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PREFACE

Turs text-book on Chemistry, intended for the use
of colleges and schools, contains the outline of the
course of Lectures which I give every year in this
University.

I do not, therefore, present to teachers an untried
work. Its divisions and arrangement are the result
of an experience of several years; an experience
which has proved to me that there is required a text-
book of small size, so that students can pass through
it readily in the time usually devoted to Chemistry.

Every instructor in this science must have observ-
ed that the ordinary “ Treatises” or “ Elements” are
by no means suited to his wants. When they are
employed in the class-room, there are large portions
which have to be omitted, and other poi'tions too
briefly explained. In fact, to study "Chemistry suc-
cessfully, the first thing which is wanted is a com-
pendious book, which sets forth in plain language
the great features of the science, without perplexing
the beginner with too much detail.

A2



vi PREFACE.

It will be understood, therefore, that this work,
with little pretensions to originality, except where
directly specified, occupies a different field from that
of the larger treatises. It is intended as a manual,
arranged in such divisions as practice has shown to
be suitable for daily instruction. It is the exposition
of what I have found to be a satisfactory method of
teaching; and of its success our annual examinations
are the best testimonial.

The unsuitableness of large text-books has led to
many attempts to reduce their size by abstracts and
compendiums ; but the difficulty can never be avoid-
ed by that means; the very structure of such works
is faulty. We never want to use all that an author
knows or can possibly say on the subject. It has
been well remarked, that « The greatest service
which can be rendered to our science, is for some
person who has had the management of large classes
for several years to sit down and write a book, set-
ting forth what he said and what he did every day in
his Lectures. That is the thing we want.”

While, therefore, this book is offered to instructors
as a practical work, the object of which is to display
the leading features of the science, I have endeavored
to make it a representation of the present state of
Chemistry. In this respect many of our most popu-
lar works are defective. Among them I should not
know where to turn for a simple exposition of the
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Wayve theory of Light or of Ohm’s theory of Voltaic
Currents ; yet the one is the most striking result of
physical research, and the other is connected with
the fundamental facts of Electro-chemistry.

To the treatises of Hare, Kane, Graham, Gregory,
Fownes, Dumas, and Millon I must formally state
my obligations. In Descriptive Chemistry I have fol-
lowed them closely; and in those cases which are
much more common than is generally supposed,
where there are differences in the imputed proper-
ties of bodies, I have consulted, wherever I could,
either original memoirs or the annual reports of Ber-
zelius.

The number of wood-cuts, representing experi-
mental arrangements, which have been introduced,
will give to a beginner a clearer idea of the practical
part of each Lecture, and, in our country colleges,
may sometimes supply the place-of defective or in-
complete apparatus. To each Lecture is appended a
set of questions. They enable a young student more
quickly to apprehend the doctrines which are before
him.

Jonn WirLiam DrapER.

University of New York, }
July 6, 1846.
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INTRODUCTION.

CONSTITUTION AND GENERAL PROPERTIES OF MATTER.

LECTURE 1.

ConstiTuTiON OF MAaTTER.—Distinction between Chem-
istry and Natural Philosophy—General Division of
Chemastry.—Active Forces and Ponderable Bodies.—
Proof of the Atomic Constitution of Matter in the Cases
of a Solid and a Gas.—Atoms are inconceivably small.—
They are not in contact.— They are unchangeable and
indestructible.

Tue physical sciences are divided into two classes, com-
prehended respectively under the titles of NaATURAL PHI-
Losopny and CHEMISTRY.

Natural Philosophy investigates the relations of masses
to one another. The movements of tides in the sea un-
der the conjoint influence of the sun and moon; the de-
scent of falling bodies to the earth; the pressure of the
atmosphere ; the various modes of rendering mechanical
forces available, by the action of levers, pulleys, wedges,
screws; the phenomena of the planetary bodies, which
move in elliptic orbits around a central mass: these are
all objects for the consideration of Natural Philosophy.

Chemistry considers the relations of particles to each
other; it investigates the properties and qualities of differ-
ent kinds of matter, their mutual influence, and the ac-
tion of the imponderable principles upon them. It treats
of the causes of those invisible movements which the
molecules of bodies around us unceasingly undergo. It
also includes many of the phenomena of living beings,
explains the objects of respiration, digestion, and other
such animal functions.

Every change taking place in bodies is due to the op-
eration of some active force. It is one of the first princi-

kiInrto wh; classes ar;7the physical sciences divided ? Of what phenom-
ena does natural philosophy treat? What are the objects of chemistry ?



2 CONSTITUTION OF MATTER.

ples in philosophy, that no movement or mutation Caf’] 0‘.:;
cur in any thing spontaneously ; we must always rf) elr. L
to a disturbing cause. Under the influence of heat, bodies
increase in size ; under that of electricity, some are dis-
severed into their component elements; u_nder r'hfit of
light, vegetables form from ir'lorgamc materpls their or-
ganized structures. The science of chemistry 1"?501"85
itself, therefore, into two divisions: the ﬁrst,.embracmg the
consideration of the active forces of chemistry; the sec-
ond, the objects on which those forces operate. i

These active forces are Heat, Light, and Electricity.
By the older chemists, they are designated as imponder-
able substances, from the circumstance that they do not
affect the most sensitive balances.

‘We can form no idea of the properties of bodies dis-
engaged from the influcnce of these principles. Thus
we find all material substances existing under one of
three conditions, solid, or liquid, or gaseous; and the
majority can assume either of these conditions under the
influence of heat. Woater, for instance, at low tempera-
tures, exists in the solid state as ice; at higher tempera-
tures, it assumes the liquid condition ; and, at still higher,
exhibits the gaseous form. We see, therefore, that it is
the degree of heat to which it is exposed which deter-
mines its physical state.

One of the first problems which the chemist has to solve,
is that of determining the true constitution of matter; not
of matter in the abstract, but as placed under the influence
of these external powers.

Fig. 1. All the phenomena of chemistry
prove that material substances con-
sist of indivisible and exceedingly mi-
nute portions, called Arowms, which
are placed at certain distances from
one another, those distances being
variable and determined by the agen-
cy of active forces.

g Thus, if we take a copper ball, a,
Fig. 1, an inch in diameter, and provide a ring, 4, of such a

. What are the twa leading divisions of chemistry ? What are the act-
ive forces of chemistry? Why are these called imponderable bodies ?
‘What are the three forms of substances? W hat is it that determines
these forms?  What is the constitution of matter? Describe the arrange.
ment of the instrument, Fig. 1, and its use,
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size that the ball at common temperatures can readily pass

through it, and having suspended the ball by means of a

chain to a stand, d, expose it to the flame of a spirit lamp,

¢, as it becomes warm it will be found to dilate, so that,

in the course of a few minutes, it can no longer pass read-

ily through the ring, but if placed thereon, remains sup-
orted.

‘While under these circumstances no visible change has
taken place in the general properties of the ball; its
weight remains the same as before, its aspect is the same.
‘We conclude, therefore, that its volume has increased be-
cause we have raised its temperature.

But now, the lamp being removed, the ball still resting
on its ring, begins to cool. In the course of a few min-
utes it spontaneously drops through the ring. It has,
therefore, become less than it was while hot, and, in point
of fact, when its original temperature is reached, it has re-
covered its original size.

From this simple, but beautiful experiment, very im-
portant conclusions may be drawn. The copper ball, in
cooling, becomes less : a fact which at once suggests the
idea that its constituent particles have approached each
other. In its warm and dilated state, although it exhibit-
ed no appearance of transparency, or of interstitial spaces,
or pores through which light might pass, its particles were
not touching one another, for had they been in actual con-
tact they could not have more closely approached one an-
other, and contraction could not have taken place.

As all bodies contract during the act of cooling, we in-
fer that the particles of which they are composed are
separated from each other by intervening Fig. %
spaces, and experiments such as that we
have been considering suggest two im-
portant observations : lst. That all mate-
rial substances are made up of small par-
ticles which do not touch each other; and,
2d. That the intervening spaces may be va-
ried at the pleasure of the experimenter.

Let us consider a second illustration
which will lead us to the same conclusion; selecting, as

Why, in this experiment, does the ball finally drop through the ring?
Could contraction take place if its particles were already in contact ?
W hat two conclusions do these facts suggest?
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air, a substance

the object of our experiment, atmospheric §
ations from

differing in all its physical and chemical rel o
the copper ball. Let us take a tube of glass.half.an inch
in diameter, and bent in the form exhibited in Flg 2, a,
¢, d. The tube is closed at its upper end, @; 1t 1s bent
at ¢, and over its open extremity, at d, a bag of India 1'ul?-
ber is tied, air tight. In the tube there has been previ-
ously inclosed a sufficient quantity of water to fill ia]l the
portion b, ¢, d, but the space from @ to b is occupied by
atmospheric air. It is to the volume of this atmospheric
air that our attention is directed.

If we compress the India rubber bag in our hapd, Fhe
volume of the air instantly becomes less, the diminution
being greater in proportion as the pressure is greater.
Now, it is inconceivable that this phenomenon should en-
sue, unless the aerial particles approached each other;
but such an approach would be impossible if they were
already in contact. Two particles could not occupy the
same space at the same time.

We conclude, therefore, that for atmospheric air, a
gaseous body, as well as for copper, a solid, the same
law holds good, and that both these forms of matter are
constructed upon the same type; that they are made up
of particles set at distances from one another, and that we
can change those distances at pleasure, by resorting to
changes of temperature, or to mechanical forces.

Fig. 3. It is worthy of observation, that by proper
means these interstitial spaces may be greatly
increased or diminished, and in very many in-
stances without any striking apparent change
occurring in the substance under experiment.
Thus, if we take a globe of glass two or three
inches in diameter, @, Fig. 3, with a neck or
tube, 4, proceeding from it, and fill the globe
full of water, with the exception of a small bubble of air
which occupies its upper part, while the open extremity
of the tube, 4, dips beneath some water contained in a
glass jar, ¢, then, covering the whole with an air-pump
receiver, d, proceed to exhaust, we shall find that the little

Describe the instrument represented in Fig. 2. What is the use of
this instrument? With an increase of pressure, what happens to the in-
cluded air? Can two particles occupy the same space at the same time ?
‘What, then, is the deduction from this experiment? W hat is the exper-
iment given in Iig. 3 intended to illustrate ?
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bubble, @, dilates as the machine is worked, and may be
rendered a hundred-fold greater than at first. In this ex-
panded condition, its particles must have greatly reced-
ed from each other, and yet no remarkable physical change
is to be observed. There are no dark or vacuous spaces;
but, in this attenuated condition, it possesses the aspect
which it had when at the common density.

With these preliminary facts, we may now direct our
attention, 1st, to the properties of atoms; and, 2d, to the
interstitial spaces which part them from each other.

That the atoms of which bodies are composed are ex-
ceedingly small, we possess abundant proof. By dissolv-
ing substances in liquid media, and then greatly diluting
the solution, we can effect a subdivision to an incredible
extent. A single drop of a solution of sulphate of indigo
will communicate a blue color to one thousand cubic inch-
es of water, so that every drop of that diluted solution
contains a portion of the coloring matter. In the same
manner, by resorting to proper tests, we can show that a
grain of copper, or silver, or gold, may be divided into
many millions of smaller parts, each of which may be
readily recognized. Nor is it alone by these chemical
processes that such a minute subdivision may be effected :
by the mechanical process of beating with a hammer,
gold may be extended into leaves which are less than the
zoo5os part of an inch thick, a dimension far less than
the human eye, unassisted by microscopes, can discover,
for the smallest spherical object visible to it is about
295 part of an inch in diameter. By other processes, it
has been estimated that this metal may be divided to such
an extent, that a single grain will yield 80 millions of
millions of visible parts. The world of organization fur-
nishes us with still more striking proofs. There exist
animalcules of which it would require many millions to
make up the bulk of a common grain of sand, yet these
are furnished with digestive and respiratory organs, with
circulating juices, and with contrivances as elaborate as
the mechanism of the highest orders of life. How minute,
then, must the constituent particles be !

To what extent can the constituent atoms be removed? To what ex-
tent can sulphate of indigo be divided? Can similar results be obtained
from metalline bodies? What evidence have we on this point from me-
chanical processes? What argument may be drawn from the construc-
tion of animalcules ?

A2
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All the results of chemistry prove that the ultimate
atoms of bodies are unchangeable and imperishable. We
can not effect their destruction, or impress them with new
or unusual qualities, any more than we can .call.them mnto
existence. Those familiar instances in which it appears
that material substances are destroyed or dismpated_, when
properly understood, are only cases of transformation, or
of the origin of new compounds. An atom once created,
can by no process be destroyed. .VVhen,‘ therefpre, coal
disappears in the act of burning, it is not, 1n }reallty, a de-
struction of the particles of which the coall consists, but thqse
particles uniting with one of the constituents of the air,
give origin to a body of a different form, an invisible and
elastic substance, from which, however, the carbonaceous
particles could be reobtained by resorting to proper
methods. It is, moreover, obvious that the continuance
and stability of the universe itself depend on the fact that
by no natural process can material atoms be either cre-
ated or destroyed.

LECTURE II.

ConsTiTuTioN OF MATTER.—Of the Interstices between
Atoms.— They are not casual, but regulated.— Two
Forces are required to produce this Result.— Cohesion
and Heat—Proof that these Forces act through very
limited Spaces.—Analogy between the Structure of Mat-
ter and the Structure of the Universe.

Having, in the preceding lecture, established the atomic
constitution of matter, let us now direct our attention to
the intervening interstices.

The distances that part the atoms of a given mass from
one another are mnot casual or determined at random;
their magnitude is perfectly regulated. Thus, if we take
a glass bulb, @, F%g. 4, with an open neck, 4, and having
filled the neck with water to a given mark, ¢, immerse
its open extremity in a glass of water, d, it will be found

Are the atoms of bodies either changeable or perishable ? How can
:he apparent dest]ruct‘ljon of bodies be explained? Are the spaces be-
ween atoms regulated or at random? What is the experim. 3
designed to establish ? ot M
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that so long as no extraneous cause in- Fig. 4.
tervenes the water remains perfectly sta-
tionary at its original point, ¢, but if, by
the application of a spirit lamp, e, we raise
the temperature of the air included in
the bulb, it promptly dilates; a dilatation
which, however, does not proceed with
irregularity, for the volume of the air
steadily increases as the heat is steadily
continued. Let the lamp now be remov- .
ed, and as the temperature descends the g
water comes back again to its original point, because the
air recovers its original bulk.

In the same manner, if we repeat the experiment illus-
trated in FUg. 3, we shall see that the bubble of air does
not expand with irregularity as the pump is worked. It
does not at one mament suddenly dilate, and then remain
motionless, but for each movement of the pump it increas-
es correspondingly; and as soon as the pressure is re-
stored to the interior of the machine, it shrinks back to
its original size. But these expansions and contractions
are the result of movements among the constituent atoms,
which at one time recede farther apart, and at another
come closer together. It follows, therefore, from these
considerations, that the distances which separate the con-
stituent atoms are not determined by chance or at random,
but their magnitude is strictly regulated.

To produce these results two forces are required : 1st,
a force of attraction, which continually tends to draw the
atoms closer together; 2d, a force of repulsion, which
tends to remove them farther apart. The distance at
which they are placed, at any particular moment, is de-
termined by the balancing of these forces ; if the attractive
force is made to increase in intensity, the particles ap-
proach ; if the repulsive, they recede. E

Names have been given to these forces, the attractive
force being known under the name of cohesion; caloric
or heat appears to be the principle of repulsion. ;)

All attractive and repulsive forces diminish as the dis-
tances through which they act increase. The attractive

Can the same theory be proved by resorting to other disturbing pro-
cesses ! How many forces are required to account for these facts} ‘What
is their nature? What is the relation between heat and repulsion ?
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force of the earth, the force of gravitation, is .of_a.certam
intensity on the surface of our planet, but it dn_nmlshes as
the distances become greater. The forces wl}lch connect
together the bodies of the solar system, and, mdfwd, (:m]e
planetary system with anoghcr,‘uct thr(')ugh great 1r|t¢?r\.a s
of space ; thus the atiractive force of the sun, operating
through many millions of miles, retains the earth in her
orbit. But the attractive and repulsive forces which de-
termine the position of the constituent atoms of bodies are
limited to a very minute space. lf we take two leaden
bullets, and having pared a small portion frqm the surfgce
of each, so as to expose a brilliant metallic spot, bring
them within an inch of one another, they exert no percep-
tible attraction, and may be drawn apart with the utmost
facility ; we may diminish the distance between them to
the tenth, the hundredth, the thousandth part of an inch,
and still the same observation may be made; we may
even bring them in apparent contact, and the attractive
influence of the particles of*the one upon those of the other
is still undiscoverable; but, on pressing them together,
we can finally bring them within the range of each other’s
influence, and then they cohere together as though they
were a single mass, and require a considerable effort to
separate them.
The apparatus figured in the margin serves to illustrate
e the same result. Suspend a cir-
< cular piece of plate glass, @, Fig.
v 5, an inch in diameter, to one of
the arms of a balance, &, ¢, counter-
poising it on the opposite arm by
4 weights placed in the scale pan, d.
= ”_, Beneath the plate of glass place a
b2 _© cup, e, containing some quicksilver,
and it can be proved that so long as the glass is at a sen-
sible distance from the surface of the quicksilver, no at-
traction between them is exhibited, for were such the
case, the arm of the balance should incline, and the glass
descend. As long as the smallest perceptible space inter-
venes, no attractive action is developed ; but on bringing
the two surfaces in contact, they cohere ; and now it re-

" Tlhro(;xgh xla)vhlallt SRlnC% can ttl)lese forces operate ?  How can this be proved
y -eacen bullets? Describe the apparatus, Fig. 5. What is i
‘What the fact which is proved by itp?p & o i b
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quires the addition of a considerable weight in the scale
pan to draw them asunder. This result does not depend
on the pressure of the air, for it equally takes place in a
vacuum.

From experiments of this kind, therefore, we gather
that the spaces through which molecular attractions and
repulsions can act are very limited, and it follows of ne-
cessity that the interstices which separate the atoms of
bodies are exceedingly minute, for through those spaces
the action of these forces extends.  If the limiting distance
through which molecular attraction and repulsion can
reach is, as there is reason to believe, from some of the
experiments of Newton, less than the millionth of an inch,
we are entitled to conclude that the interstitial spaces are
much smaller.

To what, then, do these results finally point in regard
to the constitution of matter, if, as we have seen, the con-
stituent atoms themselves are inconceivably minute, and
the spaces that separate them as small as we have reason te
conclude? We may look upon the universe as represent-
ing on a grand scale the constitution of matter on a minute
one. The planetary bodies which compose the solar sys-
tem, and which are held in their orbits by the attraction
of a central mass, are separated from one another by enor-
mous spaces, to which their own magnitudes bear but an
insignificant proportion. About thirty such bodies, great
and small, compose the group or family to which our
earth belongs. But as there are systems of opaque plan-
etary bodies, so also there are systems of self-luminous
suns, which compose together colonies of stars. In the
universe myriads of such systems exist, separated from
one another by spaces so great that the mind can form no
just idea of them. A planet, such as Jupiter with its at-
tendant satellites; a self-luminous star, like our sun with
its surrounding bodies ; a group of shining stars, such as
are scattered over our skies; a collection of such groups
as form the nebular masses ; these, in succession, furnish
us with a series of illustrations on a scale continually in-
creasing in dimensions of the constitution of:mattel.‘, which
is made up of isolated atoms placed at variable distances

Does the experiment depend on the pressure of the air? What are
the limiting distances through which molecular forces can act? State the
analogy between the constitution of the universe and the constitution of
matter?
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from each other, the size of these atoms bearing an 1nsig-
nificant proportion to the spaces intervening bef:ween them.

The human mind is so constituted that it is unab'le to
appreciate whatever is exceedingly great or exceedingly
small. We can neither attach a precise idea to the mag-
nitudes and grander relations of the universe, nor to the
atomic constitution of a grain of dust. Hereafter, when
we come to speak of the phenomena of light, we shall see
that by following the same philosophical methods which
have been cultivated with such success in astronomy, and
which have furnished us with a general view of the con-
stitution of the universe, we also can obtain a general view
of the scale which has been used in the constitution of
material bodies, a scale which brings before us new ideas
of time and space. When we are told that in the mill-
ionth part of a second a wave of violet light pulsates or
trembles seven hundred and twenty-seven millions of
times, and that, if we divide a single inch into ten millions
of equal parts, this violet wave is only one hundred and
sixty-seven of such parts in length, we obtain a glimpse
of the scale on which material bodies are composed, and
must confess the inability of the human imagination to
form a proper conception of such results, though we may
feel a just pride in the intellectual power which has ascer-
tained them.
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THE FORCES OF CHEMISTRY.

LECTURE IIIL

Hear.—Preliminary Ideas of the Nature of Heat—In-
Suence of Heat in the inorganic and organic Worlds.—
Modes of Transference—Illustrations of Expansion.—
Heat determines the Magnitude and Form of Bodies—
Affects our Measures of Time and Space— Determines
the Distribution of Animals and Plants.

‘WRITERS on chemistry signify by the term Caloric, the
agent which excites in our bodies the sensation of heat.
By some, however, heat and caloric are used synonymous-
ly. Those who look upon this force as if it were a ma-
terial and imponderable substance, ascribe to the particles
of caloric a self-repulsive power, and an attraction for
the particles of ponderable bodies.

So great is the control which caloric exercises over all
kinds of chemical changes, that few experiments can be
made in which transformations of substances take place
without contemporaneous disturbances of temperature.
In some, heat is evolved ; in others, cold is produced. To
this agent, moreover, we so constantly resort for the pro-
motion of molecular changes, that the chemist has been
not inaptly designated the Philosopher by Fire.

It is not alone in the inorganic world that the influences
of caloric are traced. Life can not take place except
within certain limits of temperature; limits which are
comprehended between the freezing and the boiling points
of water, that is, within one hundred and eighty degrees
of our thermometer; and, in point of fact, within a nar-
rower range than that. It is, therefore, not alone in
chemistry, but also in physiology, that the relations of
this agent are of interest. ;

What is caloric? What is heat? On the hypothesis that caloric is
an imponderable substance, what are its properties? Why is it that the
study of caloric is of such great importance in chemistry 7 = Within what
limits of tcmperature can living things exist?
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‘When an ignited mass, as a red-hot ba]l, 18 p!awd 11z
the middle of a room, common observation szmsﬁes.us
that it rapidly loses its heat; its temperature dqscendmg
until it becomes the same as that of surrounding walls
and other bodies. This loss is due to several causes. A
part of the heat is carried away by contact with the boiy
which supports the bali, a part by certain motions estab-
lished in the surrounding air, and a part by radiation.
This removal passes under the name of ¢ransference, and
as soon as the temperature has deelined to that of thfa ad-
jacent bodies, an equilibrium is said to hav? been attained.

There are two methods by which caloric can be trans-
ferred: 1st. By radiation; 2d. By convection. Of the
former we have two varieties—general radiation, and in-
terstitial radiation.

Fig. 6. Under the influence of an increasing tempera-

g ture substances expand. This takes place, what-

ever their form may be, whether solid, liquid, or

gaseous. The experiment which is illustrated by

Fig. 1, establishes this fact in the case of a copper

ball; and that the same law holds good for liquids,

¢ may be proved by taking a glass tube, «, b, Fig.

6, open at the extreémity, @, but having a bulb, ¢,

d% blown upon it at the other end. The bulb and a

part of the tube, as high as &, is to be filled with

any liquid substance, such as water, spirits of wine, or

Fig.7. 0il; and the heat of a lamp, d, applied. As the

~ liquid becomes warm, it dilates, as is shown by its

) rising in the tube; the dilatation increasing with
the temperature.

If now the liquid be removed from the bulb, and
the tube be inverted, as shown in Fig.7,in a glass
of water, we can prove the same fact for gaseous
substances, taking, as the type or representative of
them, atmospheric air; for,. on simply grasping
the bulb, ¢, in the hand, the air which is in it di.
lates with the warmth, and bubbles pass in succession

from the open end of the tube; through the water in the
glass, d.

= - e e s iy
. Through what causes does the temperature of a body descend ? What
1s meant by transference and by equilibrium? In how many ways can
caloric be transferred? How many varieties of radiation are there ? By
whx}t means can it. be proved that solids, liquids, and gases expand as
their temperature rises, and contract as it descends?
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We conclude, therefore, that solids, liquids, and gases
. expand as their temperature rises, and contract as their
temperature falls.

The magnitude of all objects around us is determined
by their temperatures. A measure which is a yard long
in summer is less than a yard in winter; a vessel which
holds a gallon in winter will hold more than a gallon in
summer. And as the degrees of heat vary not alone at
different seasons of the year, but also during every hour
of the day, it is clear that the dimensions of all objects
must be undergoing continual changes. The appearance
of stationary magnitudes which such objects present is
therefore altogether a deception.

Heat thus determines the size of bodies; it also de-
termines their form. As we have said, there are three
forms of bodies, solid, liquid, and gaseous. A mass of
ice, if exposed to a temperature of above 32°, melts into
water ; and if that water be raised to 2129, it passes into
the form of steam—a gaseous body. The assumption of
the solid, the liquid, or the gaseous condition, depends
on the existing temperature.

In the same manner that it affects our measures of
space, caloric affects our measures of time. Clocks and
watches measure time by the vibrations of pendulums, or
the oscillations of balance wheels, the uniformity of the
action of which depends on the uniformity of their size.
When the temperature rises, the rod of a pendulum
lengthens, and its vibrations are made more slowly; the
clock to which it is attached loses time. When the
temperature declines, the pendulum shortens; it beats too
quick, and the clock gains. Similar observations may be
made in the case of watches. To obviate these difficulties
many contrivances have been invented, such as the grid-
iron pendulum, the compensation balance wheel, &c.
Advantage has also been taken of such substances as ex-
pand but little for a given elevation of temperature ; and
thus excellent clocks have been made, the pendulum rods
of which were formed of a slip of marble.

The natural, as well as the artificial measures of time,
depend on the influence of heat. Our unit of time—the

"1s there any variation at different seasons in the length of measures or
the capacity of vessels? What is it that determines ke form of bodies ?
How can caloric affect our measures of time ? By what contrivances has
thig difficulty been avoided ? B
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day —is the period which elapses during one corqplete
rotation of the earth on her axis. The length of this pe-
riod is determined by the mean temperature of her mass.
Should the mean temperature of the whole earth fall, her
magnitude must become less, or, what is the same Fhmg,
her diameter must shorten. It results from very simple
mechanical principles, that a given mass, the' dimensions
of which are variable, rotating on its axis, wl!l complete
each rotation in a shorter space of time as its diameter be-
comes smaller. Thus, when we tie a weight to the end
of a thread, and, swinging it round in the air, permit the
thread to wrap round one of the fingers, as the thread
shortens by wrapping, the weight accomplishes its revolu-
tion in a less period. Now, transferring this illustration
to the case before us, if the mean temperature of the earth
had ever declined, she must have become less in size, and,
therefore, turned round quicker, and the length of the day
must have necessarily been less. But astronomical ob-
servations, for a period of more than 2000 years back,
prove conclusively that the length of the day has not
changed by so small a quantity as the ;1 part of a second,
and we therefore are warranted in inferring that the mean
temperature of the globe has not perceptibly fallen.

The distribution of heat on the surface of the earth de-
termines, for the most part, the distribution of animals
and plants; to each climate its proper denizens are as-
signed. It is this which confines the lion to the torrid re-
gions, and the white bear to the frigid zone. In the case
of man, who has the power of accommodating his diet and
his dress to external requirements, almost any part of the
earth is habitable. Plants, like the inferior animals, have
their localities determined chiefly by the influence of heat.
It is for this reason that even in tropical climates, if we
ascend from the foot to the top of a very high mountain,
we successively pass through zones occupied by trees
and plants which, differing strikingly from one another,
have analogies with those which occupy respectively the
torrid, the temperate, and the frigid zones, on the general
surface of the earth.

Do these distarbances affect the natural as well as the artificial meas-
ures of time? How can it be proved that the mean temperature of the
earth has not for many centuries changed ? What is it that chiefly de-
termines the distribution of plants and animals ?
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LECTURE 1V.

ExpANsioN oF GASES AND Liquins.—Rudberg’s Law.—
Regularity of Gaseous Expansion.— Ascentional Power
of expanded Gas—Amount of Air contained in the same
Volume at different Temperatures—Gas Thermometers.
—Bzpansion of Liquids— The Mercury Thermometer.

Ir we compare together the three forms of bodies, as
respects their changes of volume under the influence of
heat, we shall find that for a given rise of temperature,
gases expand the most, liquids intermediately, and solids
least of all. To this rule but few exceptions are known ;
liquid carbonic acid, however, expands about four times
as much as any gaseous body.

Recent experiments have proved that gases differ among
themselves in expansibility, though the differences are
not to any great extent. For the permanently elastic
gases, atmospheric air may be taken as the type; the ex-
periments of Rudberg show that it expands ;1; of its
volume at 32° for every degree of Fahrenheit’s ther-
mometer. As the same quantity of gas occupies very
different volumes at different temperatures, it is necessary,
in this and other such cases, to state some specific tem-
perature at which the estimate of its volume is made;
the same gaseous mass occupies a much greater space at
75° than it does at 32°. In the instance before us, we
consider the original volume to be that which the gas
would have at 32°, and as has been said, every degree
above that point will increase the volume by g1 of the
bulk it then possessed.

Gases expand with uniformity as their temperature in-
creases. Ten degrees of heat produce the same relative
effect, whether applied at a low or at a high temperature;
this regularity probably arises from the want of cohesion
which the gaseous particles exhibit; as we shall presently
see, it is not observed in the case of liquids and solids.

Of solids, liquids, and gases, which expand most by heat? In what
respect is liquid carbonic acid peculiar? Is there any difference among
gases in their rates of expansion? What is Rudberg’s estimate of the
amount of expansion of air? Why are we required in these cases to
adopt a specific temperature ? Do gases expand uniformly.
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The change in specific gravity of atmospherie air, \_zvhen
it is warmed, is the cause of the rise of
Montgolfier balloons. Th'ese, which
were invented in France in the year
1782, consist of a bag, or globe, Of_ light
materials, such as paper or silk, with an
aperture at the lower part, .through
which, by the aid of combustlble‘ma-
terial, as straw or shavings, the air in
the interior may be rarefied. On a
small scale, they may be made of thin
tissue paper, pasted together so as to
form a sphere of two or three feet in diameter, an aperture
being cut in the lower portion six inches or more in width,
and beneath it a piece of sponge, soaked in spirits of wine,
suspended. This being set on fire, the flame rarefies the
air in the interior of the balloon, which, though it might
be at first flaccid, soon dilates, and the whole apparatus
will now rise in the air, precisely on the same principle
that a cork rises from the bottom of a vessel of water.

From the circumstance that the volume of air changes
go readily with changes of temperature, contracting under
the influence of cold, and dilating under that of heat, it is
plain that in different climates on the earth’s surface a
very different amount of atmospheric air is included under
the same measure. A vessel which will hold precisely
one ounce weight at the mean temperature of New York,
will hold more than an ounce in the cold polar regions,
and less than an ounce in the tropics. In the former sit-
uation the air is more dense, because it is in a contracted
condition by reason of the low temperature, and therefore
a greater weight is included under a given volume; in
the latter, the reverse is the case. These facts are sup-
posed to be connected with certain physiological results,
as we shall hereafter see.

The _expansions of atmospheric air taking place with
regularity as the temperature rises, that substance is oc-
casionally employed as a means of thermometric admeas-
urement. The air thermometer, called also Sanctorio’s
thermometer, but which was invented by Galileo about

Fig. 8.

What are Montgolfier balloons, and why do they rise? Why is it that
the' weight of air in a given measure is different at different places? De-
scribe the thermometer of Sanctorio. By whom was it really invented ?
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1603, consists of a tube of glass, a, Fig. 9, ter-
minated at its upper extremity by a bulb, 4 ; the
other end of the tube being open, dips beneath
the surface of some colored water in a cup or res-
ervoir, ¢, which serves also as a foot or support to
the instrument. The bulb and part of the tube
are full of air, the remainder of the tube is occupi-
ed by the colored water, which by its movements
up and down serves to indicate changes in the
volume of the included air. To the side of the
tube a scale of divisions is affixed, and the tube is
not arranged so tightly in the neck of the reservoir but
that there is a free passage for the air in and out of that
part of the instrument. On touching the ball with the
fingers, the air within it becomes warm, dilates, and de-
presses the liquid in the tube, or, on touching it with any
cold body, it contracts, and the liquid rises.

This form of thermometer is liable to a dif- Fig. 10.
ficulty which renders it impossible to rely
upon its indications, except under particular
circumstances. It is affected by variations of
atmospheric pressure, as well as by changes
of heat. To prove that this is the case, place
such a thermometer under the receiver of an
air pump, as shown in Fig. 10 ; on producing
the slightest degree of rarefaction, the liquid
in the tube is instantly depressed, and on re-
storing the pressure of the air, it returns to
position.

The differential thermometer
is a gas thermometer, so arrang-
ed as to be free from the fore-
going difficulty. It consists 9f a
glass tube, a b, Fig. 11, bent into
the form represented in the fig-
ure, with a bulb blown on each
extremity. To the horizontal :
part a scale of divisions is affixed. The bulbs are full of
atmospheric air, and in the tube t.here is a small colurpn
of colored liquid, which serves by its movements as an in-

b 7 is 1 i 3 hat disturb-
How can the use of this instrument be illustrated? By w
ing cause is Sanctorio’s thermometer affected ? How may that be proved ?
Describe the differential thermome}tger“.)
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dex. To understand the action of this instrument, it is
only necessary to consider what will t:{ke place when itis
carried into a room the temperature of which is very high
or very low. If the former, the air in both bulbs, becom-
ing equally warm, will expand in both equally, and the
column of fluid which acts as an index being pressed
equally in opposite directions, does not move at all. If
the latter, the air in both bulbs cooling equally, contracts
equally, and again no movement ensues. It is immateri-
al, therefore, whether we warm or cool both bulbs, the
instrument is motionless. But if one of the bulbs, ¢, is
made warmer than the other, d, movement at once ensues
in the liquid column from ¢ toward d. Movement of the
index, therefore, takes place when the bulbs are at differ-
ent temperatures, and hence the instrument is called a
differential thermometer. It was formerly of considera-
ble use in researches connected with radiant heat.

Fig. 12. Different liquids expand different-
ly for the same thermometric dis-
turbance. This is easily shown by
an apparatus, as Fig. 12, in which
we have three tubes, a, 4, ¢, with
bulbs on their ends, dipping into
a trough, f; of tin plate. The tubes
| and bulbs should be all of the same
O size, and filled with the liquids to be
tried to the same height. To each a scale is annexed.
Let a be filled with quicksilver, 4 with water, and ¢ with
alcohol; on pouring hot water into the trough, two phe-
nomena are witnessed : 1st. All the liquids expand; 2d.
They expand unequally when compared together, the
mercury expanding least, the water intermediately, and
the alcohol most.

Unlike gases, all liquids expand irregularly as their
temperature rises, a given amount of heat producing a
much greater effect at a high than at a low temperature.
Ten degrees of heat, applied to a given liquid at 2000,
will produce a greater expansion than if applied at 100°.
The reason appears to be, that as a liquid dilates its co-

If this instrument be carried into a warm and then into a cold room,
does its index move ?  Why is it called differential thermometer? How.
can it be shown that different liquids expand differently 7 Of mercury,
water, and alcohol, what is the order of expansion? Do liquids, like gas-
es, expand with regularity ? ‘What is the cause of the difference 7
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hesive force becomes less, because its particles are being
removed farther from each other; and, as the cohesive
force weakens, its antagonistic power, the heat, produces
a greater effect.

Advantage is taken of the properties of liquids Fis- 13-
in the making of thermometers. For these pur-
poses, alcohol and mercury are the fluids selected.
The mercurial thermometer consists of a fine cap-
illary tube, Fig. 13, with a bulb blown on one
end ; the bulb and part of the tube are to be fill-
ed with quicksilver, and the air expelled from the
rest of the tube by warming the bulb until the
metal rises by expansion to the top of the tube,
and at that moment hermetically sealing the glass
by melting the end of it with a blow-pipe. As
the thermometer cools, the quicksilver retreats
from the top of the tube, and leaves a vacuum
above it.

It remains now to annex such a scale to the
instrument as may make its indications compar-
able with other instruments. To effect this, |
the thermometer is plunged into a vessel con-
taining melting ice or snow, and opposite the
point at which the quicksilver stands is marked
320, It is then transferred to another vessel in
which water is rapidly boiling, and the point op-
posite which it then stands is marked 212°. The inter-
vening space is divided into 180 equal parts; these are
degrees, and similar divisions are made on the scale for
all points above 2129, and below 32°. The zero point,
or cipher of the scale, is therefore 32 degrees below the
freezing point of water.

The melting of ice and the boiling of water are the fix-
ed thermometric points. They have been selected for the
purpose of rendering thermometers comparable with each
other. The numbers which are attached to these points
are arbitrary, and accordingly three different scales have
been introduced in different countries. That which is
commonly used in America and England is the FFahren-

For making thermometers, what liquids are selected ? How is the mer-
curial thermometer made ? Is there a vacuum above the mercury in the
tube 7 How is the scale adjusted? What is the freezing and what the
boiling point 7 What is meant by the zero? What are the fixed points ?
Why are these fixed points employed? What three scales have been

introduced ?
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heit scale, which, as we have just seen, makes the melting

point of ice 32°, and the boiling of water 212°. In
France, the Centigrade scale is emPl_oyed; this has for
the melting of ice 0°, and for the boiling of water 100°,
In some parts of Europe, Reaumur’s scale is used, _the
points of which are respectively 0° and 80°. Chemical
authors always specify the thermometer they use by a
letter attached to the numbers ; thus, 212 F, 100 C, 80 R,
refer to the boiling of water on Fahrel'lhelt’s, the Centi-
grade, and Reaumur’s scales. It is obvious that thege de-
grees are readily convertible into each other by a simple
arithmetical process.

LECTURE V.

Expansion or Liquins aND Sovins.—Importance of the
Thermometer.—Alcokol Thermometer—Point of Mazx-
imum Density of Liquids.—Mazximum Density of Wa-
ter connected wuth Duration of the Seasons—Expansion

of Solids.

Frowm the considerations advanced in Lecture I11., we
can perceive the importance of the thermometer. As all
our measures of space and time are affected by variations
of temperature, the thermometer, which measures those
variations, must necessarily be one of the fundamental
instruments of physical science. If we state that a given
object is a foot long, we must specify the temperature at
which the measure was taken, for at a lower temperature
it will be less than a foot, and at a higher it will be more.

There are several peculiarities which quicksilver pos-
sesses that eminently fit it to be a thermometric fluid.
1st. It can always be obtained in a state of uniform purity.
2d. It expands with greater regularity than most liquids,
as its temperature rises, and when included in a bulb of
glass, as in the common instrument, the irregularity of
expansion of the glass almost exactly compensates the ir-
regular expansion of the quicksilver, and hence the true

What is the Centigrade scale? What is Reaumur’s? Can these be
converted into each other? Why is the thermometer such an important
instrument ?  What are the qualities which quicksilver possesses which
fit it for these uses ?
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temperature is very accurately marked. 3d. The range
of temperature between the points of solidification and
boiling is great, the former being —39° Fahrenheit, and
the latter at 662° Fahrenheit ; that is, about seven hundred
degrees. 4th. It does mot soil or moisten the tube in
which it is contained, nor does it adhere thereto, but
moves up and down with facility. 5th. Itis affected much
more readily than water or spirits of wine by a given
amount of heat, as we shall see when we come to speak
of the capacity of bodies for caloric.

When very low temperatures have to be measured,
such as approach or are below the freezing point of quick-
silver, we resort to thermometers filled with alcohol, tinged
with some coloring matter to make its movements vis-
ible. This fluid requires a diminution of temperature of
more than 180° below the zero of our scale before it
solidifies, and hence is adapted to the measurement of
low temperatures.

If we take some water at 100° Fahrenheit, and, placing
it in a vessel in which we can observe its volume, reduce
its temperature, we shall find, agreeably to the general
law heretofore given, that as it cools it contracts. As it
successively passes through 80, 60, 50 degrees, it exhibits
a continuous diminution ; but as soon as it has fallen be-
low 399, although it may still be cooling, it begins to ex-
pand, and continues to do so until it reaches 32°, when
it freezes. If we take some water at 32° and warm it,
instead of expanding, it contracts, until it reaches 39°;
but from that point, any farther elevation of temperature
causes it to obey the general law, and it expands.

It is obvious, therefore, that if we take water at 399,
it is immaterial whether we warm it or cool it, it will ex-
pand. At that temperature, therefore, this liquid occu-
pies the smallest bulk, and is at its greatest density, for
neither by cooling nor warming can we reduce it to small-
er dimensions. The particular thermometric point at
which this takes place is designated ““the point of maxi-
mum density of water,” and very exact experiments show
that it is about 394° Fahrenheit.

Under what circumstances are alcohol thermometers used? Does water
contract regularly when cooled from 100° to 32°7 Does it regularly ex-
paud when warmed from 3201 At what thermometric point does that
change take place? What is the designation given to that point? Why
is that designation appropriate ?
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There are many liquids which thus haye points of max-
imum density, and which expand previous to assuming
the solid form. In the act of solidifying, water und'ergoes
a very great dilatation, amounting to about %’fh of its vol-
ume ; this is the reason that ice floats upon it. Several
melted metals exhibit the same phenomenon, and advgn-
tage is taken of the fact in the arts. The alloy of \.v}uch
printers’ types are formed, or stereotype plates cast, in the
act of solidifying, expands, aqd hﬁence forces itself into
every part of a mould in which it may be poured, and
copies it perfectly ; the same is the case with mf:lted cast
iron. But it is impossible to obtain good castings with
such a metal as lead, which contracts as it cools, and there-
fore tends to separate from the surface of the mould, or
to leave vacant spaces in it.

The fact that water possesses a point of maximum den-
sity is connected, to a great extent, with several remark-
able natural phenomena; the freezing of water on its
surface is one of these results. If the water contracted
as it cooled, the colder portions would descend, and rivers
or ponds would commence to freeze at the bottom first,
the solidification advancing steadily upward. Such col-
lections of this liquid would, during the course of a win-
ter, become solid masses of ice, and they would greatly
prolong that season of the year, from the length of time
required to thaw them. But with things as they at pres-
ent exist, the coldest water is the lightest; it floats on the
warm water below ; solidification takes place on the sur-
face, and a veil or screen is soon formed which protects the
liquid beneath. When the warm weather of spring comes
on, the ice on the surface is in the most favorable posi-
tion for melting, and thus the point of maximum density
of water comes to be connected with the duration of the
seasons.

Fig. 14. We have already proved by the
instrument represented in Fig. 4,
that solid substances dilate as their
temperature rises. The same results
may be made very apparent by the apparatus, Fig. 14.

5

Are there other liquids which have points of maximum density? What
advantage is taken of this fact in the arts? Why does water freeze first
on its surface? How is it that these facts are connected with the dura-
tion of the seasons ?
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Upon a strong basis or wooden board, a b, let there be
fastened two brass uprights, ¢ d, with notches cut in them,
s0 as to receive the ends of the metallic bar, e. This bar
should be very slightly shorter than the distance between
the two uprights, that when it is placed resting in their
grooves, if we take hold of it and move it, it will make a
rattling sound as we push it backward and forward. If
now we pour hot water upon the bar, it dilates, as is
proved on restoring it to its position between the uprights ;
it will no longer rattle, for it occupies the whole distance
between them, and perhaps there may even be a difficulty
in forcing it into the grooves.

For the determination of very small spaces, the sense
of hearing may often be far more effectually employed
than the sense of sight.

The pyrometer, Figa13,
of which we have j
several varieties, is
representedin Fig.
15. It mayserve to
illustrate the fact
that solid substan-
ces expand by heat.
It consists essen-
tially of a metallic
bar, @ a, resting at
one end against an
immovable prop, e, the other end bearing upon a lever, .
The extremity of this lever presses upon a second lever,
¢, which also serves as an index. Upon the index-lever
a spring acts so as to oppose the lever 4, and the point of
the index ranges over a graduated scale.

If now lamps be applied to the bar, it expands, and the
pressure taking effect on the lever, puts it in motion, the
index traversing over the scale. On removing the lamp
the bar contracts, and the spring pressing the lever in the
opposite direction as soon as the bar is cold, brings the
index back to its original point.

G IS

How does the instrument, Fig. 14, prove that a metallic bar expands
when heated? Describe the pyrometer and the mode of using it.
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LECTURE VL

Expansion or Sovwns.— Contraction of Solids.— They
exzpand irregularly.— Different Solids ezpa.nd different-
ly—Points of Maximum Density—DMetallic Thermom-

- cters— Nature of Thermometric Indications.

It is a popular error, that when solid bodies have been
heated, they do not return, on cooling, to their original size.
‘Without resorting to any experimental proof, a few sim-
ple cousiderations will satisfy us on this point. If a bar
of metal be exposed for a length of time in the open air,
it will of course be subjected to continual changes of tem-
perature ; whenever the sun shines on it it will expand,
and during the cold night it will contract. If now, on
cooling, it did not rigorously come back to its original
size, but remained a little elongated, we should observe it
increasing from day to day, and no matter how minute the
difference might be, in the course of time it would become
perceptible. Public edifices in cities are often surround-
ed by railings of cast iron, which are constantly exposed
for years to variations of heat and cold, but did any person
ever observe them to grow or increase in size? We
conclude, therefore, that solid bodies, on cooling to their
original temperature, regain their original bulk.

By linear dilatation we mean increase in one dimension,
asin length; by cubic dilatation, increase in all dimensions,
length, breadth, and thickness. Knowing the amount of
linear dilatation of a given solid, we can easily ascertain
its cubic dilatation, by multiplying the former by 3. This
result is near enough for practical purposes.

Solids expand increasingly as their temperature rises,
a phenonemon already observed in the case of liquids,
and due to the same cause—a diminution of the cohesive
force of the par}ticles, because of their increased distance.

Compared with one another, different solid substances

‘What decisive proof can be given that solids, on cooling to their original
temperature, come back to their original size ?  What is linear dilatation ?
]Wt'that,lsDcublcldxlatanon? How can the former be converted into the

atter ? oes the same solid expand uniformly or increasinel i L
perature rises? G " .
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expand differently for the same disturbance of tempera-
ture. This may be shown by having bars of different
metals, but of precisely the same lengths, adjusted to the
grooves of the instrument, Fig. 14. If a bar of brass and
one of iron be compared, it will be found that the brass
expands more than the iron, for it will entirely fill the dis-
tance between the uprights, while the iron rattles between
them. )

This difference of expansion is also shown when two

long slips of metal are soldered together face to face. If
we fasten in this manner a slip of brass to Fig. 16.
a similar slip of iron, as in Fig. 16, in & af]d
which @ a is the slip of iron and 4 b the €3 i
slip of brass, at common temperatures the
compound bar is adjusted so as to be
straight, but if hot water be poured upon
it, it immediately curves, as represented
at a c, the strip of brass being on the out-
side of the curve; if, on the other hand, it
be artificially cooled, the curvature is in
the other direction, as at b d, the iron being on the out-
side of the curve. All this is obviously due to the fact
that, for the same disturbance of temperature, the brass
contracts and dilates much more than the iron. When
the temperature is raised, the brass becomes the longer,
and compels the compound bar to curve, it occupying the
greater length of the curve. "When the temperature falls,
the brass becomes the shorter, and the bar curves in the
opposite direction.

By taking advantage of these metallic combinations,
pendulums and balance-wheels for the accurate measure-
ment of time have been constructed. The gridiron pen-
dulum and the compensation balance are examples.

There are some metallic bodies which exhibit points of
maximum density in the solid state. Rose’s fusible metal
is an example. When heated from 32° to 11109, it ex-
pands, but after that point it contracts, and continues to do
go until it reaches 156°, at which temperature it is actu-
ally less than it ¥s at 32°. From this point it again ex-

Do different solids expand alike? Of brass and iron, which expands
most? Describe the construction of a compound bar, and the effect of
warming and cooling it. ‘What instraments are construc'ted on this prop-
erty ? What are the properties exhibited by Rose’s fusible metal ?

J
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pands, and continues to do so until it melts, which takes
place at about 201° Fahrenheit. o
Liquid thermometers have a limited range of indica-
tion. They can not be exposed to degrees of heat ap-
proaching the point of solidification, for then their move-
ments become irregular; neither can they be used for
degrees near their boiling point, for if vapor should form,
the instrument would be destroyed. But as there are
many metals which require a very great degree of heat
to melt them, it might be expected that we should find
among this class bodies well suited for thermometric pur-
poses. The instrument given in Fig. 15 serves to illus-
trate such an apparatus, and also the difficulties encoun-
tered in its use. From the small extent to which metals
expand, this form of instrument requires levers, or wheels,
or some multiplying machinery connected with it, to make
the changes more perceptible; but such mechanical con-
trivances can not be employed without the introduction
of certain causes of disturbance. Friction occurs on the
centers of motion, the teeth of the wheels play on each
other, and thevefore the index, instead of moving with
regularity and precision as the expanding bar presses,
moves by starts often of several degrees at a time, then it
pauses, and once more starts again, the whole movement
being incompatible with exactness.
A compound strip of metal, as represented in Fig. 16,
is free from many of these difficulties, and if of sufficient
Fig. 17. length, it will indicate temperatures
with great delicacy. A modifica-
tion of this instrument is known un-
der the name of Breguet’s ther-
mometer. It consists of a very slen-
der strip of platinum, soldered to a
similar piece of silver, and curved
into a helix, or spiral, a &, Fig. 17.
It is fastened at its upper extremity
to a metallic support, ¢ ¢, and from
} its lower portion an index projects,
which plays over a graduated circle. The expansion of
silver is more than twice as great as that of platina ;

Why can not liquid thermometers be unsed for very low and very high
temperatures ? What difficulties occur in the use of this instrument ?
Describe Breguet’s thermometer.
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when, therefore, the temperature of the thin spiral rises,
curvature, with a corresponding motion of the index, takes
place; and if the temperature falls, there is a movement
in the opposite direction, as has been already explained.
This Breguet’s thermometer is one of the most delicate
instruments we have, for the mass of the spiral is so small
compared with the mass of mercury in an ordinary ther-
mometer, that every change in the surrounding tempera-
ture is followed with rapidity and precision.

For many purposes in science and the arts, it is necessa-
ry to determine temperatures above a red heat. Daniell’s
pyrometer is intended to meet these occasions. It con-
sists of an arrangement by which the expansion of a bar
of iron or platinum, while exposed to the heat to be meas-
ured, is registered. The amount so registered is subse-
quently determined upon a divided scale, and the tem-
perature estimated therefrom. By the aid of such an
instrument very high temperatures may be determined,
and thus it has been shown that brass melts at 1869°
Fahrenheit, copper at 1996°, gold at 22009, and cast iron
at 2786°.

The thermometer is commonly regarded as a measurer
of heat. A little consideration will satisfy us that it is
only so in a limited sense ; it does not indicate the quan-
tity of heat present in the bodies to which it is exposed,
for if immersed in a glass of water and a bucket of water
drawn from the same well, it stands at the same point;
but of course there are very different quantities of caloric
in the two cases. Itis not, therefore, the quantity of heat,
but the intensity, which it measures; that is to say, not the
quantity abstractly, but the quantity contained in a given
space; and in the mercury thermometer, that space is
measured by the volume of the mercury in the instrument
itself. Tt does not tell how much heat is absolutely present
in the substances to which it is exposed; and though it
may stand at the same height in the same quantity of two
different liquids, it does not follow that those liquids con-
tain the same amount of caloric, as we are immediately
to see.

Why is this instrument so sensitive ? Describe the principle of Daniell’s
pyrometer ?  Give the melting points of some of the most important met-
als. Does the thermometer measure the heat to which it is exposed?
W hat is it, then, that it does actually measure? What is meant by the
intensity of heat?
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LECTURE VIL

Capacity or Bopies ror Hear.— Methods of determining
Capacities.— Warming.— Melting.— Cooling.— Mix-
ture— Comparison between the Thermometer and Cal-

orimeter— Definition of Specific Heat.

Many years ago it was discovered by Boyle, that if two
bottles of the same size and form were filled with differ-
ent liquids, and placed before the fire so as to receive its
heat equally, their temperature did not rise similarly;
thus, if one bottle was filled with water and the other with
quicksilver, the temperature of the latter would rise much
more rapidly than that of the former; and, on making
the experiment with a little care, it will be found that the
same quantity of heat will raise the temperature of mer-
cury twice as high as that of an equal volume of water.

By extending these experiments to other substances, it
has been fully proved that different bodies require different
amounts of heat to warm them equally.

There are several different methods by which the ca-
pacity of bodies for heat may be determined, such as, 1st,
bx warming ; 2d, by melting; 3d, by cooling; 4th, by
mixture.

The first of these methods has already been illustrated
by the experiment of Boyle. It consists essentially in ex-
posing the same weight of the substances to be tried to a
uniform source of heat, as, for example, a bath of hot water,
and examining how high their temperature has risen in a
given space of time. Thus it will be found that it takes
twenty-three times as long to warm water as to warm
mercury, when equal weights are used, and hence we
infer that the capacity of water for heat is twenty-three
times that of quicksilver.

The second process is involved in the action of the cal-
orimeter, the operation of which may be easily under-
stopd from Fig. 18. Take a solid block of ice, @ «, in
which a cavity of the form represented at 4 has been

Describe Boyle’s experiment with water and quicksilver. To what
general result do such experiments lead? State the different methods by

which capacities for heat may be determi i i i
i y rmined. Give an illustration of the
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made, and provide a slab of ice, c ¢,
which may close completely the mouth
of the cavity. Suppose it were re-
quired to determine the relative ca-
pacities of water and quicksilver for
heat. In a glass flask, d, place one
ounce of water, and by immersing
the flask in a bath of hot water, raise
its temperature up to a given point,
as, for example, 200°; then place the flask at this tem-
perature in the cavity 4, and put on the cover, ¢ c. The
hot water in the flask begins to cool, and in descending to
329, the point to which it will eventually come, a certain
portion of the surrounding ice is melted, the water re-
sulting therefrom collects in the bottom of the cavity, and
when the cooling is complete, it may be poured out and
measured.

In the next place, put in the flask one ounce of quick-
silver, the temperature of which is raised as before to
200° by immersion in the hot-water bath; deposit the
flask in the ice cavity, and put on the cover. As the quick-
silver cools, the ice melts, and when the collected water
is measured, it is found to be less than in the other case,
in the proportion of 1 to 23. A given weight of water
will therefore melt 23 times as much ice as an equal
weight of quicksilver, in cooling through the same number
of degrees.

The calorimeter of Lavoisier, which is represented in
Fig. 19, acts on the same prin-
ciple as the block of ice. It
consists of a set of tin vessels
within each other; in the cen-
tral one, a, the substance to be
examined is placed, and be-
tween this and the next vessel,
at b, the ice to be melted is
introduced, broken into small
fragments; the water arising
from the melting flowing off
through a stopcock, ¢, at the

Show how the capacities of water and mercury may be ascertained by
the second. What are the relative capacities of equal weights of these
bodies? Describe the calorimeter of Lavoisier.

’
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bottom into a measuring glass; and in order to avoid any
portion of the ice being melted by the warm external air,
another layer of fragments of ice is place(.l on the outside
at d, and the water arising from it is carried off by a lat-
eral stopcock, e. :

The third process, the method by coo}lng, kno“_m algo
as the method of Dulong and Petit, consists essentially in
ascertaining the length of time required to cool threugh a
given number of degrees. A substance which, like water,
has a great capacity for caloric, and therefore contains a
large amount of it, requires a greater length of time to
cool; but one like quicksilver, the capacity of which is
small, having less heat to give forth, requires a corre-
sponding short space of time. The method by cooling re-
quires several precautions; among others, the bodies un-
der investigation should be placed in vacuo. It gives very
exact results.

The method by mixture may be readily understood.
If a pint of water at 50° be mixed with a pint of water at
1009, the temperature will be 759, that is the mean.” But
if a pint of mercury at 100° be mixed with a pint of wa-
ter at 40°, the temperature of the mixture will be 60°:
so that the forty degrees lost by the mercury can only
raise the temperature of the water twenty degrees. It
appears, therefore, that when equal volumes of these flu-
ids are examined, the capacity of the water for heat is
about twice as great as that of mercury, and of course the
result becomes still more striking when equal weights are
used, being then, as we have seen, in the proportion of 1
to 23.

The method of mixtures is not limited to the investiga-
tion of liquid substances, but it may also be extended to
solids. Thus, if a pound of copper, heated to 300°, be
plunged into a pound of water at 502, the resulting tem-
perature is 729 ; from which it appears that the capacity
of water for heat is about ten times as great as that of
copper.

By resorting to these various methods, the capacities
of a great number of substances have been determined,
and in the treatises on chemistry, tables exhibiting such
results are given. But it will have been noticed, from the

Describe the method of Dulong and Petit. Describe the met;od by
mixture. Is this limited to liquid substances ?
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foregoing instances, that it is not the absolute quantities of
heat in bodies that we thus determine, but only relative
quantities in substances compared together. Such ta-
bles require, therefore, one substance to be selected with
which all the others may be compared, and for solids and
liquids water has been chosen.  Its capacity for heat is
represented by 1000, and with it they are compared. For
gaseous bodies atmospheric air is chosen.

By contrasting the nature of the results given by the
calorimeter, Fig. 19, with the indications of a thermom-
eter, we shall see more clearly what it is that the latter
instrument in reality points out. The calorimeter meas-
ures quantities ‘of heat, the thermometer intensities. As
has been said, a thermometer placed in two vessels of
different capacities, filled with water from the same source,
will stand at the same height in both, and indicate the
same temperature. But it needs no experiment to assure
us that, if these different quantities of water were placed
successively in the interior of the calorimeter, they would
melt different quantities of ice, the one melting more of
the ice in proportion to its greater weight compared with
the other.

Dr. Black, who was one of the early investigators of
these phenomena, introduced the term ¢ Capacity of Bod-
ies for Heat,” implying the idea that this principle, enter-
ing their pores, could be taken up by different bodies in dif-
ferent amounts. Thus, if we have two pieces of sponge
of the same size, one of which is of a very dense, and the
other of a porous texture, and cause them to imbibe as
much water as they can hold, the porous sponge will of
course contain the greater quantity. These sponges may
therefore be said to have different * capacities for water ;"
and this is precisely the idea which is conveyed in Black’s
doctrine of capacity.

But, upon these principles, it wou}d foll'ow that the
lighter a body is, that is, the greater the interstices betwegn
its atoms, the more caloric it should be able to contain.
Oil, therefore, which will float upon water, ought to h'av‘e
a greater capacity for heat than water; but, in fact, it is
—vDo 7v;'er ;:hu s determine the absolute quantities of heat in bodies? What .
substance is used to compare solids and liquids? 'What is the substance
for gases? How do the mdications of the calorimeter compare with those

of the thermometer ? On what analogy is Black’s doctrine of “capacity”
founded ? W hat is the objection to this doctrine ?




32 VARIATIONS OF SPECIFIC HEAT.

the reverse, for its capacity, instead of being greater, 13
not one half. To avoid these difficulties, the term spe-
cific heat has been introduced by most writers, anq the
term capacity abandoned, a change which I think is to
be regretted. . :

The specific heat of bodies, or their capacity for calor-
ic, increases with their temperature. Upon Black.’s d_oc-
trine, the cause of this is readily understood, for,. in sim-
ple language, the pores become larger, and there 1s 'there-
fore room for more heat. Solid substances, when violent-
ly compressed, evolve a portion of their caloric: thus, a

iece of soft iron, when hammered, becomes red hot.
The doctrine of Black here again offers a ready expla-
nation, for on the same principle that a sponge, when com-
pressed, allows a certain portion of its water to exude, so
the metalline mass, when its particles are forced together,
allows some of its caloric to escape.

LECTURE VIIIL.

Capacrry ror Hear anp Lartent Hear.— Variability of
Capacity under Compression and Dilatation.— Theory of
the Formation of Clouds— The Fire Syringe.— Cold in
the upper Regions of the Air.— Connection between Spe-
cific Heats and Atomic Weights.—Latent Heat.—Ca-
loric of Fluidity.

Wien the volume of a gas increases, its capacity for
heat increases, and a diminution of volume is attended

Fig.20. With a diminution of capacity. Thus, if we
place a Breguet’s thermometer under the re-
ceiver of an air pump, and exhaust rapidly, a
sudden reduction of temperature is indicated,
arising from the fact that, as the rarefaction is
75 1) | effected, the capacity increases, an increase
&) which is satisfied at the expense of a portion of
the sensible heat.

Upon the same principle we can explain the sudden

What is meant by specific heat? Does the capacity of bodies change
with their temperature? Does it change under compression? How is
this explained agreeably to Black’s doctrine? When the volume of a
gas changes, what are the changes in its specific heat? What is the
act which the experiment of F%g. 20 proves?
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appearance of a fog or cloud, when moist air is quickly
rarefied. It will be seen, when I come to speak of the
nature of vapors, that the quantity of vapor which can

_exist in a given space depends on the temperature ; thus,
if a space saturated with vapor is cooled, a portion of the
vapor assumes the liquid form. When, therefore, by
the aid of an air pump, we suddenly rarefy air saturated
with moisture under a receiver, the capacity increases,
cold is produced, and a part of the water takes on the
form of drops. Itis on this principle that the
nephelescope acts: it consists of a receiver, a,
Fug. 21, connected with a flask, ¢, by an inter-
vening stop-cock,b; the stop-cock being closed,
the receiver is exhausted by the pump, and
now, on suddenly opening the stop-cock, so that
the air contained in the flask may rapidly ex-
pand into the receiver, a mist or cloud makes
its appearance, due to the deposit of water in
the form of minute drops. Ifthe air at the time
be very dry, it may be purposely rendered
moist by being exposed to water.

‘When atmospheric air is suddenly compressed, its ca-
pacity for heat diminishes; this is well shown by rig 2e.
an instrument such as is represented in Fig. 22,
consisting of a syringe, with a piston moving per-
fectly air tight in it. On the end of the piston
there is an excavation, in which a piece of tinder
may be fastened ; the piston being rapidly forced
into the syringe, the air is compressed, the capacity
for heat becomes less, caloric is evolved, and the
tinder set on fire. At one time these syringes were
used as a means of obtaining fire.

The variation in capacity of substances under variation
of volume may be clearly understood and réadily borne
in mind by Black’s doctrine, as illustrated in the case of
a moistened sponge. If a spoige which has imbibed as
much water as it can hold be compressed, a portion of
the water exudes, just as the air in the syripge allows a
portion of its heat to escape when pressure is made. On

‘What is the theory of the production of clouds ! Describe the nephel-
escope. What is the result of the action of this instrument? When air
is compressed, why does it emit heat? How can these changes be ac-
counted for by Black’s doctrine ?
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relaxing the force on the sponge, and allowing it to dilate,
it will take up an increased quantity of water ; and air,
when suddenly dilated, as we have seen, has its capacity
for heat increased. ;

From these facts, it appears that the heat .of bodles
exists under two different forms, as sensible and insensible
heat. In the experiment with the syringe, just related,
the heat that sets fire to the tinder existed previously to
compression in the air; it existed as insen?‘ible heat, but
during the compression it put on the form of sensible heat.
The same transition is also recognized in the action of the
nephelescope; the heat, which was sensible before rare-
faction, becomes insensible, and cold, or a depression of
temperature, is the result.

The great degree of cold which reigns in the upper
regions of the atmosphere is due, to a considerable extent,
to the capacity of that dilated air for heat. On the same
principle we can explain the formation of clouds from
transparent atmospheric air : a stratum of air, reposing on
the surface of the sea, or the moist earth, becomes satu-
rated with vapor; by the warmth of the sun or other
causes, it begins to rise in the atmosphere, and as it rises
it expands, because thepressure upon it is continually
becoming less. An increased capacity is the result of its
dilatation, and, as is the case in the nephelescope, cold is
produced, and a deposit of a part of the moisture takes
place ; this moisture, appearing under the form of minute
drops, is what we call a cloud.

From the small capacity of quicksilver for heat, we see
one of the reasons that it is a suitable substance for form-
ing thermometers; it warms rapidly and cools rapidly,
and therefore follows variations of temperature much more
promptly than water and most other liquids.

There is a' connection between the specific heat of sev-
eral simple bodies and their atomic weights, pointing out
the fact that elementary atoms have in many instances
the same specific heat; recently the same conclusion has
been established in the case of certain oxides, carbonates,
and sulphates.

What are the relations between sensible and insensible heat? De-
scribe the mode in which clouds form. Why does the capacity of quick-
silver fit it for a thermometric liquid? W hat is the relation of the specific
heat of many elementary bodies ?
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If we take a mass of ice, the temperature of which is at
the zero point, and bring it into a warm room, examining
the circumstances under which its temperature rises, they
will be found as follows : the mass of ice, like any other
solid body, warms with regularity until it reaches 32°;
then, for a considerable period of time, no farther eleva-
tion is perceptible, but it undergoes a molecular change,
assuming the liquid condition ; when this is complete, the
temperature again commences to rise.

That we may have precise views of these facts, let us
suppose that the mass of ice and the warm room into
which it is carried have such relations to each other that
the temperature of the former can rise from the zero point
one degree per minute; for thirty-two minutes the tem-
perature of the ice will be found to increase, and at the
end of that time, a thermometer, if applied, would stand
at 32°. But now, although the heat is still entering the
ice at the rate of a degree per minute, the process of
warming ceases, and for 140 minutes no farther rise takes
place; the ice now commences to melt, and in 140 min-
utes the liquefaction is complete. The temperature then
again rises, and continues to do so with regularity.

We infer from results like the foregoing, that about
140 degrees of heat are absorbed by ice in passing into
the condition of water; and as this heat is not discoverable
by the thermometer, it is designated as latent heat.

A similar fact appears when any liquid, such as water,
passes into the gaseous or vaporous condition. Thus, if
some water be exposed to a fire which can raise its tem-
perature at the rate of one degree per minute, that effect
will continue until 212° are reached; at that point, no mat-
ter how much the heat be increased, the temperature re-
mains stationary. The water undergoes a change of form,
assuming the condition of a vapor, and the change is com-
pleted in about 1000 minutes. In this, as in the former
instance, we infer that a large amount of heat has become
latent, or undiscoverable by the thermometer, and that it
is occupied in establishing the elastic form which the
water has assumed.

Describe the change which ice undergoes when warming. Is there any
pause in the elevation of its temperature ? How many degrees of heat
are absorbed during the liquefaction of ice? W hat is latent heat? How
many degrees of heat are absorbed during the vaporization of water?

What is the latent heat of steam ?

-
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The caloric which thus disappears when a solid as-
sumes the liquid form, takes also the designation of caloric
of fluidity, and that which disappears in the formation of
a vapor, the caloric of elasticity.

In the treatises on chemistry, tables may be found ex-
hibiting the caloric of fluidity of different bodies; thus,
the caloric of fluidity of water is 1400, tl)qt of melted lead
1629, of bees’ wax 1759, and of melted tin 500°.

By the method of mixtures the same results may be es-
tablished ; thus, if a pound of water at 32° is mixed
with a pound at 172°, the mixture will have. the mean
temperature, that is, 102°; but if a pound of ice at 3.?',0
be mixed with a pound of water at 172°, the mixture still
remains at 329, and the reason is clear, from the foregoing
considerations, that ice in passing into the liquid state re-
quires 140° of caloric of fluidity which is rendered latent.

LECTURE IX.

Larent Hear.—Heat evolved in Solidification.— T heory
of freezing Mixtures.— Expansion during Solidification.
— Fiaaty of the Melting Point— Latent Heat connected
with the Duration of the Seasons—Nature of Vapors.
—Caloric of Elasticity.

WaeN a liquid assumes the solid form, a considerable
amount of heat is evolved. The cause is readily under-
stood, from what we have seen taking place during the
reverse process; which has led us to the fact that the

Fig. 3. difference between any given solid and the
liquid which arises from it by melting is in
the large amount of Tatent heat which is found
in the latter, and which is occupied in giving
it its form.

A saturated solution of sulphate of soda
may be cooled from its boiling point to com-
|§ mon temperatures, in a vessel tightly corked,
|l ¢ without solidification taking place ; but when
= the cork is withdrawn crystallization ensues,

What is caloric of fluidity ? What is caloric of elasticity ? How can
the doctrine of latent heat be established by the method of mixtures ? Is
heat absorbed or evolved when a liquid solidifies ? What is the cause of

is? How can it be illustrated with a solution of sulphate of soda ?
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and heat is evolved. This may be proved by taking a
bottle, a a, Fig. 23, filled with such a solution ; and having
introduced the bulb of an air thermometer through the
neck, b, by means of an air-tight cork, the mouth, ¢, of
the bottle is to be carefully stopped. When the whole
apparatus has reached the ordinary temperature of the
air, the stopper at ¢ is withdrawn, and solidification at
once takes place, or, if it should at first fail, the introduc-
tion of a crystal of sulphate of soda will bring it on. At
that moment it will be perceived, that not only does the
thermometer indicate a rise of temperature, but if the bot-
tle be grasped, it will be found to be sensibly warm.

‘With care, water may be cooled to a point far below
that of freezing without assuming the solid form. If, un-
der these unusual circumstances, it be agitated, solidifica-
tion ensues, and heat is evolved, the temperature rising to
320

On these principles depends the action of freezing mix-
tures, of which the following is an example: If we take
eight parts of crystallized sulphate of soda, and mix it in a
thin tumbler with five parts of hydrochloric acid, the sul-
phate of soda, from being a solid, assumes the liquid form ;
and taking, in order to effect that change of form, caloric
from surrounding bodies, it reduces their temperature.
This may be shown by placing four parts of water in a
thin glass test tube, and stirring it about in the mixture ;
the water speedily freezes, even though the experiment
may be made on a warm summer day.

In the treatises on chemistry tables of freezing mixtures
are inserted. All these mixtures depend essentially on
the principle under consideration—that latent heat must
be furnished to a substance passing from the solid to the
liquid state. They consist of various solid substances, the
liquefaction of which is brought about by the action of
other bodies; thus, in the instance we have seen, the sul-
phate of soda is brought from the solid to the liquid state
by muriatic acid, and heat is necessarily absorbed. Into
the composition of many of the most effective of these
freezing mixtures ice or snow enters. Thus, a mixture
of snow and common salt will bring the thermometer be-

Can water be cooled below 32° without freezing ! Give an example
of a freezing mixture. What are the principles on which freezing mix-

tures act?
D
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ic acid is poured on

low the zero point, and when nitr
egrees be-

snow, the temperature falls as low as thirty d
low zero. B

Many substances, when solidifying, expand. _Th}s is the
case with water, in which the amount of expansion is about
1th of the bulk. The force which is exerted under these
circumstances is very great, and capable to tearing open
the strongest vessels. On a small scale, this may be easily
shown by filling a bottle full of water, and, having intro-
duced the cork, fastening it tightly down with a piece of
wire. On putting such a bottle into a freezing mixture,
for example, snow moistened with nitric acid, congelation
promptly takes place, and the bottle is burst.

The freezing point of water is usually spoken of as a
fixed point, and is marked as such upon the scales of our
thermometers ; but if water be cooled without allowing
any movement or agitation of its parts, it may be brought
as low as 15°. It is then in the same condition as the
saturated solution of sulphate of soda just alluded to.
The slightest motion is sufficient to solidify it. But though
water will retain its liquid form far below its freezing

oint, ice can not be brought above 32° without melting.
lE‘he melting of ice, and not the freezing of water, is there-
fore the fixed thermometric point.

‘We have seen that the possession of a point of maxi-
mum density by water exerts a great effect upon the du-
ration of the seasons: a similar observation might be made
as respects its latent heat. If ice, by the absorption of a
single degree of heat, when it passes from 329, could
turn into water, the great deposits of winter would sud-
denly melt, and inundations be frequent; or, if water, by
losing a single degree of heat, turned into ice, freezing
would go on with great rapidity. To the melting of ice,
or the freezing of water, time is necessary; the 140° of
latent heat have to be disposed of; this, therefore, serves
to procrastinate the approach of winter, and causes the
spring to come forward with more measured steps. In
autumn the water has 140° degrees of heat to give out to

What is the amount of the expansion of water in the act of freezing ?
How may the force with which this expansion takes place be illustrated ?
1s the freezing point of water a fixed thermometric point? How low can
water be cooled without freezing? Is the melting of ice, or the freezing
of water, the fixed thermometric point ? W hat connection has the latent
heat of water with the duration of the seasons ?
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surrounding bodies before it solidifies; in spring it must
receive the same amount before it will melt. This, there-
fore, serves as a check upon sudden changes in the seasons.

Having thus discussed the leading facts observed in the
change from the solid to the liquid condition, let us now
turn our attention to the second change of form, the pass-
age from the liquid to the gaseous state.

A technical distinction is made between a gas and a
vapor; by the latter, we understand a gas which will
readily take on the liquid form.

Some of the leading peculiarities in the constitution of
vapors may be exhibited by the following Fig. %4.
experiment : Take a glass tube, ¢ a, I'ig.
24, with a bulb, b, blown on its upper ex-
tremity ; pour water into the bulb, filling
the tube to within an inch or two of the
end ; this vacant space fill with sulphuric
ether; and now, closing the end of the tube
with the finger, invert it in a glass of wa- =
ter, as is represented in the figure. The ether, being
much lighter than water, at once rises to the upper part
of the bulb, as is shown by the light space, the bulb being
of course full of ether and water conjointly.

On the application of a spirit lamp the ether vaporizes,
and presses the water out of the bulb into the glass cup.
Three important facts may now be established.

1st. Vapors occupy more space than the liquids from
which they arise.

2d. They have not a misty or fog-like appearance, but
are perfectly transparent.

3d. When their temperature is reduced, they collapse
to the liquid state.

That the first of these observations is true, is at once
seen on comparing the quantity of ether with the volume
of vapor which has risen from it ; the ether occupying but
a small space at the top of the bulb, the vapor fills it en-
tirely. We perceive, moreover, that ethereal vapor does
not possess that cloudy appearance which is popularly at-
tached to the term vapor, but that it is as transparent as

What is the distinction between a gas and a vapor? Describe the ex-
periment represented in Fig. 24. What is the difference between a va-
For and the liquid which forms it, as to volume ? Have vapors necessari-

y a cloudy appearance ?
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atmospheric air. And, on removing the lamp, so that the
temperature may fall, the liquid rushes up violently into
the bulb, exhibiting the ready collapse of the ether vapor
into the condition of a liquid.

We have already proved that a large amount of heat
becomes latent, constituting the caloric of elasticity of va-
pors. The temperature of steam is 2129, as s that of the
water from which it rises; but it contains about. 1000°
of latent heat, which gives to it its new form. Different
vapors possess different quantities of latent heat ; thus, for
ether the number is 1639, for alcohol 376°, and, as we
have said, for water 1000°; that is enough, were it a
solid, to make it visibly red hot in the daylight.

LECTURE X.

VarorizarioN. — Vapors form at all Temperatures—
Form instantly in a Void— Effects of removing Pres-
sure—Measure of Elastic Force of Vapors.— Cumula-
twe Pressure— Failure of Marriotte's Law.— Elasticity
wuncreases with Temperature—Mazimum Density of Va-
pors.

VarorizaTion goes on at all temperatures. It is not
Fig.25.  mecessary that the boiling point should be
e=—24  reached; even ice will evaporate away. The
. T thin films of this substance often seen incrust-
I3 % ing glass windows may disappear without un-
dergoing the intermediate process of fusion,
and a mass of ice freely exposed to the air on
a dry, frosty day, loses weight. Steam, there-
fore, rises from water at all temperatures, but
with more rapidity and a higher elastic force
as the temperature is higher.
-:Jsl bl fja In a vacuum vapors form instantaneously.
, w/ If we take a barometer, a q, Fig. 25, and
pass intothe Torricellian vacuum which ex-

On reduction of the temperature, what phenomenon do they exhibit?
How are these three facts proved? What is the amount of caloric of
elasticity of steam? Mention it also in the case of ether and alcohol.
How can it be proved that vaporization goes on at all temperatures ?
What is the effect which ensues when a vaporizable liquid is passed into
a Torricellian vacuum ? o
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ists at its upper part, a small quantity of sulphuric ether,
even before it has reached the void space, vapor forms,
and the mercury is instantly depressed. Under ordinary
circumstances, when the instrument, as at & b, is standing
at 30 inches, the column at once falls to 15 or 16, the
space being now filled with the vapor of ether; and if in
succession other liquids are tried, the same general result
is obtained—instantaneous vaporization ; but the amount
of vapor set free is different in the different cases.

Diminution of atmospheric pressure is, therefore, favor-
able to vaporization, and were the pressure of the air en-
tirely removed, there are many liquids which would as-
sume a permanently aerial form. Let a, Fig. 26, be a
glass bottle, into the neck of which a funnel,
b b, is ground air-tight; the bottle is to be
filled with quicksilver, except a small space
at its upper part, which is occupied by sul-
phuric ether. If this instrument be placed
beneath the receiver of an air pump, as soon
as exhaustion is made, the mercury will be
seen rising into the funnel, and its place tak-
en by the transparent vapor of ether. As
long as the reduction of pressure continues,
the ether keeps the gaseous form, but on re-
admitting the air, it returns to the liquid
state. By increase of pressure, as well as by diminution
of temperature, vapors may be reduced to the liquid con-
dition.

Though the law that vapors occupy more space than
the liquids from which they come is of universal applica-
tion, the increase of volume is by no means the same in
all cases. Under ordinary circumstances of pressure, a
cubic inch of water at its boiling point produces nearly a
cubic foot of steam, or 1696 cubic inches, more accurate-
ly. The same quantity of alcohol produces 519 cubic
inches, and of oil of turpentine 192 cubic inches.

The elastic force exerted by vapors under certain lim-
its can be measured by the apparatus given in Fig. 25.
The theory of the process is very simple. The height at

Fig. 2.

W hat substances exist commonly in the liquid state, in consequence of
the pressure of the air? What is the effect of an increased pressure on
vapors? Do all liquids expand equally in assuming the vaporous state ?
How can the elastic force of vapors be measured by thie barometer ?
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which the barometer stands is determined by the pressure
of the air. In the experiment there described, as long as
there is nothing to counterbalance that pressure, the mer-
cury is forced up by it in the tube to a height of 30 inch-
es; but on introducing some ether, the vapor which
forms, exerting an elastic force in the opposite direction,
tends to push the mercury out of the tube. On the one
hand, we have the pressure of the air; on the other, the
elastic force of the ethereal vapor; they press in opposite
directions, and the resulting altitude at which the mercury
stands expresses, and, indeed, measures the elastic force
of the vapor. Thus, at a temperature of eighty degrees,
water will depress the mercurial column about 1 inch, al-
cohol about 2 inches, and sulphuric ether about 20. These
numbers, therefore, represent the elastic force of the va-
pors evolved.

In close vessels, from which there is no
escape, or where the escape is greatly re-
\' tarded, a constantly accumulating force is
generated, when the temperatureis raised.
Thus, if we place some water in a flask,
a, Fig. 27, into which a tube, & b, is in-
serted air-tight by means of a cork, and
bent in the form exhibited in the figure,
> and dipping nearly to the bottom of the
é flask ; on the application of a spirit lamp,

the vapor generated, having no passage

of escape, accumulates in the upper part of the flask, and,
Fig. 98. exerting its elastic force, presses the

' liquid through the tube in a continu-

Fig. 27.

N el
St ’,////-" ous stream. The mechanical force
_\\\g\i\j/é;’{//,— which thus. arises, whep every avenue

“§=-—-- of escape is stopped, is strikingly ex-
iy hibited by the little glass bulbs called
candle bombs; these are small glob-
ules of glass, about as large as a pea,
: with a neck an inch long; into the in-
terior a drop of water is introduced, and the termination
of the neck hermetically sealed by melting the glass.

When one of these is stuck in the wick of a candle or

o )
s
=
_—

‘What is the principle involved? When water is heated in a vessel
from which the steam can not escape, whatis the effect? How may this
¥ 2 illustrated ?
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lamp, as in Fig. 28, the heat vaporizes a portion of the
water, and there being no passage through which the steam
can escape, the bulb is burst to pieces with a loud explo-
sion; a mechanical force which is wonderful when we
consider the amount of water employed. It is a minia-
ture representation of what takes place on the large scale
in the bursting of high-pressure steam-boilers.

MarrioTTE’s law, the law which assigns the volume of
a gas under variations of pressure, applies, under certain
restrictions, to the case of vapors. A permanently elas-
tic gas, when the pressure is doubled, contracts to one half
of its former volume; if the pressure be tripled, to one
third, and so on, but not so with vapors; if, upon steam,
as it rises from water at 2129, any increase of pressure
be exerted, this vapor at once loses its elastic form, and
instantly condenses into water. But vapors, like atmo-
spheric air, if the pressure upon them is diminished, fol-
low Marriotte’s law ; thus, if the pressure be reduced to
one half, steam at once doubles its volume. Ior vapors,
therefore, Marriotte’s law holds for diminutions of press-
ure, but in other instances, when the pressures are in-
creased, it apparently fails, the vapors relapsing into the
liquid form.

That the elasticity of a vapor increases with its temper-
ature, may be readily proved by taking a tube one gy o,
third of an inch in diameter and 12 inches long,
closed at one end and open at the other, a @, Fig. 29,
with a jar, 6, an inch or more in diameter and 12
inches deep. Let the tube be filled with quicksil-
ver, so as to leave a space of half an inch, into which
ether may be poured ; invert the tube in the deep
jar, also containing quicksilver; the ether of course
rises to the upper closed extremity. Ii now the
tube be lifted in the jar as high as possible without
admitting external air, a certain portion of the ether
will vaporize, and, depressing the quicksilver, its elastic
force may be measured by the length of the resulting
column. If now the end of the tube be grasped in the
hand, or if it be slightly warmed by the application of a

What is Marriotte’s law ? Does it apply in the case of vapors under a
diminution of pressure? Does it apply under an increase? What rela.
tion is there between elasticity and temperature ? How can the increase
of elastic force under these circumstances be shown ?
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Jamp, the mercurial column is at once depressed, proving
that the elastic force of the vapor is increasing. As soon
as the tube is warmed to the boiling point of the ether,
the column of mercury is depressed exactly to the level
on the outside of the tube. At this point, therefore, it bal-
ances, or is equal to the pressure of the air. iy

Now let the tube be depressed in the jar; it w1'll ‘t.Je
seen with what facility the vapor reassumes the liquid
condition. As the tube descends, the vapor condenses,
and the mercury keeps constantly at the same level.

Under these circumstances, it follows that the vapor
is at its maximum density. We can not increase that
density by bringing pressure to bear upon it by depress-
ing the tube, for the moment the attempt is made the
vapor liquefies.

LECTURE XI.

EsvLvirion.— Theory of Boiling.—In Papin’s Degester
Water never Boils.— Instantaneous Condensation of Va-
pors—Effect of Variations of Pressure—Effect of Na-
ture of the Vessel.— Boiling on Mountains.—Effect of
Red-hot Surfaces.

By introducing different liquids into a tube, arranged
as that represented in Fig. 29, we can prove that the ob-
servation holds good in every case, that, as soon as the
boiling point of a liquid is reached, the elastic form of the
vapor rising from it is equal to the pressure of the air.

We have said that at a temperature of 80° the vapor of
water will depress the mercurial column of a barometer
about one inch, but if the temperature be raised to 2129,
the mercury is at once depressed to the level in the cistern;
at that temperature, therefore, the elastic force of the
vapor is equal to the pressure of the air. e

Upon these principles, the phenomena of boiling or
ebullition are easily explained. When the temperature
of a liquid is raised sufficiently high, vapor is rapidly gen-

At the boiling point of a liquid, what is the elastic force of its vapor
equal to? What is meant by the maximum density of a vapor? How
can it be shown that vapors thus in a Torricellian void are at the maxi-
mum density ? At the boiling point of water, what is the elastic force of

its steam ? ~ Explain the phenomena of boiling.
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erated from those portions of the mass which are hottest,
and the violent motion characterized by the term “ boiling’’
is the result. This is due to the fact that the elastic force
of the generated vapor at that point is equal to the at-
mospheric pressure, and the vapor bubbles expanding,
can maintain themselves in the liquid without being crush-
ed in; they rise to the surface, and there burst. But,
just before ebullition takes place, a singing sound is often
heard, due to the partial formation of bubbles, which, so
long as they are in the neighborhood of the hottest part,
have elasticity enough to maintain their form; but the
moment they attempt to rise through the cooler portion of
the liquid just above, their elasticity is diminished by
their decline of temperature, and the atmospheric pressure
crushing them in, they resume the liquid condition; for
a few moments, therefore, while the vapor has not gath-
ered elastic force enough to maintain its condition per-
fectly, these bubbles are transiently formed and disappear,
and the liquid is thrown into a vibratory movement which
gives rise to the singing sound.

Water, when heated in a vessel from which the steam
can not escape, never boils. This takes place in the inte-
rior of Papin’s digester, which is a strong metallic vessel,
in which water is enclosed, and the orifice through which
it was introduced fastened up. As the steam can not es-
cape, the water can not boil, no matter what the tempera- 3
ture may be. But the vapor which accumulates in the in-
terior of the vessel exerts an enormous pressure. It is
under the same conditions as were considered in the case
of the candle bombs. Papin’s digest-
er is used to effect the solution of bod- &
ies by water which are not acted on
readily by that liquid at its common
boiling point.

As a vapor, rising from a vaporizing
liquid, will bear no increase of press- af
ure, so neither will it bear any reduc-
tion of temperature without instanta-
neously condensing. This may be
strikingly shown by an arrangement

Fg. 30,

What is the cause of the singing sound? Why does wrater.h(.eated in
a close vessel never boil? Describe Papin’s digester. "What is its use?
Can the steam of boiling water be cooled without condensation ?
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such as is represented in Fig. 30. Into the mouth of a
flask, a, let there be fitted a tube, b, half an inch in diam-
eter, and bent, as shown in the figure. Having introduced
a little water into the flask, cause it to boil rapidly by the
application of a spirit lamp: the steam which forms soon
drives out the atmospheric air from the flask and the
tube, and when this is entirely completed, and the vapor
issuing abundantly from the mouth of the tube, plunge
the end of the tube beneath some cold water contained in
the jar, ¢, and take away the lamp. As soon as this is
done, the cold water, condensing the steam in the tube,
rises to occupy its place ; and presently passing over the
bend, introduces itself with surprising violence into the
interior of the flask, filling it entirely full, or, which more
commonly takes place, breaking it to pieces with the force
of the shock. Thelow-pressure steam-engine depends on
this fact of the rapid condensibility of vapor, the high-
pressure engine on its elastic force.

Fig. 31. The principle involved in the action of
the low-pressure engine, and more espe-
cially that form of it which was the inven-
tion of Newcomen, is well illustrated by
the instrument represented in Fig. 31. It
consists of a glass tube, blown into a bulb
at its lower extremity. In the bulb some
water is placed, and a piston slides, with-
out leakage, in the tube. On holding the
bulb in the flame of a spirit lamp, steam is
generated, and the piston forced upward.
On dipping it into a basin of cold water,
the steam condenses and the piston is de-
pressed ; and this action may be repeated
at pleasure.

As the pressure of the atmosphere determines the boil-
ing point of a liquid, and as that pressure is variable, the
boiling point is not a fixed, but a variable point. There
are many experiments which might be introduced as proofs
of this fact. Ifa glass of warm water be placed beneath
the receiver of an air pump, as in Fig. 32, when the

Give an example of the rapidity of its condensation. On what proper-
ty of vapor does the low-pressure steam-engine depend? On what, the
high-pressure 7 How may it be proved that the boiling point depends on
the pressure ?
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rarefaction has reached a certain point, ebul-
lition sets in, and the water continues to boil
at a lower temperature as the exhaustion is
more perfect. In a vacuum, water can be
made to boil at 67°,

On this principle, that the boiling point de-
pends on the existing pressure, we give an
explanation of a curious experiment, in
which ebullition is apparently brought about
by the application of cold: Take a Flor-
ence flask, a, Fig. 383, and, having filled
it half full of water, cause the water to
boil violently, so as to expel all the atmos-
pheric air; introduce a cork which will fit
the mouth of the flask air-tight, a mo-
ment after it is moved from the lamp, and before any
atmospheric air has been introduced. If the flask be
now dipped into a jar, 4, of cold water, its water be-
gins to boil, and will continue to do so until its tempera-
ture is reduced quite low. The cause of this phenomenon
is due to the fact, that the cold water condenses the steam
in the flask, and a partial vacuum is the result. In this
partial vacuum the water boils, as in the experiment il-
lustrated by Fig. 32; and the steam, as fast as it is gen-
erated, is condensed by the cold sides of the flask.

Besides this variation of the boiling point under varia-
tion of pressure, the nature of the vessel in which the pro-
cess is garried forward exerts a certain action ; thus, in a
polished glass vessel the boiling point is 2149, but in a
rough metal vessel it is 2120.

Some travellers report, that in certain mountainous re-
gions meat can not be cooked by the ordinary process of
boiling. As we ascend to elevated regions in the air, the
atmospheric pressure becomes less, because the column
of air above 1s shorter, and therefore there is less air to
press. Under such circumstances, the boiling point of
water of course descends, and may possibly become so
low as to be unable to bring about the specific change ve-
quired in the cooking of meat. An ascent through 530

At what temperature will water boil in vacuo? Explain the process
by which warm water may be made to boil by the application of cold?
How does the nature of the vessel affect the boiling point? Why is it
probable that meat can not be cooked on high mountains ?
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feet lowers the boiling point one degree. Upon this prin-
ciple we can determine the altitude of accessible eleva-
tions, by determining the thermometric point at which
water boils upon them. A peculiar thcr.mometer, called
the hypsometer, has been invented for this purpose.

When a drop of water is placed on a red-hot polished
surface of platinum, it does not, as might be exPected,
commence to boil rapidly, but remains perfectly quiescent,
gathering itself up into a globule. If the platinum be
now allowed to cool, as soon as its temperature has reach-
ed a point at which it ceases to be visibly hot, the drop
of water is suddenly dissipated in a burst of steam.
The explanation given of this phenomenon is, that at the
high temperature the drop is not fairly in contact with the
red-hot surface, but a stratum of steam intervenes ; this,
being a bad conductor, prevents ebullition from occurring,
but as soon as the temperature declines, and this steam
no longer props up the drop, an explosive ebullition en-
sues, because of the contact which has taken place.

LECTURE XII.

Vaporization.— The Boiling Point rises with the Press-
ure—Relation between sensible and insensible Heat.—
The Cryophorus.— Leslie’s Process for freezing® Water.
— Variability of Moisture in the Air— Hygrometers.—
Method of the Dew Point.

UnpER an increase of pressure, the boiling point rises,
and the elastic force of the steam evolved becomes corre-
spondingly greater. As we have seen, the elastic force of
steam from water boiling at 212° is equal to the press-
ure of one atmosphere ; but if the pressure be doubled,
the boiling point rises to 250°; if quadrupled, to 294°;
z:r(;g Ounder a pressure of fifty atmospheres, it is more than
J .

How high must we ascend to bring the boiling point to 211°? How
may the altitude of mountains be determined by the thermometer!
‘What are the phenomena exhibited by water in contact with red-hot
platinum ? ‘What is the supposed explanation? How is the boiling
point affected by an increased pressure ? u
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These results may be established by the Fig. 24.
aid of the boiler, represented in Fig. 34,
@. It is a globular vessel of brass, and is
about three inches in diameter. In its up-
per part are three perforations, into one of
which the stop-cock, 4, is screwed ; through
the second a tube, ¢, is inserted, deep enough
to reach nearly to the bottom of the boiler;
and through the third a thermometer, d, is
introduced. Some quicksilver is poured
in, sufficient to cover the end of the tube,
¢, half an inch or more deep, and upon it
water is poured, the bulb of the thermometer being im-
mersed in it. The stop-cock, b, being open, a spirit lamp
is applied to bring the water to its boiling point, and as
the steam can freely pass out, this of course takes place
at 212°. On closing the stop-cock, the steam can no lon-
ger escape, but exerting its elastic force on the surface of
the boiling liquid, presses the mercury up in the tube, c.
The altitude of the mercurial column measures the amount
of this pressure, and the thermometer indicates the corre-
sponding change in the boiling point: as soon as the press-
ure is equal to two atmospheres, the thermometer will
be found to have risen to 250°.

It is immaterial at what temperature vaporization is
carried on, a very large amount of heat must always be
rendered latent ; and, in point of fact, vapors generated at
a low temperature contain more latent heat than those
generated at a high one. The relation which exists in
the amount of heat rendered latent at different tempera-
tures is very simple. The sum of the insensible and
sensible heat is always the same; thus, water boiling at
2129 absorbs 1000° of latent heat, the sum of the two
quantities being of course 1212°; but vapor rising from
water at 32° contains of latent heat 1180°; here, again,
the sum of the two quantities is 12129 ; and the same ob-
servation holds for intermediate temperatures.

When vapors return to the liquid condition, the heat
which has been latent in them reassumes the sensible

Describe the boiler, Fig. 34, and its use. Do vapors generated at low
or high temperatures contain most latent heat? What relation is there
between the insensible and sensible heats of vapors at different tempera-
tures 7 When a vapor condenses, what becomes of its latent heat?

Vi
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form. They may thus be regarded as containing a great
store of caloric, of the effects of which many natural phe-
nomena furnish us with striking examples. Thus, there
is a remarkable difference between the climate of the
eastern coast of America and the opposite European
coasts in the same latitude, and this arises from the act_ion
of the Gulf Stream, a great stream of warm water, whch},
issuing from the Gulf of Mexico, and passing the At!antlc
States, stretches across toward the Kuropean Continent.
The vapors which arise from it give forth their latent heat
to the air, and the southwest winds, which are therefore
damp and warm, moderate the climates of those coun-
tries.

The cryophorus, or frost bearer, an instrument invent-
ed by Dr. Wollaston, in which water may be
N frozen by the cold produced by its own evapo-
;‘i}b ration, depends for its action on the laws re-

lating to latent heat. It is represented in Fig.
35, and consists of a bent tube, ¢, half an inch
or more in diameter, with a bulb, ¢ and 2, at
each of its extremities; the upper bulb, 4, is
filled one third with water, and the rest of
the space, with the tube, ¢, and the other bulb,
a, is free from atmospheric air, and occupied by
the vapor of water only. If, now, the bulb @ be
immersed in a freezing mixture of nitric acid and snow,
although the tube, ¢, may be of considerable length, the
water in the distant bulb, 3, presently freezes; hence the
name of the instrument, frost bearer, because cold applied
at one point produces a freezing effect at another, which
is at a considerable distance. The action of the instrument
is simple : in the cold bulb, @, which is in contact with
the freezing mixture, the vapor is condensed; fresh quan-
tities rise with rapidity from the water in the other bulb,
to be in their turn condensed; a continual condensation,
therefore, goes on in @, and a continual evaporation in b,
but the vapor thus formed in 4 must have caloric of elas-
ticity ; it obtains it from the water from which it is rising,
the temperature of which therefore descends until solidi-
fication takes place.

Fig. 35.

What effect has the Gulf Stream on the climate of Europe ? Explain
the cause of it. Describe the cryophorus. What is the reason that cold
applied to one bulb freezes water in the other?
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Leslie’s process for freezing water in vacuo by its own
evaporation is an example of the same kind. If some
water in a watch-glass is placed in an exhausted receiver,
with a large surface of sulphuric acid, as fast as vapor
rises it is condensed by the acid; a rapid Fig. 36.
evaporation of the water therefore takes O
place, the temperature falls, and congela-
tion finally ensues. In Fig. 36 this ap-
paratus is represented : « is the watch-
glass containing water, » a wide dish
filled with sulphuric acid, and ¢ a low bell jar in which
the exhaustion is made.

A drop of prussic acid held in the air on the tip of a rod
solidifies, the portion that evaporates obtaining its latent
heat from the portion left behind, and on the same prin-
ciple liquid carbonic acid can also be solidified.

The amount of watery vapor contained in the air is
very variable. Many common facts prove this : the swell-
ing of wooden furniture takes place in consequence of
damp weather ; and the opposite effect, or its shrinking,
occurs during dry. Several instruments have been invent-
ed to determine what the amount is at any time; they
are called hygrometers. Inone of these, the relative damp-
ness or dryness of the atmosphere is determined by the
stretching or contracting of a hair, which is very sensitive
to such changes. A general idea of such an instrument
may be obtained by considering the metallic bar of the
pyrometer, Fig. 15, to be replaced by a hair, the move-
meuts of which would of course be communicated to the
index ; in another a slip of whalebone is used instead of
the hair. There is a simple and ingenious instrument,
the movements of which depend on these principles; it is
represented in Fig. 37: a thin slip Fig. 37,
of pine wood, @ a, cut across the a : @
grain, a foot long and an inch wide, AR
has inserted into its corners four
needles, all pointing in one direction backward ; if this
instrument be set upon a floor or flat table, in the course
of time it will crawl a considerable distance. During dry

Describe Leslie’s process for freezing water in vacuo? Why does a
drop of prussic acid held in the air solidify ? How can it be proved that
the amount of moisture in the air is variable ? 'What is the hygrometer ?
Describe the hair hygrometer. Describe the instrnment, Fie. 37.
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weather the thin board contracts, and the two fore legs
taking hold of the table, the hind ones are drawn up a
little space ; when the weather turns damp, the board ex-
pands, and now the hind legs pressing against the table,
cause the fore ones to advance. Every change from dry
to damp, or the reverse, produces a walking motion in a
continuous direction, and the distance passed over is a
register of the sum total of these changes.

But of all these hygrometric methods, the process
known as “ the determination of the dew point” is by far
the most philosophical. This method consists in cooling
the air until it begins to deposit moisture. When there is
much moisture in the air, it obviously requires but a slight
diminution of temperature to cause a portion of the vapor
to deposit as a dew; but when the air is dryer, the cool-
ing must be carried to a greater extent. The precise
thermometric point at which the moisture begins to de-
posit is called the dew point.

Thus, if we take a thin metallic vessel containing water,
and cool it gradually by the addition of a mixture of
nitrate of potash and sal ammoniac, or any of the cooling
mixtures, continually stirring with the bulb of a small
thermometer, as soon as the temperature has reached a
certain point a dew is
deposited on the outside
of the metallic vessel;
that temperature is the
dew point for the time
being. Knowingthe tem-
perature of the air, the
dew point, and the baro-
metric pressure, the abso-
lute amount of vapor can
. be determined by a sim-

Y ple calculation.

Daniell’s hygrometer
affords a ready and beau-
tiful method of determin-
ing the dew point. It
consists of a cryophorus,
a ¢ b, Fig. 38, the bulb

What is meant by the “dew point?” What is the process for ascer-
taining it ? Decseribe Daniell’s hygrometer and the mode of using it.
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b being made of black glass, and @ covered over with
muslin.  The bulb 4 contains ether instead of water, and
into it there dips a very delicate thermometer, d. Usually,
another thermometer is affixed to the stand of the instru-
ment. When a little ether is poured on «, by its evapo-
ration it cools that bulb, and ether distils over from b,
which, of course, also becomes cold. After a time, the
temperature of & sinks to the dew point, and that bulb
becomes covered with a mist. The thermometer, d, then
shows at what temperature this takes place, and of course
gives the dew point.

LECTURE XIII.

EvarorarioNn ANpD INTERsTITIAL RADIATION.— Methods
of Gay-Lussac and Dumas for ascertaining the Specific
Gravity of  Vapors—Phenomena of Evaporation—
Control of Temperature—Iffect of Dryness, Stillness,
Pressure, and Surface—Evaporation a Cooling Pro-
cess.— Conduction of Solids.— Difference among different
Metals.— Rumford’s Experiments.

TaE specific gravity of vapors may be de- Fig. 3.
termined in several ways. The following is
the method of Gay-Lussac: A graduated jar,
@, is inverted in a basin of mercury, ¢, which
rests upon a small furnace. A glass bulb is to
be filled quite full with the liquid under ex-
amination, and the quantity introduced is accu-
rately weighed. The bulb is now slipped into
the jar, @, and rises to its top. A cylinder, b,
open at both ends, but the lower pressed down
into the mercury, is next placed round a, and
the interval filled with clear oil. The furnace
is now lighted ; the oil and the mercury be-
come warm ; the bulb at last bursts, and, as its
vapor depresses the mercury in the graduated jar, its vol-
ume may be determined. Thus, knowing the weight of
the liquid, the volume of its vapor, and the temperature

Describe Gay-Lussac’s method of determining the specific gravity of a
Vapor. E2
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of the oil, we can easily calculate the volume at 32°, and
from that deduce the specific gravity.

The method of Dumas consists in weighing a glass globe

Fig. 40. filled with the
7 vapor to be
tried. A por-
tion of the sub-
stance is to be
introduced in-
to the globe,
the weight of
which s first
determined,
and this is then
held, as shown
in the figure, in
a bath of fusi-
ble metal pla-
ced over a small furnace. The heat of the melted metal
vaporizes the substance, drives out the air, and occupies
the whole cavity in a state of purity. When no more
vapor escapes from the end of the tube it is sealed by the
blow-pipe, and the temperature of the bath ascertained.
The globe is now to be carefully weighed, when cold, a
second time, and the point of the tube is then broken un-
der quicksilver, which rises and fills it completely, and
this being subsequently emptied into a graduated jar, the
volume of the globe 1s ascertained. Knowing the vol-
ume of the globe, we know the weight of the air it con-
tains, and this, subtracted from the first weight, is the
weight of the glass when empty. Subtracting this again
from the second weighing, gives us the weight of the va-
por, and as the air and the vapor occupied the same vol-
ume, their densities are as their weights. But, as their
temperature was different, a farther calculation is required
to bring them to the same standard.

There are several conditions which exert a control
over the rapidity of evaporation. The amount of vapor
which can exist in a given space depends entirely on the
temperature. Thus the air included in a glass jar which
is standing over water contains, at 32°, a certain quantity

Descril?e the. method of Dumas. W hat is it that regulates the quantity
of vapor in a given space ?
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of vapor; but if the temperature rises to 60°, it contains
more, and still more if it rises to 90°. Should the tem-
perature descend, a part of the vapor is deposited as a
mist. The quantity that remains in suspension is determ-
ined by the temperature alone.

It is the application of this principle which constitutes
the most beautiful part of Watts’s great invention, the
low-pressure steam-engine. Taking advantage of the
fact that the quantity of vapor which can exist in a given
space is determined by the lowness of temperature of any
portion of it, he arranged a vessel, maintained uniformly
at a low temperature, in connection with the cylinder of
the engine, and thus reached the apparently paradoxical
result of condensing the steam without cooling the cyl-
inder. :

Among other causes exerting a control over evapora-
tion in the air is the dry or damp state of that medium.
As is well known, evaporation goes on with rapidity when
the weather is dry, and is greatly retarded when the
weather is damp. So, too, a movement or current exerts
a great effect. When the wind is blowing, water will
evaporate much more quickly than when the air is quite
calm ; this obviously depends on a constant renewal of
surfaces, so that as fast as one portion of air becomes
moist it is removed, and a dryer portion takes its place.
Extent of surface operates in the same way ; the same
quantity of water will evaporate much more rapidly if
exposed in a plate than if exposed in a cup. Pressure
also exerts a great control ; for, as we have seen, evap-
oration takes place instantaneously in a vacuum.

‘While, therefore, there are several circumstances which
can control the rate of evaporation, it is temperature alone -
which regulates the absolute and final amount. As we
have just seen, a fixed quantity of vapor can exist in a
certain space at a given temperature ; and it m_:sttters not
whether that space is full of atmospheric air or is a vacu-
um, the absolute quantity will be precisely the same.

At one time it was supposed that evaporation was due
to a solvent power in the air—a kind of attraction be-
tween that medium and the water with which it is in con-

" On what principle d -engi 7 What
On what principle does the steam-engine condenser depend

effect have Eryness or dampness over evaporation? What is the effect

of a current? What of extent of surface? What of pressure? What

of temperature ?
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tact; but it is clear that such an ol)i}xion is wholly unteua
ble, for the process goes forward with the greatest rapid-
ity in a vacuum, when the air is Lot.u]ly removed. 3

Although the evaporation of liquids, suc}l as water, will
take place at very low temperatures, there is reason to 1?e-
lieve that the process has a limit; thus, a minute quantity
of vapor will rise from quicksilver at a temperature of
60°, but at 40° not a trace can be discqvercd.

All processes of evaporation are cooling processes, be-
cause the vapor developed requires latent heat to give it
the elastic form. For this reason, when any vaporizable
liquid, as ether, is poured on the bulb of an air thermom-
eter, or on the hand, cold is produced.

Fig. 41. The pulse glass is an instru-
. ment which may serve as an
- illustration : it consists of a
. glass tube, bent twice at right

. T T angles, and terminated by
bulbs, as in Fig. 41. It is partially filled with spirit of
wine, the rest being oceupied by the vapor of that sub-
stance. On grasping one of the bulbs in the hand, the
warmth is sufficient to boil the liquid ; and as it distills
over into the other bulb, an impression of cold is felt,

We now come to the consideration of the mode by
which heat is transmitted through bodies, or interstitial
radiation, called by many writers conduction ; a term in-
volving the idea that the particles of bodies are in actual
contact, whereas it has been abundantly proved that they
are separated from each other by interstices. The pass-
age of the heat across these spaces is what is meant by in-
terstitial radiation. From the currency which it has ob-
tained, and the convenience of the expression, I shall con-
tinue to use the word conduction.

Different solids conduct heat with different degrees of
facility. If we take a cylindrical mass of metal, and hold
tightly against its surface a piece of white writing paper,
the paper may be placed in the flame of a spirit lamp for
a considerable time without scorching; but if we take a
cylindrical piece of wood of the same dimensions, and,

. Does evaporation arise from a solvent power in the air? Is there any
limit to evaporation? Why are processes of evaporation cooling pro-
cesses? Describe the pulse glass. What is interstitial radiation ? "W hat

is conduction? How may it be proved that wood and m
with different degrees of g{(‘ﬂity (4 S
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wrapping the paper round it, expose it to the flame, it
rapidly scorches. The metal, therefore, keeps the paper
cool by carrying off its heat, but the wood, being a bad
conductor, suffers the paper to burn.

By the aid of the apparatus of Ingenhouse, Fig. 42, the
same fact may be proved in a more gen-
eral way. It consists of a trough of brass,
six inches or more long, three wide, and
three deep ; from the front of it project
cylinders of metallic and other substances
of the same length and character; they
may be of silver, copper, brass, iron, porcelain, wood, &c.,
in succession; the surface of each cylinder is smeared
with bees’ wax. On pouring boiling water into the trough,
the heat passes along these cylinders with a rapidity cor-
responding to their conducting power, and the wax cor-
respondingly melts. On the silver bar the wax melts
most rapidly, and on the wood most slowly: on the others
intermediately ; thus affording a clear proof that different
solids conduct heat with different degrees of facility.

Even among metallic substances, great differences in
this respect exist, as may be strikingly Fig. 43.
shown by the instrument, Ig. 43. Into
a solid ball of copper, a, three wires of
equal length and equal diameter are
screwed—they may be copper, brass, and
iron, respectively : they are flattened at
their farther extremities, 4, ¢, d, so as to af-
ford a place on which pieces of phospho-
rus may be put. A lighted spirit lamp is
now set beneath the central ball, the temperature of which
soon rises, and the heat passes with different degrees of
speed along the metals; very soon the piece of phosphorus
at the end of the copper takes fire; then, some time after,
follows that on the brass; and last, that on the iron; en-
abling us to prove to persons at a distance the fact that
these different metals conduct heat with different degrees
of facility.

If a piece of wire gauze be held over the flame of a candle
or gas jet, Fig. 44, the flame fails to pass through; but the

Fig.42.

Describe the apparatus of Ingenhouse? What does it prove? Are
there differences in the conducting powers of metals ? How may that be
proved?



58 CONDUCTING POWER OF METALS.

gaseous matter of which the flame consists
freely escapes through the meshes of the
gauze, for it may be set on fire,as shown in
the figure. [Flame is gaseous matter, or
solid matter in a state of excessive sub-
division, temporarily suspended in gas,
brought to a very high temperature. It
can not, therefore, pass through. a piece of
wire gauze, because the rpetalhc threads,
exerting a high conducting power, ab-
stract its heat from the incandescent gas,
and bring its temperature down to a point at which it ceas-
es to be luminous. The safety-lamp of Davy is an appli-
cation of this principle; by it combustion is prevent-
ed from spreading through masses of explo-
sive gas, by calling into action the cqnduct-
ing power of a metallic gauze, with which the
lamp flame is surrounded, as in I%g. 45. The
safety-tube of Hemmings, used to prevent ex-
plosions in the oxyhydrogen blow-pipe, acts on
the same principle.

Count Rumford made several experiments to
determine the conducting power of those vari-
ous materials which are used for the purpose of
clothing. He placed the bulb of a thermometer
in the center of a spherical glass globe of lar-
ger diameter, and filled the interspace with the
substances to be tried. Having immersed the
apparatus in boiling water until it was at 2129,
he transferred it to melting snow, and ascertain-
ed how long it took to fall a given number of degrees.
Linen and cotton were found to be better conductors
than wool and the various furs, and hence the reason that
they are preferred as articles of summer clothing ; but
he also found that much depended on the tightness
with which the substances were packed, for the conduct-
ing power apparently rose when they were closely com-
pressed. These bodies act, therefore, as will hereafter

Can the flame of a candle pass through a piece of wire gauze? What
is the reason of this? What is the construction and principle of Davy's
safety-lamp ? On what method did Rumford proceed to determine the
conducting power of clothing? What was the effect of compression ?
How are these results connected with the non-conducting power of air !
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be more distinctly seen, not so much by their own badly-
conducting power, as by calling into action the non-con-
ducting quality of atmospheric air. ;

LECTURE XIV.

Convvuerion.—Conduction of Liquids— Transference of
Heat by Circulation— Conduction of Gases.— Conduct-
g Power of Clothing.

TrE conducting power of most liquids, such Fig. 4s.
as water, is very low; a thin stratum is sufficient
almost entirely to cut off the passage of heat.
This may be shown by an apparatus such as Fig.
46, consisting of a jar, e, nearly filled with water,
with an air thermometer included in such a man-
ner that the bulb, 4, is within a short distance of
the surface, a depth of a quarter of an inch or
less intervening. The tube of the thermometer
may be passed through the lower mouth of the
jar, ¢, water-tight by means of a cork, and the position
at which the index-liquid stands having been marked,
some ether is poured on the surface of the water, upon
which it readily floats, and then set on fire. A very volu-
minous flame is the result, and a great deal of heat is
evolved ; and, since the bulb of the thermometer is appa-
rently separated from the burning ether by a thin film of
water only, if the heat traversed that film the thermome-
ter should rapidly move; but the experiment proves it
does not; and we therefore conclude that water is a
very bad conductor of caloric.

‘While this conclusion is true, a little consideration will
show that this experiment presents the facts in a very de-
ceptive way ; and though, from its imposing character, it
is generally relied on as a complete proof, yet were wa-
ter a much better conductor than what it actually is, the
same results would be obtained. All flames, as we shall
hereafter see, are hollow ; they are merely incandescent
on the surface. A great distance, in reality, intervenes be-

How does the conducting power of liquids compare with that of solids ?
How may water be proved to be a bad conductor ? What deceptive cir-
cumstances zvo there in this experiment ?
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tween the thermometer bulb and the points of high tem-
perature, and in addition, the ether is rapidly evaporating
away to feed the flame, and all evaporations are cooling
processes. .

To a certain extent, all liquids conduct heat : t.husj, mer-
cury is a very good conductor; but i.n those hq'ulds_o{
which water is the type the dissemination qf heat is chief-
ly determined by the mobility of their particles, a process
which passes under the name of convection or circulation.

Fig. 47. The apparatus, Fig. 47, illustrates the na-
ture of this process; it consists of a wide
tube into which water may be poured ; the
lower portion, as high as «, being colored
blue by the addition of some coloring sub-
stance, the intermediate portion, from a to b,
being colorless, and the upper portion, from
b to ¢, being tinged yellow. Now, by the
application of a red-hot iren ring, d, of such
a diameter that it can surround the jar, &
space of an inch or more intervening all
round, the upper, yellow portion may be
made even to boil : it shows mo disposition
to intermix with the portions beneath. But if the red-
hot ring is lowered down so as to surround the blue por-
tiom, as it becomes warm it will be found to ascend, first
through the colorless stratum, and finally through that
tinged yellow, on the top. When the lower portion of a
liquid is warmed, currents are established, which, rising
through the strata above, bring about a rapid dissemina-
tion of the heat.

This may alsc be shown by taking a jar, Fig.
48, a, and filling it with water, rendered a
little more dense by some sulphate of soda, so
as to bring its specific gravity near that of some
pieees of amber thrown into it. If a lamp now
i be applied to the bottom of the jar, currents
are established in the water, rising up the cen-
ter and descending down the sides of the li-
quid ; and in this manner, new portions con-
stantly presenting themselves on the surface
Do liquids conduct heat at all? What are the relations of mercury in

this respect? By what process does the dissemination of heat in a liquid

take place? Describe the experiment represented in Fig. 47. ibe
that represented by Fig. 48. . S ¥ i
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exposed to the flame, the whole mass becomes uniformly
hot.

The cause of this movement is due to the fact that
when water is heated it expands. Those portions, there-
fore, which rest on the bottom of the vessel, and to which
the heat is applied, as soon as they become warm, dilate,
and, being lighter than before, rise to the top of the liquid,
while colder, and therefore heavier ones, occupy their
place.

If we take a jar of water, Fig. 49, and hav-  Fig. 40.
ing introduced through apertures near the top
and the bottom the thermometers @ 4, and into
a brass trough, ¢, which surrounds the middle
of the jar water-tight, pour boiling water, after
a little time has elapsed we shall find that the
upper thermometer has risen, but the lower
one remains perfectly stationary. The cause
ig, that through all those portions which are above the place
at which the heat is applied, that is, the middle of the ves-
sel, currents are made to circulate, but in all those be-
neath no currents are established.

‘When, therefore, heat is applied to the surface of wa-
ter, it is not propagated downward; when it is applied to
the middle of a vessel containing that liquid, all the por-
tions above become hot, but all those below remain cold ;
and when it is applied to the bottom of the vessel, the
whole mass soon becomes uniformly warm.

In the vegetable world, advantage is taken of the non-
conducting power of waterin a very beautiful way. Soon
after sunset, the leaves and other delicate parts of plants
become covered with little drops of dew, which nvest
them on all sides. Under these circumstances the pro-
cess of convection, or the establishment of currents, is en-
tirely cut off, for each of the drops is isolated, or has no
communication with those around. The cold air does not
so suddenly affect these delicate organs as it would do
were not this thin non-conducting film spread over them;
their action is, therefore, less liable to be deranged.

Recent accurate experiments show that all liquids con-

W hat is the true cause of these circulatory movements ? How can it be
proved that the warm water floats on the surface of that which is cold ?
What is the effect of applying heat to the top, to the middle, and to the
bottom of a vessel containing water? What advantage is taken in the
vegetable world of the non-cenducting I?povver of water?

X
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duct to a certain extent, though in many instances to u.far
less extent than what we see in the case of so_hd bodies.
Among different liquids, difference in conducting power
has also been discovered. .

If the conducting power of liquids is small, that of gas-
eous bodies is still less perceptible. In these, as in li-
quids, the mobility of the particles is so great that heat is

Fig.50.  readily diffused through tl}efn. Thus, if we
take a jar, Fig. 50, containing oxygen gas,
and place a piece of burning sulphur in it on
a stand, @, the vapor which rises from the sul-
phur moves in a current to the top of the jar,
and then descends in beautiful wreaths of
smoke down the sides, precisely representing
the circulatory movements of liquids.

The ventilation of buildings and mines, and
the proper construction of furnaces and chimneys, depend
upon these principles.

By taking advantage of the non-conducting power of
air, rooms may be kept warm with a small consumption
of fuel, by furnishing them with double windows. A
stratum of air, two or three inches thick, intervening
between the windows effectually cuts off the passage of
heat. It is upon the same principle we explain Count
Rumford’s experiments in relation to the conducting
power of clothing; he found that when the same fibres
are used, the apparent facility with which they transmit
heat depends on the closeness with which they are pack-
ed: the non-conducting power of air is here evidently
called into play, and the fibres act by preventing the
production of currents. In the case of sheep, or other
animals, which, during the winter season, are covered
with a thick coat of wool, or fur, it is the non-conducting
power of the included air which is again brought into
operation.

Do all liquids conduct heat? Are there differences in their conducting
power? By what process is heat diffused through gases? What is the
use of double windows ? - 'What connection has the non-conducting power
of air with Count Rumford’s experiments ? In the economy of animals,
what advantage is taken of these principles ?
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LECTURE XYV.

Raprarion.—Preliminary Ideas on Radiant Heat.— Anal-
ogies with Light—Effect of Surfaces—Relations be-
tween Radiation and Reflection—The Florentine Ezx-
periment.— The Cold-ray Ewxperiment.— Opacity of
Glass to Heat.—Its increasing Transparency as the
Temperature rises— Properties of Rock Salt.

But, though gases are bad conductors of heat, they
freely allow of its transmission by general radiation. A
person who stands at one side of a fire receives the heat
of it, although no currents of warm air can reach him. In
a vacuum, a piece of red-hot metal rapidly cools.

The heat which, under these circumstances, escapes
from bodies is entirely invisible to the eye; it moves in
straight lines, exhibiting many of the phenomena of the
rays of light. Thus, if we interpose between a fire and a
thermometer an opaque screen, the moment the rays of
light are stopped the heat is simultaneously intercepted.

The rays of heat, like the rays of light, are capable of
being reflected by polished metallic surfaces. If a piece
of planished tin be held before a fire in such a position as
to reflect the light of it upon the face, the heat, also, is
similarly reflected, and gives rise to a sensation of warmth.

The analogy between light and heat is farther observed
when rays of the latter fall upon bodies of a different
physical constitution from the metals. As glass is trans-
parent to light, there are many bodies transparent to rays
of heat, though, as we are presently to find, these bodies
are not the same in both instances. And as there are
substances, like lamp-black, which will absorb all the light
which impinges on them, there are many which perfectly
absorb heat : reflection, transmission, and absorption are
therefore common to both these agents.

If we take two metallic vessels of the same size and
shape, and having blackened one of them all over with

. Do gases transmit radiant heat? How may it be proved that radiant
heat moves in straight lines ? Is it capable of reflection ? Are there any
substances transparent to radiant heat? Are these the same bodies that

are transparent to light?
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the smoke of a candle, fill them both with hot water, aud
notice their rate of cooling, it will be seen that the bluc!{-
ened one cools faster; the same thing may be observed, if,
instead of blackening the vessel, it is covered with layers of
varnish. These results may be proved by the aid of Les-
lie’s canister, which consists of a cubical brass vessel, a,

Fig. 51. Fig. 51, set upon a verti-
cal stem, upon which it
can rotate ; at a little dis-
tance is placed the black-
ened bulb of a differential
thermometcr, d ey mil'ror,
M, receives the rays of
the canister and reflects
- them on the thermometer.
One of the vertical sides of the cube is left with a clear
metallic surface, a second washed over with one coat of
varnish, the third with two, and the fourth with three
coats; if these sides be presented in succession to the
thermometer, they will be found to radiate heat with
very different degrees of speed, more heat escaping from
them as the number of coats is increased. In the exper-
iments of Melloni, it was found that the maximum was
not attained until sixteen coats were applied.

These results can only be explained on the principle
that radiation does not take place from the surface of
bodies merely, but from a certain depth in their interior.

A highly-polished metal is a bad radiator, but on rough-
ening the surface, its quality is improved. As a general
rule, good radiators are bad reflectors, and good reflectors
are bad radiators.

‘When rays of light, diverging from the focus of a con-
cave parabolic mirror, impinge on the surface, they are re-
flected in parallel lines ; when parallel rays fall on such
a surface, they are reflected to its focus. Thus, if from
the point @, Ig. 52, the focus of a parabolic concave, ¢
[, rays diverge, they will be reflected in parallel lines, ¢ g,

Of two surfaces, one polished and the other blackened, which radiates
heat best? When successive layers of varnish are put on a surface, what
is their effect? When is the maximum reached? What is the explana-
tion of these results? What is the general connection between radiation
and reflection? When rays diverge from the focus of a concave mirror,
what is their path after reflection? When parallel rays fali on a concave
mirror, what is their path after reflection ?
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d h, ¢, fk, and if at these points they be intercepted by
the mirror, g %, they will be reflected to its focus, b.

Now, as the laws of reflection of radiant heat are the
same as the laws of the reflection of light, it is plain that
if we place any incandescent body, such as a red-hot
cannon-ball, in the focus, @, the heat which radiates from
it will finally be found at the other focus, 5.

Fig. 52.

This is beautifully illustrated by an experiment known
under the name of the experiment with conjugate mir-
rors. In the focus, a, Iig. 52, of a parabolic mirror, ¢ _f,
place a red-hot cannon-ball, and in the focus, 4, of a
second mirror, g %, set opposite, but twenty or thirty
feet off, place a piece of phosphorus, a screen intervening
between. As soon as the arrangements are completed,
remove the screen, and in a moment the phosphorus takes
fire. That this effect is due to the reflecting action of the
mirrors, as has been described, may be proved by re-
moving the mirror, ¢ f, when it will be found that the
phosphorus can not be lighted, even though the ball be
brought within a very short distance of it.

This striking experiment proves, first, that the rays of
heat move in straight lines, like those of light; and, sec-
ond, that in the same manner they are subject to the ordi-
nary laws of reflection.

A variation of the foregoing experiment may be made

When a hot ball is placed in the focus of one of the mirrors, to what
point does its heat converge? Describe the Florentine experiment rep-
resented in Fig. 52. What two facts does this experiment prove ?

E =2
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by using a snowball instead of the cannon-shot, in which
case a thermometer placed in the focus of the opposite
mirror will exhibit a reduction of temperature. From
this it was at one time supposed that there existed rays
of cold precisely analagous to rays of heat, and that they
observed the same law as respects the rectilinear nature
of their movement, and were also subject to the law of re-
flection ; but, as we shall see when we come to speak of
the Theory of the Exchanges of Heat, a simple explana-
tion of the whole result can be given, without implying
the existence of a principle of cold analogous to the prin-
ciple of heat.

Let it be now supposed that in the focus of the mirror,
& k, Fig. 52, the bulb of a delicate thermometer is placed,
and in the focus of the other mirror, ¢ £, a metalline mass,
a, the temperature of which we can vary at pleasure.
Between the mirrors let there be interposed a screen of
transparent plate glass; and let us farther suppose that
the temperature of @ is 212°, or considerably below the
point at which it is visibly red hot. Under these circum-
stances the thermometer exhibits no rise of temperature
so long as the glass intervenes, but the moment it is re-
moved the heat passes.

A piece of transparent glass is, therefore, opaque to
the rays of heat which come from a non-luminous source.

Let us now suppose that the temperature of the metal-
line mass, «, continually rises. When it has reached a
red heat, a certain proportion of the rays emitted by it
begins to pass through the glass, as is shown by their
effect upon the thermometer. When the mass is visibly
red hot in the daylight the rays go through the glass more
readily, and when it has become white hot, or has reached
the highest temperature we can give it, the glass trans-
mits the rays with facility.

These facts are of the utmost importance. They show
that bodies transparent to light are not necessarily trans-
parent to heat, and, therefore, that light and heat are
separate and independent agents. They farther show,
that, as respects glass, its transparency for heat differs

When a snowball is used instead of a hot shot, what is the result?
What is the relation of glass to radiant heat of low intensity ? What
changes take place in the transmissive power of the glass as the tem-
perature rises? How are these facts connected with the physical inde-
pendence of light and heat?
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with the temperature of the source from which the rays
come.

There is a certain well-known substance, rock salt, with
which, if we could obtain plates large enough to inter-
vene completely between the two mirrors, a different
series of results would be exhibited. Whatever might
be the temperature of the source, whether low or high,
the rays would pass it with equal freedom. The warmth
of the hand and the rays from melting iron would go
through it alike. This substance, therefore, is permeable
to all kinds of heat, as glass is permeable to all kinds of
light. It constitutes the true glass for heat.

The great conclusion which we draw from the experi-
ments just described is, tkat there are different varieties of
radiant heat. Some of them can pass through glass, and
some can not. Hereafter we shall see that the intrinsic
differences in radiant heat are due to the same cause
which gives different colors to light.

LECTURE XVI.

Treory or THE Excuanees or Hear.— Physical Inde-
pendence of Light and Heat.— Theory of Exchanges.—
Ezxplanation of the Cold Ray Experiment.— Wells's
Theory of the Dew.—Cold on Mountain Tops.—Con-
duction a Form of Radiation.— Temperature of the Sun.

Tue earlier writers on chemistry supposed that if light
and heat are not the same principle, they are mutually
convertible ; that when the rays of light fall on any ob-
ject and warm it, they do so because they become ex-
tinguished and changed into heat.

But there are many facts which militate against this
doctrine. A vessel containing hot water radiates heat,
and that heat is totally invisible in a dark room, nor can
it be made to assume the luminous condition, even though
concentrated by large concave mirrors.

What are the properties of rock salt? Why is it the glass of heat?
‘What general conclusion is drawn from the foregoing facts ? What are
the varieties of radiant heat due to? What relation was formerly sup-

osed to exist between light and heat ? Can rays of heat exist without
Eeing visible ?
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Experiments have been made to determine whether in
the moonbeams there are any calorific rays. The most
delicate thermometers, aided by concave mirrors, }mye
hitherto failed in detecting the minutest trace. In this in-
stance, therefore, we have light existing without heat; in
the former, heat existing without light.

In addition, as we have already shown, the relation of
transparency for these two agents is not the same. A
piece of smoky quartz, or durk—colore?d mica, of §uch a
degree of opacity as scarcely to admit a ray of light to
pass, is freely traversed by radiant heat.

The theory of the exchanges of heat, comprehending
an explanation of a great number of the phenomena we
ordinarily witness, depends upon the following principles :
It assumes, 1st, that all bodies, no matter what their tem-
perature may be, are constantly radiating heat at all times;
2d. That the rate of radiation depends on the tempera-
ture, increasing as the temperature rises, and diminishing
as it declines.

Thus the various objects around us are constantly emit-
ting caloric: the warm bodies to the cold, and the cold
ones to the warm. A mass of snow and a red-hot cannon-
ball respectively give off heat, the ball emitting it in great
quantities, and the snow in less. And even when adja-
cent bodies have reached the same thermometric point,
they still continue to exchange heat with one another.

Upon these principles, we can readily account for the
fact that bodies of different temperatures at first, finally
come to an equilibrium. If an ignited cannon-shot be
placed in the middle of a large room, it radiates its heat
to the roof, the walls, the floor, and the various objects
around : they also radiate back again upon it ; but, from its
elevated temperature, it emits its heat faster than they, and
therefore gives out more than it receives. Its tempera-
ture constantly descends, and continues to do so until it
receives just as much as it gives, which takes place when
it has reached the same degree as the objects around;
for, other things being equal, bodies at the same temper-
ature radiate with equal speed.

Can light exist unaccompanied by heat? What other evidence have
we of the physical independence of these agents? On what does the
theory of the exchanges of heat depend? Do bodies at the same tem-
ge;ature still radiate ? Describe the process of cooling of an incandescent

ody.
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The process must, however, stop as soon as that equal-
ity of temperature is attained ; for, if we suppose the shot
to cool below that point, it would evidently begin to re-
ceive more heat from the objects around than it gave forth,
and the excess accumulating in it, its temperature would
at once rise.

When an equilibrium is obtained the process of radia-
tion still continues, but the exchanges are equal. Two
lighted candles placed together do not extinguish each
other, or cease to exchange light with each other, nor do
two bodies equally warm cease, for that reason, to exchange
heat. In a room, therefore, in which every thing has the
same temperature, rays are eternally exchanging, but each
object maintains its own temperature, because it receives
as much as it gives.

If a red-hot ball and a thermometer bulb are placed
near one another, the bulb receives more heat from the
ball than it gives to it, and its temperature therefore rises ;
but, if a thermometer bulb and a snowball are placed in
presence of one another, the bulb, being the hotter body,
gives more than it receives, and its temperature therefore
descends. This is the explanation of the experiment with
the conjugate mirrors. That experiment, as was observ-
ed, affords no proof that there are rays of cold : the ef-
fect’is due to the fact that a mutual exchange is going
forward between the two bodies, and the temperature of
the hotter descends. The mirrors, of course, take no
part in this phenomenon ; their office is merely to direct
the path of the rays, as has been explained.

On the principles of the radiation of heat is founded
‘Wells’s theory of the dew. After the sun goes down of an
evening, drops of water condense on the leaves, grass,
stones, and other objects exposed to the air. It was once
a question whether this dew descended in the torm of a
light shower, or ascended from the ground. There are
also certain circumstances apparently very mysterious at-
tending its formation: the dew rarely falls on a cloudy
night ; it also apparently possesses a selecting power, de-

When does the descent of temperature cease ? When an equilibrium
is obtained, what is the rate of the exchanges? Describe the action in
the case of a red-hot ball and a thermometer'bulb_. Describe the action of
a snowball and a thermometer bulb. How is this connected with the ex-
periment with conjugate mirrors ? Under what circumstances does dew

form ?
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positing itself on some bodies in preference to others.
The theory of Dr. Wells furnishes a beautiful explanatlon
of these curious facts. During the day, the various bod-
ies on the surface of the earth, receiving the rays of the
sun, become warm ; but at nightfall, when the sky is un-
clouded, they begin to cool; for, the process pf radiation
continuing without any source of supply, their tempera-
ture must descend. While the sun shone, they received
as much heat from him as they gave forth to the sky, but
when he sets, the supply is cut off, and they therefore
cool; and as there is always moisture in the air, their
temperature descending, by-and-by the dew point is reach-
ed; they become cold enough to condense water from the
surrounding air, and this is the dew. And as different
bodies, according to the roughness or physical condition
of their surfaces, radiate with different degrees of speed,
as Leslie’s canister proves, some of the objects exposed
to the sky cool rapidly, and are covered with dew; but
with others the dew point is never reached : hence the
apparent selecting power. When there is a canopy of
clouds over the sky, dew can not form, for the cloud ra-
diates to the earth as much as the earth radiates to it: the
exchanges are equal, and the equilibrium is maintained ;
but if the cloud disappears, the heat of the surface of the
ground escapes away into the regions of space, and is
lost; hence cloudy nights are warm, and a clear is often
a frosty night. :

For similar reasons, mountain tops are always colder
than valleys. In a valley, the radiation is obstructed by
the sides of the adjacent hills, but on the top of a mount-
ain the free exposure to the sky permits of unchecked
radiation.

It has already been observed, that conduction is only a
form of radiation. In its ordinary acceptation, the term
conduction implies passage from particle to particle, by
reason of their being in contact; but we have proved that
the constitution of matter involves the existence of inter-
stices, and that heat can only pass from among these by
radiating across the interstices ; hence the term interstitial
radiation.

‘What is the theory of Wells? How does this explain the selectir:g
power of bodies ?  How does it explain the action of clouds? Why is it

r‘.';_)ldgr o7n mountains than in valleys ? What is meant by interstitial ra-
1ation ? i
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An interesting conclusion may be drawn from the con-
ditions of the passage of radiant heat through glass. We
have seen it is necessary that the heat should come from
a source of very high temperature to pass this medium
with facility. Now the heat of the sun passes with the
greatest freedom, as is well known when we stand before
a window through which the sun shines. In the focus of
a convex lens of glass exposed in the sun’s rays, bodies
may be readily set on fire. We infer, therefore, that the
temperature of the sun is very high; a result which is
corroborated by proofs drawn from other sciences.

LECTURE XVII.

Naruvre or Lieur.— Vibratory Movement the Cause of
Light— Evolution of Light by Rise of Temperature.—
Case of Gases—Nature of Flame.—Artificial Lights
of variwous Colors—General Properties of Light— The
Prism.— Decomposition of Light by it.— Nature of
White Light—Newton’s T'heory of different Refrangi-
bility.

Tue phenomena of radiant heat lead us by impercep-
tible steps to the phenomena of light. In treating of the
former, we have in many cases drawn illustrations from
the Jatter; and, indeed, there are facts in relation to ca-
loric which it is absolutely impossible to understand until
we comprehend the analogous facts in light. Such, for
instance, is the theory which I have designated “ The
Theory of Ideal Coloration,” and which by the most em-
inent writers is regarded as involving the fundamental
facts of the science of radiant heat.

Light is the result of an undulatory or wave-like mo-
tion, propagated through the ethereal medium, which per-
vades all space. These waves, impinging on the retina,
an expansion of the optic nerve, situated on the posterior
inner surface of the eye, produce in its delicate substance
a specific chemical change. There is no difficulty in ad-
mitting that from these changes impressed upon that sen-

VAWh>at ;gr;glﬁgio;l may be drawn as respects the temperature of the sun,
from the phenomena of radiant heat? What is the cause of light? How
is the influence of light on the retina transmitted to the brain ?
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sitive surface, a vibratory movement is transmitted along
the optic nerve to the brain; for, as we shall see when we
reach the description of a simple voltaic circuit, the oxy-
dation of a piece of zinc may raise the temperature of a
platina thread to a red heat hundreds of miles off] the
movement being transmitted through a solid copper wire.
How much more, then, might we expect to find similar
movements communicated through a delicate nervous
column, specially organized for their passage ?

Nor is there any difficulty in admitting that through
such a channel an infinity of vibrations may simultaneously
pass, undisturbed by each other. All the varied objects
around us, whatever may be their shape or whatever their
color, simultaneously transmit through the optic nerve
their proper impressions, which are registered in the brain.
There are similar phenomena in the case of sound ; thus,
if we take a musical snuffbox, and, removing its case, hold
it in the air, the sound is so enfeebled that it is scarcely
audible a few feet off'; but now, if the
instrument be placed in the position d,
Fig. 53, resting on a block of wood,
¢, which is brought fairly in contact at
its lower end with the table, a b, the
table begins to resound, and the musi-
cal notes are all loudly and distinctly
heard. But these vibrations,into which
TR : the table is thrown, have all passed
through the mass of wood, ¢; if we touch it, it trembles
beneath the finger. And now, no matter how shapeless
that intervening mass may be, nor how intricate the notes
which the instrument is executing, there is no confusion
nor intermingling ; the mass of wood and the table on
which it rests vibrate in unison with the musical mech-
anism.

When the temperature of solid substances is raised to
1000° Fahrenheit, they begin to be luminous in the day-
light, or, as it is termed, are visibly red hot. It requires
a far higher temperature to render a gas incandescent,

Are there any analogous phenomena illustrating the transmission of ef-
fects through great distances? Can such vibrations pass together through
solid bodies without disturbing one another? Give an illustration from the
phenomena of sound. At what temperature are solids luminoug? Is a
gas or a solid more easily made incandescent ? j
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This may be shown by holding a piece of thirplatina wire
in the current of hot air which rises from the apex of the
flame of a lamp; the air is not visibly ignited, but the
platina wire instantly becomes red hot, showing the great
diﬂ'e.rence in this respect between this metal and a gas.

Different vapors and gases evolve different quantities
of light when ignited. The flame of burning hydrogen is
scarcely visible in the daylight; that of alcohol is but little
brighter, but, under the same circumstances, sulphuric
ether emits much light. If we take a glass of the form
Iig. 54, consisting of a bulb, e, and e
curved tube, 6, and having filled the il
bulb with ether, cause it to boil by
the application of a lamp, ¢, the
ether may be set on fire asitis forced
out of the vessel by the pressure of
its vapor. It burns in a beautiful c
arch of great brilliancy; but if we
substitute alcohol for ether, the light becomes quite in-
significant.

The light which is emitted by lamps and candles is,
however, in reality, due to the disengagement of solid
matter. The constituents of the gas which produces the
flame are carbon and hydrogen chiefly ; of these, the latter
is the more combustible, and is first burned ; for a moment,
therefore, the carbon exists in a solid form, in a state of
extreme subdivision, and at a high temperature, but being
in contact with the external air, it is immediately consumed.

Artificial lights differ in color. If alcohol be mixed
with common salt and set on fire, the flame is of a yellow
tint; if with boracic acid, it is green; if with nitrate of
strontian, it is red. It is upon these principles that the
art of pyrotechny depends.

From whatever source light.may come, it exhibits the
same physical properties. It moves in straight lines.
‘When it impinges on polished metallic surfaces, it is re-
flected ; on dark surfaces, it is absorbed ; on transparent
surfaces, as glass, it is transmitted. In the last case, it is

In the combustion of vapors and gases, is there any difference in the
amount of light emitted? How may this be illustrated? To what cause
are we to attribute the light emitted by lamps and candles ? How may
artificial yellow, green, and red lights be made? - In what course dpes
lieht move? What is meant by the reflection, absorption, transmission,
and refraction of light ?

G

NS
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frequently forced into a new path, as we shall presently
see, and then the phenomenon takes the name of refrac-
tion, because the ray is broken from its primitive course.
There are two different kinds of opacity, black and
white; charcoal is a black opaque substance, earthen-
Fig.55. ware is opaque white. ! :
Sir Isaac Newton first succeeded in proving
? the compound nature of light by the aid of a
very simple instrument, a glass prism. It con-
sists of a piece of glass having three sides,
Fig. 55,a a, and is usually mounted on a brass
stand, b, with a ball and sccket joint, ¢, which
allows us to place it in any required position.
Let the shutters of a room be
closed, and through an aperture in
one of them, suitably situated, let a
beam of the sun enter, Fig. 56, a. It
pursues, of course, a straight path,
following the dotted line, « e. Now
let the prism interpose in the position
b ¢, so as to intercept completely the
ray. This goes no longer to e, but is
bent out of its course, and moves in

Fig. 56.

the direction d.

Two striking facts are now to be remarked : first, the
ray a is refracted or broken from its path; and, second,
instead of forming on the surface d, upon which it falls, a
white spot, an elongated and beautifully-colored image
is produced. These colors are seven in number: red,
yellow, orange, green, blue, indigo, violet. The separation
of these colors from one another is designated by the term
Dispersion.

Newton has shown that white light consists of these vari-
ous-colored rays blended together ; and their separation in
the case before us is due to the fact that the prism refracts
them unequally. On examining the position of the colors,
in their relation to the point ¢, to which they would all
have gone had not the prism intervened, it is ascertained
that the red is least disturbed or refracted from its origi-

How many kinds of opacity are there? Describe the prism. State the
effect which ensues when a ray passes through the prism. What is meant
by refraction? What by dispersion? What is Newton’s theory of the
constitution of light ?
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nal path, and the violet most ; for these reasons, we call
the red the least refrangible ray, the violet the most refran-
gible, and the yellow intermediately.

That the mixture of these colored rays reproduces
white light, may be proved by resorting to any optical
contrivance which will reassemble them all in one point;
that point will be perfectly white.

LECTURE XVIII.

CONSTITUTION OF THE SoLAR SpECTRUM.— Order of the
Colors.— Order of Intensity of the Light.— Distribution
of Heat.—The Chemical Rays— Their Distribution.—
Constitution of the Solur Rays.

Ler v r, Fig. 57, represent the spectrum Fis. 57
which is given by a sunbeam after its passage [
through a prism, and ¢ the point to which it
would have gone had not the prism intervened;
the order of the colors commencing with that
which is least disturbed from its path, or nearest
to e, is as follows :

Red, Blue,
Orange, Indigo,
Yellow, Violet.
Green,

These colors gradually blend into each other, mi
so that their boundaries can not be traced ; and instead
of a circular spot, which would have resulted had they
gone forward to e, they are dilated out, so as to form an
elongated figure with parallel sides; at the two extremi-
ties the light fades gradually away, so that we can not trace
its limit with precision.

Besides this difference of color, the light differs in in-
trinsic brilliancy in the different spaces. Thus, if we re-
ceive the spectrum on a piece of finely-printed paper, we
can read the letters in each color at very different dis-
tances. In the yellow region the light is most brilliant,
and there we can read farthest. From this point the light
declines in brilliancy to the two ends of the spectrum, its

Which is the least, and which the most refrangible ‘ray? Of what does
white light consist? What is the order of refrangibility of colors? What
is the fizure of the spectrum? How may the illuminating power be de.

termined ?
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intensity in the colored spaces being in the following or-
der:

Yellow, Blup,
Green, In'dlgo,
Orange, Violet.
Red, |

Sir W. Herschel discovered, while using large reflecting
telescopes, that the calorific rays of the sun pass with dif-
ferent degrees of facility through colored glasses, and was
led to examine the temperature of the colored spaces of
the solar spectrum, to see whether the intensity of the heat
follows the intensity of the light. It was reasonable to
suppose that the yellow space, being the brightest, would
be also the hottest. e therefore placed delicate
thermometers in the various colored spaces, and
kept them in these spaces until they had risen as
high as the ray could bring them. The thermom-
i[el— eter v, Fig. 58, has risen the least, and in suc-
slei— cession, ¢,b, g, 7,0, 7 ; that which was immersed
g[ei— in the red being the highest,
o{e—== It thus appears that the distribution of heat in
2t=— the colored spaces of the solar spectrum is not the
- same as the distribution of light; that the yellow

ray, though it is the most luminous, is far from
being the hottest, and that the intensity of the heat stead-
ily increases from the violet to-the red extremity.

But this is not all : he farther found, that if a thermom-
eter be brought out of the red region in the position z, be-
yond the limits of the spectrum, and where there is no
light whatever, it stands higher than any of the others.
From this a most important conclusion is to be drawn,
that the light and heat existing in the sunbeam are dis-
tinct and independent agents, and that by such processes
as we are considering they may be perfectly separated
from each other.

It was discovered by some of the alchemists, centuries
ago, that the chloride of silver, a substance of snowy white-
ness, turns black on exposure to the light. More recent-
ly, a great number of such bodies have been found—bod-

Fig. 58.

V| o=

What is the order of illuminating power? Describe the discovery of
Sir W. Herschel. Ts the distribution of heat in the spectrum the same as
the distribution of light? What fact indicates that the light and heat are
separate and independent agents 7 W hat changes does chloride of silver
undergo in the sunshine 7
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ies which change, with greater or less rapidity, under the
influence of this agent. Theiodide of silver, which forms
the basis of the process known as the Daguerreotype, is
such ; and a mixture of chlorine and hydrogen gases in
equal volumes, though it may be kept unchanged for a
great length of time in the dark, explodes violently on ex-
posure to the sunshine. Inthe same manner changes take
place in a great variety of organic compounds ; the most
delicate vegetable hues are soon bleached, and, indeed, a
ray of light can scarcely fall on a surface of any kind
without leaving traces of its action.

If a piece of paper, spread over with chloride of silver,
be placed in the solar spectrum, it soon begins to blacken.
But it does not blacken with equal promptitude in each
of the colored spaces; the effect takes place most rapidly
among the more refrangible colors, and especially in the
violet region. As in the case of heat, the effect extends
far beyond the limit of the spectrum, and where the eye
can not discover a trace of light. 'We are led, therefore,
to conclude that there exists in the sunbeam an agent ca-
pable of producing chemical effects, which exerts no action
on a thermometer, which can not be perceived by the eye,
and which therefore is neither heat nor light.

By placing mixtures of chlorine and hydrogen in small
vials, and immersing them in the colored spaces, we can
readily determine the place of maximum action, and the
distribution of the chemical influence throughout the
spectrum. In this, as in the former instance, the greatest
effect is found among the more refrangible colors, and
from that point diminishes toward each extremity of the
spectrum.

As the general result of this examination of the solar
spectrum, we finally come to the conclusion that light, far
from being a simple, is a very complex agent; that there
exist in the sunbeam at least three separate principles:
one which excites in our bodies the sensation of .warmth ;
a second which, from its influence on the organs of vision,
we recognize as light; and a third which determines the

‘When a mixture of chlorine and hydrogen is exposed to the sun, what oc-
curs? How does light change vegetable colors? W hich ray darkens the
chloride of silver most ?  What proof have we that another agent exists in
the sun’s rays besides light and heat? What ray affects the mixture of
chlorine and hydrogen most powerfully ? What is the general result as
respects the constitution of the sunbeam ?

G2
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production of chemical changes. Future discovery may
show that these are modifications of one common princi-
ple, but in the present position of science we are obliged
to regard them as essentially distinct.

Besides these three principles, there are several facts
which point out the existence of a fourth. "When oyster-
shells have been calcined with sulphur, they obtain the
quality of shining after they have been exposed to the
light. The brief flash of an electric spark is sufficient to
make them glow splendidly; but, what is very singular,
the rays, which in this instance bring about this result,
can not pass through a piece of glass. Glass is perfectly
opaque to them. 'We can not regard that as light which
is unable to pass through glass; and on arguments of this
character, I have shown that the phosphorogenic rays are
entitled to be regarded as a distinct imponderable prin-
ciple.—(Pril. Mag., Aug., 1844.)

LECTURE XIX.

Wave Turory or Lieur.—Fixzed Lines in the Solar
Spectrum.—Proofs of the Existence of the Ether— Light
consists of Waves in it—The Kthereal Particles move
but little— Distinction between Vibration and Undula-
tion.— Fresnel’s Theory of Transverse Vibrations.—
Transverse and Normal Waves.— Brilliancy of Light
depends on Amplitude of Vibration.

In the foregoing examination, we have found that light
is very far from being a simple agent; it contains at least
four distinct principles: heat, light, chemical action, and
phosphorescence ; but of each of these there are many
modifications. The eye proves to us that of light there
exist at least seven different varieties, answering to the
seven colors, and besides this, innumerable intermediate
tints ; the same subdivision may be traced for each of the
other principles.

‘When the aperture which admits a ray of light into the
dark room, Fig. 56, is a narrow fissure or slit, not more

‘What proof is there of the existence of a fourth principle? Can the
phosphorogenic rays of an electric spark pass through glass ? Are there
any subsidiary modifications besides the four here mentioned ?
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than the one thirtieth of an inch in width, the spec-
trum which is formed by the action of a prism is
crossed by great numbers of black lines. These |
always are found in the same position, as respects
the colored spaces, and, from the invariability of
that position, are much used as boundary marks.
They are designated by the letters of the alpha-
bet, and their relative magnitude, with their po-
sition, is given in Fig. 59.

It has already been said that the cause of light
is an undulatory movement taking place in the f
ethereal medium. That such a medium exists
throughout all space, seems to be proved by a
number of astronomical facts. It exerts a resist-
ing agency on bodies moving in it. From its
tenuity, we should scarcely expect that it would
impress any disturbance on the great planetary masses ;
but on light gaseous cometary bodies it produces a per-
ceptible action. The comet of Encke, with a period of
about 1200 days, is accelerated in each revolution by
about two days; and that of Biela, with a period of 2460
days, is accelerated by about one day. As there is no
other obvious cause for these results, astronomers have
very generally looked upon them as corroborative proofs
of the existence of a resisting medium, that universal ether
to which so many other facts point.

In this elastic medium, undulatory movements can be
propagated in the same manner as waves of sound in the
air. It is to be clearly understood that the ether and light
are distinet things ; the latter is merely the effect of move-
ments in the former. Atmospheric air is one thing, and
the sound which traverses it another. The air is not
made up of the notes of the gamut, nor is the ether com-
posed of the seven colors of light. R

Across the ether, undulatory movements, resembling, in
many respects, the waves of sound in the atmogphere, trav-
erse with prodigious velocity. From the eclipses of Ju-
piter’s satellites, and other astronom?cal phgnomena, it
appears that the rate of the propagation of light, or the

What are the fixed lines? How are these lines designated, and what
is their use ? What proofs have we of the existence of an ethereal me-
dium? What is the relation between the ether and light? At what
rate is light propagated ?
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velocity with which these waves advance, is 195,000 miles
in a second. We are not, however, to understand by this
that the ethereal particles rush forward in a rectlhr}ear
course at that rate : those particles, far from advancing,
Temain stationary.
If we take a long cord, a b, Fig. 60, and having fast-
Fig. 60. ened it by the extrem-
[ ity, b, to a fixed obsta-
by cle, commence agita-
ting the end, @, up and
N down, the cord will be
thrown into wave-like motions passing rapidly from one
end to the other. This may afford us a rude idea of the
nature of the ethereal movements. The particles of which
the cord is composed do not advance or retreat, though
the undulations are rapidly passing.

So, too, if in the center, ¢, of a surface of water, Fig.
61, we make a tapping motion with the
finger, circular waves are propagated,
which, expanding as they go,soon reach
the sides of the vessel which holds the
water. A light objeet placed on the
surface is not violently drifted forward
by the waves, but remains entirely mo-
tionless. We see, therefore, that there
is a wide distinetion between the mo-
tion of a wave and the motions of the particles among
which it is passing. They retain their places, but the
wave flows rapidly forward.

A distinction is to be made between the words vibra-
tion and undulation. In the case of the cord, Fig. 60, the
vibration is represented by the movement exerted by the
hand at the free extremity, @ ; the undulation is the wave-
like motion that passes along the cord. In the case of
the water, Flig. 61, the vibration was represented by the
tapping motion of the finger, the undulation by the result-
ing wave. We, therefore, see that these stand in the re-
lation of cause and effect : the vibration is the cause, and
the undulation the effect. Throughout the ethereal medi-

Do the ethereal paiticles move forward at that rate? How may the
movements of ethereal waves be represented by a cord ? How may they
be represented on the surface of water? Do the vibrating particles move
forward with the wave ? What is the distinction between vibrations and
undulations ?
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um, each particle vibrates and transmits the undulatory
effect to the particles next beyond it.

In the same way as a vibrating cord agitates the sur-
rounding air, and makes waves of sound pass through it,
so does an incandescent or shining particle, vibrating with
prodigious rapidity, impress a wave-like movement on the
ether, and the movement eventually impinging on the eye
is what we call light.

To refer again to the simple illustration given in Fig.
60: it is obvious that there are an infinite variety of di-
rections in which we may vibrate that cord or throw it
into undulations. We may move it up and down, or
horizoutally right and left, and also in an infinite number
of intermediate directions, every one of which is trans-
verse, or at right an- Fig. 62.
gles to the length of b e
the cord, as @ a, b b,
¢l e &ch o GRECIASC
This is the peculiari- ]
ty of the movement ¢
of light. Its vibrations are transverse to the course of the
ray; and in this it differs from the movement of sound, in
which the vibrations are normal, that is to say, executed in
the direction of the resulting wave, and not at right angles
to 1t.

This great discovery of the transverse vibrations of
light was made by M. Fresnel. It is the foundation of
the whole theory of optics, and offers a simple but brill-
iant explanation of so many of the phenomena of light,
that the undulatory theory is by many writers designated
the Tueory or TRANSVERSE VIBRATIONS.

It may, however, be remarked, that though light con-
sists of rays originating in these transverse motions, it is
not impossible that there may be other phenomena which
correspond to movements in other directions. To those
movements our eyes are totally blind, and hence we can
not speak of them as light. In the same way there may
be motions in the air, due to transverse vibrations, but to
them our ear is perfectly deaf. But it is not improbable
that God has formed organs of vision and organs of hear-

How does each ethereal particle propagate the wave to those beyond
it? Is there any analogy between.sopud 'and light? In how many ways
may a cord be vibrated? What is implied by the term theory of traus-
verse vibrations? Are other motions possible ?
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ing in the case of other animals upon a different type ;
eyes that can perceive normal vibrations in t_he ethqr,
and ears that can distinguish transverse sounds in t.he air.

Lights differ from each other in two striking particulars
—brilliancy and color. These are determined by certain
affections or qualities in the waves. On the surface of
water we may have a wave not an inch in altitude, or a
wave, as the phrase is, “ mountains high.”” Under these
circumstances, waves are said to differ in amplitude ; and,
transferring this illustration to the case of light, a wave,
the amplitude of which is great, impresses us with a sense
of intensity or brilliancy, but a wave, the amplitude of
which is little, is less bright. The brilliancy of light de-
pends on the magnitude of the excursions of the vibrating
particle.

LECTURE XX.

Wave Tueory or Lienr.— Colors of Light depend upon
Wave Lengths.— Interference of Sounds.— Young’s
Theory of Interference of Light— Condition of Inter-

Jerence— Explanation of Lights and Shades in Shad-

ows.

By the length of a wave upon water, we mean the dis-

Fig. 63. tance that intervenes from the crest

a b of one wave to that of the next, or

from depression to depression.

% d Thus, in Fig. 63, from « to &, or,

what is the same, from ¢ to d, constitutes the wave length.

In the ether the length of the waves determines the
phenomenon of color; this may be rigorously proved, as
we shall soon see, when we come to the methods by which
philosophers have determined the absolute lengths of un-
dulations. It has been found that the longer waves give
rise to red light, the shorter ones to violet, and those of
intermediate magnitudes the other colors in the order of
their refrangibility.

Two rays of light, no matter how brilliant they are sep-

‘What is meant by the amplitude of waves? On what does the brillian-
cy of light depend ? What is meant by the length of a wave? Whatis
the connection between color and wave length ?
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arately, may be brought under such relations to one
another as to destroy each others effect and produce dark-
ness. Light added to light may produce darkness. Two
sounds may bear such a relation to each other that they
shall produce silence; and two waves, on the surface of
water, may so interfere with one another that the water
shall retain its horizontal position.

Take two tuning forks of the same note, and fasten by
a little sealing wax on one prong of each a  pi,. ga.
disc of card-board, half an inch in diameter,
as seen [g. 64, a. Make one of the forks a
little heavier than the other, by putting on
the end of it a drop of the wax.

Then take a glass jar, 4, about two inches
in diameter and eight or ten long, and having
made one of the forks vibrate, hold it over
the mouth of the jar, as seen at d, its piece
of card-board being downward ; commence pouring water
into the jar, and the sound will be greatly re-eunforced.
It is the column of air in the jar vibrating in unison with
the fork, and we adjust its length by pouring in the water;
when the sound is loudest, we cease to pour in any more
water, the jar is adjusted, and we can now prove that two
sounds added together may produce silence.

It matters not which fork is taken, whether it be the
light or the loaded, on making it vibrate and holding it
over the mouth of the resonant jar, we hear a uniform
and clear sound, without any pause, stop, or cessation.
But if we make both vibrate over the jar together, a re-
markable phenomenon arises, a series of sounds alterna-
ting with a series of silences; for a moment the sound in-
creases, then dies away and ceases, then swells forth
again, and again declines, and so it continues until the
forks cease vibrating. The length of these pauses may be
varied by putting more or less wax on the loaded fork ;
and as we can see that even during the periods of silence
both forks are rapidly vibrating, the experiment proves
that two sounds taken together may produce silence.

Under these circumstances, waves of sound are said to

i inter! i ? Give an il-
What is meant by the interference of lights or of sounds i
lustration of the interference of sounds. What is the character of the
sound which the resonant jar emits ? Why are there pauses in it? At
the time of these pauses, are the forks vibrating?
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interfere with each other, and in like manner interference
takes place among the waves of light.. We can gather
an idea of the mechanism by considering this case In waves
upon water, in which, if two undulations encounter under
such circumstances that the concavity of the one corre-
sponds with the convexity of the other, they mutually de-
stroy each other’s effect.

If two systems of waves of the same length encounter
each other after having come through paths of equal length,
they will not interfere. Nor will they interfere even
though there be a difference in the length of these paths,
provided that difference be equal to one whole wave, or
two, or three, &c.

But if two systems of waves of equal length encounter
cach other after having come through paths of wnequal
length, they will interfere, and that interference will be
complete when the difference of the paths through which
they have come is half a wave, or 11, 21, 31, &e.

Fig. 65. These cases are respectively shown

b 4 e ata b, and ¢ d, Fig. 65, at the point
M of encounter, z ; in the first instance,
% the two sets of waves are in the same

i phase, that is, their concavities and

2 ¢ convexities respectively correspond,
@ i and there is no interference; but in
the second case, at the point of en-

counter, z, the two systems are in opposite phases, the

convexity of the one corresponding with the concavity of
the other, and interference takes place.

Upon these principles, we can account for the remark-

Fig. 66. able results of the following experi-

ment : From a lucid point, s, Fig.

66, which may be formed by the

>
X

/9 rays of the sun converged by a dou-

= ¢ ble convex lens of short focus, or by

) passing a sunbeam through a pin-

b hole, let rays emanate, and in them

% place the opaque obstacle, @ b, which

we will suppose to be a cylindrical

When two waves upon water encounter each other, under what cir-
cumstances will they interfere? When systems of waves of equal length
encounter one another, when do they, and when do they not, interfere 1
Describe the experiment represented in Fig. 66.
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body, seen endwise in the figure; at some distance beyond
place a screen of white paper, ¢ d, to receive the shadow.
It might be supposed that this shadow should be of a
magnitude included between = y, because the rays, s a,
s b, which pass the sides of the obstacle impinge
on the paper at those points. It might farther be
supposed, that within the space z y the shadow
should be uniformly dusky or dark ; but, on exam- (&
ining it, such will not be found to be the case.
The shadow will be found to consist of a series of
light and dark stripes, as represented in Fig. 67.
In its middle, at e, [igs. 66 and 67, there is a white
stripe ; this is succeeded on each side by a dark
one; this, again, by a bright one, and so on alternately.

Upon the undulatory theory, all this is readily explain-
ed. Sounds easily double round a corner, and are heard
though an obstacle intervenes. Waves upon water pass
round to the back of an object on which they impinge,
and the undulations of light in the same manner flow
round at the back of the piece of wire, @ b, Fig. 66 ; and
now it is plain that two series of waves which have passed
from the sides of the obstacle to the middle of its shadow,
that is, along the lines a e, b ¢, have gone through paths
of equal length, and, therefore, when they encounter at
the point e, they will not interfere, but exalt each other’s
effect.

But, leaving this central point, ¢, and passing to f; it is
plain that the systems of waves which have come through
the paths a f; b f, have come through different distances,
for b f is longer than @ f; and if this difference be equal
to the length of half a wave, they will, when they encoun-
ter at the point f; interfere and destroy each other, and a
dark stripe results.

Beyond this, at the point g, the waves from each side
of the obstacles, @ g, b g, again have come through une-
qual paths; but, if the difference is equal to the length _of
one whole wave, they will not interfere, and a white
stripe results. : ;

Reasoning in this manner, we can see that the interior

Fig. 67.

Is the resulting shadow uniformly dark? At the central point of the
shadow, is it dark or light? Explain the cause of this central light space,
and of the alternate dark and light ones on eac}} sidq of it? What is the
length of the paths of the waves which go to the illuminated spaces, and of
those which go to the dark ones ?
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of such a shadow consists of illuminated and dark spaces
alternately : illuminated spaces, when the light has come
through paths that are equal, or that differ from each oth-
er by 1, 2, 3, 4, .. &c., waves; and dark, when the dif-
ference between them is equal to 3, 14, 2%, 31, .. &c,
waves.

That it is the interference of the light coming from the
opposite sides of the opaque object which is the cause of
these phenomena, is proved by the circumstance that if
we place an opaque screen on one side of the obstacle, so
as to prevent the light passing, the fringes all disappear.

LECTURE XXI.

Wave Turory or Lienr.— Measurement of the Length of
a Wave of Light— Length differs for different Colors.
— Measurement of the Period of Vibrations.— Nature of
Polarized Light.— Plane, Circular, and Elliptical
Polarized Light—Reflection, Refraction, and Absorp-
tion of Light.

TuE experiment, Fig. 66, may enable us to determine
the length of a wave of light. This may be readily done
by measuring the distances @ _f and 4 _f, or from the sides
of the obstacle to the first bright stripe from the central
one, for at that point the difference between those two
lines, @ fand b f, is equal to the length of one wave.
We might employ the second bright stripe ; the differ-
ence then would be equal to two waves.

Farther, if, instead of using ordinary white light, radia-
ting from the lucid point, s, we use colored lights, such as
red, yellow, blue, &ec., in succession, we shall find that
the wave length determined by the process just explained
differs in each case; that it is greatest in red, and small-
est in violet light. By exact experiments made upon
methods more complicated than the elementary one here
given, it has been found that the different colored rays of
light have waves of the following length :

How can it be proved that the waves from the opposite sides of the ob-
stacle interfere? How, by this arrangement, might we measure the
length of a wave of light? When different colors of light are used, are
the waves found to be of equal length ?
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WAVE LENGTHS OF THE DIFFERENT COLORS OF LIGHT.

The English inch is supposed to be divided into ten
millions of equal parts, and of those parts the wave lengths
gres
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In this manner, it is proved that the different colors of
light arise in the ether, from its being thrown into waves
ol different lengths.

Knowing the rate at which light is propagated in a
second, and the wave length for a particular color, we can
readily tell the number of vibrations executed in a second,
for they plainly are obtained by dividing 195,000 miles,
the rate of propagation by the wave length. From this it
appears, that if a single second of time be divided into one
million of equal parts, a wave of red light trembles or pul-
sates 458 millions of times in that inconceivably short in-
terval, and a wave of violet light 727 millions of times.

In speaking of the constitution of matter, in Lectures I.
and IL., I had occasion to allude to the amazingly minute
scale on which it is constructed. The remarkable facts
we are now considering are a monument to the genius of
Newton and his successors, for they give us a just idea of
the scale of space and time upon which Nature carries on
her works among the molecules of matter.

Common light, as has been said, originates in vibratory
motions.taking place in every direction transverse to the
ray. With polarized light it is different; to gather an
idea of the nature of polarized light, we must refer once
more to the cord, Fig. 62, which, as has been said, serves
to imitate common light when its extremity is vibrated
vertically, horizontally, and in all intermediate positions
in rapid succession. But if we simply vibrate it up and
down, or right and left, then it imitates polarized light;
polarized light is, therefore, caused by vibrations trans-
verse to the ray, but which are executed in one direction
only.

What is the length of a wave of red and of violet light respectively ?
How can we ascertain the number of vibrations in a second? On the un-
dulatory theory, in what directions do the ethereal particles vibrate in the
case of common light ? What is the case in polarized light ?
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There is a certain gem, the tourmaline, which serves to
exhibit the properties of polar-
ized light. If we take a thin
plate of this substance, ¢ d, prop-
erly cut and polished, and allow
il a ray of light, a b, Fig. 68, to
v \ fall upon it, that ray will be
freely transmitted through a second plate if it be held
symmetrically to the first, as shown ate f; but if we turn
the second plate a quarter round, as seen at g /%, then the
light can not pass through. The rays of the meridian sun
can not pass through a pair of crossed tourmalines.

Fig. 69. The cause of this is obvious: if we take

% d a thin lath or strip of pasteboard, ¢ d,

¢ Fig. 69, and hold it before a cage, or
grate, @ b, it will readily slip through

c l when its plane coincides with the bars;
but if we turn it a quarter round, as at e

b /> then of course it can not pass the bars,

Now the plate of tourmaline, Fig. 68, ¢ d, polarizes the
light, @ b, which falls upon it; that is, the waves that pass
through it are vibrating all in one plane. They pass,
therefore, readily through a second plate of the same kind,
so long s it is held in such a way that its structure coin-
cides with that motion, but if it be turned round so as to
cross the waves, then they are unable to pass through it.

There are many ways in which light can be polarized:
by reflection, refraction, double refraction, &c. The re-
sulting motion impressed on the ether is the same in all
cases.

Light modified as just described is designated plane
polarized light ; but there are other varieties of polariza-
tion. If the end of the rope, Fig. 62, be moved in a cir-
cle, circular waves will be produced, imitating circularly
polarized light; and if it be moved in an ellipse, elliptical
polarized light. :

The undulatory theory of light gives a clear account of
the ordinary phenomena of optics. The general law
under which light is reflected from polished surfaces is a

Describe the optical properties of the tourmaline. Give an illustration
of the phenomenon. What is the cause of the action of the second tour
maline plate ? Mention some.of the methods by which licht may be po-
larized. 'What is circularly polarized light? What is elliptically polar
ized light ?
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direct consequence of it ; that law is: that the g 50:
angle, d ¢ b, Fig. 70, made by the reflected L2 L
ray, d ¢, with a perpendicular, ¢ 4, drawn to
the point ¢, at which the light impinges, is %
equal to the angle, @ ¢ b, which the incident 5
ray makes with the same perpendicular, or,
as it is briefly expressed, “ the angles of inci-
dence and reflection are equal to each other, and on op-
posite sides of the perpendicular.”

By the aid of this law, we can show the action of re-
flecting surfaces of any kind, and discover the properties
of plane and curved mirrors, whether they be concave or
convex, spherical, elliptical, paraboloidal, or any other
figures.

Ifrom the undulatory theory, the law of the refraction
of light also follows as a necessary consequence. It is:
in every transparent substance, “the sines of the angles
of incidence and refraction are to each other in a constant
ratio;”” and by the aid of this law we can determine the
action of media bounded by surfaces of any kind, plane or
spherical, concave or convex. It explains the action of
lenses, and the construction of refracting telescopes and
microscopes.

Sir Isaac Newton’s discovery, that white light arises
from the mixture of the different colored rays in certain
proportions, explains the cause of the colors which trans-
parent media often exhibit; thus, if glass be stained with
the oxide of cobalt, it allows a blue light to pass it, and
upon such principles the art of painting on glass depends ;
different colors being communicated by different metallic
oxides. The cause of this effect is readily discovered ;
for, if we make the light which enters a dark room, as in
Fig. 56, pass through such a piece of stained g]a_ss before
it goes through the prism, and examine the resulting spec-
trum, we find that several rays are wanting in it ; that the
glass has absorbed or detained some, and allowed others
to traverse it. A piece of blue glass thus suffers most of
the blue light to pass, but stops the green, the yellow, &ec.
But it is also to be observed, that the light which is trans-
mitted by any of these colored media is not pure, it 1s

What is the general Taw of reflection? ‘W hat is the law of the refrac-
tion of light? What is the cause of the colors of transparent media? Is
the light transmitted through these colored media pure?

H 2

&
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contaminated with other tints ; the blue glass, for instance,
does not stop all the rays except the blue; ?t all?ws a large
portion of the red to pass, and hence the light it transmits
1s more or less compound.

LECTURE XXII.

Tue Trraonic Ravs.—Peculiarities of the Tithonic Rays.
—Their Physical Independence of Heat and Light—
Analogies with Light— Found in DMoonlight, Lamp-
light, §&c.—Preliminary Absorption and definite Action.
—In producing a Chemical Effect, the Ray changes.—
Daguerreotype—Application to taking Portraits.— Na-
ture of the Daguerreotype.— Other Photogenic Processes.

It has been already observed, that when a solar spec-
trum falls upon paper covered over with chloride of sil-
ver, the chloride turns black in the more refrangible re-
gions, and from this and similar experiments we have been
led to the knowledge that there exists in the sunbeam a
principle which can bring about chemical changes.

This fact has been received from the beginning of the
present century; but, of late, much attention has been
given to these rays, and from a consideration of the phe-
nomena they exhibit, I have endeavored to prove that they
constitute a fourth imponderable principle of the same
rank as heat, light, and electricity ; and, for the purpose
of giving precision to this view, have proposed that they
should be called Tithonic rays, from the circumstance
that they are always associated with light; drawing the
allusion from the classical fable of Tithonus and Aurora.

This name is, however, to be regarded as a provisional
one. KEvery thing seems to indicate that sooner or later
all these principles will be reduced to one of a more gen-
eral nature, or that they are all modifications of move-
ments taking place in the ether.

The evidence of the physical independence of the Ti-
thonic rays is very much of the same character as the evi-
dence of the difference between heat and light. These

‘What reason have we to suppose that there exists another principle
besides heat and light in the solar rays? Why is the name Tithonic rays
suggested for this principle ?
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rays are invisible to the eye, and therefore are not light;
they do not affect a thermometer, and therefore are not
heat. Media which are transparent to heat are not trans-
parent to them, and media through which light readily
passes are perfectly opaque to them.

The Tithonic rays are emitted, and undergo reflection,
refraction, and polarization, precisely in the manner of
light and heat. Unlike the latter principle, they exhibit
no phenomenon of conduction; the effect which they pro-
duce does not pass from particle to particle, but is limited
to that on which the light has impinged ; norisit, as yet,
distinctly established that they exhibit any phenomenon
analogous to secondary radiation. An object upon which
rays of heat fall, as it becomes warm, radiates back again,
but a substance on which Tithonic rays are impinging
does not radiate in like manner.

In the sunbeams Tithonic rays exist abundantly; I have
also found them in the moonlight, in sufficient quantity to
give copies of that satellite on sensitive surfaces. In
lamplight and other artificial light, they also occur to a
much greater extent than is commonly supposed. They
do not effect a thermometer, because, except under pe-
culiar circumstances, they can not produce expansion ;
their office appears to be to arrange and group the mole-
cules of bodies, and to bring about the substitution of one
element for another.

When the Tithonic rays fall upon a sensitive medium
for a brief space of time, no change takes place in it;
during this time the rays are actively absorbed, but as
soon as that preliminary absorption is over they act in a
manner which is perfectly definite: if, for instance, it be
a decomposition they are bringing about, the amount of
decomposing effect will be precisely proportional to the
quantity of rays absorbed.

When a beam from any shining source causes a de-
composing effect, it is uniformly observed that it is itself
disturbed ; the medium which is changing impresses a
change on the ray. Thus, a mixture of chlorine and hy-

Are these rays visible ? Do they affect a thermometer? Can they be
conducted like heat? Do they exhibit secondary radiation? Ave they
found in the moonbeams and artificial lights? Do they affect the ther-
mometer? The mode of action of these rays on bodies is divided into two
stages, what are they ? Does the ray itself change in.bringing about these

changes ?
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drogen unites under the influence of a ray, but that por-
tion of the ray which passes through the mixture has lost
the quality of ever bringing about a like change again;
the mixture is tithonized and the light detithonized.

When a beam from any shining source falls on a
changeable medium, a portion of it is absorbed for the
purpose of effecting the change, and the }‘eSIdue is either
reflected or transmitted, and is perfectly inert as respects
the medium itself.

No chemical effect can, therefore, be produced by such
rays except they be absorbed. It is for this reason that
water is never decomposed by the sunshine, nor oxygen
and hydrogen made to unite ; for these substances are all
transparent, and allow the rays to pass without any ab-
sorption, and absorption is absolutely necessary before
chemical action can ensue.

But with chlorine the case is very different. This sub-
stance exerts a powerful absorbent action on light ; the
effect takes place on the more refrangible rays; when
mixed with hydrogen and set in the light, it unites with a
violent explosion.

The process of the Daguerreotype depends on the action
of the Tithonic rays. It is conducted as follows: A piece
of silver plate is brought to a high polish by rubbing it
with powders, such as Tripoli and rotten-stone, every care
being taken that the surface shall be absolutely pure and
clean, a condition obtained in various ways by different
artists, as by the aid of alcohol, dilute nitric acid, &c.
This plate is next exposed in a box to the vapor which
rises from iodine at common temperatures, until it has ac-
quired a golden yellow tarnish; it is next exposed, in the
camera obscura, to the images of the objects it is designed
to copy, for a suitable space of time. On being removed
from the instrument, nothing is visible upon it; but on ex-
posing it to the fumes of mercury, the images slowly evolve
themselves.

To prevent any farther change, the tarnished aspect of
the plate is removed by washing the plate in a solution of
hyposulphite of soda, and finishing the washing with wa-
ter; it can then be kept for any length of time.

Does the ray undergo absorption ? Why can not water be decomposed
in the sunshine? Why do chlorine and hydrogen explode? Describe
the process of the Daguerreotype. Are the images visible at first? By
what means are they brought out? How is the picture preserved from
farther change ?
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Several important improvements on the original process
have been made: 1st, by exposing the plate, after it has
been iodized, to the vapor of bromine, or chloride of iodine,
which gives it a wonderful sensibility ; 2d, by gilding the
plate, after the other operations are complete, by the aid
of a mixture of hyposulphite of soda and chloride of gold ;
this acts like a varnish, fastening the picture and giving
it a more agreeable yellow tone.

The art of taking portraits from the life, which has now
become a branch of industry, was invented by me soon
after the Daguerreotype was known in America; at that
time, this, which is by far the most valuable application
of the chemical agencies of light, was looked upon in Eu-
rope as entirely beyond the powers of this process; but
subsequently great improvements in it have been made.
My memoir descriptive of the art may be seen in the Lon-
don and Edinburgh Philosophical Magazine (September,
1840), and the facts are also specified in the Edinburgh
Review (January, 1843), in which the discovery is attrib-
uted to its proper source, the author of this book.

When a beam falls upon the surface of a Daguerreotype
plate, it communicates to the iodide of silver a tendency
to decomposition, but iodine is never set free because of
the metallic silver behind. On exposing a surface dis-
turbed in this manner to the vapors of mercury, entire
decomposition of the iodide ensues, its silver unites with
the mercury, forming a white amalgam, and the iodine
corrodes the metallic silver behind. The utmost care
must be talcen in all Daguerreotype processes to have no
vapors of iodine, or bromine, or chlorine about the camera
or other apparatus; they possess the quality of effacing
-the effects of light, and the most common source of failure
among Daguerreotype artists is due to neglecting this
precaution. ] . 4

There are some important difficulties te which the Da-
guerreotype is liable. TFor taking landscapes it is not
available. Green and red colors impress no change upon
it. The order of colors and light and shadow is not, there-
fore, strictly observed.

Mention some of the later improvements of the process ? 1In this pro-
cess is iodine set free from the plate ?  With what .does the iodine unite
under the influence of the mercurial vapor? Why is not the Daguerreo-
type applicable to landscapes !
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There are many other photogenic processes now known:
several have been invented by Mr. Talbot; among them
may be mentioned the calotype. Sir J. Herschel, also,
has discovered very beautiful ones, and these possess the
great advantage over Daguerre’s that they yield pictures
upon paper. ln minuteness of effect they can not. howey-
er, be compared to the Daguerreotype.

LECTURE XXIII.

Tueory oF IpEAL CororarioN.—Imaginary Coloration.
— Variation in the Colors of radiant Heat as the Temper-
ature changes—Ideal Coloration of natural Objects—
Fixed Lines in the Spectrum.—Phosphorogenic Rays.—
Relations of the radiant Principles to the Vegetable
World.—Spectral Impressions.

In explaining the discoveries made by M. Melloni in
relation to radiant heat (Lecture XV.), we had occasion
to observe the difference between the action of glass and
rock salt in their quality of transparency, and it was stated
that the phenomenon 1s due to differences in the nature
of the heat analogous to the different colors of light. As
these modifications are found also in the Tithonic rays, and
as neither these nor the rays of heat are visible to the eye,
I have suggested the use of the term ideal or imaginary
coloration, as expressing the facts we have now under
consideration.

By the theory of ideal coloration we mean, that as
there are modifications of light constituting the seven
primitive colors, red, orange, yellow, green, blue, indigo,
and violet, 50, too, there are similar modifications of the
other invisible principles of the spectrum, differing from
each other by the length of the waves which constitute
them ; and also, that as natural bodies exhibit to our
eyes a variety of colors, 50, in the same manner, they are
colored as respects these invisible principles, but the col-
oration under these circumstances is different from these
colorations for light.

‘What is meant by ideal coloration? Do natural bodies possess colora-
tion for the other principles of the sunbeam as well as light ? Is their ool-
or the same in these cases?
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To make this plain, let us take an illustration: glass
is colorless and transparent to light, and allows any kind
of light-ray to traverse it with facility; but to heat, com-
ing from sources of a low temperature, it is wholly opaque.
And this arises from the circumstance that the rays of heat
which come from such a source are constituted of short
waves, and therefore bear an analogy to violet light,
while glass acts toward the heat as a ruddy or orange-col-
ored medium. The reason, therefore, that this heat of
low temperature can not go through glass is because it is
of a violet color, while the glass is red. But as the tem-
perature rises, calorific rays of other tints begin to be
emitted, yellow and red successively, and these easily find
passage through the medium.

To the rays of heat, rock salt is a white body, glass
orange, and alum deep red. The color of these bodies
for heat is not the same as their color for light; and as
the eye can not detect the phenomenon directly, we speak
of it as imaginary or ideal coloration.

Radiant heat undergoes polarization after the manner
of light; the wave mechanism is the same in both cases.

The Tithonic rays, also, exhibit all the phenomena due
to imaginary coloration, and they may therefore be spoken
of as violet, yellow, green, and Tithonic rays. To them
the various objects of nature have a peculiar coloration.
The bromide of silver is yellowish-white as respects light,
but black to these rays.

As respects the fixed lines discovered in the luminous
spectrum, as represented in Fig. 59, they also occur in
the impressions left upon sensitive surfaces on which the
spectrum is received, as was discovered by M. Bequerel
and myself about the same time (1842). In this instance,
however, they are far more numerous, and occur in groups
of many hundreds beyond the visible limits of the violet
ray.

It has already been mentioned that there is associated
with the light derived from shining sources an invisible
principle, which causes the phosphorescence of many
bodies. Thus, if oyster-shells be calcined with sulphur

Why does glass change its transparency for radiant heat? What is
the color of rock salt, alum, and glass for heat? Can radiant heat be po-
larized? What is the color of bromide of silver for light rays and Ti-
thonic rays respectively? Can the fixed lines be obtained on sensitive
surfaces 7 Give some instances of phosphorescent bodies.
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and exposed to the sun, they shine for a considerable time
after in the dark. Nor does it require that ‘lhc time of
exposure should be protracted ; the flash of an electric
spark is suflicient. But, what is very remarkable in this
case, the rays which excite the phosphorescence can not
pass through a piece of colorless glass ; to them it 1s quite
opaque. The experiments of Mr. Wilson show that a
great number of bodies not commonly sup‘posed to be
phosphorescent are so in reality ; that for a few moments
after they have been exposed to the sun, they emit a phos-
phorescent light. Thus, a sheet of writing paper, on which
a key had been laid, having been exposed for a few mo-
ments to the sun, on being suddenly removed to a dark
room emitted a pale light, the shadow of the key being
perfectly visible. Even the hand, after being dipped in
the sunshine, emitted subsequently light enough to be
visible in a dark place.

The various principles of which we have been speak-
ing exert no ordinary control over the phenomena of the
natural world. Thus it is to the influence of light that
the vegetable world owes its existence; for plants can
only obtain carbon from the air while the sun is shining
on them, and it is of that carbon that their solid structures
are chiefly formed. It has been a question to which prin-
ciple this effect is due; but, in 1843, I proved that it is
the yellow light which is involved. Dr. Priestley discov-
ered that the leaves of plants will effect the decomposi-
tion of carbonic acid gas under water ; and on immersing
tubes filled with water holding this gas in solution, and
containing a few green leaves, I found that at the blue
extremity of the spectrum no effect whatever took place,
while decomposition went on rapidly in the yellow ray.
It is light, in contradistinction to other principles, which is
the agent producing this result, and of its colored modifi-
cations the yellow ray is the most active.

As connected with the minute changes of surface which
are effected when the different radiant principles fall upon
bodies, as in the instance of the Daguerreotype, we may
here allude to the formation of spectral impressions, which,
though invisible, may be brought out by proper processes.

‘What is the relation of light to the vegetable world? What color forms
the active ray? What was Dr. Priestley’s discovery ? What is meant
by spectral impressions ?
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One of these I described several years ago. Take a piece
of polished metal, glass, or japanned tin, the temperature
of which is low, and having laid upon it a wafer, coin, or
any other such object, breathe upon the surface; allow
the breath entirely to disappear ; then toss the object off
the surface and examine it minutely; no trace of any
thing is visible, yet a spectral impression exists on that
surface, which may be evoked by breathing upon it. A
form resembling the object at once a pears, and, what is
very remarkable, it may be called f(I))rth many times in
succession, and even at the end of many months. Other
instances of the kind have subsequently been described
by M. Moser.

LECTURE XXIV.

Evectrictry.— First  Observations in Electricity.— De-
scription of Electrical Machines—The Spark a Test of
Electrical Excitement.—Repulsion of Electrified Bodies.
—Sumple Means of Excitement— Conductors and Non-
conductors. — Insulation.— Electric Effects take place
through Glass.— Medicated Tubes.

It was observed, six hundred years before Christ, that
a piece of amber, when rubbed, acquired the quality of
attracting light bodies. This fact remained without value
for more than two thousand years, a striking memorial of
the barren nature of the philosophy of those times. With-
in the last two hundred years it has given birth to an en-
tire group of sciences, and established the existence of a
great imponderable principle, which, from the Greek
word nAexTpov, signifying amber, has taken the name
EvEecTRICITY.

The catalogue of substances in which electric develop-
ment can be produced was greatly increased by Gilbert,
who showed that glass, resin, wax, and many other bodies,
are equally effective as amber. To his successors we owe
the electrical machine, an instrument which enables us
readily to demonstrate the properties of electricity.

Give an example. What was the first observation made in electricity ?
From what does the agent derive its name ?
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Electrical machines are of dif-
ferent kinds. They may, how-
ever, be divided into plate and
cylinder machines. These instru-
ments are respectively represent-
yed in Fig. 71 and Fig. 72. In
each of them there are three dis-
tinet portions. First, a piece of
glass, the shape of which differs
in different cases; in I%g. 71 it
is a circular plate, in Fig. 72 a
cylinder; and from these the in-

: struments take their name. Sec-
ond, the rubbers, made of silk or leather, stuffed with
hair : the office of these is
to press lightly on the glass
as it turns round, and pro-
? duce friction. Third, a
brass body, of a cylindri-
cal or rounded shape, but
with points on that portion
of it which looks toward
= the glass. It is support-
T : ed on glass props, and is
e termed the prime conduct-
or. Some mechanism, such as a winch, is required to
turn the glass on its axis; and when it is desired to bring
the machine into activity, all the parts of it having been
made thoroughly clean and dry by rubbing with a piece
of warm silk or flannel, a little Mosaic gold or amalgam
of zinc being spread on the rubber, as soon as the winch
is turned the instrument becomes excited.

One of the most striking manifestations of electrical
development is the spark; this, which must have been
often seen when the back of the domestic cat is rubbed on
a frosty night, was first discovered in the case of glass or
sulphur, by Otto Guericke, and by him referred to its
proper source, electric excitement. On presenting a brass
ball or the finger to the prime conductor of the machine,
the spark passes, attended with a slight report. It may be

Fig. 72.

QT
i

‘What varieties of electrical machines have we? What are the three
essential parts of these machines? What is the rubber? W hat is the
prime conductor? How is the machine excited ?
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very beautifully shown by pasting Fig.73.
smallpieces of tin foil round a glqss
tube in a spiral form, as shown in e b p:
Fig. 73, a b ¢, distances of the twentieth of arr inch inter-
vening between each piece, and the ends of the tube ter-
minated by balls. On presenting one of these balls to the
prime conductor, and holding the other in the hand, as
the spark passes, it has to leap over each interstice be-
tween the spangles of tin foil, and exhibits a beautiful
spiral line of light.

By pasting the tin foil on a pane of glass in such a

way as to direct the spark Fig. 74.
properly, words may be written

in electric light, as shown in < =
Fig. 74. = =

As the electric spark can
scarcely be confounded with any other physical phenom-
enon whatever, its presence is always indubitable evi-
dence of electric excitement. Thus, we can prove that
electricity may be transferred to the human body from
the machine, by placing a man on a
stool supported by glass pillars, Fig.
75. If he touches the prime conductor
with one hand, sparks may be drawn
from any part of his clothing or body.

To Otto Guericke, who was also the
inventor of the air pump, we owe another of the most im-
portant discoveries in electricity : that bodies Fig. 76.
which have touched an excited substance are
subsequently repelled by it; thus, if we rub
a glass tube, Fig. 76, a, until it becomes elec-
trified, and then present it to a feather, b,
suspended by a silk thread to a
stand, ¢, the feather is at first at-
tracted, and then immediately re-
pelled. = U

On this principle, that under certain circum-
stances repulsion takes place, are founded dif-
o ferent methods for ascertaining the existence

Fig. 7.

Tlow may the electric spark be exhibited ?  'Why may it be used as a
test for electric excitement? Can electricity be tra.nsferred frgm the
machine to the body ? What discovery djd Otto Guericke make in elec-
tricity 7 How may this property of repulsion be illustrated ?
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of electric excitement, when too feeble to cause a spark.
Thus, two light balls of cork, Fig. 77 (p. 99), a b, sus-
pended by linen threads so as to hang side by side, as
soon as they are electrified repel each other. :

It does not, however, require an electrical machine *
demonstrate the principles of this agent. A piece of stou
brown paper three inches wide, and a foot long, if held
before the fire until it is quite dry and smokes, and then
drawn between the knee and the sleeve, becomes highly
excited, especially if the person wears woollen clothing.
It will yield sparks more than an inch long.

Let a, Fig. 78, be the termination of the prime conduct-

Fig. 8. or, and in a hole in it place the long

o 5 ¢ brass rod b, terminated by the brass
PSR o If the finger is approached to
the ball, sparks freely pass, showing that along brass elec-
tricity is conducted ; but if a glass rod of the same diam-
eter and length, and terminated by a brass ball, be em-
ployed, not a solitary spark can be obtained, proving that
glass is a non-conductor of electricity.

The important fact that substances may be divided into
two classes, conductors and non-conductors, was first ac-
cidentally discovered by Dr. Grey, who found that all
metals and moist bodies are conductors, and that glass,
resins, wax, sulphur, atmospheric air, are non-conductors.
In the treatises on chemistry, tables may be found exhibit-
ing the relations of bodies in this respect. The conduct-
ing power of the same substance differs with circumstan-
ces ; thus, ice and glass are non-conductors, but water and
melted glass are conductors.

We see, from these facts, the explanation of the struc-
ture of the prime conductor; the electricity derived from
the glass by friction passes easily along the brass portion,
but can not escape into the earth, owing to the glass sup-
ports, which refuse it a passage. When a body is thus
placed upon glass, it is said to be electrically insulated,
and the process is called insulation.

Although electricity can not pass through glass, Sir
Isaac Newton found that this substance is no impediment

By what simple means may electrical experiments be made? How
may it be proved that brass is a conductor and glass a non-conductor ?
Mention some of the leading substances belonging to each of these classes.
Explain the structure of the prime conductor. Can electric influences
pass through glass ?
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to the exertion of its influences. Thus, Fig. 70
in I%g. 79, if a be the brass ball of the a
prime conductor, any light objects, such =

as bits of paper or fragments of cork,

placed on a metal stand, 4, beneath will e
be attracted ; and though a pane of Ea o0
glass, ¢, be placed between « and b, still ‘L

the same phenomenon takes place.

Soon after electricity became a subject of popular at-
tention, it was currently believed, that if medicines of va-
rious kinds were sealed up in glass tubes, and the tubes
electrically excited, their peculiar virtues would be exhal-
ed in such a manner as to impress the operator with their
specific purgative, emetic, or other powers. Like many
of the popular delusions of our times, this imposture was
supported by the most cogent evidence, and maladies cur-
ed publicly all over Europe. Like them, these “ medica-
ted tubes” have served to prove the worthlessness of hu-
man testimony when derived from the prejudiced and
ignorant.

LECTURE XXV.

Turory or Erectrican INpuction.—Two Species of
Electricity— Their Names.—General Law of Attraction
and, Repulsion.— Theory of Induction.—Permanent Ex-
citement by Induction— Takes place through Glass—
1llustrative Experiments.

A very celebrated French electrician, Dufay, having
caused a light, downy feather to be repelled by an excit-
ed glass tube, intended to amuse himself by chasing it
round the room with a piece of excited sealing-wax. To
his surprise, instead of being repelled, the feather was at
once attracted. On examining the cause of this more mi-
nutely, he arrived at the conclusion that there are two
species of electricity, the one originating when glass is
excited, and the other from resin or wax. To these he
gave the names of vitreous and resinous electricity, thus

‘What was formerly meant by medicated tubes ? How was it first dis-
covered that there are two species of electricity ? What names have
been given to these electricities ?

1672
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pointing out their origin ; they are also called, for reasons
which will be given hereafter, positive and negative elec-
tricities.

He found that these different electricities possess the
same general physical qualities; they are self-repulsive,
but the one is attractive of the other. This is readily
proved by hanging a feather by a linen thread to the prime
conductor of the machine, and, when it is excited, bringing
near to it an excited glass tube. The feather is already
vitreously electrified, and the tube, being in the same con-
dition, at once repels it; but a stick of excited sealing-
wax being resinously electrified, that is to say, in the
opposite condition to the feather, at once attracts it.
Two cork balls, as in Fig. 77, suspended by conducting
threads, always repel one another when both are excited
either vitreously or resinously ; but if one be vitreous and
the other resinous, they attract.

These various results may all be grouped under the
following general law, which includes the explanation of a
great many electrical phenomena. Bodies electrified dis-
similarly attract, and bodies electrified similarly repel; or,
more briefly, like electricities repel, and unlike ones attract.

There are many ways in which electrical excitement
can be developed: in the common machine it is by fric-
tion ; in the tourmaline, a crystallized gem, by heat; and in
other cases by chemical action and by conduction. Elec-
trical disturbance also very often arises from induction.

By the term electrical induction we mean that a body
which is already excited tends to disturb the condition of
others in its neighborhood, inducing in them an electric
condition.

Thus, let a, Fig. 80, be the terminal ball of the prime

Fig. 80. conductor, and a few inches
off let there be placed a sec-
ondary conductor, & ¢, of brass
supported on a glass stand, and
at each extremity, 4 and ¢, of
the conductor, let there be ar-
ranged a pair of cork balls

‘What are their physical qualities? How may this self-repulsion and
mutual attraction be proved ? What is the general law of electric attrac-
tions and repulsions ? In what ways may electric excitements be devel-
oped? What is the meaning of electric induction? Give an illustration.
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suspended by linen threads, as shown in the figcure. As
soon as the ball, a, is electrified by turning the machine,
and without any spark passing from it to the secondary
conductor, the balls will begin to diverge, showing that
the condition of that conductor is disturbed by the neigh-
borhood of the excited ball, a.

It will farther be found, on presenting an excited piece
of sealing wax to the pairs of cork balls, that one set is
attracted, and the other repelled. They are, therefore, in
opposite electrical states. The disturbing ball is vitre-
ously electrified, and that end of the secondary conductor
nearest it is resinous, the farther end being vitreous. If
the disturbing ball, @, be now removed, the electric dis-
turbance ceases, and the corks no longer diverge.

These phenomena of electric induction are not depend-
ent on the shape of bodies. Let there be Fig. 81.
two flat circular plates, @ b, Fig. 81, sup-
ported on glass stands, and set a few inches
apart, looking face to face. Letone of them,
a, be electrified positively by contact with
the prime conductor, as indicated by the
sign 4 ; it immediately induces a change
in the opposite plate, the nearest face of
which becomes negative —, and the more distant, positive.
It is evident that this disturbance is a consequence of the
law, that “like electricities repel, and unlike ones attract.”
In the plate 4, both species of electricity exist, and « be-
ing made positive, even though at a distance, exerts its
attractive and repulsive agencies on the electric fluid of
b, the negative electricity of which it attracts, and draws
near to it; the positive it repels and drives to the farthest
side ; so that the disturbed condition of the body 4 is a
result of the fact, that @ being electrified positively, will
repel positive electricity and attract negative.

Now let the plate 4 be touched by the finger, or a
channel of communication opened with the earth; the
positive electricity of @ still exerting its repulsive agency
on that of 4, will drive it into the ground,’and & will now
become negative all over.

Let b be once more insulated, by breaking its commu-

In a secondary conductor disturbed by an elecn’if_icd pody, what are the
conditions of its ends? What is the cause of this disturbance ? How
may we by induction permanently electrify a body ?

L] -
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nication with the ground, and let @ be removed; it will
now be found that b is permanently electrified, and in the
opposite condition to a.
By manipulating in this manner, we can, therefore, ef-
Fig.82. fect a permanent disturbance in the cgndmon
of an insulated body, by bringing an excited one ,
in its neighborhood.

In these changes, the intervention of a piece
of glass makes no difference. Let a circular
plate of glass, a, Fig. 82, be set so as to inter-
vene between the metallic plates, @ and 4, and

; still all the phenomena occur as before. Elec-
tric induction, therefore, can take place through glass.
On the principles of induction, and of electric
attraction and repulsion, many very interesting
experiments may be explained. The following
may serve as examples : To the ball of the prime
conductor, Fig. 83, let there be suspended a cir-
cular plate of ‘brass, @, six inches in diameter,
horizontally, and beneath it another plate, b,
supported on a conducting foot, parallel and at a
distance of three or four inches. On the lower
plate, 4, place slips of paper or of other light
substance, cut into the figure of men or animals. On set-
ting the machine in motion, so as to electrify the upper
plate, the objects move up and down with a dancing mo-
tion; and the cause is obvious: the plate a being posi-
tive, repels by induction the positive electricity of the
figures through the conducting stand into the earth, and
thus, they being rendered negative, are attracted by the
upper plate ; on touching it, they become electrified posi-
tively like it, and then are repelled, and fall down to dis-
Fig. 84. charge their electricity into the ground,
and this motion is continually repeated.
Upon a horizontal brass bar, a b, Fig.
fb 84, three bells are suspended, the outer
ones at @ and & by chains, the middle
; one at ¢ by a silk thread. Between the
el — bells, the metallic clappers, d e, are sus-
“” pended by silk, and from the center bell

Fig. 83.

Can electrical induction take place through glass? Describe the ex-
periment of the dancing figures, and explain the principles involved in it.
Describe the experiment of the bells, and the cause of their ringing.
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the chain f extends to the table. On hanging the ar-
rangement by the hook at g to the prime conductor, the
bells ring ; the clappers moving from the outer to the cen-
tral bell and back, alternately striking them.

On a pivot, a, Fig. 85, suspend a bell jar having four
pieces of tin foil pasted on its
sides, b ¢ d; connect the jar, by
means of the insulated wire v, with
the prime conductor, so that the
pieces of tin foil may receive
sparks. On the opposite side ar-
range a conductor, z, in connection
with the ground by a chain. On
putting the machine into activity,
the jar will commence rotating on its pivot.

Take a cake of sealing wax or gum lac, eight or ten
inches in diameter, and receive on its surface a few sparks
from the prime conductor by bringing it near the ball.
Then blow upon its surface from a small pair of bellows,
a mixture of flowers of sulphur and red-lead, which have
been intimately ground together in a mortar. This mix-
ture is of an orange color, but the moment it impinges on
the cake it is, as it were, decomposed ; the yellow sulphur
settling on one portion, and the red-led on another, giv-
ing rise to very curious and fantastical figures.

LECTURE XXVI.

Laws or THE DisTrIBUTION OF ELECTRICITY, AND THE
GeNERAL TuEORIES.—Distribution of Electricity.— On
a Sphere— Ellipsoid.—Action of Points— Franklin’s
Discovery of the Identity of Electricity and Lightning.
—The Leyden Jar.— The discharging Rod.— The Elec-
tric Battery.
‘WHEN electricityis communicated to a conducting body,

it does not distribute itself uniformly through the whole
mass, but exclusively upon the surface; thus, if to the

Explain the arrangement and cause of movement of the rotatory jar.
How may powder of sulphur and red-lead mixed together be separated ?
Does electricity distribute itself on the surface or in the interior of bodies ?
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spherical ball a, Fig. 86, supported
o Onan insulating f(‘)or, b,‘ there be
‘\.‘l_ adjusted two hemispherical caps,
4 ¢ ¢, also on insulating handles, it
may be proved that any electricity
communicated to @ distributes itself
2 entirely on its surface; for if we
place upon @ the caps ¢ ¢, and then remove them, it will be
found that every trace of electricity has disappeared from
@, and has accumulated on the caps, which, while they
were upon the ball, formed its superficies.

Again, if we take a large brass ball, a, Ig. 87,
supported on an insulating stand, and having on
its upper portion an aperture, b, through which
we may have access to its interior, it will be found,
on examination, that the most delicate electrom-
eters can discover no electricity within the ball,
the whole of it being on the external superficies.

In the case of a spherical body, not only is the
distribution entirely superficial, but it is also uni-
form ; each portion of the sphere is electrified alike. But
where, instead of a spherical, we have an ellipsoidal body,
it is different; thus, if we examine the condition of such
a conductor, Figure S8, the quantity
of electricity in its middle portion,
as at a, will be the smallest, and
it increases as we advance toward
the ends, 4 and ¢; and in different
ellipsoids, as the length becomes
greater, so the amount of electricity
formed on the extremities is greater.
‘When, therefore, a conductor of an
oblong spheroidal shape is used, the intensity of the elec-
tricity at the extremities of the two axes, a d and b ¢, Fig.
88, is exactly in the proportion of the length of those axes
themselves ; and should the disproportion in length and
breadth of the conducting body be very great, as in the
case of a long wire or other pointed body, a very great
concentration will take place upon the points. On this

Fig. 87.

Fig. 88.
/2

How may its superficial distribution be proved? 1In the interior of an
electrified hollow ball, does any electricity exist? On a spherical body,
is the distribution uniform? How is it on an ellipsoid? When the dis-
proportion of the axes of the ellipsoid is great, what is the distribution ?



IDENTITY OF LIGHTNING AND ELECTRICITY. 107

principle we explain the effect of pointed bodies on con-
ductors : if the prime conductor of the machine have a
needle or pin fixed upon it, the electricity escapes away
into the air, visibly in a dark room; and in the same way,
if pointed bodies surround the electrical machine, it can
not be highly excited, as they rapidly take the charge from
its conductor.

At a very early period electricians had observed the
close similarity between the phenomena of the electric
spark and those of lightning, but in the year 1752 Dr.
Franklin proved that they were identical. He was waiting
for the erection of the spire of a church in Philadelphia, on
the extremity of which he intended to raise a pointed metal
rod, with a view of withdrawing the electricity from the
clouds, when the accidental sight of a boy’s kite suggested
to him that ready means of obtaining access to the more
elevated regions of the air. ~ Accordingly, having stretched
a silk handkerchief over a light wooden cross, and ar-
ranged it as a kite, he attached to it a hempen string ter-
minating in a silk cord, and, taking advantage of a thunder
storm, raised it in the air; for a time no result was ob-
tained, but the string becoming wet by the rain, and there-
by rendered a better conductor, he perceived the filaments
which hung upon it repelling one another, and on present-
ing his knuckle to a key which had been tied to the end
of the hempen string, received an electric spark. The
identity of lightning and electricity was proved.

Franklin soon made a usetul application of his discov-
ery; he proposed to protect buildings from the effects of
lightning by furnishing them with a metallic rod, pointed
at its upper extremity and projecting some feet above the
highest part of the building, and continuously extending
downward until it was deeply buried in the ground. This
contrivance, the lightning rod, is now, as is well known,
extensively applied.

There are two theories respecting the nature of elec-
tricity : 1st, Franklin’s theory, which assumes that there
is but one fluid ; 2d, the theory of two fluids, called also
Dufay’s theory.

How may we explain the effect of pointed bodies? Under what cir-
cumstances was the discovery of the identity of lightning and electricity
made? What is the lightning rod? What theories of electricity have

been introduced ?
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Franklin’s theory is, that there exists throughoat afl
space a subtle and exceedingly elastic fluid, called the
electric fluid, the peculiarity of which is, that it is repuls-
ive of its own particles, but attractive of the particles of
other matter; that there is a specific quantity of this
fluid which bodies are disposed to assume when in a nat-
ural condition or state of equilibrium; and that, if we com-
municate to them more than their natural quantity, they
become positively electrified; or, if we take from a portion
of that which is natural to them, they become negatively
electrified.

Dufay’s theory is, that there exists throughout all space
a universal medium, called the eleetric fluid, of which
the immediate properties are unknown, but which is com-
posed of two species or varieties of electricity, the vitreous
and resinous, called also the positive and negative ; that,
as respects itself, each of these electricities is repulsive,
but attractive of the other kind ; and that, when they co-
exist in equal quantities in a body, it is in a neutral state
or condition of equilibrium, but if the positive or negative
electricities are in excess, it is accordingly positively or
negatively electrified.

In some respects the theory of two electricities has ad-
vantages over that of one; by it several phenomena can be
explained which are difficult of explanation by the other.
Among such may be mentioned the repulsion of negatively
electrified bodies, and the distribution of negative elec-
tricity on the surface of conductors, which is the same as
that of positive.

On the principles of either of these theories we can
see how it is that we can never produce one kind of elec-
tricity without the other simultaneously appearing. In
the common electrical machine, if the revolving glass is
positively electrified, the rubbers which produce the fric-
tion are negative ; in the tourmaline, if one end of the
crystal, when warmed, becomes positive, the other end is
negative. The two varieties must be always co-ordinately
generated.

In 1745 the Leyden jar was discovered. This consists
of a glass jar, Fig. 89, coated on its inside with a piece

‘What is Franklin's theory? What is the theery of Dufay? In what
points does the latter appear to be more correct than the former? Why
are both electricities always produced together?
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of tin foil within an inch or two of its upper
edge,and also on its outside to the same point;
through the cork which closes the mouth of
the jar, a brass rod, terminated by a ball,
passes; the rod reaches down to the inside
coating and touches it. On holding this in-
strument by the exterior coating, and pre-
senting its ball to the prime conductor, a tor-
rent of sparks passes into the j Jar; and when
it is fully charged, if; still retaining one hand —
in contact w1th the outside, we touch the ball, a bright
spark passes, with a loud snapping noise, and the oper: ator
receives through his arms and breast what is called the
electric shock.

If we take the discharging rod, Fiig. 90, consisting gy, 4,
of two brass arms, « a, ter mmated by ba]]s Workmrr
on a joint, b, and supported by an insulating handle, (@ a
¢, by bringing one of its balls in contact with the
outside coating of a Leyden jar, and its other ball \j
with the ball of the jar, the discharge will take place
as before, but the operator, protected by the glass
handle, receives no shock. c

If between the outside coating of a jar and one of
the balls of the discharging rod, a piece of card-
board is made to intervene, and the spark passed,
the card will be found to be perforated, a burr being raised
on both sides of it, as though two threads had been drawn
through the hole in opposite di- Fig. 91.
rections at the same time; and € ¢
from this an argument in favor
of the theory of two fluids has
been drawn.

‘When a great number of jars
are connected together, so that
all their inside coatings unite,
and all their outside coatings are
also in contact, they constitute
what is termed an electric bat-
tery, as seen in Fug. 91. By this

Describe the structure of the Leyden jar. How may it be used?
Describe the dlschar.;m" rod. How 1s it used? W hat is the effect when
the discharge is passed through a piece of card-board 7 Describe the elec-

tric battery.
K
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instrument many of the more violent effects of electricity
may be illustrated, such as the splitting of pieces of wood
and the ignition and dispersion of metallic wires.

LECTURE XXVII.

ELecTrICAL INsSTRUMENTS AND FArRADAY’S THEORY OF
Evrctric Povarization.—Theory of the Leyden Jar.
—Quadrant, Gold-leaf, and Torsion . Electrometers.—
Theory of Electric Polarization.— Specific Inductive
Capacity.

Tue office which is discharged by the metallic coatings
rig. 02. of a Leyden jar is illustrated by the apparatus,
Fig. 92. It consists of a conical glass jar, to
the interior and exterior of which movable coat-
ings of thick tin plate are adapted, the interior
one having a rod and ball projecting from it.
This may be charged like any other Leyden vial,
but on taking off its outside coating and remov-
ing its interior, they may be handled and
brought in contact with each other, and no spark
passes ; but on restoring them to their former position,
and applying the discharging rod, the jar is discharged.
They therefore only serve to make a complete conducting
communication between all parts on the interior and all
on the exterior of the jar.

The condensing action of the Leyden vial, which ena-
bles it to hold so large a quantity of electricity, is due to
induction. When the inner coating is brought in contact
with the prime conductor, it participates in its electrical
condition. 'We may therefore suppose it to be positively
electrified. The positive electricity of the interior, de-
composing the electric fluid of the outside coating, repels
its positive electricity into the earth ; for to charge a Ley-
den vial the outside coating is placed in communication
with the ground. It therefore appears that the inner coat-
ing is positive, the outer negative, and the whole jar, view=

‘What is the office of the coatings of the Leyden jar? How may this
be proved? To what cause is the condensing action of the Leyden jar

due? Whatis the action of the positive electricity deposited on the inner
coating, on the electric fluid of the outer ?
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ed together, is in the neutral condition. The interior
coating continues, under these circumstances, to receive a
farther charge from the prime conductor by induction
through the glass ; this again repels more of the same
kind, the positive, into the ground, and the negative accu-
mulates as before. In this manner an indefinite quantity
might be accumulated, were it not for the fact that, owing
to the distance which intervenes between the two coatings,
by reason of the thickness of the glass, the quantity of
positive electricity in the interior is never precisely neu-
tralized by the quantity of negative on the exterior, for
all inductive actions enfeeble as the distance increases.

The action of the Leyden vial may be illustrated by the
following experiments : within an Fig. 93..
inch of the ball, «, of the prime con- s B0
ductor, Fig. 93, bring a secondary ‘
conductor, 4, supported on an insu-
lating stem, ¢, and on putting the
electrical machine in activity, two
or three sparks will pass from a to >
b, but after that no more. The cause of the refusal, on the
part of the secondary conductor, to receive any farther
charge is obviously due to the fact that the electricity
which is already communicated to it repels that upon the
ball, @, and prevents the passage of any more.

If now we take a Leyden jar, b, Fig. 94, and having
insulated it on a stand, bring it within a
short distance of the ball, @, of the prime
conductor, it in the same manner will
only receive a few sparks. But if we
place a conductor, ¢, which is connected
with the ground, near to the outside coat-
ing, it will be found that for every spark
that passes between ¢ and b one passes
between the outside coating and ¢, and
the sparks follow each other in rapid suc-
cession, until the jar becomes fully charged. From this,
therefore, we gather, that while positive electricity is

Fig. 94.

‘Why must the outer coating be in connection with the ground? Why is
the charge of the jar limited? What is the reason that a secondary insu-
lated conductor refuses to receive more than two or three sparks ? When
the Leyden jar is insulated, can it be charged? On bringing a conduct-
or in connection with the ground, near the outer coating, what is the
result?
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passing into the interior of the jar, it is escaping from the
exterior, and that the reason the jar condenses 1s becagsg
its sides are in opposite conditions, the' positive electrici-
ty of the interior being nearly neutralized by the nega-
tive electricity of the exterior. :

Electrometers are instruments for measuring
the intensity of electric excitement. The cork
balls, which were represented in Fig. 77, are one
of the most simple of these contrivances. The
distance to which they will diverge is a rough
measure of the intensity of the electric force.
The quadrant electrometer depends essentially
on the same principles. It consists of an up-
right stem of wood, Fig. 95, to which is affixed
a semicircular piece of ivory, from the center
' of which there hangs a light cork ball playing
upon a pivot. When this instrument is placed on the
prime conductor or other electrified body, the stem par-
ticipates in the electricity, and repelling the cork ball
which hangs in contact with it, the amount of repulsion
may be read off on the graduated semicircle; but it is
obvious that the number of degrees is not expressive of
the true electrical intensity, and that no force, no matter
what its intensity may be, can ever repel the ball beyond
ninety degrees.

The gold-leaf electrometer, Fig. 96,
consists of a glass cylinder, @, in which
two gold leaves are suspended from a
conducting rod terminated by a ball or
plate 5. On the glass opposite the leaves
pieces of tin foil are pasted, so that when
the leaves diverge fully they may dis-
L2 charge their electricity into the ground.
"ty mmmems_ = L his 1s a very delicate instrument for
discovering the presence of electricity, but the torsion
electrometer of Coulomb is to be preferred when it is re-
quired to have exact measures of the quantity.

Coulomb’s electrometer consists of a glass cylinder, a,
Fig. 97, upon the top of which there is fixed a tube, 5,
in the axis of which hangs a glass thread, 4 «, to the

Describe the cork ball electrometer. Describe the quadrant electrome-
ter. Why does the quadrant electrometer give inaccurate indications? De-
scribe the gold-leaf electrometer. Describe Coulomb’s torsion electrometer
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lower end of which a small bar of gum lac, ¢, with a
gilt pith ball at each extremity, is fasten-
ed. Through an aperture in the top of
the glass cylinder, another gum lac rod,
d, with gilt balls, may be introduced.
This goes under the name of the carrier
rod.

If, now, the lower ball of the carrier
rod be charged with the electricity to be
measured, and introduced into the inte-
rior of the cylinder, as seen in the figure,
it will repel the movable ball. By taking
hold of-the button b, to which the upper
end of the glass thread, a, is attached,
we may, by twisting the glass thread for-
cibly, bring the carrier ball and the mova- ~
ble ball in contact. The number of degrees through which
the thread requires to be twisted represents the amount of
electricity. To the button, 4, an index and scale are attach-
ed, not shown in the figure. By this we can tell the num-
ber of degrees of twist or torsion which have been given
to the thread. These angles of torsion are exactly pro-
portional to the quantities of electricity.

Many of the fundamental phenomena of electricity have
been explained by Dr. Faraday upon the hypothesis that
induction is an action of polarization, taking place in the
contiguous molecules of non-conducting media, and prop-
agated in curved lines.

‘Whatever may be the form or constitution of bodies,
an electric charge can not be given to them without at
the same time giving a charge of the opposite kind, but
of the same amount, to them or other bodies in their vicini-
ty. This charge is not confined upon their surfaces by
the pressure of the atmosphere, but through the polariza-
tion of the aerial or solid particles of the surrounding
dielectrics, producing in them a charge of the same
amount, but of an opposite kind. Thus, if a positively
electrified ball be placed in the center of a hollow metal-
lic sphere, the intervening space being filled with atmos-
pheric air, the charge is not retained upon the ball by the

Fig. 97.
b

hat is the basis of Faraday’s theory of induction? On this theory,
are charges confined by pressure of the air? Describe the action of an
electrified ball in the interior of a sphere.

K2
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pressure of the air, but because each aerial particle as-
sumes by induction a polarity of the opposite kind on the
side nearest to the ball, and of the same kind on the side
farthest off. This state of force is therefore communica-
ted to the interior of the hollow sphere, which is electrified
to the same amount, but of an opposite kind to the ball.

That this polarization of the particles takes place, is
shown by the position which small silk fibres or spangles
of gold assume when placed in oil of turpentine, through
which induction is established. Iach particle disturbs
not merely that which is before it or behind it, but it is in
an active relation with all surrounding it, and hence the
polarity can be propagated in curved lines, and induction
take place round corners and behind obstacles.

On these principles, we can easily account for the dis-
tribution of electricity on spherical or ellipsoidal conduct-
ors, the repulsion of bodies similarly electrified, the con-
densing action of the Leyden vial, and many other similar
phenomena.

By a variety of experiments, Dr. Faraday has proved
that inductive action takes place in curved lines, the di-
rections of which can be varied by the approach of bodies.
He has also shown that the particles of solids, as gum lac,
glass, &c., assume this character of polarity. Non-con-
ducting bodies, through which the action of induction

Fig. 98. takes place, are called diclectrics, and each
of them has a specific inductive capacity.
Thus, if three metallic plates, @ & ¢, Fig.
98, be insulated parallel to each other, at-
mospheric air intervening between @ and 4,
and a plate of gum lac between 4 and ¢, the
inductive action of the gum lac will be
found to exceed that of the air. The fol-
lowing table gives some of these results :

dnductiveicapaciiyioftair. La i L e s e e D)
e 1 aldeaitnill 1, BIHigoy, Aol
& K3 Taci et clisisice it % Sk 208
& L sulphursd 5% Sioh Siaie o s el

All the gases have the same inductive capacity, whatever

Does induction take place in straight or curved lines? Can the parti-
cles of solid bodies be polarized ? What are dielectrics? What is
meant by the specific inductive capacity of dielectrics ? Of air, glass, and
gulphur, what are the inductive capacities ? What is the case with gas-
eous bodies ?
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their density, elasticity, temperature, or hygrometric con-
dition may be.

The electrophorus is an instrument which depends for
its action on induction, and is of frequent use in chemis-
try. It consists of a cake of gum lac or
sealing wax, 4, Fig.99, on which is placed
a flat metallic plate, @, with an insulating
handle, ¢. On exciting 4 with a piece of
warm flannel, it becomes negatively elec-
tric, and @ being placed on it, and the A
finger brought near, a negative spark, <
driven from @ by the repulsive influence of 4, is received.
On lifting @ by its insulating handle, a positive spark is
obtained ; on putting it down on b, a negative one. And
in this manner we may obtain an unlimited number of
sparks; positive ones when « is lifted, and negative ones
when it is down. A little reflection will show that none
of this electricity comes from the excited cake 4, but is
merely the effect of its inductive influence on the electric
condition of the metallic plate, a. The electrophorus may
be used when the weather is too damp for the common
machine to work.

LECTURE XXVIII.

Vorraic ELectriciry.—Of Electricity in Motion.—Sul-
zer’'s Experiment.—Galvant's Discovery.— Volta’s The-
ory— Water is a compound Body.— Description of a
simple Voltaic Circle and its Properties— Direction of
the Current—Different Kinds of Combinations.— Use of
Sulphuric Acid— Origin of the Electricity.

Durine the last century, a German author of the name
of Sulzer observed, that when two pieces of metal of dif-
ferent kinds, as silver and zinc, are placed one above and
the other beneath the tongue, as often as their projecting
ends are brought in contact a remarkable metallic taste is
perceived. To explain this result, he supposed that some
kind of vibratory movement was excited in the nerves of
the tongue. Itis the first recorded pnenomenon attributa-
ble to Voltaic electricity.

Describe the electrophorus? What fact was first described in Voltaic

electricity ?
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In the year 1790, Galvani, an Italian anatomist, observ-
ed the contractions which ensue when a metallic commu-
nication is made between the nerves and muscles of a
dead frog ; he found, that if a single metal is employed as
the line of communication, contractions of the muscle take
place whenever the metal reaches from the nerve to the

Fig. 100. muscle ; but that if two pieces
of different kinds are used, the
contractions are much more
energetic. Thus, if we take
the skinned hind legs of a frog,
Fig.100, hanging together by
a piece of the spine, around
which tin foil has been twist-
ed, every time that we simul-
taneously touch the tin foil and
the muscle with a bent copper wire, or with a copper and
zine wire, C Z, conjointly, a convulsive contraction takes
place.

To explain this effect, Galvani supposed that the mus-
cular system of animals is constantly in a positively elec-
trical state, while the nervous system is negative. ln the
same manner, therefore, that a discharge takes place in
the case of a Leyden vial, when a line of communication
is opened between the two coatings, the muscular con-
tractions in this case are to be accounted for. For some
time these phenomena went under the name of animal
electricity ; they subsequently have received the designa-
tions of Gralvanism and Voltaic electricity.

But Volta, another Italian philosopher, was led to sup-
pose that the cause of this remarkable result is not due to
any peculiarity of the animal system, but to the contact
of the pieces of metal employed. This led to the inven-
tion of the Voltaic pile, an instrument which has achieved
a complete revolution in chemistry.

It is interesting to remark what great results may, in
the hands of a true philosopher, spring from the most in-
significant observations. The convulsive spasms of a
frog’s leg have ended in showing that the entire crust of
the earth is made up of metallic oxides, have revealed the

What was the fact discovered by Galvani? In what manner did he
explainit? Under what names did these phenomena successively pass?
‘What was Volta’s supposition ?
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mystery why the magnetic needle points to the north,
and revolutionized the science of chemistry.

What we have already said in the foregoing Lectures
vespecting electricity refers chiefly to that agent in a mo-
tionless or stagnant state, as the mode of its distribution
on conductors, the action of the Leyden vial, &c. The
phenomena of Voltaic electricity are those which arise
from electricity in a state of motion.

From the great advances which these sciences have re-
cently made, we are able to present the various topics in-
volved in a much clearer way than by merely tracing
them in a historical sketch. 1 shall not, therefore, pur-
sue the order in which these facts were successively dis-
covered, but present them in what now appears the sim-
plest manner.

It is to be admitted, though of that abundant proof
will soon be given, that water is not a simple, but a com-
pound body; that it consists of two elements, oxygen and
hydrogen gases. Itis also to be understood that metallic
zinc may be amalgamated or united with quicksilver, by
putting it in contact with that fluid metal, under the sur-
face of dilute sulphuric acid. Strips of zinc thus amalga-
mated exhibit a pure metallic brilliancy.

If, now, we take a strip of amalgamated zinc, an inch
wide and three or four inches long, and a piece g, 1o,
of clean copper of similar size, z and ¢, Fig.
101, and placing them side by side in a glass, f;
containing water slightly acidulated with sul-
phuric acid, we have one of the forms of a sim-
ple Voltaic circle. 1In this, itis to be observed,
that so long as the metallic plates remain with-
out touching each other, no remarkable phe-
nomenon appears; but if we take a metallic rod, 4, and
let it connect the top of the zinc and copper together, a
series of new facts arises.

First, from the surface of the copper, bubbles of gas are
evolved ; they are minute, but so numerous as to make
the water turbid ; if collected, they are found to be hydro-

gen gas.

‘What is the difference between common and Voltaic electricity ? Is
water a simple or a compound body? What is meant by amalgamated
zinc? Describe a simple Voltaic circle. As long as the plates are not in
contact, does any phenomenon take place? On communicating by a me-
tallic rod, what gas is evolved from the copper?
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Secondly, the plate of zinc rapidly wastes away, as is
easily proved by weighing it from time to time; and on
examining the liquid in the cup, we discover the cause of
this waste, for that liquid contains oxide of zinc; coupling
this fact with the former, we infer that, so long as the me-
tallic rod, 4, is in its place, water is decompqsed, its oxy-
genuniting with the zinc, its hydrogen escaping from the
copper. On removing the rod, &, all these phenomena at
once cease.

Thirdly, if, instead of a metallic rod, d, a rod of glass,
or other non-conductor of electricity, be employed, no de-
composition takes place. This, therefore, indicates that
the agent which is 1n operation is electricity.

Fourthly, if for the line of communication, d, a piece
of metal be employed, and we cautiously lift it from the
zinc or copper plate, the moment the contact is broken,
in a dark room we see a minute electric spark. It has
been already observed that the electric spark can not be
confounded with any other natural phenomenon.

Fifthly, if the line of communication be a very slender
platinum wire, as long as it remains in its position, its tem-
perature rises so high that it becomes red hot, and may be
kept so for hours together. Now, recollecting that the
ignition and fusion of metals take place when they are
made to intervene between the coatings of a Leyden vial,
and considering all the facts which have just been set
forth, we see that the following conclusion may be drawn :
that in an active simple Voltaic circle water is decom-
posed, its oxygen going to the zinc and its hydrogen to
the copper, and that a continuous current of electricity
accompanies this decomposition, running from one metal
to the other, through the connecting rod.

The direction of this current may be determined by
several processes; itis as follows: the electricity, leaving
the surface of the zinc, passes through the liquid to the
copper, then moves through the connecting wire back
again to the zinc, performing a complete circuit; hence
the term Voltaic circle.

Simple Voltaic circles are of several kinds; that which

‘What happens to the zinc? Why do we infer that water is decom-

osed? If a glass rod is used instead of a metallic one, what is the resalt?

ow can a spark be made visible? Can a platinum wire be ignited?
From these facts, what conclusions may be drawn? What is the course
of the current?
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we have been considering consists of two different metals
with one intervening liquid, but similar results can be ob-
tained with one piece of metal and two different liquids.

In the foregoing experiment, we have used dilute sul-
phuric acid: this acid discharges a subsidiary duty. Zinc,
when it oxidizes, is covered with a coating impermeable
to water and air; it is this grayish oxide which protects
the common sheet zinc of commerce from farther change.
‘When, therefore, a Voltaic pair gives rise to a current by
the oxidation ofits zinc, that current would speedily stop
were not the oxide removed as fast as it forms; this is
done by the sulphuric acid, which forms with it a sul-
phate of zine, a substance very soluble in water, and the
metal thus continually presents a clear surface to the water.

As to the immediate cause which gives rise to the Vol-
taic current, there has been a difference of opinion among
chemical authors. Volta believed that the mere contact
of the metals was the electromotive source, and endeav-
ored to prove, by direct experiment, that if a piece of
copper and zinc are brought in contact and then sepa-
rated, they become excited, the one positively, and the
other negatively; upon these principles, he was led to the
discovery of the Voltaic battery. But many facts have
now indisputably shown that the origin of the current is
to be sought in the chemical changes going on; and in
the instance we have had under consideration, it is due
to the decomposition of water. That the electromotive
action does not depend on the contact of the metals, seems
to be proved by the fact that, by changing the nature of
the liquid intervening between them, we can change the
current both in direction and force.

‘What other kinds of Voltaic circles are there? What is the use of
sulphuric acid in these combinations ? What was Volta's opinion as to
the electromotive source? What is the view now taken? What argu-
ments may be adduced for its correctness ?
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LECTURE XXIX.

grrecTs or Vorraic Erectriciry.—Invention of the Vol-
taic Pile— Cruickshank’s Trough—Hare's Battery.—

Smee’s Simple and Compound Battery.—Grove's Batte-

ry— Voltaic Effects, the Spark, Deflagration of Metals.

— Ignition of Wires—Arc of Flame.— Decomposition

of Water—Nature of the Gases evolved.

It has been already observed that, in the discussions
which arose respecting animal electricity, Volta attributed
the action entirely to the metals employed ; and reasoning
on this principle, he concluded that the effect ought to in-
crease, 1f, instead of using a simple pair of metals, a great
number of alternations were employed. Accordingly, on
taking thirty or forty silver coins and discs of zinc, and
pieces of cloth moistened with acidulated water, of the

Fig. 102.  same size, and arranging them in a pile or
el column, carefully observing to place them in
the same order, silver, cloth, zinc—silver,
cloth, zinc, &c., he found his expectation ver-
ified. On touching, with moistened hands,
the ends of the pile, a shock was at once re-
ceived, and on making them communicate
by a piece of wire, an electric spark passed. This instru-
ment, fig.102, is the Voltaic pile.

From the important uses to which the pile was soon
devoted, it became necessary to have it under a more con-
venieut form. There are several inconyeniences attend-
ing the original construction: it is liable to overset, is
troublesome to put in action, and requires to be taken to
pieces and carefully cleaned every time it is used ; its
maximum effect lasts but a short time, owing to the weight
of the superincumbent column pressing out the moisture
from the lower pieces of cloth; and as soon as they become
dry, all action ceases. « ”

These difficulties were avoided, to a great extent, in the
trough battery, which soon replaced the former instru-
ment. It consists of a box, or trough, Fig. 103, three or

How was Volta led to the invention of the pile ? Describe the Voltaic
pile? What are its effects? What inconveniences are there in the
original form?
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four inches square at
the ends, and a foot or
more long; grooves /E/H/E
are made in the sides i
and bottom of this / “’]\;w :
box, and into them
pieces of zinc and cop-
per, soldered face to face, are fastened, water tight, by
cement. These grooves are about half an inch apart, and
into their interstices acidulated water is poured, care be-
ing taken that the metals are arranged in the same direc-
tion, so that if the series begins with a copper plate it
ends with a zinc. The apparatus is obviously equivalent
to Volta’s pile laid on its side, and the facility for charg-
ing it, and removing the acid when the experiments are
over, is very great. IFrgm the extremities two flexible
copper wires pass; they are called the polar wires, or elec-
trodes of the battery.

Some very convenient forms of Voltaic battery have
been invented by Dr. Hare. In one of these, the liquid
is poured off and on the plates by a quarter revolution of
a handle; in others, the trough is made movable, so that
it lifts up when all the arrangements are ready, and the
plates are immersed.

When it is required to have a current, the . 14,
intensity of which remains constant for a length c
of time, Daniell’s battery is to be preferred.
It consists of a copper cylinder, C, Fig. 104,
in which a solution of sulphate of copper is
poured ; within this is a second cylinder, P, of
porous earthen-ware, filled with dilute sul- |
phuric acid, A, into which an amalgamated [i=4
zinc rod, Z, dips. From the copper and zinc, |
rods project, terminated by binding screws,
with which the polar wires may be connected. |

Smee’s battery is also a very valuable com-
bination; it consists of a plate of platinized "<
gilver, or platinized platinum, S, F%g. 105, on each side
of which are placed parallel plates of amalgamated zinc,
Z; these plates are held tightly against a piece of wood,

Describe the trough battery. Describe some of the improvements in
the battery. What are the forms introduced by Hare, Daniell, Smee, and
Grove respectively ? L
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w, by means of a clamp, b, to which, and
also to the silver plate, binding screws,
for the purpose of fastening polar wires,
are affixed. The whole is suspended,
by means of a cross piece of wood, in a
jar containing dilute sulphuric acid.

Smee’s compound battery, represent-
ed in Fig. 106, is nothing more than a
series of the foregoing simple circles.
The figure shows one containing six
_ cells ; the position of the platinized sil-
ver and zinc plates of one of the pairs
is seen at S and Z. It is to be charged
with dilute sulphuric acid.

Fig. 106.

Probably the most powerful of all Voltaic combina-
Pig.107. tions is the instrument invented by Mr. Grove.
It consists of two metals and two liquids, amal-
gamated zinc and platina, dilute sulphuric acid
and strong nitric acid. A jar, P, Fig. 107, three
quarters of an inch in diameter, and made of
porous or unglazed earthen-ware, is to be filled
with strong nitric acid, N, and in ita slip of pla-
tina is placed; this porous earthen-ware cup is
then set in a glass cup, A, nearly three inches in
diameter ; in this is placed a plate of zinc, Z, one
eighth of an inch thick, and of such a size, as
respects its other dimensions, that it will readily
pass between the porous cup, P, and the glass.
In the glass, A, is'placed dilute sulphuric acid.

In this manner several cups are to be provided, the ar-
rangement being, zinc in contact with dilute sulphuric
acid, and platina in contact with strong nitric acid, with a
porous cup intervening between. The workman also
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previously comnnects each zinc cylinder with the slip of
platina, which is in the next cup, by soldering between
them a strip of copper.

Grove’s battery owes its force to the decomposition of
water by zinc. But the hydrogen is not evolved from the
surface of the platina, as 1t would be in a single circle;
it is here taken up by the nitric acid, which undergoes
rapid deoxidation, and therefore, during the use of this
battery, volumes of deutoxide of nitrogen are evolved.
A battery of fifty cups gives rise to very striking effects ;
but five or ten are quite sufficient to repeat all the follow-
Ing experiments.

On separating the polar wires of such a battery from
each other, a brilliant spark passes, and, if the separation
be gradual, a flame constantly proceeds from one to the
other; the light of which, when the wires are of copper,
is of a beautiful green color.

If; on the surface of some quicksilver Fig. 108.
contained in a glass, I%g. 108, we low-
er a thin piece of steel, or iron wire,
connected with one of the poles of the
battery, the mercury being kept in con- \ %
tact with the other, the steel takes fire
and deflagrates beautifully, emitting
bright sparks, and the mercury is rap-
idly volatilized.

‘When thin metal leaves are made to intervene between
the polar wires, they are at once dissipated, the flames
they emit being of different colors in the case of different
metals.

If a piece of platinum wire is made the channel of
communication from one pole to the other, if it does not
fuse at once, it becomes incandescent, and remains so as
long as the instrument is in activity.

‘When the polar wires are terminated by pieces of well-
burned charcoal, or that variety of carbon which is formed
in the interior of gas retorts, the light which passes between
them when they are removed from contact is one of the

‘W hat are the chemical effects taking place in Grove’s battery? On
separating the polar wires of a battery, what phenomenon arises? How
may iron wire be deflagrated? What phenomenon is seen during the
deflagration of metallic leaves ? ‘When a thin pla!:mum wire comnunicates
between the poles, what is the result? How is the arc of light formed,
and what are its properties ?
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most brilliant that can be obtained by any artificial means.
With powerful batteries, the pieces of charcoal may be sep-
Fig. 109, arated several inches apart without the
e light ceasing, and then it moves from
one to the other pole in an arched form,
Fig. 109, the convexity of the arc being upward. This
form is due to the current of hot air which rises from the
ignited space between the poles, and the light may be
blown out by the mouth, just in the same manner that we
blow out a candle.
But, in a scientific point of view, by far the most inter-
esting experiment to be made with the Voltaic battery is
Fig. 110, the decomposition of water. Through
the bottom of a glass vase, or dish, at
the point @ b, Fig. 110, two platinum
wires are introduced, water-tight ; they
pass into the vase, as a ¢, b d, parallel
to each other, but not touching. Over
each of these wires a tube is to be in-
verted ; the tube e over ¢, and foverd,
the vase and the tubes being previous-
ly filled with water acidulated slightly, to improve its
conducting power. Now let the wire @ ¢ be connected
with the positive pole of the Voltaic battery, and & d with
the negative ; bubbles of gas in a torrent arise from their
extremities, and pass upward in the tubes, displacing the
water. The quantity of gas thus collecting in the two
tubes is unequal, and whenever we stop the decomposi-
tion there will be found in f double the quantity which is
in e.  When a sufficient amount is collected, let the tube
e, containing the smaller portion of gas, be cautiously re-
moved, preventing any atmospheric air from getting into
its interior, by closing it with the finger, and then, turning
the tube upside down, let a stick of wood, with a spark
of fire on its extremity, be immersed in the gas. In a
moment the wood bursts into a flame, proving that this is
oxygen gas. Then take the other tube, and allow to pass
into it a quantity of atmospheric air equal to the volume
of gas it already holds; remove the finger and apply a
light, and there is an explosion. But this is the property

Describe the process for the decomposition of water. What is the rel-
ative proportion of the gases collected? How can it be proved that the
less quantity is oxygen and the larger hydrogen ?
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of hydrogen gas. We therefore conclude that in this ex-
periment water has been decomposed and resolved into
its constituent ingredients, oxygen and hydrogen; and,
farther, that in water there is, by vol-
ume, twice as much hydrogen as there
is oxygen gas. The separation of the
two is perfect, so much so that the de-
composition may be conducted in differ-
ent vessels. Thus, let N and P be tubes,
through the closed upper ends of which
platinum wires pass; invert them in
glasses of water, with a siphon of large
bore counecting them. On making N
communicate with the negative, and P with the positive
pole, decomposition ensues, hydrogen gas accumulating in
N, and oxygen in P.

Fig. 111.

LECTURE XXX.

Tue Evectro-caEMicAL Tueory.— Theory of the Decom-
position of Water.— Decomposition of Metallic and other
Salts.— Becquerel’s Illustration of the Formation of Min-
erals.—Davy’s Discoveries— Electro-chemical Theory.—
Electrolytes— Faraday’s Theory of definite Action.—
The Electrotype.

’

Tue prominent fact connected with the decomposition
of water is the total separation of the constituent elements
on the opposite polar wires or electrodes. From the
positive wire oxygen alone escapes, and from the nega-
tive hydrogen; there is no partial admixture, but the
separation is perfect and complete.

Though the polar wires may be separated from each
other by a considerable distance, the same result is uni-
formly obtained, and it is to be remarked that the evolu-
tion of gas takes place on the wires alone ; no intervening
bubbles make their appearance in the intermediate space.
The principle on which this is effected may be easily under-

‘What is the constitution of water by volume? Do these polar decom-
positions effect a total separation of the bodies ? In the decomposition of
water, do any gas bubbles appear in the intervening space?

L
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stood, by supposing H H and O O, Fig. 112, to represent
Fig. 112. atoms of hydrogen and oxygen respect-
Y o ively; each pair of them, theref()re,. rep-
HE,_[I{F_EH resents a particle of water. Now, if we
P slide the upper row of atoms up(m‘the
@0 lower, as shown at 4 %, o o, it is obvious
A 2 thata hydrogen atom will be set free at
one extremity of the line, and an oxygen atom at the oth-
er, and that, as respects all the intermediate pairs of atoms,
though they have changed their places, yet every particle
of hydrogen is still associated with a particle of oxygen,
constituting, therefore, a particle of water; and it is at the
extremes of the line alone that the gases are set free. So
in the polar decomposition by the pile, all the liquid in-
tervening between the poles is affected, decompositions
and recombinations successively taking place, the hydro-
gen atoms moving in one direction, the oxygen in the
other, finally to be set free on the surface of the polar
wires.

This capital discovery of the decomposition of water
by Voltaic electricity was originally made by Nicholson
and Carlyle. It is by far the most satisfactory method of
demonstrating the constitution of that liquid. After it
was made known, any lingering doubts which still remain-
ed on the minds of some chemists in relation to the com-
posite nature of water were speedily removed.

In the same manner that water is decomposed by the
Voltaic battery, so, also, many metallic and other salts yield
to its influence. Thus, if into a jar containing a solution
of blue vitriol, the sulphate of copper, two metallic plates
are introduced parallel to each other, and one of them
brought in connection with the negative and the other
with the positive pole of the battery, decomposition of the
salt takes place; the sulphate of copper being resolved
into its constituents, sulphuric acid and the oxide of cop-
per, and the latter reduced to the condition of metallic
copper by hydrogen simultaneously evolved with it, arising
from the decomposition of a part of the water. In this
manner the copper may be deposited, with a little care,
under the form of a tough metallic mass.

. How is this explained ? How is it, if decompositions are going on in the
intervening space, that the gases are not there seen? Can metallic salts
be inlike manner decomposed ?
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Ifin a cubical glass vessel Fig.113,divided into two par-
titions by a diaphragm, «, Fig. 113.
and both partitions filled
with a solution of iodide
of potassium, mixed with
a solution of starch, and
the positive and negative
wires of the battery intro-
duced, decomposition of the iodide takes place, its iodine
being evolved at the positive wire, and giving with the
starch a deep blue color, the blue iodide of starch, while
the liquid in the other partition remains colorless.

M. Becquerel obtained some very beautiful results by
the aid of weak but long-continued electric currents, illus-
trating the probable mode of formation of mineral sub-
stances by such currents traversing the crust of the earth.
1f we take a glass tube bent into the form Fig. 114,
of a U, and close the bended part with a
plug of plaster of Paris, putting in one of
the branches a solution of carbonate of
soda, and in the other of sulphate of cop-
per, immersing in one of the solutions a
zine plate, and in the other a copper,
connected together by a piece of bent
wire, the liquids communicate through
the porous plug, and crystals of the dou-
ble carbonate of copper and soda form on the plate im-
mersed in the copper liquid. In the same Fig. 115.
manner, other compound salts and mineral QI
bodies may be produced.

Or if we take a jar, A, and fill it with a so-
lution of nitrate of copper to @, and then with
dilute nitric acid to B, and immerse in it a slip
of copper, C D, presenting equal surfaces to
the two liquids, an electric current is genera-
ted, the copper is dissolved in the upper solu-
tion, and is deposited in crystals at D in the
lower. P

As in this manner water and various saline bodies un-

Describe the polar decomposition of iodide of potassium. Can decom-
positions be produced by very feeble Voltaic currents? Describe some
of the arrangements of M. Becquerel for illustrating the probable mede of
formation of minerals.
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dergo decomposition by the action of the pile, it occurred
to Sir H. Davy that probably other substances, at that time
supposed to be simple, might also be decomposed. He
accordingly subjected the alkaline and earthy })odles, then
reputed to be elementary, to the influence of a powerful
battery, and found that his supposition was verified. O.Il
placing a fragment of caustic potash between the poles, it
immediately melted ; from the positive oxygen gas es-
caped in bubbles, and from the negative, small metallic
globules, having the appearance of quicksilver, emerged;
these were characterized, however, by the singular qual-
ities of an intense affinity for oxygen, so that they would
take fire on being touched by water, or even ice, and
were so light as to swim upon the surface of that liquid.

The result of Davy’s experiments proved that the al-
kaline substances and all the earths are oxidized bodies,
and in most instances oxides of metals.

On these principles, Davy established a division of ele-
mentary bodies into electro-positive and electro-negative
substances. The former are those which, during a polar
decomposition, go to the negative pole, and the latter those
that go to the positive. The electro-chemical theory as-
sumes that all bodies have a natural appetency for the as-
sumption of the positive or negative states respectively, and
that all the phenomena of chemical combination are mere-
ly cases of the operation of the common law of electrical
attraction ; for between particles in opposite states at-
traction ought to take place, and when in a compound
body, such as water, which consists of particles of nega-
tive oxygen and positive hydrogen, the poles of an active
Voltaic battery are immersed, they will effect its decom-
position, the negative oxygen going to the positive pole
and the positive hydrogen to the negative pole.

Davy’s theory thus not only accounts for the decom-
posing agencies of the battery, but also for all common
cases of chemical combination, referring both to the fun-
damental law of electric attraction. With all its simplic-
ity, it would be very easy to show, however, that it is
founded on a groundless assumption, and can not account
for a great number of well-known facts.

‘What were the discoveries of Davy respecting the alkaline and earthy
bodies? What is meant by the electro-chemical theory? Does this the-
ory also account for chemical combination ?
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The Voltaic pile can not decompose all bodies indis
criminately. An electrolyte—for so a decomposable sub-
stance is termed—must always be a fluid body. It also
appears that all electrolytes must have a binary constitu-
tion, or contain one atom of each of their two constituent
ingredients.

Mr. Faraday discovered that the action of an electric
current in effecting the decomposition of various bodies is
perfectly definite : thus, if we make the same current
pass through a series of vessels containing water, iodide
of potassium, melted chloride of lead, they will all be de-
composed, but in very different quantities. 1If of the wa-
ter there be decomposed 9 parts, there will be 165 of
iodide of potassium, and 139 of chloride of lead; but
these numbers represent what will be hereafter given as
the atomic weights of the bodies in question. A current
which can set free one grain of hydrogen will evolve 108
of silver, 104 of lead, 39 of potassium, 31'6 of copper, &e.,
these being the atomic weights of those substances respect-
ively.

A very beautiful application of electro-chemical decom-
position has, of late, been introduced into the arts. It
passes under the name of the electrotype. It consists in
the precipitation of metallic copper, gold, silver, platina,
&ec., on different surfaces, by the aid of a Voltaic current.
Thus, suppose it were required to obtain a perfect copy
in copper of one of the faces of Fig. 116.

a medal; let a glass trough,
N C, Ig. 116, be filled with
a solution of the sulphate of
copper, and to the negative
wire, Z, of a Smee’s Voltaic
battery, let the medal N be at-
tached, all those portions, ex-
cept the face designed to be
copied, being varnished over, §
or covered with wax, to pro- e
tect them from contact with the liquid. To the positive
wire, S, let there be attached a mass of copper, C. As
soon as the battery is in action, decomposition of the sul-

To what bodies is the decomposing influence of the Voltaic battery lim-
ited? Can substances other than binary cognpounds be thus decomposed ?
Explain Faraday's law of the definite action of a Voltaic current. De.

scribe the electrotype.
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phate takes place, metallic copper is prec.i['fitated on the
face of the medal, copying it with surprising accuracy.
This copper is, of course, withdrawn from the sulphate
in the solution ; but while this is going on, sulphuric acid
and oxygen are being evolved on the mass of copper, C.
They therefore unite with it; and thus, as fa\?t. as copper
is precipitated on N by oxydation, new quantities are ob-
tained from C, and the liquid keeps up its strength unim-
paired. In the course of a day the medal may be re-
moved. It will be found incrusted with a tough, red
coat of copper, which may be readily split off from it. It
is a perfect copy of the surface on which the deposition
took place, and, in turn, it may be used as a mould for
obtaining a great number of casts. Gilding, silver-
plating, and platinizing are now performed on the same
principles, the electrotype being one of the most beauti-
ful contributions which science has of late given to the
arts.

An instrument, the Voltameter, has been invented by
Mr. Faraday for measuring quantities of
Voltaic electricity. It is represented in
Fig. 117. 1t consists of a glass jar, b,
filled to the height d with water, and
through its cover, ¢, a graduated tube, «,
passes. In the lower part of the tube at
&, two pieces of platina foil, which form
the terminations of the polar wires of the
battery, the current of which is to be
measured, are introduced, the connection
with those wires being made by the aid of
the mercury cups, ¢/. The tube, @, having
been filled with water, as soon as the cur-
rent passes decomposition takes place, the
gases collecting in the graduated tube, and measuring
the amount of the current.

Describe the Voltameter.
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LECTURE XXXI.

Onm’s Tueory oF THE VoLTAIlc PILE.—MAGNETISM AND
Evectro-magNETIsM.—Volta’s Pile—Hare's Calorimo-
tor—Zamboni’s Pile—Ohm’s Theory— Electro-motive
Force—Resistance—General Law for the Force of the
Current— Laws and Phenomena of M ignetism — Elec-
tro-magnetism, Oersted’s Discoveries in—The Galvan-
ometer — Electric Rotations— Tangential Force—Elec-
tro-magnets.

Witnh a given amount of metallic surface we can pro-
duce Voltaic batteries having different qualities.. Thus,
if we take a square foot of copper and a square foot of
zinc, and place between them a piece of wet cloth, we
shall have a battery which can not give shocks, nor effect
the decomposition of water, but which will cause a fine
metallic wire to become white hot, or even to fuse. If,
again, we take a square foot of copper and a square foot
of zinc, and cut each into 144 plates, an inch square, and
arrange them with similar pieces of cloth as a Voltaic
pile, the instrument will give shocks, and decompose wa-
ter rapidly. From the same quantity of metal two differ-
ent species of battery may be made; one cousisting of a
few plates of large surface, or one of a great number of
alternations of smaller plates.

Of these varieties of battery, the calorimotor of Dr.
Hare is an example of the first. It consists of a series
of zinc plates, all connected together, and one of copper,
also similarly connected, coustituting therefore, in reality,
a single pair of very large surface. The great amount of
heat evolved by this apparatus is its peculiarity.

The electric pile of Zamboni is an example of the other
kind. It consists of a series of ten or twenty thousand
discs of gilt paper, alternating with similar pieces of
very thin zinc foil. These are arranged in a tube, and
kept in contact by the pressure of screws at each end.
In Fig. 118 (p. 132), the pile is laid on a pair of gold

What are the two principal forms of battery? What do the calorimo-
tor and Zamboni’s pile illustrate ? What is the effect produced by a bat
tery of large plates? What by one of many alternations ?
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leaf electroscopes, both of
which diverge, the one
being positive and the
other negative, the cen-
tral parts of the pile being
neutral. This instrument
exhibits no calorific ef-
fects; its phenomena are
those of electricity of high
~ tension.

= These, and, indeed,
—R e many of the phenomena
of the electric current, are clearly accounted for by the
aid of Ohm’s theory of the Voltaic pile, of which the fol-
lowing is an exposition :

1st. By ELEcTRO-MOTIVE FORCE we understand the
causes which give rise to the electric current; this, as
we have explained in the simple circle, is the oxidation
of the zinc. 2d. By rREsisTANCE we mean the obstacles
which the current has to encounter in the bodies through
which it passes.

‘When we affect the electric current in any portion of
its path, either by varying the electro-motive force, or
changing the resistances, we simultaneously affect it
throughout the whole circuit; so that, in a given space
of time, the same quantity of electricity passes through
each transverse section of the circuit.

In any Voltaic circle, simple or compound, the force of
the current is directly proportional to the sum of all the
electro-motive forces which are in activity, and inversely
proportional to the sum of all the resistances; that is to
say, the force of any Voltaic current is equal to the sum
of all the electro-motive forces, divided by the sum of all
the resistances.

The resistance to conduetion of a metal wire is directly
as its length, and inversely as its section; that is to say,
the longer the wire is, the greater its resistance, and the
thicker it is, the .ess its resistance.

If we augment or diminish, in the same proportion, the

‘What is meant by electro-motive force? In a simple circle, what is its
origin? What is meant by resistance ? On affecting one part of a cur-
rent. is the rest affected? What conclusion is drawn from that fact?

What is the force of the current equal to? 1ln a wire, what is the law cf
resistance ?
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electro-motive forces and the resistances of a Voltaic cir-
cuit, the force of the current will remain the same ; if we
increase the electro-motive force, the force of the current
increases ; if we increase the resistance, the force of the
current diminishes.

If, in two Voltaic circles of equal force, the same re-
sistance is introduced, the forces of the currents may be
enfeebled in very different proportions ; for the newly-in-
troduced resistance may, in one of the circles, bear a very
great proportion to the resistances already existing, and,
in the other, a very insignificant proportion.

The following, therefore, is the general law which de-
termines the force of a Voltaic circuit.

1st. The electro-motive force varies with the number of
the elements, the nature of the metals, and of the liquids
which constitute each element; but it does not in any
manner depend on the dimensions of their parts.

2d. The resistance of each element of a Voltaic circuit
1s directly proportional to the distance between the plates,
as occupied by the liquid, the resistance of the liquid it-
self, and the length of the polar wire connecting the ends
of the circuit; and inversely proportional to the surface of
the plates in contact with the liquid, and to the section of
the connecting wire.

3d. The force of the current is equal to the electro-
motive force divided by the resistance.

From the circumstance that lightning has been repeat-
edly known to render implements of steel magnetic, and
from a general analogy which exists between the phenom-
ena of magnetism and those of electricity, it was long ago
believed that these phenomena were due to one common
cause ; but it was not until 1819 that their true relation-
ship was first established by (Ersted.

The phenomena of the magnet itself were discovered
more than 2000 years ago. The natural magnet, or load-
stone, which is an iron ore, possesses the quality of at-
tracting pieces of iron or steel, but upon almost all other
substances it is without action. To bardened steel it com-

How does the force of the current change with changes in the electro-
motive force and the resistance! When a new resistance is introduced
into two circles, does it follow that both will be affected alike 1 Give the
general law which determines the force of the Voltaic current. . What are
the properties of a magnet? What is the difference of its action on iron
and steel?

M
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municates 1ts own properties in a permanent manner; but
soft iron is only transiently magnetic, and as soon as it is
removed from the influence of the magnet it loses its
power. Bars of steel which have been magnetized can
communicate their activity to other bars; they are, there-
fore, of constant use in physical investigations, and are of
two forms, straight bars and horseshoe magnets.

Fig. 119, If a magnetic bar have iron
ki) filings sifted over it, they col-
i lect, as represented in [%g.

s e 119, chiefly at the two extrem-
ities, d d, few of them being found in the middle. 1fa piece
Fig. 120 of card-board is laid
: over a magnet, and
the filings dusted on
it, they arrange them-
selves in curves, call-
ed magnetic curves ;
there being in this,
as in the former in-
stance, centers of ac-
tion, P P, toward the
extremities of the
bars, around which the curves are arranged. The ap-
pearance is shown in Fig. 120.
Alight magnetic bar, S N so arranged that it can be pois-
Feg. 121. ed on a pivot, C, with free-
C dom of motion, is a magnetic
needle. It was discovered
by the Chinese that such a
needle, Fig. 121, possesses
polarity, or points north and
south, a fact of the utmost
importance in mnavigation.
. ‘When to a needle the poles
of a bar are approached, it exhibits attractive and repuls-
ive movements. The law under which these take place
is, “ Like poles repel, and unlike ones attract ;”’ two nerth
or two south poles repel, but a north and a south attract.

17/)
i

‘What are the forms of artificial magnets? How may the existence of
poles be shown by iron filings? Describe a magnetic needle. What is
meant by its polarity? What is the law of magnetic attractions and re-
pulsions?
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Either pole of a magnet is attracted by a piece of unmag-
netized soft iron. The intensity of magnetic action is in-
versely proportional to the square of the distances.

If a magnetic needle be brought into the neighborhood
of a wire, along which an electric current is passing, the
needle is at once disturbed from its position, and tends to
set itself at right angles to the wire. The direction in
which the transverse movement takes place depends on
the relative position of the needle and the wire ; thus, 1st,
if' the wire be above the needle and parallel to it, that
pole next the negative end of the battery moves west-
ward ; 2d, if the wire be beneath the needle, it will move
eastward ; 34, if the wire be on the east side of the needle,
the pole is elevated ; 4th, if on the west, it is depressed ;
in all these various positions, the tendency being to bring
the needle at right angles, or transverse to the wire.

It follows, from these
facts, that if a magnet-
ic needle be placed in ? ?
the interior of a rectan-
gle of wire, Fig. 122, T\
through which a cur- o
rent is made to flow,
all the portions of the é&b
wire conspire to move -
the needle in the same direction. The effect, therefore
becomes much greater than in the case of a single con-
tinpuous wire.

On the same principle, if, instead of a single turn, the
wire is repeatedly coiled upon it- Pig. 123.
self, so as to make a great many g S e
turns, the effect upon the needle may r::“—":-ﬁ
be greatly increased ; and when the N—-—— )
needle is made nearly astatic, that :’”—:
is to say, its tendency to point north §———
nearly destroyed by arranging it upon
an axis with another needle, similar to it in all respects,
but with its poles reversed, as N S, S N, Figure'l:23,
the directive tendency of the one needle neutralizing

Fig. 122,

)
N

How does the intensity of magnetic action vary? In what does Er-
sted’s discovery consist ? What is the direction which the needle moves
in the four poéitions round the wire? ‘What is the effect on a needle in
the interior of a rectangle? What is the principle of the galvanometer ?
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the other, but both tending to turn in the same direction
by the current in the coil of wire, inasmuch as one is with-
in the coil and the other above it, the arrangement forms
a most delicate means of discovering and measuring an
electric current. It is called a galvanometer.

As action and reaction are always equal and contrary,
it is obvious that, if a conducting wire be movable and
the magnet stationary, the latter can be made to impress
motions on the former.

Conducting wires can be made to revolve round the

Fig. 121. poles of a magnet, or the pole of a mag-
net round a conducting wire ; thus, in a
glass cup, Fig. 124, let a magnet, 7, be
fixed vertically, and the cup filled with
mercury ; by means of a loop, @, let a
conducting wire, 4, be suspended, having
perfect freedom of motion. If an electric
current is made to pass down this wire
through the mercury, and escape by the
path d, the wire rotates round the pole »
as long as the current passes. From this
and 31m11ar experiments, it therefore ap-
pears that the force exerted between a conducting wire
and a magnet is not a direct attractive or repulsive power,
but one continually tending to turn the movable body
round the stationary one, deflecting it continually, and
acting in a tangential direction. Hence it is sometimes
spoken of as a tangential force.

If round a bar of soft iron a conducting wire, covered

Fig. 195. over with silk, be spirally twisted, as in
Fig. 125, whenever an electric current
is passed, the iron becomes intensely
magretic, and loses its magnetism as
soon as the current stops. A bar an
inch in diameter, bent so as to represent
a horseshoe, Fig. 126, with a wire cov-
ered with silk for the purpose of sepa-
rating its successive strands from each

On the same principles, can the wire be made to move? Describe a
method of showing the rotation of a wire round the pole of a magnet.
What is the nature of the force exerted between a conducting wire and
wmagnet? Describe the construction and properties of a strawht electro-
magnet.
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other, may be made to give rise to very
striking results. Prof. Henry, by a modi-
fication of the conducting wire, succeeded
in imparting so intense a degree of mag-
netism to a piece of soft iron that it could
support more than a ton weight. If under }
one of these ELECTRO-MAGNETS a dishful of }
small iron nails be held, the moment the
current passes, the nails are all attracted,
and, while they are held by its poles, may
be moulded, as it were, by the hand in
various shapes, but as soon as the current
stops they fall off.

It is upon this principle of producing
temporary magnetism by an electric cur-
rent that Morse’s electric telegraph depends.

Fig. 126

(7N

LECTURE XXXII.

EvLecTrRO-DYNAMICS — THERMO-ELECTRICITY, &C.— Am-
pere’s Discovery.— Properties of a Heliz.— Nature of the
Magnet— Faraday’s Discovery of Magnetic Electricity.
— Magnetic Machines— Faradian Currents.— Thermo-
electricity.— Production of Heat and Cold by Electric
Currents.— Thermo-electric Pairs—Peculiarity of these
Currents.— Electro-motive Power of Heat.— Mellon?’s
Pile and Thermometer.— Improvements in Thermo-elec-
tric Pairs—Animal Electricity.—Steam Electricity.

Soon after the relation between electricity and magnet-
ism was established, M. Ampere discovered that there
are reactions between electric currents themselves.

Two electric currents flowing in the same direction at-
tract each other, but two electric currents flowing in op-
posite directions repel ; or, more briefly, ¢ Like currents
attract, and unlike ones repel.”

If a conducting wire be bent in the form of a helix,
its terminations returning toward its middle, as shown in
Flig.1217, it exhibits all the properties of an ordinary mag-
netized bar; for as soon as the current passes, it points

Describe the horseshoe electro-magnet. What is the law of reaction
between electric currents ?
M2
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Fig. 127, north and south, and is attracted and re-
e pelled by the poles of a magnet, just as
F-—- though it were a magnet itself. A very

neat arrangement for illustrating these
results is seen in Fig. 128. A small sim-
plecircle, consisting of a zinc and copper
plate, connect- Fig. 198.
ed together by
means of a wire
I bent so as to
m’ﬁ&mﬁd’ form a flat coil,
is floated by
means of a cork in acidulated
water. The current runs round
the coil in the direction of the
arrows, and the arrangement,
obeying the magnetic influence :
of the earth, turns, with its plane
pointing north and south, just as
a magnet would do if introduced into the interior of the
coil, in the position shown in the figure by the dark line.
Ampere infers, from the analogy of these instruments,
that the magnet owes its qualities to electric currents cir-
culating in 1t in a transverse direction. The directive
action of the magnetic needle or the electric helix depends
on the reaction of electric currents circulating in the
earth, due to the unequal heating of its surface by the
rays of the sun.
We have seen that an electric current can develop
magnetism in a bar of iron or steel ; in the former, tran-
Fig. 120, b sient, in the latter, perma-
uent magnetism. Thus, if
the iron bar, s, Fig. 129,
m7 be placed in the axis of a
helix of copper wire, along
7 which a current is flowing,
the current develops magnetism in the bar. It was dis-
covered by Faraday that the converse also holds good,
and that a magnet can give rise to an electric current.
Thus, in Fig. 129, let the terminations @ & of the helix ¢

Describe the phenomena of the electro-dynamic helix, Fir. 127. De-
scribe those of the flat coil. What is Ampere’s theory of the nature of
the magnet? Can a magnetized bar be made to develop electric currents?
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be brought in contact, and having placed a soft iron bar,
n s, within it, let the bar be made maguetic by the ap-
proach of a strong magnet. As#z s assumes the magnetic
condition, it generates a current, which runs through the
helix ¢; and if at this moment the wires ¢ & are drawn
apart, a bright spark, sometimes called the magnetic
spark, passes. 1t does not come, however, from the mag-
net itself, but is due to the electric current established in
the helix by the disturbing action of the magnet. If be-
tween the terminations @ 4 a slender wire is placed, it
may be made red hot, or water may be decomposed, or
any of the phenomena of a Voltaic battery may be exhib-
ited by the aid of this magneto-electric current. On this
principle are constructed the magneto-electric machines,
of which different forms have of late been so generally
introduced for the purpose of the medicinal application of
electricity. They all depend essentially on the principle,
that if we coil round a piece of soft iron a conducting
wire, as often as the iron is magnetized, a wave of elec-
tricity flows through the wire.

If two conducting wires be placed parallel and near to
each other, when an electric current is passed through
one of them a wave of electricity flows in the opposite di-
rection through the other; and on the first current stop-
ping, another wave, coinciding with it, passes through the
second wire. These momentary currents are all called,
from the name of their discoverer, Faradian currents.

If we take a bar of antimony, @, Fig. 130, and one of
bismuth, 4, and having soldered them end to  Fig. 130.
end at ¢, pass a feeble current through them
in a direction from the antimony to the bis-
muth, the temperature of the compound bar
rises; but if the current passes in the oppo-
site direction, cold is produced. By fixing
thermometers into the substance of the bars, &
these facts may be readily verified, and in the
latter case, when water is placed in a depres-
sion made for it in the bar, and the reduction of tempera-
ture slightly aided, it can be frozen by the electric current.

The same compound bar of bismuth and antimony,

i

What are the properties of these currents ? What is the principle of
the magneto-electric machine? What is meant by Faradian currents ?
‘What is their direction? How may heat and cold be produced by a cur-
rent in a compound bar ?
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having its extremities connected together by a wire, when-
ever heat is applied to the junction, an electric current sets
from the bismuth to the antimony, and when cold is appli-
ed, from the antimony to the bismuth. These impo:tant
facts were discovered by Seebeck in 1822, and the cur-
rents have been designated by him thermo-electric curreuts.

For the production of these thermo-electric effects, two
metals are not necessarily required. One end of a thick
metallic wire being made red hot and brought in contact
with the other, a current instantly passes from the hot to
the colder portion, and continues to flow in diminishing
quantities until the two ends have reached the same tem-
perature. Or if a metallic ring be made red hot in any
limited portion of its circumference, so long as the heat
passes with freedom to the right hand and to the left,
electric development does not appear ; but if we touch
with a cold rod the hot portion, abstracting thereby a por-
tion of its heat, a current in an instant runs round it.

It is not alone in metals that these thermo-electric cur-
rents can be induced ; other solids, and even liquids, may
originate them. Among metals associated together, the
relation often exhibits singular changes. Copper and iron
form a very active couple until their temperature ap-
proaches 800° F.; the current then stops, and on contin-
uing the heat, another current is developed, passing in the
opposite way. The same takes place with a pair of sil-
ver and zine, at a temperature of 248° F.

Thermo-electric currents generated in metallic bars,
experiencing little resistance to conduction, have therefore
very little tension ; the thinnest stratum of water is a per-
fect non-conductor to them.

In any thermo-electric couple the quantity of electrici-
ty evolved depends upon the temperature ; but, as I have
shown in a memoir on the electro-motive power of heat,
inserted in the Philosophical Magazine for June, 1840, it
is not directly proportional to it, except through limited
ranges of temperature; we can not, therefore, make use
of these currents for the determination of temperatures
with accuracy, on the hypothesis of the proportionality of
the quantities of electricity to the quantities of heat.

‘What are thermo-electric currents? Can they be generated by one
metal only ? Can they originate in other solids besides metals, and in
liquids? "What is the action of a pair of copper and iron, and silver and
zinc? Why have they so little tension? Is the quantity of electricity
evolved proportional to the temperature ?
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By joining a system of bars alternately together, we
may reduplicate the effects of a single pair. As might
have been predicted on the theory of Ohm, and as I have
shown in the memoir just quoted experimentally, where
the conducting resistance remains the same, the quantity
that passes the circuit is directly proportional to the num-
ber of pairs. It is upon this principle that, several years
ago, M. Melloni constructed his thermo-electric mulitiplier,

ig.131. Thirty or forty pairs of minute bars of bismuth

Fig. 131.

and antimony F T, with their alternate ends soldered to-
gether, are arranged in a small space, so that their ends
expose an area not exceeding the section of the bulb of a
common thermometer, the current that passes from this
pile being so conducted, by means of wires C C, as to de-
flect a magnetic needle. To the thermo-electric pile a gal-
vanometer is therefore attached, as seen in Ig. 132,

p X Fig. 132.
Q

——

P
| P

Com.

" Whatis the ;);1;v1i;1«;»f the thermo-electric multiplier of Melloni ? How
is it constructed ?
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which represents the whole instrument in section and
perspective. A B C is the coil of the multiplier, its ter-
minal wires ending in the connecting cups, F' F.. The
coil rests on a plate, D E, which can be made to revolve
by means of a wheel and screw connected with the but-
ton G. An astatic combination of needles is support-
ed by the frame Q M N, by a single silk thread, V L.
To protect the instrument from currents of air, it is cov-
ered with a glass cylinder, R L, strengthened by brass
rings, P S, Y Z; K T is the basis on which the cylinder
rests. The angle of deflection of the needle is taken as
the measure of the temperature. Of all thermometers,
this is by far the most sensitive.

I have introduced certain improvements in the con-

Fig. 133. struction of the thermo-

~n e r~+ electric element. Let

j a, Fig. 133, be a bar of

c antimony, and 4 a bar

a N b i of bismuth. Let them
T S 7 be soldered along ¢ d,

and at d let the temper-
ature be raised ; a cur-
a' 1 rent is immediately ex-
cited, but this does not
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