinate disbeliever
into a confirmed geologist. There it was—no child could
gee it and doubt that it was a tree—the bark, the bend
in the trunk, the spot whence branches had been rent,
were all too plain to admit of a moment’s doubt. Morea
over it lay imbedded fifty or sixty feet deep in solid rock.
“ How did it get there?” was the question. Plainly, the
rock could not have been rock when the tree got into ite
bosom. What alterations of flood, earthquake and vole
eano might have been brought into play for the purpose
of inserting the hapless monarch of the antidiluvian forest
in the spot where it unquestionably was found, it is im=
possible to say. Fortunately, Captain Basil Hall had
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shortly before published a volume of travele in which
occurred the following passages.

‘ =ome years ago, when the Mississippi was regularly
surveyed, all its islands were numbered, from the con-
fluence of the Missouri to the sea; but every season makes
such revolutions, not ouly in the number, but 1 the mag-
nitude and sitoation of these islands, that tlis enume-
ration is now almost obsolete. Sometimes lurge islands
are entirely melted away—at other places they bave
attached themselves to the main shore, or, which is the
more correct statement, the interval has bsen filled up by
myriads of lows cemented together by mud and rubbish.
When the Mississippi, and many of its great tributaries
overflow their banks, the waters, beiug no louger borne
down by the main current, and becoming 1npeded
amongst the trees and bushes, deposit the sediment of
mud and sand with which they are ahundantly charged.
Islands arrest the progress of floating trees, and they
become in this manner re-united to the land ; the rafts of
trees, together with mud, constitutiug at lenzth a solid
mass. The coarser portion subsides first; and the most
copious deposition is found near the banks where the soil
is most sandy. I'mner particlea are found at the farthest
distances from the river, where an impalpalle imxture is
deposited. forming a stiff nuctuous black wol. Hence
the alluvions of these rivers are highest directly on the
banks, and slope back like a natural glacis towards the
rocky cliffs bounding the great valley. The Mississippi,
therefore, by the continual shifting of its course, sweeps
away, during a great portion of the year, considerable
tracks of alluvium which were gradually acconiulated by
the overflow of former years, and the matter now left
during the spring floods will be at some future time re-
moved. One of the most interesting features in this
basin is ‘the raft.’” The dimensions of tnis mass of
timber were given by Darby, as ten miles 1n length, about
two hundred and twenty yards wide, and eight feet deep,
the whole of which had accumulated, in consequence of
some ohstruction, during about thirty-eight years, in an
arm of the Mississippi, called the Atchafulaya, which is
supposed to have been at some past time a channel of
the Red River, before it intermingled its waters with the
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main stream. This arm is in a direct line with the
direction of the Mississippi, and it catches a large por-
tion of the drift wood annually brought down. The mass
of timber in the raft is annually increasing, and the whole
rises and fulls with the water. Although floating it is
covered with green bushes, like a track of solid lund, and
its surface is enlivened in the autumn by a variety of
beautiful lowers, Notwithstanding the astouishing num-
her of cubic feet of timber cullected here in so short a
time, greater deposits have been in progress at the ex-
tremity of the Delta in the Bay of Mexico.”

This settled the matter at once ; nothing could be more
plain; the rock was sand when the tree was swept down
and imbedded : its very position 13 described as exact as
though the Captain had had his eye upon it when
writing. This rock, then, was once sand ; and a river
capable of sweeping down trees of such dimensions as
this, held its way over the spot where the quarry is now
situated. I'nw 13 certainly evidence of gigantic change,
of revolution, which it makes a person giddy to con-~
template ; yet after all, the very same process is at this
vely moment going on, on the other side of the Atlantic.
We may there see, actually in progrees, operations, to the
results of which this apparent wonder is the fac-simile.
With many minds incapable of doing justice to cumue
lative evidence, one fact 8o obvious as this would be
decisive.

There is another class of objectors, whose doubts we
are particularly anxious to remove, because, although
their objections arise purely from ignorance, yet their
motive and feelings are entitled to respect. [Persons of
imperfect education, unaccustomed to the contemplation
of philosophical subjects, too often derive their only
pnotion of the formation of our earth from the accounte
given in the first chapter of Genesis. As that account is
very brief and general, it is totally impoesible that such
persons should acquire any but the most confused and
imperfect ideas. NStudied, indeed, by the light of phi-
losophy, illuminated by knowledge drawn from that
ample revelation of his works, which the Divine Being
has vouchsafed to all his creatures in the great volume
of nature, its unexplained announcements are felt to be
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invested with the inaleniable sublimity which belongs
to the simple enunciations of mighty truths. The
revealed Word of God as contained in the Holy Scripe
tures is one onmly of the mapifestations which he has
been pleased to make of himeelf. Its extent has hitherto
been limited ; ita object is clearly defined, to inform man
respecting his relation to his Muker, to unfold to him his
immortal destiny, and to instruct him how he may become
$t for future happiness. It is in no way intended to sup=
ply us with mmformation upon natural philesophy. The
great volume of nature 18 spread before us, on which we
may wee the history of the works of tiod traced in
characters admitting neither of obhteration nor mstake.
The incidental notices, therefore, of such topics, oce
curring 1u the written word of (God, must be understood
and explamed by a reference to the more explicit revelas
tion granted for that purpose. The immeasnrable spaces
of time required by the geologist, especially under the
system we are consideriog, to produce results wiich can
be undemabhly shown to have taken place, will appear to
any who understand the usual account, in a certain senge
inconsistent with 1ts deta:ls. Though this error may m
the present day be confined to very ill-educated or
childish persons, yet tiere was a time when it was
dangerous for a piulosopher to give an opmion on any
natural phenomena inconsisteut with the ordinary ex=
sressmn of sentiment. (iahileo was consigued to a

ungeon for asserting that the earth revolved round the
sun, whereas it was argued that the sun came forth from
the east, and ran his course to the west. Buffon was
compelled by the doctors of the Sarboune, to recant his
theory of the formation of the earth, becuuse it was
thought coutradictory to the narrative of Moses; and in
our own country, many philorophers little more than a
century ago, were exposed to obloquy if not persecution,
from the same proprnmity to adduce the authority of
Bcriptare on topics foreign to its purposes.

Let none then fear that his religious belief can be
endangered by the rational and unfettered study of nature.
It is our duty to study God, in his works and in his
word, and to seek in each that peculiar instrnction which
they are generally intended to afford. Their lessons, if
read aright, will infallibly be found to reflect mutual
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lustre; distinct, but not discordant; differing indeed, in
dignity, but each bearing the visible impress of the same

origin.

THI: THERMOMETER.
ITS HISTORY AND CONSTRUCTION.

THK 1nvention of the thermometer, like almost every
discovery of great utility, has been claimed for different
plilosophers ; and natwnal vanity has occasionally been
enlisted 1 support of the rival claimauts. There seems
but twe, however, whose titles are worthy of notice.

The Ttahan writers geuerally give the honour to their
countryman Santorio Santoriv, long a physician at Venice,
afd afterwurds a profersor at Iadua, who flourished
about the beginuing of the seventeenth century, and who
had obtained just celebrity by his discovery of the insen=
aible perspiration of the animal frame. The Dutch phi=-
logophers, on the other hand, unhesitatingly arcribe it to
Cornehus Drebbel, a physician of Alkmaar, who appears
to have enjoyved a lugh reputation as a chemist, a mathe=
matician, and an inveutive mechanical genius.

sSantorio expressly claims the invention as his own,
and he is supported by Borelll and Malpighi. The title of
Drebbel is cousidered as undoubted by Boerhave and
Musschenbroek. 1t would now, perhapn, be difficalt to
decide the controversy; but it ix worthy of remark, that
Santorio who was born in 1561, and died in 1636, did
not publish his claim to the invention till 1626; and
although thermometers are alluded to by Robert Flud,
within the first quarter of that century, yet as he travelled
both in Germany and Italy for six years, we can draw no
inference from that circumstance. Certain it is, that
thermometers were coustructed about the same time,
both in Italy, and in Holland, on the same principle ; and
though the instruments of Drebbel were well known in
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Holland and England before the fame of Santorio appears
to have reached the North West of Farope, the most
recent writers have generally considered the latter as the
real inventor of the thermometer. It is, however, by
no means improbable, that each may be justly entitled to
the merit of a discoverer.

Be this as it may, the instrument, from its imperfect
construction, was of very little use in the hands of either,
and required the successive labours of different philoso-
phers to render it a tolerably accurate mdicator of the
variations of temperature.

The thermometer, ascribed to Nantorio and Drebbel, is
precisely the same in form and principle. It consists of a
glaws tube, with a ball blown on one if ita extremities,
and haviug the other end opin. A portion of the air in
the ball is expelled by heat. and then the open end of the
tube is immersed in any hquid contained 1n the cup.  As
toe ball cools, the included wir dimmishes in volume,
and the liqgud s forced into the stem by the pressnre of the
atmosphere, until it replaces the volume of air which
was expelled by the heat. When a heated body is ap-
plied to the ball, the air will again he expanded, and
depress the liquid in the stem; and if this stem he a
cylinder, a scale of equal parts applied to it will enable
the observer to form some idea of the difference between
the relative temperature of bodies applied to the ball.
On the removal of the heated body, the volume of the
included air again diminishes, and the liquid again rises
in the stem by atmowspheric pressure, until the elasticity
of the air within the iustrument is in eguilibrio with that
of the sarrounding atmosphere. Tnatraments constrocted
on this principle are called Air Thermometers; because
their action depends on the elasticity of air; and from
their haviog been originally emploved to mark the
changes of atmospheric temperature, they are described
by the older writers under the name of weather-glasses;
a denomination also given to barometers.

Drebbel appears to have devised a variety of the
instrument more delicate in its indications. The globular
form of the common balb, and its small size, rendered it
less susceptible of slight changes than a flattened bulb
of larger diameter.

In the obscure and often almost unintelligible writings of
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our countryman Dr. Robert Flud, published at the begin~
ning of the seventeenth century, frequent mention is
made of the thermometer, or as he calls 1t speculum calen-
darium ; and the common air is repeatedly figured in his
singular work, e Philosophia Moysiaca, published in
163%, with 1t stem divided erjually into an ascending and
deacending serivs, each of seven degrees, respectively
appropriated to summer and winter. It is obvious that
the size of an air thermometer, on such principles, is only
limited by convenience, and the length of the column of
liqmd which the preswire of the atmosphere can sustain
in the tube. As originally made, they were unwieldy,
they could nnt be applied to high temperatures, and were
besides, linble to two very important ohjections, as indi-
cators of the atmopheric changes of temperature,—they
were lhable to he affected not ouly by heat and cold, but
by the varying pressure of the atmosphere and the scales
adapted to them were arbitrary, and without fixed ponts
for the comparison of observations made with different
instruments.

The first objection was foreseen and obviated by the
dtientific memters of the Florentine Academy, assembled
unde: the patronage of the Grand Duke of Tuscany. In
the first article,  the published transactions of that
learned body, we find a full description and delineation of
a thermometer from which the influence of atmospheric
pressure is excluded. The expansion of spirit of wine is
employed to ascertain the temperature, instead of the
dilatation of air; and the instrument irsealed hcrmetically,
as it is termed, or has its oritice closed by melting the
glaes, after the introduction of as much spirit as fills the
bulb and a portion of the stem. The method employed
by the Florentine academicians is nearly that still used by
the makers of the instrument; namely, by heating the
balb in the flame of a lamp, to expel the air, and then ime
mersing the open end of the tube in the liquid destined to
£11 the thermometer. As the ball cools the atmospheric
pressure forces the liquid into the stem and ball, to supp‘lg
the vacuum; und the orifice is closed by melting wi
the blow-pipe the end of the tube, from which any excess
of the liquid may be previously expelled by again heating
the ball.

The Florentine Academicians appear also to have been
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awnare of the necessity of adapting some fixed scale to the
tube; but their attempte were not verysuccessful. ‘They
descrihed the thermometer as consisting of a ball and
tube of sach relative size, “ that on filling 1t to a certam
mark of its neck with apirit, the cold of rnow and ive
will not cause it to fall below 20 degrecs measured on the
stem ; nor, on the other hand, the greatest heat of vummer
expand it more than 8 degrees.” Tiis method in
evidently erroneous, masmuch as the last pomt could be
of no determinate temperature: and thur system of
graduation is 1n itself rather rude. The tube 18 directed
to be divided by compasses into ten equal parts, these
divieions are to be marked *‘ by a little button of ewhure
enamel ; and these may be further subdivided by the eye,
and the intermediate degrees marked by buttons of glass,
or of blark enamel.”

This instrument was variously modified by them to suit
different pnrposes. The ball was occamioually enlarged,
and the tube reduced in thickness to render the instrument
more sensible; and in the work already (uoted, we tind a
figure of a thermometer of this sort with the stem spirally
twisted to render it more portable, aud less huble t&
accident.

Another invention of the }Florentine academicians to in-
dicate chauges of temperature may be heie noticed. It
copsisted of hermetically sealed supherulen of glass, of
different specific gravities, introduced into a wide tube
filled with pure spirit. The degree of the llorentine
thermometer at which each sank was noted. and by
hanging this instrument 1n an apartment, 1t somewhat
showed the variations of the temperature of the surrounding
air, though slowly. Imperfect as these attempts were,
they paved the way to very important improvements in
thermometers

The indefatigable Boyle appears early to have turned
his attention to the improvement of the thermometer, and
his first attempts were on the air thermometer, or the
wedther-glass, as it was then styled. He rendered the
instroment more convenient, by making one reservoir for
the liquid and for the air at the bottom of the tube; and
thus the thermometer might be conveniently dipt in &
fluid, or applied to any body for ascertaining its tempera-
ture. * The thermometer,” he says, * being made by the
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insertion of a cylindrical dpipe of glass (open at both ends)
into a phial or bottle, and by exactly stopping with sealing
wax, or very close cement the mouth of the phial, that
the included air may have no communication with the
external, but by the newly mentioned pipe.” 1f a portion
of any liquid sufficient to cover the lower extremity of
the pipe be contained in the bottle, it is obvious, that the
expansion of the enclosed air will elevate the inclnded
liuid in the cylindrical pipes and this liquid will again
descend on the contraction of the enclosed. Mr. Boyle
likewise showed that no dependence could be placed on
the indications of open air thermometers under different
degrees of atmospheric pressure; and he states, that on
plungiug the bulbs of different thermometers in liquids of
very different specific gravities, as mercury and water,
the liquor in the stem stood at unequal heights though
both had been long exposed to the same temperature.
The Ilorentine thermometer was about that time intro=
duced iuto Logland, and duly appreciated by both Boyle
and Hooke. 'The specimen seen by these phlosophers
wag filled with ecoluurless spirit, but they made use of
spints of wine, tinged by coclineal, *of lovely red;”
and, says Boyle *“ 'tis pleasant to see how many inches &
mild degree of heat will make the tincture ascend in the
cylindrical stem of ome of these usefal instruments.”
Boyle was fully aware of the imperfection of the acales
Intherto apphed to the thermometer, and sought to dis=
cover a remedy. He proposed to obtain a fixed point in
the scale by marking the height of the liquid in the stem
of the iustrument, when the ball was placed in thawing
oii of aniseeds, a point which he preferred to that of
thawing ice, because the former could be obtained at any
period of the year. Ilis method of making two or more
comparable thermometers, however, would be found ex-
tremely difficult, 1f not impossible in practice; it is best
lained in his own words—¢ For if you put such recti=
spirit of wine into a glass, the cavity of whose speri=
cal, and that of its cylindrical part, are as near as may
be, equal to corresponding cavities in the former gl
you may by some heedful trials, made with thawed
recongealed oil of aniseeds, bring the second weather-
to be somewhat like the first; and if you know the
quantity of your epirit of wine you may easily encogh
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make an estimate, by the place it reaches to in the neck
of the instrument, whose capacity you also know, whe=
ther it expande or contracts itself to the 4ith, the 30th,
or the 20th part of the bulk it was of, when the weather-
glass was made.”

Bovle mentions that an “ingenious man,” (alluding to
Hooke) had proposed the freezing of distilled water as a
fixed point in the scale of thermometers, but he himself
evidently gives the preference to the congealing pont of
aniseed oil. Dr. Ilalley proposed to regulate the scale
by the uniform temperature of such a cavern as that under
the Observatory of Paris, or the point at which spirit
boils ; and he ulro suggested the fixiug of the scale trom
the boiling ot water. Thi point he conmdered ax an in-
variably fixed one, not hable to alteration from ex-
ternal circumstances ; and the eame idea was entertained
by Amontons. With a single point so fixed, the method
attempted by Boyle,, Halley,and Hooke was to calculate
the proportion ot the stem to the ball, and thux to deter~
mine the increase in bulk of the whole liquid by a certain
temperature. .

Dr. Hooke appears invariably to have used in his’
thermometera spirits of wine “ highly tinged with the
lovely colour of cochineal, which he deepened by pouring
in it some drops of common spirit of wine.”

The sagacity of our 1llustrious Newton saw the impor-
tance of improving thermometers. Ile appears to have
been early aware of the inconvenience of spirit as a
thermometric fluid, and employed hnseed o1l to fill his
thermometers. It han the advantage of being able to en-
dare a very coosiderable temperature without endangering
the bursting of the tube. and therefore can be applied to
a higher range of temperature than a spirit thermometer.
It has the disadvantage however, to be more sluggish in
its movements, aud to adhere much to the in«ide of the
tube while it differs greatly in its fluidity at different tem=

tores. Newton perceived the convenience of having
two fixed points in the contruction of the acale; and he
used the freezing and boiling points of water as the most
suitable for this purpose.

Newton continued his scale of temperature farther by
observing the rate of cooling of heated bodies, until he
could apply his thermometer to them, on the principle
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that equal decrements of temperature take place in equal
times. It was thus he estimated the temperature of iron
heated to the utmost intensity of a small kitchen fire
equal to 194 degrees, and in a tire of wood akout 200 or
210 degrees of the same scale.

It is perhaps unfortunate for the philosoply of heat
that more sublime aud dazzling objects drew Newton’s
attention to other pursuits. Though he led the way to
just views of the subject, neither he nor auy of his pre-
decessors appear to have been aware of the influence of
the varyiog atmospheric pressure on the boiling points of
liquids ; nor do any of them to have cousidered that the
varying expansions of the thermometric hquids at dif-
ferent temperatures, aud the expansions of the glass of
the mstrument, must have materially affected every
attempt to subdivide the stem of the thermometer into
fractional parts of the whole bulk of the contained liquid.

Oue of these questions, however, seems to have about
that time engaged the attention of philosophers, viz.,
whether equal 1wcerements of temperature caused equal
expanstons of the thermometric lwid.  Dr. Brooke Taylor
%ried the experiment with an oil thermometer, by mixing
definite portions of hot aud cold water, and measuring
the temperature of the mixture. His conclusion was in
the affirmative, but the delicacy of his instruments was
upequal to the wolution of this nice problem, although he
has the ment of pointing out how the problem is to be
solved.

The Memoirs of the French Academy of Science contain
several descriptious of thermometers, and an account of
m-ny ioteresting observations with these instruments;
but the first alteration in their construction deserving oy
notice is the air thermometer of Geoffroy which, from®he
short description, appears to be an improvement on that
of Boyle, inasmuch as it is not affected by atmospheric
pressure. 1le describes his tube as without any opening,
except one, which descends almost to the bottom of the
ball, and there dips into a small portion of coloured liquid.
It is uot stated how the ball was joined to the tube, but
it was most probably by cement.

M. Amountons clearly saw the importance of fixed
points in the thermometric scale, and proposed to obtain
them from the boiling point of water. His thermometer
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consisted of a tube four feet in length, ending below in a
ball bent upwards, and open at the upper extremity. The
measure of the temperature was the elasticity of a given
portion of air included in the ball, and subjected to a
pressure equal to two atmuspheres by adding tu the usual
atmospheric pressure that of a column of mercury of 23
French inches, which is equal to 56 inches under the
usual pressure.

Althoogh the idea of Amontons’ was a fine approxima=
tion to a universal standard for a thermometric ncale, the
instrument is liable to such objectionn, that its principle
seems scarcely ever to have been put m practice, except
by its inventor.

While these attempts to perfect the thermometer were
makiog in France, importaut improvements on 1t were
effected in Germany and Hollund, by the ntroduction of
quicksilver as the thermometric fluid.

Science is indebted to Roemer, the celebrated astronoe
mer of Dantzic, for this improvement, to whom the
invention is ascribed by Boerhave, as well an the first
idea of the scale now known as that of Fahrenheit.
Thermometers of this construction were made by Gabriek
Fahrenheit, a native of Daatzic, in s0 perfect a maunner,
that he haw generally been conmdered us the ornginal
inventor ; they were speedily spread over the north of
Europe under his name, and to this day they maintain
their acknowledged superiority in several countries,
especially in Great Britain,

The mercurial thermometer was used by the Italian
philosopher, Renaldini, before the end of the seventeenth
century; and he proposed an ingenious method of gra-
duating it between the freezing and boiling points of
‘water, by successive mixtures of determinate weights of
beiling and ice cold water. -

The great advantage of Fahrenheit's thermometer over
every other previous invention, consisted in its ap'plica_bi-
lity to a greater range of temperatare, from the freezing
to the boiling points of quicksilver; in ita not soiling the
eontaining tube, and in its receiving the impressions of
heat and cold more readily, while its density rendered
capillary tubes filled with it perfectly visible; and thus
the instrament became more portable and delicate. We
may also remark, that at the period of its invention there
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was no other scale in use that could pretend to vie with
it in accuracy; and it still possgsses such pecoliar ade
vantages that the observer is seldom troubled with
negative degrees, and from the number of its divisions
has rarely, 1 ordinary operations, to use fractions of a
degree.

It would now be a waste of time to describe the
various thermometers which were in uee in France and
Englaud hefore the time of Fahrenheit. They were all
without fixed points in the scale ; and though they were
vaunted as constructed after the models in the Royal Ob-
servatory at Paris, or in the apartments of the Boyal
Society of London, they gave most incongruous results.
We ghall therefore pass to the

Precautions necessary to be observed in constructing
aecurate Thermometers.

A general 1dea has been already given of the mode of
nonstructing a thermometer, but where so much accuracy
14 required there are many niceties that demand attention.

1. The tube should be of equal diameter throughout the
whole stem. As obtained from the glass-house, the
éubes are in reality frusta of very elongated hollow cones,
which, by extension, become more or less nearly cylin=
dneal, and us the divisions of the scale are usually equal,
1t 14 very important that the tube should not perceptibly
differ from « true cyiinder.

For these purposes, after a tube has been chosen by the
eye as equal in enhbre as possible, the best makers blow
a bulb ou 1t, and introduce a short column of mercury
mto the stem, perbaps an inch in length, which _is ac-
curately measured on a fine scale of equal parts, in dif-
ferent portions of the tube, as the column is, by the_ heat
of the hand, moved from the bulb to the open extremity of
the tube. Should the mercurial column subtend the
number of divieions on the scale in every part of the tube
it may be considered as a perfect tube for a thermometer.

The late Mr. Wilson of Glasgow, introduced there
mometric tubes of an elliptical bore. 'The advantage of
this form is, that a very small column of mercury is mugh
more visible when it is expanded at right angles to the
line of vision. If due precaution be taken to ensure the

equality of the tube, thia form answers well, especially
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for ordinary purposes ; but where great nicety is required,
we would recommend the cylindrical tube.

2, The form and proportion of the bulb may vary accord-
ing to the purpose for which it is to be applied.  The larger
the bulb in proportion to the stem so much more deli-
cately susceptible of changes of temperature will be the
thermometer. The spherical bulb is to be preferred, for
this shape is least likely to be atfected by the vuarying
})msure of the air ; but when the bulb i very large, this

orm renders the thermometer less susceptible of minute
changes of temperature, and pyriform or cylindeical bulbe
are usually adopted.

In fornfing the bulb the mouth must not be employed
to blow it, otherwise moisture will condense in the
tube, which 18 expelled with much dificulty and if
suffered to remain, will greatly impair the value of the
thermometer.  Good nstrument makers use a small
bottle of caoutchouc, or elantic gum, fastened by a thread
on the eud of the tube, winle the other extremity is soft-
ened by the flame of a tullow lamp, urged by a blow
pipe. By compressing the buttle, after the ontice of the
softened end of the tube is closed by thy aid of another
rod of gluss, a bulb is formed of any required size; but a
neat workman will rarely consider the first Llowa bulb
sufficiently well formed for his purpose. 1t 18 generally
dilated till 1t bursts; the glass, while atill so!t, iy com=

ssed into a rounded mass, und a fresh bulb furmed of a
regular shape and size proportioned to the cahibre of
the tube. Should the artist not ivtend to seal the tobe
immediately, he usually hermetically svals the other end
of the tube to prevent the entrance of damp air and dust.

3. The necessary precautions used in filliog thermo-
meters with mercury are plainly pointed out in Nichole
son's Chemistry, viz :— .

. The mercury should be clean, dry,and recently boiled, to

expel air as much as possible. Mercury is often cleaned
by thermometer makers by agitating it in a phial, for
sometime, with sand, and then straining it through leather;
for rice nstruments it should be distilled from iron
flings, or redeced from its sulphurets in clean iron
vessels at a moderate heat. )

The bulb, to bg- filled, is heated in the flame of a lamp,
and the open extremity of the tube is immersed in
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mercury ; as the bulb cools, the pressure of the atmosphere
forces the fluid into the tube and ball. The bulb should
be but moderately heated at firat, 80 as on cooling to be-
come only half filled.

4. To ensure a delicate thermometer the mercury is
next to be boiled in the thermometer. For this pu
a slip of clean paper is to be rolled tightly round the
upper part of the tube, 80 as to form, beyond the orifice,
a cup or cylinder capable of containing as mach mercury
as the bulb : secare this round the tube with a thread, put
a drop of mercary into the paper cavity, and again apply
the heat to the bulb, holding the tube by the part covered
with the paper, the mercury will soou boil, and ahout one
half of the contents of the ball will rush up into the
paper cup. On removing the bulb from the candle the
mercury will suddenly return. Repeat this operation
again and again, until the speedy boiling of the mercury,
and the diminished noise and agitation show that the
whole has been well heated, and air and moisture expelled
from it. Should there be the least moisture in the tube
helore this part of the operation, it is very likely to burst
the bulb; and the same accident is likely to happen, if the
mercury be too strongly boiled the first or second time.

5. The tube is now to be hermetically sealed, that is,
closed by the fusion of the glass at the upper extremity,
which for this purpose is previously drawn to a capillary
orifice. When it is intended to free the tube entirely from
air, which is the best method with mercurial thermome-
ters, heat is again to be gently applied to the bulb, which
at the same moment is to be softened by another flame,
and ~losed in the usual way, as soon as the mercury
reaches the extremity of the tube. When the ball has
cooled a little the sealing is rendered more secure by
fusing the glass more fully around the top, so as come
pletely to obliterate the orifice. If the vacuum be perfect,
the mercury will fall to the extremity of the tube, on in-
verting the thermometer, unless the calibre be ahaolutely
capillary ; in which case capillary attraction will overs
come the force of gravity, and the mercury will retain its

osition in the tube, in every situation of the instrument.
Where there is a complete vacuum in the tube, the. mercury
maust be well boiled before the sealing, as above directed;
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and when we choose a thermometer, the ready falling of
the mercury, on inversion of the tube, is the beat test we
can have that the mercury has been well freed from air
and moisture. This vacuum is not, however, so essential
to the true action of the thermometer as was once su)
A thermometer with a small dilatation of

tube when svaled, containing some common sir, has lately
been recommenided as preferable to the mstrument with a
vacuum on the surface of the mercury.

6. We ceme now to the last and most delicate step of
the process, the adaptation of the scale to the iustru-
ment.

In the manufacture of thermometers this is conveniently
done by plunging the new instrument, along with &
standard thermometer into two liquids at different tem-
peratures : but the graduation of this staudard wstrument
38 a work of such nicety and 1mportance, that a committee
of seven members of the Royal Suciety was formed to
investigate the subject, and their elaburate report is given
in the Society's Trapsactions, where all the requisite
circamstances are distinctly nuticed, and the best mani-
pulatious minutely dencribed. .

Two fixed points are sought, and the freezing and boil-
ing points of water are most convenient fur that purpose.
To find the firat, nothing more is necessary than to place
the thermometer to be graduated, after it s flled, in
melting suow, or ice, in such quantity around the ball
and tube, as to bring it to the desired temperature. When
the mercury has hecome statiouary in the tube, a mark is
to be made on the tube with a file, just opposite to the
top of the mercurial column; and that mark fixes the
freezing point of the scale of the instrument. The de-
termination of the huiliug point is much more difficult,

. because it is affected by atmospherical pressure, and even
the form of the vessel in which the water is heated.

e Committee of the Ruyal Society recommend that the
boiling point onght to be fixed under a barometrical pres~
sure of 29. 80 inches.
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CHEMISTRY. -

CBEWISTRY acquaints us with the various means of
changing the properties of their bodies, by their action
upon each other, whether in a simple or a compound
state,

Chemistry is a science the utility of which is as bound-
less a8 1ty extent. What grasp at the knowledge of tere
reatial thingw can be conceirved wider than that which em-
braces the action of all bodies, under all circumstances,
upon each other; or what can be more important to the
enjovment of physical existence, than the best means of
obtaining what this knowledge would give whatever is
most conducive to its welfare.  The growth and prepara=
tion of fuod, in short, every process on which the com-
farts of life, aud the manual performances of man are
dependaunt, can improve only with our knowledge of
those bodien which are the instruments we must use to
minister to our wants.

To trace in a regular manuer the history of chemistry,
though a tark not devoid of wterest, would contribute
nothing to the elucidation of the principles of science.
We shall therefore coufine onrselves to such remarks of an
historical nature aw incidentally occur, and proceed im=-
mediately to useful details. 1. We shall shortly advert
40 the nomenclature of chemists, or the language which
they use to designate the chemical state or differences of
substances; 2, treut of that power of attraction between,
the particles of bodies upon which chemical changes de-
p._-ng ; 3, give a general view of the implements and
manipulations of the laboratory, by which the action of
this attraction is moditied ; 4, enter upon the consideration
of light and caloric, those uncoufinable powers which so
many of these manipulations elicit or require; 5, treat of
simple substances in_geueral, and from sumple substances

to those which are compounded.
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CHEMICAL NOMENCLATURE.

From the revival of learniog after the fall of the Roman
empire, to nearly the cloge of the seveuteenth century,
(‘hemistry had been chiefly coufined tu those who fol-
lowed it with alchemical views. These persons, many of
whom koew that they were deceiving their patroos while
others were desirous to conceal their self-delusion, or to
create admiration, by the appearance of having done
much, were anxious to give every product of their labora-
tories a mysterious, extraordinary or umintelligible name ;
as they did not act in concert, the same preparation ob-
tained very different names; and as they were, with few
exceptions, as eminent for ignorance as effrontery, and
carried on their operations at random, they examined but
superficially the suhstances which they undertook to de-
pominate, and knew not to what they were mdebted for
their leading properties. Suchnames, as horn moon, mer-
curyoflife, the wonderful salt.the salt with many virtues,are
a specimen of namen equally inappropriate and nidiculous,
Hence, when the dreams of alchemy were broken by the
dawn of a more enhghtened day; when men who had the
promulgation of truth only for their ohject, became
chemists, from a persuasion of the advantages which the
caltivation of that science would afford to mankind; they
found it difficult to unravel the confusion which the mis-
nomers of their predecessors had created. In proportionas
discoveries were multiplied, the want of a regular and
appropriate nomenclature increased, and formed a strong
bar to the geveral diffusion of a tuste for chemical re-
aearches. A few trivial innovations which were made by
single individuals, in order to accommodate the language
of chemistry to the improved state of knowledge, served
only to show how much was still wanted. It s perfectly
obvious, that names founded upon a mistaken view of the
properties of things, tend to the propagation of erroneoug
opivious; and that when a vast number of substances
are designated at random, without any connexion
in pame, although nearly related in composition,
the mere effort of memory to recollect these names
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will exceed the effort which ought to be required
for the acquisition of acience. Towards the close
of the last century, therefore, several eminent French
chemists determined to take a comprehensive view
of the subject, and to remodel the whole system of
chemical nomenclature, a task which they completed in
1757, Their object was to reject all the old names which
conveyed false 1dean, but to preserve those which were
not of this class, and to which custom had given a cuor-
rency scarcely, and not usefully to be checked; they at
the same time introduced new terms of appropriate deri-
vation; and the method of furming compouund terms, go
as to indicate the compusition of compound bodirs, was
pointed out. This system of nomenclature possessed so
much merit, that the adoption of 1t svon hecame general
in France, and from thence 1t epread with great rapidity
tu other countries, where 1t was received either entirely,
or with snch improvements as experience warranted.—
The otjections which have been urged sagainstitare tutile;
they Lave chiefly umounted to this, that 1t is not ahsolutely
perfect, and wiil, by the progress ot discovery, hereafter
Pequire to be modilied. On the contrary, a high eulogiom
on 1ts valne and opportune establishment, is conveyed by
the opinion of several eminent chemists, that the present
state of chemistry could not be delineated by the language
previously m use

Our himits preclude the possibility of inserting a table
of chemical terms in this place: but where opportunitiex
occur, we will give the necessary explavations, as each
subject gives occasion.

CHEMICAL ATTRACTION OR AFFINITY.

Of all the epecies of attraction, that of gravitation is
the most general and uniform. As far as human investi-
gation extends, it appears to be exerted on every vqual
particle of matter in an equal degree, and consequently
upon all aggregates, in exact proportion to the .quantity
of matter they contain. Its action also prevails at all
distances, and is entirely independent of the state or
nature of materials.
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The attraction of cohesion, on the contrary, takes place
only in minute distances ; it differs greatly in degree bee
tween different substances, and hetween some substances
it is not exerted at all. The solidity or hardoess of sub-
stances is supposed to depend upon the wtrength of the
attraction of cohesion between their particles, because
the stronger th:s is, the more it opposes the disunity of
the body. This rpecies of attraction 1 often called the
attraction of aggregation, because it simply teuds to unite
the particles of the same or different bodies into a mass,
without any power to render the mass homogeneous.—
Capillary attraction is merely a branch ot the attraction
of cohesion.

Maguetic attraction is of a very partial nature; it is
exerted ouly upim a very few substances, and by these
sabstances only on each other.

All bodies are capahle of exerting electrical attrac-
tion, but they must, in the first place, according to the
view which the present state of knowledge affords of the
subject, be either over or under saturated with a principle
called the electric fluid. .

It is uncertain whether all these kinds of attraction
result from principles essentinlly different, or are different
modifications of the same cause.

The speciea of attraction, called chemical attraction, is

also designated by the appellation of chemical affinity.—
This kind of attraction takes place only between the
elementary particles of different bodies; and every
integrant part of the compound which resulte from its
effects, differs in its properties from any of 1ta component
parts. It is by this change of properties, that chemical
combination, or the action of chemical attraction is
distinguished from mere mechanical mixture.
‘ Whatever relation the attraction of gravitation may
have to the attraction of cohesion, the attraction of
cohesion appears to be nearly related to chemical attrac-
tion, which appears only to be a refined degree of it, and
the electric fluid performs an important part in creating
the difference.
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CHEMICAL UTENSILS AND OPERATIONS.

Of these utensils we can do little more than give their
names 1n this place.

Crucibles and Cupels are the vessels commonly employed
to contain the bodi#s submitted to the action of artificial
bheat. (rucibles are employed in the melting of metals
and other operations ot fusion. For low heats they are
made of earthenwure or porcelam, but for strong heats,
of clay and sand. (‘upels are formed of bone-ashes, with
a small quantity of clay and plumbago in pow der.

Retorts are globular vessels, formed with a loug neck,
and are made of earthenware, glass, or metal, according
to the use for which they are desigued. They are used in
distillation,

Alembics —The alembic is used for distillation, when
the produ.ts are of too volatile a pature for the use of
the retort.

Receivers.—A receiver or recipient is a vessel, usnally
of glass, in small operations, for receiving the volatile
product from a retort or alembic. They are made of &
globular form.

Evaporating 1’essels are made of wood, glass, metal,
porcelain, or Wedwewood's ware. They are generally in
the form of shallow basins.

The Pneumati-chemical Apparatusis a vessel containing
a narrow shelf at the distance of three or four inches
from its upper edge, and filled with water till the shelf
is covered to the depth of an inch at least. The shelf is
perforated with a number of small holes, to which funnels
are adapted. When-any permanently elastic gas is the
product of distillation, and it is desired to fi.l receivers
with the gas, without admitting the admixture of atmos-
pheric air, this apparatus is used.

The Gasometer 18 constructed for the retention of gas,
and for facihtating the drawing of it off as it is wanted.

Furnaces are of two kinds, viz., blast-furnaces and
wind-furnaces, which are again subdivided into species,
and distinguished generally according to the use which
is made of them. Blast-furnaces are urged by the
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air, forcibly driven from bellows or cylinders; wind-
furnaces by the draught of air arising from atmosphenc
pressure.

The Blow- Pipe is a brass tube, by which the flame of a
lamp or candle may be directed upon any substance to be
operated upon.

The Thermometer is a well-known instrnment, for
measaring the actual or relative temperatare of bodies.

The list of chemical apparatus might easily be enlarged,
baut it will be more advaotageous to combine the deserip-
tion of apparatur of less general application tu the occa-
sion for their use. Yet there are some articles which
appear entitled to ennumeration It will be evident that
in a place where all kinds of mechiamienl operatious are
constantly resorted to, that a large strong beuch will be
of conmderable importance. (unvement small tablex
should also he at hand, fur eupporting mortars, an anvil,
&c. A large vicv is also a machine of great utility, and
the use of 1t also implies that of hammers, rasps, files,
saws, and other implements for working wood and
metals.

Mortars, with their pestles, ar¢ made of iron for coars
purposes ; for other occasions they are made of glass,
Wedgewonod's ware, and agate. Levigatiug stones are
best made of porphyry. With the mortar aud levigating
stone, a spring-knite 18 useful.

Rods of glass, or porcelain, or even clean straws, are
used for stirriug mixtures. Glass and metal spatulas
should also have their place. It iy proper to have a pair
of bellows; shovels, tongs, pokers, lor managing the fire
are of course necessary; and tonuzs of diflerent shapes,
for taking out crucibles, &c. from the furnace, should also
be at hand.

A plentiful sapply of water, fuel, and other things of
constant neceesity, need scarcely be alluded to.
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CLASSIFICATION OF SUBSTANCES.

All the sobatances in nature, when classed according
to their apparent or sensible properties, may be considered
either ar »olid, fluid, aeriform, or etherial. But they may
be distingumshed by any of these characters, and yet be
either mimple or compound; to follow, therefore, such a
mode of clamsification would not suit our purpose, as it
would introduce confurion hy separating the cousideration
of substances so closely allied as to be almost 1dentical.
We shall therefore adopt the more genesal division of
bodies into simple and compound, commencing with those
which deviate the furthest from the rolid state,

The arrangement we have proposed, introduces the fol-
lowing classification of

SIMPLE 8&UBSTANCE-.
Fthereal,
° | RT3 1 S, «.... Caloric (heat).
Aériform.
Oxygen.
Avirnform and Combustible.
Nitrogen «....ecvvveenn...... Hydrogen.
Concrete and Combustible.
Carhon .........c........ Pnosphorne.
Sulphur .....c.oooiaioio .. All the Metals.

Liyht and Coloric.—The properties of these have al-
ready been fully discussed in a preceding part of this
work. .

Ouxygen is the name given to the solid particles of
oxygen gas, which is a combination of oxygen, caloric,
and light, and’is the simplest form in which oxygen can
be obtained. Oxygen is called the radical or base of the
gas; and the same mode of expreasion is used in other
cases. It is invisible, perfectly elastic like common air,
and possesses neither taste nor smell. .

Nitrogen.—Atmospherical air, after its vital qualities
have been exhausted by combustion or respiration, leaves
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a residoum, which is elastic and invisible like itself, but
wholly incapable of sapporting life or fire. Tins is nitro-
gen gas, which is moet easily described by including some
of its negative qualities; it has no taste, it neither red-
dens vegetables, blue colours, nor precipitates ime-water;
it is not absorbed by water. It uniten to oxygen in
several proportions ; it also unites to hvdrogen.

Hydrogen.—Thie gas has long been generally known
by the pame of inflammable air; 1t is the gas which
miners call the fire.damp.

Carbon.—Vegetables when burnt leave a black, brittle,
and cinerous residuum, which constitutes the greater part
of the woody fibre, and is culled charconl.  Charcoal cone
taina & portion of earthy and saline matters, but whin
entirely freed from these and other impurities, a solid
simple combustible substance remaius, which is called
carbon.

Sulphur, or brimstone, is & well-known substance of a
yellow colour, brittle, moderately hard, devoid of smell,
bat not entirely so of taste.

Phosphorus 18 a yellowish traneparent aubatance, of
the conuistence of wax. It is luminons in the dark at
common temperatures. It is preserved by keeping 1t in
water; the water has, however, the effect of rendering
it opaque, snd even exposure to light alters it 1n some
degree.

Metals.—The metals, from their extensive and diversi-
fied utility, are amongst the most interewting claases of
substances existing. They are supposed to be simple
bodies, and not a single fact has ever been ascertained
which shuwe that they can be converted into each other;
yet to accomplish this, alchemists exhuusted their estates
and their lives. The metals are distinguished by their
possessing all or the greater part of the fullowing proper-
ties :—harduess, tenacity, lustre, opacity, fusibility, mal-
lability, and doctility; and they are excelient conductons
of caloric, electricity, and galvanism.
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COMPOUND SUBSTANCES.

Alkalies are possessed of the following properties:
1, They are soluble in water; 2, they have an acrid and
urinvus taste; 3, they are incombustible ; 4, they change
most vegetable-blues to green; and the yellow to =
brown; 5, they form neutral salts with acids; 6, they
render oils miscihile with water. The alkalien are three
in number, p:otiss, soda, and ammonia. Potass and soda
are called fixed alkalies, because they are not volatilized,
except by an inteuse heat ; ammonia is called the volatile
alkali, because it is couverted into gas a® a moderate
beat. Oxygen is a component part of all the alkalies,
and appears clearly in the case of the two fixed alkalies
at least, to be alkahzing principle. The basis of the
alkalies are metals.

Acids possess most or all of the following properties:
1, they excite the sensation called sourness or acidity ;
2, they change the blue, green and purple juicies of
vegetables to red ; 3, they combine with alkalies, earths
and metalhic oxides, with which they form the com=
pounds called salts; 4, they combine with water in all
proportions.

The number of acids which have been discovered,
amount to thirty-seven, and are usually classed according
to the subetances from which they are derived, viz,
Miner:! acids, 9 ; Metallic acids, 7; Vegetable acids, 11;
and Animal acids, 10. .

Ourides.—When the oxygen united to any of the simple
substances does not give it the properties of an acid or
an alkali, the compound is called an oxide. Most of the
metals are capable of combining with different pro-
portions of oxygen, and a difference in the proportion of
oxygen gives a different colour to the oxide. Oxides
are in general friable or pulveralent, and have the ape

rance of earths, but one of them is & fluid, and some of
x:m are gases; there are six oxides, viz.—Oxide of
Nitrogen, Oxide of Hydrogen, Carbonic oxide, Oxide of
Balphur, Oxide of Phosphorus, and Metallic oxides. X
Egrths~The rocks, stones, and mould, which cone
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stitute the bulk of the globe, are found, upon being
chemically examined, to cupsist of a few substances
which are distinctly different from each other, though
they have several properties in common. These sub-
stances are calléd earths.

1. Earths are incombustible, and when alone are
scarcely alterable by the most intense heat.

2. They are either iusoluble or very sparingly solable
in water or alcohol ; when in combination with carbonic
acid they are ingoluble,

3. Their wpeaific gravity is never five timee greater than
that of water.

4. They ussume the form of a white dry powder when
pure.

5. They hgve Little taste or smell, at least when com-
bined with carbonic acid.

6. They are wot precipitated from their solutions 1n
acids, by the prusmate of potass, hke metallic oxides.

The distinct earths are the ne following Alumine,
Silex, Magnesia, Zircon, Glucine, Yttria, Lime, Barytes,
and Strontian. ‘The three last named earths having, when
pure, a caustic taste, solubihty in water, und the effett
of changiug blue vegetable tinctures to a green, are often
called alkaline earths and have rometimes been classed
among the alkahioe ; but as they are fusible, and form
insoluble compounds with carbonic acid, they certainly
have a nearer relation to the general properties of the
earths thau to the alkalies.

STONES OR FOSSILS.

The whole of the rocks stones and mould, which form
#0 large a portion of our globe, so far as they have been
examined, appear, as before ohserved, to have for their
bases one or more of the nine preceding earths, in differ-
ent atates of combhination. To the eye, and in properties
apparent to the senses, the variety which surrounds us
seems infinite; we know very little of the processes
which nature has employed to produce thir variety; but
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the more skilful we become in chemical analysis, the
more clearly we perceive that the elements of all things
are few in number. We will enumerate the leading
varieties of fossils.

Aluminous Fossils.—Aluminous or argillaceous stdnes
are very abundant; with some rare exceptions, they are
all soft envugh to be cut with a kuoife, and they do not,
like aluminous earths, fall to powder by mere immersion
in water. ‘They are six in number, viz.:—Corundum,
Hornstone, Basaltes, Mica, Schistus, and Zeolites.

Niliceous Fossils strike fire with steel, and they are
generally susceptible of a fine polish; a great number of
gems belong to this class. They are seven in number,
viz. :—Quartz or Rock (rysatal, Feldspar, Ilints, Agates,
Lapis Lazul, Schorl, and Granite.

Magnesian Fossils are those which derive their charac-
ter from magnesia, though they do not all contain a great
proportion of this earth; they are distinguished by being
greasy to the touch, and have neither the harduess nor
infusihility of ailiceous fossils. ‘They consist of four, viz.:
—Talc, Steatites, Serpentine, and Asbestos

scalcareous Fossils are generally harder than the mag-
nesian, but not so hard as the sliceous; none of them
strike fire with steel; some of them imbibe water, and
crumble by exposure to frost; others bacome harder by
the eame exposure. They comprise five kinds, viz.:—
Crystalized Calcareous Stoues, Marble, Stalactites, Gyp-
sum, and Floor Spar.

SALTS. .

The compound formed by the combination of an acid
with an alkali, an earth, or a metallic oxide, is called a
salt.

The term neutral salt was formerly given to all combin-
ations of acids and alkalies, but the epithet neutral is
now restricted to those salts in which the acid and the
alkali completely saturate each other, and in which,
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therefore the peculiar properties of neither can be de-
tected

The salts form a numerous class of bodies. Fourcroy
reckons that there are one hundred and thirty-four species,
and the number belonging to each species is often con-
miderable. There cap scarcely be lers than two thousand
anlct salts; but we shall only notice some of the most

Sulphates, of which there are six, viz.:—Sulphate of
Allumine, Ammonia, Salphate of Soda, Green Sulphate of
Iron, Red Sulphate of Iron, aud Sulphate of Copper,—are
in general crystalizable, have some taste, but no smell ;
are precipitated by solution of barvtes, and afford sal-
phureta when heated red-hot with charcoal

Nitrates. viz .—Nitrate of Potass, Nitrate of Soda, and
Nitrate of Ammunma,—are soluble in water, and cry atal-
izable; they deflagrate violently when heated to redness
with charcoal, or other combuatibles ; sulphuric acid dis-
epgages from them a white vapour of nitric acid. By
beat they are decomposed, and yield at first a consderable
quantity of oxvgen gas.

Muriates.—Muriate of Soda, of Potass, of Ammonis,
and Hyper-oxymuriate of Potuss, are the most volatile
of all salts. They are at the same time the least de-
composible ; they may be melted and volatihized without
undergoing decomposition. They effervesce with sul-

huric acid, aud white acrid fumes of muriatic acid are
isengaged.

Carbonates —Suh-carhonates of Potars and Soda, and
Carbonate of ILime, effervene, and yirld carbouic acid,
when sulphuric or nitric acid is poured upon them; all
the alkaline carhbopates are soluble in water, while those
of the earths and metals are nearly insoluble.

Huates of Lame, aud of Sil-x, are not decomposed by
heat, nor altered by combustibles; when sulphunic acid
is poured upon them they yield acrid vapours of fluaric
acid, which corrodes glass.

Borates are all fusible into glass and assist the fosion
of other bodies, particularly metals. The principal salts
of this glau m; the lnb-bon‘;e ?f l-odu, the borate of
potass, of lime, of magnebia, snd of alamine.

Aocetates ot Potass, of Ammonis, of Lead, and of Copper,
are distinguished by their great solubility in water; by
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the decomposition of the acid when the solution is ex-
Bosed to the air; by their being decomposed by heat, and

y their yielding acid when mixed with sulphunc acid,
and distilled.

Tartrates are d«-c(')&%roud by a red heat. The earthy
tartrates are less soMble than the alkaline: but they are
all capable of combimng with another base, and forming
triple salts.

The })rmciple tartrates are those of potass, potass and
soda of potaws nnd ammonia, of lime, of strontian, and of
potass and autimony.

Pliosphates are capable of vitrification; are partially
decomponed by sulphuric acid; are phosphorescent at a
high temperature; are soluble in nitric acid without
effervescence : aud may be precipitated from their solutions
by lime water. The principal phosphates are those of
potags, of soda, of ammoma of lime, of alumine, and of
WAgLERIA.

Prussiantes. —The singular affinities of some of the
prussiates rend-r themn interesting to the chemist; the
sumple prussiates, are, however, httle regarded, because
gestitute of permaunency, being decomposed merely by
exposure to the mir, unless united with a metallic oxide.
The prussic acid Joes not appear capable of saturating
an alkali; and the weakest acid known is capable of
decomposiug the prossiates of the earths and alkulies.
The most importaut of the prussiates 13 that of iron; and
of the triple prussiates those of potass, soda, lime, or
ammonia with iron.

ORGANIC SUBSTANCES. *

Pegetables, though infinitely diversified in their ape
pearance nud prop-rties, are found to consist of a small
number of sunpl- substances; carbon is the basis of them
all, and alter carbon, hydrogen and oxygen may be con-
sidered as formng the principal parts of them. Some
vegetables coutain uitrogen, others phosphorus, earths
and metals, but thede elements are not general; they
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belong only to particular plants, or to plants in particular
situations.

Plants derive a principal part of their nourishment from
water; their roots imbibe the water, which is decomposed
in them by the assistance of light and heat, and a part of
its hydrogen becomes tixed, while part at least of the
oxygen is given out by transpiration.

The processes of vegetation have a considerable tendency
to produce equality of temperatare. 1f the bulb of &
thermometer be plunged into a hole in a tree, it indicates
a higher temperature than the atmosphere in cold weather,
and a lower temperature in hot weather.

Animal Substances present us with the same constituent
principles as vegetables ; but the proportions of these
principles are different. By destractive distillation they
afford mach ammonia, which is sparingly diwstributed in
the vegetable kingdom ; they also coutain much vitrogen,
of which the proportion is usually small amoug vegetables;
and they are more abundant 1n phosphorus, wiale of car-
bon and hydrogen, which are abuudant in vegetables,
they cootain but little. They are alo distingmished from
vegetabley by their undergoing only the putrid fermmentas
tion, while vegetables undergo one fermentation of which
the product affurds alcohol, and another which aftords
vinegar. The distinct compound substances derived from
animals are very numerous,

Fermentation — When vegetablea and animals are
deprived of hfe, the elements of which they are com-
posed exert an action ou each other; some ot them enter
into new combinations, others become entirely unde-
compounded ; and the identity of the original substance
is destroyed.

Fermentation is of three kinds: 1. the vinous; 2, the
asetous; 3, the putrid, The two first kinds are peculiar
to vegetable substances; the last is common both to
vegetable and animal substances; though the change it
indicates, is, in reference to ammal eubstances, more
generally culled putrefaction. "

Alcohol, or the purely spiritaous part of liquors which
have undergone the vinous fermentation and no other, is
transparent and colourless like water; its taste is highly
pungent, but agreeable. It is extremely inflammable,
and when set on fire it leaves no residoum. It is, from its
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being converted into vapour much sooner than water,
that it is eamly separated by distillation from wine, beer,
and other hquors which contmn it. All these liquors
owe their strength to the quantity of alcohol they con-
tain: the best port wine contains about ove fourth of
its bulk of alcohol. Brandy, rum, and whisky cootain
still more. Proof spirit is half water and half alcohol.
FEther.—If alcohol be mixed with its own weight of
sulphuric acid, gradually added to prevent explosion, and
the mixture be distilled in a sand-bath, the first product
obtaned is alcohol, but afterwards a very different fluid,
which 18 equal in qoantity to half the alcohol employed.
This fluid 18 called #ther, which is still more inflammable
and volatile than alcohol, and equally as colourlens. It
19 the lightest of ull known fluids; its smell is fragrant
and agreeable, but not powerful. Its taste is hot and
pungent. Its combustion yields a blue flame, and rather
more smoke than alcohol. Its internal use extends to all
spasmodic affectivns ; and it has latterly been applied in
sufficient quantity to patients to deprive them of all sen-
sation, and while in this state operations of a dangerous
nafure, epucn a8 amputations, have been succesefnlly
conducted. Dut tlis experiment ovught pever to be
attempted but by practical men of experience ; as several
deaths have occurred through its improper application.

CHEMICAL EXPERIMENTS.

l. To determine the specitic gravity of solide, fill a
phial with water, and mark the weight of the whole
accurately, in graina. Now weigh 100 grains of the sub-
stance to be examined, and drop it graduallly into the
water, in the phial. The difference in weight of the bottle
with its contents now, and when it was tilled ouly with
water, will determine the specific gravity of the sub-
stance under examination. For example, if the bottle
weighs 40 grains more than when it was filled with water
only, it shows that 100 grains of the mineral displace .

T
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only 60 grains of the water; and consequently, that it is
of nearly twice the specific gravity of water.

2. Invert a clean dry glass tumbler over a hand basin
nearly full of water and when the rim is brought parallel
with the surface, plunge it perpendicularly downwards,
It may now be observed that the water has risen consi-
derably in the bariu; this rising is owing to the displace-
ment by the glass of a volume of water equal to ita own
bulk ; consequently no water can be within the tumbler.
For if the wverted tumbler was filled with water, of
course no greater rise could be observed in the hamin than
what would be caused by the ruiid bulk of the glass
immersed 10 it. The reason that no water uscends in the
glass ir, that previous to i1ts immersion, 1t wan filled with
air, which pressing upon the water bhelow, prevents its
ascent. Auother proot that no water hin eutered the
glass 18, that the inside will be found perfectly dry.

This experiment may be rendered more 1teresting b
inverting the tumbler over a piece of cork, or wood,
floating over the murface of the water. The cork, or
wood, instead of remaining on a level with the surtace of
the water ontvide the glass, will be seen at the bhottom of
the basm. After the experiment is concluded, the upper
part of the wood will he found quise dry.

3. Pat u piece of highted paper on the surfure of water
in a basin, vud iuvert over 1t a tumbler, a<in the former
experiment.  The water, instead of being displuced, will
rash up into the glasg, and will continue to do so as loug
an the comhustible substance continues burning.

4. It we pour tour lupaors of different specific gravities
into a glusw vessel, they will remain separate and distinet
from each other. For example, if we tuke mercury, vil of
tartar, alcohol, aud oil of turpentine; shake them m a
glass, aud let them settle a few minutes; each will return
o0 its proper situation, viz., the mercury at the hottom,
the oil of tartar next, then the alcohol, and above all, the
oil of turpentine.

Test for Alum in Bread —On macerating a small piece
of new-baked bread in cold water, sufficient to dissolve
it, the taste of the latter, if alum has been used by the
baker, will acquire a sweet astringency; or a heated
knife may be thrust into a loaf before it has grown cold,
and if it be free from that ingredient, scarcely any altera-
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tion will be seen on the blade; but if alum has been used,
the blade, after being allowed to cool, will appear slightly
covered with an aluminous substance.

To make Phosphoric Oil —Put one part of phosphorus
into gix of olive vil, and digest them by a sand-heat. The
phosphorus will dissolve. It must be kept well corked.
This oil has the property of being luminous in the dark,
but has not sufficicnt heat to burn. If rubbed on the
face and handw, (taking care to shut the eyes,) the
appearance will be most hideourly frightful; all the
parts which have been rubbed appearing to be covered by
a luminous lambent flame of a bluish colour, whilst the
eyes and mouth appear like black spots. No danger
attendn thix experiment,

Luminons Characters on  Walls —Take a piece of
phosphorus, and, during candle-light, write upon a white«
washed wall any sentence or word; or draw upon the
same any figure according to fancy. Withdraw the light,
and whatever parta the phosphorus has touched will
appear quite luminous, emitting a wiutish smoke, or
vadour.

This experiment should not bhe performed hefore timid
persons, withuut previous intimation as to the nature of
phosphiorus.

Comdnstilility of Hydrogen Gas —If the flame of a
candle be brought 1u contact with a stream of hydrogen
gas, rusling ont at a stop-cock attached to a bludder, or
Jar, charged with it, a beautiful combustion will take
place, accompanied by u fine yellowish flame, which may
be lengthened to xix or eight mches, by pressing the gas
out of the bladder.

i1l a bladder, (having a stop-cock or tobacco-jipe
attached.) with hydrogen-gas, and having prepared a .
lather of yellow xoap, immerse the bowl of the pipe in it.
Then press the bladder 8o as to form a glube or bubble in
the lather, and as it ascends, inflame it by means of a
lighted caudle. The bubble will explode with a vivid
flash: the whole of the gas may be thus expended in
successive bubbles and flashes.

Hydro-Zincic Gas.—Put half an ounce of zinc filings
into a common phial, which has a cork perforated to
receive a glass tube, or stem of a tobacco-pipe. Pour
over the filings half-an-ounce of sulphuric acid, with an
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ounce and a half of water. Fit in the cork, and apply «
lighted candle to the gas which rushesout; it will imme-
diately inflame, and coutinue to burn with a blue light ar
long as the gas is acted on.

If zinc filings are eprinkled on the flame of a candle,
they will immediately burn hke g0 much saw-dust.  Thix
combusticn iv very bLeautifal, for each grain 1 the course
of inflammation, scintillates, aud assumes a luminous
starry form,

LErtemporaneous P'reparation of a Naline Carbonated
Draught —Pulverire one ounce of citnc-acid, and divide
it into twenty-four parts, which are to be puot into small
blue papers  Pulverive, alvo, au ounce of the sub-carbo-
nate of soda, and divide it into twenty-four hike parts,
which put into white paper. When the draught ix
‘wanted, put the carbonate into a tumbler half filled with
spring water: when thia is completely dismolved, add the
acid, which will immediately cause an eftervescing dis-
charge of carbonic acid. During this eflervescence swal-
low the draught. This is an econonuc, aud a very
refreshing drink in warm weather.

A similar preparation may be made by using tartdtic
acid, instead of the citric.

Test for Lead and Copper in IFine, ac.—A very simple
test for these pernicious metals in Wine and Cyder, existys
ready formed by nature. Pourinto a glass of suspected
Wine, (C'vder, or Perry, a few drops of Ilarrogate, or
Strathpeffer water. If any lead or copper be present, it
will fall down in the state of a black precipitate, being
combiced with the sulphuretted hydrogen, by which
these waters are impregoated.

[Lead is often used by wine-merchants to give an
astringency to port wine; that is, that like old port, it
may appear rough to the tongue. Sometimes they hang u
wbeet of lead in the cask; at others, they pour in a solu-
tion of sugar of lead, for the purpose of sweetening, as
they term it. An extemsive wine-merchant in London,
acknowledged on his death-bed, that in his long course
of business, he had seen pumbers of his customers fall
victims to their predilection for his wines; and bad
remarked, that no man ever lived long, who was in the
practice of drinking them! Arsenic, is also used, to give
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an oily appearance to sherrv, madeira, and other pale
wines.]

Sympathetic Ink.—If a letter be writteu with a sola-
tion ot the sulphate of iron, the writing will beinvisible ;
bat, if it be alterwards rubbed over by a feather, dipped
in a solution of prussiate of potass, it will appear of a
beautiful colour.

Another.~Write on paper with a solution of nitrate
of bismuth, and the letters will be invisible; but dip the
feather in an infusion of galls, and bring it over the
writing it will appear of a brown colour.

If the previous use of snlphate of iron and nitrate of
bismuth, in these experiments be concealed from the spec-
tators, great surprise will be excited by the appearance
of the writing. merely by the dash of a feather

Aromate Vinegar for Purifying large Buildings—
Take of common vinegar avy quantity, mix a sufficient
quantity of powdered chalk, or common whitening with
it, as long as buhbles of carbouic acid gas arise. Let the
white matter subside, and pour off the insipid super-
natant lLiquor, afterwards let the white powder be dried,
efther iu the open air, or by a fire.  When dry, pour upon
it, in a glass or stoue vessel, sulphuric acd, as long as
white acid fumes continue to ascend. This product is
similar to the acetic acid known amongst apothecaries,
by the name of aromatic vinegar. 'The simplicity of this
process points it out as a very useful one, for purifyiog
houses or hoepitals when contagion is suspected, the
white acid fumes diffusing themselves quickly around.

Ariificial 1olcann.—Mix twenty-eight pounds of sul-
phur snd twenty-eight pounds of iron filings together,
aud add as much water as will form the whole 1nto a
paste: bury the mass about two feet below the surface
of the earth; and in twelve or fourteen hours so much’
heat will be generated as to swell the earth, and cause
an artificial volcano, throwing up whatever impedes its
progress, and throwing arouud ashes of a yellow and
black colour. To succeed in this experiment, advantage
ghould be taken of the warm weather (in the months of
June, July, or August), and after the tenth hour of bury-
ing the mass, great care must be taken not to approach
too mear its situation. The experiment might be more
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safely tried with one half of the above quantities of sul-
phur and iron filings, buried about one foot.

PHYSIOGNOMY AND CRANIOLOGY-

ALTROUSH we may not have much historical matter to
adduce upon these sciences, we think it proper to give
the principles upon which the cluet suppuorters of them
have acted, and which thev pronounce to be clear and
defimte. The first named, physinynomy, claims an ancient
and bigh descent, even as remote as the period of Ars-
totle and Admantius, who have both written upon it.
The most emineut writers who have siuce discunsed these
subjects are Porta, ITudd, Gall, Campar, K-nt, Lavater,
and Blumenbach.  The hero of late physioguomical
writers is Lavater, and of 1ts sister science, Crantvlogy,
Protessvr Gall of Vienna, the inventor.

The term physiognomy, which 18 the first of the two
subjects we now treat upon, is derived from a Greek
compound, signifying, nature, and 7 Anow. Phymiognomy
refers to the surface of the head ; and Crumology goes to
its basis, or interior. The sciences suff.r the fate of
most newly adopted discoveries, not hewng sufficiently
identified by popular belief. Like the doctrine of Harvey,
the illustrious discoverer of the circulation of the blood,
they are reviled, misstated, aud vilified, as was that
yaluabie discovery in the time of Harvey ; and for years
after his death, the college of physicians and surgeous,
previous to their admission of new members, compelled
them to sweer solemnly, that they did not belicve in the
circulation of the blood ! and treated as merely visionary,
and their supporters derided with the sneers and abuse
of the would-be scientific world. In the present state of
public opinion, we do not mean to impose our hehief as
the criterion of truth; nor do we wish to place obstacles
in the way to the perfection of those scieuces, of which



PHYSIOGNOMY AND CRANIOLOGY. 295

their snpporters appear to be firmly persuaded of their
evident existence; but, on the contray, advise an im-
partial investigation. All we can do, shall be done
without prejudice, which is impartially to state the
evidence of their professors in their favour, with such
ostensible arguments that have been urged against them,
and leave the reader to form his own opinion. Having
doue this, we Lope to discharge our duty to science, and
not be found wauting in that respect we feel towards a
liberal minded and eulightened public.

The supporters of physiognomy state in the first place,
that they regard the human face us the inder of the
mind; they add that it bears an evident anslogy to the
dial-plate of a time-piece: whilst the feelings which
operate on the mind, give impulses to the will, and
direct the corporeal motim of the frame, they say these
are to be considered as the mechanism 1 the interior of
a clock which directs the fiuger to the hour: by a fre-
quent repetition of our feehings, they aver, the teatures
acquire a hatitude to evidence certain expressions in the
countenance, superior to all other feehugs, impressing
the fuce with an unfailing wdex to the prevailing tem-
perament of the mind. ‘I'his statement appears to be
extremely probable and very natural. Insomuch, that
an early physiognomist being iutroduced to Socrates,
without kuowing his name, or being at all acquainted
with the virtues which distinguished that excellent indie
vidual, was asked to give the company his opivion of the
physiognomy of that philosopher. With a simplicity
patural to the age in which he lived, which was dis-
tinguished for truth, he informed them that the person
of whom his opinion was requested was naturally ad-
dicted to every vice which can be said to disgrace the
human character, enumerating them at the same time:
on this the whule company burst into derision on the
absurdity of the pretended science, and laughed at its
professor ;* but not eo the philosopher, who was the
cause of their present mirth; he desired them to sus=
pend their judgment till he would inform them that
“he was indeed by nature inclined to those vices the

siognomint hud mentioned ; but that he had conquered
these natural feclings, and subdued those affections by
the practice of reason and philosophy.” Here is a fact
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well known to the mejority of the opponents to the
science of physiognomy, yet they have industriously kept
it in the back-ground to favour their own sophistry.
Bat for the benetit of our readers who may not be per-
fectly versed in the ancient authors, we cau inform them
that this circumstance is mentioned by Xenophon, in his
life of Socrates,—a work which has never been contra-
dicted by our most eminent historisns—and if such i
the fact, of which we can have no doubt, it must give
a strong impulse in favour of physiognomy as a true
science.

From this little deviation we will retarn. It has been
said, that by the frequent acts of any fuvourite propensity,
aflection, or passion, impressed by natural temperament,
or dragged by custom nto the habits of an individual, the
countenance is often put in a posture which attends
such aff-ctiops or actions, in conseuence of a passage
forced by the amimal spirits through the nerves, in which
the ensence of a habit consists ; as those Indians devoted
to rehgion are said to distort their imbs by long sitting
or standing 10 any peculiar porition ; or, at least, it falls
msensibly, and. as it were mechanically, into some certam
and settled position, directed by rome mental temperament,
unless when under the influence of a stronger and con-
trary passion, or concealed by the flexihility of disguise
and design. Observation has frequently coufirmed this
position; and we may here add, that wo apparent are
certan inclinations ot the mind in various individuals,
that we cannot well be mistaken in estimating character;
indeed, in this respect, an animal, some say a dog, but
we, opon our veracity can vouch for a cat, has sagacity
enough to discover, not only the disposition of 1ts master,
but also to sppreciate the character of certain strangers
to a given extent.

Qur opiuion is, decidedly, that the supporters of this
science onght to divide it into two distinct branches: in
the first should be classed such characteristic traits which
proclaim fixed and certain dispositions, geoerated like
those defin-d in the preceding paragraph, as founded upon
mere principles of Ahabit, and fixed 1n the physiognomy of
the face : and secondly, those where the expressions are
2ransient, aud are the indice to certain local dispositions
of the mind ; 80 as from one expression to draw a proba-
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ble conclusion of its successor, and of those thoughts
w_gichl, at that instant, occupy the mind of the indi-
vidual,

‘The science of man, in respect to his exterior appear-
ance, is certainly influenced by a great variety of causes,
mauch too numerons for us to iuvestigate in this little vo-
lume, where we have so many subjects to treat of, as an
introduction for our young friends into the arcana of
science ; yet we will not hesitate to point out some few
particulars of national characteristics—the climate, soil,
atmosphere, provisions, kabits, with several locul et ceteras,
which should be distiuctly considered. Agreeable to this
idea, a distinguished professor, while writing on this sab-
ject, has divided the vast mass of humauitv into four
distinct claswes, which, for the sake of brevity, we will
thus enumerate :—lat, Whites ; 2nd, Negroes; 3rd, Huns,
Mognuls, or Calmucs; and ith, 1lindoos, or the natives of
Hindostan.

The opposers of this science, say, and probably with
justice, that circamstances purely external, and which
may be accidental, cannot be the original causes of what
is assimulated or isherited. It ia readily conceded those
events they enumerate are not the original cause, but as
they occur, they awsist that cause in the performance of
certain effects, to which they also communicate a peca-
harity of character. “As well,” they continue, ¢ could
chance produce a body perfectly organized.” The pro-
fessor alluded to proceeds by observing, that ‘man was
undoubredly intended to be the inhabitant of all soils.
Hence the fact that many internal propensities must be
latent in him, which shall remain inactive, or be put in
mbotion according to his situation on the earth, so that in
progressive generations, he shall appear as if born for the
particular soil in which he seems planted.” .

It is this gentleman’s opinion, ¢ that the air and sun
are the two chief causes which influence the operations
of generative propagation, which give a lasting de-
velopement of germ, and the chief propensities to the
individual.” The opponents to physology remark,
¢ or in other words the above powers may be the origin of
anew race.” We can answer for the professor, that he
had no hyperbolical idea in contemplation. H-~ goes on
te say—** Food may produce some slight variations; these,
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however, after emigration, must soon disappear, and cease
their operations, as well on the source of life as on that
of animal conformation and motion.” It has been also
observed, that the nearer man approaches to the frigid
zome, the more is he reduced in stature. This appears
certainly as a natural consequence of that situation; be-
cause independent of its being the very physical pature
of cold to shorten and depress, as is invariably found to
be the case, 88 is to be observed in the figure of the earth
itmelf. But independent of this, the economy of natare
appears to have conformed to this circumstance, in ren~
dering the human stature shorter the nearer it approaches
the pole, and for this evident reason:—the expanding
power of the heart to force the blood to the extremities,
must have been of necessity iucreased; as it 18 in this
action of the vital liquid the heat of the frame cousists,
If this circulating medium was not duly impelied through
the frame, thé members left without its benefit would be-
come chill and totally useless, but the Divine Creator
ordered the economy of the frame in those parts to be
constructed upon a different principle :—the stature has
been shortened, to confine the operation of the circulation
to the trunk, where natural heat accumulating, the whole
body has a greater proportion of the comfor:able sensation
of animal heat; the very reverse of which is so sensibly
felt by strangers viwiting that country.
enormous, and, as some think, dirgusting lips of
the African negro is attributed, by the Abbe Winckelman,
to the heat of the climate they inhabit. Others account
for the blackness of their skin, from supposing the excess
::.T.rticleu of iron in their blood (now well known by
ysis to constitute a portion of the blood of every
bhuman being) which causes its sanguine colour in all
men, but is conceived to be necessary in negroes, to sap=
port their frames under the oppressive heat which they
are forced to endure; this is supposed to be the cause of
their dark complexion, as well as the evaporation of
those acidities which smell #0 strong in that race of people.
In pointing out the principal traits which distinguish
the pations of different regions, Lavater observes, that a.
person deeply enamoured of another, and thinking much
on the form and position of the features, might, in pro-
ceas of time sssume a resemblance of the beloved ohjest,
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though thousands of miles might intervene between
them; and pursuing this idea, he adds—* that it is
equally possible an individual meditating revenge, may
compose his countenance into a likeness of his victim.”
IT this last sentence had not been in his own words, we
might have been inclined to consider it as an interpolation
of some of his opponents; but the words are his ows,
and therefore we are at a loss how he could reconcile it
with the previous sentence. Unfortunately we have two
cawes at thy present day in which T am writing (April
22, 1844), to show the fullacy of this reasoning of Lavater,
highly as we esteem him: the first of these is James
Bloomfield Rush, who suffered the extreme penalty of the
law for the murder of a father and son, upon both of
whom he had for many years meditated his hellish pro-
Ject, for the purpose ot making himselt the proprietor of
their property, by means of forged documents, which,
after their death, there would be no person left to con-
tradict his richt to the property he had so long
achemed to obtain. We are of opinion that if Lavater
had hived in our time, the case of Rush w ould bave caused
him to correct his mistake. But the second case to which
we allude i that of the monster in human shape, known
throughout Europe by the name of John Gleeson Wilson,
who ix at the present moment in prison under the com-
mittal of the coroner and magistrates, for the barbarous
murder of two iunocent women and two children in the bo-
roughof Taverpool. The circumstances of thix last atrocious
deed must be tresh in the remembrance of every individual ;
and it is ouly mentioned here to state, that there could not
be a better rubject presented to a physiognomist,—with-
out affectation, I declare that I could have marked that
wretch, if 1 had seen bim previous to the deed, as I had
the good fortune to get a view of him within a very fow,
days after. But he that as it may, the total incorrectness
of Lavater's fancy may be exposed by merely observing
that the person under the influence of the passion of re-
venge, must bear in his countenance, the strong lines of
expression of that restless and diabolical affection. Let
us suppose, that the person intended to be injured is un=-
conacious of the secret machinations against him, he may
at the instant be engaged in some benevolent pursuit, or
may feel some inward joy, which moulds his featares into.
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an expression just the reverse of his adversary, who may
generally have seen him thus: for revenge is frequently
aimed at the beat of men; consequently, the countenance
of a fiend canuot at the same time beam with com-
placency, or form a set of features where the soul is in
equanimity.

That Lavater was an enthusiastic theorist, we willingly
admit; and also concede that we do not believe him
anfficiently philosophical in every case: but surely the
weakness, iufirmity, or impetuosity of a judge does not
invalidate the system of jurisprudence over which he
presides .—that his feelings were umiable is not denied ;
that he was liable to err, is what is to be expected of
every human avent. But with all us failings we cannot
but admire lus partiality to our countrymeu, where if his
judgment is nut always correct, he certainly appears to
appreciate their general character with truth, as we shall
presently observe, where he apeaks of the physiognomical
resemblance of the inhabitants of various nations.

First, he agserts—That each creature 1 wdinpensable
in the vast compass of the creation; hut each iudividual
is not alike intormed of the truth of this fact,—as man
only is conscious that his own place caunot he supplied
by another. ‘I'he idea thus conceived he thinks one of the
best and most fortunate consequences to physiognomy ;
and coutends that the most deformed nund wncketﬁmmou
are still superior to the most perfect and beautitul animals;
because they have always the power to amend, and in
some degree to restore themselves to the place assigned
them in the creation; and however their features may be
distorted hy the indulgence of their passions, still the
image of their Creator remains from which sin is only to
he expelled, t render the Lhikeness still nearer perfection.”
Ia making those remarks which are the chief distinguish-
ing traits of various regions, he observes, “ that the placing
of different persous together, selected from nations re-
motely situated from each other, gives at oue glauce their
surprising varieties of visage.” Yet he acknowledges,
that to point out these variations is a task of considerable
difficulty : and his assertion that this may be done with
more facility from a single individual than the mass of
population vesms extremely prohable. The French he
thinks do not possess equally commanding traits with the
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English ; nor are thev so minate as the Germans ; and it
is to the peculiarity of their teeth and manuer ot laughing,
that he attributed his power of deciding upon their origin.
The Italiuns le appreciated by the form of their noses,
diminutive eyes and projecting chins.

The eyebrows aud foreheads are the criteria of the
people of England. The Dutch possess a peculiar ro-
tundity of the head, and have weak hair; the Germans,
numerous angles and wrinkles abont the eves and in the
cheeks; and the Russians are remarkable for black and
hight coloured hair and flat noses.

He considers the natives of England, in the aggregate
as the most fuvoured people upon the earth, with respect,
to persounl beauty; saying they have the best arched
forehead, and that only upwards and towards the eye-
brows, rectilivear, medullary noses, frequently round,
but very seldum pointed, and lips equally large, with the
addition of full rounded chins: etill greater perfections are
attributed to the eyes of the English, which are said to

osgess the expression of manly strenuth, generosity,
{:berality, and frankness ; to which apparent indication
M the face ' he eyebrows greatly contribute.  With com-
plexions nfinitely fairer than the Germaus, they have the
advantage of escaping the numerous wrnkles found in
the face of the latter, and their natural contour is noble
and commandiog.

Judgiug from the ladies of England he bad seen while
in this country, he was led to say, they appeared to him
to be wholly composed of perve and marrow ; tall and
slender in their lorms, gentle, and as distant from coarse-
ness and harshness as earth from heaven! We will supply
th~ picture he left unfinished, and say—DBenigmty and
virtue are their characteristics. In beauty, they are
confessed supreme! Here, their face 1s a certain index
of their mind.

His own country women (Switzers) he found to have
many varieties. Those in Zurich are found to be gene-
rally meagre, and of middle size, and either corpulent or
very thin. If we pursue this subject further, we shall
find the people of Lapland and parts of Tartary are of
a very diminutive stature, savage countenances, flat faces,
broad noses, large mouths, thick lips, peaked chins, with
eyes yellow-brown, almost approaching to black, and lids
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retiring upwards ; the grossest manoers, and atupid beyond
eredibility ; but of all human varieties the nations of New
Holland seem to be the most debased and miscrable; tall
and slender, to add to deformity, thick lips, large noses,
wide mouths, they are taught from infancy to keep their
eyes almost shut, to avoid the insects which continually
swarm around them.

The more favourable side of this picture of national
phyeiognomy, exhitita the people of (‘ashimere, Georgians,
Circassians, and Mingrellians ; neat, noble and formed for
admiration, particulurly the females, whose charms of
person and face are proverbial.

The author from whom these extracts are taken says,
“Before we enter upon a description of the murks which
according to Lavater point out the character of the

sor, it may be proper to give one or two instances
of the fallacy and of the truth of the conclusions drawn
from them, in order that our readers may form their own
opinions as to the folly or propriety of entertainitg a
propensity to furm a judgment from the shapes of their
noses, eyes, foreheads, and chins,

A gentleman iuformed Lavater, that he once happened
to see & ciiminal condemned to the wheel, who had
cruelly murdered s beuefactor, aud who yet possessed
the benevolent aud open countenance of an augel of
Luido. It 18 not impossible, adds that geutleman, but
that the head of a Regulus might be fonad among cri-
mipals, or of a Vextal in the houws: of correction.
Gavater admits this to its full extent; but his reasoning
to reconcile 1t to is wystem, is by no means conclusive,
We may bere ohgerve that provided physiognomy could
be reduced to thuse certain rules upon which sciences

roceed and are fouuded, it would be must useful to
mankind generally.

We must, however, acknowledge, when we hear of
any criminal action attended with very strong circum-
stances of individual guilt, the imagination usvists us in
drawing a picture of the culprit, agreeable to our own
ideas of his deformity; and without reflecting that the
murderous assussin is marked by no horrible exterio
which would have placed humanity on its guard l\glin:I
his wicked intentions. However upon viewing the
culprit, we are, perhaps, surprised to find that there is
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nothing in his appearance particularly indicative of
cruelty. To complete the outlines of his portrait we
then industrionsly endeavour to discover the latent marks
of villany larking in his eyes, converting the wrinkles of
his face into the clues of savage cruelty; disease or age
are turned into some horrible expression answering our
expectations; and we depart exclaiming against the
striking contour of the miserable wretch, when perhaps
many of our near friends, or even relatives, would suffer
greatly by a compariron, who yet had led uniformly ine
nocent lives. On the other hand it must be contessed,
that vice generally stamps her votaries with indelible
marks which we cannot mistake at a glance; but this
remark can only, perhaps, apply to the confirmed enemies
of virtue whose actions are so uniformly vicious that very
little propriety occurs in their conduct.

The followmgz anecdote, as related by Lavater, may
serve partially to illustrate the above observations, show=
ing that the features, or more correctly, the memhraneous
hgaments of the face, are affected by the turn of mind;
and if that is not one part of the position which the phy«
giognomist means to establish, we are at a loss to know
where to find it. An innocent young lady, of high birth,
educated 1n the retirement of the country, happened one
eveniug to be passing a mirror with a candle in her hand,
immediately atter evening prayers; she had in the other
hand a Wble, which she luid upon a table; her eye, in
passing the glass, showed her her owu form;‘ she in-
stantly averted her eyes and retired. A succeeding win-
ter had passed in the amusements and dissipation of a
gay metropolis; she happened to pass the same glass in &
state of miond forgetful of her former religious impressions ;
she now conceived her features deprived of that fascinate
ing grace which g serene and happy state of mind inspires:
alarmed at the chauge, she flew to a sofa, ejaculated sene
tencen of penitence, and formed resolutions for fatare
amendment,

Character of the Forehead.—Lavater ali;pears to have
been the first who attended to the peculiarities of the

ition and outlines of the forehead, which he conmdered
the most important part presented for the study of the
hysiognomist. This he divides into three classes; these
Ea terms icular, projecting, and refreating, each
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possessing a number of variations: the principal, how-
ever, are rectilinear, half-round, half-rectilinear, lowing
into each other; half-round, half-rectilinear, interrupted ;
curve-lined, simple ; the curve-lined, double and triple.

A long forehead denotes much capacity of comprehen-
sion and less activity.

Lavater begios his remarks on the face with the fore-
head. According to him, and experience confirms his
remarks, the general form, arch, obliquity, and position
of the skull of the forehead, denote degrees of thought,
sensibility, mental vigour, and the various propensities
and aptitudes of the mind of man; at the same time the
skin, bone, wrinkles, &c., explain the state of mind of the
individual at the moment of observation, and of the pass-
ing impressions which iofluence it; theshape of the bones
affording the internal quantity, acd the covering the ap-
plication of physiognomical power: however the latter
may be afiected, the bones must remain unaltered, and
yet they regulate the wrinkles by variation of their com-
ponent form. Wrinkles are produced by certain degrees
of flatuess, others arise from arching; these, considered
separately, give the form of the arch, and vice versa.
some foreheads ure furnished with wrinkles that are con-
fined to a horizoutal furm, some perpendicular, others
curved, whilst others consist of confused or mixed lines :
“those leaxt perplexed when in action are usually distinet;
some foreheuds are without wrinkles. A short and firm
forehead denotes compression, stability, and little vola-
tility ; serenity and pertinacity belong to the rectilinear;
the more curved than angular portends flexibility and
tenderness of character; deficiency of understanding is
discoverable in those whose foreheads are perpendicu-
lar from the hair to the eyebrows; but the perfectly
perpendicular, gently arched at the top, signifies that the

ssessor thinks coolly and profoundly.® The projecting
g;ehead indicates stupidity and mental weaknoess; the
retreating, quite the reverse; the insular and prominent
above, with straight lines below, and nearly perpendi-
cular, shows sensibility, wisdom, and good understand-
ing. The rectilinear oblique forehead has the same
properties : as round heads are considered as feminine,
with a union of curved and straight lies happily dis-
posed into a eimilar position of the forehead gives the
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character of consummate wisdom. Right lines, considered
as such, and curves, considered as such, are relaxed, as
power and weakness, obstinacy and flexibility, under-
standing and senration. When the bones surrounding
the eye project and are sharp, the person thus formed
possesses a powerful stimulus to strong mental energy,
which is productive of excellent and well-digested plane;
and yet this does not seem a peculiar mark of wisdom,
as many wise men have been known without it: those
thus circumstanced have more firmness when the forebhead
rests perpendicularly upon horizontal eyebrows, and con-
siderably rounded towards the temples. Perpendicular
foreheads, however, which project 8o as not to rest on
the nose, and which are short, small, shine, and are full
of wrinkles, give undoubted indications of the weakness
of the thinking faculty; perseverance and oppressive
violent activity, united with vigour and hastiness, belong
to the forehead composed of various confused protu-
berances; on the other hand, when the profile of this part
of the head affords two well proportioned arches, the
lowest prujecting, it is a certain sign of a good tem-
perament, and a good understanding. All great and
excellent men have been found to huve their eyebrows
finely arched and well detined.

Circumepection followed by stability attends square
foreheads, with rpacious temples and eye-bones of this
description; when perpendicular natural wrinkles appear,
they express power of mind and application, but horizon=
tal, interrupted 1 the middle or hroken at the extremities,
betray, in general, neghgence, if not want of ability.

Deep iudenting bones of the forehead, situated between
the eye-brows, and extending in a particular direction,
mark the happy few who possess generous and noble
minds, connected with excellence of understanding ; be-
sides a blue teina frontalis, in the form of a Y, situated
in au arched smooth torehead, is an indication of similar
advantages.

The Eye.—The eyes of mankind are composed of
various shades of colour, the thost common of which are
grey mixed with white, grey tinted with blue, and
shades of green, orange, and yellow. According to the
celebrated naturalist Buffon, the orange and blue are
most predominant, and those colours often meet in the

U
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same eye, those generally supposed to be black are not
really 80, and upon attentive examination they will be
found to consist of yellow, a deep orange, a brown,
which being instantly opposed to the clear white of the
ball, assumes a darkness mistaken for black. The same
nataralist observes that shades of yellow, urange, blue,
and grey are often visible jn the same eye; and when
blue, even if the lightest tint appears, it is invanably the
predominant colour, and may be found in rays dispersed
through the iris ; the orange is diflerently disposed at a
trifling diatance from the pupil; it is inflakes, and round,
but the blue so far overpowers it, that the eye assumes
the appearance of being wholly of that culour. ‘The fire
and vivacity emitted by the eve cunnot be so powerful in
those of the lighter tintw ; it is therefore in the dark ones
alone that we look for the emotions of the soul. Quiet
and milduess, with a certain degree of archuess, are the
characteristics of the blue. Nome eyes are remarkable
for the absence of colour; the iris i8 faintly shaded with
blue or grev, the tinta of orange are so light that they
are hardly discernible: in eyer thua furmed, the black of
the pupil appwsars too conspicuous, and it may be said
that portion 14 alone visible at a little distauce, which
circamstance gives the person possessing them what is
called a ghastly and spectre-like appearauce.

There are eyes whose iris may be said to be almost
greun, but these are uncommon. It would require the
pen of an ivwpired writer to describe the astonishing
variety of expression of which the eyes are capable;
being situated near the supposed seat of the soul, every
sensation of that iuvisible spinit appears to rush in full
vigonr from those intelligent orgaus; all the passions
may be seen in them ; we shrink from their indication of
anger ; we find pleasure with all her train of joys dancing
in them ; we feel their force in love ; and melt into tears
on observing them suffused in the moisture of grief : in
short their language is less deceptive, and more powerfal
then that of the tongue. The transitions are so rapid in
the expression of the eyen,ghat it requires very close and
attentive examivation to catch and describe the emotions
of the mind visible in them. Admitting this fact, it will
appear that the phymognomist is liable to numerous
egregious errors in drawing his conclusions from them.
Paracelsus, a man of strong genius, and like Lavater,
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misguided in many instances by his enthosiasm, and &
kind of superstition allied to the study of this art or
science, pronounced that those eyes generally termed
black, frequently denoted health, firmuess, courage, and
honour; but the grey, deceit and instability. Those
objections, we should presume, are only made for the
sake of showing a difference of opinion, if they are con=
sidered relative :—thus far probability at Jeast accome
panies the physiognomist's remarks; the commentator
adding, “ It is, however, impossible to subscribe to his
assertion that all short-gighted persouns are deceitful and
crafty, or that those who squint have similar propensities
to evil: with this learned gentleman we fully coincide,
when he alleges, that it is evident both peculiarities al=
luded to, may he consequences of injury, either of natural
defect or accidental violence, aud are never found in
people whowe organs of vision are perfect : indeed many
1nstances might he cited of the actval and known cause
of sguinting and nearsight, which frequently occur in
adults from extreme anxiety and disease.”

Small eyes, situated deep in the sockets, are said by
Paracelsns to indicate active wickednese, with a mind
calculated to oppore with vigour, and suffer with perse=
verence; and their opposites, very large and prominent
eyes, he conevived explained the avaricious and covetous
propensities of their poagessora: those in constant motion
denote fear and care; winking is the mark of foresight,
of am amorous disposition, when it does not proceed
from the weakness of the organ, and the eye fearful of
looking forward, decides upon innate modesty.

Lavater thought blue eyes, in general, signified effemi-
nacy and weakness; yet he acknowledged that many
eminent men have blue eyes; still he was convinced that
strength and manhood belong more particularly to brown: *
in opposition to this, the Chinese are known to be an ef-
feminate race of people, yet they rarelg have blue eyes.
These contradictions, it must be confessed, weaken the
reliance we are inclined to place upon appearances during
the quiescent state of the eyes, and the indications of
their colour. Men intemperate, in anger, and easily ir«
ritated, may be found with eyes of all the usual colours;
when they incline to green—ardour, spirit, and courage,
are their usual attendants. People of a phlegmatic ha=
hit, but who may be roused to activity, have clear blue
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eyes, which never belong to those inclined to melancholy;
and rarely belong to the choleric. Benevolence, tender-
ness, timidity and weakness are exhibited by the perfectly
semicircular arch formed by the underpart of t{:: upper
eyelid. Persons of acute and solid understanding have
generous open eyes, composing an acute angle with the
nose; and when the eyelid forms a horizontal line over
the popil, it is a strong indication that he who possesses
it is subtle, shrewd, and penetrating. Wide opening lids
showing the white of the ball under the other colours,
may be observed in phlegmatic and timid, as well as in
the courageous and rash; but in comparing these marks
in the characters just mentioned, a very perceptible differ-
ence is discovered, the latter is more obliijue, better shaped
and more firm.

The Egyebrows.—The eyebroww are essential in the
expression of the eyes ; in anger they are brought down
and contracted ; inall pleasant sensations, and in astonish-
ment, they assume a fine arch; in youth they arenaturally
and regularly arched ; the horizontal and rectilinear eye-
brows belong to the masculine bias of the soul, and when
combined with the above designations, show strength of
understanding, united with feminine kinduess. Those that
are deranged in their appearance, with the hair growing
in various directions, demonstrate a wild and unsettied
state of mind ; but if the hair be fine and soft, they signify
a gentle ardonr. The compressed eyebrow, formed of
parallel hairs, is a certain proof of profound wisdom,
true perception, and a manly habit of thought. There
are eyebrows which meet across the nose; this cir-
camstance gives the person an air of ferocious gloom,
which is admired by the Arabs; but the ancients versed
in physiognomy conceived such to be the character of
cupning : Lavater, on the contrary, discovered them in
the most open and worthy countenances, admitting, at the
same time, they may indicate a heart ill at ease. Those
who think profoundly, and those equally prudent and
firm in their conduct, have never high and weak eyebrows,
bat in some measure equally dividing the forehead, the
betray rather debility and apathy ; and though men wi
an opposite character may be found with them, the
invariably signify a diminution of the powers of the mind.
Thick angular eyebrows interrupted in their lengths,
#iguify apirit and activity; and when they approach the
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eyelida closely, the more firm, vigorous, and decided is
the character: the reverse shows a volatile and less
enterprising disposition; when the extremes are remote
from each other, the sensations of the possessor are sudden
and violent. White eyebrows are demonstrative of weak-
ness, in the same degree as the dark brows are of firmness.

Lavater considers the nose as the abutment of the fore-
head, the seat of the brain, without which the face would
present a miserable appearance, indeed, an ugly or disa-
greeable set of features are never accompanied by a hand-
some nose ; but there are thousands of fine and expressive
eyes, where a perfectly formed nose is wanting. He de-
scribes the proportions of the face as requiring the fol-
lowing particulars. ¢ Its length (thatof the nose) should
equal the length of the forehead ; at the top should begin
the indenting ; viewed in front the back shoald be broad,
and nearly parallel, yet above the centre somewhat
broader ; the bottom, or end of the nose should be neither
hard nor fleshy, and its under outline must be remarkably
definite, well delineated, and neither pointed nor very
broad ; the sides, seen in front, must be well defined, and
the descending nostrils gently shortened; viewed in
profile, the bottom of the nose should not have more than
one-third of its length; the nostrils must be pointed
below, roond, and have, in general, a gentle curve, and
be divided into ejual parts by the profile of the upperlip;
the side or arch of tlie nose must be a kind of oval above,
it must close well with the arch of the eye-bone, and near
the eye must be, at least, balf an inch in breadth. Sucha
nose is of more worth than a kingdom.”” Nuambers of
great and excellent men have flourished in all ages of the
world, whose noses would suffer much by Lavater's de-
scription of a nose, more valuable to the professor than
the wealth of an empire: indeed he is compelled to ace
kuowledge this indisputable fact, and observes that he
has seen persons endowed with purity of mind, noble in
their conceptions, and capable of exertion, whose noses
were very small, and the arches of their profiles inverted ;
and yet, true to his principles, he discovered, or imagined
he discovered, their worth to consist in the elegant effu-
sions of their imaginations, their learning, or fortitade in
suffering; and this is accompanied with a proviso, that the
remainder of their form must be correctly organized.—
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‘We must submit with deference, that the phywiognomist
did not present the above as an essential nasal pattern to
any set of features, he only fancifully drew a pictare of
what he thought would be a perfect nose.

Noses arched under the forchead belong to those who
possess the energy to command, are capable of ruling,
acting, overcoming, or deatroying others; rectilinear are
the medium between the extremes above noticed, and are
appropriated by nature to those who act and sufler with
equal power and patience.

Socrates, Larresse, and Boerhave were celebrated men,
and it is generally well-known that they had 1li-shaped
noses; yet they were distingnished for meckness and
gentleness. Were it possible to attribute a umversal

valence of diaposition to a general form of the nose,
individuals of every nation would be found who reremble
the Tartars, who have flat and indented noses; the
Negroes, who have broad; the Jews, who have high
arched voses : in their propensities it would follow, that
whatever qualities the physiognomist may apjily to those
individualy, must also brlong to the whole prople whose
noses bear a resemblance to them.

Mouth.—The admirers of physiognomy attribute great
ypowers to the mouth w expressing the emanations of the
mind ; and Lavater expatistes vpon it with enthusiasm.
He says. *“ Whoever internally feels the worth of the
mouth, 8o inseparable, so well defined, so sumple yet so
various; whoever, I say, feels this worth will speak
and act with divine windom.” 1le then proceeds to call
it ““ the chief seat of wisdom and folly, power and de-
bility, virtue and vice, the seat of all love, all hatred, all
sincerity, all falsehood, all humility, all pride, all diasi-
mulation, and all truth.” Allowiug the reverend author
foll credit for these observations on the mouth, it becomes
the duty of every man to notice the physiognomy of that
organ ; for which purpose it will be requisite to examine
the lips separately, to ascertain when they are closed,
daring the moments of tranquiility, whether that opera-
tion was performed without a forcible exertion of the
muscles, particularly of the middle of the upper and
under lips, the bottom of the middle line at each eand,
and finally the exteut of the middle line on both sides.
The character of the man is proclaimed in the lips, the
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more firm the latter the more fixed the former; the weak
and irresolute man has weak lips, with rapidity in their
motion; the vicious, cringing, mean and vile, has a
countenance with lips and other members of the face,
never well formed or justly proportioned to the other
parts of his visage, and the line of which is equally ser-
peutine on either side.

A mouth, the lips whereof are 8o thin as to present at
first view little more than a line, is a prognostic of apathy,
yet quiet, and very iudustrious when pushed. When this
description of mouth is raised at the extremities, vanity,
affectation, and most probably deliberate malce, distin=
guish those so formed. The opporites of this kind, are
those lips swelled into a counriderable size, which denote
indolence and ~ensnality. Lips closed accurately without
exertion, and 1 andsome in the outline, beloug to the ex=
erciee of dircretion and firmness. The under lip, hollowed
in the middle, dvnotes a fanciful character.

‘The mouth naturally closed. invariably signifies fortitnde
and courage.  While the latter quality is in agitation the
mouth cloges insensibly. The naturally open mouth
harks a disposition to complain; the closed on the con-
trary signifies enduraunce.

Chin.—The chin when prominent is said to demote
something decided ; and the receding. the reverse. When
the chin 1a puinted, the possessor is supposed to be pene=
tratiug and cunning. Flatness of clun speaks the cold
and dry: emallness, fear; and roundness, with a dimple,
benevolence.

We have interspersed our remarks with extracts from
the expensive work of Lavater, on phyriognomy, in order
1o enable our readers to judge for themselves. The science
we uelieve to be founded in nature; but in justice to our-
selves, we cannot suffer those extracts to go forth in thid
volume, without observing that we believe with much
truth and sagacious remarks, there is also a great deal of
extraneous matter.
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CRANIOLOGY.

We come now to the second subject proposed, which
assumes its name from the object it examines, and is the
doctrine of Dr. GALL upon the cranium or skull—its mode
of formation, structure and peculiarities. That gentle-
man thinks, from its connexion with the brain, to which
it is & coveriug, it has a decided influence upon the seat
of thought, aud even upon thoughts themselves, and the
general dispoeition of the mind; and hence becomes sus-
ceptible of definition.

This doctrine being of much more recent date than that
of physiognomy, has obtaived a greater number of sup-
porters; yet it is still in an unseettled state of suspense.
With an intention to be serviceable tu the interests of
fcience, we suhjoin a few particulars of the theory as
given by the founder, and hope that they will act as a
spur to the mind of the inguiring reader to examine the
matter more closely, and settle his own opinion. .

The inventor was a physician of considerable practice
sud moch esteem in Vienpa: patural history, forming
collections of plants, &c. were the distinguishing cha-
racteristica of his mind from earliest infancy. He was
particularly attentive to the heads of objects, their shape,
und utility ; and during his studies was in the habit of
frequently remarking on the heads of his play-fellows
and fellow students, on their moral and inteliectual
character ; and while apparently amusing himself, from
various traces of resemblance, he formed his judgment of
dispositions. As he approached manhood he fixed on
medicine as a profession, and was led by an impulee,
which he considered the result of his organization to the
Labit of observation and comparison. Iie spent much of
his time in collecting wkulls of dead objects, as well
human as of other animals, for the sake of comparison;
he bad also the copies of many living skulls taken in
sypeum; so that eventeally he formed the most exten-
sive and valuable collection of these subjects. Dr. Gall
wsoon discovered that the general inferences he had drawn
from these observations would not at all times bear him
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out, which compelled him to be more particularin his ob«
servations, and he found less inconsistency in sabsequent
remarks, He likewise discovered considerable aoxiety
at the first to affix a proper and characteristic name to
local organs, when he often found change of local situa
tionnecessary. Havingafterasevere study sarmounted these
and various other obstacles which continually presented
themselves in opposition to the progress of any thing
which had not been taught in the nursery; among other
opponen‘s he had to combat with the power of ignorant
priests, and a priest-ridden court, but at length he was
permitted to dehiver lectures to foreigners upon his
newly discovered ecience.

Dr. Gall discovered from the anatomy of the brain,
that it is not, as generally considered, a pulpy substance,
but that it is of the nature of a membrane, in some
places not a line in thickness. He was first led to con-
sider this subject with attention, from a knowledge that
the membrane had been repeatedly suffering from Aydro-
eephalus internus, where a large collection of water is oc«
casionaily collected in the ventricles; and the brain be-
comes distended to a membrane not of the thickness of
a line; aiso a paralysis of the extremities with other
partial affections of that member; yet the intellectnal
faculties remained unimpaired.

The chief results of his anatomical labours were that the
entierty of the medullary of the cerebrum and cerebellum,
consists of nervous fibres, and the whole of the cortical
substance of ganglions, by meauns of which the nervous
fibres are nourished, strengthened, and more intimately
connected. That the nerves which constitute the essential
part of the cerebrans and cerebellum, as well as of the
spinal marrow, are like blood vessels of two kinds, the
excurrent, or diverging, and recurrent or converging,”
which all arise from the spinal marrow, or terminate
in it; consequently, that, the origin of the medullary
substance of the cerebrum and cerebellum is derived from
the spinal marrow. That the cortical substauce is the
superficial ganglion of the cerebrum and cerebellum ; and
that all the excurrent nerves terminate in the outer sur-
face of the cortical substance on which the pia mater
rests, aud all the recarrent nerves take their origin in
that place.
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In the infancy of any science it certainly behoves the
inventor to act with extreme caution of which Dr. Gall
to have been aware, when he says — We are
00t to expect to perceive the already developed faculty
of the mind, by mere observations made on the ekull ; it is
the tendency only, or aptitude, or possibility of any particular
sntellectual quality in any individual that can be discovered ;
and besides, all the predispositions cannot be selected,
because many of the supposed organs cannot influence the
shape of the bones, in consequence of their remote situa-
tions.” Hence, all the organs, and consequently the pre-
dispositions, in both animals and men, are said to be in-
nate and more latent perhaps, with respect to their greater
portion.

The functione of the brain are said to be threefold :—
first, organic life; second, sepaitive life; and third, intel-
Jectual hife. A particular part of the brain is assigned
fo each of those functions. It is only in consequence of
the size of these hemispheres, and the part appropriated
to the last of these functious, that man has the largest
brain; and not because the wze of the human hram is
greater than the rest of the body. as hias been supposedy
nor on account of the comparative tlyckuess of the
nerves, as some people have observed. To prove that
the organs of thought are placed in the hemispheres of
the brain, those parts are said to be of larger wige, and
more completely developed 1n animals of different clusses,
in proportion to their mtellectual faculties; and in man
they are most perfect.

The arguments adduced by Dr. Gallyin proof of plurality
of organs in the brain, are lst. The sense of fatigne,
arisiog from the mind being long employed on some specific
object of contemplation ; that sense of rehef it experi-
onces from variety. 2ndly, The various degrees in which
the different faculties are possessed by the same ivdivi-
dual. And 3rdly, The loss of certain faculties and powers
of the mind from disease, or accident, affecting certain
parts of the brain; whilst those peculiar to other parts
are retained.

The separate organs in the akull of man, and of which
Dr. Gall claims the discovery, are twenty-six, which he
divides into three classes. .

Crass I.—Comprehends those by which man is enabled
10 enter into commerce with the world which surrounds
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him. The 1st of which he considers to be the organ of
sexual love, at the lower and back part of the head.
2. The organ of parental and filial love, and the animal
storge, at the upper part of the occiput. 3. The organ of
friendship and fidelity, between the ear and back of the
head. 4. The organ ot fighting, alittle above and below
the ear. 5 The organ of slaughter lies a little before
and above the preceding. 6. Address or cunniog, before
,and above the latter. 7. The organ of cupidity, is that
of address continued almost to the eyes. 8. Of good-
nature, in the centre of the upper part of the forehead.
9. Of mumiecry or imitation, at the side of good-nature.
10. Of vain-glory or vanity, at the back of the parietal
bone. 11. Of constancy or firmness, in the middle of
the top of the skull.

I1.— The secoud class of organs comprehend those by
which we are enabled to acquire a more famihiar acquaint-
ance with objects known to us by means of the external
senses. 12, Aptness to learn and retain things, over the
foot of the nose, between the two eyebrows, and above
the glabella. 13, Aptuess to learn aud retain places, fills
#hat hali of the eyebrow which is towards the nose.
14. Aptuess to recolleet persons, (doubtful) at the upper
part of the wner side of the orbit. 15. The scnse of
colour lies in the superciliary arch, on the outride of the
organ of taste 1G. Aptuess to learn and retain music,
above nnd behind the exterior angle of the eye, where it
joina the organ of capacity. 17. Aptness to learn and
retain numbers, 18 placed on the outside of the organ of
music. 18, Aptuesr to learn and retain words, at the
upper and back part of the orlit. 19. Aptness to learn
and retamn languages, on the upper and anterior part of
the orvit. 20. Mechauic arts, belund the organ of number.
9]. Prudence and Circumspection, about the middle or
side of the head. 22. Lottiness, at the back of the top
of the head.

1I1.—The third class of organs are those which con-
stitute the peculiar prerogatives and glory of the human
race, and which more eminently raise man above the brute
creation. They all lie on the crown of the head, or on
the forehead. 23. Rhetorical acuteness lies on the middle
of the forehead, above the organ of thinkiog and beneath
that of good uature. 24, Metaphysical subtlety, on each
side of Rhetorical acuteness. 25. Wit at the outside of
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the last mentioned. 26. Theoscrophy, in the centre of
the top of the forehead.

We do not intend to enter into a detail of those organs
as given by Dr. Gall. We will, however, transcribe the
remarks upon some few of them only, from a work of
great merit, to furnish a general idea of the proof, and as
an illustration on which the theory is established.

The organ of sexuoal love is placed in the cerebellum.
It comprises that part of the occiput which lies near the
great occipital hole; and in living subjects is to be jadged
by the thickness and breadth of the throat and neck. As
the sexual passion rises, this part of the brain grows in
disproportion to the other parte; but when by castration
the purposes of nature in its formation are defeated, it
ceases to develope and perfect itself. In those men and
animals who have suffered this operation, whilst young, it
may be observed the back part of the skull ceases to
grow, the neck becomes narrow, and the voice loses its
manly vigour. .

This remark applies to many species of animals. The
stallion and the bull have a more perfectly developed
cerebellnm, and consequently have a thicker and broadef
head behind than the geldiog or the ox. This is obvious
to persons engaged in husbandry and riding horses, who
give a preference to those stallions whose ears stand
widest apart. The male mule, which has no power of
procreation, has a very narrow neck, and the ears stand
close together.

Through the whole class of quadrapeds the neck of the
male is thicker than that of the female, which Dr. Gall
attributes to the longer duration of the sexual appetite
in the male.

The organ of aptness to learn and retain places has the
following observations made upon it.

This organ is apparent in various birds of passage, as
swallows and storks, pigeons, which are letter-carriers,
dogs, &c. He relates an anecdote of a dog carried from
Vienna to London, that returned to the port, took his pas-
sage in a ship in which was a gentleman, who travelled
to Mentz, from whence the dog went to Vienna.

In men he says this organ appears to operate variously,
but in every case is conne with a disposition to o
serve the relations of space, and produces a delight and
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peculiarability in those occupations which depend upon
relations.

The arguments adduced against Dr. Gall’s theories are,
in our opinion, few, weak, and groundless, which could
easily be refuted if our pace would permit. But now
as it has become more generally known, and many ele~
mentary books published at a low price, we would
strongly recommend our readers to study for theme
selves. It assaredly is but fair for every individoal to
give it a chance, particularly as it can injure no one
whilst it is probable it may be beneficial to mapy.

PROGRESSIVE CONDITION OF MAN.

Ta1s is a subject of no emall importance, and the resolt
of its careful study must afford the highest gratitication
to a philanthropic mind. We extract the following from
Arnott's Physics:—While the inferior races of animals
seem to have changed as little in any respect, since the
beginning of human record, as the trees and herbs of the
thickets which give them shelter, the condition of man
has fluctuated, and, on the whole, progressed’in a very
remarkable manner. The inferior animals were formed

their Creator such, that, within one life or generation,
thev should attain all the perfection of which their na-
ture was perceptible. Their wants were either imme=
diately provided for—as instanced in the clothing of
feathers to birds, and of furs to quadrnpeds; or were 80
few and simple, that the supply was easy to very limited
powers—except in a few cases where considerable art
was required, as by the bee in making ite honey-cell, or
by the bird in constructing its beautiful nest, and thers,
a peculiar aptitude or instinct was bestowed. Thus a
crocodile, which issues from its egg in the warm sand,
and ‘mever sees its parent, becomes as perfect and as
knowing as any crocodile that has lived before, or will
appear after it. But how different from this is the story
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of man! He comes into the world the most helpless of
livibg beings, long to cootinue so0; and if deverted by
parents at an early age, so that he can learn only what
the experience of one life may teach him—as to a few
individuals has happened who yet have attained maturity
in woods and deserts—he grows op in some respects ine
ferior to thenobler brutes. Now, as regards many regions
of the earth, history exhibitw the early human inhabitants
in states of ignorance aud barbarism, not far removed
from this lowest possible grade, which civilized men may
shudder to contemplate. But these countries, occapied
formerly by straggling hordes of miserahle savages, who
could scarcely de‘end themselves against the wild heasts
that shared the woods with them, and the inclemency of
the weather, and the conserjuences of want and fatigue,
and who to each other were often more dungerous than
any wild beastw, unceasingly warring among themeelves,
and destroying each other with every species of savage,
and even caunibal cruelty—countries wo occupied formerly
are now hecome the abodes of myriads of peaceful, civile
ized, and friendly men, where the desert and impenetrablg
forest are changed into cultivated fivldn, rich gardens,
and magnificent cities. It ix the atrong utellect of man,
operating with the facility of language as & means, which
has gradually worked this wonderful change. By language
fathers communicated their gathered experience and reflecs
tione to their children, and these to succeeding children,
with neweaccumulation ; and when, after mauy genera=~
tions, the precious store had grown until simple memory
couid retain no more, the arts of writing, and then of
printing, arose, making language visible and permanent,
and enlarging illimitably the repositories of knowledge.
Language thus, at the present moment of the world’s
existence, may he said to bind the whole human race of
uncounted mullions into one gigantic rational being,
whose memory reaches to the begiunings of written
records, and retains imperishably the important events
that have occarred; whose judgment, analyzing the
treasures of memory, has discovered many of the sublime
and unchanging laws of nature, and has built on them all
the arts of life, and through them, piercing far into
fatarity, sees clearly many of the events that are to
oome ; and whose eyes and ears, and observant mind at
this moment, in every corner of the earth, are wx
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and recording new phenomenma, for the purpose of stilt
better comprebending the magnificence and beautifal
order of creation, and of more worthily adoring its bene=
floent Author. But there is & change going ouin the
world, connected closely with the progress of science, yot
distinct from it, and more important than half of the
scientific discoveries—it is the diffusion of existing know-
ledge amoug the mass of mankind. Formerly knowiedge
was.shut up in convents and universities, and in books
written 1n the dead languages—or in books which, if in
the living languages, were so abstruse and artificial, that
only a few persons had access to their meaning; and
thus, considering the human race as one great intellectual
creature, a small fraction only of its intellect was
allowed to come into contact with science, and therefore
into activity; which fraction, moreover, was only half«
exerted, because sufficient motive was wanting. The
progress of science in those times was correspoudingly
slow, and the evils of general ignorance prevailed.—
Now, however, the strong barriers which confined the
gtores of wisdom have been thrown down, and a flood
Overspreads the earth; old establishments are adapting
themselves to the spirit of the age; new establishments
are arisiog; the inferior schools are introducing impro
systems of instruction; and good books are rendering
every mun's fireside a school. From all these causes there
is growing up an enlightened public opinion, which
quickens and directs the art of every progress and science,
and through the medium of a free press, although overe
looked by many, is more rapidly becoming the governing
influeace in all the affuirs of man. In Great Br®uin,
partly, perhaps, as a consequence of its insular situation,
which lessened among its iuhabitants the dread of hostilq,.
invasion, and sooner formed them into a united and dom=_
pact people, the progress of enlightened opinion has been
more decided than in any other state.”

We do pot think many will be found bold enough to .
contradict the foregoing statement ; but we are of opinion
that the author has overlooked the most important canse
of that great improvement—a cheap press. This must be
evident to every one who considers the great number of
cheap periodicals that are weekly issuing from the
in this country, containing information on every su :
calcalated to improve the minda of all classes of the coms
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munity ; and the avidity with which these are purchased
is a certain indication that the labour of the projectors 1s
oot loat. As an example of this we shall mention one of
these (we believe the first) cheap periodicals  we allude
to “ Cbambers’ Edinburgh Joarnal,” which 1s famihar to
every wdividual 10 Great Britain. The first number of
thus journal appeared in the begning of the year 1732,
at the low price of three half-pence, coutaining a vane
of ueeful and entertainiog matter, equal 1n quality ax weil
as quantity to what could pn-nouu}'.' have bren ohtained
for one shilling This first attempt to intruduce cheap
information was so well appreciated by the public, that
of the first number no fewer than from 16 M) to 17,000
copies were sold, and as the work became more generally
known, each succeeding number increased 1t circulafion
till the average sale amounted to 71,0 1 or =0 1 b cupies
weekly. This publication has now existed tor upwards
of mixteen years, and still maintaina 1te populanity  This
is only one eaample from many thit couid he adduced of
the soccess which has attended other «qually cheap and
valosble periodicals of the present dav  But 1t 1w not
alone to periodicals that the labour ot the cheap {rery 1B
confined, and if any example of thix 18 necessary, the
reader bas only to louk at the prereut volume i lus hand,
and put the question to himself. *What would the
Panorama of Science have cnst me & few years ago - and
the answer would certainly be ¢ at least rix timeu 1t pre=
sent pnce!” In conclusion, therefore, 1t 1s hoyed that
this volame will be found to have at least assinted 1o the
Progressive Improvement of Man.

FINIS.

D. Sulllvan, Printer, Dublia,
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