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PREFACE

Tris volume is the outcome of a suggestion that the authors’
Lessons in Science, originally intended to assist pupil teachers
and others offering Physics and Chemistry in the Preliminary
Examination for the Certificate of the English Board of
Education, would, if modified and extended, meet the needs of
candidates preparing for the examination in elementary science
(Physics and Chemistry) for the Matriculation Examination at
the University of Madras.

The present edition will be found to contain a full descriptive
and experimental treatment of all the subjects included under
Elementary Science in the new Syllabus for Matriculation at
the University of Madras, and to cover the work necessary for
similar Examinations at other Universities.

Each chapter is provided with a summary of the chief points
explained, and is followed by a miscellany of questions set at
numerous important public examinations.

The authors gladly take this opportunity to acknowledge the
assistance rendered by Mr. G. H. Wyatt, B.Sc., in arranging
the present edition, and in writing some of the new sections.

R.A.G.
A T.S.
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LESSONS IN SCIENCE.

CHAPTER 1.
PHYSICAL PROPERTIES AND STATES OF MATTER.

1. PROPERTIES OF MATTER.

i. Porosity.—-(a) Filter some muddy water through a filter paper
placed in a funnel (Fig. 1. The particles of water are small
enough to pass through the pores of the paper, but the sohd
particles of mud are too large, hence they are left behind.

(b) Procure a picce of chamoi: lcather ; make it into a bag, and
our some mercury into it. Increase the pressure on the mercury
y twisting the leather. The

mercury is forced through the
pores. This is a common way
of filtering mercury.

(c) Half fill a barometer tube
with water: then gently add
alcohol until the tube is nearly
full. Make a mark on the tube
at the level with the top of the
liquid column, and afterwards
shake the tube so as to mix the
water and alcohol well together.
Observe that the volume of the
mixture has diminished, the reason being that some of each liquid
has filled up pores between the particles of the other.

ii. Elasticity.—Procure a slab of polished marble or some similar
material and smear it’ with oil. Drop a billiard ball, or a large glass
me.ble, from a considerable height on to the slab. Catch it as it
rebounds. Notice that a blot of oil is found where the ball came
into contact with the slab. Compare the size of the blot with the
spot which is formed when the marble is placed in contact with
the slab. ‘

Evidently tH€ ball underwent a compression as the result of
oollision with the slab, and, by virtue of its elasticity, it regained
its original size, causing the rebound.

Ls.1, A ¢

FI1G. 1.—Funnel and filter-paper.
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What is meant by “matter.”—Our earliest knowledge of
the world teaches us that on overy side we have what we
familiarly speak of as things of all kinds. We become aware of
the existence of these things in different ways. Some we feel,
some wo smell, some we see, some we taste, whilo others again
make their evistence known to us by the sounds we hear. On
a windy day at the sea-side, standing on the beach, we feel the
ground under our feet ; we smell, it may be, the tar on a neigh-
bouring boat or the seaweed on the shingle; we see a distant
ship at sea or the clouds hurrying across the sky ; we taste the
salt in the air ; and we hear the never-ceasing roar of the waves
as they break at our feet. All these things, about which we
get to know by our senses, are called material things; they are
forms of matter. We must think of matter, then, as meaning
all things which exist in or out of our world, which we can become
aware of by the help of our senses.

Different kinds of matter.—Of course the number of
different kinds of things is very great, but yet they can all
be arranged in three classes, according to certain of the
properties they possess, which we shall immediately have to
study. The classes arc (1) Solid things or solids; (2) Liquid
things or liquids ; (3) Gaseous things or gases. Sometimes the
last two are made into one class and called fluids.

What is meant by “ properties.”—We shall have occasion
to use the word properties so often that it will be well to under-
stand clearly what meaning the word conveys, and this can be
best accomplished by one or two examples. We say a strawberry
is sweet, or a strawberry has the property of sweetness ; the paper
of this book is white, or the paper possesses the property of
whiteness ; the sun is bright, or the sun is noted for the
property of brightness. Evidently, then, properties are certain
effects caused by the things which are said to possess them.

Properties possessed by all kinds of matter. --There are
certain properties possessed in common by all kinds of matter ;
these are said to be general properties.

1. Matter must occupy a certain space, or possesses extension ;
the larger it is the larger the space occupied by,it.

2. Two material things cannot occupy the sawme space at the
same time. This property is expressed by saying that matter
is impenetrable. To be quite accurate, we have to know some-
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thing about the way in which matter is built up. We shall
see more fully later that every kind of matter is regarded
a8 being built up of small constituent parts, which are
incapable of division, and that it is really only these indivisible
parts which are impenctrable.

3. Matter offers resistance.—We become aware of this, in the
case of solids, if we knock ourselves against the wall or the
table ; if we swim or wade in water we know the same thing is
true of water, and we find it to be so of all liquids; if we
attempt to run with a screen in front of us we become conscious
of the resistance offered by the air to our onward progress, and
from this learn that gases, too, offer resistance.

4. Matter has weight.—Without knowing the full significance
of the expression weight, we shall have a sufficiently clear idea
of what is meant by this property from its familiar use in every-
day conversation. By lifting a solid we become conscious of its
possession of this property ; if we lift an empty bottle and then
when it is full of any liquid, we shall find it is lighter in the first
instance, or, as we say, the liquid has weight. By the exercise
of sufficient care it can be shown, in just the same manner, that
gases have weight.

5. Matter transfers motion to other things when it strikes against
them.—If we throw a stick at a cocoa-nut on the end of a pole,
or send a jet of water at a ball, or blow at a picce of paper,
another of the general properties of matter can be demonstrated,
namely, the power of giving motion to other things by striking
against them. All these general properties can be brought
together in a definition—thus: Matter occupies space, offers
resistance, possesses weight, and transfers motion to other things
when it strikes against them.

Other properties of matter.—Matter possesses other char-
acters or properties which it will be useful to study.
Though these, too, are general properties, it is possible to form
a good clementary notion of matter without taking them into
account, and it must be remembered that these properties
cannot all be applied to every kind of matter. We shall
consider (1) Divisibility, (2) Porosity, (3) Compressibility,
(4) Elasticity, (§) Inertia.

Divisibility.—Imagine some material body before you on a
table. You know that with suitable means you can divide it
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into parts by cutting, that each of the halves can be again
divided, and that the bisection can be continued as long as the
knife is sufficiently fine and sharp to be able to cut the substance.
Evidently, if you could only get sharper and sharper knives, and
keener and keener eyes, this process of division could be carried
on for a very long time. This property is what is understood
by divisibility.

Could this division go on for ever ? There are reasons for
believing that it could not. Eventually a stage would be
reached at which each individual part would be indivisible;
these parts are called atoms. Tt must be at once understood
that atoms have never been scen. Wo can only imagine what
would be the end of our process of division. Our strongest
microscopes bring us nowhere near tho possibility of seeing
an atom.

Porosity.—We are all in the habit of associating this property
with certain familiar forms of matter. The sponze we use in
the bath has holes through it, or is, as we say, porous. A piece
of blotting paper is another common example of an obviously
porous material ; the substances used in filters must also
evidently be porous, or else the water would not percolate
through them. Porosity refers to the possession of these
interstices or pores. In some cases, though we cannot see
these pores with the naked eye, we easily perceive them with
a microscope. The pores have often been shown to exist, even
where it is difficult to imagine their oxistence, by forcing water
through them. Thus Francis Bacon, in 1604, forced water
through a very carefully closed sphere made of lead.

Compressibility.—This property follows as a natural conse-
quence cf that just described. If pores exist between the
indivisible small particles of which matter i3 built up, it ought
to be possible, by the adoption of suitable means, to make these
particles go closer together. This is found to be the case. By
pressing upon a body from outside it can be made smaller.

This is well known to be the case in gases, which can
actually be made to become successively one-half, one-quarter,
one-eighth, and so on up to at loast one-hundredth of their
original size.

The same thing holds true in the case of solids, though to
a much smaller extent. A familiar example of the compression
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of solids is seen when a druggist presses a cork between two
pieces of iron in order to make it fit a bottle for which it was
previously too large. But, generally, in the case of solids the
pressure excrted has to be very great to bring about even &
small compression.

It was believed for a long time that liquids could not be
compressed, but it is now known that they can be slightly
reduced in volume, that is, the particles can be forced nearer
together.

Thus we learn that compressibility is not only a consequence of
porosity but actually a proof of its existence.

Elasticity.—Imagine a gas to have been made to assume
one-half its size by compressinz it. What would happen if the
pressure, which is the cause of the diminution, were suddenly
removed ? The gas would resume its original size or volume,
and it would, so far a3 appearances are concerned, seem to have
undergone no change. The gas is said to be perfectly elastic
and the propertv which enabled it to go back to its original
state is called elasticity. Similar results follow with liquids;
they also are perfectly elastic.

Some differences arise when solids come to be examined.
Though the property can be developed in solids in at least four
ways—by pressure, by pulling, by bending, and by twisting—
we n~ed only in this connection coniider the first, as it is the
elasticity which is developed by pressure which is most marked
in all forms of matter. Ivory, marble, and glass are examples
of elastic solids; while putty, clays, fats, and even lead are
instances of solids with scarcely any elasticity. In a scientific
sense, glass is more perfectly elastio than india-rubber, Lecause
it returns to its original shape after it had been forced out of
that shape, whereas india-rubber doei not retu n exactly to its
original shape.

A solid will only resume its former dimensions wken the
pressure is removed, provided that the pressure is witLin a
certain limit. If the pressure be more than this minimum
amount, or if it exceeds the limit of elasticity, as it is called,
the sold will not return to the initial size; it will vrncergo
& permanent change. As the student wll sno later from
Expt. 3 i., this limit of elasticity i3 only exceeded in thLe case
of india-rubber when the pressure applied is very great.
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Inertia.—This property will be considered more fully in a
later chapter, and here we need only say that it is entirely
a negative property ; it may be expressed in a gencral way by
the statement that inanimate bodies are incapable by them-
selves of changing their state of rest or motion.

* 2. THE THREE STATES OF MATTER.

i. Solid.—Procure a lump of ice and notice that it has a
particular shape of its own, which so long as the day 13 sufficiently
cold, remains fixed.

ii. Liquid. —With a sharp brad-awl or the point of a knife break
the ice up into pieces, and put a convenient quantity of them into a
beaker. Place the beaker in a warm room, or apply heat from a
laboratory burner or spirit lamp. The ice disappears, and its place
is taken by what we call water. Notice the characters of the
water. It has no definite shape, for by tilting the heaker the water
can be made to flow about.

iii. Gas.—Replace the beaker over the burner and go on warming
the water. Soon the water boils, and is converted into vapour,
which spreads itself throughout the air in the room, and seems to
disappear. The vapour can only be made visible by blowing cold
air at it, when it becomes white and visible, but 1 really no longer
vapour, but has condensed into small drops of water.

iv. Change from solid to gas.—\Varm a Florence flask bv twirling
it between the finger and thumb above the flame of a laboratory
burner. When 1t is too warm to bear the finger upon the bottom,
introduce a crystal of iodine, and notice it is at once converted
into a beautiful violet vapour.

v. Gradual change of state.—Warm a lump of sealing-wax or
bicycle cement in an iron gpoon, and notice the gradual conversion
into a liquid.

States of matter.—Solids, liquids, gases.—The fact that
there are three kinds of material things is well known to every
one, and has been stated already. We must now add to this
another idea, viz., that the same matter can exist in three
different states.

In Experiments 2 i.-iii., the same form of matter has been
made to assume three states; in other words, ice, water, and
steam are the same form of matter in the solid, liquid, and
gaseous state rospectively.

The change from one state to another may be sudden or
gradual.—The circumstances attending the change from the
solid to the liquid, or from the liquid to the gaseous state, are
not always the same as in the case of water. When solid
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iodine is hgated, it appears to pass suddenly from the condi-
tion of a solid to that of a gas. Camphor is another instance
of this sudden transition from solid to vapour. When, on the
other hand, sealing-wax is heated, it very gradually passes
into the liquid condition, and may be obtained in a kind of
transition stage—neither true solid nor true liquid.

There is no hard and fast line between these three conditions
of matter. The reader will find as his knowledge extends
that intermediate statos of matter are known betwcen those
described, but for the present it will be best to confine the
attention to this simple division, reserving for future work a
study of these gradations. We shall now consider the dis.
tinctive properties of solids, liquids, and gases. '

3. DISTINCTIVE CHARACTERS OF SOLIDS.

i. Stretching of india-rubber.—Iix one end of a piece of india-
rubber cord, or tubmg, about two feet long, to a support (Fig. 2).
Stick two pms through this cord about 18 inches
apart. Tie the lower end of the cord nto a loop,
and then hang a weight by means of a hook from
it. Measure the distance between the pins be-
fore and after putting on the weight. Repeat
the eaperiment with different weights.  You
will notice that the cord can be stretched or
elongated, because the weights exert a pulling
force upon it. If a long metal wire 18 used in-
stead of the cord, the stretching can be measured
in a similar way. but it 18 much less : forinstance,

a brass wire .~_.‘v inch in (lianw(m and eleven

feet long elongates about 5% inch when a weight
of 28 lbs. is pulling it.

ii. Bending of a lath.—Procure a flexible
wooden lath, and fix it horizontally by clamping
one end of it firmlv. To the other end attach a
pin by means of a little wax. I’ln('c a rule verti-
cally near the pin, as in Fig. 3.  Hang a weight
from the free end of the Inth. and observe the
amount of bending. Keeping the same weight,
clamp the lath so that only half the previous
length can be bent, and again notice the amount
of bendmu Trv also with other lengths.

iii. Twisting of a wire.—Suspend a wire with : =
a weight at its lower end, and under it a circle Fi6. 2.—Experiment
divided into degrees in a manner similar to that to illustrate the lon-
shown in Fig. 4. Notice the position at which g}t“ﬂ"“lmgﬁa‘l‘)’{)‘g
the weight comes to rest ; then twist the weight cord.
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through a certain angle, and le* it go. The weight untwists back to
the starting point and bevoad it, and then spins in the way it was
twisted, and goes on oscillatiag in this manner until it comes to

_ 4

F16. 3.—Measuremeat of the bending of a lath.

rest. Observe how long the weight takes to make ten or fifteen
complete spins. Repeat the observation wih wires of different
lengths and diameters, and made
of different metals. The time
of an oscillation depends upon
the tendency to untwist, so that
the experiment shows that this
depends, among other things, upon
the length, diameter, and nature
of a wire.

iv. Tenacity.—Suspend a balance-
pan from the lower end of a thin
copper wire attached to a beam.
Add weights to the pan until
the wire breaks. T'e force re-
quired to break the wire is the
joint weight of the balance-pan
and the weights in it. Repeat
the experiment with wires of
S the same diameter but made of
¥16. 4.—Elasticity of torsion.  different material.

e ——————

Ridigity.—A solid body does not readily alter its size or shape.
It will keep its own volume and the same form unless subjected to
a considerable force.—Another way of expressinz the f-cts
containel in the definition is to say that solids possess rigidity.
Hard solids are more rigid than soft ones. Liquids, on the
other hand, possess no rigidity, but the opposite property of
flowing or fluidity. Liquid particles slide over one another so
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easily that the surface of a liquid at rest is always horizontal.
Fine sanl may be made to flow, but the particles, however, do
not move freely over one another, so the surface is left uneven,
which fact provides us with a clear means of distinguishing
between a solid and a liquid.

Bolids possess elasticity.—It has been shown already that
elasticity can bo called into play in solids by pressure, and
also by pulling, bending, or twisting. It would take us
too far into the subject of Physics to deseribe how the
elasticity has Leen measurel in these cases, but that there is
an alteration of form when solids are treated in these ways is
shown clearly by the results of Experiments 3 i.-iii.

Solids possess tenacity, ductility and hardness.—The
force rejuirel to tear asunder the particles of a body varies
with different materials ; in other words, some substances are
more teaacious than others.

Tenacity i3 measurad by ascertaining what weight is necessary
to kreak solids when in the form of wires.—In making the
measurement of tenacity, the area of the cross section of the
wire must first Le estimated carefully. By the cross section
is meant the area of tle end of the wire when it is carefully
filed t> be at right argles to tte lergth. This cross section is
ostimated by measuring the diameter of the wire and
calculating.! .

It is found that a wire of twic> the cross sectional area of
another i3 just twice as tenacious. Evidently, then, if we
wish to compare the tenacity of two wires of different materials,
it will make the experiment much simpler if wires of the same
cross section are selocte 1. (ast steol is the most tenacious of
all metals, beiny about twice ay much so as copper and forty
times as tenacious as lexl. But the tenicity of steel itself is
exceeded by that of unspun silk, while single fibres of cotton
can support millions of times their own weight without breaking.

Ductility is the property by virtue of which solids can be made
aato wires.—A ductilo material is thus one which can be drawn
out. The change of form in this cise i3 produced by pulling.
Malleability is a similar property to ductility. but the change of
form i3 brought about by tie application of pressure; gold,

b

22 d
1 Area of crcss section = 7 X i
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copper, and lead, for instance., can Lo beaten out into thin
plates, and are therefore malleable substancoes. Lead is an
example of a malleable material whick is not ductile —it can be
beaten out but cannot be drawn into wires. A solid which
can be easily moulded into any shape, which it also retains,
is said to be plastic. An example is modclling clay.

Platinum is the most ductile and gold the most malleable
metal known. Platinum has been drawn out into wire so fine
that a mile of it weighs only oune anl a quarter grains. Gold
has been beaten into plates so thin that it would require thiee
hundred thousand of themn placed one above the other to make
a layer an inch thick.

Hardness is the property by virtue of which solids offer resist-
ance to being scratched or worn by others. —This is a property of
great importanco in the study of minerals, as 1t often affords a
ready means of distinguishing them.  The method of measuring
hardness consists in selecting a series of solids, cach one of the
series being harder than the one above it, and softer than the
one below it. At one end of the series, therefore, the hardest
solid known is placed ; at the other end, the softest which we
may wish to measure. A hard solid is frequently also brittle,
that is, it is easily broken when we attempt to bend it, or
when we subject it to a blow. Very hard steel is also very
brittle. v

4. DISTINCTIVE CHARACTERS OF LIQUIDS.

i. Viscosity.—Procure specimens of treacle and pteh.  Soften the
latter. Compare the consistency of the tieacle and the softened
pitch with that of water, and note the gradual merease m the
vigeosity of the liquids.

ii. Liquid at rest..—Into a shallow glass vessel pour enough
mereury to cover the bottom.  Attach a ball of lead to the end of a
fine string, and so construct a plumb-line.  Hang 1t over the surface
of the mercury, and notice that the line itselt ond 1its reflection are
in onc and the same line. If this were not the case, that is, if the
image slanted away from the plumb-hne itself, we should kno.
the surface of the liquid was not horizontal.

iii. Drops.—Sprinkle some powdered resin on a board and then a
little water. Notice the water collects in drops; the smaller they
are, the more nearly spherical they are. Observe the same thing
with mercury on a sheet of paper.

iv. Drop of liquid inside another liquid.—Mix methylated spirit
ead water until a few drops of oil just float when the mixture is
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quite cool. Pour fresh oil, by means of a pipette, into the middle of
the mixture. Notice spherical globes of oil cau thus be formed.

v. Drops can unite.— Observe that drops once formed can be made
to ran together again by coming 1 contact.

vi. Cohesion.— (‘arefully clean and polish two pieces of plate glass,
and then place one on the other.  The two surtaces will be found to
cohere, and considerable force will Le 1equited to separate them.

A Liquid easily changes its chape but preserves its
volume.—We have now to learn the leading properties which
liquids possess, which dstingmish them from solids on one
hand and from gases on the othcr. We have learned already
that, being forms of matter, they have certain general characters
in common with all other material things; but what is there
about a liquid which makes vs give it a name of its own? A
liquid adapts itself to the shape of the vessel cortaining it, but the
conditions remaining the same, it keeps its own size or volume,
however much its shape may vary. When it is not held by the
sides of a vessel it at once flows. This is the commenest everyday
experience.  You cannot geot a pint of water into a glass of half a
pint capacity. It dces not matter what the shape of the Lottle
or jug mayv ho—providing it holds a pint, as we say, or jrovided
its capacity 1s a pint, the quantity of water taken to fill it
exactly is always the same. If we turn the jug upside down,
the water all runs away because there is no part of the vessel
to prevent it from flowing. Morcover, the surface of liquids
enclosed by a vessel is always level.

The flow of liquids. Viscosity.—The power of flowing is
not perfect in liquids. The small particles making up the liquid
always stick to one another a little, and when any part of a
mass of liquid moves, it always attempts to drag the neighbour.
ing particle, which is at rest, with it. We can sum this up by
saying that liquids would flow perfoctly it they possessed no
viscosity. Those liquids which have little viscosity, or, what is
the same thing, are verv mobile liquids, are instanced by aleohol
and water; while treacle and tar have httle motility, but are
yory viscous. Evidenily, then, there is a gradation in those
forms of matter which have as yot come before our notice. At
one end we have very mobile liquids. which as the viscosity
increases flow less and less easily, until at last there is no power
of flowing at all, and we have the solid formn of matter.

Liquids find their level.—1f several vessels of the mogt
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varied shapes (Fig. 5) aro in communication with one anothor,
and water Lo pourod into eny ono of tkom, wo shall fin1 that as
roon a3 tlo water has
come to rost it wiil stand
at tlo san0 loicl in all
the tules, howovor
diffc -ent tho form of tho
vosrels may 1o Tt is
this property of liquids
which is utili ~1 in tho
construction of tl o watar-
Iavel. This concists of a
horizcntal tul » ccnranted
to a small lonzth at nach
cvltald vertically. Tlo
upright portions of tho tul~ a-» of glass, so that tt« 'wvol of
tho water in them may o oisily sean. Howavor tho arrange-
ment of tubes may bo standing, tho liro jeininy thc two surfacos

F1G. 5.—Vessels of various shapes necommari
cation. Water standing at same level in all.

F1G6. 6.—Arrungen.ent 1o £l ow jrincifle of water evel,

will always be level. This is of grmit sorvice to surveycrs and
such people who must bo abls to find a levol Lnw fer tle purpoce
of their observations.

Liquids commnnicat» pressure equally in all directions.
—It will be desirablo first to satisfy ourzolves thal .iquids
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communicate pressure, and then try to understand the second
part of the statement, that they communicate it ejually in
all directions. Imagine we have two cylinders in connection,
as shown in Fig. 7. Into eich eylinder fit a
piston with a plate attacked to the top. If
we push one piston down, we notice that
the other moves up. If we put a woight, say
10 lbs., on to each piston, they will balance one
another oxactly, anl there is no movement
in either casc. Each piston is pressod up-
wards and downwards to an ejual dogree,
and in conscjquence does not move at all,
The experiment can Le varied by making

one cylinder horizontal, while the other re- F’?;:,,Z,I;r(ﬁmi&‘é;
mains vertical. In this case, also, if we push  pressure

: . . . two cylinders are
in the horizontal piston we nntice that thc ot the same size,
upright piston rises in just the same manner 3‘;):,;";““‘0 ‘;‘l’;&’n":
as bhefore, showing us that pressure is com.  balance one an-
municated in different directions. Fig. 8 shows other.

a rubber ball pierced with small holes, and containing water.
On squeezing the ball it is easily sern that pressure is com-
municated by a liquid equally in all directions.

Hydraulic press.—Reverting to the first example in the last
paragraph, and glancing at Fig. 7, supposo that the surface of
the piston on the right
had been twice as great
as the other, and that,
as before, weights of 10
Ibs. had Leen placed upon
cach piston. They would
no longer balance; the
right-hand weight would
be pushed upwards, and

F16. 8.—Equality of liquid pressure. to bring about a balance
it*would be found necessary to put 20 lbs. on the larger piston.
Similarly, had the right-hand piston bsen a hundred times larger,
we should have to put 1,000 lbs. upon it to bring about a balance.
Tho upward force, then, is proportionil to tho extont of the sur-
face of the piston. This principle, which seems so different from
what weshould naturally expect, is referred to as the hydrostatic,
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paradox, and is utilised in the hydraulic press, called, after its
inventor, the Bramah press, which is shown in Fig. 9. Here
we have exactly the con-
dition of things just de-
scribed, two cylinders in
connection, with pistons
fitted into them, one much
larger than the other. The
application of a compara-
tively small force to the
small one is felt on the
larger one, and it is as
many times greater in an
upward dircction as the

F16. 9.—Hydraulic press. piston of B is larger in
arca than the piston in A. This great upward force is being
uscd in the instance shown in the diagram to compress bales of
wool.

Liquids can be separated into drops which will run
together again.—Liquids are able to form drops because of a
property, known as cohesion, which they possess. The larger
tho drop which can be formed the greater is the cohesion
betwoon the particlos of tho liquid.

Cohesion is the mutual attraction which the particles of a body
exert upon one another ; it is, indced, the force which kecps the
particles of a substance together. Cohesion is strongest in
solids, which in its absenco would crumble into powder; it
acts between the particles of liquids, but in gases it may bo said
to be absent.

Cohesion differs from another similar property possessed by
some kinds of matter anl known as adhesion.  Adhesion
denotes tho attraction between unliko particles of matter. A
metal plate may be made to adhere to glass; and a postage
stamp may Lo said to oxhibit the existence of the force of
adhesion when it is stuck upon an envelope.

Experiment 4 iv. makes clear the difference between this
adhesion exhibited between the postage stamp and the envelope
and the force of cohesion.

Characters of gases.—It has alrcady been explained that the
leading difference between a solid and a liquid is ther power of
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flowing which the latter possesses. Gases also possess fluidity,
and to a much more marked degree than liquids. But whereas
liquids are almost incompressible, gases are very casily com-
pressed into a much smaller space according to a dofinite
law, viz., just in that ratio in which you increase the pressure
on a gas do you decrease the volume which it occupies, the
temperature remaining the same throughout the process.
Nor are these the only differences. A liquid always adapts
itself to the shape of the containing vessel, and prosents a level
surface ; a gas, on the other hand, will, however small its
volume, immediately spread out and do its best to fill a vessel,
however large ; and it does not present any surface to the sur-
rounding air. We can never say exactly where the gas lecaves
off and the air begins. Another distinction will be more fully
appreciated after we have considered the action of heat upon
the volume of bodies. We shall learn that, generally speaking,
all bodies become larger as they are heated ; this is very much
more decidedly the case with gases than with liquids. Gases,
then, are easily compressible and expand indefinitely.

We shall learn that gases expand cqually when heated to
the same extent, but this fact and others will be much better
understood in their proper places.

5. MATTER CANNOT BE DESTROYED.

i. Weight of water and steam.—Boil water 1n a flask or a retort,
as in Fig. 236, and catch the condensed steam, taking care that none
escapes, in another flask kept cool by resting in water. The water
thus collected will be found to have the same weight as that
boiled awayv.

ii. Weight of ice and water.—Place a picce of ice in a flask sus-
pended from one arm of a balance. Counterpoise the flask with
the ice in it; then melt the ice by warming the flask, and show
that the counterpoise is unaltered.

iii. Weight of salt after dissolving.—Put some warm water in a
flask and some salt in a piece of paper. Counterpoise the flask of
water and the paper of salt together and then dissolve the salt in
the water. The total weight remains unaltered.

iv. A burning candle produces moisture.—Over a burning candle
hold a white glass bottle which has been carefully dried inside and
out. Observe that the inside of the bottle becomes covered with
mist and after a short time drops of liquid are formed which run
down the sides of the bottle. The burning of the candle has resulted
{n the production of a new form of malter.
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v. A burning candle produces a gas.—Allow the candle to burn in
a similar bottle placed on the table. After a time the candle ceases
to burn. When this has happened take the candle out and cover
the bottle over with a glass plate. Notice that no change seems to
have taken place in the gas which filled the bottle. Now pour
some clear lime-water into another clean bottle and shake it up,
the hme-water remains almost if not quite clear. laft off the glass

late and do the same with the bottle 1n which the candle has been

urnt ; the hime-water becomes milky.  7'ke burning of the candle has
also resulted in the formation of a new kind of matter, vz, a gas
which causes clear lime-water to become cloudy.

Constancy of weight in different states.—When a solid
is converted into a liquid, or a liquid into a vapour, no change
of weight is experienced. This has been found to be true in all
cases.

No kind of matter can be destroyed.—There is a certain
fixed amount of matter in the universe whi:h never gots any less
ynd never any greater. If we confine our attention to the earth,
e cannot say that it never receives an addition to the matter of
which it is built. for every year it is roceiving numbers of small
solid bodies which are continually falling upon its surface from
outside space. But the proposition means that in those cases in
which it is popularly supposed there is a loss of matter, for
instance when a fire burns out, no such destruction has taken
place, but only a change in the form assumed by the matter.
It will make the statement quite clear if we follow out what
really takes place when a candle burns, and, as it would seem,
gradually disappears.

When a candle burns it ceases to exist as tallow or wax,
or whatever the candle is made of, and assumes new forms,
still material, one liquid, the other a gas which makes lime-water
become milky. If we weigh all the liquid formed and all the
gas which renders lime-water milky, we find that the weight of
these two things together is actually more than that of the part
of the candle which has disappeared. The reason why there is
an increase of weight will be explained later. The arrangement
for performing this experiment is shown in Fig. 10. The canule
is burned in a wide tube, fitted with a cork at the bottom with
holes in it to allow the air, which is necessary to help the candle
to burn, to pass in as shown by the bent arrows. The tube is
filled with a substance which has the power of arresting the
products of the burning. Such a substance is caustio soda,
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which is used in the form of lumps. Before the experiment is
started, the apparatus is welrrhed After the candle has burnt
for a- few minutes, it will
be found that the tube has
increased in weight. We
are quite sure, therefore,
that there has been no loss
of matter.

Similar experiments to
these with candles may be
also carried out with ordi-
nary lamp oil or petroleum.
The same two substances
are produced as the ro-
sult of the burning, and
the same proportion of air
is used up. Replacing the
lamp glass and candle by
a small oil lamp we could
show that there is in this .
case also no loss of weight.

Chemists have satisfied :
themselves that this fact is
universally true, and it Fia. 10.
must be remembered as a truth of the highest importance,
matter is indestructible..

CHIEF POINTS OF CHAPTER 1.

Matter.—When we speak of matter we mean all things which
exist in or out of our world, which we can become aware of by the
help of our senses.

Properties are certain effects caused by the things which are said
to possess them.

Properties possessed by matter.—Matter occupies space, offers
registance, possesses weight, and transfers motion to other things
when it strikes against them.

The same matter can exist in three different states.—The three
states of matter are the solid, liquid and gaseous. By suitable
means, as in the oxperiments described in the chapter, the same

ortion of matter can be made to assume these states in order.
ometimes the change from one state to another is gradual, some-

L.8. 1. B
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times sudden. There is no hard and fast line between the three
conditions of matter.

Distinctive characters of solids.—A solid body does not readily
alter its size and shape. Tt will keep its own volume and the same
form unless subjected to a considerable force. Or, solids possess
rigidity. Solids communicate pressure in one direction only.

Solids possess elasticity, tenacity, ductility and hardness.

Elasticity is the tendeney to go back to the original form or volume
after being forced out of it.

Tenaciy is measured by ascertaining what weight is necessary to
break solids when in the form of wires.

Ductility is the property by virtue of which solids can be made
into wires.

Malleability is a similar propertv to ductility which enables
certain solids to be beaten out mto sheets.

Hardness is the property by virtue of which solids offer resistance
to being scratched or worn by others.

Distinctive characters of liquids.—A liquid adapts itself to the
shape of the vessel containing it, but the conditions remaining the
same, 1t keeps 1ts own size or volume, however much its shape may
vary.

Liquids possess fluidity.—When a hiquid is not held by the sides
of a vessel, 1t at once flows.  This power of flowing is not perfect in
liquids, or liquids are not perfectly mobile. They all possess a
certain degree of rscosity.

Other properties of liquids.—They find their level. They com-
municate pressure equally in all directions.  They can be separated
into drops which will run together again.

Distinctive characters of gases.—'I'hey possess fluidity to a much
more marked degree than hquids.  Unhike liquids they can easily
be compressed into a much smaller space. A gas, however small 1ts
volume, will spread out and do 1ts best to fill a vessel, however
large. Expressed shortly, gases are easily compressible and expand
indefinitely.

Constancy of weight in different states.—When a solid is converted
into a hqud, or a liquid into a vapour, no change of weight is
experienced.

Matter is indestructible.—There is a certain fixed amount of
matter in the universe which never becomes any less and never any
greater. Whatever changes may occur in the composition of matter
there is never any loss of weight.

QUESTIONS ON CHAPTER 1.

1. What do you understand by * matter,” or, a ‘ material
thing ” ?

2. Give some of the properties which are possessed by all kinds
of matter and explain in your own words what is meant by a
vroperty.
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3. Describe experiments which prove :—
(a) That solids are porous.
(b) That liquds contain pores.

4. What experiment could vou perform to show that a solid, say
a billiard ball, is elastic ? Explamn as well as you can what you
mean by elasticity.

6. The same portion of matter can, under suitlable conditions,
assume different states. Describe fully some experiment which
illustrates this statement.

6. What evidence can you give that the different states of matter
gradually shade into one another ?

7. What propertics are generally associated with matter in the
solid form ?  Give a defimtion of a sohd which includes the chief of
these.

8. In what respects are liquids different from solids ?

9. How do gases and liquids differ ?

10. What property 1n particular s possessed by hquids and not
by solids ?  And what character has a gas wiich neither hquids nor
solids possess ?

11. What property is it which hquids possess which enables them
to form drops ?  Describe another experiment which also shows the
possession of this property by hiquids.

12. Give in the form of a defimtion the distinctive properties of a
liquid. What name do we give to the property which prevents
liquids from being perfectly fluid and what do you know about 1t ?

13. Describe experiments m support of the assertion that liquids
communicate pressure equally in all directions. .

14. What is meant by the “ hydrostatic paradox ™ ? Describe
some useful apparatus in which this prmerple is utilised.

15. How would you show by experiment that the weight of the
same portion of matter in different states 1s constant ?

16. On what grounds is the assertion based that ‘‘ Matter is
indestructible ” ?



CHAPTER II.
MEASUREMENT OF SPACE.
6. LENGTH.

1. 8imple measurements. —Obtain a rule divided into inches and
eiiht,hs or sixteenths of an inch on one edge, and tenths on the
other cdge. Measure the length, or width, of any convenient
object, such as the top of a table or desk. Write down the length
in feet, inches, and fractions of an inch, thus:

Width of desk, 2 feet, 3§ inches.

Length of sheet of foolscap paper, 1 foot, 1} inches.

ii. Decimal fractions.—Look at the part of a rule having inches
divided into tenths. How many tenths are there in half an inch?
The tenths of an inch can be wntten like common fractions, for
instance, % significs one-tenth, and % means three-tenths, A
more convenient way is to separate the inches from the tenths by
means of a dot. Thus, a length of 6% in. is written on this Decimal
System as 6°3. The two ways of writing tenths in common and
decimal fractions may be compared as follows :

Common .
fmctions} Wt s v % A% Y % % 18

Decimal . . . . 5O . . .
fmctions} 01, 02, 03, 04, 05, 06, 07, 0’8, 09, 1

1ii, Measurements in tenths.—Mecasure one or two small objects
as before, using the part of your rule divided into inches and tenths.
Write down the number of inches and tenths ; thus, length of a new
lead pencil, 7°1 inches. ’

iv. Metric measures or length.—(a) Look at a rule divided into
inches and parts of an inch on one edge, and metric measures on the
other, as in Fig.1l. The smallest divisions upon the metric scale are
millimetres (mm.); 10 of these millimetres make 1 centimetre (cm.),
10 centimectres make a decimetre (dm.), and 10 decimetres make
1 metre. A metre thus contains 10 decimetres, 100 centimetres, and
1000 millimetres.

20
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(b) Find how many millimctres thero are in the length of this
page. Write down the result in (1) millimetres, (2) centimetres
and tenths of a centimetre, (3) decimetre and tenths and hundredths
of a decimctre,

T et T, vt e o e

¥1@. 11.--A ruler showing Inches and tenths, Centimetres and Millitnetres,

v. Relation vetween Met-ic and British measures of length.—
(2) Mcasure the length of this page both m inches and centimetres ;
also dotermine other lengths in the two systems of measurement.

Put down the results in parallel columns, as shown below, and
from them calculate the number of eentimetres in an inch.,

No. of centimetres.
Longth in cantimctres, Length in inches. _N‘l;,.‘r)ﬁ‘lﬁ‘“‘.—'

(%) Upon the back of an ordinary tape measure, mark off a length
equal w 100 centimetres, that is, 1 metre, starting from the Eoint
where the inches begin on the other side.  Prick aﬁxole through the
mzasure at the point where you mark the length of a metre, then
turn over the measure and notice where the hole ocours on the inch
scalo. Number of inchies in one metro =39'3.

MNumber of centimetres in one yard =914,

British mecasures of length.—To sccure uniformity, and
provide a permanent length with which others may be compared
if necessary, a standard of length has to be agreed upon, and
this has been described as follows in a publication of the
Standards Department of the DLoard of Irade: “In the
Imperial system of measures the yard is the unit of length,
and from this measure arz derived all other measures of
extension based on that system, whether linear, superficial, or
solil. It is represented by the distance between two fine lines
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traced on a metal bar which is deposited with the Board of
Trade. This bar is made of bronze or gun metal; it is 38
inches long, and one square inch in section, the defining lines
being traced on gold plugs or pins inserted at the bottom of a
cylindrical hole near to each end of the bar.”

Metric measures of length.—When new standards of
measurement were being considered in France, in 1795, French
geometricians decided that an arbitrary standard such as our
yard, in view of the chance of its loss or destruction, was an
undesirable one, and they suggested that if a fraction of the
circumference of the earth were taken, it would be possible
in the event of the loss of the standard, to replace it by an
exact copy. They proposed the one ten-millionth part of the
distance from the earth’s equator to the pole— that is, of the
earth’s quadrant—as a suitable length, and this they called the
metre. After bars had been prepared of this length it was
unfortunately found that the length of the quadrant had not
been exactly determined, and consequently the length of the
standard metre at Scvres is arbitrary. An cxact copy of this
standard is kept in this country ; and for our purposes the
metre may be defined as “the length, at the temperature of
0° C, of the iridio-platinum bar, numbered 16, deposited with
the Board of Trade.” It is equal to 3937079 inches, or briefly,
3 feet 3 3 inches. The metre is subdivided into ten equal parts,
each of which is called a decimetre; thc tenth part of the
decimetre is called a centimetre, and the tenth part of the
centimetre is known as a millimetre. Thus, we get

10 millimetres =1 centimetre
10 centimetres .
100 millimen'es} =1 decimetre
10 decimetres
100 centimetres }=1 metre
1000 millimetres
The multiples of the metre are named deka-, hekto-, and
Idilo-metres. Their value'is seen from the following table :
10 metres=1 dekamectre
100 metres=1 hektomnctre
1000 metres=1 kilometre

The kilometre is equal to about five-eighths of a mile, or eight

kilometres are equal to five miles.
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7. AREA.

1. 8quare inches.—Mark off lengths an inch apart from one corner
along the bottom edge of a page of your exercise book, or of a sheet
of paper. Draw lines straight up the page from each of these
marks perpendicular to the edge of the paper.  From the same oorner
mark olf lengths of inches on the side cdge of your paper, and draw
lines across the paper parallel to the bottom edge. You will thus
divide the paper mto square inches. Count how many square
inches there are in one row, neglecting the parts of a square inch
which may happen to be over at the end, and then count the
number of rows. By multiplying these two numbers together, you
will evidently obtain the total number of square inches.

il. Length and width.—Draw an oblong 4 inches in length, and
3 inches in width or height, and divide it into square inches as
before. Notice that the number of square inches 1s equal to the
length multiplied by the height.

iii. Rule for areas of oblongs.—-The preceding exercises have
shown that, to find the area of a square or an oblong, it is only
Eeccssary to multiply the length of the bottom or base by the

eight.

iv. Square inch and square centimetre.—(a) Draw two rectangles
and determine their arcas both in square inches and square centi-
metres ; use your results to find the number of square centimetres
in one square inch, thus:

Area of a given rectangle Area of same roctangle Square centimetres.
1 sguare inches, mn square centunetres, Square mches.

(b) Draw a square inch and divide 1t up into square centimetres
as shown 1 Kigl2, Notice that 1t takes about six and a quarter
square centimetres to make one square inch.

Measurement of area.—If the floor
of a room had to be carpeted, it would
not be enough to measure the length of
the room only, or its width only, because
both of these are measures of length.
To know how much carpet is necessary,
. / the amount of surface the floor has, or

F10.12 —Square inch  its area must be found. To do this, both
divided intosquarccenti-  the length and width of the floor must
metres, . .

be measured, and if the room is square
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or obleng, the area can be found by multiplying the two
numbers together. When the length and width are measured
in feet, then, by multiplying them together, the area of the
floor in square feet is obtained ; when the measurements
of the length and width are taken in inches, the arca in
square inches is obtained by multiplying the two numbers
together,

Whenever areas are measured in this country. square inches,
square feet, square wiles, or some other unit from square

444
444

- i
1
d

FI6. 13.—This represents a square yard on a small scale. Each small
squars 1opresents a square wch, and the large squares buunded by thick
lines represout square feet.

measure is employed. “Square measure” is obtained from
“long measure ” by multiplying. Thus, as there are 12 inches
in a foot, there are 12 x 12 square inches in a square foot. This
will be understood by examining Fig. 13 Each of the large
squares bounded by thick lines represents a square foot, but it
i3 of course smaller than a real square foot.

In the metric system also it is the custom to refer to an area
a8 of 80 many square centimetres, or square metres, as the case
may be.
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Fig. 14 shows, on a scale giving one-quarter the actual area,

P
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Fi1a 11 —Method of dividing a square decimetre
mto square centuneties,

a square decimetre di-
vided into square cen-
timetres.  The area,
as drawn, being one-
quarter of a decimetre,
the length of each side
is half a decimetre or
five centimetres.

8. VOLUME.

i. Cubic inch.—Obtain
a bar of soap, and cut
one end so that it is
squarc with two sides.
From one corner, where
the end and these two
faces meet, mark off the
length of an inch along
the three edges.  Scratch

a linc along the soap from each of the points thus obtained, and
square with the edge. You will then have three square inches

TFia 15 —How to mavk and cut out a cubic inch or cubic centimetre from

a prece of soap
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marked upon the soap. By cutting deep along these lines a cube of
soap having each of its edges an inch in length, and cach of its faces
a square inch in arca, is obtained. This is a cubic inch (¥ig. 15).

To test whether your cubic inch is truc it could be compared
with one of the wooden cubes sold for kindergarten teaching.

ii. Cubic centimetre.—Using soap, cheese, clay, or similar material
as before, cut one end square with the faces, and then mark off a
length of one centimetre along threc edges meeting at one corner.
Scratch lines from cach of these points so as to mark three square
centimetres upon the material used, and then cut along the lines to
obtain one cubic centimetre, as in the previous excrcise. Compare
this cube with the cubic inch. If you have time and material, cut
a rod of plastic substance sixteen centimetres long and one square
centimetre at each end. Divide this into sixteen cubic centimetres,
and then show that the cube made by pressing these together is
of about the same sizc as a cubic mnch.

1ii. Standard capacity boxes.—(a) Cut out of cardboard a figure of
the shape shown in Fig. 16, and of the size indicated by the numbers.

F1a. 16.—Construction of a box to hold 1 cubic decimetre, that is, 1 litre.

Cut the cardboard half-way through at the dotted lines, and then
bend it to form a cubical box. Bind the edges together with glued
tape, and varnish the box inside and out to mzﬁ{e it watertight.
This box will hold one cubic decimetre of liquid, and this capacity
is called one litre.

(b) Make a similar box having sides one inch in length, so that
it will hold one cubic inch. Also, if time permits, make a box to
hold one cubic eentimetre.
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iv. Cubic inch and cubic foot. —Procure a bux or a block one cubic
foot in size. Divide the top and the other faces of the cube into
square mches (Fig. 17). Notice
LTrrrrrrr I A that the area of each face of
] the cubie foot is one square
foot. Count the number of
square inches marked on one
face. Notice that 144 cubic
mches could be cut out of a
slab of the cube one inch thick.
How many slabs having a
thickness of one inch could be
cut trom one cubie foot, and
how many cubiec ches are
there altogether 1n such a
cube ?
F16. 17.—To show the relation between V. Cubic  centimetre and
1 cubic inch and 1 cubie foot. cubic  decimetre. -Using a
block one cubic decimetre mm
size, divide the top and faces into square centimetres.  How many
square centimetres are there m cach face 2 How many cubic centi-
metres are there in a slab one centimetre thiwek 2 How many cubie
centimetres go to make one cubie decimetre ? (g, 18).
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F16. 18.—To show the relation between | cabie centimetre and 1 cubie
decimetie

vi. Fluid measure. —Obtain a half-pint craduated glass measure,
such as1s used by photographers ; obtawn also a smaller one (Fig. 21).
Fxamine the divisions upon them : they represent fluid ounces, or
parts of a fluid ounce, in Apothecaries’ measure.

vil. Graduated measuring jar.—(a) Obtam a jar graduated into
cubic centimetres, like that i Fig. 19. Test the accuracv of vour
cubic decimetre box by pouring 1000 cubic centimetres of water, as
measured by the graduated jar, into the box, and noticing whether
the water just fills the box. )
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viii. Relation between British and metric measures of capacity.—
(a) Use graduated jars to determine : (1) The number of cub. cms.

in 1 fluid ounce;
(2) the number of
ounces and drachms
in 100 cub. cms. :
(3) the number of
ounces and drachms
in 1000 cub. cms.

(b)y TFill a meas-
ure up to the half-
pint  mark  with
water. Pour the
water into the me-
tric graduated jar,
and so find the num-
ber of centimetres
in a half-pint. Re-
peat the operation,
s0 as to determine
the number of cubic
centimetres in one
pint.

(c) Pour 1000 c.c.,
that is, 1 litre, of
water into a vessel
Then measuare this
amount of liquid 1n
pints, so as to find
the wval of 1000
¢ ¢ in"British meas-
ure,

&
BURETTE [

GBADUATED
JAR

F16. 19.—Graduated measuring vessels.

ix. Volumes of solids determined by displacement.—(«) TFill a
metric measuring jar about half way up with water. Notice
the level. Hold a cubic inch of wood in the water by means of a

F1G. 20.—The rise of level
of the water when the stone
is put in shows the volume
of the stone.

long pin.  Notice the rice of level.  The
difference between the two levels evi-
dently represents the number of cubice
centimetres equal to one cubie inch.

(b) Deternine the volume of a stone
or anv irregular sohd by observing the
difference of level when it s immersed
in water (I1g. 20).

x. Burette.—- Examine a burette (Fig.
20). Notice that the divisions are num-
bered trom the top downwards. Fix the
burette upright in a clamp, and about
half fill it with water. Notice the level.
Find the volume of a stick of slate pencil
by gently Jowering it into the water and
noticing the rise of level produced. (The

pencil must, of course, be completely immersed in water.)
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Measurement of volume. —The volume of a thing i its size,
or bulk. expressed in proper units. In dealing with volumes,
three dimensions have to be considered.  Just as a plane surface
or aroa measuring one toot m each of the directions—length and
breadth—is called a square foot from the name of the figure
which it forms, so a solid which is obtained by measuring a foot
in three directions— leneth, breadth, and thickness—is called a
cubic foot, from the name cube given to the solid so formed.
Similarly using the Metric system, we may speak of a cubic
metre, or a cubic decimetre.

F1c. 21.—Glasses graduated for British thad measure.,

A hollow vessel s capable of holding a certain volume, and
this is usually referred to as the capacity of the vessel.  In the
metric system a special name is given to the capacity of a hollow
cubic decimetre, that is, a hollow cube having a decimetre edge.
It is called a litre, and is equal to about one and thice-quarters
English pints.  The sub-multiples and multiples of a litre aro
named in a similar way to those of the metre.  There is no such
simple rvelation between the measures of length and volume in
the Knghsh system, though the gallon is defined as a measure
which contamns 10 1bs, of pure water at a certain temperature
and pressure. A gallon has a volume of 277} cubic inches.

In measuring the volumes of irregular solids, advantage is
usually taken of the fact that when immersed in a fluid they
displace a volume of fluid equal to their own volume. This may
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be measured as o difference of level (Fig. 20). The water dis-
placed could also be poured into a cubic inth box or into a cubie
centimetre box, and the number of cubic inches or cubic centi-
metres could be thus found. Or, we could get a glass measure
having cubic inches or cubic centimetres marked upon it, and
pour the displaced water into it. But the best plan of all is to
use a vessel having cubic centimetres marked upon it. Water
can be put in such a vessel up to a certain mark, and the
number of cubic centimetres of water displaced by the solid can
be seen at once by noticing the number of divisions between the
levels of the water before and after the solid is put in.

CHIEFT POINTS OF CHAPTER II.

Measurement of length.—In cstimating lengths, a standard, or
unit, of length is necessary.

The British standard of length is the Imperial standard yard. 1t
may be defined as ‘“the length, at 62° F.; marked on a bronze bar
deposited with the Board of Trade.”

The yard is divided into three equal parts, each called a foot. A
foot is divided into twelve equal parts, cach called an 7nch.

The Metric standard of length is called a metre. In the metric
system all mcasures are connccted with one another by tens or
tenths.

The metre is divided into ten cqual parts called decimetres, each
of which is again divided into ten eyual parts called centimetres,
and these in turn are divided into ten equal parts called millimetres.

A length which contains exactly 10 metres is called a dekamctre,
one which just contains 10 dekametres, or 100 metres, 1s called a
hektometre, and one which is cxactly 1000 {imes as long as a mctre
is called a kilometre.

Measurement of area.—T'o cstimate area, or surface, it is necessary
to measure in two directions, 7.e. to tind the length and breadth of
the surface.

By multiplying together the length and breadth of a square or an
oblong we obtain its area.

The expressions for area are obtained by prefixing the word
square to the corresponding unit of length thus: square millimetre,
square centimetre, cte. .

A square centimetre is not 13 of a square metre but 35 x,ly=
—1__ part.

10,000

Cubic measure.—The volume of a solid is its size, or the amount of
room it takes up, or the &pace it occupres.

The volume of a rectangular solid is obtained by multiplying
together the length, breadth, and thickness, the measurements
being at right angles to onc another.
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Metric Measures of Length and Capacity.

Fractions
and Length. Capacity.
Multiples.
T !
T Milli-metre Milh-litre 1
o Centa-metre Centi-hitre
o Deci-metre Deer-litre
Metre Litre
10 Deka-metre Deka-hitre
100 Hekto-metre Hekto-litre
1000 Kilo-metre Kilo-htre

British and Metric Equivalents.

1 inch =about 2} centimetres., 1 ¢em. =about % in.

1 foot = ,, 3decimetres. ldm. = ,, 4.

1 yard = ,, % metre. Im. = ,, 3ft.33in
1 mile = ,, 1% kilometre. lkm. = ,, § mle.

1 gallon= ,, 44 litres. 1 htre= ,, 1§ pints.

EXERCISES ON CHAPTER II.

1. Multiply 104 square centimetres by 155 decimetres, and state
the result both in cubie centimetres and in litres.

If the volume in question were filled with water at 4° C., what
would the weight of the water be?

2. What is the cubical content, in litres, of a box of which the
inside dimensions are as follows : length 25 centimetres, breadth 12
centimetres, and depth 8 centimetres? What is the weight in
kilograms of the water it would hold ?

3. One pint is equal to 347 cubic inches, and 1 inch is equal to
2-54 centimetres. How many pints are there in 1000 cubic centi-
metres ?

What is the name given to a volume of 1000 cubic centimetres ?

4. How would you determine the volume of a pebble in cubic
centimetres ?

5. Explain how the metric units of volume and length are related.
Is there any such simple relation in the case of British units ?

6. What is meant by a unit of length, and why is it nccessary to
have such a unit ?

7. Give particulars of the units of length in use in this country
and on the Continent, and give your opinion as to whether one of



32 LESSONS IN SCIENCE

the units you give is more convenient than the others, and 1f so,
why?

9. Express (@) a millimetre as a decimal of a centimetre, (h) as a
deceimal of a decimetre,

10. What fractionis (@) 1 millimetre of 1 nch, (b) 1 decimetre of
1 foot, (¢) 1 centimetre of 1 inch?

11. If 25 millimetres are cqual to one inch, how many sq. milli-
metres make I sq. inch?



CHAPTER TII1.
UNITS OF TIME,

9. UNITS OF TIME.

i. A pendulum. - \ttich a weight to the end of a cond. Fix the
cord m such a wav that the pendulum can osallate freely.  Set
it oscillating, and notice how Jong at takes for the pendulum to
complete a given number, sav twelve, swings  Keeping the cord
exactly the same length, attach a heavier weight and repeat the
experiment.  The time ot swing remams unalteved.  Keeping any
one weight, observe the time taken to complete twelve swines
when the leneth of the cord 1s varied 1t wdl be seen that the
time of swing varies with the length of the cord  Notiwee also that
it does not matter whether the pendulum makes a wide oseillation
or a very small one, the time taken bemna the same m ecach case.

ii. The sun-dial. - Fasten a small 1od at nght aneles to a flat
board.  Place the board flat on a table so that the 10d 15 vertical
Move a candle m a semicirele above the table, and note the change
in the angle made by the shadow of the rod. Compare the
conditions of the experiment with the measurement of the solar
day by means of a sun-dial

The earth’s rotation. —The apparent daily motion of the
sun and stars across the sky is a direct consequence of the
carth’s rotation on its axis. The sun appears to go regularly
through certain peviodic changes of position. 1t rises, travels
higher and higher into the sky. reaches its highest position.
ginks lower and lower, and finally sets.  When the sun is at
its hichest altitude on any day it is due south. and is said to
south or be southing. The interval of time between the sun’gs
reaching its highest position on any one day and its corre-
sponding position on the next succeeding day is an apparent

solar day. These apparent solar days vary in length throughout
the yoar.

LS 1 o
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Mean solar day.—As the length of days measured by the
sun varies throughout the year, no single one of these days will
do for a convenient standard of time. But if the lengths of all
the days in the year be added together, or the length of a year
measured by the sun be divided by the number of days in the
year, we obtain an interval of time which is always the same.
Such a day, which is of coursc an imaginary period of time, is

“called a mean solar day. Sometimes the mean solar day is
longer than the solar day. sometimes it is shorter, and occa-
sionally both days are of exactly the same length. Solar time
is known as apparent time, and clock time as mean time.

Sidereal day.—Just as in the case of the sun so with all the
stars ; they rise, south, and set. But whereas with the sun the
interval between two successive southings varies throughout
the year, it is found that the time which clapses between two
succeeding southings of a star at any season of the year is
always the same. This interval constitutes a star or sidereal
day.

Period of rotation of the earth.—As the apparent motions
of stars across the sky are produced by the rotation of the earth,
it will be evident that the exact time of rotation can be deter-
mined by finding the interval which elapses between two
successive returns of any particular star to the same point of
the sky. A star may, indeed, be regarded as a fixed reference
mark under which the earth turns; so that by observing
it we are able to determine the timec taken by the earth to
spin round once. The interval between two successive transits
of the same star, or, as it is called, a sidereal day, is the time of
such rotation.

No matter which star be selected for observation the interval
is the same, thus showing that the earth is a rigid body, and
that all parts of its surface have the same angular velocity.

Units of time.—The sidereal day, like the mean solar day, is
subdivided into hours, minutes, and seconds, but as the latter is
four minutes longer than the former, the units are not of the
same value. We may take either the mean solar second as the
unit of time, or tho sidereal second. In the former case the unit
is founded on the average length of the solar day, and in the
latter upon the length of the invariable star-day, or the time of
rotation of the earth upon its axis. But in either case the
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second, that is, the unit of time, is the 86,400th part of the day
used.

In physical measurements the unit of time adopted is the
mean solar second, that is, it is founded on the average time
required by the earth to make one complete rotation on its axis
relatively to the sun considered as a fixed point of reference.

Instruments for measuring time.—We nced only concern
ourselves with the modern contrivances for mcasuring time,
viz., clocks and watches. It will be sufficient to 1egard these as
instruments for measuring intervals of time in terms of the
mean solar day to which attention has been directed. In a
clock the rate is regulated by means of the pendulum. Tle
chief property of which is the constant time of oscillation at
the same place.

If it were possible for the student to perform the experiment,
it would be found that the time taken for the pendulum to
swing backwards and forwards varies as it is taken from the
equator to the poles, on account of the fact that the earth is not
exactly spherical in shape.  Or, putting the same fact in another
way, in order that a pendulum may swing backwards and for-
wards in the same interval of time, it is necessary to alter the
length of the cord in our experiment as we travel from the
equator towards either pole. A pendulum of such length that
the distance from the point of suspension to the centre of the
bob is 39-139 inches, swinging at Greenwich, completes one
swing in a second of time. 1In a clock we have a mechanical
contrivance for maintaining the swinging of a pendulum. We
must content ourselves with referring the reader to books on
astronomy and horology for an account of the construction of
a clock. Tn watches the place of the pendulum is taken by a
carefully suspended balance wheel.

CHIEF POINTS OF CHAPTER III.

The solar day is the interval of time between the sun’s reaching
its highest position on any one day and its corresponding position
on the next succeeding day.

The mean solar day is the quotient obtained by dividing the
length of the year measured by the sun by the number of days
in the year. Or, it is the average of the lengths of all the solar
days in the year.
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A star or sidereal day is of constant length. It is the interval of
time between two succeeding southings of a star at any season of
the vear.

The period of rotation of the earth.—As the apparent motions of
the stars across the sky are produced by the rotation of the earth.
the exact time of rotation 1s determined by ascertaiming the length
of the sidereal day.

Units of time.— In physical measurcments the unit of time adopted
18 the mean solar second, that is, 1t 18 founded on the average time
required by the earth to make one complete rotation on 1ts axis
relatively to the sun consrlered as a fixed pont of reference.

QUESTIONS ON CHAPTER IIL

1. What 1s the difference between a solar day and a mean solar
day ?

2. Detine a sidereal day and explam how at difters from a solar
day.

3. What 15 the common umt of time ?»  How 1< 1t related to the
period of the carth’s rotation ?

4. (hive a brief description of soae mechamsm mm common use for
measuring tune,



CHAPTER 1V.
MOTION ; INERTIA; FORCE; NEWTON'S LAWS.

10. MOTION AND VELOCITY.

i, Motion. —Place a number of marbles m a tray. Disturb them
by shaking the tray, or in any other way : they all acquire motion,
but move in various directions, and at different rates.

ii. 8peed.—Shoot a marble along a table, or let 1t run round the rim
of a tray. The marble travels with a certain speed or rate of motion,
and it may be given this speed 1 any direction.

ifi, Velocity.—Bowl a marble along a table 1 a definite direction,
and observe as nearly as possible the number of seconds taken to
Pcrfurm the journey. The distance in feet thus traversed, divided

oy the number of scconds occupied in traversing it, gives the average
rate of motion in feet per second.  The velocity of a body is its rate
of motion in a definite dircction.

iv. Uniform velocity.—Make several lines crosswise on a long table
" at a distance of one foot apart. Push a cylinder or marble along
the table at such a rate that the length from one line to the next is
traversed in one sccond. The velocity of the object is thus one foot
per sccond and is uniform during the movement.

v. Variable velocity.—Shoot a marble or roll a cylinder along the
table with the marks upon it, and notice the number of seconds
taken in passing from the first to the last mark. In this case the
same total distance is traversed as before, but the velocity is variable,
that is, the body does not move through (-f}ual spaces in equal
times throughout its movement as it is gradually coming to rest. If
a leng*h of 8 feet is traversed in 4 seconds, what is the average
velocity ?

vi, Graphic representation of velocity.—(a) Taking a line an inch
long to represent a velocity of one foot per second, draw lines
representing velocities of 33, 23, 4, and 1} feet per second, making
the lengths of the lines proportional to the rates of motion.

() Draw a line to represent the velocity of a river flowing at the
rate of 2 miles an hour. Suppose a man who can row 6 miles an

37



38 LESSONS IN SCIENCE

hour in still water to be rowing in this river. Draw lines to repre-
sent his velocity with reference to the bank when rowing (1) with
the stream, (2) against the stream.
(¢) Draw a large circle upon a sheet of paper. Draw two diameters
at right angles to each
other, as in Fig. 22,
N - Taking 4 inch to repre-
sent a velocity of 1 foot
Petide Moo N per second, and starting
o S from the centre of the
K . circle, represent by
4 kY graphic construction the
. path of a body moving
with the following velo-
citics: 2 feet per sec.
N.E.; 2 feet per sec. N.;
3 feet per sec. W. ; 4 feet
per sec. S.E.
. vii. Combination of two
Se. velocities. —Placc a wide
------ — glass tube along a table
near one cdge. Let a
marble roll through the
Fia, o tube, and as it does so
roll the tube across the
table. Suppose a second is taken for the tube to move from its first
to its last position, then the positions of the marble at intervals of a
tenth of a second are shown in Fig. 23. The marble enters at 4 and
emerges at D ; the distance it has travelled in the direction of the
length of the table is thercfore represented by AB. The distance

m

i

. ="
Pt - :—'——ﬁ. "
A= — >
% ' 4
¢ = 2
" —— 7y
= >
A — B

F1a. 23, —To illustrate the combination of two velocitics, and the
principle of the parallelogram of velocities.
.

it has travelled across the table is in the same way represenced by
AC. Construct a parallelogram CA B with lines proportional to
C4 and ABassides. Thediagonal 4D represents the path actually
traversed by the marble.

Definition of motion.—The word motion is meant to convey
the idea of change of place. The simplest forms of motion are
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changes in the positions of bodies with regard to one another.
The change of position may take place slowly or quickly, that
is, motion may be fast or slow. The rate at which a body
moves is called its speed. A ship may have a speed of twenty
knots (7.e. may change its position at the rate of twenty nautical
niiles in an hour). A runner may maintain a speed of ten miles
per hour. In these statements the direction of the motion has
not been considered.

When a boy runs down the street he is in motion ; as regards
the houses and lamp-posts he moves. To describe fully the
boy’s motion it would be necessary to know his velocity, that
18, the rate with which he travels, and the direction in which he
is moving, ov the line along which he runs. If during every
second through which he moves he travels over a line of five
yards in length, he has a uniform velocity of five yards a second.

But suppose he does not move regularly over five yards in
every second ; he sometimes dawdles, sometimes stops to look
at a shop, at other times he puts on a spurt to make up for lost
time. How should we describe his motion now? IHis rate
varies from time to time, or his velocity is variable, and to
describe such a variable velocity it is usual to speak of the
velocity at any instant as being a certain number of yards per
second. Suppose the boy moving with a variable velocity had
at a given instant a velocity of eight yards per second. If he
continued to move at the same rate he would travel over eight
yards in the succeeding second.

Average velocity.-—But it is sometimes better to find the
average velocity of the moving body. Returning to the boy,
suppose he travelled 800 yards in 400 seconds ; if we divide the
first number by the second we obtain the boy’s average rate,
namely, two yards in a second ; this, then, is the rate with
which he would have had to travel, if he moved uniformly, in
order to complete his journey in the same time.

The unit of velocity is generally taken as being a velocity of
one foot per second. Thus a velocity of six means a velocity of
six feet per second.

Measurement of uniform linear velocity.—It is a simple
matter to calculate the velocity of a body moving uniformly in
a straight line when the distance it has travelled, measured in
units of length, and the time it has taken to perform the
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journey, measured in units of time, are known. All that has to
be done to find its uniform velocity is to divide the number of
units of length passed over by the nwuber of units of time
taken to complete the distance. Thus:
e .. space traversed
Uniform velocity == time taken

Velocities can be completely represented by straight
lines.—To determine a velocity completely, all we want to
know are its magnitude (or the distance travelled in a given
time) and its direction. But, as is well known, a straight line
can be drawn of any length in any direction; and we can
arrange that its length shall contain as many inches or feet,
whichever is more convenicnt, as there are feet or yards per
second of velocity, depending on the way in which it is decided
to measure the velocities. Velocities can therefore he completely
represented by straight lines.

Composition of velocities.—Think of the case in Experiment
10 vii., of a marble moving along a tube with a uniform velocity,
when the tube itself is all the time being uniformly moved
across a table. It is evident that since the marble is in the
tube it must have the same velocity «eross the table that the
tube has; and at the same time it moves along the tube, that
is, in a direction at right angles to its former velocity. It has
two independent velocities. Similarly, we can think of a ship
sailing across the ocean with a man on deck walking from one
side of the ship to the other. The man has two velocities. He
is moving onwards with the ship at a certain velocity, and at
the same time he is moving across the ship with another
velocity.

But yet a body can only move at any instant in one direction
with one definite velocity. How, then, shall we find the actual
velocity at any instant in the case of the marble or of the man?
The velocity which we want to find is called the resultant of the
two independent velocities, which are themselves spoken of as
components. If the two velocities have the same directiun, all
we have to do is to add them to obtain the resultant, or if they
are in opposite directions along the same straight line we
subtract them.

If they have directions which make an angle with one
another, it is clear that the resultant must be somewhere
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between the components. Referring to the case of the marble,
let 0.4 (Fig. 24) vepresent by its length the number of inches
the marble moves along the tube
m a second, and OB the distance
moved by the tube, and conse-
quently by the marble in the same
time across the table. Draw BR
parallel to 04 and AR parallel to
0B, thus (:nmple.ting the parallelo- Fio. 2§ —Paraliclsgram of velo-
gram, then the line O represents cit1zs.

the resultant velocity, both in

magnitude and direction. In just the same way 04 could
stand for the ship’s velocity and OB for the maw’s, then OR
would represent the direction and magnitude of the man's
actual velocity with reference to the sea. This principle is
called the Parallelogram of Velocities.

11. ACCELERATION.

i, An instance of accelerated velocity.—Obtain a smooth board
about six feet long, having a slight groove cut i 1t trom one end to
the other (Iig. 25). TIncline the board slightly at one end.  Place a
marble or other small sphere near the raised end and let it roll down
the board. Notice that as it moves 1ts velocity increases. Toshow

n
[ 19 I I A |
L 4] 2 I N |
[4)

Fia. 25.— A grooved board for experiments to illustrate acceleration.

that the space traversed increases every second, fit up a seconds’
pendulum ! and set it in motion.  Let the bob of the pendulum strike
against a sheet of paper or some other light object at the end of each
swing, so that you can hear when the seconds commence. Now
start the marble from a mark upon the board exactly when the
pendulum taps the paper on one side. Notice how far the marble
has rolled by the time the pendulum taps the paper on the other
side. Make a mark at the place reached, and do the same for
succeeding scconds until the marble rolls off the board. Measure
tho length of board traversed by the marble in each second. The
distances will be found to increase in procecding down the board
from the starting place.

1 A seconds’ pendulum can be made by suspending, from the ring of a retort
stand, a bullet by a string 89°14 inches in length.
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Meaning of acceleration.—An express train starting from
a terminus begins to move slowly, and, as the journey proceeds,
the rate of motion goes on increasing until the train gets its full
speed. A stone let fall from a height similarly starts from rest,
and as it moves it travels faster and faster until brought to a
-standstill again on reaching the ground. Or, imagine a cyclist
starting for a ride, and regularly increasing his speed until he
could not go any faster. In all these examples the velocity
of the moving body has periodically increased. and the rate at
which the change has taken place is spoken of as acceleration.

Acceleration is the rate of change of velocity.—But ac-
celeration may be of an opposite kind to the instances given
above. Reverse each of the examples and consider what
happens. An express train going at full speed approaches a
station and its velocity is regularly diminished until it is
brought to rest at the platform. A stone is thrown upwards
with a certain velocity, it moves more slowly and more slowly
until it comes to rest, and then starts falling. A cyeclist
travelling at full speed slackens his rate regularly until he
comes to a standstill. In all these cases we have examples of
an acceleration of an exactly opposite kind to the previous
instances, but yet an acceleration. In ordinary language this
kind of acceleration is given a name of its own, viz. retardation.

Accelerations, like velocities, can be represented graphically
by straight lines.

12. INERTIA.

i. A mass at rest tends to remain so.—Place a heavy mass upon
a trolley resting upon a
level table. Attach a
piece of thin cotton or
thread to the trolley.
Attempt to move the
trolley by sharply pull-
ing the thread, which
will  probably  break.
i The trolley can, how-
F1a. 26.—Experiment to {llustrate the tendency  ¢ver» easily be moved
of a body to preserve its state of rest or motion.  if the pulling force is
N . applied gradually.
il. A moving mass requires force to stop it.—Fix one end of the
thread attached to the loaded trolley and let the thread hang
loosely between the trolley and the fixed point. Set the trolley
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in motion away from the fixed point. The force of the tendency
of the mass to keep in motion will probably be sufficient to break
the thread.

The force of gravitation.—Experiments and observations
made by Newton led him to the conclusion that it was the rule
of nature for every material object to attract every other object,
and that this force of attraction is proportional to the masses of
the bodies ; a large mass exerts a greater force of attraction than
a small mass. But the farther these bodies are apart the less is
the attraction between them, though it is not less in the propor-
tion of this distance, but in that of the square of the distance.
This diminution of a force according to the inverse proportion
of the square of the distance applies to so many cases that it
ought to be understood clearly before proceeding. Suppose two
bodies of equal mass are one foot away from one another and
attract each other with a certain force. If the distance between
the masses is doubled, the strength of the attraction between
them is only one-quarter of what it was; for the square of 2 is
2x2=4 and the inverse of 4is}. Inthesame way, if the bodieg
are placed three feet apart, the foice of attraction is } of the
original force.

Newton’s law of gravitation may be expressed thus: Every
body in nature attracts every other body with a force directly pro-
portional to the product of their masses and inversely proportional
to the square of the distance between the bodies ; and the direction
of the force is in the line joining the centres of the bodies.

Consider the case of a cricket ball on.the top of a house. The
earth attracts the ball, and, by Newton’s law, the ball attracts
the earth. The ball, if free to move, falls to the earth ; to be
correct, however, we must think of the ball and the earth
moving to meet one another along the line joining their centres.
But the ball moves as much farther than the earth as the earth’s
mass is greater than that of the ball ; and for practical purposes
this is the same as saying that only the ball moves and that
the earth remains still.

This force of attraction between all material bodies is called
the force of grawitation, but this is merely giving the force a
name. Calling this force * gravitation,” and the rule according
to which it acts the “law of gravitation,” does not teach any-
thing about the nature of the force itself.



44 LESSONS IN SCIENCE

The attraction of gravity.—Bearing in mind that weight is
really a measure of the attraction between an object and the
earth (p. 59), it will be clear from Newton’s law of gravitation
that since a thing up in a balloon is farther away from the
earth (which acts exactly as if its whole mass were collected at
its centre) than when at the sea-level, the weight of this thing
ought to be less than it is at the sea-level. This is found to be
the case, but, actually to demonstrate the difference in weight,
the weight must be measured by a spring balance as in Experi-
ment 151 (c)

Similarly, because the earth is not a perfect sphere, but is
tlattened at the poles, points at the surface of the earth in the
region of the tropics are at a greater distance from the centre
than points similarly situated in the neighbourhood of the poles.
Consequently, the weight of a mass situated on the earth in the
tropics should be less than the weight it would have if it were
moved into the polar regions. This has been found to be the
case.

The rotation of the earth is another disturbing influence.
While places on the equator are carried round with a velocity
of over a thousand miles an hour, those near the poles have but
a very small velocity of rotation, while the pole itself is at rest.
1t is clear that if we consider a mass at the equator its tendency
is to obey the first law of motion (p. 45), and to fly off at a
tangent, and part of the force of gravitation is expended in pre-
venting this flight—the remainder of the force of gravity is
operative as the weight’ of the mass under consideration. At
the pole there is no tendency to move off tangentially, and
the whole of the force of gravitation is felt as the weight of
the body. TFor this reason alone the mass would weigh less at
the equator.

Inertia.—Common experience tells everyone that things do
not move of themselves. An object at rest remains at rest until
it is forced to move. Moreover, if it is moving it tends to go on
moving in the same direction and with the same velocity unfil
made to change by the application of force. In a word, dead
matter is helpless and conservative. Tt does hothing by itself,
and objects to alter its condition whatever that condition may
be. The inabilty shown by a material body to change by itself its
condition of rest or of uniform motion in a straight line is called its
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inertia. It is exemplified when a cyclist is stopped suddenly,
for the tendency to continue moving is so great that the cyclist,
if he is travelling quickly, is shot over the handle-bar of his
machine. This law of inertia is often spoken of as Newton’s
First Law of Motion,

Pirst law of motion.,—Every object remains at rest or moves
with uniform velocity in a straight line until compelled by force to
act otherwise.

This law, which Newton first stated as being always obeyed
by bodies in nature, means, first, that if a body is at rest, it will
remain at rest until there is some reason for its moving—until
some outside influence, which is called a foree, acts upon it. In
fact, the law really supplies us with a definition of force.
Nobody finds any difticulty in understanding the rule so far.
But it is not so easy to see the meaning of the words referving
to uniform motion in a straight line. An example will make
this clear. Consider a ball moving uniformly along ice. After
a time the ball comes to rest, and therefore it does not continue
in a state of uniform motion. But it moves for a longer time
on ice than it would do onarvoad. The ice is smoother than the
road, and there is a connection between the roughness or smooth-
ness and the length of time during which the ball moves. If the
1ce could be made smoother and smoother, the ball would move
for a longer and longer time, and if both the ball and the ice
were perfectly smooth, there is no reason why the ball should
ever stop. The roughness or friction represents, then, the force
which causes the ball to change its state of uniform motion
for one of rest. 1f a body in a state of uniform motion could
be placed outside the influence of what Newton called
“impressed forces” it would afford us an example of perpetual
motion. But because these impressed forces cannot be eliminated
perpetual motion is impossible.

Definition of force.—Newton's first law, then, enables force
to be defined. Force is that which produces, or tends to produce,
motion in matter; or alters, or tends to alter, the existing motion
of matter. It must, however, be understood clearly that by
defining force we do not get to know anything more about it.
Nobody can tell what force is; all we can know are the effects
produced by it.
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13. MOMENTUM.

i. Collision of equal masses.—Suspend two solid balls of equal mass
by the side of one another, so that they just touch when at rest.
Place a metre rule on edge on the table under the balls (Fig. 27).
Notice the positions of the balls, and then pull each ball to an equal
distance from the place
where the balls rest, by
means of threads held in
the two hands.  Release
the two threads at the
same instant. The balls
will colhde, and if they
are of equal mass they
will rebound by equal
amounts,

ii. Momentum after colli-
sion.—Substitute a ball of
much smaller mass for one
of the balls in the preced-
ing experiment. Pull the
two balls away from the

F1a.27. —Apparatus to illustrate momentnm  position of rest, so that

and unpact. the surfaces which touch
one another are at equal
distances from this position. Then rclease the balls simultaneously
and observe the rebound.  The two balls were at equal distances
from their position of rest and are suspended from strings of equal
length ; therefore their velocities when they meet are equal.  The
smaller mass has less momentum than the larger before the two
meet, but the momentum after collision is the same for each mass;
therefore the small mass is given a velocity of rehound as many
times greater than the velocity of the large mass as this mass is
greater than the smaller one.

Meaning of momentum.-—The momentum of a body is
equal to the product of the mass and the velocity. Expressed
as an equation we have

Momentum =mass x velocity.

The unit of momentum is consequently that of a unit of mass
moving with a unit of velocity, or; if the unit mass be that of the
imperial standard pound, the unit of momentum is the quarsity
of motion in a mass of one pound moving with a velocity of one
foot per second.

Unit of force.—A definition of the unit of force may now be
given, It has been explained that force is the name given to
the something which is able to set a body at rest in motion or
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to change the motion of a moving body. A unit force acting for
the unit of time is able o produce a unit of velocity in a unit of
mass ; or a unit of force produces a unit of acceleration in a unit of
mass. But, since the product of a mass and its velocity is spoken
of as the momentum of the body, we can measure force by the
momentum it generates. The unit force gives rise to the unit
of momentum.

Change of momentum is proportional to the acting force. The
force which will produce a velocity of one foot per second in a
mass of twenty pounds will produce a velocity of two feet per
second in a mass of ten pounds, and a velocity of twenty feet
per second in a mass of one pound, acting in each case for the
same time. Or to express these facts concisely in an equation :
mass of the body _ change of velocity produced

acted on ) in a unit of time
_ mass of the body
- acted on

force which acts =
» acceleration.

Newton’s second law of motion.—Change of motion is pro-
portional to the impressed force, and takes place in the direction in
which that force acts.

This law speaks of ‘‘ change of motion,” and by motion is
understood momentum or quantity of motion. It states that
the momentum generated by a force of two units will be twice
as great as that produced by one unit; and further it implies
that a force of one unit acting for two seconds will produce
twice the momentum which it would do if it only acted for one
second. This is why it is necessary in defining the unit of force
to introduce the words ‘ acting for the unit of time.” The
change of motion spoken of in the law must therefore be under-
stood to mean that produced in a unit of time, or the rate of
change of motion or momentum. But we know that the
momentum of a body is the product of the mass of the body
into the velocity, and since the mass remains constant, the rate
of change of momentum must be the product of the mass and
the rate of change of velocity, which is, as we have seen, the
acceleration. Hence we come to the very important fact that
the number of units of force in any force is equal to the product
of the number of units of mass in any body on which it may act,
and the number of units of acceleration produced in that mass by
the force in question.
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Newton’s third law of motion.—Action and reaction are
equal and opposite ; or the mutual actions of two bodies on one
another are always equal and in opposite directions.

This law can be exemplified in a variety of ways. If you
press upon the table with your hand with a certain force, the
law asserts that your hand is pressed by the table with an equal
force in the opposite direction. We say in common language
simply that the table offers resistance. Similarly, if you hold
a mass of a pound on the palm of your outstretched hand it
presses your hand downwards with a force which we have learnt
to call its weight ; your hand presses the weight upwards with
a force of exactly the same amount. If the scrimmage at Rugby
football does not move, it is clear that the opposing * forwards ™
arc pressing one another with equal forces i opposite directions,
and it is easy to understand in this case that the action and reac-
tion are equal and opposite. Every force, then, is one of a pair of
forces, the second being the reaction to which it gives rise. Nuch
a pair of forces is called a stress.

14. PARALLELOGRAM OF FORCES.

i. Relation between tension and extension.—
Clamp a thin mdia-rubber cord with a tray sus-
pended from the lower end, and arrange a wire
by its side as in Fig. 28, Stick a pin through
the cord opposite the end of the wire. Place
10 grams in the tray and measure the elongation
produced by it—that 15, measure the distance
between the pin and the bottom of the wire.
Place another 10 grams in the tray and again
notice the extension produced. By subtracting
this reading from the former one, vou can find
the extra extension produced by the additional
10 grams. In the same way find the extension
produced by 30 grams, 40 grams, and so on, up
to 100 grams, also determining in cach case
the extension for the additional 10 grams.

ii. Representation of forces by 'lines.—Draw

vertical lines to represent the extensions pro-
duced by the various loads, and also lines to
represent the extension for every additional .
10 grams. As the loads represent forces, the TI6. 28— lxperl
lines will represent the extension produced by extensions produced
various forces. You will find that the exten- by different forces.
sions are proportional to the forces—that is, double the force
double the extension, and so on. The strength or magnitude of
a force can thus be shown by the length of a line.
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iii, Parallelogram of forces.—The following experiments illustrate
how the directions as well as the magnitudes of forces can be repre-
sented by lines,

(n) To the middle of a piece of elastic eord about 6 inches
long fasten a picce of the same cord about three inches in length,
¥rom the point where the three cords mect measure off an equal
distance, say two inches, and put a pin through each cord at this
distance,

Fasten the pin at cach end of the six-inch piece of cord upon a
sheet of paper lying flat upon a drawing board or table. The cord
should lie in a straight line between the pins, but it must not
be stretched. Now pull the third cord 1 any direction so as
to stretch the others as
well as itself, and fasten
its pin in the board while
the cords are thus stretched
(KFig. 29). Make a pin
mark upon the paper at
the point where the cords
meet, and then pull the
pins out of the paper and
put them and the cords
aside.  Pin-holes will be
marked at 4 BC'D in Fig.
29, Mark oft from cach
of the lines, starting from
A, B, and D respectively,
the original length, that
Dr D i3, 2 1inches, measured on

each cord. The additional

16 20. —A three-way elastic cord, used to lcngths [’JC, FC, and GC

tlustrate the principle of the paraliclogtam  thus represent the amounts

of furces. by which the cords have
stretched.

() Construct the parallelogram ECFH by drawing K1 and FH
parallel to CF and KC respectively. Draw the diagonal CH; it
will be found to have the same length and be in the same line as CG.
Assuming that the extensions arve proportional to the forces (and
they practically are so 1 this case), the two sides EC, C# of the
parallelogram represent two of the forees both in magnitude.and
direction, and the third foree, which is equivalent to the other two
taken together, 18 represented on the same scale by the diagonal of
the parallelogram.

(@ Repeat the experiment with the cords stretched by different
amounts and in different dircctions, Construct a parallclogram
similar to KCFH for cach case,

When the cords are arranged in any position they represent three
forces actimg upon the particle (. Since € is at rest, the force
represented ]wy '} produces the same effect as the two forces repre-
sented by CE, CF, taken together, 1f, therefore, a force equal in
magnitude to CQ, and acting in the direction (', 15 substituted for

A

LS. I, D
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CE, CF, the particle still remains at rest. The diagonal CH repre-
sents such a force both in magnitude and direction.

A single force which can be substituted for two separate forces
in this way is termed a resultant force.

Graphic representation of forces.—Every force has a
certain strength or magnitude, and acts in a certain direc-
tion. It is, therefore, possible to represent a force completely
by a line, the length of which is made proportional to the
magnitude of the force, and the direction of which represents

Q
- 5

the direction in which the force

inch is taken to represent a unit

force, then a force of 5 units

would be represented by a line '

5 inches long, and two forces of :C |

5 and 3 units acting together in \ ‘W

the same direction would be l

represented by a line 8 inches ll

long. If, however, a body were '

acted upon by a force of 5 units \\“\\w\ \ \ \‘\u

the opposite direction, then the | \ H“\ \h L]

effect would be that of a force

of 2 units acting in the direc- &R

tion of the foree of 5 units; 128

for 3 of the units of this force @ 30. -The parallelogram of forces
., . can be 1illustrated by connecting two

would be rendered inoperative weights P and @ with a cord passing

by the three units acting in the ;’xegqub};:;}Leﬁ;tﬂ‘:‘dwt&:g’é‘}ﬁ them

opposite direction.

direction at any given instant, though it may be acted upon

by any number of forces. Each force acts with a certain

strength and in a certain direction, and, in consequence of

their joint action, the body moves with a certain velocity,

if it is free to do so. The same velocity could be giveA to

the body by a single force instead of the separate forces, and

the single force which would produce the same effect as the

separate forces is called the resultant of the forces. When two

forces act upon a body at the same time, their resultant can

is exerted. If the length of an R
OP
: o Bl ’ ‘
in one direction, and 3 units in | i “ hm l‘“h
Parallelogram of forces.—A body can only move in one
usually be found by means of the parallelogram of forces,
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which may be expressed thus : If two forces acting at a point be
represented in magnitude and direction by the adjacent sides of a
parallelogram, the resultant of these two forces will be repre-
gented in magnitude and direction by that diagonal of the
parallelogram which passes through this point.

Let O represent a material body acted upon by two forces,
represented both in magnitude and direction by the lines 0B,
OA. To find the resultant of these two forces, both as regards
its amount and direction, complete the parallelogram OBRA and
join OR, which will be the resultant required (Fig. 31).

Calculation of resultant.—When the two forces of which
the resultant is required act at right angles to one another, the
calculation is a simple application of a proposition in the first
book of Euclid (I. 47). In these
circumstances the triangle ORA is
right-angled, and Euclid proves that
(04 + (AR)?=(OR)?,, and conse-
quently (04)*+(0B)*=(0R)? from
which when 04 and OB are known

F1G6. 31.—Graphic representa- We can calculate OR.
bon T the parallelogram of  ywhen the directions of the two
forces OB and OdA are inclined to
each other at an angle which is not a right angle, the calcula-
tion involves an elementary knowledge of trigonometry. This
can be obviated, however, by the simple expedient of what
is called the graphical method. This consists in drawing two
lines inclined at the angle at which the directions of the forces
are inclined, and making them of such lengths that they contain
as many units of length as the forces do units of force (Fig. 31).
The parallelogram is then completed by drawing AR and BR
parallel respectively to OB and 04 and joining the diagonal
OR, the direction of which will be that of the resultant, and its
length will be as many units as there are units of force in the
resultant force. It is immaterial what lengths are used to
represent the units of force so long as the components and
the resultant are measured in the same units.

Resolution of forces.—A single force can be replaced by
other forces which will together produce the same effect. Such
a substitution is called resolving the force, or a resolution of the
force. The parts into which it is resolved are spoken of as
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components. When this has been done it is clear that we have
made the original force become the resultant of certain other
forces which have replaced it. Referring back to what has
been said about the parallelogram of forces, it will be seen that
any single force can have any two components in any directions
we like ; for by trying, the student will be able to make any
straight line become the diagonal of any number of different paral-
lelograms. The most convenient components into which a force
can be resolved are
those the directions of
which are at right
angles to each other.
In this method of re-
golution, neither com-
ponent has any part in
the other.

A kite at rest in the
air affords an example
of the prmcxp]e of the Fia 32. —Forces acting on a kite at rest in the
parallelogram of forces .

(Fig. 32). There arc

two downward forces—one represented by AB, duc to the
weight of the kite, and the other represented by .10, due to
the pull of the strmg. The pressure of the air on the face of
the kite can be resolved into two forces, one acting along the
face and the other at right angles to it. The latter force is an
upward one, and if the kite is at rest it is equal to the resultant
AC of the two downward forces. If it-is greater than the
resultant 4, the kite rises ; if it is less, the kite falls.

. weicnr
w xITE

o R R O e
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CHIEF POINTS OF CHAPTER IV.

Motion is change of place. Speed is rate of motion in any direc-
tion.

Velocity is the rate of motion in a given direction. When a
body’s velocity is uniform it moves over equal distances in every
second, when it is voriable unequal distances are moved over in
equal times.

Unif locit No. of units of length travelled
nitorm Vet = =R, of tnits of time taken

The unit of velocity is gencrally taken as being a velocity of one
foot per second. Velocities can be completelv represented by
straight lines. The resultant of two velocities can be determined
by the parallelogram of velocities.

Acceleration 1¢ the rate of change of velocitv. In measuring
uniform accelerations it must be known what addition to, or subtrac-
tion from, the velocity of the moving body there has been during
each second of its journey.

The unit of acceleration is an increase of the unit velocity m a umt
of time. It is generally taken as equal to an increase of velocity of
one foot per second for each second.

Force 1s that which changes, or tends to change, a body’s state of
rest or motion. Forces may be completely represented, both in
magnitude and direction, by straight hines.

The momentum of a body is the quantity of motion it has, and is
equal to the product of its mass and its velocity. The total
momentum of several moving masses is unaltered by impact.

A umt of force acting for a unit of time is able to produce a unit
of velocity in a unit of mass.

The force of gravitation.—FEvery particle in nature attracts every
other particle with a force which is directly proportional to the
procuct of the masses of the particles and inversely proportional to
the square of the distance between them.

mass X mass
square of distance between masses

Newton's laws.—(1) A body once set 1n motion and acted upon
by no force will move forward in a straight line for ever.

(2) If a moving body be acted upon by any force, its deviation
from the motion defined in the first law will be in the direction of
the acting force and proportional to it.

(3) Action and reaction are equal and in opposite directions.

Parallelogram of forces.—I1f two forces acting upon a pomt are
represented in magnitude and direction by the adjacent sides of a
parallelogram, their resultant is represented m magmtude and
direction by the diagonal which passes through that point.

Resolution of forces.—A single force can be replaced by other
forces which will together produce the same effect. Such a substi-
tution is called mmfving the force, and the parts into which it is
resolved are called components.

Gravitational attraction =
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EXERCISES ON CHAPTER IV.

1. What is the difference between uniform and variable velocities ?
How are uniform linear velocities measured ?

2. Explain how the average velocity of a body moving with a vari-
able velocity is estimated.

3. A line is drawn upon the floor of a railway carriage from door
to door. When the carriage is at rest a ball is dropped from the
roof and falls upon this iine. What difference would be observed :

(a) If the train is moving when the ball is dropped ?

(b) If the train starts when the ball is half way down ?

(¢) If the ball is dropped when the train is in motion, but the
train stops suddenly when it is half way down ?

4. Define acceleration and give an example of a body moving with
an accelerated velocity.

5. How is uniform acceleration measured ? Explain the difference
between a positive and negative acceleration, giving an example
of each.

6. Describe an experiment for demonstrating the principle of the
parallelogram of forces to a class.

A nail is driven into a wall and two strings are tied to its head.
When the two strings are pulled horizontally and at right angles to
one another with forces equal to 6 and 8 Ibs. respectively, the nail
is dislodged. What force would be needed if the strings were
brought together and the nail pulled straight out ? Illustrate your
answer with a diagram.

7. Explain what is meant by the inertia of a material body. Give
as many of the results of the possession of this property by a
material body as you can.

8. The horizontal and vertical components of a certain force are
equal to the weights of 60 lbs. and 144 lbs. respectively. What is
the magnitude of the force ?

9. Two spring balances are attached by strings to a ring which
is placed round a nail driven into the table, and the balances are
stretched in directions at right angles to one another till one indi-
cates & pull of 16 lbs. and the other of 9 Ibs. Draw a figure showing
the direction and magnitude of a single force which would produce
the same pressure on the nail as do the two forces due to the pulls
of the balances. .

Hlow would you prove experimentally the correctness of your
result ? :

10. State the * parallelogram of forces.” You are provided‘with
three small spring balances (sometimes called * dynamometers ), a
blackboard, chalk, string, etc. ; how can you verify the proposition ?

11. A weight which is hung by means of a piece of elastic from a
nail in the ceiling is pulled some way to one side by a thread which
is always kept horizontal. Explain why this operation will increase
the stretching of the elastic. Illustrate your answer by a diagram.
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12. As & train draws up at a station on a rainy day, water flows
from the roofs of the carriages by their front ends.  As the train
leaves the station the water flows off from the rear ends of the
carriages. How do you account for this ?

13. A train moving out of a station covers in successive seconds
4, 8, 12, 16, 23, 30, 34, 38, 42, and 44 feet. Name the various
kinds of motion with which the train is moving during this period.
What is the mean velocity in miles per hour during the last second ?



CHAPTER V.

MEASUREMENT OF MASS, WEIGHT. DENSITY.

15. MASS AND WEIGHT.

i. Meaning of mass and weight.—(a) Take two L{nu:vs of iron or

brass, called in ordinary language, * pound” an

F1a. 33.—The iron weight
may be made to appear
heavier by a magnet, but
the mass does not change.

** half-pound ”
weights; or a ‘“pound” and a *“two-
pound” will do. Lift the two pieces of
metal. One fecls heavier than the other,
that is, the masses are different.

(b) Place a certain amount of lead in one
pan of a balance, and counterpoise it with
cotton-wool in the other pan. The masses
are equal but the volumes are ditferent.

(¢) Kxamine the parts of a spring balance
(Fig. 33).  Attach one ounce to the balance
and show that the marker 1s pulled down
to the division 1. The pull 0%) the spring
upwards and of the ounce downwards are
equal.

(d) If possible, using a dclicate spring
balance, such as 18 uscd for weighing letters,
show that the downward pull of a mass of
ron can be mereased by }mlding a strong
magnet under it (Ig 33).

ii. The balance. - («) Uncover the balance
and identify the different parts by reference
to Fig. 34. Raise the beam, AB, of the
balance, off the supports by turning the
handle C. Notice whether the pointer 17
swings equally on both sides of the middle
of the scale (: if it does the balance is
ready for use; but if not, let down the
beam and turn the small screw at B, then
try again. Repeat this adjustment until

the swings to right and left are equal.
(h) When using the balance always place the substance to be
weighed in the left-hand pan, £, of the balance.  Examine your box

56



MEASUREMENT OF MASS, WEIGHT, DENSITY 51

of weights, and, selecting a weight which you estimate to be about
the same as an object placed in the pan, I, take hold of it with

F1G6. 34. —The Student’s Balance.

the forceps and place it in the right-hand pan. Now raise the
beam slightly to sec whether the estimated ¢‘weight” is nearly
equal to the mass of the substance in E. If the weight appears

a little below what is
wanted, pick up, with
the forceps, the next
heaviest weight in the
box, and try it in the
}mn with the other.
f the two together are
too heavy, take out
the smaller weight and

ut in the one below
1t, and so on, adding
one weight after the
other, without missing
any, until you find the
correct weight., When
you have completed
the Weighing, write
down a,ng add up the

v
il

FI1G 35.—Box of metric weights.

weights that are missing from their places, and check the figures as
you put each weight back in its place.

(c) Examine examples of British masses, e.g. an ounce, & pound, a
half-hundredweight. Also examine a box of metric masses, generally
spoken of as a box of * weights” (Fig. 35).
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desired to measure, with standard masses. Thisis done with the
help of a balance, or pair of scales.

In the simple balance the beam, 4B, is supported at the
centre (, and if the balance is true, the scale pans have no

F1a 37.—A simple balance, or pair of scales.

tendency to dip either on one side or the other. When, as in
this case, the paus ave suspended from points at equal distances
from the pivot, any mass in one pan is balanced by an equal
mass in the other.

The earth’s attraction for equal masses, at any one place, is
the same, or shortly stated equal masses have equal weights.
Thus any weight can be compared with the weight of standard
masses. The weight of a body which, as has been stated, is the
pull of the earth upon it, may be measured directly by a su1bably
graduated spring balance.

In ordinary language this distinction between mass and
weight is not made. The word weight is used to mean both
the amount of matter in a body and also the pull of the earth
upon it. Having directed attention to the distinction, we
shall in future use the word weight in its ordinary sense.

16. DENSITY.

i, The demsity of different bodids varies.—(a) Determine, b
means of a balance, the weight of a cubic centimetre of wood, leuf
cork, and marble, and record the results thus:
Weloht of the cubic centimetre of

wood (oak)= 082 grams.

lead =1135 ,,

cork = 024 ,,

marble = 284 ,,
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(b) Place, in one pan of a balance, the cubic centimetre of lead used
in the previous experiment and cut a regular picce of soap from a
bar so that it just counterpoises the lead. Find the number of cubic
centimetres in the soap.

(¢) Counterpoise two small bottles of the same size. Fill one with
water and the other with methylated spirit. Notice that the bottle
of water is heavier than the bottle of spirit, though the volume of
each liquid is the same.

(d) Counterpoise a pint measure or bottle with some sheet lead.
Fill the bottle with water, and place metal weights in the opposite
pan to balance it. Notice that the size of the metal is much less
than the size of the pint of water. .

The meaning of density.—1. Pieces of different substances
of the same size or volume may have unequal weights.

2. Pieces of different substances which have equal weights
may have very different sizes or volumes.

It is usual to speak of these facts by saying that things have
different densities. A pound of feathers, or cotton-wool, has
exactly the same weight as a pound of lead, but the feathers (or
the cotton-wool) take up much more room, or have a larger
volume, than the picce of lead. The matter in the lead may be
packed more closely than in the feathers, which accounts for its
taking up less room. The shortest way of saying all this is to
say that lead is denser than either cotton-wool or feathers.

If a small thing is comparatively heavy, then it is called a
dense thing, or it is said to have a Aigh density. 1f, on the other
hand, a large thing has a small weight, it is said to have a low
density. Moreover, the densities of things having equal volumes
are in the same proportion as their weights.

Standard of density.—But to compare densities it is bettér
to have a standard, just as we have a standard of length, the
yard, with which to compare other lengths; or a standard of
area with which to compare other areas. The density of water
at a certain fixed temperature is taken as the standard. Why
it is necessary to specify the temperature will be understood
later.

The weight of one cubic centimetre of water at a temperature
of 4° C. (see p. 58) is one gram, and ity density is taken as the
standard of density, and is called 1. Similarly, a substance, the
weight of a cubic centimetre of which is two grams, would be
said to have a density of 2, for it must contain twice as much
matter as water does, packed into one cubic centimetre. The
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weight of a cubic centimetre of quicksilver is 13-6 grams, Z.e. it
contains 136 times as much matter in one cubic centimetre
as there is in one cubic centimetre of water. Its density is
therefore 13°6.

Density is the weight of unit volume of a substance.—
Suppose a cube of soap and a cube of lead be cut so as to have
equal weights ; the soap will evidently be larger than the lead,
and it will be just as many times larger as its density is less
than the density of the lead. With equal weights, the greater
the density the smaller is the volume. It follows from this that
if the volume of a body is multiplied by its density, we obtain
its weight. Or, expressed as an equation,

volume x density =weight,~

from this it follows that
weight
volume’

density =

In using this relation between the volume and weight care
must be taken that the values of weight and volume are reduced
to the proper units. In all scientific work it is customary to
adopt the cubic centimetre and gram as the units of volume and
weight respectively.

The ratio of the weight of any volume of a substance to the
weight of the same volume of water is equal to the relative
density of the substance, or, as it is
frequently called, the specific gravity.

X

17. SOME METHODS OF DETER-
MINING RELATIVE DENSITY.

1. By meauns of a relative density or specific
gravity bottle.—(a) Counterpoise an empty
specific gravity bottle, or a flask having a
mark on its neck (Fig. 38). Till the flask
up to the mark with methylated spirit and
weigh it; then empty the flask, dry it, and

F16. 88. —A bottle for fill With water up to the same mark. Weigh
use in determining rela- 8gain, and from the two values thus deter-
tive densitics. mined find the relative density of the spirit,

remembering that
weight of substance

weight of equal vol. of water’

Relative density =
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iii. Hare's apparatus.—Connect two glass tubes with a three-way
tube as shown in Fig. 40, Let the lower ends of the glass dip into
different liquids ; then apply suction to the short tubc at the top,
and when the liquids have risen to
aconvenient height close the-clip
upon the india-rubber. Measure
the height of the liquid in each
tube above the level of the liquid
below. The heights are inversely
proportional to the densities.

Determination of relative
densities by relative density
bottle.—A simple method of
determining the relative densities
of substances is to use a specific
gravity or relative density bottle.
Such a bottle often consists of a
small glass flask, holding about
fifty grams of water. It is
provided with a nicely-fitting
ground stopper, with a very
small bore through it or a
vertical groove cut upon it
(Fig. 38). To use the bottle in
FI. 40, Hure's apparatus for com- determining the relative density

paring the d.enslxt‘,)xcs of liquids. of liquids and powders, the weight

of the empty bottle and stopper
must first be known. The bottle is then filled with pure water,
the stopper inserted, and the water which is forced through the
hole in the stopper wiped off, and the bottle and its contents
weighed. In this way the weight of water which just fills the
bottle is found. If now we empty the bottle and carefully dry it
inside and out, and fill it with the liquid of which the density is
required, say spirits of wine, and weigh again, we have the weight
of the liquid which just fills the bottle, or the weight of equal
volumes of the liquid and water. " The ratio—weight of liquid
divided by weight of water—givestherelativedensity of theliquid.

Instead of a bottle of this kind, a flask having a narrow neck
around which a horizontal mark has been made may be used.
The weight of water which fills the flask up to the mark may
thus be compared with the weight of liquid which fills it to the
same mark,
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Suppose the weight of water in a relative density bottle was
found to be 50 grams, and the weight of the same volume of
methylated spirit was found to be 40 grams. Then these
numbers show the relative densities of the two liquids, and
as we take the density of water as the standard or unit, the
density of the spirit is equal to 40 divided by 50. It is
thus seen that the relative density of spirit is represented
by the fraction 4% or 4, which expressed as a decimal fraction
is 08,

Determination of relative densities by balancing columns
of liguid,—A convenient way to balance liquids against one
another, and so compare their densities, is by means of a glass
tube bent in the form of a U.

When a U-tube is arranged, as in Fig. 39, the mercury in the
bend acts just like a pair of scales, and a column of water in one
of the upright arms can be balanced against a column of the
same length in the other. The columns of water are the same
size, or have the same volume, and they balance one another,
consequently their weights must be the same ; and since their
weights are equal and their volume the same, they must have
the same density.

But suppose water is put in one arm of the U-tube, and
enough methylated spirit into the other to make the mercury
stand at the same height in the two arms. Here there is a
different state of affairs. The column of spirit which balances
the column of water will be the longer, hence its size or volume
is greater, since the tubes are the same width. But because
they balance, their weights must be the same ; and the lengths
of the spirit and water columns are inversely proportional to
the densities of the two liquids. Thus,

. . ... length of water column
Relative density of spmt=]gng th of spirit column

Hare's apparatus for determination of relative densities.
—A convenient arrangement to use in determining the relative
densities of liquids which mix is represented in Fig. 40, and is
known as Hare’s apparatus. Two straight glass tubes are con-
nected at the top by a three-way junction, upon the unconnected
end of which a piece of india-rubber tubing is placed. The
lower ends of the tubes dip into beakers containing the liquids
the relative densities of which have to be determined. By

LS. I, R
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applying suction to the free end of the rubber tube, the two
liquids are drawn up the glass tubes, and the heights of the
liquid columns above the level of the liquids in the beakers will
be inversely proportional to the relative densities of the liquid
employed. The principle is thus precisely the same as that of
the U-tube, but by using the form of apparatus here described,
the relative densities of liquids which mix can be more conveni-
ently found than by the ordinary U-tube into which the liquids
have to be poured. .

OHIEF POINTS OF CHAPTER V.

Mass is the amount of matter in a thing. The British standard
of mass is the Imperial Pound avoirdupois, and the metric standard
in common use is the Kilogram. The metric standard of mass used
ix; wieintiﬁo work is the gram. Masses may be compared by a pair
of scales.

The weight of an object is the force with which the objecot is
gulled toward the centre of the earth. Weight can be measured

y a spring balance.

Density. — Equal volumes of different substances may have different
weights. [Equal weights of different substances may have different
volumes. Or, different substances may have different densities.

8pecific gravity, or relative density, is the ratio of the weight of
any volume of a substance to the weight of an equal volume of
water,

mass (or weight) of a substance
mass (or weight) of an equal volume of water’

Balancing columns of lquids. —The densities of two liquids
balanced in a U-tube are in the inverse proportion of the lengths
of the columns. Or, .

. . ..y _length of water column
Relative density of a hq‘“d—f{,;l gth of Tiquid columan

Relative density=

Metric Measures of Mass.

1 =Gram.
yovs = Milli-gram, ° 10=Dekagram.
¥y =Centi-gram. 100= Hekto-gram.
v = Deoi-gram. 1000 =Kilogram.

British and Metric Equivalents.

1 gm. =about 154 grains. 1 oz. Avoir. =about 28} grams,
lkgm.= ,, 241 11lb, Avoir.= ,, & kilogram.
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The following summary, dealing with standards of weight and
measure, is exhibited in the Victoria and Albert Museum, South
Kensington :

Standards of Weight and Measure,

The “yard” of 36 inches, is the unit or standard measure of
exterision, from which all other imperial measures of extension,
whether linear, superficial, or solid, are ascertained.

The “pound ” is the unit of the measure of weight from which
all other imperial weights, or measures having reference to weight,
are asoertained. The one seven thousandth part of the pound is a
“grain.”  One sixteenth part of the imperial standard pound
(45;5 grains) is an ounce (avoirdupois).

The “ ounce troy” consists of 480 grains and is now the only legal
standard troy weight.

All articles sold by weight must be sold by avoirdupois weight ;
except that—-

(1) Gold and silver, and articles made thereof, including gold and
silver thread, lace or fringe, also platinum, diamonds, and other

recious metals or stones, may be sold by the ounce troy or by any

ecimal parts of such ounce—and

(2) Drugs when sold by retail, may be sold by apothecaries’
weight.

[The ‘‘apothecaries’” ounce is of the same weight as the troy
ounce of 480 imperial grains, ]

The unit or standard mecasure of capacity from which all other
measures of capacity, as well for liquids as for dry goods, are
derived, is the ‘‘ gallon ” containing ten imperial standard Tunds
weight of distilled water (weighed in air against brass weights) at
the t(;)mperature of 62° Fahrenheit and with the barometer at
30 inches.

Metric System of Weights and Measures.

The third Schedule to the Weights and Measures Act, 1878, sets
forth the equivalents of imperial weights and measures and of the
weights and mecasures therein expressed in terms of the metric
system, and Seot. 21 of the Aot provides that a contract shall not
be invalid if weights or measures of the metric system, or decimal
subdivisions of imperial weights and measures, are used in it.

The unit of Length is the ¢*Metre,” =39-3708 inches,
»w s Surface ,, ‘““Are,” =100sq. metres=119'6033sq, yds,
» » Capacity ,, ‘‘Litre,” =qygsyoub. metre=176077pinta.
» » Weight ,, “Gram,” =154323487 grains.

(A gram is the weight of a oubic centimetre of distilled water at
4° centigrade. )
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EXERCISES ON CHAPTER V.

1. Define the mass and weiyht of a material body, carefully dis-
tinguishing between the terms.

2. Give the British and metric measures of mass.
3. What is a spring balance and what can be measured with it?

4. What particulars about a given mass could you determine
(a) by using a spring balance, (b) by means of a pair of scales?

5. A body of which the volume is 1'5 litres, has a mass of
25 kilograms. What is the mass in grams of 1 cubic centimetre of
the boé,y.

What is the volume at 4° C. of 1,712 grams of water?

6. How is the relative density of a liquid determined with a
specific gravity bottle ?

7. Explain a simple method for ascertaining the relative density
of small shot or tin-tacks.

8. Being provided with two picces of glass tube and a piece of
india-rubber tubing, explain how you would proceed to (i) com-
pare the relative densities of olive oil and spirits of wine, (ii) ascer-
tain the relative density of a specimen of milk.

9. You are given a small rectangular block of brass, and you
have at your disposal a measuring rod divided into centimetres and
millimetres, a balance and weights, some fine wire, and a vesscl of
water. How will you determine, by two perfectly independent
methods, so that the results may form a check on one another, the
volume of the block ? Describe exactly what calculations you will
have to make, and say upon what scicntific principle, if any, each
of your methods depends.
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PARALLEL FORCES. CENTRE OF GRAVITY.
THE LEVER AND OTHER MACHINES.

18. PARALLEL FORCES.

i. Example of parallel forces.—Place the ends of a stiff lath or
rod of uniform thickness upon two letter balances, or support the
rod by hanging cach end from a spring balance. Notice the load
borne by each balance ; then weigh the rod, and so determine the
fraction of the load supported at each end.

RN RN R NACRNNRREARNNAGERARARITAAY

A

B o

Fia. 41.—The reading of the spring balance is equal to the total weight
of the lath and the loads,

ii. Resultant of parallel forces.—(a) Suspend a light lath from a
spring balance by a ring above its centre (Fig. 41). Notice the
reading of the balance. Hang two equal weights in bags from the
ends of the lath, and again observe the reading of the spring balance.
Repeat tho experiment with unequal weights placed in bags arranged

69
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o}z: the lath so as to counterpoise one another. Record your results
thus :

Reading of

Weight of Total

lath 4. Weight B, Weight C. AFB+C. Busl::ic‘::gli.
1]

By comparing columns 4 and 5 it will be seen that the three
downward forces A, B, and C, acting upon the lath, are kept in
equilibrium by one upward force R.

(b) Hang the two weights B and C together from the middle of
the lath suspended from the spring balance. Noti¥e that the read-
ing of the balance is the same as when the two weights are hung
from the ends of the lath.

Parallel forces,—It has been seen that the earth exerts a
downward pull upon all objecte on its surface, and that in
consequence of this all things fall to the ground if unsupported.
It follows, therefore, that every mass which is supported above
the earth’s surface is constantly being pulled downwards, even
though it does not fall. If a beam, for instance, is supported
horizontally by resting the ends upon two posts, each particle
of it may be regarded as being pulled earthwards by an
attractive force, The direction of the pull is everywhere
towards the centre of the earth, so for any one spot on the
earth’s surface we may consider the attractive forces due to
gravity to be parallel to one another.

When a stiff lath or rod of uniform thickness rests upon two
letter balances, or is supported by hanging each end from a
spring balance, the experiment represents on a small scale the
case of a beam referred to before; and by using spring balances
it can be proved that the weight supported at its ends is
equally divided between the two supports. In other words,
the two upward forces exerted by the balances are together
equal to the downward force represented by the weight of the
beam.

If a load be placed anywhere upon the lath, the balances still
show that when the lath is in equilibrium the sum of the
upward forces is equal to the sum of the downward forces.
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Principle of parallel forces.—The principle of parallel
forces demonstrated by the experiments referred to may now
be definitely expressed as follows : The resultant of a number of
parallel forces is numerically equal to the sum of those which act
in one direction, less the sum of those which act in the opposite
direction. In other words, the resultant is equal to the algebraic
sum of the forces.

If two equal parallel forces act in the same direction upon a
body, the total force will be obtained (as might be expected) by
adding the two individual forces together. In like mannmer, if
two unequal parallel forces act in opposite directions the net
effect can be found by subtracting the smaller of the two forces
fromn the greater ; the direction of the resultant is that of the
greater force.

19. DETERMINATION OF CENTRES OF GRAVITY,

i. Experimental methods of determining centres of gravity.—(a)
Procure a disc of sheet cardboard and tind by trial the point on which
it may be balanced, that is, the centre of gravity of the disc. Make
a hole in the card near the edge, and take a plumb-line consisting of
a thread with a piece of lead tied at one end and a hook of thin wire
at the other. ang the disc from the hook, and then suspend both
as shown in Fig. 42, so that the disc and lead arc both suspended
and the thread passes over the point of suspension. The thread also
passes through the centre of gravity. Do this for various holes in
the edge of the disc, and see that in all cases the vertical line through
the point of suspension passes throuyh the centre of gravity.

(b) Another way to find the centre of gravity of a planc figure,
such as a triangular plate of metal or card, is to tic strings at each
corner of the plate. Then hang the plate by one of the strings to a
support such as one of the rings of a retort stand. Allow it to come
to rest, and, using a straight edge, draw a chalk mark across the
glate in the same straight line with the string as shown by the

otted line in the figure. Now attach the same plate by one of
the other threads exactly as hefore, and again make a mark in
continuation of the string. The two chalk marks intersect at a
point marked @, Fig. 43. Untie and do the same with another
string, the third line passes through the interscction of the first
two. Obtain a similar point for each of the other plates. Also
determine in the same way a similar point for irregular plates of
wood, zine, or cardboard. :

i, Centres of gravity of skeleton solids.—(a) Prooure a skeleton
cube or tetrahedron, and suspend it as in the pregeding experiments.
Mark the verticals through the point of suspension%)y ight wires
attached by wax, and thus find the position of the centre og gravity.
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The centre of gravity will not be on any of the bars of the skecleton
solid used.

(b) Find the centre of gravity of an open wickerwork basket, such
a8 a waste-paper basket. To do this, suspend the basket, and hang

A

F16 42 —Determination of  Fia. 43. —A method of determining centre of
centre of gravity of a disc. gravity,

a plumb-line from the point of suspension. Tic a picce of thread
across the basket in the direction of the plumb-line; then suspend
the basket from another point, and notice where the plumb-line
crosses the thread. The point of intersection, which necd not be
actually on the framework 1tself, is the centre of gravity.

Centre of gravity.—Consider a large number of weights,
some heavier than others, suspended from a horizontal rod.
A certain position can be found at which a
spring balance would have to be attached
in order to keep the rod in equilibrium.
When the rod is hung from this point &
the tendency to turn in one direction is | NG
counteracted. by the tendency to turn in
the other, so the rod remains horizontal.
The weights may be regarded as parallel
forces, and the pull of the spring balance FIG. 44. - Parallel forces

. . due to gravity.
as equal to their resultant. Now consider
a stone, or any other object, suspended by a string. Every
particle of the stone is being pulled downwards by the force of
gravity, as indicated in Fig. 44. The resultant of these parallel
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forces is represented by the line G'F, and the centre of the
forces is the point @. The point G, through which the resultant
(GF) of the parallel forces due to the weights of the individual
particles of the stone always passes, is known as the centre of
gravity. For the stone to be in equilibrium, the string must be
attached to a point in the line G F, produced upwards.

Every material object has a centre of gravity, and the
position of this point for a particular object is the samne so long
as the object retains the same form.

Experimental methods of determining centres of gravity.
—The centre of gravity of such geometrical figures as circles,
squares, and parallelograms is really the centre of the figures,
and can therefore Le determined geometrically. In the case of
unsymmetrical figures, however, the centre of gravity cannot be
so easily found by geometry, and is best determined by
experiment.

The experimental method adopted for determining the centre
of gravity of any material body depends upon the considera-
tions set forth in the preceding paragraphs. The body, the
centre of gravity of which is required, is allowed to hang quite
freely, either by means of a cord or on a smooth' peg, and when
it has come to rest a vertical line through the point of support
is marked upon it. If a string is employed, this vertical line
will be a continuation of the string, and is at once drawn by the
help of a ruler. If the body which is being experimented with
is hung from a smooth nail, by means of a hole bored in the body,
the vertical line must be drawn with the help of a plumb-line.
The point of support is then shifted and the operation repeated.
Since the centre of gravity of the plate is in both straight lines
it must be located at their intersection.

Plates of all shapes balance about their centres of gravity.
—After the centre of gravity of a sheet of metal, or other stiff
material, has been determined by hanging it from a support
in the manner described in Experiment 19 i. (a) and (b), it will
be found that if this sheet be so arranged that a pointed upright
is immediately under the centre of gravity, the plate will be
supported in a horizontal position. This affords a convenient
means of checking the correctness of the experiment performed.

Geometrical determination of centres of gravity,—It has
been sufficiently explained that the centres of gravity of straight
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lines, circles, squares, and other regular figures is at their
geometrical centres. Hence, the geometrical constructions for
determining these central points also locate the positions of
their centres of gravity.

The centre of gravity of a parallelogram is at the intersection
of its diagonals.

The centre of gravity of a triangle is determined by bisecting
any two sides and joining the middle points so obtained to the
opposite angles. The intersection of the lines so drawn gives
the centre of gravity. The centre of gravity is found, by
measuring, to be one-third the whole length of the line drawn
from the middle point of the side to the opposite angle, away
from the side bisected.

We may, in fact, consider a triangular plate as made up of a
number of narrow strips of material which decrease in length

F16. 45.—Geometrical illustration of centre of gravity of a triangular plate.

from the base to the apex. The centre of gravity of each strip
is the middle of the strip ; hence the line drawn from the apex
to the middle of the base passes through each centre of gravity
(Fig. 45, 4). By taking another side as base, & similar line can
be drawn from the middle to the opposite angle (Fig. 45, B).
These lines intersect at one-third the distance up the line so
drawn, measured from the base, and the point of intersection is
the centre of gravity of the triangular plate (Fig. 45, C).

To find the centre of gravity of a quadrilateral by con-
struction, the plan is to divide it into two triangles by drawing
a diagonal. By the method just described the centre of gravity
of each triangle is found, and the points so obtained are joined.
The centre of gravity of the quadrilateral lies on this line.
Repeat the process drawing the other diagonal. Join the
centres of gravity of the second pair of triangles, the centre of
gravity of the quadrilateral lies on this line. Hence, it is
situated at the point of intersection of this line and the first one
obtained in the same way.
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Oentres of gravity of other bodies,.—The method of
drawing lines across the surface of a thin plate is not practicable
in the case of bodies such as blocks or skeleton solids having
three dimensions. The experiments described in 19 ii. explain
two methods which can be employed usefully in cases of this
kind. The ingenuity of the student will provide other equally
suitable plans for particular cases.

20. EQUILIBRIUM.,

1. Conditions of equilibrium.—Place upon a square-edged table or
board one of the cardboard figures of which you have found the
centre of gravity. Gradually slide the figure near the edge until it
would just topple over; keeping it in this position, draw a line

STABLE NEUTRAL

F16. 46.—Relative positions of centre of gravity and point of support for
stable, neutral, and uustuble equilibrium.

along the under side of the cardboard where the edge of the table
touches it. Then place the cardboard in another position and again
mark where the edge of the table touches it when it would just
topple over. The intersection of these lines is the centre of gravity,
and it will be noticed that the cardboard would just topple over
when the centre of gravity falls outside the edge of the table.

ii, Stable, neutral, and unstable equilibrium.—Procure an oblong
strip of wood or cardboard (Fig. 46). Support the strip as at 4 by
a lonﬁ gfn pushed through it ; it is then in stable equilibrium, for
the slightest turn either to right or left raises the centre of gravity.
When supported as at B, the strip is in neutral equilibrium ; and
when supported as at C, it is in unstable equilibrium, for the
slightest movement lowers the centre of gravity.

Relation of centre of gravity to base of support.—A
circular disc, in which it will be remembered the centre of
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gravity coincides with the geometrical centre, will not rest upon
a table if the centre is beyond the edge of the table, but will
topple over. In a similar way, if any plane ligure lies flat upon
a table, the centre of gravity of the figure must be within the
edge of the table. The same conditions apply to any object
resting upon a support. For an
object resting upon a base to be in
equilibrium, a vertical line drawn
from the centre of gravity down-
ward must fall within the base.
‘When this vertical line falls outside
the base the body topples over.

Consider the case of an omnibus
on level ground. The centre of
gravity is somewheve inside the
omnibus, and a vertical line drawn
from it downwards wonld fall within
a line traced around the omnibus
upon the ground. But, if the out- f:,:gQ;Zcejgot(],}i:&‘}?f‘:},;mg
side of the omnibus is filled with fall outside the basc of support,

. the omnibus would topple over,
people and the vehicle happens to
be running across a sloping road, it might topple over, for a
jerk might cause so great a change of position of the centre of
gravity as to make the vertical line from the centre fall outside
the base of support, and in such a case an accident must happen
(Fig. 47).

Equilibrium. —When a body is at rest, all the forces acting
upon it balance one another (or, what is the same thing, any
force is equal and opposite to the resultant of the remaining
forces), and it is said to be in equilibrium. It is in stable
equilibrium when any turning motion to which it is subjected
raises the centre of gravity ; in unstable equilibrium when a
similar movement lowers the centre of gravity, and in neutral
equilibrium when the height of the.centre of gravity is unaffected
by such movement. Consequently, if a body in stable equili-
brium is disturbed, it returns to its original position; if in
unstable equilibrium, it will, if disturbed, fall away from its
original position: while if the condition of equilibrium is
neutral it will, in similar circumstances, stay where it is

placed.
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Conditions of stability of suspended and resting objects.
—The centre of gravity must in every case be below the point
of support for a suspended object to be in equilibrium. The
greater the distance between the point of support and the
centre of gravity the greater is the tendency to return to the
position of equilibrium.

When the centre of gravity and the point of support of a
suspended object are close together the equilibrium of the
object is easily disturbed. A good balance partly owes its
sensitiveness to this condition, the centre of gravity and point
of support being designedly brought close together.

It has been shown that in the case of a freely suspended
object the centre of gravity is at its lowest point when the

object is in equilibrium.
Let us see how this applies
to a body supported upon

a surface below the centre
of gravity. .
» A body is least liable to

4 B ¢ be upset when the centre

FI1G. 48.—A funnel 1 () stable equilibrium, of gmvity is at a con-

g’}u‘r‘x:l.umme cquilibriumn, (€) neutral equilh- siderable distance from all

parts of the edge of the

base ; for, when this is the case, the body has to be tilted through
a large arc before the centre of gravity falls outside the base.

A funnel standing upon its mouth is an example of a body
which cannot be easily overturned on account of the low centre
of gravity and its distance from the edgc of the base (Fig 48, 4).
It is then in stable equilibrium. If the funnel is stood upon
the end of the neck it can be easily overturned, because very
little movement is required to bring the centre of gravity out-
side the base. It is thus in unstable equilibrium. When the
funnel lies upon the table it is in neutral equilibrium, for its
centre of gravity cannot then get outside the points of support.

21. THE LEVER.

i. Balancing equal weights on & lever.—(u) Make or obtain a lever
consisting of a strip of light wood graduated in centimetres, and
having a thin ring screwed into one edge, above the central point,
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and a hook sorewed into each end (Fig. 49). Hang the lever from a
nail by the middle ring. If it does not exactly balance, plane off a
little wood from the end which sinks, or slightly unscrew the hook
at the end which rises above the horizontal, until the lever does set
iteelf horizontally.

F16. 49.—A simple lever.

Hang two pill-boxes or small linen bags by their strings from the
lever, one on each side of the fulecrum or pivot, at equal distances
from it. Into one of the bags place say 50 grams, and find how
ma.nf' grams you must Elace into the other bag in order to restore

uilibrium. Repeat the experiment with the bags at a different
distance.

It will be found always that equilibrium is obtained when equal
weights are at equal distances from the turning point or fulcrum.

i1, Principle of moments.—(a) Place some pieces of lead in each
of four linen bags, and adjust by means of shot or small bits of
lead until they weigh respectively 50 grams, 100 grams, 200 grams,
and 300 grams. Place the 100 gram bag about 12 cmn. from the
fulerum of the lever, and balance it with a 50 gram bag on the
other side. Record the distance from the fulcrum in each case.
Repeat the experiment by balancing 50 grams against 100 fmms,
50 grams against 200 grams, 100 grams against 300 grams and other
combinations.

Record your observations in columns as below :

Lxrr 810K OF LEVER. RioHT SIDE OF LEVER.
P ———
Distance Load x Distance Load x
f Distance. 1 Distance.
Load. rom Load. rom
Fulcrum, Fulcrum,

Compare the numbers in columns 3 and 6, and state in words the
law or rule indicated by the results.

The experiments show that there is a definite proportion between
the weights on the two sides of a lever, and their distances from the
fulerum. The proportion is:

left , right |,  right . left
load * load °° distance ° distance.

Qr, exs;‘:ued in another way, the loads are inversely proportional
to their distances from the fulcrum.
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The turning effect of any force acting upon a lever, as each load
did in the experiment, is termed the moment of the force. The
comparisons of columns 3 and 6 prove that the moment or turning
effect is measured by the product of load into distance from the
fulerum.

(b) Hang two bags on the same side of the lever at different
distances and one bag on the other side. Move the single bag until
equilibrium is obtained. Do this several times with the bags in
different positions, and compare the sum of the moments of the
f(_);oes acting on one side with the moment of the force on the other
side.

(c) Hang a small book or a bag with shot or nails in it on one side
of the fulcrum, and the 100 gram bag from the other. Move this
bag along the lever until equilibrium is obtained. Then, remember-
ing that distance, _, 4 distance,

from fulerum™ °*%2 * from fulerum,
oalculate the weight of the book or bag of nails. Repeat the experi-
ment, using the 200 gram bag.

In the preceding experiments the fulerum has been between the
forces due to the loads hanging from the lever. The forces may,
however, both act on one aige of the fulerum. It is convenient to
oall one of the forces the effort and the other the resistance.

iii, Load between effort and fulcrum.—Suspend the lever from its
middle hook as before. Attach a spring balance near one end, and
suspend a load from some point between the balance and the
fulerum, The principle of moments applies to this case as to the
others, and you will find that

reading of _ distance of bahmce_] ad x distance from
balance from fulerum — °* X fulerum.

The forces acting in this experiment are the same as those called
;3:3 play when a man lifts the handles of a wheelbarrow having a

in 1t.

iv. Effort between load and fulcrum—Suspend a load from one
end of the lever supported upon the central ring. Attach a spring
balance to the lever between the load and the fulecrum, and hold the
lever horizontal by means of it. Keeping the balance between the
load and the fulcrum, show that whatever the relative distances of
the two from the fulerum, the principle of moments holds
when the lath is kept horizontal. is class of lever is similar,
as regards the distribution of forces, to sugar-tongs and ordinary
fire-tongs.

¥ Machines,—A machine is a contrivance by means of which a
given force is made to resist or overcome another force acting
in a contrary direction.

What are termed “ the mechanical powers ” are really simple
machines which can be used to overcome resistance We have
now to consider the mechanical principles underlying the action
of such a simple machine as the lever.

load, x
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The lever.—A lever is a rigid bar which can be turned freely
about a fixed point. The fulerum of a lever is the fixed point
about which the lever can be turned. The force exerted when
using a lever is often described as the power and the body lifted
or resistance overcome as the weight. These words are con-
venient, but they are not correctly used in connection with
levers, as their true meanings are confused by so doing. It is
better to substitute the word effort for power, and resistance or
load for weight. It should be borne in mind, that, so far as
mechanical principles are concerned, there is no dlffel ence
-between the power and the

weight ;  both represent T

forces, and 25 such they 4 — Ac e 8-
must be considered in the R l
action of levers. Wei:gr 0t E Powes

The perpendicular dis-
tances from the fulerum to . )
the lines of actions of forces F16. 50. ~Terms ui‘;gge;: connection with
acting upon a lever, are
known as the arms of the lever. In Fig. 50 the distance AC is
the arm at one end of which the “ weight” acts, and BC is the
arm at one end of which the “ power ” acts,

Classes of levers,—I'or convenience, levers are divided into
three orders or classes, according to the relative positions of the
fulerum and the forces in action. The classes are as follows :

Class I. Fulcrum between resistance and effort. Examples:
see-saw, a pump-handle, a balance, a spade used in digging.

Class II. Resistance between effort and fulerum. Examples:
nutcrackers and a wheelbarrow.

Class ITI. Effort between fulcrum and resistance. Examples:
sugar-tongs, ordinary fire-tongs, and the pedal of a grindstone.

These classes are of no real consequence, for the principle
underlying the action of all levers is the same.

It will, however, be a valuable and interesting exercise to
follow out these distimrctions in the Figs. on p. 81.

Principle of the lever.—It is easy to show by experiment,
that when a lever is in equilibrium the following equation holds
good :

force on distance ~ _ forceon ., distance
one side from fulerum  otherside ~ from fulerum.



THE LEVER

81

F16. 53 —Levers of the third order,

F1a. 52.—Levers of the second order.

Fi16 hHl.—Levers of the first order.
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This principle of moments applies to all levers, so that all that
need be remembered when considering the action of a lever of
any kind, are the forces working in one direction and their
distances from the fulcrum, compared with the forces or resist-
ances which oppose them and the distances of these from the
fulerum.

Moments.—Refer to the diagram (Fig.54), where F'represents
the point of support, or fulcrum, of a lath or other straight lever,
and M, is a weight at a distance 4/ in equilibrium with a
smaller weight M, at

a greater distance #'B. A F 8
The force acting at A

4 is the weight of ¥,

acting vertically down- , *M;

wards ; and the force FIG. 54. —To 1llustrate moments of forces.

at B is the weight of

M, acting in the same direction. Each force tends to turn the
lever in a particular direction, and this turning effect is called
the moment of the force. The moment of the force acting verti-
cally downwards at A4 is the product of the force equal to the
weight of M, into the distance A F, which, as the diagram shows,
is measured at right angles to the direction in which the force
acts. Similarly, the moment of the force equal to the weight of
M,, about the point F) is equal to the product of this force and
the perpendicular distance BF.

This is a rule of universal application for taking moments
which will have to be used several times later on, and should be
well borne in mind.

The moment of a force about any point is the product obtained
by multiplying the force by the perpendicular distance between the
point and the line of action of the force,

The principle of work.—Though the subjects of work and
energy cannot be considered fully in this book, it may be
stated here that work is measured by the product of a force
into the distance through which a body is moved in the direction
of the force. Now, in every case where such a simple machine
as the lever is concerned, the work done by one set of forces
is equal o that done by the other. What is gained in force
is lost in distance, so that in each case the product of force and
distance is the same, whether the lengths of the lever arms, or
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the distances through which the ends of the lever move, are

taken as the distances.

F16. 55.—Principle of work illustrated by a lever.

From the principle of work it follows that if a man, by exert-
ing a force of 10 lbs. on one end of a crowbar, moves 100 lbs. at
the other end, he has to exert his effort through 10 inches in

order to move the mass
one inch. Thus, whatis
gained in effort has to
be made up by distance
moved.

22. THE PULLEY,
INCLINED PLANE,
SCREW, WHEEL
AND AXLE.

i. The gulley.—Attach
a spring balance to one
end of a piece of string.
Make a loop in the other
end and hang from it a
weight and a pulley. The
spring balance, if correct,
indicates the weight of the
two together. Pass the
string under the pulley as
in Fig. 56, Bb. The total
weight is now supported
by two parallel portions

R

8le. I'W

F1a. 56.—Actions of pulleys.
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of the string, and the tension of the string, as indicated by the

Fia. 57.—A single
fixed pulley.

w

spring balance, is only one-half what it was
before. Pass the string over a fixed pulley as
shown by Aa in the left-hand part of Fig. 56.
The tension will be found practically the same
as before.

ii. Single fixed pulley.—Fix a pulley as in
Fig. 57. Pass a flexible cord over the groove,
and hang a weight on each end of it. The
weights have to be equal in order to balance
one another.

iii. Single movable pulley.—Arrange one fixed
and one movable pulley as in Fig. 58. Hang a
weight W from the pulley, and find the weight
P required to balance it.  Repeat the experiment
with several different weights. In each case the
value of P is found to be about one half the sum
of W and the weight of the pulley to which it
is attached.
~iv. Inclined plane.—(n) Arrange a hinged board
with a weight attached by elastic to the free
end. Show that the tension 18 less when the
weight rests on the board than when it is sus-
pended ficely.

(b) Procure a toy carriage such as is shown
in Ig. 59. Place some shot in 1t and find

F16. 58.—A fixed and the total weight W of the carriage and shot.

a movable pulley.

Attach one end of a string to the carriage after
passing it over a pulley or smooth rod B, and

fasten the other end to a small bucket or box . Put sufficient
shot in the box to balance the carriage. Find by several experi-
ments the relation between W and P, o

F16. 59.—Experiment to illustrate the advantage of

*

the inclined plane.

v. The Screw.—Cut out of paper a right-angled triangle such
a8 ABC (Fig. 60), and wind it around a lead pencil. The slant
side of the triangle forms a spiral upon the pencil, similar in ap-
pearance to the thread of a screw. Mark off from the point C
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a part of the base C'D which will just go around the pencil, and
draw the perpendicular DE. The small triangle CDE 1s similar
to the large one and represents one turn of the screw-thread. x

K16 60.—To illustrate’ the principle of the serew.

The pulley.—A pullev is a wheel having a grooved rim, and
capable of rotating about an axis through its centre. The
frame which holds the pulley is called the block.

Experiment 22 iii., shows that although a movable pulley, that
is, one which can move up and down. reduces the effort which
has to be exerted to support a given weight, a fixed pulley is of
no advantage in that respect. The ratio of the resistance, or
weight overcome to the effort exerted is known as the mechanical
advantage of a machine.-

Experiment 22 ii., shows that, with a single fixed pulley, no
mechanical advantage is obtained. All that this pulley does is
to change the direction of the pull ; if one of the weights, for
instance, is pulled down, the other rises. The pulley thus acts
in the same way as a lever balanced at its centre ; the distance
from the centre to the circumference, in other words, the radius
of the pulley, being regarded as one arm of the lever. A pulley
having a radius of three inches has therefore an equivalent
lever-arm thrce times a3 great as one with a radius of one inch.

' Bingle movable pulley.—Advantage is gained by the use of
movable pulleys. The fixed pulley is of no advantage in reduc-
ing the force required to raise a weight ; the advantage gained
is derived from the use of the movable pulley. One half of
the total weight is supported by the part of the string hooked
to the beam, and the éther half is supported by the part of the
string which goes around the fixed pulley to the weight marked
P. There are several different combinations of pulleys, but the
principle exemplified by the foregoing experiments, namely,
that every movable pulley reduces by one-half the effort required
to raise a given weight, is utilised in them all. .
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The principle of work applied to pulleys.—With pulleys.
as with levers, there is neither loss nor gain of work. If, in
any combination of pulleys, a force of 10 lbs. balances a force of
120 lbs.—the mechanical advantage (resistance--effort) thus
being 12—the effort will have to be exerted through twelve feet
in order to move the resistance through one foot. For it is an
invariable rule that

the distance it
Effort x { acts through

The mechanical advantage of any system of pulleys can
therefore be determined by ﬁndmg the relation between the
weight moved and the effort exerted. By comparing the

=Resistance x distance moved.

F16. 61.—Parallelogram of forces applied to the inclined plane.
distance through which the effort is exerted with that through
which the weight moves, we obtain the velocity ratio of a machine,

If there were no waste of energy in a machine, the mechanical
advantage would be equal to the velocity ratio; but this con-
dition is impossible to attain in actual practice.

The inclined plane.—A plane in mechanics is a rigid flat
surface, and an inclined plane is one that makes an angle with
the horizon.

An object is prevented from sliding down dn inclined plane
by a force less than the weight of the body. The force required
may be measured by a spring balance.

The reason for the decrease of tension in an elastic cord
attached to a mass resting on an inclined board, compared with
the tension when the mass hangs freely, will be understood
from the parallelogram of forces. Suppose an object O (Fig. 61)
is kept in position upon a smooth inclined plane by a force
acting up the plane. The object is acted upon by three forces,
namely, W, due to its weight, acting vertically downwards, P,
the force exerted up the plane, R the reaction of the plane.
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The weight acting downwards is kept in equilibrium by the
forces B and P acting upwards. The last-named force repre-
sents the effort exerted, and being one of two it is less than the
weight whenever the object rests upon the plane. Let OP and
OW be drawn of lengths respectively proportional to the force
exerted up the plane, and the weight of the object 0. Complete
the parallelogram PLWO, and draw the diagonal OL. This
parallelogram represents graphically in magnitude and direction
the forces in equilibrium when a body of definite weight is kept
in position upon a smooth inclined plane, by a force acting
up the plane. 1f the sustaining force acts horizontally, the
parallelogram shown on the right in Fig. 61 represents the
forces concerned.

If we measure the force required to draw a weight up an in-
clined plane, as in Experiment 22 iv., the results obtained show
that the weight of the bucket and shot is less than that of the
carriage and shot, and that the proportion which one bears
to the other differs with different inclinations of the plane.
There is a definite relation between this proportion and the
slope of the plane on which the carriage travels. When the
effort is exerted parallel to the plane, this proportion is as
follows :

Weight | Effort | Length of | Height of
moved (V) ° exerted (P) ** plane (.4 B) ° plane (BC).

This rule can also be deduced from the principle of work. If
the carriage starts from 4 and moves to B, it is lifted through
the vertical height BC. For this to take place, the effort will
have to be exerted through a distance eyual to the length of the
plane AB. Therefore

Weight _  Distance through which the effort is exerted
“Effort ~ Vertical distance through which weight is lifted
_ Length of plane
" Hoight of plane’

When the effort acts horizontally, the ratio which it bears to
the weight is in the proportion which the base of the plane AC
bears to the height BC.

A wedge can be considered to be two inclined planes base to
base, this double plane being forced forward by an effort exerted
parallel to the direction of the base.
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The screw.—A screw may be regarded as an inclined plane
wound around a cylinder. This is easily seen in Fig. 60.

Comparing the screw-construction now with an inclined plane,
it will be seen that the
height of inclined plane represents distance Letween threads,
base of ’ " »” circumference of screw.

The angle of inclination of
the inclined plane is represented
by the angle ECD, and this
determines the pitch of the
SCrew.,

In considering the use of a
screw. the resistance to be over-
come can be regarded as a
weight upon an inclined plane.
With a screw such as is shown
in Fig. 62 the effort acts in a
direction parallel to the base of the plane and under this
condition

1662 - A screw turned by a lever

Weight : Effort : : Base of Plane : Height of plane.
Or cxpressing the proportion in the terms which apply to
SCrews :
N (ircumference  Distance hetween
Effort :: ¢

sistance : : : .
Resistance of screw successiv e threads.

When the force is applied at B. leverage is ganed in tho
proportion of 1B to ab, and so further mechanical advantage
is obtained on this account. But, in order to advance the screw
by a distance equal to that between two successive threads, the
end of the handle B has to be turned through a complete
circumference. This fact can be used to deduce the mechanica
advantage of a screw from the principle of work. We get,
in fact,

Resistance _ Circumference of circle described hy power arm

Effort — Distance between succossive threads ’

The wheel and axle is a well-known contrivance used in
raising water from a well. The resistance overcome is the
weight of the bucket of water and the effort exerted is the
force applied at the handle. The weight of the bucket acts
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through the rope which coils around the axle and the effort
acts at the circumfercnce of the circle described by the handle.
We may think of the machine therefore as consisting of two
cylinders, as indicated in Fig. 63.

F1G. 63 —The wheel and axle

The lover-arm of the effort P is AC' and that of the resistance
W is B(. The proportion between these lengths is therefore
that between P and I, or.

W _CA
P (B

CHIEF POINTS OF CHAPTER VL

Parallel forces.—The resultant of a number of parallel forces is
numerically equal to the sum of those which act in one direction,
less the sum of those which act in the other direction.

Moreover, not only is the magnitude of the resultant of two
parallel forces equal to the algebraical sum of the components, but
when there is equihbrium, one force multiplied by its distance from
the point of action of the resultant, is equal to the other force multi-
plied by its distance from the resultant.

Centre of gravity.—The point through which the resultant of the
parallel forces, due to the weight of the individual particles of any
mass, always passcs, is known as the centre of gravity of the mass.

The centre of gravity of a body may be determined experimentally
by allowing the body to hang quite freely, and when it has come to
rest tracing a vertical line through the point of support by
means of a straight edge. By repeating the process for a second
point of support two such lines are obtained, the intersection of
which is the centre of gravity.

Plates of all kinds balance about their centres of gravity.
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Positions of centres of gravity.—(a) Those of straight lines,
circles, squares, and other regular figures, are at their geometrical
centres.

(b) That of a parallelogram is at the intersection of its diagonals.

(¢) That of a triangle is on the line drawn from one of its angles
to the middle point of its oppositc side, and at a distance of one-
third of this line’s length from that side of the triangle.

Equilibrium.—In a body in equilibrium all forces acting upon it
balance one another.

It is in stable equilibrium when any turning motion to which it
is subjected raises its centre of gravity.

It is in unstable equilibriwm when any turning motion lowers its
centre of gravity.

It is in neutral equilibrium when the height of the centre of gravity
is unaffected by such movement.

_ A machine is a contrivance by means of which a given force is
made to resist or overcome another force acting 1n a contrary direc-
tion.

A lever is a rigid bar which can be turned freely about a fixed
point (the fulcrum). The force exerted when using a lever is called
the effort, and the body lifted, or force overcome, the resistance.

Classes of levers.—1. Fulerum is between resistance and effort.
Examples : see-saw, pump-handle, balance, crowbar. )

2. Resistance is between effort and fulcrum. Examples: nut-
crackers, wheelbarrow, and boat oar.

3. Effort between resistance and fulerum. Example: pair of
tongs.

Principle of lever.—

Force on _ distance from _ force on _ distance from
one side fulerum = other side *  fulcrum.

Moments.—The turning effect of a force is called the momen! of
the force. The moment of a force about any point is the product
obtained by multiplying the force by the perpendicular distance
between the point and the line of action of the force. ‘
. The mechanical advantage of a machine is the ratio of the resist-
ance or weight overcome to the effort exerted.
¢ The pulley.—With one fixed pulley no advantage is gained ; but
every movable pulley used reduces by one-half the effort required
to support or raise a given weight.

- The inclined plane.—-An object is prevented from sliding down
a plane by a force less than the weight of the object. If the
force supporting the body acts parallel to the plane, then the
weight of the body is to the effort exerted as the length of
the plane is to the height. When the force acts horizontally
the ratio between the weight and the effort is that of the base to
the height.

" The screw.—The principle of the screw is obtained from that of
the inclined plane. The resistance is to the effort as the cir-
eumference of the screw is to the distance hetween successive
threads.

The wheel and axle.—This is the ordinary arrangement for drawing
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water from wells. The mechanical advantage of the wheel and axle
isf ol‘latainfd from the ratio between the diameters of the wheel and
of the axle,

EXERCISES ON CHAPTER VI.

1. Describe the principle of the action of a simple lever.

A stiff wooden rod, six feet long, and so light that its weight may
be neglected, lies upon a table with one end projecting four feet
over the edge. Upon the end of the rod lying ou the table a weight
of & Ibs. is placed. What weight must be placed upon the other
end 80 as just to tip the rod ?

2. What 18 a lever ?  What is the ™ fulevum ” of a lever ?

-~ v .
Name four or five levers in common use, and say where the
fulerum of each may be.

3. What is mcant by the resultant of two forces ?

Describe an experiment to prove that the resultant of two parallel
force« is equal to the algebraic sum of the forces.

+. How would vou determine the centre of gravity of an iron
hoop made by joinmg together two semicircles, one thicker than the
other ?  Explain how the observations could be used to find out
which was the thicker half of the hoop.

5. How would you determine experimentally the centre of gravity
of a sheet of cardboard of irregular shape ?

6. When is a bhody said to be in equlibrium ? Distinguish
between stable, unstable, and neutral cquilibrium. What is the
condition which determines the nature of the equilibrium ?

7. A solid hemisphere made of uniform material is placed with
any part of its curved surface upon a horizontal plane. Show that,
however thus placed, it will always tend to a position of stable
equilibrium with its flat surface horizontal and uppermost. What
other positions of equilibrium are therc ? \Which of them are stable
and which unstable ?

8. Being given an object like a sugar-bowl, how would you
propose to find experimentally the position of its centre of
gravity ?

9. A square sheet of cardboard weighing 8 ozs. is suspended by a
thread fastened to one corner, and a weight of 4 ozs. is fastened to
one of the corners adjacent to the corner of suspension. Draw a
diagram to show the position in which the sheet will hang, and say
what is the total weight that the thread supports.

10. What is meant by the mechanical advantage of a machine ?
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11. Describe an advantageous method of using two pulleys, one
being fixed.

12. Find the force necessary to support a weight of 10 lbs. on an
inclined plane, angle 30°, (a) when the force 1+ horizontal. (b) when
the force is vertical.

13. Tndicate clearly how to calculate the mechanical advantage
of the screw.

14. Illustrate the ~ principle of work’ in the arrangement known
as the Wheel and Axle.



CHAPTER VII.

PRINCIPLE OF ARCHIMEDES.

23. FLUID DISPLACEMENT AND FLOATING BODIES.
i, Some things sink others float in water.—Fill a fish-globe or

finger-bowl with water,
and carefully place lumps
of different things, e.g.
pieces of lead, iron, oak,
pine, and cork, one after
another, into the water.
Observe that (1) some
sink and others float,
(2) of those which float
some sink further into the
water than others. Take
the objects which sink in
water and place them in
mercury.  Notice that
they float. (Fig. 64).

il. Volume of water dis-

Fia.
water they simk i water, and if less dense,
they float.

64.—When substances are denser than

Placed by solids which float.--(a) Obtain a rectangular 10d of wood,
1 square cm. in section and about 15 cm. long, with lincs around it

o e

F1G6. 65.—The number of cubic
<centimetres in the part of the rod
under water is oqual to the num-
ber of cubic centimetres of the
“water displaced.

1 em. apart.  Gouge a small picee of
the wood out of one end, and put lead
into the hole; flatten the end by filling
in with wax.

Put some water in the graduated
jar and notice its level. Find the
weight of the rectangular rod, and
then place it in the jar with the leaded
end downwards. Notice how many
cubic centimetres of the rod are
immersed, and also how many cubic
centimetres of water are displaced
(Fig. 65). Since the weight of 1 cub.
cm. of water is 1 gram, the number of
cubic centimetres of water displaced
is also the weight in grams of the

93
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water displaced. This weight will be found equal to the weight of
the whole rod.

(b) Fill the divided glass oylinder with water up to a certain
mark. Notice the level of the water.

Draw lines at equal distances a{)’art across a narrow strip of paper
and fix the paper inside a test-tube, as in Fig. 66. Float the test.
tube in water in the graduated jar and
put mercury or shot into it until a certain
mark upon the strip of paper inside it
is on a level with the surface of the
water. Notice the number of cubic
centimetres of water displaced when the
test-tube is thus immersed.

Then take out the test-tube, dry it,
and weigh it together with the mercury
1t contains. The total weight of the
test-tube and contents will be found
equal to the weight shown by the

F16. 66.—The weight of the number of cubic centimetres of water
:estt:tube a?dh(éomfntstm °‘-1d‘!“1 displaced. Repeat the experiment with
Haany welght of water dis- ¢y, kt,est-tube immersed to a different

mark.

Float the test-tube and mercury in spirits of wine and milk in
succession. Notice that in the former case it sinks deeper than the
mark, while in the other not so deep.

(c) Place the loaded test-tube or a hydrometer (1) in milk, (2) in
water, (3) in a mixture of milk and water. Observe the depth to
which it sinks in each case.

Water displaced by solids.—If a solid one cubic centimetre
in size sinks in water it pushes aside one cubic centimetre of
water to make room for itself. If its size is two cubic centi-
metres, it makes tywo cubic centimetres of water rise above the
level the water had at first. Whatever the size of the solid it
must have room, and this room is obtained by displacing an
amount of water of exactly the same size.

Floating bodies.—A solid which sinks in water or any liquid,
displaces a volume of liquid equal to its own volume. When a
solid floats, the case is slightly different. Part of the solid is in
water and part out of the water, and, of course, only the part
immersed is pushing the water aside in order to make room for
itself. In the case of a floating object, therefore, the volume of
lquid displaced is equal to the volume of the part of the solid
below the surface.

‘When any object is floating in water, a certain volume of it
is under water, and a certain volume is above the surface,
The depth at which it floats depends upon its density. A rod




PRINCIPLE OF ARCHIMEDES 95

of heavy wood sinks deeper in water than a rod of light wood of
the same size. The water displaced by the heavy wood has
therefore a greater volume, and consequently a greater weight,
than that displaced by the light wood. But there is one im-
portant fact which applies to both cases, and should be kept
well in mind. It is that the weight of the water
displaced by the immersed part of a fioating object is
equal to the whole weight of the object. If, there-
fore, the question is asked, how far does an object
which floats sink into water, the answer is—it
goes on sinking until it has displaced an amount
of water baving a weight equal to the whole
weight of the floating object.

Since the depth at which an object floats in
water is decided by this rule, we have a ready
way of deciding whether an object will sink
further in another liquid or not so far. If the
liquid into which it is put is less dense than
water, like spirits of wine, it is clear that to make
up a given weight we shall want more of the
liquid. Consequently, to make up a weight equal
to the weight of the floating body, the object will
have to sink further into the spirit than into the
water. If, on the other hand, the object is placed
in a liquid such as mercury, which is denser than
water, it will not sink so far, becanse it will not
take so much of this denser liquid to have a weight
equal to that of the floating body.

The hydrometer,—The construction of a simple FIG. 67.—A
instrument called the hydrometer is based upon bhydrometer
these conclusions. The instrument is made in L% Sptermin-

> ! ing the qual.
various shapes and graduated differently accord. ity of milk
ing to the special use for which it is intended. lactometer.
All hydrometers are, however, used to measure

the densities of fluids by observing the depth to which they
sink when immersed in them. The lactometey is a form of
hydrometer employed for measuring the density of milk.
‘When placed in pure milk a lactometer should float with the
mark P (Fig. 67) on a level with the surface of the liquid.
In a mixture of milk and water the lactometer floats with
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some other division level with the surface of the liquid. Thus,
in milk 10 per cent. below the average density, the 10 above
the £ mark is level with the surface.

An experienced observer is, thercfore, able from the readings
of a lactometer to tell whether a sample of milk has a correct
density, or whether it is heavier or hghtei than it should be.
At the same time it must be clearly understood that it is not
possible to decide at once from the reading of a lactometer
whether a sample of milk has been adulterated or not. There
are other considerations to be taken into account.

X 24. THE  PRINCIPLE OF ARCHIMEDES.

i. Principle of Archimedes.—(a) Suspend a metal cube, or any
other fairly heavy object, from a spring balance, and notice the
reading of the balance. This indicates the
weight of the object i air, Immerse the
cube 1n water, as m Iig. 68, and again
notice the reading of the balance. It is
Iess than before, and the loss of weight
shows the buoyant power or upward
pressure of the water.

(h) Find the volume of the cube, or other
object used in the last experiment, by
noticing the volume of the water 1t dis-
places 1 a graduated jar.

Hang the object from one pan of the
halance, as shown 1n I1g. 69, and determine
its weight i grams. Now bring a vessel
of water under the pan so that the objeot
15 immersed n ity as i Fig. 70 The pan
rises.  Put gram weights 1 the pan until
the balance sets horizontally as before.
You thus find the loss of weight due to
the buoyancy or upward pressure of the
water. Notice that the number giving
this loss in grams is the same as that
giving the volume of water in cubic centi-
metres displaged by the object.

(¢) This principle, iz, that when an
object is immersed in wattr it experiences
a loss of weight equal to the weight of water

I'1G. 68. -Th‘eblockwgigl;s
less when immerse n . SO
w;;,er than  when  sus: displaced, can be convineingly demonstrated

pended in air, as follows :—Suspend an object from the

left-hand pan of a balance. Place in the
short scale pan a small measuring-glass graduated in cubic centi-
metres. Counterpoise the suspended object and the measuring-glass



PRINCIPLE OF ARCHIMEDES 97

together. Now pour water into a graduated jar until the jar is
about two thirds full. Notice the level. Bring the jar under the

Fic. 69.—Woeighing an object in air. F1s, 70.—The same object weighed in
' water. Notice that weights are 1 the
short pan to make up for the buoyancy

of the water.

short scale pan so that the object is immersed as in Fig. 7. Notico
the amount of water displaced. Put water gradually into the
measuring-glass by means of a pipette. Equilibrium will pe restored
when the amount of water added is cqual to the’amount displaced.

Fia. 71‘£When an objeet 15 immersed 1w a hquad it experiences a loss of } Ik
{weight equal to the weight of the hquid displaced by 1t. !

Buoyancy.—Most people have noticed when in a bath that if
there is water enough, and they take hold of no support, the

L.S. I. G
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water buoys them up, or they experience a tendency to rise up
through the water. It is as if the water resists being displaced
and presses the displacing object upwards. In the case of
things which float, such as a wooden rod or a lead pencil,
the results of this buoyancy which the water exerts can easily
be seen, by pushing either the rod or pencil down into the
water and then letting go, when the solid rises up through the
-water. Even in the case of bodies which sink, there is the
same buoyancy on the part of the water, but it is not enough to-
float them. The effect which the water has upon such bodies
can, however, be seen in the loss of weight which they experi-
ence if they are weighed by a spring balance when hanging in
water (Fig. 68). ’

Loss of weight of things immersed in water.—It is easy
to prove by experiment that an object weighs less in water
than out of it. If a cubic centimetre of lead or any other
heavy material, is hung from a spring balance and then sus-
pended in water, it will be found to weigh the weight of one
gram less in water than out. If two cubic centimetres are
suspended from the balance, the loss of weight is the weight
of two grams. In every case the loss of weight measured in
this way is equal to the number of cubic centimetres of the
solid immersed in the water. The loss is thus equal to the
weight of the water displaced. This fact brings us to a highly.
important conclusion, known after its discoverer as the Prin-
ciple of Archimedes. !

The Principle of Archimedes.—When a body is immersed in
water it loses weight equal to the weight of the water displaced
by it.—I1f the body be immersed in any other liquid, then the
loss of weight is equal to the weight of an equal volume of that
liquid. It does not matter what substance the thing is made
of ; the amount of loss of weight depends upon the volume of
the part immersed, and not upon the material.

This principle explains many interesting facts. For instance,
a ship made of iron, and containing all kinds of heavy things, is-
able to float in water although the material of which it is made is
denser than water. This is because the ship and all its contents
only weigh the same as the volume of the water displaced by
the immersed part of the hull. Or, the ship asa whole weighs less
than a quantity of water the same size as the ship would weigh.
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Now, too, it can be seen why some solids float and sone sink.
When an object weighs more than an equal volume of water
it sinks. When an object weighs less than an equal volume of
water it floats. When an object weighs the same as an equal
volume of water it remains suspended in the water.

A balloon rises in the air Dbecause the gas in the balloon,
together with the bag and tackle, weighs less than an equal
volume of air. If the balloon were free to ascend it would rise
to a height where its weight would be equal to the weight of an
-equal volume of the air around it. x

25. RELATIVE DENSITY OF SOLIDS.

i. Determination of density of solids.—(a) Susyend the solid, the
density ot which 18 to be determined, to one side of the balance,
letting it hang in an empty beaker standing upon a platform, H, H,

F1a. 72. —How to find the weight of an object suspended in water.

as shown in Fig. 72. Find the weight of the object. Then pour
water into the heaker, and find the weight of the object when
immersed in water. By subtracting the number thus found from
the weight of the object in air, determine the loss in weight of the
solid when suspended in water.

(%) Another plan of determining the weight of an object in water
was explained in the last section %Fig. 70),

This loss of weight equals the weight of a volume of water equal
10 the volume of the solid. We can therefore write :

. . :q—Weight of the solid in air
Relative density of solid fts loss of weight in water
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How the relative density of a solid is determined.—The
fact that when a body is immersed in water it loses weight
equal to the weight of the water displaced by it, provides a
means of determining the density of a solid compared with
water.

All it is necessary to know is:

1. The weight of the object ; this can be determined by
weighing it in air.
2. The weight of an equal volume of water.

The Principle of Archimedes enables this to be done in the
following manner :

The object is suspended by means of a fine thread, from one
side of the beam of a balance in such a way that it is completely
immersed in water. Then by weighing it is found that the
weight is less than when hanging in air, on account of
the loss of weight in the water. The buoyancy of the water
acting upwards overcomes part of the pull of the earth down-
wards. The difference in the weight of the object in air and its
weight when immersed in water gives the weight of a volume
of water equal to the volume of the object. From these numbers
the density of the solid compared with water as a standard can
be at once calculated.

Relative density of the weight of the object in air
solid = weizht of an equ

weight of an equal volume of water
weight in air
“loss of weight in water’

To find the weight of an equal volume of water, the object
could be placed in a graduated jar and the amount of water dis-
placed could be taken out and its weight determined. Or, if the
number of cubic centimetres of water displaced is observed,
the same number shows the weight of the displaced water in
grams.

Example.—A piece of lead was found to have a weight of
100 grams in air, and when suspended in water its weight
appeared to be 90 grams. What is its density compared with
water ?

What must be done with these numbers to find out the density
of the lead compared with water ? Two facts must be known
—first, the weight of the object in air, and secondly, the loss of
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weight in water, as this gives the weight of an equal volume of
water. The loss of weight is obtained by subtraction, thus :

- 1, the weight of) f e
Loss of weight= ' " =1, air] T the weight in water

= weight of 100 grams —weight of 90 grams
- weight of 10 grams.,

~. Density of the lead = l;:g =10.

As the density of this prece of lead is 10, one cubic centimetre
of it will have a weight equal to that of 10 grams.  Also, since
the weight of the piece of lead used in the exaiple 18 100 grams,
the volume must be ten cubne centunetres.

CHIEF POINTS OF CHAPTER VII.

Floating bodies.—~When an objeet floats in a hyuid, the rolume of
liquud displaced 1s equal to the volume ot the immersed portion of
the object.

The weight of the hquid displaced by a floating objeet 15 equal to
the weight of the object.

The hydrometer. —The hydrometer is a practical appheation of
the principle of floating bodies. It consists ot a suitably loaded tube
which is graduated i such a manner that the level at which it floats
indicates the density of the hiuid i which at floats.

The lactometer 1s a special torm of hydrometer used in testing
milk. In using 1t, however, certain other facts, as well as the
density, have to be taken mto account before pronouncing upon the
purity or otherwise of the milk. -

Principle of Archimedes.—When a body is immersed in a liquid it
loses weight equal to the weight of the hiquid displaced by it.

Kxpressed differently, the up-thrust experienced by an object in
water is equal to the weight of the water displaced.

It is in consequence of this that bodies which are bulk for bulk
heavier than water, smk, and those bulk for bulk hghter, float.

EXERCISES ON CHAPTER VII.

1. Define mass, volume, and density, and state the relation that
exists between them.

Suppose you were given two irregular picces of metal, one of
which was gold and the other gilded brass. How would you find
out, by a physical method, which picce was gold?

2. Explain why a ship made of iron will float in water, though
iron itself is heavier, bulk for bulk, than water?
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3. A number of nails are driven into a rough piece ot wood, one
cubic centimetre of which weighs 0'5 gram. It is required to find
the weight of the nails without pulling them out. How could this
be done by experiment ?

4. A bottle weighs 2 ounces. When holding 3} ounces of shot it
will just float in water, when holding 3 ounces it will just float in
oil, and when holding 3} ounces it will just float in brine. Find the
specific gravity of the oil and the brine.

5. A piece of metal weighs 19} grams in air, and 17} grams in
water. What is its specific gravity ?

With what apparatus and in what manner would you find the
weight in water ?

6. A stone, weighing in air 1 kilogram, is suspended by a piece
of cotton so that it is entirely immersed in water. On attempting
to lift the stone out of the water the cotton breaks when the stone
is partly out of water. Why is this ?

If, when the stone is completely immersed, the cotton would bear
an additional pull equal to the weight of 150 grams, what volume
of the stone will be out of the water when the cotton breaks ?

7. A beaker of water stands on the pan of a table spring balance,
A block of iron hangs from the hook of an ordinary spring balance,
and is gradually lowered into the water till completely submerged.
Will there be any changes in the readings of the balances ? If so,
what changes, and why ?

8. Two blocks of glass, each having a volume of 10 c.c., are hung
from the scale-pans of a balance by means of hooks under the pans,
and balance one another. Under one is brought a beaker of water,
under the other a beaker of alcohol, so that the blocks are immersed
in the liquids. The balance is now disturbed, and it is found that
1'82 grams have to be added to one pan to restore equilibrium. To
which pan has this weight to be added, what is the explanation of
the fact, and how can*you determine from the figures now at your
disposal the density of the alcohol ?

9. Explain the statement that ¢ the specific gravity of iron is
7-8."” Describe one method of finding this specific gravity.

10. What do we mean when we say that the * specific gravity '’ of
mercury is 133 ? What things are necessary for the experimental
determination of this specific gravity ¥ Say how you would procecd
to make the determination.

11. Explain how you would ascertain (1) the volume and (2) the
specific gravity of an apple or potato,

12. A porcelain weight of one pound breaks into two unequal
f; ents. How could you without using a spring balance or
ordinary balance determine the weight of each fragment ?



CHAPTER VIIL
FLUID PRESSURE.

26. PRESSURE OF LIQUIDS.

1. Relation between pressure of liquid and depth.—(a) Bend a
piece of glass tubing, as shown in Fig. 73, the long arm having

a length of about 40 cm.
Mount the tube firmly upon
a strip of wood having half-
centimetredivisions marked
upon it, or upon a metric
scale. Pour enough mer-
cury into the tube just to
fill the bend. Notice that
the level of the mercury is
the same in the two arms
of the tube.

Lower the frame into a
tall jar of water so that the
open end of the short arm
of the tubes is 10 em. below
the surface of the water.
Notice the difference of
level of the mercury in the
two arms, and record it.

Lower the tubes an addi-
tional 10 cm. and observe
the effect. Then lower the
frame as far as it will go,
and again note the differ-
ence between the heights of
the mercury in two arms.

(b) Repeat the preceding
exercise, using turpentine,
or a strong solutionof salt, or
any other convenient trans-

PEEENSEEEEN SN

Fio. 78. —Arrange-
ment for determin-
ing the pressure of
water at different
depths.

Fia, 74. —Arrange-
ment for showing
that pressure in any
particular liquid de-
pends only on depth.

parent liquid instead of water, and record your results as before.

(¢) To show that the pressure in any particular li
upon the depth, mount two tubes upon a frame, as

103

(}‘uid depends only

own in Fig. 74—
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one with the lower opening turned upwards, and another with the
opening pointing sideways. Pour the same quantity of mercury into
the tubes. Arrange the tubes so that the lower openings are at the
same level.  Lower the frame, a tew centimetres at a time, into water,
and observe the difference of level of mereury produced in each tube.

(d) Immerse the frame of tubes to any level which causes the
mercury to rise by a clearly-marked amount. Twrn the frame to
face in various directions, keeping 1t at the same depth, and notice
that the pressure, as
indicated by the rise of
mereury, 1s the same in
all directions at any
particular depth.  Test
this for several depths.

ii. Pressure of liquid
independent of the form
and volume of contain-
ing vessel.—(a) Bend a
short length of fairly
wide glass tubing into
a |y-form, as shown in
Fig. 75. Fit a short
piece of india-rubber
tubing on the short arm.
Pour sufficient mercury
into the tube to cover
the bend.  Connect a
straight piece of glass
tubing with the india-
rubber, and introduce
water into it. Measure
the difference of height
- of the mercury in the

Fiu. 75.—Experimont to show that liquid pres- two arms produced by
suro is independent of the form of contaming the pressure of the
vessel, column of water. Sub-

stitute a funnel, or a
curved tube for the straight one, and fill it to the same height with
water. Measure again the difference of height of the mercury in
the two arms of the [,-tube. The pressure upon the mercury
depends merely upon the height or the head of liquid.

ili. Upward pressure of liquid.—(a) Procure a picce of wide glass
tubing, or a straight lamp glass, having one end f{nt. If stiff leather
is available, cut out a disc of slightly larger diameter than that of
the glass, and pass a knotted thread through its centre. If a
leathern disc cannot be obtained, make a disc of wood or stiff card-
board. Hold the disc tightly upon the flat end of the glass by
means of the thread, and while doing so, lower the glass into a jar
of water (Fig. 76).  When the end of the glass with the disc upon
it is a few inches below the surface of the water, the thread can be
released and the disc will be found to remain in its position,
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Pour water very gently into the inside of the glass, and notice the
height inside and out at that moment when sufficient water has
been introduced to make the dise drop.

The pressure a liquid exerts depends upon the depth
‘below the surface.—Since water and other liquids are
material substances, they are pulled downwards by the
attractive force of the earth. The amount of this pull
measures their weight. The greater the distance below the
surface the longer is the column of liquid above any area under
consideration ; and, as a natural consequence, the greater is the
weight of the column of liquid above the given area.

The weight of the column of liquid ahove unit area, say a
square inch, at any depth, measures the pressure of the liquid at
that depth, and this pressure increases from the surface of the
liquid downwards, and is, indeed, directly proportional to the
depth. Moreover, as the pressure is measured by the weight of
the column of liquid above unit area, it is clear that the denser
the liquid the greater is the weight of a column of it, and the
greater the pressure it exerts.

The pressure per unit area exerted Ly a liquid depends only
upon the depth. The direction is immaterial, a fact which is
clearly brought out by Experiment 26 i. (@), where it is seen that
whatever the direction in which the open ends of the bent tubes
containing mercury point, the difference in height of the level
of the mercury in the two limbs is the same when the depth of
the open ends of the tubes beneath the water is the same.

Relation between the pressure of a liquid and the area
upon which it acts,—The pressure upon a given area at any
depth below the surface of a liquid is measured by the weight
of the column of liquid above it. So long as the depth remains
the same the pressure upon unit area, a square inch for instance,
remains the same. But the larger the number of square inches
upon which the pressure of liquid is felt, the greater the total
pressure upon the area. These facts may be expressed by saying
that the total pressure varies in proportion to the areas of the
surfaces at any given depth; or, though the pressure (which
means per unit area) at any given depth is constant, the total
pressure is dependent upon area.

These considerations, too, provide an explanation of Experi-
ment 26 ii., where vessels of different shapes and volumes are
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attached, one by one, to a bent tube with mercury in its bend
(Fig. 75). In the circumstances of the experiment. the difference
in level of the mercury in the two limbs of the tube containing
it remains the same, and consequently the pressure exerted by
the water is the same whichever of the variously shaped vessels
is attached, provided that the vertical height of the liquid in the
tubes is the same. It is necessary to remember that the height
and cross-area of the column of liquid, and the density of the
liquid, are the only things which alter the pressure. None of
these factors vary, however much the shape of the vessel alters.
Whatever the shape of the vessel, it acts just as if it were of the
simple cylindrical form shown in the middle of Fig.75. When
the wide vessel is attached to the bent tube provided with
mercury, the effective pressure at the base is due to the water
contained by a cylinder of cross-sectional area equal to that of
the upper surface of the mercury, and a vertical height equal to
that of the water in the vessel above the mercury.

Upward pressure in a liquid.-—It has been seen how the
pressure at any point in a liquid is estimated, and how the
amount of such pressure is deter-
mined. It has also been proved by
experiment that the pressure is the
same in different directions. It would,
consequently, be surmised that the
pressure acting vertically upwards at
a point in a liquid is equal to the
downward pressure of the liquid above
the point. That this is actually true
is easily demonstrated by the simple
apparatus shown in Fig.76. A wide
glass cylinder, one end of which is
covered with a disc of leather to
which a string is attached, as shown
Flo. 76 —Upwa;d p";e;sum of in the illustration, is lowered into a

7 aliquid, liquid. It is found that water may

be poured into the cylinder, without
disturbing the dise, until the level of the water inside the
cylinder becomes the same as that outside ; but, if more water
be added, the downward pressure on the upper surface of the
disc now exceeds the upward pressure of the outside liquid on
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the lower surface of the disc, which is therefore forced down-
ward. So long as the level of the water inside the cylinder is
below that of the water outside, the upward pressure on the
disc from outside exceeds the downward pressure from inside,
and the disc is held firmly against the end of the. cylinder.
‘When the water level is the same inside and outside the cylinder,
the disc is acted upon by exactly equal upward and downward
pressures.

27. THE PRESSURE OF THE ATMOSPHERE.

i. Atmospheric pressure.—(a) Tic a piece of thin sheet india-rubber,
such as that used in toy air-balls, over the top of a funncl. While
the rubber remains flat the pressure is evidently the same on both
sides of it. Blow into the funnel. Explain why the india-rubber
is forced out. Suck the air out of the funnel. What is pressing
upon the outside and forcing the india-rubber into the funncl?
Suck the air out of the funnel and place your thumb over the open
end 50 as to prevent air from entering. Turn the funnel in various
directions and see whether you can detect any difference in the
amount of bulging of the india-rubber. If not, you may conclude
that the pressure of the air upon the outside is the same in all
directions,

(b) Fill a gas oollecting jar, or a tumbler having a flat rim, with
water ; cover it with stout paper and invert. hy does not the
water drop out ?

(c) Place in water one tube of the Hare’s apparatus for deter-
mining density (p. 64), and the other tube in mercury. Suck out
the air. The liquids rise. Why? Notice the difference in the
level of the mercury and the water. Explain the cause of this
difference. Let one of the tubes of the Hare’s apparatus be much
wider than the other, Place the ends of the tubes in mercury, and
suck out the air. Is there any difference in the height of the
mercury in the large and small tubes ?

The pressure exerted by the atmosphere,—The gaseous
envelope which surrounds the earth is a fluid, and the pressure
it exerts at different distances from the earth varies consider-
ably. The condition of things is different from what has heen
found in the case of liquids. Gases are easily compressible.
The consequence is, in the case of the air, that the pressure is
greatest near the earth or at the bottom of the gaseous ocean
round the globe—for so we may regard the atmosphere. But
the pressure does not increase in the same simple way as in the
case of water. At a point midway between the surface and the
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bottom of the water in a tank the pressure is just half of that.
at the bottom of the tank. But in the case of the air the

F10. 77. —A barometer.
The pressure of the atmo-
sphere  acting upon the
open end of the short tube
supports a column of mer-
cury about 30 inches long
in the closed tube.

pressure at a height of 34 miles is just
half that at sea-level, though the atmo-
sphere extends for as much as 150 miles
from the earth’s surface. Owing to
the gompressibility of air the lower
layers are much denser than those at a
greater height; they arve consequently
heavier, bulk for bulk, and are able,
per unit volume, to exert a greater
pressure.

Just as in the case of water, however,
the deeper we go into the gaseous
envelope, that is, the nearer the earth
we get, the greater is the pressure the
air exerts. Or, conversely. the higher
we ascend into the atmosphere, or the
farther from the earth’s surface we
travel, the smaller is the pressure of
the air, simply because, as we ascend we
diminish the column of air above us.

28. MEASUREMENT OF THE
PRESSURE OF THE AIR.

i. The principle of the mercurial baro-
meter. — Procure a barometer tube and fit
a short picce of india-rubber tubing upon
its open c¢nd. Tie the free end of the
tubing to a glass tube about six inches
long, open at both ends. Rest the baro-
meter tube with its closed end downwards
and pour mercury into it (being careful to
remove all air bubbles) until the liquid
reaches the short tube. Then fix the
arrangement upright as in Fig. 77. The
mercury in the long tube will be scen to
fall 80 as to lecave a space of a few inches
hotween it and the closed end. The dis-
tance between the top of the mercury

column in the closed tube and the surface of that in the open tube
will be found to be about 30 inches.
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ii. The cistern barometer.—Procure a thick glass tube about 36
inches long and closed at one end. Till the tube with mercury 5
place your thumb over the open end; invert the tube; place the
open end in a cup of mer-
cury and take away your
thumb (Fig. 78).  Mcasure
the distance from the sur-
face of the mercury mn the
basin to the top of the
mereury column.

Slant the barometer and
measure the vertical height
of the mercury by mceans
of a plumb-hne. Compare
itwith theprevious reading.

The mercurial baro-
meter. —The apparatus
represented in Fig. 77
calls to mind the U-tube
method of determining
densities by Dbalancing
columns  of liquid (p.
63). Ilere, however, the
column  balancing  the
mercury in the tube 4
is not apparent. The
experimental fact that
the column A4 does not
rush up through O to
adjust the liquid levels
to equality demands explanation. Remember that the top of
the column A is closed and protected while O is open. Some-
thing acts at O and is capable of sustaining the column A4.
This something is the weight of the air. In fact, a column of
air many miles high balances a columu of mercury about 30
inches high.

If, however, a hole were made in the closed end of the tube
the balance would be disturbed, and the mercury would fall
down the long tube and flow out of the short tube O.

The column of mercury is kept in its position by the weight
of the atmosphere pressing upon the surface of the mercury
in the short open tube. The weight of the column of mercury
and the weight of a column of the atmosphere with the same

30 INCHES ~mmmmmmm>t

g

F1a6. 78.—Construction of & harometer,
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sectional area is exactly the same ; both being measured from
the level of the mercury in the short stem of the apparatus
shown in Fig. 77, the mercury column to the top of the column
in the long tube, the air to its upper limit, which, as has been
seen, is a great distance from the surface of the earth. If for
any reason the weight of the atmosphere becomes greater, the
mercury will be pushed higher to preserve the balance ; if it
should become less, then similarly the amount of mercury which
can be supported will be less, and so the height of the column of
mercury is diminished.

The height must in every case be measured above the level
of the mercury in the tube or cistern open to the atmosphere.
In the usual arrangement, illustrated by Fig. 77, a line is
drawn at a fixed point O, and the short tube is shifted up or
down until the top of the mercury in it is on a level with this
line.

The student will now understand why it is so necessary teo
remove all the air bubbles in Experiment 28 i. If this is
not done, when the tube is inverted the enclosed air would rise
through the mercury and take up a position in the top of the
longer tube, above the mercury. The reading would not then
be thirty inches, for instead of measuring the whole pressure of
the atmosphere, what we should really be measuring would be
the difference between the pressure of the whole atmosphere and
that of the air enclosed in the tube. In a properly constructed
barometer, therefore, there is nothing above the mercury in the
tube except a little mercury vapour.

An arrangement like that described constitutes a barometer,
‘which may be defined as an instrument for measuring the pressure
exerted by the atmosphere.

The cistern barometer.—Other forms of barometer are often
employed for the determination of the pressuve of air. A very
common arrangement is that of Experiment 28 ii., which is
a repetition of one by an Itailan physicist, Torricelli. The
principle of its action is precisely that of the barometer just
described, except that the U-tube principle is not immediately
apparent. There is, however, the same balance maintained
between the column of mercury in the tube and a column of
air outside it, pressing down upon the mercury in the basin.

A column of mercury will be supported in the tube by the
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pressure of the atmosphere. The distance between the top of
the column and the surface of the mercury in the cup will be
about 30 inches, or 76 cm., when the tube is vertical (Fig. 79, b).
If the tube is inclined so that the closed end of it is less than
this height above the mercury in the cup (Fig. 79, ¢) the mercury

Fra. 79, =The utmousphere at sea level will support a column of mercury
up to 30 inches, or 76 em. in length.

fills it completely ; and if the tube is less than 30 inches long, it
is always filled by the mercury whether it is inclined or not
(Fig. 79, o). On an average the atmosphere at sea-level will
balance a column of mercury 30 inches in height. No matter if
the closed tube is 30 feet long, the top of the mercury column
will only be about 30 inches above the level of the mercury in
the basin.

The empty space above the column of mercury in the tube is
often referred to as the Torricellian vacuum.
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29. BOYLE'S LAW.

i. Relation between pressure and volume of gases.—(a) Select a
glass tube about 20cm. long, and neatly closed at one end (Fig. 80, 4).

———

—

—
i

110, 80. —Two forms of apparatus to show the relation between the
pressure and volume of a gas,

Tie a picce of stout india-rubber tubing about a metre long
upon the open end of the tube, and fix the other end of the tubing
upon a glass tube B, about 20 em. long, open at both ecnds, Now
carefully fill the tubes with mercury until the level of the liquid
is about 10 em. from the open end. Afterwards fix the closed
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tube upright in a retort stand with the scaled end upwards, place
your finger upon the open end of the other tube, and lower the
open end so as to make the air pass into the closed tube. This
apparatus will enable you to measure the expansion and com-
pression of air,

Support the tube B with its open end upwards, and at such a
height that the mercury stands at the same chcl mn the closed and
open tubes.  The imprisoned air is then at the same pressure as the
ar outside.

1f the closed tube is umiform in bore, and the inside of the sealed
end is nearly flat, the volume of the nnprisoned air 1s proportional
to the length of tube occupied by the air, so that 1f the air is
made to occupy one-half the original length of tube its volume is
onc-half the original volume. The pressure upon the enclosed air
is equal to the pressure due to the column of mercury between
the level of mercury in the closed tube and that in the open
tube, plus the pressure of the atmosphere. Observe the height of
the barometer. and make the difference of level of the mercury in
the two tubes cqual to it by lifting the open tube. Then record
as follows :

. Height of the barometer, - - - - - . ... cm,

Length of air column wlhen the mercury is at the .
same level in both tubes, that 1s, when the im-'

prisoned air is at atmospheric pressure, - EEE em.
Height of barometer... . em. +cqual height in

tube, - - - - - - - - ... cm,
Length of air column under pressure of two

atmospheres, - - - - - - - . ... cm,

The pressure to which the enclosed air is subjected in the sccond
case 1s double that mn the first case; find the amount by which
the volume of the air, represented by the length of the air column,
has been diminished.

(h) Lower the open tube until the air in the closed tube almost
reaches the india-rubber junction. Measure the length of the air
columin, and the difference of level of the mereury in the two tubes.
Repeat the experiment by reading the volume of air and the head of
mercury at every few centimetres up to the highest point you can
raise the open tube. Record your results as indicated below :

Height Difference of | Total Pressure Yolume of \'o’}‘l(x’:\:lax
of Barometer Level of on the Air, Air, V. Pressure,
in cm. Mercury in cm. P. > e (PX V.).
. [
— —_

LS. I, S
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ii. A simple form of Boyle's Law apparatus.—Procure a length of
thermometer tubing, A B (Fig. 81), about 75 cm. long and 1 mm.

F16. 81, —Simple
form of ap%rutua
for verifying Boyle's
Law.

re. Seal it at B and expand the end 4 some-
what. Clamp 4B in a vertical position by the
side of a metre scale, and connect a small funnel
to A by means of a short piece of rubber tubing,
Pour a little pure, clean mercury into the funnel
and induce it to run down the bore of the tube
by inserting a thin, clean, steel wire. In this
way any desired volume of air can be enclosed.

he length of the column of enclosed air may
be taken to represent its volume (V). If H=the
height of the barometer, and hA=the length of
the mercury thread (both expressed in the same
units), then the total pressure on the enclosed
air=(H +h).

Introduce more mercury in the same manner,
and in this way alter the values of V and k.
The volume of the air under the pressure of
the atmosphere alone can be observed by laying
the glass tube flat on the table.

Perform several experiments and record your
results in the following way :

Volume (V). Pressure (H+%). |Volume X Pressure,

Boyle's Law.—Before a student can clearly
understand how and why the density of the
atmosphere varies (p. 107), it is necessary to
become acquainted with the rule expressing
the relation between the volume and pressure
of a gas. This can be satisfactorily done by
one of the forms of apparatus employed in
Experiments 29 i. and 29 ii., which provide a
means of subjecting an enclosed quantity
of air to varying pressures, by the addition

of smaller or larger quantities of mercury. When in the

apparatus shown

in Fig. 80 the mercury in both tubes stands

at the same level, the enclosed air is at the same pressure
as the air of the room, but as the tube B is raised, the
.mercury in it stands higher than that in 4, and the air enclosed
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in 4 is under a total pressure equal to the sum of that due
to the atmosphere and that due to a column of mercury equal
in length to the difference of levels of the mercury in 4 and B.
In these circumstances the volume of the air in 4 decreases, and
it decreases more and more as the total pressure is increased.
When the results of experiments with any satisfactory form
of apparatus are tabulated, certain very important relations
between the volume of a gas and the pressure to which it
is subjected become evident. It is found that the volume
regularly diminishes as the pressure is increased, and in the
same ratio. The converse is also found to be true, viz,
that when the volume of a gas increases the pressure upon it
has diminished, and exactly at the same rate.

But, in both these cases, it is understood that the temperature
of the gas remains the same, that is, the temperature of the gas
under the different pressures must not alter.

The tabulated results of the experiments reveal another
important relation, which is, however, another way of express-
ing those already noticed. It is found that, when there is
no alteration of temperature, the product obtained by multiply-
ing the volume of a given quantity of gas by the pressure to
which it is subjected is always the same, or remains constant.

These facts were discovered Ly Boyle, and are included in
what is known as Boyle’s Law. It can be expressed by saying
that when the temperature remains the same, the volume of a
given mass of gas varies inversely as its pressure. Or, what
is the same thing, the temperature remaining the same, the
product of the pressure into the volume of a given mass of gas
is constant.

But it has been seen that if the volume occupied by a given
weight of a substance is increased, its density is decreased, and if
the volume is decreased, its density is increased. Therefore, by
decreasing the volume of the enclosed air in the above experi-
ment, its density is increased. The increase of density and the
increase of pressure are proportional to one another. It is not
difficult to apply these facts to the case of the atmosphere. It
has been learnt that the pressure of the atmosphere decreases as
we ascend, and we are now able to add that its density decreases
also and at the same rate. Therefore the densest atmosphere is
that at the surface of the earth, leaving out, of course, the air
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of mines and other cavities below the surface, where the air is
denser still. The air gets less dense, or rarer, as we leave the
earth’s surface, until eventually it becomes so rare that its
existence is practically not appreciable.

30. SOME INSTRUMENTS DEPENDING UPON FLUID
PRESSURE,

i. The air-pump.—(a) Select a cork or india-rubber stopper which
will fit tightly into a brass or glass tube about a centimetre in
diameter. Bore a hole through the cork lengthways, and then tic a
narrow strip of gold-beater’s skin, or oiled silk, over one end of the
cork so as to cover the hole. You will find that the silk does not
prevent you from blowing through the cork from the open end, but
that you cannot suck air through. An arrangement of this kind,

I'1q. 82, —Model of an air-pump.

which allows a passage in one direction but not in the other, is called
a valve. Wax the cork and fit it tightly in the brass tube (which
should be abrut a foot long) so that the valve is inside. Push a
similar valve half way through another brass tube of about the same
length, but wider, and wrap darming cotton around the stopped end
of the narrow tube until this tube fits nicely into the wider one, and
can be moved to and fro like the piston of a popgun. Fit a short
U-tube into the cork at one end of the wide tube, as in Fig. 82, and
pour a little mercury into it. The instrument you have constructed
is exactly the same in principle as a simple air-pump (Fig 83).

Moisten the cotton on the piston, cither with oil or water.
Deseribe what happens to the enclosed air in the wide tube, and
how the valves and the mercury in the U-tube are affected, in cach
of the following cases: (1) When the piston is pushed inwards;
(2) when the piston is pulled outwards. Explain how such an
instrument as this enables the enclosed air to be rarcfied.

fi. The common pump.—EKExamine a glass working model of a
<common pump (Fig. 84). Use the pump to lift water, and oxplain
clearly how it acts. Notice that hoth the valves open outwards or
upwards as in the air-pump.

iii. The siphon.—(a) Make a siphon by bending a glass tube in a
fish-tail gas flame : make one limb ahout 8 inches long and the other
at least a foot, Fill the siphon with water, either by placing it in &
bucket of water and covering each open end with one of your fingers
before lifting it out ; or, by sucking water through it as when using
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your pipette. Allow the siphon to empty itself ; from which end
does the water flow ?

Fill the siphon again, dip the short limb in a beaker of water, and
notice what occurs when you take your finger from the long arm.
Fill again and let the water flow into a tall narrow vessel.  Keep
the beaker full of water and notice when the flow of water stops.

(h) Conneet two short pieces of glass tubing with india-rubber
tubing. Fill the tubes with water, and msert the ends below the
surface of water in beakers or flasks about half full. Lift one of the
flasks, and notice the flow of water which takes place. Show that
no flow occurs when the level of liquid is the same 1n both vessels.
Test whether a flow takes place when the bend of the india-rubber
is below the lower of the two vessels.

Observe whether a siphon will act if there is a hole in 1t.

The air-pump.—Several forms of air-pumps are in use, but in
this place it will be sufficient to describe one of the simplest,
that designed by Hawksbee, the essential parts of which are
shown in Fig. 83. 1V is
the receiver, from which
it is required to remove
air. The plate on which
V rests is connected with
a cylinder € by means of
a tube, shown in the ilus-
tration, bent twice at
right angles. At the end
of this tube, remote from
the receiver and just at
the bottom of the cylin-
der Cv, is a valve w» Fia. 83, —Sunple form of ar-pump.
opening upwards. In
the cylinder works, in an air-tight manner, a piston pro-
vided with a valve » opening upwards; and a handle for
pulling the piston up and pushing it down is provided. The
action is very simple. Imagine the piston to be at the bottom
of the cylinder to begin with, and that it is then gradually
pulled up. As this takes place, the air in the receiver and
below the valve v is subjected to a diminished pressure, and
consequently expands, filling the space which is formed as the
piston moves upwards. This continues until the piston arrives
at the end of its stroke. The piston is now pushed down. This
compresses the air between ' and v and increases its pressure,
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causing the valve » to shut. But as the piston descends the
pressure on the under surface of the valve v" becomes greater
than that of the atmosphere upon its upper surface, with the
result that the valve +' opens upwards and the air in the space
vv’ rushes through the open valve into the outside air. The
final result, when the piston reaches the bottom of the cylinder,
is that there is less air in the receiver and tube connecting
therewith than there was originally. As the piston is worked
up and down the same opening and shutting
of valves is repeated, with the result, that
by and by, all the air is removed from the
receiver.

The common pump.—After examining a
glass model like that shown in Fig. 84,
there is no difficulty in understanding the
action of a common pump. To begin with,
suppose that the pump is full of air and
that the end of the tube below the valve
b is dipped into a basin of water. The
piston ec is, to start with, at the bottom
of its stroke near the valve b. As the
piston is raised the air in the cylinder above
b expands, and its pressure consequently
decreases, the pressure on the lower surface
of the valve b is, thevefore, soon greater
than that on its upper surface and it is
pushed upwards by the air below it, the air
i flowing into the cylinder acb. The result of
hoc’(,?:;"';,}:“;,‘ff}ng % this is that the air in the cylinder below the

piston is of a lower pressure than that of
the outside air, and as a consequence water is pushed up the
tube . This action continues until the piston reaches the end
of its stroke towards the top of the pump.

As the piston descends, the air in the cylinder below the
piston ¢ is compressed and its pressure becomes gradually
greater, This closes the valve b and opens that in ¢, through
which latter, of course, the air in the cylinder escapes, On
raising the piston again the same effects are repeated until all
the air in the pump is removed and the.outside air pushes the
water up until it reaches the.spout aud escapes.
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1t has been learnt that the air is able to support a column of
mercury 30 inches in height, and as mercury is about 13} times
heavier than water it is clear that the air could support a
column of water of a height equal to

30 inches x 133 =24 x 13} ft.=33% ft.,

and it will at once be understood, since the efficacy of the
common pump depends wholly upon the pressure of the air,
that theoretically the spout of the pump must never be more
than 33% feet from the level of the water. Practically the spout
of an ordinary pump cannot be much more than 30 feet above
the level of the water.

12 INCHES

12 INCHES
12 INCHES

Fi10. 86.—To explain how the action of a siphon depends upon atmo.
spheric pressure.

The siphon,—The siphon is a simple instrument which can
be easily understood after what has been said about atmospheric
pressure. It consists usually of a bent tube, one leg of which is
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longer than the other. It is filled with the liquid to be trans-
ferred from one vessel to another, and while both ends of the
tube are kept closed, the shorter limb is placed into the vessel
of liquid. The result is that the liquid flows until the level of
the liquids is the same in both vessels, or the higher liquid has
been siphoned to the lower level.

Suppose a siphon having limbs of equal length to be placed with
the ends in two jars containing mercury at the same level, as in
Fig 85, 4. For simplicity, suppose each tube to have a length
of 30 inches, and let the surface of the mercury in each vessel
be 12 inches from the bends of the tube. Under normal condi-
tions the atmosphere is able to support 30 inches of mercury,
but in the case illustrated the height of the mercury columns is
only 12 inches. There is thus a surplus atmospheric pressure
equal to 18 inches of mercury acting on the surface of the
wercury in the jars; but as it is the same in each, the mercury
in the bent tube does not move.

But now consider the conditions represented in Fig. 85, B.
The 30 inches of mercury in the left-hand tube just bulances the
atmospheric pressure on the surface of the mercury into which
it dips. On the right-hand side, however, the mercury column
is only 12 inches high, so there is a surplus atmospheric pressure
equal to 18 inches of mercury. The mercury is therefore forced
through the tube, and the flow goes on until the level is the
same in each vessel. 1t is thus seen that the force tending to
push the liquid up an arm of a siphon is equal to the atmospheric
pressure minus the pressure due to the liquid in that arm.

Since the instrument dependq upon the pressure of the atmo-
sphexe for its efficiency, it is clear that if the bend of the siphon
is at a greater height above the level of the liquid than that
which can be supported by the pressure of the atmosphere, then
the siphon wi)l not act.

When the liquid is water, the height of the bend above the
higher liquid surface must not exceed 33 feet (p. 119), and when
mercury is being transferred by a siphon, this height must be.
under 30 inches.
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CHIEF POINTS OF CHAPTER VIII.

Pressure on liquids. —Liquids communicate pressure equally in all
directions. The pressure per unit area which a liquid exerts depends
only upon the depth below the surface—the direction is immaterial.
The total pressure on any area within a liquid varies with the area
considered. The pressure acting vertically upwards at a point in a
liquid is equal to the downward pressure of the liquid above the

oint.
P The pressure of the atmosphere is due to its weight. The pres-
sure diminishes as an ascent from the earth is made. At a height of
3} miles the pressure is only one-half that at sea-level.

The barometer is an instrument for measuring the pressure
exerted by the atmosphere. The pressure of the atmosphere
balances a column of mercury about 30 inches in height.

Boyle's Law states the relation between the volume and pressure of
a gas. It can be expressed by saying that, the temperature re-
maining the same, the volume of a given mass of gas varies inversely
as its pressure. Or, what is the same thing, the product of the
pressure into the volume of a given mass of gas is constant.

The air-pump is an instrument for removing the air from a closed
vessel or space.

The common pump and the siphon depend for their action upon
the pressure exerted by the atmosphere.

. EXERCISES ON CHAPTER VIIIL

1. Some deep-sea animals, when brought to the surface, become
very much larger. Why is this?

2. Describe a simple experiment to show that the pressure in a
liquid increases with the depth below the surface. What pressure,
expressed in grams’ weight, would be exerted upon a square of glass
of a.kdecimetre side immersed to a depth of 10 metres in the water of
a lake?

3. How would you Frove to a class that the upward pressure per
unit area at a depth of 10 feet below the surface of the sea is equal
to a column of water 10 feet high and unit area in cross-section ?

4. Given a glass tube, thirty-two inches long, closed at one end,
a bottle of mercury (quicksilver), and a small cup. State how you
proceed (@) to construct a barometer, and (b) to show the readings of
this barometer.

5. State the principle on which the action of a mercurial barometer
depends. Why is a water barometer longer than a mercurial baro-
meter ? What occupies the space above the mercurial column in the
latter instrument? If a hole were to be bored through the glass
above the column of meroury, what would happen ?
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6. How can the weight of the air be determined ? In what way is
the pressure exercised by the atmosphere on the earth’s surface, in
consequence of its weight, stated? How is it that we are able to
move about under the weight of the atmosphere ?

7. Enunciate the law associated with the name of Boyle. Describe
a simple form of apparatus to prove that, if a given mass of air is
acted upon by a pressure twice as great as that of the atmosphere,
its volume becomes one half what it was originally.

8. Draw a common pump, and explain how it acts. At what
depth will such a pump become ineffective ?

9. What is a siphon? What experiments would you perform to
explain its action to a class ?

10. Make a sketch of some form of air-pump and describe how
the instrument enables the air to be removed from a closed vessel.

11. About what height does the mercury column of the barometer
generally stand ? Explain why the tube must be kept in a vertical
position.

12. What do you know ahout the contents of that part of the
barometer tube which is not filled by the mercury ? hat simple
experimental proof of the truth of your answer can be given?

13. Three similar bottles of water are turned upside down, the
first under water, the second free to the air, the third free to the air
but fitted with a cork, through which a narrow hole has been drilled.
Compare and explain what happens in each case.



CHAPTER IX.

EFFECTS OF HEAT. THERMOMETERS.

31. EXAMPLES OF EXPANSION BY HEAT.

i. Expansion of solids.—(a) Take a mectal ball suspended by a
chain as shown in Fig. 86. and suspend it by the side of a metal
ring, through which it just passes easily. Hecat the ball in a labora-
tory burner for a few minutes, and then try to drop it through the
ring. It is too large and rests on the ring.

Now allow it to cool

0 |

X

-

Fia. 86, —Apparatus for showing that Fia 87. —Compound strip of ebonite
a metal ball is larger when hot than it and wood to show the greater ¢xpan-
is when cold. sion of ebunite when heated.
slowly and notice that after a short time it gets smaller and will
slip through.

(b) Solder a strip or wire of brass, about two feet long, to one of
iron of the same length. Straighten the compound strip by
hammering ; then heat it. Notice that the strip bends, because the
brass expands more than the iron. The same effect can be shown
:g' means of a strip of ebonite glued to a strip of wood, on account

the ebonite expanding more than the wood (Fig. 87).

123
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ii. Expansion of liquids.—(a) Procure a 4-0z.
flask and fit it with a cork. Bore a hole
through the cork and pass through it a long
glass tube which fits tightly. Ful the flask
with water coloured with red ink. Push the
cork into the neck of the flask and so cause the
coloured water to rise up the tube. See that
there is no air between the cork and the water.
Now dip the flask in warm water, and notice
that the liquid soon gets larger and rises up
the tube (Fig. 88). Take the flask out of the
warm water, and see that the coloured water
gets smaller as it cools, and that it sinks in the
tube.

(b) Arrange two other flasks as in the last
experiment, but filled respectively with alcohol
and turpentine. Push in the corks till the
liquid stands in each tube at the same height.

F1a. 88.—Theexpansion Lut the flasks to the same depth into a vessel

of a liquid.

of warm water.  Notice that the expansion of
the glass causes a momentary sinking of the

liquids ; and that ultimately the
exgansions of the liquids are very
different.

iii, Expansion of gases.—(a)
Procure a well-made paper bag
and tightly tie a piece of tape
round the open emf Hold the
bag in front of the fire, and notice
that the air inside gets larger and
inflates the bag.

(b) Or, obtain a flask with a
cork and tube as in Fig. 89, i.
Remove the cork and tube, and,
by suction draw a little red ink
into the end of the tube near the
cork. Re-insert the cork, and
gently warm the flask by clasping
it in your hands. Notice that
the air in the flask gets larger
and pushes the red ink along the
tube.

(¢) Turn over and place the
open end of the tube beneath the
surface of some coloured water in
a beaker. Warm the flask with
the hand or a flame so as to expel
some of the air, and let the liquid
rise in the stem (Fig. 89, ii.). This
arrangement constitutes an air
thermometer.

i.

Fia, 89. —Experiments to show the
expansion of air by heat,
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(d) Fasten in an air-tight manner two bulbs or flasks together by
a tube bent six times at right angles, and containing some coloured
liguid in the middle bends (Fig. 90).
Show that the liquid moves if one
flask is warmed more than the other.
This instrument is known as a differ-
ential thermometer.

Change of size. Expansion.—As
a rule all bodies, whether solid,
liquid, or gaseous, get larger when
heated, and smaller when cooled. -

The change of size which a body
undergoes is spoken of as the amount
it expands or contracts ; or, heat is
said to cause expansion in the body.
This expansion is regarded in three
ways. When dealing with solids, expansion may take place in
length (linear expansion), in area (superficial expansion), and in
volume (cubical expansion). In the case of liquids and gases we
have only cubical expansion. Similar terms can be used with
reference to contraction.

The expansion which substances undergo when heated must
be allowed for in many engineering projects. Railway lines, for
instance, are usually not placed close together, but a little space
is allowed between the separate rails, so that they can expand in
summer without buckling. Steam pipes used for heating rooms
are also not fixed firmly to the walls at both ends, but are left
slightly loose or are loose-jointed, so that they can expand or
contract without doing any damage. For the same reason the
ends of iron bridges are not fixed to the supports upon which
they rest. Iron tyres are put on carriage wheels by first heating
the tyre, and while it is hot, slipping it over the wheel. As the
tyre cools it contracts and clasps the wheel tightly.

The common occurrence in domestic life of the cracking of
thick glasses, when boiling water is poured on them, may be
explained by this expansion of solids by heating. The part of
the glass with which the hot water comes in contact is heated
and expands ; but the effect is quite local ; the heating is con-
fined to one spot, because glass does not allow heat to pass
through it readily. It is this local expansion of the glass which
results in the cracking of the vessel.

F1g. 90. —A simple form of
differential thermometer.
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It is not to be supposed, however, that substances always
expand on being heated ; it will be learned later that water,
under certain conditions, shrinks in volume as its temperature
rises. A piece of rubber, too, stretched by a weight, con-
tracts considerably on being heated. This result is, however,
deceptive. Unstretched rubber acts in the usual way and
expands as its temperature rises. The explanation is that hot
rubber is not so easily stretched as cold. The amount of stretch
due to the weight is lessened, and masks the expansion due to
the heat.

Measurement of change of temperature.—Change of tem-
perature means change in the state of hotness or coldness of a
body. The change of size which takes place when a thing is
heated gives a good way of measuring the change of temperature
which it undergoes. 'Think of the experiment with the coloured
water in the flask with a long tube attached to it. Suppose the
coloured water in the tube rises through a certain number of
inches after the water has been heated, and that when the
flask is placed into some other liguid, or some more water, the
coloured water is found to rise up the tube to just the same
place, we should have every right to say that the second liquid
is exactly as hot as the first was. This plan provides a means
of measuring temperature. The flask and tube with the water
have become a “temperature measurer,” that is, a thermometer.

32. TEMPERATURE AND THERMOMETERS.

i The sense of feeling may be deceived.—Arrange three basins
in a row ; into the first put water as hot as the hand can bear, into
the second put lukewarm water, and fill the third with cold water.
Place the right hand into the cold water and the left into the hot,
and after half a minute quickly put both into the lukewarm water.
The left hand feels cold and the right hand warm while in the same
water.

i, Measuring temperature.—(a) Place the flask of water, with
fitted tube used in Expt. 31 ii. (a), in hot water, and notice the
height of the liquid in the tube. Transfer it to cold water, and
observe that the liquid in the tube sinks.

(h) Procure, or make, a thermometer tube with a bulb at one end.
With a little practice it is casy to blow a bulb upon a piece of
thermometer tubing. One end of the tubing is held in a blow-pipe
flame and twirled round until the glass melts and runs together so
as to seal up the tube. A small blob of glass is then allowed to
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form, and while the glass is molten the tube is taken out of the
flame and blown into steadily. To introduce mercury afterwards,
heat the bulb and while it 1s hot invert it and put the open end
into mercury. As the bulb cools, mercury will risc in the tube and
take the place of the air driven out of the tube by heat. Repeat
the operation until the mercury fills the bulb and part of the stem.

(c) Place in hot water the bulb of the mstrument
just constructed, and make a mark at the level of
the mercury in the tube. Now place the instru- 2
ment in cold water, and notice that the mercury
sinks in the tube. The mercury is thus scen to
expand when heated and contract when cooled.

(d) Examine a thermometer. Notice that it is
simlar to the simple instrument already described,
but the top 1s scaled up, and divisions or graduations
are marked upon it, so that the height of the
mercury in the tube can be scen easily.  These
divisions are called degrees (Fig. 91).

Feeling of heat and cold.-—Some people feel
cold at the same time that others feel warm.
It is easy to understand that the sense of feeling
cannot be depended upon to tell us accurately
whether the air or any substance is hot or cold.
Some instrument is needed which does not
depend upon feeling, and cannot be deceived in
the way that the senses can. Such an instru-
ment is called a thermometer, and it is used to
measure temperature, that is, the degree of
hotness or coldness of a body.

How expansion may indicate temperature.
—It has already been learned that substances
usually expand when heated and contract when
cooled. A flask filled with water, for instance,
and having a stopper through which a glass tube  Fia. 91. —Ther-
passes, can be used to show the expansion pro. Jomoters of the
duced by heat and the contraction by cold. But scientific work.
this flask and tube make but a very rough
temperature measurer. The water does not get larger to the
same amount for every equal addition of heat. Neither is it
very sensitive, that is to say, it does not show very small
increases in the degree of hotness or coldness, or, as the student
must now learn to say, it does not record very small differences
of temperature, and for a thermometer to be of value it must
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do this. Then, too, as every one knows, if water is made very
cold it becomes ice, which, being larger than the water from
which it is made, would crack the tube. For many reasons,
therefore, water is not a good thing to use in a thermometer.

Choice of things to be used in a thermometer.

1. The substance used should expand a great deal for a small
inorease of temperature.

Gases expand most, and solids least, for a given increase
of temperature. Liquids occupy a middle place. The most
delicate thermometers are therefore those where a gas, such as
air, is the substance which expands. But in common thermo-
meters a liquid, either quicksilver or spirits of wine, is used.
Both these liquids expand a fair amount for a given increase of
temperature, and, to make this amount of expansion as obvious
as possible, they are used in fine threads by making them
expand into a tube with a very fine bore:

2. If a nquid is used it should not change into a solid unless cooled
very much nor into a gas unless heated very much.

It is difficult to be sure of both these thmgs in the same
thermometer. When a thermometer is required for measuring
very low temperatures it usually contains spirits of wine, because
this liquid has to be cooled a great deal before it is solidified,
that is, made into a solid. But this thermometer cannot be used
for any great degree of temperature because spirits of wine is
soon changed completely into a vapour when heated to only a
comparatively small extent. If we wish to measure higher
temperatures we use a quicksilver or mercury thermometer,
because mercury can be warmed a good deal, or, as it is better
to say, raised to a high temperature, without being ehanged into
a gas.

3. The liquid should be in a fine tube of equal bore with a

g
comparatively la.rge bulb at the end.

Liquids have to be contained in some sort of vessel or else
they cannot be kept together. There must be a fine bore, so
that the liquid may appear to expand very much for a small
change of temperature. The bore must be equal all the way
along, that is, the width or diameter of the inside of the tube
must be the same all the way along, so that a given amount
of expansion in any part of the tube shall mean the same
change of temperature; and, lastly, there must be a large
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bulb, so ‘that there is a large surface to take the same tem-
perature as that of the substance the temperature of which is
being measured. Ipociall -

Reasons why mercury is used for thermometers.—There
are many reasons for selecting mercury as the liquid for an
ordinary thermometer in addition to those
already mentioned.

It is a liquid the level of which can be easily
seen.

It does not wet the vessel in which it is
contained.

It expands a considerable amount for a
small increment of temperature.

It is a good conductor of heat, and conse-
quently it very quickly assumes the tempera-
ture of the body with which it is placed in
contact. )

Very little heat is required to raise its
temperature, and there is therefore very little
loss of heat due to warming the thermometer.

Construction of a thermometer.—Having
selected a suitable piece of thermometer
tubing, first a bulb must be blown on one
end. The glass is melted at this end and
allowed to run together and so close up the
bore. While the glass is still molten, air is
blown down the tube from the other end,
the tube being moved 10und, so that the bulb

i i

. . Fia. 92 — Ther-
may be placed symmetrically with reference mometers in courss

to it. The bore of the tube is so fine that Jfconstruction: ()

it is impossible to pour the liquid down it; top (i) tube with

some other plan must therefore be adopted. fummel  at-

The top of the tube may be enlarged into

tne shape shown at 4 in Fig. 92, or a small funnel may be
connected with it, as at B, and the liquid with which the
thermometer is to be filled poured in. Let us suppose mer-
cury is being used. Warming the tube makes the air inside
it expand, and of course some is driven out. As the tube cools
-the mercury is forced in, by the weight of the atmosphere, to

fill the place of the expelled air. By repeating this.alternate
LS.t
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process of warming and cooling, in the circumstances described,
enough mercury is soon introduced into the tube. The next
step is to seal up the tube, leaving no air above the mer-
cury; to do this the bulb is heated to a temperature slightly
higher than the thermometer is expected to register. The
mercury cxpands, and when it has reached the drawn-out part,
C, of the tube, a blow-pipe flame is directed against the glass,
and the tube is thus closed up. This method of closing a tube
and keeping the air out is called hermetically sealing it. The
thermometer at this stage should be put on one side for some
days at least, in order that it may assume its final size, which it
does very slowly.

33. GRADUATION AND USE OF THERMOMETERS.

i. The temperature of melting ice.—(x) Place some pieces of
olean ice in a beaker or test-tube and push a thermometer amongst
them. Notice the reading of the thermo-
meter ; it will be either no degrees (0°) or
very near it.! Warm the beaker or test-
tube, and observe that as long as there
is any ice unmclted the reading of the
thermometer remains the same.

(b) Repeat the experiment with pieces
of some other blocks of ice, and observe the
important fact that the temperature of
clean melting ice is the same in all your
tests.

ii. Effect of adding salt to the ice.—
(«) Add salt to the melting ice, and notice
that the thermometer indicates a lower
degrec of temperature.

iii, The temperature of boiling water.—
(@) Boil some distilled water in a flask,
test-tube (Fig. 93), or beaker, and hold
a thermometer in the bhoiling water.
Notice the temperature. Raise the ther-

Fia. 93, —Test-tube with Mmometer until the bulb is just out of the
thermometer fitted for ob- water and only heated by the stcam.
serving the boiling pomnt of Again record the temperature. In both
water, cases the reading is the same. It is

either one hundred degrees (100°), or very
near it, if you use a thermometer with Centigrade divisions,

(b) Repeat the experiment with a second lot of pure water, and
note that the temperature of boiling water is again about 100°

1 A Centigrade thermometer is supposced to be used. If a Fahrenheit thermo-
moter is used the reading will be 32°,
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(¢) Add salt to the water. Hold a thermometer in the steam of
the boiling water, and notice that the tempcrature is the same as
before, namely, 100°. Push the thermometer into the water, and
notice that a higher degree of temperature is indicated.

(d) Again place the thermometer in clean ice in a test-tube or
flask. Gently heat the vessel, and notice the following changes :

(1) The mercury remains at 0° until all the ice is melted.

(2) When the 1ce is melted the mercury rises gradually until it
reaches 100°.

(3) The mercury remains stationary at 100° until all the water is
boiled away.

iv. A thermometer cannot be deceived.—Arrangc three basins of
cold, lukewarm, and hot water side by side. Place the thermo-
meter in the cold water and then m the lukewarm water. Notice
the temperature indicated in the lukewarm water. Now place the
thermomecter in the hot water, and when it has been there a minute
or two put it into the lukewarm water. Notice that the tempera-
ture indicated is practically the same as before. It is thus seen
that, unlike our sense of feching, a thermometer is not deceived by
being made hot or cold before using it to indicate temperature.

v. The clinical thermometer.—KExamine a clnical thermometer.
Notice the large space between separate degrees.  Observe that just
above the bulb the bore of the thermometer is constricted. Hold
the bulb in your hand and watch the expansion of the mercury. On
exposing the thermometer to the air and allowing it to cool, notice
that the mercury thread breaks at the constriction. The mercury
can be shaken back into the bulb (Fig. 97).

The fixed points on a thermometer.—In the graduation
of a thermometer the plan usually adopted is to choose “two
fixed points” from which to number degrees of temperature.
The most convenient lower fixed point to select is the tem-
perature at which ice melts, or water freezes, for this is always
the same if the ice is pure, and remains the same so long as there
is any ice left unmelted. Whenever the thermometer is put
into melting ice, the mercury in it always stands at the same
level ; or melting ice is always at the same temperature and thus
may be used to give one fixed point. The “higher fixed point”
chosen is that at which pure water boils at the sea-level. This
stipulation must be made, for the boiling point of a liquid is
altered when the pressure upon it is changed, being raised if the
pressure is greater, and lowered if the pressure is less. When
the water boils, the temperature of the steam is the same as that
of the water, and remains so as long as there is any water left.
The lower fixed temperature is referred to as ‘the “Freezing
Point of Water,” and the higher as its “ Boiling Point.”
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Marking the freezing point. —For this purpose an arrange-
ment like that shown in Fig. 94 is very suitable. The funnel is
filled with pounded ice, which before powdering has been
washed carefully : or snow may, if more convenient, be used.
The glass dish catches the water which is formed from the
melting of the ice or snow. A hole is made in the pounded ice
by thrusting in a pencil or glass tube about the size of the

F1a. 94.—Thermometer in ice for the Fi1e. 95.—Flask fittcd for the deter-
obscrvation of freczing point. mination of boiling points.

thermometer, and into this hole the thermometer is put and is
so supported that the whole of the mercury is surrounded by
the ice or snow. The arrangement is left for about ten or
fifteen minutes, until it is quite certain that the tube and
mercury are at the same temperature as the melting ice. When
this is so the tube is raised until the mercury is just above the
ice, and a fine scratch is made with a three-cornered file on the
tube at the level of the mercury.

Marking the boiling point.—On account of the condensation
of vapour upon the thermometer, the method used in Expt. 33 iii.
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to find the boiling point is not a very accurate one. More
exact determinations can be made by means of the apparatus
shown in Fig. 95. A can or flask F is fitted with a cork,
through which a glass or brass tube B passes. Surrounding
this tube is a wider tube C, fitted upon the inner tube by
means of a piece of thick india-rubber tubing D. At the top of
the outer tube is a cork £ having a hole in which a thermometer
can be fitted. When the water in the flask is boiled, steam
passes up the inner tube B, and down the wide tube C, and
escapes at the outlet ¢ into the openair. To use the apparatus,
the top of the stem of the thermometer being graduated is
pushed gently into the cork which fits in the outer tube, and
adjusted so that the point reached by the mercury at the
temperature of boiling water is just above the cork. The cork
is then fitted into its place, the water boiled, and when steam
has been coming off for about a quarter of an hour, an obser-
vation is made of the point reached by the top of the mercury
in the tube. The observation is repeated after a few minutes,
and when two readings obtained at an interval of about ten
minutes agree, the point at which the top of the liquid stands
is marked upon the stem. The temperature observed is the
boiling point of water under the particular conditions existing
at the time and place of the experiment. ™~ -

Precautions necessary in marking the fixed points,—Sincc
experiments have shown that the mixture of common salt with
ice or snow lowers the temperature of the ice or snow, great
care must be taken that pure clean ice is used when the lower
fixed point of a thermometer is being marked. It must also be
noted that the presence of substances other than common salt
similarly have an effect on the temperature.

The temperature of a boiling solution of common salt in water
is higher, too, than that of the steam which is given off from it.
Moreover, since it is the temperature of the steam from boiling
water which alone remains constant at the sea-level (the nature
of the containing vessel and the presence of substances in
solution affecting the temperature of the liquid), in marking the
higher fixed point of a thermometer the instrument should be
surrounded by the steam and not placed in the liquid. It will
be seen more fully later that an increase of atmospheric pressure,
represented by an increased barometric height, raises the
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temperature at which water boils, hence the height of the
barometer must be recorded when the higher fixed point is
being marked.

Thermometer scales.—Some value must now be given to
the two fixed points which have been obtained as previously
described, and of course they could be called anything the
maker of the thermometer liked, but for the sake of comparing
one man’s observations and experiments with those of other
people, it is most convenient to graduate all thermometers in
the same way. The thermometers used in this country are
divided up in two ways—(1) the Centigrade scale, (2) the
Fahrenheit scale. A third scale—the Réaumur scale is exten-
sively used in Germany.

The Centigrade scale.—Here the freezing point is called
gero or no degrees Centigrade, written 0° C. The hoiling point
is called one hundred degrees Centigrade, and is written 100° C.
The space between these two limits is divided into 100 parts,
and each division called a degree Centigrade.

The Fahrenheit scale.—On thermometers marked in this
way the freezing point is called thirty-two degrees Fahrenheit,
written 32° F., and the
boiling point two hun-
dred and twelve degrees
Fahrenheit, written
212° F. The space
between the two limits
is divided into 180
parts, and each divi-
sion is called a degree
Fahrenheit. The reason
o of this difference is
o Melting pointofice interesting. The phy-
sicist Fahrenheit, after
whom thethermometer
Centigrade Fahrenheit Reaumur * is named, obtained a
very low temperature,
by mixing common
salt with the pounded ice when marking the lower fixed point,
and he wrongly imagined that he had obtained the lowest
temperature which could be reached, and called it zero.

1|*%Bodting Point of Water

»
60
50
0
Jo
20

F16. 96. —Thermometric scales.
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The Réaumur scale.—Upon thermometers graduated accord-
ing to this scale the freezing point is marked 0° and the boiling
point 80°. The relation between the three scales
is shown in Fig. 96,

The doctor's thermometer.—I'or the measure-
ment of the temperature of the body, what is
termed a clinical thermometer is best (Fig. 97).
As the temperature of the living human body
is never many degrees above or below a tem-
perature of 98° I, a clinical thermometer is only
graduated from about 95° F. to 110° F. If the
bulb of such a thermometer is pat into the mouth,
or under the armpit, of a person in health, and
left there for two or three minutes, it will be
found, on taking it out, to indicate a temperature
from 97°°8 F. to 98°6 F. The thread of mercury
in the stem of the thermometer remains in one
position, though the air is cooling the mercury
while the thermometer is being read. This is
because of the constriction at the top of the bulb,
which causes the thread of mercury in the stem
to be left behind while the mercury in the bulb
contracts. To “set” the thermometer for a fresh
observation, it is only necessary to jerk it slightly,
when the thread of mercury will again join up to
the liquid in the bulb.

T

|
L]

74
4

34. COEFFICIENTS OF EXPANSION.
Fic. 97.—~A

i. Coefficient of expansion of a solid.— Procure clinical ther-
and examine the apparatus shown in Fig. 98, if wmometer
necessary, fitting the parts together. Notice that
AB is a glass, or metal, rod resting in a groove at A, against a
weight W, and rolling on a needle on a glass bed at B. Fix a
split straw pointer to the needle to move against the graduated
quadrant . Ohserve that CD is a tube of wide bore fixed on the
rod by mecans of corks and having an inlet for steam at C and an
escape at D. When the apparatus is in adjustment take the
temperature of the room in the neighbourhood of the apparatus, and
then pass steam through CD for 5 or 10 minutes. Note what part
of & whole turn the pointer moves through. Obtain the diameter of
the needle by placing several similar neegles in a row, measuring the
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total breadth and dividing by the number of needles. Obtain the

(Wl A

F1o. 98.—Apparatus to show the expansion of a rod.

actual movement of the end B of the rod by multiplying together
the fraction of a rotation shown by the index and the circumference

Fia. 99.— Appa-
ratus to show the
expansionof liquids,

of the needle. The latter is 3}th times the dia-
meter of the needle. Assuming the steam to be
at 100° C. obtain the rise of temperature of the rod.

Then calculate thus:

A length of..... cm. of the metal or glass rod
when raised...... degrees expanded..... cm.

Therefore 1 cm. of the rod when raised 1 degree
exPands ...... cm.

The value so obtained is the coefficient of
expansion of the material of the rod used.

ii. Coefficient of expansion of liguids.—(a) Close
one end of a glass tube about 30 cm. long and 3
mm. bore. Partly fill the tube with water, and
fasten it to a thermometer by means of threads
or india-rubber bands (Fig. 99). Place tho com-
bination in melting ice, so that the water is
surrounded by the ice, and ohserve the degree
on the thermometer, level with the surface of the
water in tho tube. Repeat the operation with
the combination successively in water at 50°, 60°,
70°, 80°, and 90°, taking care that the water in the
tube is completely immersed. Now take the com-
bination out of water, and measure the distance
from the bottom of the tube to the point at which
the surface of the water stood in each case,
taking care that the tube does not move. Record
the observations thus: ’

TEMPERATURE,

LENGTH OF INCREASE OF INCRRASE OF
WaTER COLUMN, TEMPERATURE, LENGTH.
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Find from these results, the average increase of length for 1°
rise of temperature, and the fraction which this increase is of the
original length.

As the tube is uniform in bore the lengths of the column of water
are proportional to the volume of the water, so that the results will
show the increase of the volume of water for a rise of temperature
of 1°, expressed as a fraction of the original volume.

(b) Repeat the preceding experiment, using turpentine, alcohol,
or mercury instemF of water in the tube, and find in the same way
the fraction of its volume at 0° by which the liquid expands for
a rise of temperature of 1° C.

iii. Coefficient of expansion of a gas.—Obtain a piece of thermo-
meter tubing of about 1 mm. bore and 20 ecm. long. Suck into it a
length of about 1 cm. of mercury. Seal one end of the tube and
arrange that the index of mercury comes near the middle of the tube
when the end has been closed and the tube is cool. Fasten the tube
to a thermometer, closed end downwards (Fig. 100). You have in it
a certain volume of air, and can find the volume at different tem-
peratures as you did with liquids. Place the combined thermometer
and tube in melting ice and notice the position of the air column
with reference to the thermometer scale. Repeat the operation for
every 10° up to 100° C., taking care that the air column is immersed
completely in each case, and giving the tube two or three taps before
making an observation, in order to make sure that the mercury is
not sticking to the tube. Record your observations thus:

AVERAGE
TEMPERATURE. I‘“gg&ai AR E"‘{'&,’%" FOR Exmusxgn FOR
. 3 1°C.

As tho tube is cylindrical and uniform in bore, the volume of the
air in it is proportional to the lengths of the air column. The
average increase of volume for 1° C., expressed as a fraction of the
volume at 0° C., is the coefficient of expansion. Find from your
results the coefficient of expansion of air.

When a gas is heated in circumstances where, as in these experi-
ments, free expunsion is possible, it is said to expand under a
constant pressure. Both at the beginning of the experiment and
after the gas has been heated, the pressure to which it is subjected
is simply that of the atmosphere.

Measurement of expansion.—While a definite rise of tem-
perature causes most bodies to expand, the amount of the
expansion varies within wide limits. In the case of certain
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special alloys it is almost negligible, while gases expand more
than double their volume on being heated from 0°C. to 300°C.

Having now a means at command of measuring tempera-
tures, a more exact comparison of expansions becomes possible.
The coeficient of expansion is the term used for the rate of
expansion when the temperature is increased. In the case
of solids we are usually concerned with the linear coefficient
of expansion, while for liquids and gases the coefficient of
cubical expansion is of importance.

The fraction of its length, at 0° C., which a body expands when
its temperature is raised through 1° C. is called its coefficient of
linear expansion.

The actual expansion being small in the case of solids, it is
not necessary to measure the length of a solid at 0°C. A
simpler definition is sufficiently accurate. 1t may be said that
the fraction of its length which a solid body expands on being
heated 1°C. is called its coefficient of linear exrpansion.

It must, however, be remembered that in the case of gases,
owing to the large changes that take place, the strict words
of the definition must be adhered to and the expansion com-
pared with the volume at 0°C.

The fraction of its volume, at 0° C., which a body expands when
its temperature is raised through 1°C. is called its coefficient of
cubical expansion.

Coefficient of linear expansion.—To obtain a measurement
of the linear expansion of a rod when heated to a known tem-
perature the form of apparatus shown in Fig. 98 may be used.
A rod of glass or metal about 18 inches long is surrounded by a
glass tube having an inlet for steam at C and an outlet at D.
The end 4 of the rod rests in a V-shaped groove and against a
weight W. The other end rests on a needle which is free to
roll on a glass base. To the needle is attached a cork having a
split straw pointer. Any movement of the needle will be
observed against the scale Z. -

When steam is passed through the tube it heats the bar, and
the expansion shows itself at B—the end 4 being fixed—by
causing the needle to roll. To secure good contact the rod may
be roughened with emery where it rests on the needle, and
pressed to it by means of an elastic band attached to the
support.
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After the steam has circulated for 5 or 10 minutes, the part
of a complete circle the index has moved through is observed.
This shows what part of a complete rotation the needle has
made. To find the horizontal expansion of the rod correspond-
ing to this rotation it is necessary to determine the diameter of
the needle. To do this several similar needles are placed in
a row, the total breadth is measured and divided by the
number of needles.

The circumference of a circle being equal to its

diameter x 272
the distance the needle would roll in one complete rotation
would be
diameter of needle x 2—7§
The actual distance rolled, corresponding to the expansion of
the rod,

. distance corresponding to a __the part of a complete rotation

- complete rotation shown by the index.

Suppose the measured expansion to be £, the length of the
rod up to the needle Z, and its temperature at the commence-
ment of theexperiment 15°C. The fraction of its original length

which the rod expands will be %

The rise of temperature having been from 15°C. to 100°C., that
is 75° C. the fraction of its original length which the rod expands

E
Lx75

This is the coeficient of linear expansion.

Coefficient of cubical expansion of a liquid.—The rate of
expansion of a liquid with rise of temperature can be obtained
with the apparatus shown in Fig. 99. It consists of a glass tube
open at one end, and about 30 em. in length, and with a bore
of about 3mm. It is partly filled with the liquid, the expansion
of which is to be determined. The tube, fastened to a thermo-
meter, as shown in Fig. 99, is immersed in a bath of water
and observations made from 0° C. to nearly the boiling point of
water. The temperature of the bath is obtained from the
thermometer, the scale of which also serves for observations of
the liquid level. The original length of the column being

for each degree of temperature will be
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measured, and its expansion for a definite rise of temperature
obtained as above, all the data exist for the calculation of the
coefficient of expansion. It should be carefully noted that it is
cubical expansion that is observed. Neglecting the expansion
of the glass, the increased volume of the liquid due to heating
shows itself as an vncrease of length of the liquid column.

Real and apparent expansion of liquids.—Hitherto the
expansion of the glass containing a liquid has not been con-
sidered. But the glass, like most substances, also expands
when heated, though it may not be noticed, as the expansion
of the liquid is so much more. The momentary sinking of the
liquid levels when the flasks were first placed in the warm
water in Expt. 31 ii. (b), was caused in each case by the ex-
pansion of the flasks. The flasks becoming warm first, increased
in size. The liquid level fell. As soon, however, as the contained
liquid began to get warm, with its greater
rate of expansion, it outstripped the expan-
sion of the glass and the liquid level rose
again. The amount which a liquid expands
appears less than it actually is because of
the expansion of the vessel. This expansion
which it appears to posscss is called its
apparent expansion. To obtain the real
expansion of a liquid it is necessary to
add to the apparent expansion the amount
the glass expands, or,
real expansion_its apparent 48X nsion of

of a hquid — expansion the glass.
If any two of these values are known, the
third can evidently be easily calculated.

It will be seen that in the case of a ther-
mometer and in Expts. 32 and 33 apparent
expansion only is observed.

-- - Expansion.of gases.—The expansion of
—  gases is very much greater than that of

1g. 100.—Dotermina: gjther solids or liquids. Thus, 273 c.c. of
cxpansion of a gas.  dry air at 0° C. become 274 c.c. at 1°C. and
373 c.c. at 100°C. The coefficient of expan-

sion is consequently 53z ; and this is practically the coefficient
for all gases. This law is not, however, strictly obeyed by all

e Lo e T,
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gases, though air and some other gases conform to it with great
accuracy. The air thermometer is often used as a standard,
gince the expansion of air with increase of temperature is both
regular and large.

The coefficient of cubical expansion of a gas can be determined
by enclosing a definite quantity of air in a long narrow tube
closed at one end, the gas being separated from the air by a
tiny thread of mercury (Fig. 100). The length of the column of
air represents the original volume of the gas. The expansion
the air undergoes will push the index outwards, and these
movements can be observed. If temperature observations are
simultaneously taken, the expansion per unit volume per degree
of temperature can be obtained.

Coefficients of linear expansion of solids.

Expansion Expansion
Per Degrec C. Per Degree C.
Brass, - - - 0000019 Iron, - - - 0°000012
Copper,- . - 0000017 Platioum, - - 0-000009
Glass (tube), - - 0000008 Zine, - - - 0000029
Coefficients of cubical expansion of liquids.
Alcohol, - - 000109 Olive oil, - - 000068
Glycerin, - - 000053 Turpentine, - - 000105
Mercury, - - 000018 Petroleum, - - 000099

Coefficient of expansion of gases.

Tucrease of Volume at
Constant Pressure.

Hydrogen, - - - - - - 000366
Air, - - - . - - - 0°00367
Carbon dioxide, - - - - - 000371

CHIEF POINTS OF CHAPTER IX.

Effects of heat.—(1) Change of size. (2) Change of state. (3)
Change of temperaturc. Change of size is known cither as expansion
or contraction. The former is generally brought about by heating,
the latter by cooling,

Expansion and contraction by heat must be taken into account
in (@) laying milway lines, (b) fixing steam or hot-water pipes, (c)
building bridges. The effects are utilised in fixing iron tyres to
wheels.
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Choice of materials to be used in a thermometer.—(1) The sub-
stance used should expand a great deal for a small increase of
temperature. (2) If a hquid is used it should not change into a
solid unless cooled very much, or into a gas unless hcated very
much, (3) The liquid should be in a fine tube with a comparatively
large bulb at the end.

Reasons why mercury is used for thermometers.—In addition to
the reasons above, (a) its level can be easily scen ; (h) it does not
wet the vessel in which it is contained ; (c) it is a good conductor of
heat ; (d) very little heat is required to raise its temperature.

The fixed points on a thermometer. —(1) The temperature at which
ice melts or water freezes ; (2) the temperature of the steam issuing
from boiling water when the barometer stands at 30 inches.

Thermometric scales. —The distance between the freezing and boil-
ing points on the stem of a thermometer may be divided as follows :

Fahrenheit  Centigrade Réaumur

scale. scale. scale.
Boiling point, - - - 212 100° 80°
Freezing point, - -3 0° 0

Coefficients of expansion.--The fraction of its length which a body
expands on being heated through 1° C. is called its cocflicient of linear
expansion.

The fraction of its volume, measured at 0° C., which a body
expands on being heated 1°C. is called, its coefficient of cubical
expansion.

When the total cxpansion for a large change of temperature
is observed, the average change for each degree is called the mean
expansion between the extreme temperatures, and the average
coefficient the mean coefficient.

EXERCISES ON CHAPTER IX.

1. A flask containing pure water is heated by a single burner and
one thermometer is placed with its bulb below the surface of the
water, and another thermometer with its bulb just above the
surface. When the water boils the readings of the two thermo-
meters are taken. WIill the readings be the same ?

What will be the effect on the reading of cach thermometer (1) of
placing a second burner under the flask, and (2) of dropping some
common salt into the flask ?

2. Describe carefully the manner in which the freezing and boiling
points on a thermometer are determined.

3. Take a glass tube open at one end and having a bulb at the
other. Hold the tube so that the open end dips into water. Heat
the bulb gently with a spirit lamp for a minute or two, and then
take the lamp away. \%}nt will be observed? How can you
acoount for the facts observed ?
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4. Mention conditions that should be satisfied by the bulb and
tube of a mercury thermometer. Give the reason for each condition
that you state.

5. I take two equal flasks, the mouths of which are fitted with
bored corks carrying long glass tubes, and fill one with water
coloured blue, and the other with methylated spirits coloured red ;
I then plunge them both into boiling water. Explain what will
take place, giving reasons.

6. Describe carefully how to construct a common thermometer.

7. What is meant by coefficient of expansion? Givea method of
finding it in the case of (@) a solid bar, (b) a liquid.

8. Onec-fifth of a bottle is filled with cold water; the bottle is
tightly corked ; the cork is pierced by a bent tube, one end of which
dips into the water of the bottle and the other into water standing
in an open vessel.  Describe the results that may be observed if the
bottle and its contents are heated up to a temperature of 99° Centi-
grade, and then allowed to cool.

WO, A nurse cleanses a doctor’s thermometer which reads up to
105° F. in boiling-hot water. The doctor now finds that the
thermometer is useless. Why is this?



CHAPTER X.

CHANGE OF STATE, MELTING POINT, BOTLING
POINT, VAPOUR.

Change of state.—Substances exist in three states, namely,
solid, liquid, and gaseous. By the action of heat a substance
may be changed from one state to another. Wax, for instance,
is usually a solid, but by heating it becomes a liquid. Butter
can in the same way easily have its state altered from solid to
liquid. Lead and zinc are also melted when heated, but at a
higher temperature than wax or butter.

A good example of the changes of state produced by heat is
obtained by heating a piece of ice until it becomes water, and
then heating the water until it passes off into steam or water
vapour. Here the same form of matter is by heat made to
assume three states ; in other words, ice, water, and steam are
the same form of matter in the solid, liquid, and gaseous state
respectively.

Change of state includes changes in the physical condition
known as liquefaction or becoming liquid, and vaporisation or
becoming converted into vapour. Thus, if we heat ice it is first
liquefied or becomes water, and is then vaporised or becomes
steam.

35. LIQUEFACTION.

i Melting point of wax.—Melt a little paraffin wax in a beaker,
and immerse the bulb of a thermometer in the liquid. When the
thermometer is taken out, a thin film of liquid paraffin will be seen
upon it. Let the bulb cool, and notice the temperature when the
wax assumes a frosted appearance, which shows that it is solidify-

144
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ing. When the wax on the bulb has become solid, place the ther-
mometer in a beaker of water and gently heat the water. Qbserve
the temperature at which the wax becomes transparent again. The
average of this result and the preceding one is the melting point of
paraftiin wax,

ii. Melting point of butter.—Placc a little butter in a test-tube,
and stand a thermometer init.  Place the test-tube in a beaker of
water being gently heated on a sand-bath.  Notice the temperature
at which the butter melts. Take out the test-tube when the butter
has all melted and let,
it cool. Notice the
temperature at which
it solidifies.

iil, Melting point of
ice,.—Put some small
pieces or shavings of
clean ice into a beaker
and insert a thermo-
meter into them. Re-
cord the temperature
indicated. Pour m a
little water, stir the
mixture, and again re-
cord the temperature.
Place the beaker on a
sand-bath and warm
it gently. Notice the
reading of the thermo-
moter so long as there FIG. 101—An experiment to illustrate regelation.
18 any ice unmelted.

In all these cases the reading of the thermometer is practically the
same, indicating that the temperature of melting ice is constant.

iv. Regelation.— (a¢) Press together two pieces of ice under water.
Notice that they stick together.

(b) Support a block of ice as in Fig. 101. Pass over the block a
loop of copper wire. Hang on to the wire a 56 1b. weight. Observe
that the wire cuts its way through the ice and that the melted
ice freezes again behind it.

Temperature of melting.-—When a solid is heated, the first
effect is usually an increase of size., But if the heating is
continned long enough, when the solid reaches a certain
temperature, which differs with different solids, melting begins.
The solid changes into a liquid. The temperature at which the
melting takes place is called the melting point. Thus, when a
lump of lead is heated, its temperature rises, it gets larger, and
as the heating is continued it is converted into a silvery-looking
liquid. Wax, ice, and iron are other examples of solids which
melt. But ice, wax, lead, and iron differ very widely in the

LS. L K
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temperatures at which they begin to melt, as the following table
shows:

Ice melts at - - - - - 0° C.
Bees-wax » - - - - - 62° C.
Lead w - - - - - 330°C.
Cast-iron »y - - - - - 1200° C.

So long as any of the solid remains unmelted, the temperature
does not rise above the melting point. You can easily satisfy
yourself that this is true in the case of ice. If you obtain some
small pieces of clean ice, and thrust a Centigrade thermometer
into them, you will notice that the thermometer records a
temperature of 0° C. Or, if you put some of the ice into a
beaker, and pour in some water, you will find after you
have stirred the ice and water together for a little while, pro-
vided you have put enough ice to be sure that it does not all
melt, that the thermometer still records a temperature of 0° C.
Even if you put the beaker, with the ice and water in it,
over a laboratory burner and warm it gently, you will still find
that, so long as there is any ice unmelted, the thermometer still
reads 0° C. It is evident, then, that the temperature of melting
ice is always the same, and remains the same so long as there is
any ice unmelted. Moreover, to change the state of a solid,
without changing its temperature, heat is expended.

Regelation.—If two pieces of ice, near the melting point, are
pressed together they adhere. The pressure at the points of
contact causes the melting point to fall and the ice in the neigh-
bourhood melts. On releasing the pressure freezing again takes
place, and the masses are joined together. This phenomenon
is called regelation. It is in consequence of this that glaciers—
rivers of solid ice—curve and flow like water. Fig. 101 shows an
interesting example of regelation.

36. VAPORISATION.

L Cooling produced by evaporation.—(a) Sprinkle a few drops of
SElrlqs qf wine, sal-volatile, or ether on your hand. Notice that
the liquid soon disappears, and that its presence in the air can be
detected by its smell. The rate at which the liquid evaporates is in-
creased by waving the hand about. Notice that the hand feels cold.
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(b) Pour a few drops of water upon a dry piece of thin wood, and
stand in the water a thin beaker containing a little ether. Blow
vigorously down a tube having one end in the ether (Fig. 102), or use
a pair of bellows. The ether rapidly evaporates, and in doing s0
takes heat from the water
between the beaker and
piece of wood. The heaker
and wood become frozen
together.

(c) Heat and boil water
in a flask. By meansof a
thermometer observe the
gradual rise of tempera-
ture until the water boils.
Take the temperaturc at
intervals while the water
is boiling. Notice that it
remains constant, though

heat . is being added all  yyo. 102. —-Experiment to show that water
the time. muay be trozen by the rapid evaporation of ether

close to1t.

Heat is required to
change a liquid into a vapour,—When a liquid is changed
into vapour a certain amount of heat is used up. It does
not matter whether the liquid evaporates or boils ; every gram
of it requires a certain amount of heat before it becomes
converted into vapour. In boiling, this heat is supplied
by the flame or fire, and in evaporation it is taken from the
objects in contact with the liquid. The faster the evaporation
the more quickly is heat absorbed in this way. When a liquid
evaporates very rapidly, the cooling produced is very noticeable.
For instance, if a few drops of either spirits of wine or ether
are sprinkled upon the hand, the liquid soon disappears and the
hand feels cold. The heat necessary for the evaporation of
these liquids is taken from the hand, or from any other things
with which they are in contact, consequently the hand becomes
cooler and cooler as the vapour is formed. So much heat may
be absorbed in this way that, as illustrated by the experiment
shown 1 kig. 102, water can be frozen by the evaporation of
ether in a vessel in contact with it.

In tropical countries, where the land gets very kot during the
day, evaporation takes place so rapidly after sunset that th
water sometimes becomes so much cooled, by the extraction ¢
the heat required to bring about the change from liquid f
vapour, that the water freezes.
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You will probably yourself have noticed that not only is the
dust laid by watering the roads in summer, but the air is
pleasantly cooled by the evaporation of the water.

It has been shown by several different experiments that
when once water has started to boil, its temperature gets
no higher than the boiling point. So long as there is any
water left, no matter how much you heat it, its temperature
remains the same.

37. BOILING POINTS.

. Determination of boiling points.—(a) Put a little methylated
spirit in a test-tube, and gradually heat it in a beaker of water
until the spirit boils. Find the temperature of the boiling spirit
and of the vapour, and record the results.

(b) A convenient arrangement for determining the boiling point of
a liquid is shown in Fig. 95. A can or flask F"is fitted with a cork,
through which a glass or brass tube B passes. Surrounding this
tube is a wider tube C, fitted upon the inner tube by means of
a piece of thick india-rubber tubing D. At the top of the outer
tube is a cork & having a hole in which a thermometer can be fitted.
‘When the water in the flask is boiled, steam passes up the inner tube
B, and down the wide tube C, and escapes at the outlet (G into the
open air.

(c) To use the apparatus, gently push the top of the stem of the
thermometer into the cork which fits in the outer tube, adjusting it
so that the 100° point is just below the cork.
Fit the cork in its place, boil the water, and
when steam has been coming off for about a
q}llm,rter of an hour, raise the cork and read
the thermometer. Repeat the observation
after a few minutes, and when two readings
obtained at an interval of about ten minutes
agree, record the observation. Determine the
boiling points of water, turpentine, milk, beer,
vinegar and whisky.

ii. Vapour pressure.—(a) I'ill a long tube
with mercury and invert it in a vessel of
mercury (Fig. 105). Keep this tube to show
p{m?t-el‘t}gagg;;zg the pressure of the atmosphere. Pass up a
D e inte baraorotoe gecond barometer tube three or four drops of
tube. water by means of a curved pipette as shown

in Fig. 103, Observe the depression of the
mercury column and that the water has evaporated. Pass a few
more drops of water up the tube. Note that no further evapor-
ation takes place and no further depression of the meroury.
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Repeat the experiment with the other tubes shown in Fig. 105,
using alcohol and ether. Tabulate your results.

Liquid used. Water. Alcobol. Ether.

Depression of
mercury column.

Temperature.

(b) Introduce some mercury into the bent tube (A, Fig.104). Pour
a little alcohol into the longer tube, and by tilting the apparatus
allow the alcohol to creep round the bend until some is introduced

7

Lv

F16. 104.— Determination of boiling point of alcohol.

into the shorter tube (B, Fig. 104). Place the apparatus in a beaker
of water with a thermometer. Warm the water and read the
thermometer at the instant the mercury stands at the same level in
both arms of the apparatus. The reading of the thermometer is the
boiling point of alcohol,
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Vapour pressure and boiling point.—The apparatus re
sented in Fig. 95 and described in Expt. 37 i. (b) is used m
the determination of boiling points. The thermometer is

immersed in the vapour from the
'H' ‘I""””"W boiling liquid and is protected
i" from cooling by an outer chamber
1

iy
k

| i
Iyl

‘] through which is flowing the
l}“ escaping vapour. When the tem-
f perature as indicated by the
i thermometer has become station-
ary, its reading is taken as the
boiling point of the liquid. At
this temperature the vapour pres-
sure is equal to that of the
atmosphere.

If a liquid is introduced into a
vacuum it rapidly evaporates. A
limit is however reached when,
with the vapour in contact with
its own liquid, evaporation ceases.
The space is saturated with the
vapour. That the vapour exerts
a definite pressure can be shown
by the apparatus represented in
Fjig. 105. The first tube on the left
is an ordinary barometer tube, the
remaining three have had intro-
duced into them respectively water,
alcohol, and ether. The water
having evaporated into the Torri-
cellian vacuum causes but a slight
fall of the mercury column. The

o alcohol and the ether exert an
F16.105.-Determination of vapour .

pressure. increased pressure. The depres-

sion of each mercury column

measures the pressure of each vapour at the temperature

of the experiment. If the liquids and vapours in the tubes

are warmed their pressures increase, and the mercury level

falls, When each has reached its boiling point the mer-

cury level outside and inside the tube is the same. The
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ekher will first reach this stage, its boiling point being
lowest.

This method of obtaining boiling points, usually employed for
liquids which boil at a lower temperature than water, is more
conveniently used in the apparatus shown in Fig, 104. The
liquid, the boiling point of which is required, is introduced
into the shorter arm of the bent tube. The apparatus is
heated in a water bath until the mercury level is the same in
both arms. The vapour pressure is now equal to that of the
atmosphere. The reading of the thermometer gives the boiling
point required.

38. EFFECT OF PRESSURE ON THE BOILING POINT.

i, Water boiling under diminished pressure.—Boil some water in a
flask, and let it continue to boil for some minutes until you can be
sure all the air is driven out of the flask. Remove the burner and
quickly insert a well-fitting cork. Allow the flask to cool for a few
minutes, then turn it upside down on a suitable support and throw
cold water on to the flask. Notice the water again starts boiling
vigorously.

Water boils at a lower temperature under diminished
pressure,—Pressure has a great influence on the boiling point of
aliquid. The weight of the atmosphere at the surface of the
earth is, it will be remembered, equal to that of a weight of
15 lbs. on every square inch. In studying the pressure of the
atmosphere it was seen that its amount upon an object depends
upon the extent of the air above the object. This pressure will
be less at the top of a mountain than at the bottom of a mine,
and consequently the pressure of the air will be in the former
situation less than in the latter. If we wish to boil a liquid,
therefore, in those cases where the pressure of the atmosphere is
great, we shall have to heat the liquid more before the bubbles of
vapour formed can escape at the surface of the liquid than when
the pressure is less. If we heat the liquid more, its temperature
will get higher before there is any conversion into vapour, and
consequently its boiling point will be higher when the pressure
is greater. In finding the boiling point of a liquid we must
therefore know the pressure of the atmosphere at that time and
place.
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Example of water boiling at a lower temperature under
diminished pressure.—A very simple experiment convinces us
that water may boil at a temperature considerably below
100° C. when the pressure upon its surface is diminished. All
it is necessary to do is to
take a sound cork which
tightly fits the neck of a
round-bottomed flask. We
then boil some water in
the flask and allow it to
continue boiling for some
minutes so that all the air
in the flask is driven out,
and its place taken by
steam. The burner is then
removed and the cork in-
serted into the neck of the
flask as rapidly as possible.
After standing to cool for
a minute or two, when,
F16.106.—Water below 100° boiling under owving o cooling, the tem.-

dimimshed pressure. perature can no longer be

100° C. the flask is turned

over and cold water poured upon its upturned under surface or

a cold wet sponge is squeezed upon it as shown in Fig. 106.

The cold water causes the steam in the flask to condense, and,

as no air can get in, the pressure on the surface of the warm

water is now less than it was before, and therefore the water
is seen to boil quite briskly again.

39. WATER DOES NOT ALWAYS EXPAND WHEN
HEATED.

i, Anomalous expansion of water.— Procure or construoct an
ag)paratus of the form shown in Fig. 107. The cylindrical bulb
should be about 10 cm. long and 1°5 cm. in diameter, and terminate
in a capillary tube having a bore of about 0'5 mm. Heat the bulb;
and let it cool with the open end of the tube inverted in mercury.
By this means sufficient mercury (M) may be introduced to occupy
about one-seventh the volume of the bulb. Then introduce in a
similar way sufficient boiled distilled water to fill the remainder of
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the bulb and part of the stem. A short length of oil may also be
introduced to prevent absorption of air and cvaporation. A paper
milllimctrc scale is then attached to the capillary
tube.

Support this apparatus in a wide test-tube con-
taining mercury, so as to securc uniformity of
temperature. lace a thermometer in the mer-
cury, and support the wide tube containing it
and the apparatus in a beaker of cold water.
Notice the position of the top of the liquid in
the tube, and read the temperature shown by
the thermometer. Add ice to the water, and as
the temperature falls notice the level of the
liquid in the tube for every degree down to 1°
or 2°C.

Then let the water in the beaker gradually
rise in temperature, adding a little warm water,
if necessary, and again observe the positions at
the same temperatures as before. The mean of
the two positions observed for each temperature
should be taken as the true reading for that
particular temperature. By means of squared or
section paper, 1t is casy to construct a curve to
represent graphically the observations of the
changes of volume of water at temperatures near
the freezing point.

The observations, with or without the curve con-
structed from them, will show the temperature at
which the water in the apparatus has the smallest
volume, and therefore the maximum density.
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Changes in volume and density as water
is cooled,—Tt has already been learnt that if
the volume of a body gets greater while its
weight remains the same, what is called the
density of the body must get less and less. It
is quite clear that, if the same amount of
matter occupies a larger space, it must be
less closely packed into that space, and it  Fia.107.— Ap-
is the closeness with which matter is packed poraius for the de-
into a space which we have learnt to call changos of volume
density. What changes in density take place freezing pomnt.
when water is gradually cooled ? Since it has
been proved by experiments that the same weight of water
gradually gets smaller and smaller in volume as it is cooled
down to 4° C,, we can also express the same fact in another

way and say that its density becomes greater and greater as
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it is cooled down to 4° C. As from this temperature it gets
larger as the cooling is continued, its density must get less and
less. On the contrary, if we
begin with water at 1° C.
and gradually warm it, the
density steadily increases up
to 4° C, and from that
temperature upwards the
: density regularly diminishes.
: Because any weight of water
éé - has a smaller volume at 4° C.
&0 %i il é%% than at any other tempera-
8° 7° rfcs %en‘t"; rg&cgo ° o ture, or, what is the same
Deg & ) thing, has a greater density
Fra. 108"01‘,)2'8{522;’532:;:1“éf‘"‘ of water ¢ this than any other tem-
perature, 4° C. is referred to
as the temperature at which water has its maximum density.
Hope’s apparatus,—An experiment with what is known as
Hope’s apparacus shows very well that water is at its maximum
density at 4° C. A cylinder pro-
vided with two side necks in the
way shown in Fig. 109 is filled with
water at the same temperature as
the air. Into the side necks, corks
with thermometers passing through
them are fitted. A freezing mix-
ture, which can be made by mixing
salt with pounded ice, is applied to
the middle of the cylinder. This is
done by filling a vessel, fixed round
the middle of the outside of the
cylinder, with the mixture in a way i
which the illustration makes quite t{,{,“;,,i:’;’;:,,ﬁ:,{"’;‘;\2“{:,*,‘,';02‘;”,
clear. The freezing mixture, of ture of maximum density of
course, at once cools the water in '
the middle of the cylinder. On watching the thermometers
it is found that the first effect of the cooling is to cause the
temperature of the lower thermometer to fall.
The temperature of the upper thermometer, however, remains
unaltered. The only way in which this can be explained is by
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snpposing that as the water in the middle of the cylinder is
cooled it gets colder and sinks to the bottom. As the cooling
proceeds it is found that the water at the bottom of the cylinder
never gets below 4°C.  But soon after the water at the bottom of
the cylinder has reached 4°C., the temperature of the upper
thermometer begins to fall, and goes on getting lower till it
actually reaches 0°C. But all this time the water at the
bottom remains at 4°C. Now it is quite clear that the densest
water will sink to the bottom, and as the temperature of the
water there remains at 4”C. it may be concluded that water at
this temperature is denser than at any other.

\ W
WATER BELOW A TEMPERATURE
OF 4°C RISING TO THE TOP

. WATER
AT TEMPERATURE OF 4°C

F16. 110.—8tages in the froczing of a pond of water.

These considerations are summed up in the statement that
water at a temperature of 4°C. expands whether it is heated
or cooled.

Results in nature of the peculiar expansion of water.—
From the results of an experiment with Hope’s apparatus, or
a consideration of the expansion and contraction of water, it i
easy to understand what happens when the water of a pond is
gradually cooled on a frosty night. As the temperature of the
water at the surface gets lower and lower, the water there con-
tracts and is consequently denser. It therefore sinks, and its
place is taken by warmer water from below. The same cooling
and sinking of the surface water continues until the tempera-
ture of the whole of the water is 4°C., at which temperature it
has its maximum deusity, and consequently when the water at
the bottom of the pond reaches this temperature it remains
where it is. After the temperature of the water at the surface
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it is cooled down to 4° C. As from this temperature it gets
larger as the cooling is continued, its density must get less and

Seatlece]
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Degrees  Centigrade.

F16. 108.—Changes in the volume of water
between 0° and 3°C

less. On the contrary, if we
begin with water at 1° C.
and gradually warm it, the
density steadily increases up
to 4° C, and from that
temperature upwards the
density regularly diminishes.
Because any weight of water
has a smaller volume at 4° C.
than at any other tempera-
ture, or, what is the same
thing, has a greater density
at this than any other tem-
perature, 4° C. is referred to

as the temperature at which water has its maximum density.
Hope’s apparatus,—An experiment with what is known as
Hope’s apparavus shows very well that water is at its maximum

density at 4° C. A cylinder pro-
vided with two side necks in the
way shown in Fig. 109 is filled with
water at the same temperature as
the air. Into the side necks, corks
with thermometers passing through
them are fitted. A freezing mix-
ture, which can be made by mixing
salt with pounded ice, is applied to
the middle of the cylinder. This is
done by filling a vessel, fixed round
the middle of the outside of the
cylinder, with the mixture in a way
which the illustration makes quite
clear. The frcezing mixture, of
course, at once cools the water in
the middle of the cylinder.

F16. 109.—Hope's apparatus for
the observation of thu tempera-
ture of maximum density of
water.

On watching the thermometers

it is found that the first effect of the cooling is to cause the
temperature of the lower thermometer to fall.

The temperature of the upper thermometer, however, remains
unaltered. The only way in which this can he explained is by
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has reached 4°C., any further cooling causes it to expand and
get lighter, and this result continues until 0°C. is reached and
the water at the surface is changed into ice, which, being con-
siderably lighter than water, remains on the surface. Ice is,
moreover, a very bad conductor of heat, and consequently the
temperature of the water below the ice gets cooler very slowly,
and the thickness of the ice increases at but a small rate.
This condition of things prevents several disastrous conse-
quences which would of necessity
(l‘l’lAM ‘having mow@ follow if ice were denser than
‘.;(w(/’ Be wmﬁ wnch  water. If ice were denser than
ﬁ\) H J))) water, it would sink to the bottom

(\\\ of the pond at the moment it
L/ J) was formed, and as the frost

pond continued, the ice would spread
throughout the mass of the water,
and not only would this result in
the destruction of all the water
animals in the pond, but it is
more than probable that the heat
of summer would be insufficient
to melt it completely.
Summary of results.—When
a piece of ice at a temperature
below 0° C. is warmed it expands,
like most other solids, until the
temperature of 0° C. is reached.
Jig AL Grphic raraentation At o temperature of 0° C., we
perature accompanying changes of know that it melts and changes
state of water. into water at 0° C. While this
change is taking place, though heat is continuously being
added, there is no rise of temperature. The heat is used up
in changing the state of the ices After all the ice has been
changed into water at 0°C., each successive addition of heat has
two effects. First, the temperature is raised, and secondly, the
size or volume of the water is altered. Whilst, however, the
temperature rises regularly, the alterations in size are not
regular ; the size of the water gets smaller and smaller to
begin with for every degree increase of temperature, This
is continued until the temperature of 4°C. is reached, at which

= F?n{,l&g‘
=7
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temperature the water has a smaller size than at any other, or
is at its maximum density. From 4° (. onwards the temperature
and volume increase together as the water is more and more
heated, and this holds true until a temperature of 100” C. is
reached, when the water boils and is changed into steam.
When once the water has commenced to boil, the temperature
remains at 100° (., or, as 1t is called, the boiling point of water,
so long as any water is loft. If steam is placed in an enclosed
vessel away from water, its temperature can, of course, be raised
above 100° (. ; in this case, what is known as supcrkeated steam
would be obtained.

40. FREEZING MIXTURES.

A Freezing Mixture.— Mix five parts of pounded ice with two
parts of common salt i a mortar. Place a test tube partly filled
with water in the mixture. After a few minutes the water will be
found to freeze. Find the temperature of the mixture with a
thermometer

We have seen that melting takes place at a temperature
which is fixed according to the nature of the solid. The heat
used to produce the melting does not raise the temperature and
it is thercefore called latent or hidden heat. If a solid melts,
heat is therefore absorbed, and if tho heat is not supplied by a
gas flame, for instance, it is obtained from the vessel holding
the solid, which will consequently fall in temperature. When
salt is mixed with broken ice, the ice melts and the vessel con-
taining the mixture, and the mixture itself, fall in temperature.
The ice is caused to melt by being mixed with the salt. Such a
mixture is called a freezing mixture, for it is used to freeze or to
cool greatly substances placed in the mixture.

Examples of freezing mixtures.

Snow,orpoundedice) producea |Snow - - -} produce a
Salt- - - -lfall of 20°C. | Hydrochloric Acid [ fall of 42°C,
Snow - - -} producea |Sodium Sulphate -\ producea

Calcium Chloride -/ fall of 45°C. | Hydrochloric Acid | fall of 28°C.,
CHIEF POINTS OF CHAPTER X.

Melting point.—The temperature at which a solid changes into a
liqud is called its melting point.

The melting point of a solid is lowered by pressure. Two pieces
of ice, if pressed together with sufficient force, become united
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through melting and the re-freezing on the release of the pressure.
The phenomenon is called regelation.

Boiling point.—When a liquid is changed into a vapour by the
formation of bubbles in 1ts interior which escape at the surface of
the liquid it is said to bol. The temperature at which this takes
place 1s called the boiling point.

The boiling point of a hquid 15 always rased by an increase of
pressure. .

Changes in volume as water is cooled.—Water steadily contracts
as it is cooled to 4°C. If the cooling is continued below 4°C., the
water begins to expand, and does so until 0° (. is reached.

The density of the water in the same circumstances increases until
4° C. is reached. from which temperature it diminishes as the cooling
proceeds ; 4’ C. is known as the temperature of marimumn density of
waler.

In its conversion into ice, water expands very much and with
great force. Tee cxpands with a rise and contracts with a fall of
temperature.

Freezing mixtures.—Certain solids when mixed together suffer a
great fall in temperature. This tall is due to the absorption of heat
by the mixture on liquefving.

EXERCISES ON CHAPTER X.

1. A vessel of water at the freezing point contains two small glass
bulbs. One is at the bottom, the other floats, but 18 almost wholly
below the surface. The water is gradually heated ; soon the bulb that
was at the bottom rises, but after a while sinks acain, and reinains
sunk. What is the meaning of this behaviour ?  How will the other
bulb behave during the heating of the water ?

2. Desceribe how you would graduate a thermometer. Would
any correction be necessary if you did it on the top of a mountain,
or at the hottom of a coal mine ?

3. What do you understand by the temperature of maximum
density of water ? How has the temperature been determined ?

4. By means of an india-rubber tube the steam from a boiling kettle
is passed into a mixture of ice and water in which a thermometer is
placed. The experiment is continued for a considerable time, the
mixture being kept well stirred. Describe the results which may
be observed and the behaviour of the thermometer.

5. A few drops of water are poured into a flask : the flask is
boiled for a minute or two over a' spirit lamp, and then quickly
plunged, mouth downwards, into cold water. What results may
be observed ? How do you account for these results ?  What results
will be obtained if the flask is kept empty, but allowed to stand in
boiling water before being plunged into the cold water ?

6. Describe experiments which you have seen illustrating the
conversion of (a) a solid into a gas, (b) a liquid into a solid, (¢) a
liquid into a gas. Describe what you have observed during each

rocess. [Reference to any of the forms of water must be excluded
TOm your answer.]



CHAPTER XI.

QUANTITY OF HEAT AND ITS MEASUREMENT;
SPECIFIC HEAT: LATENT HEAT.

41. QUANTITY OF HEAT IN RELATION TO
TEMPERATURE AND WEIGHT.

1. Distinction between temperature and heat.—Place a can or
beaker containing water over a burner. Place in the can a small test-
tube containing water.  After the can has heen heated for a little
time, observe the temperature of the water in the test-tube and
surrounding it ; it will be the same. Take away the burner, and
lift the test-tube out of the can.  You now have a small quantity of
water and a larger quantity both at the same temperature; but
there is more heat in the large amount than in the small amount.
Prove this by pouring the hot water from the test-tube, and that
from the can, into the same quantity of cold water from the tap in
separate large beakers.  The large amount of hot water will thus be
found to have a greater heating cffect than the small amount ; hence
it must have possessed more heat than the small amount.

ii. Result of mixing hot and cold equal weights of the same sub-
stance.—(a) Put a certamm weight of warm water in a beaker, and
the same weight of cold water in another beaker. Observe the
temperature of each by means of a thermometer. Pour the cold
water into the hot. It will be found on stirring them together
with the thermometer (taking care not to break the thermometer),
that the temperature of the mixture is midway between the two
original temperatures.

(b) ¥From the observations construct a table like the one below, to
show that the temperature, produced by mixing equal weights ot
the same liquid at different temperatures, is cqual to half the sum ot
the temperatures : :

Temperature of ‘ Temperature of A+B Temperature
Water 4. Water B, 2 " of Mixture.

-_i__.
i
I
i
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iii, Equality of loss and gain of heat.—(a) Weigh about 200 gms.
of cold water into a beaker, and observe its temperature, Put the
same weight of water into another beaker; heat it to about 45° C
Now place the beaker of hot water on your table, with a thermo-
meter in it, and observe its temperature. When the temperature
has fallen, to say 40° C., take hold of the beaker with a duster, and
quickly pour the hot water into the cold.  Stir up the mixture with
the thermometer, and ohserve the temperature after mixing.  Record
your observations as below :

Weight of cold water, - - - - ... gms,
Temperature Y - - - - “ O
v of mixture, - - °C.

Number of degrees through which the
temperature of the cold water was

raised, - - - - - - °C.
Weight of hot water, - - - R gms.
Temperature of hot water, - - S °C.
Number of degrees through which the
temperature of the hot water tell, - C.
Tabulate the gam and loss of heat that occw, as shown below ¢
Gan, Loss
A . »
Weight of cold water. Weight of hot water
x1ts 1se of temperature > ats fall of temperature
CX e N

not really the case, and 1t only appears so because the amount of
heat required to raise the temperature of the glass ot the heaker
containing the cold water has not been taken mto consideration.

(b) Repeat the experiment, using unequal weights of hot and cold
water. Notice that in cach case the weight of hot water x the fall
of semperature is approximately equal to the weight of cold water
X the gain of temperature. The difference shows the amount of heat
absorbed by the glass of the cold beaker.

The amount of heat gained by 1 gram of water when its tempera-
aare is raised 1'C., or lost when its temperatuwre falls 1°C., is
adopted as the unit quantity of heat.

Difference between heat and temperature. —Temperature
is not heat ; it is only a state of a: body, for the body may he
cold one minute and hot the next. A hot body is one at a high
temperature, a cold body one at a low temperature. If a hot
body and a cold body are brought into contact there is an
exchange of heat until they are both of the same degree of hot-
ness or coldness, that is, at the same temperature. Hence,
temperature may be defined as a condition or state of a body waich
is changed by the gain or loss of heat.
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Analogy of temperature with water level.—It is well
known that if two vessels containing water and arranged at
different levels are connected by means of a piece of india-rubber
tubing, there is a flow of water from the vessel of water at the
higher level towards the vessel at a lower level. This is a con-
sequence of a property possessed by all Jiquids which makes
them, as we say, seek their own level. This flow of water con-
tinues until the water in the two vessels is at the same level.
Kvidently this is a sinular state of things to that which we
have in the case of a hot and cold body in contact. In one
case there is a flow of water until the level is the same in the
two vessels. In the other there is a passage of heat until the
temperature of the two hodies is the same.  Temperature corres-
ponds to water-level.

Temperature changes when hot and cold liquids are mixed.
-—Temperature may be regarded as heat-level, so that a hot
substance is at a higher heat-level than a colder one. Now
suppose that a certaan weight of hot water is put into one
vessel and an equal weight of cold water into another.  We shall
then have equal weights of water at different heat-levels 1f
the two liquids are mixed together, the temperature or heat-
level of the hot water will fall, and the temperature of the cold
water will rise. The loss of level of one will be equal to the
gain by the other, so that the temperature of the mixture will
be midway between the two original temperatures  Thus, if the
weights of water are equal, and the temperatures at first ave
60° (. and 20” (., then the temperature of the nuxture will be
40° C. The temperature of the hot water would fall 20° C.
and the temperature of the cold water would rise 20° C.

The actual temperature of the mixture would be slightly less
than the calculated temperature, because some heat would be
lost while the liquids were being mixed. The loss may be
regarded as a leakage of heat, and it would of course reduce the
heat-level of the mixture in the same way that a leak in a water-
level apparatus would cause the level after mixing to be less
than it would be if the apparatus were perfect.

Quantity of heat in water at different temperatures,—
Quantity of heat may be measured by heating effect, so that we
can say that the quantity of heat in a certain quantity of water
dspends upon the weight of the water and its temperature. For

LS. L L
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any temperature, say 60° C., we may regard the amount of heat
in 100 grams of water as twice as great as in 50 grams of water,
if we imagine for the sake of simplicity that water at 0° C. con-
tains no heat. When equal or unequal weights of water at
different temperatures are mixed, the quantity of heat lost by
the hot water is the same as the quantity gained by the cold
water. The fall of temperature multiplied by the weight of hot
water is equal to the rise of temperature multiplied by the
weight of cold water.

Unit quantity of heat.—Now that it has been shown that a
substance may possess different quantities of heat, it is time to
consider how such quantities of heat are measured. As in all
other cases of measurement, a unit or standard quantity is
required with which to compare quantities of heat. The unit
quantity of heat generally adopted is the amount of heat necessary
to raise the temperature of one gram of water through one degree
Centigrade. This unit is called a calorie or therm. The amount
of heat required to raise the temperature of 2 grams of water
through 1° C. is thus 2 units or 2 calories. Similarly, if 1 gram
of water at 0° C. is heated in a test-tube over a burner until its
temperature is 1° C., it will have received from the burner
1 unit of heat, or 1 calorie. When the temperature of this 1
gram of water reaches 3°C. it will have received 3 units of heat.
If the tube contains 10 grams of water at 0° C., and its tempera-
ture is raised to 12° C., it will have received 10 timnes 12 units
of heat, the number of units being equal to weight (in grams)
x increase of temperature (in degrees Centigrade).

It will thus be seen that the number of units of heat taken up
by any weight of water as its temperature rises, or the amount
given out by any weight of water, the temperature of which is
falling, may be found by multiplying the number of grams of
water used by the number of degrees, as measured by a Centi-
frude thermometer, through which the temperature rises or
alls. This rule may be written as follows :

Number of heat-units=weight of water in grams x number

of degrees Centigrade through which
its temperature rises or falls.
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42. QUANTITY OF HEAT IN RELATION TO SUB-
STANCE AS WELL A8 TO TEMPERATURE AND
WEIGHT.

i, The same quantity of heat may produce different changes o.
temperature,—Weigh out equal quantitics of water and turpentine at
the same temperature in two beakers of the same size. Pour equal
quantities of hot water at the same temperature into the cold water
and into the turpentine. Observe the rise of temperature produced
in each case. Though the equal amounts of hot water contain the
same quantity of heat, the rise of tem-
perature of the turpentine will be found
to be more than the rise of temperature
of the cold water ; in other words, the
capacity of turpentine for heat is less
than the capacity of water for heat.

{i. Comparison of rates at which water
and mercury gain heat.—Weigh out
equal quantities of cold water and
mercury at tho same temperature in
two test-tubes or flasks. Support the
two vessels side by side at the same
distance above a flame, or in a large
beaker of boiling water. Let them
remain for a few minutes ; then observe
their temperatures. The rise of tem-
perature of the mercury will be found
to be greater than the risc of tempera-
ture of the water; in other words,
mercury gets hot more quickly than
water under the same conditions.

iii. Different quantities of heat in w{{grlgfd—mlm:: ‘éfjsglx bgf
equal weights of different substances at come hot at equal l{xtcs, though
the same temperature.—Place equal they both have the same oppor-
weights of lead and water in test-tubes tunity.
standing in the same beaker, and heat
them over a laboratory burner until the water boils; the temperature
of both the lead and water will then be about 100° C. Provide two
beakers containing equal weights of cold water at the temperature
of the room. Put the hot lead into one of these and the hot water
into the other. Stir both mixtures and note the temperature in
each case. The water into which the heated lead is plunged is not
at so high a temperature as that into which the hot water is poured.

Equal weights of water at the same temperature are thus shown
to be heated to different degrees by equal weights of lead and water
at the same high temperature,

iv. Capacity for heat.—Place some iron nails in a beaker, and the
same weight of cold water in another beaker. Let the two beakers
stand for a while so as to assume the temperature of the room.
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Boil water in a kettle or other vessel, and pour equal quantities
into the two beakers. Obscrve tho temperature of the mixture in
the two beakers. The iron nails will be found to be hotter than the
water in the other beaker, because iron takes less heat to raise its
temperature than 1s required by
an equal weight of water at the
same temperature.

v. Heat capacity of iron and other
metals.—-(2) Weigh out about 50
grams of cold water and observe its
temperature. Put into a test-tube
an equal weight of iron tacks ; stand
the test-tube, with a thermometer
surrounded by the tacks, in a beaker
of water, and boil the water
(Fig.113). Observe the temperature
of the tacks, and when the water
has been steadily boiling for some
time, take out the thermoneter
and cool it under the tap.  Quickly
pour the heated tacks into the cold
water, and observe the temperature
of the mixture. Notice that it is
not so lngh as when the hot water
is added,

T1G. 113,—Method of heating mctals . .
in test-tuhes for the (lcﬁuhnjnalh(ﬂ\ of Comparlson of heat quanti-
thowr upaclly fr heat, T st ies.—1t hus been seen that the
at the top. quantity of heat in water depends
upon (i.) the weight of the water,
and (ii.) its temperature. It might e supposed, therefore, that
as any weight of water at a certain temperature contains a
certain quantity of heat, the same weight of another substance
at the same temperature contains the same quantity of heat.
This, however, is not the case. 100 grams of water at a tem-
perature of 50° C, always contain 5000 units of heat,! but 100
grams of turpentine, mercury, lead, iron, or any other substance
at the same temperature as the water, namely 50° C., do not
contain this number of units of heat. The quantity of heat in
a substance thus not only depends upon the weight and the
temperature, but also upon the substance itself.
Capacity of water for heat.—Of all known substances,
water has the greatest capacity for heat ; consequently a larger
amount of heat is required to raise the temperature of a

_ 1 Assuming for simplicity that water at 0° C. contains no heat.
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given weight of water through a certain number of degrees
than is needed by an equal weight of any other substance.

Thus, suppose a pound of water be put into one flask and a
pound of mercury into another, and that these flasks are then
heated for five minutes by two laboratory burners, which, as far
as we can tell, give out the same quantity of heat. The
temperature of the two liquids at the commencement of the
experiment is, say, 15° C. If at the end of the experiment the
temperature of the water was 20° C., that of the mercury would
probably be about 180° C,, and in order to raise the water to
this temperature, if that were possible by this means, much
more heat would be required. Similarly, and for the same
reason, in cooling through any number of degrees of tempera-
ture a definite weight of water will give out a larger amount
of heat than an equal weight of any other substance, the tem-
perature of which falls through the same number of degrees.

Results in nature of the high capacity of water for heat.—
The results in nature of this great capacity for heat which water
possesses are important.

Though water takes a large amount of heat to warm it and is
consequently heated by the sun’s rays only slowly, yet when it
cools it parts with its heat just as slowly. The effect of this on
the climate of islands is very marked. The winter temperature
is never very low, and the climate never very severe, because
the water surrounding the country acts as a great storehouse,
slowly giving up heat to the land. Similarly, the summer
temperature is never unbearably hot, because the surrounding
water takes so long to warm, and, being always cooler than
the land, keeps the temperature of the latter from getting
very hot.

Temperatures produced by mixing various hot and cold
substances.—If equal weights of lead and water be heated to
the same high temperature, say 100° C., and the lead be plunged
into a given weight of water at a lower temperature, say 20°C.,
and the hot water be mixed with another equal weight of water
at 20° C,, and the resulting temperatures in the two cases be
determined, it is found that the temperature of the weight of
cold water into which the hot water was poured is higher than
that of the equal weight of cold water into which the lump of
lead was plunged. Hence, equal weights of lead and water at
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the same high temperatures cannot give out the same amount
of heat when cooled, because they contain unequal amounts.
The water at 100° C. contains a larger quantity of heat than an
equal weight of lead at 100° C., because its capacity for heat is
greater.

Or, if 1 1b. of water at the temperature of the air be mixed
with 1 1b. of iron at 100° C,, the resulting temperature is not so
high as that obtained by mixing 1 lb. of water at 100° C. with
1 Ib. of iron at the atmospheric temperature. This evidently
means that 1 1b. of water at 100° C. contains more heat than
1 1lb. of iron at 100° C., or the capacity of iron for heat is less
than that of water. In the same way, similar experiments with
water and mercury show that the capacity of mercury for heat
is less than that of water.

Comparison of capacities for heat of different metals.—-
When equal weights of water, tacks, copper-wire, and mercury
at the same high temperature, that of boiling water, for instance,
are each in turn stirred up with equal weights of cold water at
the same temperature and in separate beakers, it is found that
the hot water raises the temperature of the weight of cold water
in which it is placed through a larger number of degrees than
any of the other substances raise the temperature of the weight
of water into which they are placed. This is because the capacity
for heat of water is greater than that of any of these (or any
other) substances.

If the temperature is observed of the mixture formed in each
of the cases supposed, namely, tacks and water, copper-wire and
water, and so on, and then the number of degrees through
which each has raised the temperature of the water into which
it was put is calculated, a series of numbers is obtained which
enables a comparison to be made of the capacities for heat of
each of the substances experimented with. The substances
arranged in the order of their capacities for heat stand thus:
(1) Iron (tacks) ; (2) Copper-wire ; (3) Mercury ; (4) Lead.

The amount of heat required to raise the temperature of one
gram of a substance through 1° C. or the amount of heat given
out by one gram of a substance the temperature of which falls
through 1° C,, in comparison with the amount of heat taken up
(or given out) by an equal weight of water, is known as the specific
heat of the substance.
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43. SPECIFIC HEAT.

1. Bpecific heat of a solid. —Wcigh out into a copper calorimeter
about 30 grams of water and observe its temperature. Introduce
into the test-tube of the stcam-hecater (Fig. 114) about 20 grams of
small iron tacks. Boil the water in the heater and observe the
temperature of the tacks.

/

F16. 115.—Method of pouring substances out of the
stvam-heater,

F16. 114.--Apparatus for heating substances for specific heat
experiments. A, test-tube ; B, outlet for steam ; P, cork : K, can
contaming water.

Take hold of the test-tube, or of the whole steam-heater, with a
duster ; quickly pour the tacks into the cold water, tipping the
heater as shown in Fig. 115, and observe the temperature of the
mixture.

Weight of water, - - - - - - grms.
T'emperature of water, - - - - - L0
' mixture, - - - - “C
Number of degrees through which the tem-
- perature of the water was raised, - - °C.
Weight of iron tacks, - - - - - gms,

Temperature " - - - - -
Number of degrees through which the tem-
perature of the tacks fell, - -
The heat given out by the tacks in cooling ...... °C. is equal to
the weight of water x its rise of temperature
...... gms. x .....°C.
...... calories.
...... grams of tacks in falling ......° C. gave out ...... calories.
1 gram of tacks in falling ... °C, gives out ...... calories.
1 gram of tacks falling 1°C. gives ou? ...... calories.
This is the specifie heat required
No account has been taken herc of the heat given to the calori-
meter. It is equivalent to a certain extra weight of water.
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1. The water equivalent of a calorimeter.—Determine the weight
in grams of a copper calorimeter. Observe the temperature of the
air and consequently of the calorimeter.

Pour into the calorimeter a convenient quantity of warm watcer
at a temperature of from 35°C. to 40°C. Enough to one-third
fill the calorimeter is a good amount. Notice with a thermometer,
which you should carefully use as a stirrer, that, on pouring the
warm water into the cold calorimeter, its temperature falls. \%’hen
its temperature becomes stationary, which it will soon do, record
the temperature again. Determine the weight of the calorimeter
and water. Subtract the weight of the calorimeter, and so obtain
the weight of water used.

Weight of calorimeter, - - - - e gms.
Temperature of calorimeter, - - - EE °C.
Weight of water, - - - - - S gms.
Temperature of water, - - - - - R 08
Resulting temperature, - - - - N °C.
The exchange of heat which takes place may be considered
as follows :
Weight of hot water x fall of temperature

e X eiins
...... calorics.

This gives the number of heat units used in increasing the
temperature of the calorimeter by an observed number of degrees.
Find from the result the number of calories required to rase the
temperature of the calorimeter through 1°C., that is, the water
equivalent or water value of the calorimeter.

ili. Determination of the specific heat of solids.—Dctermine the
weight of the copper calorimeter, the water cquivalent of which you
have already found. Pour in enough water to one-third fill it.
Aiain weigh, Put a thermometer into the water and leave it to
take the temperature of the water. When the temperature is
stationary, record it. Weigh out about 50 grams of short picces of
copper wire. Heat the copper in the steam-heater provided, and
record the temperature of the copper with a second thermometer.
Quickly introduce the hot copper into the cold water, stir, note the
rise in temperature of the water, and, when constant, record.

Set down your observations thus :

Weight of calorimeter and water, - - gms.
s ’ alone, - - - '
Therefore weight of water in calorimeter, -  ...... '
Water value of calorimeter, - - - 'y
Total water, - o e '
Temperature of mixture, - - - - . .. °C.
’ ,y Water, . - - LT I

Therefore rise of temperature, - - -
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Quantity of heat gained, - - - - ... calories,
Weight of copper, - - - e gms,
Temperature of copper be fore mlxmg, < e “C.
s ,, mixture, - - - = e »
Therefore fall of temperature, - - e ’
. grams of co é}pcr infalling ... degrees gaveout ...... calorics
gamed by cold water and calorimeter ;
therefore
1 gram of copper in falling...... degrees would give out
..... calories ;
and N
1 gram of copper in falling 1°C. would give out...... calories.

The result thus obtained is the specific heat of copper.

iv. 8pecific heats of liquids.—(«) Weigh a calorimeter. Half fill
it with turpentine, and find the weight of the turpentine. Observe
the temperature of the turpentine.  Observe also the temperature of
some boiling water. Pour boiling water into the turpentine ; keep
the two liquids well stirred, and observe the temperature of the
mixture. Iind the weight of the water added. From these
observations caleulate the specitic heat of turpentine.

(b) Determine in the same way the specific heat of mercury.

Examples of the determination of specific heats.—To
obtain the specific heat of a substance, a convenient quantity of
the substance is usually heated to a definite temperature and
then allowed to give up its heat to a known weight of water.
If losses through radiation and other causes are avoided as
much as possible, the heat lost by the substance in cooling
may be taken as equal to that gained by the water in having
-its temperature raised. The weight and rise of temperature
of the water having been observed, this gain of heat can be
calculated by multiplying the weight of water by its rise
of temperature. The heat lost by each gram of the substance,
the specific heat of which is being determined, in cooling 1°(",,
can then be calculated, and the result is the specific heat
required. The following actual experiment will show the
calculation necessary.

A weighed bunch of bronze coins were heated in a steam
heater (Fig. 114) until they acquired a constant temperature
near 100°C. They were then quickly dropped into a known
weight of water, the temperature of which had been deter-
mined. After stirring thoroughly, the highest temperature
attained by the mixture was observed.
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The following are the observations recorded :

Weight of water and calorimeter, - - 10515 gms.

Weight of calorimeter, - - - - 3887 ,,
Weight of water, - - - 6628

Temperature of water, - - - - 167° C.

' warmed water, - - 23:5°C.
Therefore rise of temperature, - - - 68C.
Quantity of heat gained by the watel, - 6628 x 6'8 calories,
Weight of brome coins, - - 6727 éms
'lcmperatuxe of bronze before mlxmg, - 998

' warmed water, - . 235°C
Therefore fall of temperature of coins, - 763 C.

Thus 6727 grams of bronze in cooling 76'3° C. gave out 6628 x 68
calorics, which were gained by the water.

Hence 1 gram of bronze cooling 76°3° C. gave out
66-28 x 6°8

—§Tai — calories.
Therefore 1 gram of bronze cooling 1° C. gave out
6628 x 6°8

9T %763 calorie =0°087 calorie.

This by definition is its specific heat.
Specific heat of bronze =0087.

Water equivalent of a calorimeter.—In this calculation.
no account has been taken of the heat spent in warming the
calorimeter. Its presence is equivalent to an extra quantity
of water. The amount of water the calorimeter is equivalent to
is called its water value. The following is an actual experiment
made to determine this.

A calorimeter was taken, weighed, and placed in cotton wool
in a large beaker. It was then partly filled with a weighed
quantity of cold water. Into this was poured a quantity of
warm water, and the whole stirred until a constant tempera-
ture was reached, which was observed.

Temperature of cold water, - - - 146°C.
" warm ,, . . - 630°C.
’ mixture, - - - - 847 C
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Therefore fall of temperature of warm water, 28-3° C.
And rise of temperature of calonmeter

and cold water, - . - - 201°C.
Weight of calorimeter, - - - 3887 gms,
' ’ and cold water, - 9033 ,,
and mixture, - 12976 ,,
lherefone woxght of cold water alone, - 5146 ,,
And ,, warm water alone, - 3943 ,,
Therefore the heat glvcn out by the warm
water, - - - - 3943 x 283 calories.
This would raise the bempcxature of 39 43 x 283 grams of water

through 1° C.
39-43x 283

Therefore this would raise -— =55'6 grams of water
through 20-1° C. - 201

It actually raised 51'46 grams of water through this temperature.
The calorimeter was thercforo equivalent to
555 - 5146 =404 grams of water.

Therefore water value of the calorimeter=4'04 grams.
This result can now be applied to improve the caleulation of
speoific heat in the first experiment.

Weight of calorimeter and water, - - 10515 gms.
'y ' alone, - - - 3887 ,,
Weight of water in calorimeter, - - 6628 ,,
Water value of calorimeter, - - - 404 ,,
Total water, - - - - 7032,
Temperature of warmed water, . - 235°C.

" water, - - - 167°C.
Therefore rise of temperature, - - - 6-8° C.
Quantity of heat ga.med - - - - 70-32 < 6°8 calories.
Weight of bronze coins, - - 6727 gms.
Temperature of bronze before mlxmg, - 998°C.

' , in water, - - 235°C.

Thercfore fall of temperature, -  76:3° C.

?7 ‘27 grams of bronze in falling 763 degrees gave out 70'32x 68
oalorics,

Therefore 1 gram of bronze in falling 76°3 degrees would give out

703268

6727

And 1 gram of bronze in falling 1° C. would give out

70-32x 68

6727 x76'3

The result thus obtaincd is the specific heat of bronze.

——calorics.

caloric =0'093 calorie.
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44. LATENT HEAT.

1. Heat required to melt ice.—(a) Let a few lumps of ice stand in
a beaker until some of them have melted. Notice that the tempera-
ture is 0° C. Counterpoise two empty beakers of the same size in
the pans of a balance, and put a small lump of the ice into one, and
the same weight of water from the melted ice in the other. You
have thus equal weights of ice and water at 0° C. Pour equal weights
of hot water into the two beakers. When the ice is melted, observe
the temperature of the water in each beaker. The temperature of
the water in the beaker in which the ice was placed will be found
much lower than that of the water in the other beaker, owing to the
ice using up a large quantity of the heat in melting into water.

(b) Take equal weights of hot water in two large beakers of the
same size. Placc a piece of ice in one of the beakers, and observe
the temperature of the water when it has melted. Pour ice-cold
water into the other beaker until the same temperature is reached.
Find the weights of ice and ice-cold water which have been added.
It will be found that a small weight of ice has as much cooling
effect as a large weight of ice-cold water.

ii. Heat required to melt one gram of ice.—~ Weigh about 300 gms.
of warm water into a beaker, and observe its temperature. Put a
few small pieces of ice into the water, stir them round with the
thermometer, and, as soon as they have melted, again observe the
temperature of the water. Now make another weighing, and find
out by subtraction the weight of the ice added. From these results
calculate in the way shown on p. 173 the number of heat units
required to melt one gram of ice.

Latent heat.—The experiments which have just been
described are of the greatest importance, and should be
understood clearly. It is certain that when a mixture of
ice and water is heated over a laboratory burner, heat is
being continually given to the mixture. Yet the tempera-
ture as recorded by the thermometer gets no higher. The
question arises, what becomes of this heat, as it has no effect
upon the temperature of the mixture? The ice is gradually
melted, and if the heating is continued long enough it is all
changed into water. As soon as this has happened, every
further addition of heat raises the temperature of the water.
These considerations lead to the.conclusion that the heat pre-
viously given to the mixture is all used up in bringing about
the change of ice into water. Further, it is found that not only
in the case of ice, but when any solid is turned into a liquid,
there is no increase in temperature, even while heat is being
added, until the whole of the solid has been changed to a liquid.
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This amount of heat which is necessary to change a solid into
a liquid is spoken of as latent heat. The word latent comes from
a Latin word, meaning “lying hidden,” and refers to the fact
that the heat used up in changing a solid to the liquid condition
has no effect upon a thermometer, but appears to be hidden
away in the liquid.

How the latent heat of water is measured.—To find out
how many units of heat are required to melt a gram of ice
we mix together known weights of warm water and ice, the
temperature of both being known, and then record the tempera-
ture of the mixture at the instant the last piece of ice dis-
appears. The facts which in this way become known are as
follows :

i. Weight of warm water in grams,

ii. Weight of ice in grams.

iii. Temperature of warm water.

iv. Temperature of the ice.

v. Temperature of the mixture at the instant the ice finally
disappears.

vi. Number of degrees through which the temperature of the
water falls.

The observations can be used to determine what number of
heat units have been lost by the water, and what number have
been gained by the ice and by the water into which the ice is
changed as it melts.

The loss of heat is at once calculated by knowing that the
temperature of a certain number of grams of water has fallen
through a given number of degrees, and if these numbers are
multiplied together the result shows the number of units of
heat lost by the warm water.

The gain of heat consists of two parts; first, the number of
units of heat necessary to melt a known number of grams of
ice, and this number we do not know. Secondly, the number
of units of heat required to raise the temperature of the water
at 0° C. (formed by melting a known number of grams of ice)
up to the temperature of the mixture. This number of units of
heat can be found by multiplication.

We also know that the total loss of heat and the total gain or
heat are equal. Consequently, it should be plain that the
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difference between the two known results thus obtained tells
the number of units of heat used up in melting the ice.

Latent heat of water.—The number of units of heat which
are required to change the state of a gram of ice, converting it
from the solid to the liquid condition, without raising its
temperature, is called the latent heat of water, or the latent
heat of fusion of ice. To melt one gram of ice requires 80 heat-
units. That is to say, as much heat as would raise the tem-
perature of a gram of water through 80° C., or would raise the
temperature of 80 grams of water through 1° C., is used up in
changing a gram of ice into a gram of water at the same
temperature. Similarly, to melt 1 lb. of ice requires as many
heat-units as are necessary to raise the temperature of 1 Ib.
of water from 0° C. to 80° C., or as much heat as is wanted to
raise the temperature of 80 lbs. of water through one degree
Centigrade.

Natural consequences of the latent heat of water.—Just
as it is necessary before a pound of ice can be changed into a
pound of water to supply an amount of heat which would raise
the temperature of a pound of water through 80° C., so before
a pound of water can be changed into a pound of ice, we must
take from it precisely the same amount of heat. This is why it
requires several cold nights to cover a pond with ice, for not
until every pound of water at the surface has had this large
amount of heat taken from it can it change into ice. For just
the same reason, it takes a very long time to melt completely
the snow in the roads and the ice on the ponds, even after a
thaw has set in,

45. HEAT ABSORBED IN THE CONVERSION OF
WATER INTO STEAM.

Latent heat of steam.—Arrange a flask with the connections shown
in Fig. 116. The short length of wider glass tube is a trap to catch
condensed steam. Put some water into the flask and boil it
While the water is ﬁetting hot, weigh out about 300 grams of water
in a beaker or a thin metal vessel, and observe its temperature.
After steam has been issuing from the glass tube for a few minutes,
place the vessel so that the end of the tube is well under the
water, and let it stay there until the thermometer records a
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temperature of about 40° C. Then weigh the water again to find
the weight of steam condensed. Enter the observations as
follows :

Weight of water- - ...... gms. | Temperature of water

Weightof water + weight at beginning - e °C.
of condensed steam ...... gms. | Temperature of water

Weight of condensed at end - - S e °C.
steam - - C gms. | Risc of temperature - ......°C,

FIG. 110.— Apparatus for determining the heat given up when steam
condeuses into water,

As hefore, the changes of temperature can be arranged under two
heads :

FAIN, Loss.

The temperature of ...... gms, we.... gms. of steam were con-

of water was raised through | densed to water at 100° C.
...... °C. The quantity of heat | The temperature of ...... gms.
used equals weight of water x | of water at 100°C. fell to ...... °C.,
rise of temperature. that is, through ...... °C., and the
= e heat units. quantity of heat thus given up
equals weight of condensed steam

(water) x fall of temperature.
. = heat units.

Find the number of units given out by 1 gram of steam ct 100°C,
in condensing to water at 100° C.
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Latent heat of steam.—It is familiar now from many
experiments that heat is required to convert water into steam.
After what has been learnt about the latent heat of water, you
will have no difficulty in understanding the reason for this.
All the heat is absorbed, or used up, in bringing about the
change from the liquid state to that of vapour. It requiresa
great many more heat-units to convert one gram of water at a
temperature of 100° C. into steam at the same temperature,
than it does to change a gram of ice at 0° C. into a gram of water
at 0° C. Whereas to bring about the latter change requires an
expenditure of 80 heat-units, to convert a gram of water at
100° C. into a gram of steam without changing its temperature
requires no fewer than 536 heat-units. Thus the latent heat
of steam, or as it is sometimes called, the latent heat of
vaporisation of water, is 536. Expressed in another way, we
may say that it requires as much heat as would raise the
temperature of 536 lbs. of water through 1° C. simply to bring
about the change of one pound of water at 100" C. into one
pound of steam at the same temperature. It must also be
remembered that a liquid is never changed into a vapour
without some absorption of heat. This is true whether the
change takes place quietly in evaporation or rapidly as in
boiling.

Specific heats.

Brass, - - - - 00939 | Lead, - - - - 00315
Gas coal, - - - 03145 | Marble, - - - 02158
Copper, . . - 00933 | Paraflin, - - - 0622
Glass, crown, - - 0161 | Steel, - - - - 0118
Gold, flint, - - - 0117 | Sulphur, - - - 0234
Iron, - - - - 01124 Zinc, ... 00035

Melting points and latent heats of fusion.

Mevring PoiNt, | Larent HeaT,

Ice, - - - - - - 0°C.
Beeswax, - - - - 62

w1
S
wid
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Boiling points and latent heats of vaporisation.

BoiriNg Poinr. LATENT HEAT.
Steam, - - - - - 100° C. 536
Alcohol, - - - - - 78 205
Turpentine, - - - - 159 74
Sulphuric acid, - - - 338 -
Hydrochlotric acid, - - - 110 —
Nitric acad, - - - - 86 —_
Glycerm, - - - - - 200 —

CHIEF POINTS OF CHAPTER XI.

Temperature may be defined as a condition, or state, of a body
which 18 changed by the gain or loss of heat. 1t corresponds to
water-level, and may be regarded as heat-level,

The unit quantity of heat is the amount of heat necessary to raisc
the temperature of one gram ot water through one degree Centi-
grade.  This umt is called a therm, or a calore.

The number of heat-units taken up or given out by a quantity of
water being heated or cooled 1s equal to the weight of water in
grams x number of degrees Centigrade through which its temper-
ature rises or falls,

The capacity for heat of a substance is analogous to the capacity
of a vessel for fluids.  Water has a greater capacity for heat than
any other substance. Its high capacity for heat has a beneficial
influence on the chmate of islands. .

In determining the number of heat-units lost or gained by a
substance, its capacity for heat must be taken into account as well
as its weight and its temperature.  In fact :

Number of heat-units=weight of substance x its rise or fall of
temperature x its capacity for heat.

The specific heat of a substance may be defined as the amount of
heat required to raise the temperature of one gram ot the substance
through 1°C. Or, the amount of heat given out by one gram of a
substance, theé™ temperature of which falls through 1°C., in com-
parison with the amount of heat given out by an equal weight of
water, the temperature of which falls through 1° C.

Latent heat.—The heat used up in changing a solid into a liquid,
or a liquid into a gas, without change of temperature, is known as
latent heat.

Latent heat of water.--The number of heat-units required to con-
vert one gram of ice at 0° C. mto water at the same temperature is
known as the latent heat of water.  Lts numerical value is 80,

L3y, M
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Latent heat of steam —The number of heat-units required to
change one gram of water at 100° C. into steam at the same tem-

perature is known as the latent heat of steam. Its numerical value
is 536. .

EXERCISES ON CHAPTER XI.

1. One hundred grams of boiling water are poured upon one
hundred grams of ice. What results may be observed ?

2. Four ounces of hot lead filings and four ounces of water at the
same temperature are poured upon separate slabs of ice. Will the
lead or the water melt more ice ? Give reasons for your answer.

3. An ounce of water at 0° C. is mixed with ten ounces of water at
70° C. What is the temperature of the mixture ?

An ounce of ice is dissolved in ten ounces of water at 70° C., and
the temperature of the mixture is found to be something over 56° C.
What can be learnt from this experiment ?

4. Suppose that it requires 80 times as much heat to melt one
ton of ice as would be required to warm one ton of water one degree
of temperature on the centigrade scale, how much of the ton of ice
would be melted by pouring into a cavity in its surface a gallon of
boiling water ? (A gallon of water weighs 10 lbs.)

5. How would you propose to prove by experiments that to boil
away a gallon of water requires about 5} times as much heat as is
needed to raise it from the freezing to the boiling point ¥

6. A silver tea-pot weighs 300 grams. One gram of silver
requires as much heat to warm it as would be required by 0:056
gram of water to warm it equally. The tea-pot contains 20 grams
of tea-leaves, and each gram of tea-leaves 1equires as much heat
to warm it as would suffice to warm equally 0'5 gram of water.
If 600 grams of boiling water be poured into the tea-pot, calculate
the highest temperature of the tea, assuming that tea-pot and
tea-leaves were originally at a temperature of 15° C.

7. By what experiments would you show that different amounts
of heat are absorbed when equal masses of different substances are
heated through the same range of temperature ?

8. By what experiments could you show (a) that copper conducts
heat better than iron; (b) that iron gives out more heat than an

equal mass of copper would do in_cooling through the same given
range of temperature ?



CHAPTER XII.

TRANSFERENCE OF HEAT.

46. TRANSFERENCE OF HEAT. CONDUCTION.

i. Relative conductivities of metals.—Obtain wires or strips of
copper, iron, brass, German silver, and of any other metals avail-
able. Let the diameters be the same as nearly as possible, and
the lengths about 15 or 20 cm.
Place the wires upon a clay tile
or other suitable support, as
shown in Fig. 117. Support the
tile in a horizontal position and
heat the wires with a flame
where they meet. After a few
minutes slowly move a safety
match along each wire in suc-
cession, commencing at the ends
away from the flame, and notice
the points at which the matches
will light. Repeat the experi-
ment several times; then take
away the flame and measure the
distance of these points from
the heated ends. Find the
average distance for each wire.

Make a list of these dis- -
tances in order of magnitude,
putting beside each measure- the conduction of ditferent metal
ment the substance to which Wwires.
it refers. Note what this order
suggests as to the relative conductivities of the substances.

ii. Lowering of temperature by conduction.—(a) Make a short coil
of stout copper wire }-inch internal diameter. Pass it over the
wick of a candle without touching the wick. The candle is extin-
guished. Is the flame simply mufiled out ¥ Convince yourself as to
what really happens.

(b) Turn on, but do not light, a gas jet. Hold over it a wire

auze, and light the gas above the gauze. Notice that the flame
soes not strike through (Fig. 118). Why ? Vary the experiment

179
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by lowering a piece of cold wire gauze upon an ordinary Bunsen
flame. What happens ? (Fig. 119.)

Fia. 118.—To illustrate Expt. 30 ii (»). IF1¢ 119.—To illustrate Expt. 39 ii. (b).

() Wrap a plece of paper smoothly round a brass tube and
hold in the flame of a gas burner. The paper is not scorched.
Wrap the paper around a wooden rod of the same size. and heat

Fi6. 120.—Experiment to illustrate F1a. 121.—TIllustration of the fact
the different conductivitios of wood that water is a bad conductor of
and metal for heat. + heat.

as before: the paper is scorched (Fig. 120). Brass is a good con-
ductor, wood but a poor one. How does this explain what you
have noticed ?

iii. Water is a bad conductor of heat.—Fill a test-tube three-
quarters full with cold water, and having weighted a small piece of
ice by winding wire round it, or in some other way, drop it into the
test-tube. Hold the test-tube near the bottom where the piece of
icg is, and warm the top of the water in a Bunsen flame, as shown in
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Fig. 121. The water at the top can be heated until it boils
vigorously and yet the ice is not melted. Why has the ice received
insufficient heat to melt it ?

iv. Gases are bad conductors of heat.—(a) Examine the shadow of
a red-hot poker. Notice that the heating of the air as exhibited by
its flickering extends but a hittle way downwards, thus showing that
air is a bad conduector of heat.

(b) Place a little lime in the palm of the hand and bring the point
of a hot poker upon it. The air enclosed in the lime does not con-
duct the heat of the poker, so the hand is not burnt.

Conduction of heat.—Heat may pass from one particle of a
body to the next, travelling from the hotter to the colder parts,
and causing no visible motion of the particles of the body.
This mode of transference is called conduction, and is the pro-
cess by which solids are heated. By touching a succession of
things in a room, say the marble mantel-piece, the fender, the
back of a chair, the hearth-rug, we obtain a succession of sensa-
tions ; the first two we say are cold, the chair-back not quite so
cold, while the rug feels quite warm, and yet they are one and
all under the same conditions and there is no reason why they
should not be at the same temperature. Thg explanation of these
different sensations is really simple. In all those cases where
the hand receives heat we feel the sensation of warmth, while in
those where the hand gives out heat we say the thing is cold or
cool. Now it can be seen why the fender feels colder than the
hearth-rug. The fender takes more heat from the hand than
the hearth-rug, and it does so because it is a better conductor
of heat.

It is worth while to consider this expression a little. Put one
end of a short metal rod in a fire and hold the other. Soon the
rod begins to feel warm, and as time goes on it gets warmer
and warmer, until at last it can be held no longer. Heat has
passed from the fire along the rod, or has been conducted from
the fire by the rod.

The process by which heat passes from one particle of a body to
the next is called conduction, and the body along which it passes is
known as a conductor.

Good and bad conductors.—Those substances which easily
transmit heat in this way are called good conductors, while those
which offer a considerable amount of resistance to the passage
of heat are called bad conductors.
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Metals are, as a rule, good conductors of heat, but some metals
conduct heat better than others.

Most liquids are bad conductors of heat, though quicksilver,
being a metal, is an exception. If liquids were heated only by
conduction, water would boil throughout just as quickly when
the source of heat was placed in contact with the top layer of
liquid as it does when the heating takes place from below.

Gases are even worse conductors of 'heat than liquids. In
reckoning the conductivities of solids the proportion of heat
carried by the air may be neglected. It is very small.

Everyday uses of bad conductors,—To keep ice in the warm
days of summer the custom is to wrap it up in flannel and put
it into a refrigerator. The flannel, because of its loose texture,
encloses a quantity of air, which, being a bad conductor of heat,
prevents the passage of heat from the warm outside air to the
cold ice inside. Similarly, ice which
has to be conveyed by rail or boat is
packed in sawdust.

The refrigerator itself, too, depends
upon much the same facts. The
common form consists of a double-
walled box with a space between the
walls. This is either left “empty,”
as it is called when it is full of air;
or, it is filled with some other bad
conductor, such as the mineral sub-
stance asbestos.

If we wish to lift a hot plate we
hold it with a folded cloth which does
not readily conduct heat. Cylinders
of engines are sometimes encased in
a packing of some badly conducting
material in order to prevent loss of
heat.

47. CONVECTION,

22 Cor i 1. Convection in a liquid.—Heat over

fe.1 m'::g::?n currents a small flame a round-bottomed flask full

of water, as in Fig. 122. Throw into

the water some solid colouring matter, like cochineal, aniline dye,
litmus, etc. Notice how the hot, coloured water ascends,
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i, Convection currents in gases.—(a) Place a short piece of candle
in a saucer, light it, put a lamp glass over it, and pour sufficient,
water into the saucer to cover the bottom of the lamp glass (Fig. 123).
Watch how the light of the candle is affected, Next cut a smp of
card less than half the height of
the lamp glass, and ncarly as wide
as the internal diameter of the top. ||
Insert the card into the lamp glass
80 as to divide the upper part into
halves. Now light the candle
again, and sco whether it will burn
with the divided chimney over it.
Test the direction of the currents
of air at the top of the chimney |
by holding a smoking taper or ' i
match over it.

Process by which liquids are |
heated,—The process by which ©
water and other liquids are
heated may be studied -easily
by heating water into which
some solid colouring matter, like
cochineal, aniline dye, litmus,etc., = o
has been thrown, in a round- Fra. 123.—Convection currents in
bottomed flask over a small gusen
flame as in Fig. 122, The water nearest the flame gets heated,
and consequently expands and gets lighter. It therefore rises,
and causes a warm ascending current of coloured water. But
something must take the place of this water which rises, and the
cold water at the top, being heavier than the warm water, sinks
to the bottom and occupies the space of the water which has
risen, This water in its turn gets heated and rises, and more
cold water from the surface sinks. Upward currents of heated
water and downward currents of cool water are thus formed,
until by-and-by the whole of the water is heated. These
currents are known as convection currents, and the process of
heating in this manner is called convection. Eventually the
whole of the water gets so hot that the bubbles of vapour
which are formed near the source of heat are not condensed
again in their upward passage through the liquid, and coming
to the surface they escape as steam.

Gases are siniilarly heated by the process of convection, which
way he thus defined :—Convection is the process by which tuids
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(liquids and gases) become heated by the actual movement of their
particles due to difference of density.

Ventilation.—The ventilation of ordinary dwelling rooms is
easily possible because of the way in which gases become heated
by convection, The air in a room becomes warmed and is
rendered impure at the same time. Consequently there is a
tendency for the impure air to rise, and if a suitable place near
the ceiling is made for it to get out, as well as a place near the
floor for the colder, purer air from outside to enter, a con-
tinuous circulation of air is set up which will keep the atmo-
sphere of the room pure and sweet.

To show convection currents in air, place a short piece of
candle in a saucer, light it, put a lamp glass over it, and pour
sufficient water into the saucer to cover the bottom of the
lamp glass (Fig. 123). In this case the light of the candle is
affected and eventually goes out. But if a strip of card is
cut less than half the height of the lamp glass, and nearly
as wide as the internal diameter of the top, and is inserted
into the lamp glass, so as to divide the upper part into halves,
and the candle is again lit, it will be seen to continue to burn
with the divided chimney over it. The simple change has
secured a well directed current of air which feeds the flame.
The direction of the current through the top of the chimney can
be shown by holding a smoking taper or smouldering brown
paper over it.

48. RADIATION.

i Heat transmitted by radiation.—(a) Place the differential thermo-
meter (Fig. QOLOabout a foot away from the flame of a laboratory
burner so that both its arms and the flame are in one straight line.
Notice that the bulb of the thermometer nearer to the flame is
hotter than the one more remote. How does the heat of the flame
travel to the thermometer ? v

(b) Arrange the bulbs of the thermometer a foot above the flame
and observe that the nearer bulb is warmed much more than before.
The bulb in this case is heated by convection as well as radiation.

(¢) When Kou have an opportunity, focus the rays of the sun
upon the back of your hand by means of a reading glass. This can
be done by placing the reading glass between the sun and the hand
and moving the glass until the brightest image of the sun is obtained
Notice that the heat is very intense and burns you. Notice that
the glass itself is not heated to the same extent.
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11, Effect of surface upon radiation and absorption.—(a) Obtain two
small bright tin cans or canisters, and fit into each a cork having a
hole through which a thermometer will pass. Cover the outside of
one of the vessels with lamp-black by holding it over a candle or
luminous %a,s flame, or over burning camphor. Put the same
quantity of hot water at the same temperature in each, and then
cork up the vessels, each cork having a thermometer through it so
that the bulb is well immersed in the water. Observe the tempera-
ture of each vessel of water, and if the temperature of one is higher
than that of the other, cool the vessel until the temperatures are
equal. Then put the vessels in a cool place where there are no
draughts, and after 20-30 minutes again read the temperatures.

The blackened vessel will be found to have lost or radiated more
heat than the bright one.

(b) Similarly pour equal amounts of cold water of the same tempera-
ture into a blackened and a bright vessel, and hang them for 20-30
minutes before an even fire or closed stove, or at the same distance
above an iron plate, supported on a tripod stand and heated by a
laboratory burner so that they may be in a position to receive heat

ually. At the end of this time observe their temperatures. The
blackened vessel will be found at a higher temperature than the
bright one. Which vessel absorbed more heat? Compare with the
vessel which radiated more in the last experiment.

Radiation of heat.—The fact that you feel warm in a
summer sun, or that bread can be “toasted” by holding it
near the fire, is sufficient to convince you that heat can travel
from one place to another in a third way which is neither con-
duction nor convection. The respects in which radiation differs
from the other ways in which heat moves from one place to
another are:

(1) it travels in straight lines, and
(2) it does not warm the medium through which it travels.

Although you may not have thought of the fact that radia-
tion travels in straight lines, you have made use of it when you
have screened your face from the heat of the sun or of a fire.
When you wish to protect yourself from the glare of the
summer sun you seek a shady space because then some object,
it may be a tree or a house, is in the straight line between you
and the sun.

Curtains have sometimes been burnt by the sun’s rays being
concentrated upon them by a bottle of water, though the water
is not warmed much by the passage through it of the radiations
from the sun. Evidently, then, the water in such a case does
not pass on its heat after first becoming warm itself. It
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does not act as a conductor. Yet something must pass
through it which can make bodies hot. This something is
called radiation. Its nature is simply a wave motion in
the medium through which the rays pass. This medium is
known as “ether,” but it is in no way connected with the
liquid ether used for scientific purposes. The ether is little
more than a name, for, though something must exist to
transmit waves of light and heat, nothing is certain as to
its constitution.

49. DEW.

i. Condensation of moisture.—(a) Breathe on various cold objects
such as a mirror or polished metal. Note what happens.

(b) Bring a glass of cold water into a warm class-room. Observe
the dull film of moisture deposited on the glass.

(¢) Does dew form on one species of plant more than another, or
on any one part of a leaf in particular ?

(d) Choose a clear, still cvening, and arrange stones, pieces of
slate, and sheets of paper on grass ; examine them the next morning
as soon after sunrise as possible. Which surface, the under or the
upper, is more bedewed ?

(e) Invert a few tumblers, earthenware jars, etc., some on grass
and some on soil, both on clear nights and on cloudy nights. Asin
the last exercise, examine them as soon after sunrise as possible. 1Is
there a deposit of dew inside the jars, etc. ?

(f) Repeat the last exercise, but place the jars, etc., on metal
plates, slates, or tiles. Kxamine the inside and outside of the jars,
etc., as before, and record the results,

Dew.—Dew differs from the forms of condensed moisture seen
in mists, clouds, rain, and snow, in being formed upon the
surface of the earth. After sunset, the surface of the earth,
which has been receiving heat throughout the day, begins to
radiate this heat in the manner already described. Different
parts of the earth possess differing powers of radiation. Those
which during the day absorb heat to the greatest extent
radiate it most abundantly after the sun has disappeared, and
consequently become cooled before those the radiating power
of which is small. Similarly, the air in contact with these
bodies also becomes cooled and is then unable to hold as much
water vapour as before and the surplus is deposited in the
form of dew.

For an abundant formation of dew several conditions are
necessary. First, radiation must go on freely, and this happens
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on bright clear evenings when there are no clouds to obstruct
the radiation. The air which is being cooled by contact with
the body from which free radiation is taking place must not be
disturbed before the dew-point is reached, or no dew will be
thrown down, that is, the evening must be still. A breeze will
constantly renew the air above the body which is being cooled
by radiation and will prevent the dew-point being reached.
Good radiating surfaces are those of leaves—whether of grass
or other plants—also stones.

Side by side with this simple condition of things another
process is going on which considerably augments the amount
of dew formed. Throughout their life, plants continually
give off water in the form of vapour, which is exhaled
through the numerous apertures spread over their leaves,
especially the under surfaces. This process, which is known as
transpiration, supplies a very large amount of water vapour to
the air. When the cooling referred to above has gone on for
some time, and the dew-point has been reached, the transpired
moisture, instead of diffusing into the atmosphere in the state
of vapour, is condensed at the stomat«, as the little apertures
are called, as soon as it comes into contact with the cooled
air.  Thus all the dew is not obtained directly from the
atinosphere.

Hoar-frost—or as it is sometimes called white-rime or simply
rime—is deposited instead of dew on those evenings when the
radiation cools the overlying air to the temperature of freezing
water before any deposition of moisture takes place. Hoar-
frost is not frozen dew. It does not first assume the liquid
condition, but is precipitated at once in the solid form. In
these circumstances the dew-point is at or below the freezing-
point.

50. DETERMINATION OF THE DEW-POINT.
HYGROMETERS.

i. Mason’s hygrometer.—Take two precisely similar unmounted
thermometers. Simply hang one from a suitable support, such as
the ring of a retort stand. Cover the bulb of the other with a square
of muslin tied up round it to form a bag. The muslin is best tied
just above the bulb by a piece of thread. To this piece of thread
attach scveral other long pieces of thread and let them dip into
a glass of water. When the muslin has become thoroughly damp,
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compare the readings of the two thermometers (Fig. 124). Notice
that the temperature recorded by the one with the wet muslin
round it is lower than that shown by the other.

The two thermometers used in this way form what is known as a
hygrometer, or a wet- and dry-bulb thermometer.

il. Regnault’s hygrometer.—Fit up a large test-tube in the manner
shown in Fig.125. where a is a right-angled glass tube which dips into
some ether in the test-tube; b 1s a second glass tube bent at right
angles, which just passes through the india-rubber stopper; eisa
delicate thermometer dipping into the ether ; d is a piece of india-

F16. 124.—The bulb of one thermometer is F16. 125, —Experiment to
kept moifet, and the evaporation of this {llustrate the action of Reg-
moisture causes this thermometer to show nault's hygrometer.

a lower temperature than the other.

rubber tubing attached to the tube a. A second thermometer is
supported in the neighbourhood of the apparatus for recording the
temperature of the air. Blow through d. This causes the ether to
become vaporised, the yapour escapinﬁ through b. This vaporisation
is effected at the expense of the heat in the test-tu&), which
consequently becomes cooled, and" after a time moisture is found to
be deposited on the outside of the test-tube. At the instant such
deposition occurs read the thermometer e. Stop blowing and read
the temperature again at the instant the moisture outside the test-
tube disappears. The mean of these two temperatures is the

Mason’s hygrometer.—Mason’s instrument consists of two
precisely similar thermometers, suitably attached to a frame as
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in Fig. 124. Round the bulb of one of the thermometers is
tied a piece of muslin, to which cotton threads are attached,
these hang down into water kept in a glass, supported as
shown in the figure. The instrument depends for its use
upon two facts which have been brought before the student’s
attention already. The first is that water is vaporised only
at the expense of a certain amount of heat ; and, secondly, the
quantity of water vapour which air can take up at any tem--
nerature depends upon the amount already contained by it.
Water rises up the cotton threads by the force known as
capillary attraction, and consequently keeps the muslin moist.
The water on the muslin evaporates, getting the heat necessary
for evaporation from the bulb of the thermometer which it
surrounds. The thermometer is thereby cooled, and the column
of mercury sinks, This process continues until the air round
the bulb is saturated and evaporation ceases. Thus the wet-
bulb thermometer records a lower temperature than the one
with a dry bulb. The difference between the readings is
greater the drier the air at the commencement of the obser-
vation, and it provides a means of estimating the amount of
water-vapour present by seeing how much more must be
added to saturate the air.

The wet- and dry-bulb thermometer, as Mason’s hygrometer
is called, is usually employed to indicate the relative amount
of moisture in the air, but the readings may also be used to
determine the dew-point (that is, the temperature at which dew
would be deposited from the air at the time of observation) by
a simple calculation in connection with a set of hygrometrical
tables prepared for the use of practical meteorologists. When
the dew-point has been found, the relative humidity of the air
or the percentage of saturation can be determined.

Regnault's hygrometer.—Regnault’s hygrometer depends
upon the same principle as that exemplified by Expt. 50 ii.
The construction of this instrument is shown in Fig. 126.
D, D are two polished silver thimbles, in which are arranged two
test-tubes. The one on the right is half full of ether, and
passing down into this ether is a right-angled tube ¢ and a delicate
thermometer 7. There is & side tube in connection with that in
the right-hand thimble which puts this test-tube in connection
with a hollow tube, UV, which by means of a piece of india-rubber
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tubing can be placed in connection with the aspirator 4. The
tube in the left-hand thimble is not in connection with UV, the
thermometer in it being used only to read the atmospheric tem-
perature. The stopcock shown is turned on, and air is drawn

F16. 126. —Regnault's hygrometer.

through the ether by means of the aspirator, resulting in a
deposition of moisture on the outside of the right-hand thimble
D. The moment at which this deposition occurs the thermo-
meter 7" is read. The blowing is stopped and the temperature
is read again at the instant dulness disappears. The mean of
these two temperatures gives the dew-point.

CHIEF POINTS OF CHAPTER XII

Heat is transmitted in three ways (1) by conduction, (2) by con-
vection, (3) by radiation. .

Conduction is the process by which heat passes from one particle
of a body to the next.

Gases are worse conductors than liquids, and liquids are usually
worse conductors than solids.

Convection is the process by which fluids (liqnids and gases)
become heated by the actual movement of the particles of the fluid
due to difference of density. )

Heating buildings by hot water and methods of ventilation are
applications of heating by convection.
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Radiation difters from conduction and convection in two ways (1)
it travels in straight lLines, (2) it does not warm thc medium through
which it travels.

If air containing water vapour is cooled sufficiently it will yield
up its excess of moisture. The temperature at which this depo-
sition takes place is called the dew-point.

When air has ag much water yapour as it can hold it is said to be
saturated with 1t.

The amount of water vapour actually present in air, comparcd
with the maximum quantity it could take up, gives a measure of the
Hygrometric state of the air.

EXERCISES ON CHAPTER XII.

1. What is meant by convection ?

Ilustrate your answer by sketches, taking the case of a vessel
filled with water and heated from below and explain why it is that
convecetion is sct up.

2. Why is a vessel of water heated more quickly if heat is applied
at the bottom than if 1t is heated at the top?

Draw a diagram to illustrate the movements of a liquid heated
from below.

3. Point out the diftference between the conduction and convection
of heat.  Deseribe an experiment showing that water is a bad con-
ductor of heat.

4. Water sometimes spurts from the spout of a kettle standing
upon a fire. How do you account for this, and how would you
prevent it without taking the kettle off the fire.

5. On a cold morning a gardener grasps the iron part of his spade
with one hand and the wooden part with the other. Explain why
one hand feels colder than the other.

6. 1f a spoon made of solid silver and one made of brass and only
silver plated are plaged in bowls in some boiling water, the handle
of the silver spoon becomes much hotter than that of the plated one.
Why is this?

Describe an experiment by which you would show that your
explanation is correct.

7. How is the reading of a thermometer altered by wrapping a
wet rag round the bulb? What will happen if the rag is wetted
with (1) ether, (2) oil instead of water? How do you explain the
various results ?

8. Two test-tubes 4 and B are filled with water. A small picce
of ice is allowed to swim in 4, and a similar picce of ice is sunk by
a weight to the bottom of B, Heat is applicd to the closed end cf 4
and to the open end of B. In which test-tube may we expect the
ice first to melt ? and in which may we expect the water first to
boil? Give reasons for your answer.
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9. On some days a steam-engine leaves a long white cloud behind
it, and on some other days only a short one. Explain this by
describing in each case why the cloud forms, and why it disappears.

10. A saucer containing water is left to evaporate on a window
sill. Explain the atmospheric conditions which will favour or
retard the disappearance of the water.

11. Explain what happens to the steam issuing from the funnel of a
weamiengine t (@) ona gfme warm day ; (b) onadampday; (c)ina
tunnel.



CHAPTER XIII
ATMOSPHERIC PHENOMENA. OCEAN CURRENTS.

51. MIST, FOG, CLOUD, RAIN, SNOW, AND HAIL.

Mist and fogs.—The general features of the forms of
condensed moisture referred to under these names are
familiar to every one. We naturally associate mists with
rivers or other water surfaces; most often they make their
appearance after the sun has set. They seem to be caused as
follows : the air over the land by the side of the river gets cold
more quickly than that over the river itself, because land
radiates heat very much better than water does. The air over
the water will show a tendency to rise, and the cold air will
move towards the water to take its place. But the air over the
water will thus be cooled and will be unable to hold as much
water-vapour as before, and the excess of moisture assumes the
nature of a mist. It is impossible to say when a mist becomes
a fog. A fog is generally regarded as something denser and
blacker than a mist. The condensation which forms a fog, at all
events, and probably a mist also, takes place round the small
particles of dust in the air, which act as nuclei for the minute
water drops which make up the fog. In London or the large
manufacturing towns, where there is so much carbon in the air,
the fogs become very bad indeed—or, as is commonly said in
the former place, they are thick enough * to cut.”

Clouds.—Clouds are sometimes formed in a similar manner
to mists and fogs. They differ chiefly in their position, and can
be very correctly regarded as fogs high up in the air. When
from any cause an upward current of warm air laden with
invisible moisture is cooled in these higher atmospherio regions,

LS.L N
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a cloud will be produced. This can be brought about by a
warm, moist stratum coming into contact with a cold current
of air, whereby it becomes cooled and some of its moisture is
condensed into minute particles, which Tyndall called ' water-
dust.” Or, in its upward passage, it naturally comes to a
colder zone, and as naturally some of its moisture takes the
visible form of a cloud. Morcover, in ascending to levels
where the pressure is less, air expands, and is thereby cooled ;
in fact, this cause of cooling is far more effective than the
former.

Rain.—The particles constituting a cloud, that is, the water-
dust spoken of above, continually tend to coalesce or unite
together to form larger drops. When these reach a certain size
the air can no longer support thom and in consequence of their
increased mass they fall, being attracted more strongly to the
earth. They do not always reach the surface of the carth, how-
ever, for in their downward course it may happen that they
have to traverse a layer of dry, unsaturated air, when the drops
will become wholly evaporated again. In their passage through
very moist air, then, rain-drops continually get larger. whereas
in falling through dry air they become smaller, until they may
even eventually disappear.

Snow.—Sometimes the temperature of a cloud is below the
freezing-point of water. when it is manifestly impossible for the
moisture to assume the liquid state, and it becomes condensed
in a solid form. If, in addition to this, the temperature of the
air through which the descending solid particles pass is below
the freezing-point, we shall have a fall of solid particles in the
form of snow. The falling particles unite continually to build
up larger masses which we know as snow-flakes, which under
favourable conditions, assume the most beautiful forms. Ice
crystallises in the system called the hexragonal, and it is found
on examining snow-flakes that they are combinations of minute
crystals belonging to this system. Their shapes are seen to
perfection in the Arctic regions, and observers in these high
latitudes have recognised over a thousand different forms. In
this country they will be seen best when a fall of snow takes
place in a still, quiet atmosphere, with the temperature at
zero or lower to prevent a partial thaw ruining their exquisite
beauty. If the snow in its descent upon the earth becomes
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partly melted, and perhaps later on partly frozen again, instead
of snow-flakes rcaching the surface we shall have a mixture
of half-melted snow and rain, which is called sleet.

Hail.—The mode of formation of hail-stones has never been
satisfactorily explained. In our country it falls more commonly
in summer and spring than during the winter months. Its
existence seems in some way to be connected with the electrical
state of the atmosphere. It has been suggested that it is quite
sufficient to imagine a very cold current of air impinging against

-

TI¢. 127.—Snow Crystals.  (From photographs by Mr. W, A. Bentley.)

a moist cloud, and suddenly lowering its temperature as a whole
to below the freezing-point, to account for its formation. How-
ever it may be formed, it is another instance of the condensation
of atmospheric vapour in the solid state. Hail-stones take the
form cither of hard or soft pellets which vary in size from a
small pea to a small hen's ege.  Just as rain-drops and snow-
flakes: commonly increase in size as they approach the earth’s
surface, so hail-stones aggregate together in their downward
flight, becoming larger and larger as they reach their destination.
An examination of hail-stones at different times and in various
places has shown that they vary in their nature. Sometimes,
on cutting through a hail-stone, it is seen to be built up round a
speck of dust ax a nucleus and to take the appearance of having
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been built up gradually, and not formed en masse, exhibiting, as
it does, a more or less stratified structure. Soft hail-stones seem
to be small lumps of snow without any central dust particle.

52. CIRCULATION OF THE ATMOSPHERE.

General remarks.—That the air is in movement is a fact of
common knowledge. We see the results of its motion as we
watch the branches of trees swaying to and fro. We feel the
impact of the air particles upon our face when we turn towards
a strong breeze. We have now to consider several questions
having reference to this circulation of the atmosphere. Is there
any regularity or order in the way in which winds blow ? What
causes them ? and a host of other questions which will present
themselves to the student. Before attempting an answer to
such queries as these, it will be convenient to call attention here
to the way in which winds are named. In describing the
direction of ocean currents (p. 200), a northerly current is one
which flows toward the north, or similarly with any other. But
the contrary is true of winds. The direction of an ocean current is
always given as that point of the compass to which it flows, whereas
that of a wind is always spoken of as that from which it blows.

The cause of winds.—In discussing the movements of liquids
we found that water always flows from a place of high pressure

"to one where the pressure is lower. We said it sought its own
level. Similar movements take place in all fluids ; there is in
every case a movement from a point of higher to one of lower
pressure until the pressure is equalised. But as has been learnt,
the pressure of the atmosphere varies considérably from place
to place, and being a fluid there will naturally be a disturbance
of the whole, resulting from the endeavour to bring about an
equilibrium of pressure. The air will move from the places where
the pressure is high towards those spots where the pressure is
low. These movements constitute winds. The winds are per-
manent if the difference of pressures causing them are con-
stant throughout the year. They are periodic if the pressure
differences only arise at stated intervals. Variable winds result
from any pressure disturbance which may ensue from local
peculiarities of situation or from any other cause. It has been
seen that variations in pressure are the result of alterations in



ATMOSPHERIC PHENOMENA 197

temperature and of the increase or decrease of the amount of
water vapour held by the air. These causes are, in consequence,
to be regarded as the primary factors in bringing about winds.

It has been found that the pressure of the atmosphere is least
in polar regions and along the equator, while the districts of
greatest pressure occur approximately along the Tropic -of
Cancer and also along the Tropic of Capricorn, in the northern
and southern hemispheres respectively. From what has been
said, it is manifest that there will be a movement of air
from the Tropics of Cancer and Capricorn towards the poles
on one hand and towards the equator on the other. If the
earth were at rest, that is to say, we should have in the northern
hemisphere a north wind blowing between the Tropic of Cancer
and the equator and a south wind from near the same parallel
of latitude to the north pole ; while in the southern hemisphere
there would be a south wind between the equator and the
corresponding parallel of latitude and a north wind extending
from the same circle to the south pole.

The trade winds.—But the earth is not at rest. It is
spinning round like a top. The poles are at rest while places
on the equator are performing a journey of 25,000 miles in
24 hours, that is, are moving with a velocity of over a thousand
miles an hour. Other places on the surface have velocities
intermediate between these two extremes and dependent upon
their latitude. Bearing this in mind, we will consider again the
wind in the northern hemisphere, which would be a north wind
were the earth at rest, and would blow between the Tropic of
Cancer and the equator. The air moving towards the equator
is subjected to two velocities—(1) that which it has in a southerly
direction, depending upon the actual pressure difference between
the place from which it starts and that towards which it moves ;
(2) that which it has in a direction from east to west, due to the
earth’s rotation from west to east. The resultant is obtained in
the manner described on p. 41. By applying this method the
student will understand that the direction which the wind will
appear to have will be from the north-east, and this movement
will give rise to the north-east winds which are more or 'less
permanent in the low latitudes we have specified. They are
known as the Trade Winds, and were so called because of the
assigtance they rendered to the navigation of trading vessels
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before the introduction of steamers. They blow with great
constancy across the oceans, but are more or less interfered
with over the continents, since the local conditions on the land
vary from place to place.

30°

equator

F1e. 128.—Explanation of the ‘rade winds and atinospheric
circulation.

By applying the same reasoning to the southern hemisphere
it will be clear that the direction of tho trade winds south of
the equator will be south-east.

Land and sea breezes.-— Near the sea. especially in the
tropics, there are well-marked breezes, which rosult from the

Land (Wrm) Sea (Cool) Land (Cool Sea (Warm)

FIG. 129 —Sen breeze 16 130 —Land breeZe.

different thermal properties of land and water. Water has a
higher specific heat, and is also a poorer absorber of heat than
land, and consequently during the cday the air above the land
will become warmer than that above the water., and an upward
current of air will be set up over the land. The cooler air from
over the sea will flow in to take the place of the air which rises
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and will constitute a sea-breeze. After sunset both the sea and
land begin to radiate heat; the land being a better radiator
becomes cool quickly, but the sea remains warm. The air over
the water consequently becomes warmer than that over the
land, and the pressure ahove the sea will be lower than that
over the land, cauting a current of air from the land out to
sea, which is known as a land-breeze.

Monsoons.—In describing the trade winds no reference was
made to the Indian Ocecan. and this was because the conditions
here periodically change as a result of the proximity to the great
land-masses of Asia as well as of the apparent annual motion of
the sun. The name monsoon is itself derived from a Malay
word meaning a season, to mark the fact of the periodical change
in the direction of the winds, that is. the seasonal variation which
they undergo. In summer, the Asiatic continent is shone upon
nearly vertically by the sun. and therefore it becomes intensely
hot compared with the waters of the Indian Ocean to the south.
As a natural result the air over the land rises because of the
decrease in its density. The air from the relatively cold ocean
flows in to take the place of the upward current, and in con-
sequence of the carth’s rotation flows from the south-west across
India, but in directions in other parts depending upon the
nearest place of high pressure.  This south-west monsoon blows
from April to October. In the southern hemisphere. in a
manner somewhat similar to that causing an alteration in the
direction of the trade winds, the direction of the monsoon
blowing in these months is south-east. In winter the conditions
have become changed. The sun is now more or less vertical
over the latitudes in the vicinity of the Tropic of Capricorn.
The air over the Asiatic continent becomes cooled and denser,
while that over parts of Africa has become warmed and rarer.
There is a wind caused which blows from Asia to Africa in a
north-easterly direction, and is felt from October to April.

Tt must not be supposed that monsoons blow in no places
besides the Indian Ocean. for wherever the local conditions
interfere with the regular trade winds, these winds will partake
of a scasonal character. Monsoons occur for these causes in
Madagascar, Guinea, Australia. Brazil.
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53. OCEAN CURRENTS.

i. Circulation of water.—Place a piece of ice in a trough of water,
A, B, C, D, and at the other end of the trough arrange a metal rod E,
kept hot by a flame F. Pour a little coloured liquid into the
trough, and notice the general movement of the water as shown
in Fig. 131.

Ocean currents. Causes.—There are several causes at work
tending to produce movements in the waters of the oceans.
They have already been referred to incidentally, and can be
satisfactorily enumerated at once.

716, 131.—Circulation of water.

(1) Action of the prevailing winds.—In this connection the
comparative shallowness of the ocean must be insisted upon,
for it is only by bearing this in mind that any conception of
the power of the wind can be attained.

(2) The heating effect of the sun in tropical regions.—The
effect of heat upon liquids is to make them expand, causing
a given mass to occupy a larger volume, and so become
lighter bulk for bulk. The result is a rising of the lighter
waters and a sinking of the heavier colder waters to take their
place, precisely as has been described under convection currents
(p. 182).
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(3) The increase in saltness and consequently of density of the
water as a result of evaporation. The waters of the ocean
contain solid substances in solution. When heated they give
off pure water in the form of vapour, the saltness consequently
increases and with this the waters become heavier bulk for bulk
thereby disturbing the equilibrium.

It is evident that the second and third of these causes produce
contrary effects and tend to neutralisc one another. It is most
probable that the winds constitute the motive force which
results in the production of the great regular movements of the
water which are referred to under this heading. The winds
are set up by the sun and the amount of evaporation depends
upon temperature, so that really the great cause of oceanic
circulation is the energy of the sun.

The general result of the difference of temperature in equa-
torial and polar regions is a tendency for warm surface currents
to flow into higher latitudes, while a cold under current creeps
along the ocean bottom from the poles towards the equator.
This action has been illustrated in Experiment 53 i.

CHIEF POINTS OF CHAPTER XIII.

Fog consists of minute droplets of water, each having a small
particle of dust or other matter as a nucleus, and formed near the
earth’s surface.

Mist is similar to fog, but not so dense, and the particles of water
in it are believed to be larger than in fog.

Clouds mostly consist of innumerable particles of water suspended
high up in the air; they are elevated mists or fogs. Some clouds,
however, are composed of ice particles.

Rain consists of drops of water, formed by the union of the
minute water particles of clouds, which fall towards the earth in
consequence of their increased mass.

Snow is the solid form in which the moisture of clouds is
precipitated when the temperature is below the freezing-point of
water. Snow-flakes always have a regular crystalline form.

Hail consists of pellets of ice or snow, frequently made up of
concentric layers formed round a nucleus. This stratified structure
proves its formation in stages and not all at once.

Wind is air moving from places where the pressure is high
towards those spots where the pressure is lower. The differences
of pressure are produced by variations in the temperature and
moisture of the air.
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Land and sea breezes.—

Nicht Breeze
from cooled land to warmer water
- —_— - >
LanND SkA
— S,
Day Breeze
from sea to warmer land
Monsoons are periodical winds strongly felt in and about the
Indian Ocecan and China Sca.
‘Norlhvrn [ North-east, October to April
. | hemisphere | South-west, April to October.
Monsooxs., Southern  fSouth-east, All)l‘]l to October.
lhemiwhum \ North-west, October to Apnl
Ocean Currents.—The great ocean currents are mainly due to the
action of the winds. Other minor causes are the heating effect of
the tropical sun, and the increase of saltness and consequently
of donsity of salt water by evaporation.

EXERCISES ON CHAPTER XIIIL

1. Distinguish between fog and mist. Why 1s the former more
common in towns ?

2. Describe carefully how clouds are formed. Fxplain how ram,
snow, or hail, falls according to the condition of the atmosphere.

3. What is the cause of wind ?  Account for the directions of the
Trade Winds in the two hemispheres.

4. Explain what is meant by («¢) Land and Sea Rreezes, (h)
Monsoons.

5. Describe an experiment to illustrate the circulation of water
in consequence of a difference of temperature.

6. Give a short account of the great ocean currents.



CHAPTER XIV.
PROPAGATION AND REFLECTION OF LIGHT.

Light is a form of radiation.—In considering, in a part of
the previous chapter, the ways in which heat can be transferred
from one place to another, it has been seen that the heat of the
sun reaches the carth by radiation. These solar radiations
comprise what is collectively called sunlight ; they are conveyed
in the form of waves through the medium ether, which is
believed to pervade all space, and may be conveniently referred
to as ether-waves. These ether-waves arve of various lengths
and can produce different effects. If they fall upon our bodies
the longer waves may be absorbed, and the energy of the wave-
motion become converted into heat; if they fall upon the retina
of an eye, the shorter waves may produce a sensation of light
and the waves are then spoken of as light; falling upon a
photographic plate or upon a green leaf, the shortest ether-
waves may produce chemical etfects, and are then referred
to as actinic. But, in their passage through the ether, these
cther-waves do not give rise to any of these effects ; they are
simply waves transferring energy by wave-motion.

54¢. RECTILINEAR PROPAGATION OF LIGHT.

i. Light travels in straight lines.—Take three cards and make a
small hole in cach with a fine needle. Fix the cards upon wooden
blocks, so that all the holes are at the same height and 1 a straight
line. Place a lighted candle or a lamp in front of the first card, and
look through the third (Fig. 132). So long as the holes are in a
straight line you can see the light from the candle shining through.
Move one of the cards aside, and notice that you can no longer see

203
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the light. What is true of light applies equally to all other kinds of
radiation.

il. Pin-hole camera.—Construct a pin-hole camera as follows:
Make two pasteboard tubes by rolling pasted paper on a wooden
cylinder, so that one fits inside the other. F¥or the wider tube
previously cover the cylinder with dry paper. Cover one end of the
narrower tube with tissue paper, and thrust this end into the wider
tube. Line with black paper. Place the tube with the pin-hole

F16. 132. —The light of the candle can only beseen when the three holes
in the screens are in a straight line.

facing a luminous object, e.g. a candle. Notice that the image of
the candle seen upon the tissue paper is upside down. Reason out
how this image is formed. Many toy-shops sell a pin-hole camera at
a penny, and one of these may be used instead of constructing one
from tubes.

iii. Overlapping of images—Make several pin-holes ncar the first
one in the pin-hole camera. For every pin-hole there is an image
formed on the screen. Make the pin-holes more and more numerous,
and nearer togcether, till the images overlap and become confused.
At last diffused light is produced, which is an overlapping of
images.

This experiment explains why the image becomes blurred, and
eventually disappears if the size of the single pin-hole is increased.

Light travels in straight lines.—That light rays travel in
straight lines can be shown at ance by examiniug the paths of
the rays as they pass through a hole in the shutter of a darkened
room. Though the light-waves are not themselves visible, yet
the path of the light becomes apparent, because the minute
particles of dust in the air are rendered luminous by the vibra-
tions of the ether being reflected by them. If there were no
dust particles in the room the beam of light would be invisible.
‘When the path of a beam is made visible by smoke or dust it is
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seen to be a straight line. That light travels in straight lines
may, indeed, be inferred from several everyday experiences.
We cannot see round a corner; if light travelled through a
uniform medium in lines that were sometimes bent, there is
no reason why we should not. Or, again, everyone knows
that it is only necessary to put a small obstacle in the path
of the light from a luminous body to shut out completely
our view of it. The light from the setting sun, when the sky is
cloudy, is often seen to travel in straight lines.

The images produced by a pin-hole are inverted.—When
an object is viewed through a pin-hole camera, it is seen to be
upside down upon the screen. Similarly, all images produced
by a small aperture are inverted. This inversion is a direct
consequence of the
fact that light tra-
vels in straight lines. A
That this is really
the case can be un-
derstood fully by the H
following simple con-
siderations. Let H,
in Fig. 132, be the p
pm-}w]e’ and 45 the Fro. 133 —Explanation of the inversion of images
candle. Rays are sent scen through a pin-hole.
out in all directions
by every point of the caundle, but of all the rays from a point,
such as A, only that in the direction A/ can pass through the
hole and form an image A4’. Similarly, the only ray from B
which can get through the hole is B/, so an image of B is
formed at 4. 'The same reasoning applies to any part of the
candle, hence a complete inverted image is produced.

If the light which passes through a small hole in the shutter
of an otherwise dark room be caught by a screen of cardboard,
a coloured, inverted image of the sky and landscape will be
seen. By using a pin-hole camera, a photograph of the view
can be obtained (Fig. 134). The bright circles of light seen
under trees in summer are really images of the sun formed
by the small spaces between the leaves.

8ize of image produced by a pin-hole.—That the size of the
image depends upon the distance of the screen from the pin-hole

-~
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is proved practically by varying the distance of the screen from
the pin-hole and measuring the length of the image. The

s

FIG. 134.—Picture taken by a pin-hole camera.
From a photoyraph by Mr. F, Butterworth,

greater the distance of the screen the longer the image,
The reason for this alteration in the size of the image is a
simple one. The rays of light from the top and bottom of the
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object travel through the pin-hole, and since one is travelling
upwards and the other downwards, they will be farther apart
the greater the distance they travel. Consequently, the image
is longer the more the screen is moved from the pin-hole.
The relation between the sizes of the object and image
according to their distances from the aperture is
length of object distance of object from aperture

~ length of image™ distance of image from aperture
The larger the image the less bright it is, because the small
amount of light is spread over a greater area in the case of the
enlarged image.
Illumination due to overlapping of images.—When a pin-
hole is made in the front face of a pin-hole camera, an image of

Fia. 135, —To illustrate Wh& the ‘int,cnsity of light diminishes as the
distance from it increases.

the bright object looked at is formed on the screen in the
manner described in the preceding paragraphs. If a second
hole be pierced, a second image is obtained. When the number
of holes is increased steadily, one at a time, the images, it is
observed, start overlapping, at the same time becoming blurred.
When the number of images has become considerable, no sepa-
rate image can be distinguished ; diffused light, as it is called, is
produced, and the screen is illuminated in the ordinary way.
Intensity of light.—In proceeding from the source of
illumination, light spreads out as indicated in Fig. 135, so that
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though each ray retains its original intensity the number of
rays which illuminate a given area depends upon the distance
of that area from the luminous source S. At twice the distance
the rays are spread over four times the area, so their illumipating
effect, as at ¥, is only one fourth of what it is at m. The amount
of light received from a luminous source is thus inversely pro-
portional to the square of the distance from the source.

55. SHADOWS.

i. Shadows produced by small sources of light.—(a) Place a stick
vertically between a screen and an ordinary fish-tail gas burner, so
that the flat flame and the stick are in the same plane. The shadow
of the stick on the screen is defined sharply. Turn the lame through
a right angle, so that it is now parallel to the screen. The dark
shadow is fringed by another less intensely black.

(b) Cast a shadow of a sphere on to a screen, using a small source
of light, such as a candle-flame. Notice that the shadow cast on the
screen is distinet, circular, and of equal darkness throughout.

ii. Shadows produced by large sources of light.—(a) Substitute a
lamp, with a ground glass globe larger than
the sphere, for the candle in the last experi-
ment. Notice that the shadow on the screen
is made up of two parts, an inner dark circular
patch called the wmlbra, while concentrically
arranged round it is a partially illuminated
shadow, forming a ring, called the penumbra
(Fig. 136).

F1a. 136. —Umbra and (%) Using the lamp with a large globe, as in

penumbra. the last experiment, cast a shadow of a very

small sphere.  Notice that the shadow comes

to a point, as can be shown by moving the screen slowly from

the sphere, when the shadow gradually becomes smaller and

disappears. This is a converging shadow, while those of two
previous experiments are diverging shadows.

Shadow of a rod.—When a thin rod is illuminated by the
edge of the flame of an ordinary fish-tail gas burner, the shadow
of the rod thrown on a screen has_sharp edges, and it is equally
black throughout. This, in common with all the phenomena of
shadows you have studied experimentally, is the result of the
fact that light travels in straight lines. The light from the
edge of a flame is in the place of the illuminated pin-hole, and
the explanation offered for the formation of the image by a
small aperture applies here also—except that there is no cross-
ing of the rays and no ipversion.

i



PROPAGATION AND REFLECTION OF LIGHT 209

.Umbra and penumbra.—When in experimenting with the
rod the flame is arranged so as to be parallel with the screen,
the dark distant shadow—the umbra—is fringed on each side
by a less distinct shadow—the penumbra. -Similarly, when a

F1G. 137.—When the source of light is relatively small the shadow of an
object has no penumbra.

sphere is illuminated by a small source of light, such as a candle
flame, it casts a clearly defined shadow on the screen, or the
umbra only is present (Fig. 137). When, however, the source
of light is larger, like the ground glass globe of the lamp, the
umbra is surrounded by a partially illuminated concentrically

n

FI1G. 138, —Formation of umbra and penumbra of a shadow.

arranged shadow—the penumbra. In Fig. 138, 4 represents the
illuminated globe, B the sphere, and mn the screen. By follow-
ing the course of the rays of light the student will have no
difficulty in understanding

(1) The formation of umbra and penumbra.

(2) How these result from the propagation of light in straight
lines.

LS. L o
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56. PHOTOMETRY.

i Law of inverss squares.—Pin a picce of white paper upon a
drawing board to act as a screen. Fix the drawing board at right
angles to a table m a darkened room. In front of the sereen place a
vertical rod about 1 to 2 em. in diamecter (a rctort stand will do).
Beyond this, place to one side, a candle fixed on a piece of wood,
and to the other side two candles, one 1mmediately m front of the
other, fixed on a block of wood. Notice that two shadows of the
upright appear on the screen. Move the candles near cach other so
that the two shadows of the upright touch but do not overlap.
Notice that one shadow, that cast by the two candles, 1s darker than
the other. The latter shadow is illuminated by one candle, the other
is illuminated by two candles. Now, move back the two candles
until the shadows appear equally dark, that 1s, 1n equal contrast
with the bright part of the screen. Then the two candles give just
as much light to the screen as the one. Mecasure the distance of the
one candle, and the mean distance of the two. Compare these
distances ; are they in the ratio 2:1? Compare also the squares of
the distances.

Do the experiment with different distances, and again compare the
squares of the distance. IHence prove that the /wmination s
inversely proportional to the square of the distance.

F16. 139, —Comparison of the intensities of the flame of a candlcand lamp.

i, The shadow photometer.—Using tho same screen and rod as
before, compare the illuminating power of a candle flame with that
of a fish-tail gas burner or a lamp (Fig. 139). Place the candle, which
can be convenicntly fixed on a flat picce of wood, at a mecasured
distance from the screen, say 30cm. Move the lamp awafr from the
screen until the shadows cast by the candle flame and the lamp flame
are of equal intensity. To estimate this accurately you must
arrange the flames so that they are the same height from the table,
and in such positions that the two shadows on the screen just touch
but do not overlap one another.
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The relative darkness of the shadows is more easily seen if the
eyes be contracted or half closed, especially when, as here, the light
is of somewhat different colours.

Measure the distance of the lamp flame from the screen. Vary
the distance of the candle from the screen, and find the correspond-
ing proper position of the lamp flame. Record thus :

The shadow photometer (Rumford).

Distance of Candle fiom the Screen, |Distance of Lamp Ilame from the Screen.

—

10

e

Compare the squarcs of these distances, These are evidently the
ratios of the relative illummating powers of the two sources of hght ;
and hence the comparison shows the candle power of the lamp or gas

ame used.

Bunsen's photometer.— (a) Obtain a picce of white paper. Make a
grease spot in the centre. Allow a light to shine on the paper.
Observe that the grease spot is darker than the surrounding surface.
Observe the paper by transmitted light. Notice that the grease
spot is now hrighter than the general surface.

(h) Use the paper as a screen and illuminate one side of it by means
of a candle and the other with a lamp. Move the candle and lamp
until the grease spot is barely distinguishable in point of brightness
from the white surface near it.  Mecasure the distance of the candle
and lamp from the grease spot. Using the law of inverse squares.
calculate the luminosity of the lamp in terms of the candle.

Photometry.—The principle already noticed, that the amount
of light received from a luminous source is inversely propor-
tional to the square of the distance, is of great value in
determining the relative brightness of two sources of light, or of
measuring any light in terms of a standard light.

In Rumford's shadow photometer (Fig. 139), the shadow cast by
one source of light is illuminated solcly by the other source of
light. When the two shadows are equally dark, the illumina-
tion, due to each light, at the position of the screen on which
the shadows are thrown, is the same. By comparing together
the squares of the distances of each light from the screen, the
relative intensities of the two lights are determined. If the
distance of .the candle is 10 inches and that of the lamp
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20 inches, the intensity of the candle would be represented by
10x 10=100, and the lamp by 20 x 20=400, or the lamp is four
times as bright as the candle.

In Bunsen’s grease-spot photometer the two sources of light are
compared by placing them on either side of a screen having a
grease spot iu it. 1ts use depends on the fact that a grease spot

I‘lG 140. —Bunsen’s grease-spot phowmcter

the general surface. The light lost by transmission through the
translucent, or semi-transparent spot in one direction is com-
pensated for by the equal transmission in the opposite direction.
The eye is indifferent whether the light it receives is due to a
reflection from white paper or to transmission through a trans-
lucent spot. It observes that the brightness of the grease-spot
is equal to that of the rest of the surface. The intensities of
the two lights are again proportional to the squares of their
distances from the screen.

57. LAWS OF REFLECTION.

C &=~ e i. Pin method of prov-
R

ing the laws of reflec-
tion.— Fix two slabs of
wood at right angles, as
in Fig. 141, Ag
Against the upright slab
put a piece of glass KF
with blackened back,
so that reflection only
takes place from its
front surface. Uponthe
F1. 141. —Arrangement of pins and mirror for horizontal slab lay a
proving the laws of reflection of light. sheet of white paper.
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Stick a pin b in the wood against the glass, and place another pin
in the position a. Now procure a third pin andpstick it into the
wood at ¢ in such a position that ¢, b, and the image of a are in a
straight line. Draw with a finely pointed pencil a line along the
ed%e of the glass wy ; then take glass and pins away.

The paper will be marked by the pin-holes and the line zy. Draw
lines through the pin-holes, and at b erect a normal bd to xy, that is,
a line perpendicu&ur to xy.

Measure the angles ald,
cbd, and compare them
(Fig. 142.) Repeat the ex-
periment two or three times,
with the pins in different
positions, and so determine
that the angle of incidence
and the angle of reflection
‘are equal. @ 'd

Observe that since the
holes made by the pins are
all on f:hc same piece of Fig, 142.—The angle of reflection cid is equal
paper with the normal, the to the angle of incidence abd.
wncident ray, the normal, .
and the reflected ray are all in the same plane. Moreover, the re-
flected ray is on the opposite side of the normal to the incident ray.

ii. Laws of reflection illustrated by a mirror.— Fasten with wax a
little whitened, wooden stick perpendicularly at the centre of &

Sk

FIG. 138.—To ulustrate Kxpt. 57 ii.

lane looking-glass.  Cast upon the mirror, at the foot of the rod, a
seam of parallel rays from the lantern, orasunbeam coming through
a hole in a screen.  Notice (a) that the reflected beam always makes
the same angles with the mirror and the stick as the incidént beam
does, and (b) that the incident hcam, the stick, and the reflected
beam all lie in one plane (Fig. 143).
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iii. Reflection at two surfaces.—Place a lighted candle in front of
a thick plate-glass mirror, as in Fig, 144, Notice that two images
can be seen when vicwed a little from one side. One is due to
R — reflection at the front surface,
and the other is produced by
reflection at the silvered back
surface.

iv. Images formed by plane
mirrors.—(a) Place a knitting
needle in front of a plane
unsilvered sheet of glass fixed
vertically in front of a dark
background. Arrange another
such needle behind the mirror
in such & position that wher-
ever the eye be placed, the
needle behind the mirror al-
ways appears in the position
of the reflected image of the
first needle.

It is easy to arrange the
needle in the right position
behind the mirror, by observ-
ing that when this needle
apparently moves more in the

‘ direction in which the eye is
¥1G. 144.~Multiple images produced by moved than the image does,
a thick mirror. the needle is too far behind

the mirror, and vice versa.

Measure the distances of the two needles from the back of the
mirror. They should be the same, thus showing that the image
isf situated as far behind a plane mirror as the object is in front
of it.

Reflection of light.—When any wave is said to De refiected,
it is understood that it comes into contact with the surface of
some body, and is thrown back from that surface, and travels in
a direction opposed to that in which it was originally moving.
This may happen in two ways, either regularly or irregularly. In
the first case, it is turned back.according to simple rules, while
in the second there is no uniformity about the direction. The
page on which this explanation is printed appears to be white
because—owing to the roughness of the paper—of the irregular
reflection of the light which falls upon it. Or, if we powder a
sheet of glass, the powder seems to be white for a similar
reason ; there are many surfaces formed from which irregular
reflection takes place. The manner in which a sheaf of rays is
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broken up and leaves the surface of a body when reflected
irregularly can be seen in Fig. 145.

Laws of reflection of light. —Light is reflected regularly
from a plane mirror—that is, a flat reflecting surface. Sucha
mirror can be made from
a variety of substances,
but the most common is
bright metal or silvered
glass.

The angle at which
the light, or any sort of
wave, strikes the reflec-
ting surface is called the
angle of incidence, and the
wave an incident wave.
The angle at which the
wave leaves this surface is known as the angle of reflection,
and the wave as it leaves the reflected wave.

There is a definite connection between the angles of incidence
and reflection, and it can be expressed as follows :

1. The line representing the reflected wave is in the same plane
with the normal and the line representing the incident wave, and is
on the opposite side of the normal to the incident line.

2. The angle of incidence is equal to the angle of reflection.

It has also been learnt by experiment that when a wave
strikes a retlecting surface nrormally, 7.e. having travelled along
the normal, it is reflected back upon the same line.

Formation of an image by a plane mirror.—The two rules
just enunciated enable the formation of an image by a plane
mirror to be understood easily.

Let MM (T'ig. 148) be the plane mirror, and 4 a bright spot of
light like the head of a pin in Expt. 57 i. First see what happens
to the light ray which leaves A4 and strikes the mirror normally.
It is reflected back along the same line, and the reflected ray
appears to come from a point 4" along 44. In the case of any
other rays, such as 45, the light ray is retlected in such a way
that the angle of reflection CBD is equal to the angle of inci-
dence 4BC, and appears to an eye, placed as in Fig. 146, to
come along BD from a point 4’, where BD produced meets 44'.
If the same construction is made for any other ray 48’ it will

FIG. 145. — Irregular reflection of light.
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d

A

be reflected and appear to be coming along B’Z, which pro-

duced backwards will pass through the same point 4. 4’is

therefore the image of 4,

| and it can be proved easily

l by geometry that A’ is as

is in front of it.

i These facts apply equally

{ D to the formation of the

> images of objects, which can

4 be considered as accumu-

/ lations of small material

4 struction given above for a

V4 point may be applied.

Ay When a mirror rotates,

F16. 146. —Representation of the course the a,nglethroughwhjchthe

(‘;{l::g/: producing an image in a plane image moves is twice the

mirror moves.—Knowing the laws of reflection, this truth

can be arrived at easily by a knowledge of geomotry. Thus
let MM (Fig. 147) be a
mirror, capable of rotation,
when in a vertical position.
After a brief interval it
arrived at a new position
M M;. PO is a ray of light
which strikes the mirror in
its vertical position at right

angles.

The mirror rotates and

ray is along OR. 1t is re- ¥1q.147.—Proof that the angle through

quired to compare the angle %, e rotecied ray move o doubl
POR through which the ray

of light moves, with the angle #0M, through which the mirror

moves. Angle POM=a right angle,

angle QOM,=a right angle;

far behind the mirror as 4
; . particles to which the con-
angle through which the
will, when rotating, have
the direction of the reflected
.. angle POM=angle QOX,.
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The angle through which the mirror moves
=M,0M=Q0M, - MOQ
=POM - MOQ
=QOP.
But since angle of incidence =angle of reflection
QOP=QOR;
. POR=2GOP.
But POR is the angle through which the ray of light moves,
and it is twice that through which the mirror moves.

58. SPHERICAL MIRRORS.

i, Principal focus of a concave mirror.—Procure a concave mirror
and cover it with black paper, except a small part at the centre or
round the pole. That is, let the aperture of the mirror be small.
Allow rays of sunlight to fall upon it (the-e come from so great a
distance that they can be considered parallel). Move a very small

F16. 148.—The principal focus of a spherical mirror.

paper soreen up and down in front of the reflecting surface so as not
to out off the incident ravs. Notice that at a certain point a clear
image of the sun is formed, and probably the screen will be burnt.

ii. Concave mirrors ; law of distances.—(a) Place a lighted candle in
front of a concave mirror so that the flame is on the principal axis.
Mave a small screen of white cardboard to and from the mirror, so
that it does not intercept all the light passing between the ocandle
and the mirror. At a certain distance from the mirror a clear
image of the flame will be found upon the card screen.

(6) Now move the flame a short distance away or towards the
mirror. 1t will be found necessary to move the card towards or
away from the mirror in order to again obtain a sharp image.

The distances from the mirror to the candle flame u and from the
mirror to the card » should be carefullv measured. They will be
found to depend upon the focal length f according to the equation :
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Reflection from Spherical Mirrors.—A spherical mirror
is a part of a spherical surface which has the power of
reflecting. It may be cither concave or convexr, the former
if the reflection takes place from the hollow side, the latter
if from the bulging side, The centre of the sphere of
which it forms part will evidently be the centre from which
the part of it constituting the mirror was struck, and this point
is called the centre of curvature. The distance from this point
to the reflecting surface is the radius of curvature. Thus in
Fig. 149 ¢ is the centre of curvature and e M, ed, e M. are all radii

of curvature. MM’ is

M called the diameter or

aperture of the mirror

and d is called by many

names, perhaps pole of
c _ the mirror is the best.
o A linc going through
the pole and centre of
curvature 1s the prin-
cipal axis of the mirror,
any other radius pro-
duced being a secondary
axis. We know from geometry that every radius is at right
angles to the tangent at the point where it cuts the circle;
and, since we can consider the tangent and circle as coincident
at this point, from what has been already said it will be clear
that the radii are normals to the mirror. Evidently, then,
if we place a luminous object at the centre of curvature we
shall have all the rays of light from it reflected back along
the lines of incidence, or the image will be formed at the same
place as the object.

If parallel rays fall on a concave mirror, e.g. rays from the
sun, they will be reflected and brought to one point, called a
focus. The point so obtained is called the principal focus of the
mirror. In Fig. 148, F represents this point and C the centre
of curvature. The parallcl lines show the direction of the sun’s
rays. This point F is midway between the pole and C, or the
Jocal length is half the radius of curvature,

MI
F16. 149.—Reflection trom a spherical mirror.
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CHIEF POINTS OF CHAPTER XIV.

Light, like every kind of radiation, is a form of energy. 1t is a
process of transference of energy by ether-waves. Those ether-
waves which aflect the retina are known as light.

Rectilinear propagation of light.—Light travels in straight lines
when propagated through any one medium, but often has its
direction changed when passing from one medium to another (see
Refraction).

Consequences of rectilinear propagation of light.—(a) The images
produced by a pin-hole camera are imverted.

(b) The size of the 1image formed by such a camera can be found :

length of object distance of object from aperture
length of image ~ distance of mage from aperture’

(¢) Mlumination is due to the overlapping of images.

(d) The formation of the umbra and penumbra.

A photometer 15 an instrument tor comparing the intensities of
different sources of hght.

Reflection. —Light, 1n being reflected from suitable surfaces, obeys
the following laws :

I. The vetleeted ray lies m the same plane as the incident ray
and the normal: and 1s on the opposite side of the normal to the
incident ray.

2. The angle of reflection 1s equal to the angle of incidence.

Spherical mirrors.—When parallel rays, or those from a very
distant object, fall on a concave mirror, they meet. after reflection,
at a point half-way between the mirror and its centre of curvature.
This pomnt 1s called the principal focus. The law of the distances
of the object and of the image respectively from the mirror in other
cases is eapressed by a simple equation.

EXERCISES ON CHAPTER XIV.

1. A candle is placed close to a looking-glass, and its reflection in
the glass is viewed a little from one side. What will be seen ? As
far as you can, explain the appearances which you describe.

2. Describe a pin-hole camera, and explain, illustrating your
answer by a diagram, how the image of a luminous object is formed
by it.

yWhat experiment would you perform to show wny it is that the
image first bocomes blurred and then disappears when the size of
the hole is gradually increased ?

3. Three candles are placed quite close together in a row at the
centre of a room, and a wooden rod is held in a vertical position at
a distance of about a foot from the candles. Explain, giving
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diagrams, why it is that as the rod is moved in a circle round the
candles the shadow cast on the walls is in some positions sharp and
in-others very ill defined.

4. The sun shines through a crack in the shutter of a darkened
room. A person inside the room says that he sees a ray of light
entering the room. Put his statement in a more accurate form.
What can he really see ?

5. A small opaque sphere is placed tetween a gas burner and a
white screen, and when the gas is turned down so that the flame is
very small it is found that the shadow cast on the screen is quite
sharp, but on turning up the gas o that the flame is large, that the
edge of the shadow is }lurred. Fxplain the reason for this change,
illustrating your answer by means of diagrams.

6. State the two laws in accordance with which a ray of light is
reflected by a smooth surfsce, and describe experiments by which
you would demonstrate the truth of cach of these laws.

7. What is an inverted image ? If the capital letter F were
drawn on paper and held in front of a mirror, how would you have
to draw the letter on the paper and how hold the paper, in order
that the image of the letter in the mirror should present its ordinary
aspect ?

8. A bright object is placed at a short distance in front of an
ordinary looking-glass. An eye looking into the mirror sees, in
general, a number of images of the object, the second of the series
in order of nearness being usually the most brilliant. Explain this.

9. A shadow is usually divided into an ‘“umbra ” and a ‘‘ pen-
umbra.” Explain these terms. How can you readily obtain (1)
& shadow which is practically ‘all umbra, (2) a shadow which is all
penumbra ?

10. By moving a fragment of looking-glass, a boy finds that he
can throw images of the sun up and down the walls and ceiling of
a room. Where must he stand to be able to do this ? Show by a
diagram that the angle through which the image moves is twice
as large as the angle through which the boy moves the glass.

11. Describe how parallel rays are reflected by a concave mirror.
What is the law of distances in the case of such a mirror ?



CHAPTER XV.

REFRACTION OF LIGHT.
59. REFRACTION AT PLANE SURFACES.

i, Refraction by water.—(a) Procure a rectangular metal box,
such as a cigarette box, and put a wooden or metal scale on the
bottom. Ina darkened room let sunlight fall slantwise against the

F16. 150.~ Experiment to show refraction of light by water.

edge. The side of the box throws a shadow which reaches. say, to
C, which, since light travels in straight lines in the same medium,
is & continnation of the ray of sunlight A8, Without distubing
anything fill the box wit" water.  The shadow no longer reaches to
C, but only as far as D. Clearly the light waves have been bent or
refracted out of their original course. Notice that NN’ is the

2l
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normal, and that the rays of light travelling from the compara-
tively rare air into the denser water are rcfracted towards the
normal.

(b) Obtain a medicine bottle with flat
- faces, and paste over one face a piece of
paper having a circular hole cut in it
(Fig. 151). On tho glass draw a vertical
and a horizontal line on the clear space as
. shown. Pour water into the bottle until it
reaches the level of the horizontal line.
Let a narrow beam of light enter the side
of the bottle and strike the surface of the
water where the two lines cross; it will be
found to be bent in the water towards the
vertical line.
: ii. Pin method of proving laws of refrac-
| tion.—(¢) Upon a picce of board ABCD
(Fig. 152) place a sheet of paper, and upon
the paper put a picce of fairly thick glass
with parallel sides (a thick piece of glass
‘ ~ from a box of weights, a paper-weight, or
Fia. 151. — Bottle for & number of slips of microscope glass will
illustrating refraction of do very well).  Rule along the edges of
light by water. the glass with a fincly-pointed pencil.

Place two pins, «, b, as shown in the

illustration, and then, looking through the gluss from the other side,
stick in the pins ¢, d, so that all four appear in a straight line.

F1G. 152.~Pin method of illustrating refraction of light.

(b) Now take away the glass and pins and join the pin-holes on
the paper as shown in Fig. 153. Draw the normal e/ and the circle
elfg.  Draw im and gk perpendicular to ebf, and compare the lengths

im, gk. Obtain the ratio l_mk for different positions of the pins; it

will be found practically !{;he same in all cases in which the same
material is usedl.)

Notice that the dircetion of the ray cd, emerging from the glass,
is parallel to that of ab.

ili. Phenomena caused by refraction.—(a) Place a bright object,
say a coin, on the bottom of an empty basin, and arrange your eye
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80 that the object is just hidden by the edge of the basin (Fig. 157).
Get somebody to pour water into the basin.  You will now be able
to see the cein without any movement of your eye having taken
lace. Evidently there has been a bending of the direction of the
ight rays somewhere,

(b) Place a glass cell in front of a white surface brightly
illuminated. Let the surface of the water be visible. Put a lump
of ice on the water, and observe the streaky appearance of the

Fia. 153..Construction for proving the laws  FIG. 154.-Cell with glass sides
of refraction by the pin mcthod. for refraction experiments.

illaminated part of the sereen. Add syrup, alcohol, and hot water
by a pipette. Notice that the light has not passed through
uniformly.

(c) Observe the shadow of the disturbed air above a stove or hot
poker. Notice the apparent shifting of position of objects seen
through such air.

(d) Fill a glass cylinder with water, and place a coin at the
bottom. On looking straight down through the water the coin
appears nearer the surface than it really is. Hold another coin near
the outside of the cylinder, and place 1t at such a height that the
two coins appear at the same level.  The amount by which the coin
in the water is apparently elevated by refraction can thus be found.
The length of the column of water throngh which the coin is
observed, divided by the distance from the top of the water to the
outside coin, gives the index of refraction of water.

(e) Repeat the experiment with methylated spirit.

Refraction of light.-—Up to the present the light rays have
been supposed to be moving through a uniform medium. When
this is so, as has been scen, light travels in straight lines, and,
if it meets a reflecting surface, it is turned back, according to
the laws which have been studied. 1f, however, the light passes
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from one medium into another of a different density the pro-
pagation of the wave iz no longer rectilinear : the passage from
one medium into the other is accompanied by a bending of its
path. This bending is known as refraction, and the ray is said
to be refracted.

Rules of réfraction.—In Fig. 155 the shaded lower part of
the diagram represents a denser medium than the unshaded
upper portion. The word denser is used here, and in similar
connections. to mean optically denser, and must not be confused
with what has been said of the density of bodies in Chapter
II. let R/ represent a
ray passing from the rarer
to the denser medium, or
the ray incident on the
surface of the denser
medium at /. The angle
{1 makes with the normal
at I is the angle of inci-
dence. The ray is bent;
instead of continuing its
course in a straight line
along IR, it is refracted
and travels in the direction
of IS, which represents
the refracted ray, the angle
SIP being the angle of
refraction. The ang'e RIS, which represents the amount the
ray has been turned out of its original path, is called the
angle of deviation. With the centre / and any convenient
radius describe a circle, and from the points where it cuts
the incident and refracted rays, perpendiculars on to the
normal are drawn as in Fig. 155, A perpendicular is also
dropped from the point R'. 1t is clear from geometry that
R'P is equal to the perpendicular let fall on to the normal
from the point where the incident ray cuts the circle. The
ratio between the lengths of 2'P and SP is constant for the
same two media, eq. air and water, whatever the angle of
incidence. ‘This ratio is called the index of refraction. Its
value for air and water is about 4 ; for air and glass roughly
8, depending upoa the kind of glass.

F1G. 135.—Geometrical rep esentation of
laws of refraction,
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The laws of refraction are then:

1. The incident ray, the normal, and the refracted ray are all in
the same plane. The incident and refracted rays sre on opposite
side3 of the normal.

2. If a circle be described about the point of incidence, and per-
pandiculars be dropped upon the normal from the intersections of
this circle with the incident and refracted rays, the ratio of tle
lengths of these perpendiculars is constant for any two given media.

Refraction through a plate with parallel sides.—In tlie
case of a ray of light passing completely through a plate of
glass, having its sides parallel, the ray is bent towards the
normal when entering
the glass, and away from
the normal when emerg- |
ing, so that its course
is as shown in Fig. 156. |
The ray is thus displaced |
laterally, but it emerges
in a direction parallel
to its original direction.
The effect of refraction is
n .t,lus case to cause the I'1G. 15G.-Refraction causes the object S to
point .S to be seen at S’ be seen at 8,

In constructing a dia-

gram for any similar case, it should be borne in mind that
when a ray passes from a less dense to a more dense medium,
it is bent fowards the perpendicular to the separating surface,
and when a ray passes from i dense to a rarer wedium it is
bent away from the perpendicular to the separating surface.

Various effects of refraction.—The commion experiment
with a coin at the bottom of a bhasin, where, being first hidden
from view by the edge of the basin, it becomes visible again
when water is poured into the basin, is explained casily by
tracing out the path of the light.

In Kig 157 let ¢ be the position of the coin, in which it is just
hidden so far as the eve is concerned by the edge of the empty
basin. If the rays from the coin ¢ be continued in straight
lines these lines will evidently pass above the eve. Now when
the water is put in, these rays, which before miss the eve, are
refracted in passing out of the water aud just enter the eye,

LS. I P

iy
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making the coin appear to be in the position ¢. The right side
of the vessel, if continued upwards, represents the normal, and
evidently in passing out of water into air the light-waves are
bent away from the normal.

The same kind of construction applies to the case when an
object is seen obliquely through a thick glass plate (Fig. 156).
The object is displaced and also made to appear nearer than it
really is.

The streaky appearance seen when the light from a lantern is
passed through water containing ice is due to the repeated
refraction of the light on passing into layers of water of

FI1G. 157.—~When the trough is empty the coin ¢ is invisible to an eye at
~ B, but when it 1s full of water the coin is seen at ¢'.

different densities (Expt 59 iii. ()). This reason, too, explains
the results obtained when alcohol or syrup are mixed with water.

The refraction of light in its passage from one medium into
another of different density explains several other very familiar
obgervations. A stick held in anything other than a perpen-
dicular position in wuter appears to be bent upwards. If a
straight stick is fixed upright in water and looked at from a
point a few feet above the end, it will appear shorter than it
really is, in the proportion of three to four, so that if a length
of four feet is under water, it appears to be only three feet long.
In the same way standing bodies of water always appear shal-
lower than they reully are on account of refraction. A pool of
clear water when viewed from a point vertically above the
surface only appears  of its actual depth.
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60. REFRACTION THROUGH A PRISM.

1. Pin method of tracing deviation by a prism.—Stand a prism
upright, that is, upon one of its ends, upon a piece of white paper.
Stick two Bins into the paper in the positions @, S (Fig 158), place

, R, on the opposite side of the prism, so that the four

two more

K1G. 158. -Pin method of tracing deviation of light by a prism,

appear in a straight line when looking through the prism. Draw
the outline of the prism 4 BC, and then take away the prism and
the pins and connceet the pin-holes as shown in the diagram. It
will be found that the ray is bent towards the base of the prism
both when it enters and emerges.

Refraction through a prism.—When a wedge-shaped piece
of glass, or a prism, as it is called in optics, is interposed
in the path of a ray of light from a small hole in the cap of
a lantern, it is easy to see by watching the image of the hole on
a screen that the image moves in a direction towards the base
of the prism. This is because the ray is bent by its passage
through the prism, so that on its emergence from the glass
it continues in a new path inclined towards the base of the
prism. The amount of bending experienced by the ray of light
depends upon

(1) The angle between the inclined sides of the prism meeting
in its edge, or the angle of the prismn, as it is called ;

(2) the material of which the prisui is made, and

(3) the nature of the incident light.

If two prisms of the same angle and material are so arranged
that the edge of one adjoins the basc of the other, the second
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prism undoes the bending of the first, and the ray as it leaves
the combination of prisms continues its path in a direction
parallel to the incident ray, though not, of course, in the same
straight line with it.

Path of a ray of light through a prism.—In Fig. 159 let the
trianzle «he represent a section of the prism at right angles to
its faces, such as we
should see by looking
at the end of it
Nuppose DE is a ray
of light striking the
face ah of the prism.
The light on entering
the prism passes from
the air into the glass,
or from a rarer inlo a
denser medium, and is
bent towards a linc drawn perpendicular to the face of the prism
at the point where the ray of light strikes it. Tt consequently
travels along the line K/’ until it reaches the face ac of the
prism. Here it passes from the glass into the air, i.e. from a
denser inlo a rarer medium, and is, in such circumstances, bent
from the perpendicular, and travels along the line E’'D’. In
every such passage through a prism it is noticed that the light
is always bent or refracted towards the thick part of the prism.

61. REFRACTION THROUGH A LENS.

i. The principal focus of a lens.—To find the distance of the
principal focus from the centre of the lens, that is, its focal
length, it is only nccessary to form an image of the sun by it on a
screen and to measure the distance between the lens and the screen.

ii. Convex lens ; law of distances.—Place a candle flame on one
side of a convex lens and arrange a cardboard screen to catch the
image on the other side. When the image 15 ¢uite sharp, measure
the distance: ol {lanie and screen from the lens.  Using letters u, v,
and f as with concave murrors (p. 217), obtain several pairs of
values for  and v, the lens being moved tetween cach determination.
Measure the focal length f as in Expt. 61 i.

It will be found that u, v, and f have values which satisfy the
equation : 1

v f’

1t should be remembered that u is the distance from the flame
to the lens.

F1G6. 159.—Construction to show the path of
aray ol hght through a prism.

R
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iii. The simple microscope.—If the flame be brought towards the
lens, the screen must be moved away from it. At last the image
cannot be obtained on the screen no matter how far off it is carried.
This happens when the flame is at the principal focus of the lens.
In this case and when the flame and lens are still nearer one another,
no image is formed, for the rays of light now emerging from the lens
,are diverging. This is what happens when a lens is used as a
"magnifying glass or simple microscope and therefore held close to
the object to be examined. The enlarged appearance is due to the
divergence of the emerging rays. The image is not real, but is
virtual, and appears to be situated on the same side of the lens as the
object. A virtnual image is thus one which cannot be caught on a screen.

Refraction through a lens.—Most lenses are of glass, with
curved surfaces, which are portions of spheres. In some lenses
one surface is quite plane. All lenses can be divided into two

F1@. 160.—Parallel rays falling on a convex lens.

clagses—convex or converging, and concave or diverging. Con-
verging lenses can be distinguished by their power of forming an
image of a distant object like the sun, or by that of magnifying.
Concave lenses form no image in this way, and, moreover,
instead of magnifying, they make objects appear smaller when
viewed through them.

To understand their action upon the course of rays of light
through them it is simplest to regard them as being built up of
parts of prisms in contact, as shown in Fig. 161, where a convex
lens is built up in this way. A r'y of light falling upon any
one of these prisms is refracted towards its thicker part, and
consequently they all converge towards a point, which, if the
incident rays are paralle], is known as the principal focus of the
lens, as F in Figs. 160 and 161.

The photographic cemera in its simgplest form consists of a
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convex lens and ground glass screen which can be moved
towards or away from the lens until a sharp image of the object
to be photographed is obtained. The screen is now replaced by
a prepared glass plate, coated with a substance, generally a

F1a. 161 —Lens built up of parts of prisms.
compound of “silver, which is extremely sensitive to the action
of light. The plate is exposed to the light passing through the
lens for a space of time varying from 1000th of a second to
several minutes, according to the intensity of the light forming
the image. The image is not visible until the plate has becn
“ developed ” and ** fixed.” In this way a negative is obtained in
which light-coloured objects appear dark and vice versa. The

F1G6. 162.—Formation of image by telescope.
positive or ordinary photograph is made by printing through
the negative on sensitised paper.
The telescope.—The principle of the refracting astronomical
telescope can now be described. Notice in Fig. 162, the larger
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double convex lens forming an image ab of the object 4B. This
image becomes the object to a sccond smaller, though in other
respects similar, lens, placed near the eye. The second lens
forms an enlarged image A’B’ of this first image ab, in the way
shown in the figure. A lens placed in the same relation to the
smaller onc as the larger in the figure is called the object glass,
while the smaller one which magnifies the image formed by
the first constitutes the eye-piece.

CHIEF POINTS OF CHAPTER XV.

Refraction of light.—A ray of light passing from a less dense
to a more dense medium 1s bent towards the perpendicular to the

separating surface, and conversely. The laws of refraction can be
stated thus:

1. The incident ray, the normal, and the refracted ray are all in
the same plane, The incident and refracted rays are on opposite
sides of the normal.

2. If a circle be described about the point of incidence and perpen-
diculars be dropped upon the normal, from the intersections of this
circle with the incident and refracted rays, the ratio of the lengths
of these perpendiculars 1s constant for any two given media.

Refraction by a prism.—The deviation of a beam of light caused
by the action of a prism depends upon («a) the angle of the prism, ()
its material, (¢) the nature of the light.

Refraction by a lens.—Convex lenses make rays falling upon them
tend to become converging; concave lenses produce divergence.
A lens may be considered as built up of prisms, which are in
opposite directions in convex and concave lenses. The focus for
parallel rays is called the principal focus. The law of distances
for lenses is expressed in a simple equation very similar to that for
conecave mirrors.

EXERCISES ON CHAPTER XV.

1. A bright bead is placed at the bottom of a basin of water, and
a person stands in such a position that he can just see it over the
edge of the basin. While he is looking, the water is drawn off.
How will this affect his view ?

Draw a diagram showing the direction of a ray of light passing
from the bead through the water and the air in each case.
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2. A thick layer of transparent liquid floats on the surface of
water. Trace the course of a ray of light from an object immersed
in the water through the floating liquid to the air.

3. Describe an experiment to show the path of a ray of light
which passes obliquely through a thick plate of glass. Illustrate
your answer by a sketch in which you indicate clearly the path
of the ray in the air before it enters the glass, in the glass, and
in the air beyond the glass.

4. An upright post is fixed in the bottom of a pond which is
three feet deep; the top of the post is three feet above the water.
How will the post appear to an eye about the level of the top of
the post and four or five feet away from it ?

Draw a figure to illustrate your answer.
What will be seen as the eye moves further and further back
from the post ?

5. Describe in detail, giving a sketch of the apparatus, an
experiment to show that when a rav of light passes from water to
air it is bent away from the perpendicular or normal.

6 State the laws of the deviation of light when passing from
any medium to one of different optical density.

7. A boy wades in a pond which everywhere reaches to about
the level of his knees. On account of the water some of the pebbles
with which the bottom is covered are invisible and others are not
seen in their true places. Explain this, and illustrate your answer
by a diagram.

8. A dot is made on a piece of paper, and a prism is laid on
the paper, over the dot. An eye in certain positions now seems
to see two dots. Draw a diagram to explain this.

9. Explain why a convex lens is alzo called a converging lens.

10. Give short accounts of (a) the photographic camera, (b) the
telescope.

11. If a thick piece of plane glass Fe rlaced with one edge resting
on a page of print, the letters seen through the glass are displaced
to one side or the other according to the position of the glass.
Explain this.

12. Given a small source of light show how vou would proceed
to obtain parallel rays by using a double convex lens.

13. A person arranges a basin of water and a candle in such
a way that the reflection of the candle on the water seems to him
to be in the same straight line as a coin at the bottom of the water.
Draw a diagram to show the necessary arrangement, and give any
explanation that you think necessary.

14. A fish swims in a glase tank ; a person whose eve is above
the level of the water seems to cee two fish. Draw a diagram to
illustrate this, and give any explanations you think necessary.
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15. Objects seen through hot air rising from a chimney are noticed
to flicker. Account for this fact.

16. Common glass in a window pane distorts objects seen through

it, while plate glass does not. Why is this ? 1llustrate your answer
by a sketch.



CHAPTER XVI.
ANALYSIS OF LIGHT. COLOUR.

62. DISPERSION.

i Dispersion by a prism.—In a piece of card cut a slit (P) about
2 cm. long and 1 mm. wide. Place the card, with the slit vertical,
in front of a fish-tail gas flame (Fig. 163). Arrange a prism (4) on
a stand, so that it is of the same height as the slit, and has its
refracting edge vertical. Between the slit and the prism place a
lens (L;). Catoh the light emerging from the prism by a second

F1a. 163.—Experiment to show the dispersion of light by a prism.

lens (L,). Move the position of the sereen (S) until the coloured
band of light is best secen. Observe that the light is refracted
towards the base of the prism and that it is decomposed into
constitucnt colours, which are differently bent by the prism. The .
violet light is refracted most and the red light lcast. Colours
between these limits are bent by intermediate amounts. Name the
colours you can see,

234
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The band of colour is called a apectrum, and an instrument con-
structed on the principle of this experiment, a spectroscope ; the
light is said to be dispersed by the prism.

ii. Dispersion a consequence of unequal refraction.—(a) Place a
red glass against the slit and notice that onl{ a red image of the slit
is visible. ~ Still observing the screen, sub-
stitute a blue glass for the red one. A blue
image is seen, but not in the same position as
the red one; it is bent morc away from the
refracting edge of the prism.

(b) Place a second prism with its base in
the same direction as that of the first. Notice
a longer band of colour than in Expt. 62 i.
is obtained, but it is fainter. The amount
of dispersion has been increased.

(¢) Place the second prism so that its base
adjoins the apex of the first prism (Fig. 167).
The band of colour disappears.

(d) Substitute a hollow glass prism (Fig. :
164) filled with carbon bi-sulphide for the g 165 —A hollow
solid glass prism used in the preceding ex- prism for holding liquids
periments. Observe the increased length of to show the decomposi-
the spectrum, owing to the greater dispersive t{_‘g‘,\‘c’;(‘)‘f’t by unequal
power of the carbon bi-sulphide. ’ )

Analysis of light by a prism.—When sunlight, or, as it
is called, white light, is passed through a prism, it is decomposed
or dispersed owing to the different refrangibility of the various

F1¢. 165.~To illustrate the decomposition of white light by a prism.

kinds of light contained in it. An examination of the band of
colour or spectrum will show that one colour shades imperceptibly
into the next. There is, then, a large number of waves of
different lengths comprised in the white light from the sun, and
each ray is bent to an extent depending on its wave-length.
Refraction is accompanied by dispersion.—In all the cases
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of refraction which have hitherto been considered, the pheno-
mepa have been described as if all the ether-waves contained in
white sunlight are bent equally, but this is really not so.
What is commonly called “red” light is not so much bent out
of its path by a prism as “blue” light. Or, expressing the same
fact in another way, red light is less refrangivle than the blue
light. It is found by accurate experiments, which the student
will find described in books on light, that the sensation of red
upon the retina is due to the absorption of ether-waves which

FI1G. 166.--A spectroscope for the analysis of hight by means of a prisia.

are long and the vibration frequency slow compared with those
waves which when absorbed by the retina give rise to the sen-
sation of blue. The shortest, most rapid waves are hbent most ;
the slowest, longest waves are bent least. The shortest. most
rapid waves which atfect the retina give rise to the sensation of
violet. Since a prism bends ether waves of ditlerent lengths
unequally in this way, it provides a means of separating waves
of different lengths from one another. Because thev are bent
differently the ether-waves are separated or dispersed by the
prism. This may be expressed by saying that a prism can
analyse light composed of waves of different Jengths.

If the decomvos:d sunlight, instead of being collected on a
screen, be passed through a second prism similarly arranged, it
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will be seen that the band is longer, or the dispersion is greater.
The amount of dispersion also depends upon the material of
which the prism is made. Glass produces a much greater
amount of dispersion than water ; ilint-glass possesses twice the
dispersive power of crown glass; carbon bi-sulphide, again, has
even more dispersive power than flint-glass.

Although a continuous band of colour is observed when sun-
light, or limelight, or a gas- or candle-flame is seen through a
prism, this continuous spectrum is not always produced. For
when substances such as sodium, strontium, and lithium, or
their compounds, are burnt in a non-luminous flame, and
observed through a prism, a spectrum consisting of bright lines,
which ave ditferent for different substances, is seen. A prism
may thus be used, and is used, to analyse light. The light of
incandescent sodium vapour, produced by burning common salt
in a flame, when observed through a prism is characterised by a
yellow line, and the lights emitted by other substances when
burning are each distinguished by rays of particular colours
and positions in the spectrum.

63. RECOMPOSITION OF WHITE LIGHT.

1. Recomposition of lizht by a second prism.—Place a prism in
front of an illuminated slit, as in Expt. 62 i.  Obscrve the band of

F1G. 167. ~Recomposition of light by a second prism.

oolour, or spcetrum. Place a sccond prism against th~ first oue, !:mt
with th- refracting cdae adjacent to thn base (Kig. 167). This prism
undo"s the work of tho first one, and no spectrum can now be seen,
but only the illuminated slit.
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ii. Recomposition by colour disc.—Upon a round piece of card
paint sectors of the different colours contained in the spectrum,
arranging the areas of the
coloured sectois as nearly as
possible in the proportion in
which they occur in the spec-
trum.

Place the card upon a whirl-
ing table (Fig. 138) or upon
a top, and rotate it rapidly,
when 1t will be found that
light from the card gives rise
to the sensation of white or

grey.

Formation of white light
from its constituents.—
I e s Just as it is possible to
F16. 168, —Rotating disc, to show the analyse white light, splitting
;(Ecgrl?llggslilgag of the constituent colours ;¢ up into its constituent

colours or wave-lengths, so,
by suitable arrangements, these separated or dispersed colours
can be made to recombine, forming white light over again,
This building up, or synthesis, of white light can be effected in
the following ways :

1. By interposing a second prism with its angle reversed
The dispersion of the first prism is neutralised, and the beam of
light leaves the second prism in a direction parallel to the beam
incident upon the first prism.

2. By the colour disc.

The colour disc. —The explanation of the recombination of
the separate colours of the spectrum by means of a rapidly
revolving diso, as in Expt.63 ii., is very simple. It is due to
what is called the persistence of images on the retina of the eye.
Each impression the retina receives lasts for a certain length of
time—about one-tenth of a second. 1t is not an instantaneous
impression only. Think of the common trick of whirling round
a stick with a spark on the end which gives rise to the
impression of a continuous circle of light. This is because the
second impression of the spark is received by the eye before the
first impresson has died away. Similarly, the impression of one
sector, say, a red one, has not disappeared before the next is
received, and while these compounded impressious linger a third
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one comes along. The blurred total of all these rapidly
oceurring impressions produces the greyish white tinge seen
when a colour disc is whirled.

Colour.—In every case the colour of a body depends on
selective absorption or selective transmission. Of the coloured
rays of white light one portion is absorbed at the surface of the
body. If the unabsorbed portion traverses the body it is
coloured and transparent: if, on the contrary, it is reflected
the body is coloured and opaque. In both cases the colour
depends upon the constituents of white light which are left to
reach the eye after the other constituents have been absorbed.
Bodies which reflect or transmit all colours in the proportion in
which they exist 1n the spectrum are white ; those which reflect
or transmit none are black. PRetween these extreme limits
infinite tints exist depending on the smaller or greater extent
to which bodies reflect or transmit some colours and absorb
others.

In the case of a blue glass the red and yellow rays of white
light are absorbed, while the blue rays are transmitted almost
completely, the green and violet less so ; hence the light seen
through the glass is blue.

Bodies have no colour of their own ; the colour of a body
changes with the light which falls upon it. Tt is interesting to
remember that this absorption of certain constituents of light
necessitates a using up of energy. But since energy cannot be
destroyed it is in these cases converted into heat. Theoretically,
a blue glass would get hotter than a red one, because the former
absorbs all the red rays, and these have a greater heating effect
than blue rays.

CHIEF POINTS OF CHAPTER XVIL

Analysis of light by a prism.—The points to be remembered are :

1. That if a beam of monochromatic light, that is, light of one
wave length, traverses a prism, it is bent out of its original direction,
but the amount of bending produced by any particular prism depends
upon the colour of the beam of light used, being greatest for violet
and least for red light.

2. That if light from any source passes through a prism, it is
broken up or analysed into its different components, cach ray of
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elementary colour that enters into the composition of the light being
bent by a different amount.

when
it traverses
a prism 18
broken up into

8. That a beam of white light,

Red
Orange
Yellow
Green
Blue
Indigo
Violet

White light can, therefore, like a chemical compound, be broken
up into simpler elements. :

Recomposition of light—the colour disc.—The analysis of white
light is noted above; the synthesis, or recomposition, can be
effected :

1. By making the coloured band or spectrum, produced when
light has passed through one prism, traverse a second prism having
its refracting angle reversed.

2. By rotating a disc of cardboard painted in segments of violet,
blue, green, yellow, orange and red.

Colour of transparent bodies.—The colour of transparcnt bodies
is duo to the constituents of white light transmitted by them.

Oolour of opaque bodies. —The colour of ‘(;gzque bodies is due to

the constituents of white light which they reflect.

EXERCISES ON CHAPTER XVI

1. Describe and explain the effects observed when cards coloured
bright red, green, and blue reepectively, are passed from the red to
the blue end of the spectrum.

2. Some glass houses in which ferns are grown are constructed of

n glass. Describo the appearance, to an observer in such a

ouse, of a lady in a red costume carrying a book with a bright blue
cover. Give reasons for your answer.

3. How would you explain to a class of children the effect of
a stained glass window upon sunlight? What simple experiments
would you perform to convince them of the truth of your statements ?

4. A ray of white light is passed through a glass Erism; make &
skotch showing how the direction of the ray is changed by its
passage through the prism and the order of the coiours seen when
the light falls on a screen.

How would yon show that when these colours are re-combined
white light is produced ?

5. Describe an arrangement by means of which a spectrum may
be formed upon a screen.
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If the light is made to fall upon a piece of red glass before reach-
ing the screen, how and why will the spectrum be aficcted ? What
would the effect have been if blue glass had been used ?

6. How can it be proved that :

(2) White light is a mixture of many colours? (1) Differcnt
colours have ditterent degrees of refrangibility ?

7. What is meant by the dispersion of light? On what fact docs
it depend ?

8. Explain the term refrangibility as applicd to a ray of light.
Are rays of all colours equally refrangible

9. It is sometimes said that ‘‘ red glass colours the sunlight red,”
and that ¢ blue glass colours the sun%ight, blue.” Mention facts or
experiments which show that this is not accurate. Put the state-
ment in a more accurate form.

10. Bright sunlight falls obliquely upon the surface of the water
contained in a white china basin ; a penny is held ncar the surface
of the water, and in such a position that its shadow falls upon the
bottom of the basin. Parts of the shadow are found to be cdged
with colour. What colours may be ohserved? On what part of
the shadow is each to be seen? How do you account for the
colours ?

LS. L Q



CHAPTER XVIL
TERRESTRIAL MAGNETISM.

64, NATURAL AND ARTIFICIAL MAGNETS,

i. Attractive property of lodestone.—Examine a piece of lode-
stone. Dip it into iron filings. Observe that the filings adhere in
tufts to certain parts of the lodestone.

ii. Directive property of lodestone.—Take a second picce of lode-

- — - stone which has been roughly
shaped so that the places where
the filings adhere are situated
- ucar its ends.  Support the piece
of lodestone in a wire stirrup as
shown in Fig 169, and prove
that even if at first arranged in
any other way, the picce of
lodestone, after swinging about
for some time, eventually comes
o rest along a certain line, and
one end of the lodestone, which
you can mark with chalk, always
- points in the same direction.

iii. Action between two lode-
stones. — Lcave the piece of lode-
| stone of the last exercise sus-
pended in its position of rest.
Bring up the first picce of lode-
. 169.—A lodestone attracts iron stonc towards it in such a
filings, and, if frec to turn, sets itsclf Manncr that one of the places
in a definite direction. where the filings adhered points

i at the end of the suspended
piece. Observe what happens. Now point it at the other encF of the
suspended lodestone zmdp again observe the result. In one case
attraction takes place, while in fhe other repulsion ensues.

iv. Magnetisation by means of lodestone—Take a good sized sewing
needle and fix it on the table with a little soft wax. Using the
iece of lodestone from the stirrup in the last experiment, and

ginning at the point of the needle, rub the end of the lodestone

242
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‘along the length of the needle, and when you get to the eye, raise
the lodestone and heing it again on to the point of the needle and
repeat the stroking pro-
cess. Do this about ten
or twelve times.

v. Properties of a
magnet.—Examine the
needle which has been
rubbed with the lode-
-stone. No change of
appearance can be seen,
but it will now attract
iron filings at its ends.
Support it in a tiny
stirrup (Fig. 170), and
see that it arranges
itself as the shaped
piece of lodestone did.
Also notice that while
the POint is either at- Fig. 170.—Convenient methods of suspending mag-
tracted or repelled by nets to illustrate their directive properties.
the end of the shaped
lodestone, the eye is repelled or attracted, that is, behaves in an
exactly opposite manner.

The ncedle has been made into a magnet, or has become magnet-
ised. Most filings are attracted at its ends, which are in consequence
termed the poles of the magnet,

F1G. 171.—Suspended bar magnet with iron filings adhering to its poles.

vi. Artificial magnets. —Examine several forms of artificial magnets.
Notice that some are in the shape of bars, others in that of a horse-
shoe,

Treat the bar magnet in the same way as the shaped lodestone,
thus : (@) Support in a stirrup, and see that it arranges itself along
tho same line (Fig. 171),
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() Dip both ends successively into iron filings. Notice and
sketoh the way in which the filings form a tufte Thcse ends are the
poles. No filings adhere to the centro of the magnet.

(c) Sup?ort the magnetised needle as in Expt.64 v. Bring first
one end of the bar-magnet, and then the other, up to the point of
the needle. Notice and record the rcsult. Rcpeat, using the eye

of the needle.

Lodastone.—T.odestone is a chemical compound of iron and
oxygen which occurs in the eartl’s crust. It is more com-
monly known as magnetite. The name lodestone is reserved
for those varieties which have magnetic properties ; it rignifies
“leading stone” and refers to the early use of this directive
property for navigating ships. This mineral is found in con-
siderable quantities in Scandinavia, Asia Minor, United States,
and other countries.

Artificial magnets,—The experiments already described
teach several important facts. ILodestone is able naturally to
attract iron filings. It arranges itself in a particular way when
allowed to hang freely. It can impart these properties to
pieces of steel, converting them into artificial magnets. These,
in their turn, can make other pieces of steel into artificial magnets.
All artificial magnets arrange themselves in the same way when
freely suspended. In every respect an artificial magnet has the
same magnatiz properties as lodestone,

65. PRIMARY LAWS OF MAGNETISM.

i Magnetic attraction and repulsion.—(a) Substituting the bar
magnet for the shaped lodestone, magnctise another ncedlo as in
Expt. 64 iv.

(g) Support the two magnetised ncedles, which you now have, cach
in a little stirrup. Allow them to swing frocly and come to rest.
On the ends of the two needles which point in tho same direction
stick a piece of paper, or mark them in somc other convenient way.

(¢) Leave one necdle in its stirrup and takc the other out. Hold-
ing the needle in your hand, bring the markced end up to the marked
end of the suspended ncedle. Notice repulsion. Bring the un-
marked end of the needle in your hand up to the unmarked end of
the suspended needle. Again notico repulsion.

(d) Now bring the unmarked end of onc against the marked cnd
of the other. Notice attraction.

(e) Substitute a soft iron-nail for the needle in your hand in the
last experiment. Notice that when either end of tho nail is brought
up to the marked or unmarked end of the suspended magnetised
needle, attraction eusues,
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Since unmagnetised iron will attract both poles of a magnetio
needle, we are led toan important conclusion, viz. that repulsion is
the only sure test of permanent magnetisation.

ii. Action between polcs of magnet and compass needle.—(a) Pro-
cure an ordinary compass ncedle, which is simply a light magnetio
needle supported as in Fig. 172, so that it can move easily in a
horizontal plane. Notice
that one end, which is
marked. always points
towards the north ; it is
called the mnorth-seeking
end. Bring up towards
this marked end of the
compass needle that cnd
of a bar-magnet which

ints to the north, when
1t is freely suspended in
a stirrup, and is mairked -
v;ith an N. Notice ?hat - =
they re one another.

Repeat p:lho exporiment F16. 172, -Common f«:ml c‘l).f compass needlc and
using the unmarked, or

south-secking, cnd of the ncedle and bar-magnet. Obscrve they
similarly repel onc another.

(b)) Repeat the last cxperiment, only make the unmaiked cnd of
the bar-magnet approach the marked <nd of the ncedle. Observe
that they rush together or attract onc another. Similaily, notice
that unlike poles in all cirecumstances attract one another.

iil. Placc a bar-magnct upon the table. Arrange a compass
needle upon it so that its point of suspension is on the middle line

of the magnet, where it

) » is found no filings ad-
here. Sct the compass
N e § ncedle swinging and then
- allow it to come to rest.
FIG. 173.- Unlike poles attract one another., Obscrve that the necdle
arranges itsclf, with its
marked cnd pointing towards the unmarked cnd of the magnct.
The reverse is true of the other pole of the needle (Fig. 173).
We say the magnct oxerts a directire force upon the needle.
Fub the ncedlc in other positions on the magnet and notice the same
act.
iv. Result of breaking a maznet.—(a) Magnctisc a piece of clock-
spring. Find which cnd is repelled by the marked end of a sus.
cnded magnetic ncedle, and stick n picce of paper on this cnd.
onvince yourself that the other end of the picce of hardened spring
is attracted by the marked end of tho suspended needle. Observe,
t00, that the middle of the piece of spring has no effect on the needle.
(b) Break the picce of spring into halves, and examine each piece
by bringing the cnds of the pieces in turn up to the suspended
needle, What was, before breaking, the middle part of the piece of
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spring is now found to affect the ncedle and to attract the iron
filings. Each picce has become a perfect magnet.

(¢) By means of the suspended magnetised ncedle, satisfy yourself
that the other end of tho half which is marked, is attracted by the
marked end of the ncedle, while the other end of the half which
is unmarked, repels the marked end of the needle.

Magnetic attraction and repulsion.—Experiments like those
now performed teach the rule referred to as the “ First Law of
Magnetic Attraction and Repulsion,” which can be stated thus :

Like magnetic poles repel one another.

Unlike magnetic poles attract one another.

It must, however, be noticed here that, although repulsion is
sufficient proof that two like poles are acting upon oune another,
attraction is not necessarily due to the mutual action of two unlike
permanent poles, since, as has been seen in Expt. 65 i. (¢) mag-
nets can attract soft iron which has no permanent poles at all.

Why a magnetic needle points to the north.—A compass
needle always arranges itself with its marked or & end towards
the magnetic north, because the earth acts like a bar-magnet.
A certain part of the earth in the northern hemisphere acts like
the unmarked or south-secking end of the magnet, and attracts
the marked end of the needle. The place where this attractive
force is greatest is called the north magnetic pole, and though at
first it seems contradictory, there must evidently be the south-
seeking kind of magnetism at the north magnetic pole. The
line in which the needle arranges itself is called the magnetic
meridian. The student must avoid the common error of believ-
ing that the south pole of a magnet points towards the north.
The north pole of a magnet points towards the north ; and the
question as to the kind of magnetism at the earth’s magnetic
poles does not affect the names given to the poles of a compass
needle or magnet. If it were possible to obtain a magnet with
a north pole alone, this magnet would move bodily toward the
north pole of the earth ; but as every magnet has two poles, the
earth’s action is only directive.,

Lines of force.—When a bar-magnet is covered with a sheet
of card or glass, and iron filings are sprinkled on the card, if the
card is tapped the filings arrange themselves along definite
lines, The filings chiefly collect round the ends, which contain
the poles of the magnet. The poles are found near the ends
of the bar-iagnet, where the magnetic power is most strongly
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shown. A line joining the poles is called the magnetic axis. 4
line at right angles to the axis and midway between the poles is
known as the neutral line or magnetic equator. It has been seen
that there are no filings along this line, where the opposite
magnetic properties appear to neutralise one another. Each
filing acts like a tiny magnet.

When two magnets are placed near one another, the lines of
force due to their mutual action can be shown by means of iron
filings. The curves in which the filings arrange themselves
indicate the direction of the resultant magnetic force.

66. MAGNETIC DECLINATION.

i. Magnetic meridian.-— (@) Remove all magnets, also any preces
of iron, to a distance. Make circular holes in two pieces of card-
board and fasten finc thread or silk fibres across each as shown in

Ietuisivieiy -
FI1G. 174.—Determination of magnetic meridian.

Fig. 174. Fasten these two pieces of cardboard to the ends of a bar-
magnet and support the whole as shown m the illustration. Bring
the magnet to rest and mark the line of the centres of the cross wires
by brass pins stuck into the table. Draw the lme ab. Reverse the
magnet, so that the cross wires are now belowit, and repeat. Draw
a't’. The line bisecting the anglec between ab and a'd’ is the
magnetic meridian. Why is it necessary to use pins of brass instead
of ordinary pins in this experiment ?

(b) Freely support above this line each of the magnets you have
in order, viz., the shaped lodestone, the magnetised needles, and
the horse-shoe magnct. The horse-shoe magnet is best supported
vertically by a thread. Notice that on coming to rest tﬂcy all
arrange themselves along the magnetic meridian.

The line along which a freely suspended magnet arranges itself is
known as the magnctic meridian, and it can be at once roughly
traced for any place by the simple experiments you have performed.

ii. How to find the geographical meridian.—Allow a freely-sus-
pended compass needle to come to rest. Draw a line on the table
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to m2rk the direction of tho noedle, Through the point under the
spot waoro tas needle is supported draw a line inclined to the
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F1G. 175. —The lines running down the figure show where the magnetie
declination is the same ; the brokon Jines across the figure connect points
of equal magnetic dip. (Irom Prof. 8. P. Thompson's Lessons in Llectricity
and Hdagnetism, Macmillan.)

maqnetic mer-dian you have just drawn, and at an angle to it cqual
to tha magnotie doclination of tho place, which can ho found from
¥iz. 178, ~The lincs running from top to bottom aro lincs of cqual
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magnetic declination, and the numbers at their ends show the
number of degrees by which the north pole of a magnet sets west of
true north at the present time in the British Isles.

Declination, or variation.—The magnetic poles of the earth
do not coincide with its geographical poles. You will learn later
what is known about the position of the former. Great circles
round the earth, which pass through
the geographical poles, are known
as the meridians of longitude.
Similarly, curved lines pointing to
the magnetic north and south poles
of the earth arc called magnetic
meridians ; and it is along one of
these that a compass needle arranges
itsclf. The angle between the geo-

graphical and magnetic meridians of
any place is called the declination
or variation of that place (Fig. 176).
Its value for any year at various

\_

F16. 176.—Magnetic declina-
tion is the angle between the

§ B

magnetic and  geographical

places is recorded in the Nautical meridians of a place.

Almanac. At Greenwich  Obser-

vatory in 1915 the declination was 14° 56’ W. Having a com-
pass needle and knowing the angle of declination it is ecasy to
determine the geographical meridian through a place. The
direction in which the compass sets itself is found, and then
allowance is made cast or west of this according to the
declination of the place of observation.

67. MAGNETIC DIP.

i. Meaning of magnetic dip.—Take a knitting needle and support
it by a fibre or two of unspun silk, attached by soft wax, so that it
arranges itself horizontally. Now holding it carefully so as not to
break the silk, magnetise it by the method of Expt. 65 i. (a). Allow
it to hang freely again. It is no longer horizontal. One end dips
down. By means of a compass needle ascertain which pole is
dipping, and record vour result.

ii. Construction of a dipping needle.—A needle which is free to
move in a vertical plane, but fixed as regards movement in a hori-
zontal plane, is called a dipping needle. FEither use a bought dipping
needle, or make a simple form yourself such as the following :

Select an unmagnetised knitting needle about 6 in. long. Con-
struct- an axle for the needle in the following manner: Hold two
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short pieces of copper wire on opposite sides of and at right angles
to the length of the needle. 'I'wist the ends of the wires together
on each side 8o as to grip the needle tightly, and carefully straighten
the twists. Make the wire surfaccs as smooth as possible by heating
in a gas flame and applying sealing
wax, shaking off the excess of wax
while still fluid. Apply a spot of
sealing-wax 8o as to connect ri%dly
the axle to the needle. Make a
support for the needle by cutting
two rectangular pieces of sheet
brass or copper (3 in.x} in.),
rigidly connect them together at
the base with their short edges
horizontal and % in. apart, and
fix them to a suitable base-board.
Attach a circular scale of 90° to one
of the supports (Fig. 177). See
whether the needle is truly bal-
anced by supporting it by its axle
on the kni};—edges; if necessary,
adjust the pusition of the axle by
slightly warming the sealing-wax
joint and moving the axle along the
needle. Carefully magnetise the

: needle. Place it on the knife-edges
F16. 177.—A simplo form of dipping. With its axle coinciding with the

neodle. centre of the circylar scale.

iii. Determination of the angle
of dip.—(a) To make an accurate measurement of this angle you
must be sure of one or two things. The needle must move in the
plane of the magnetic meridian. One plan to ensure this-is as
follows : Carefully draw the magnetic meridian by Expt. 66 i., and
then arrange the needle so

When st freo the meedls i AL L

moves in the plane of the

meridian. \L
(b) A better way, and the

glan generally adopted, is

rst to rotate the necdle 6;7////////////////////////////////////////////////////////

until it stands quite verti-

. ; F16. 178.~Dip of a small compass needle in
oal, in which case the P!‘me N dlﬂ‘ereu‘t) positions over a magnet.
of movement is at right

angles to the magnetic meridian. Then turn the plane in which
the needle is free to move through exactly 90°, thus making this
plane to coincide with the magmetic meridian.

iv. Explanation of angle of dip. —Magnetise a sewing needle as
in Expt. 65 i. (#). Suspend it by a th o that it hangs quite hori-
zontally. Bringhit over the neutral line of a bar-magnet, and notice
that it remains horizontal, Gradually move it towards the north-
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seeking end of the magnet. Observe that as the pole of the magnet
is approached the needle becomes inclined with the south-seekin
end downwards at larger and larger angles to the bar-magnet, unti
when it is over the magnet pole it is vertical. The angle which the
needle makes with the bar-magnet corresponds to the angle of dip
of a dipping needle.

A dipping needle is simply a magnetic needle suspended in
such a way that it is free to move in a vertical plane in a
manner similar to that in which the magnetised knitting needle
moves in Expt. 67 ii. Fig. 179 will make
the principle of its construction quiie clear.
The value of the magnetic dip at Green-
wich in 1915 was 66° 52"

Behaviour of the dipping needle at
different places on the earth's surface,—
It has been seen that a needle assumes a
horizontal position when above the neutral
line, or magnetic equator, of a magnet.
When above the poles of the magnet the
needle stands vertical, and in intermediate
positions the needle is inclined at a greater
and greater angle as the pole is approached.
Moreover, over the north-seeking end of the
bar magnet the south-seeking pole of the
needle is below, whereas over the other
end of the bar-magnet the north-seeking ¥I0.179.—Magnetis

g . 1p at Greenwich,
pole of the needle is in the lowest position.

Precisely the same thing is observed in the case of the earth ;
in some places the dipping needle adopts a horizontal position,
and a line joining all those stations where this is so marks
the magnetic equator of the earth. When the needle is moved
away from this equator towards one of the magnetic poles of
the earth, the dipping needle makes a larger and larger angle
with the horizon, or, what is the same thing, the angle of dip
increases, until eventually the needle stands vertical, or the
angle of dip is a maximum. When this is so the observer knows
that one of the magnetic poles of the earth has been reached.

Position of the earth's magnetic poles,—The magnetic poles
of the earth, which are located by the vertical position of the
dipping needle in their immediate neighbourhoods, do not
coincide with the geographical poles. The porth magnetic pole,
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at which there must be south-seeking magnetism, because
the north-seeking pole of the dipping needle is the one
which dips, is situated a thousand miles away from the north
geographical pole at Boothia Felix in lat. 70°5’N., and
long. 96° 46’ W. Its position was discovered by Sir James
-Ross in 1831. The south magnetic pole was found by the
Shackleton Antarctic Expedition in 1909 to be a spot in
South Victoria Land having the position lat. 72° 25’ S. and
long. 154° E.

The earth as a magnet.—The various phenomena, to which

F1a. 180.—Diagrammatic representation of magnetic condition of the earth.

it has been possible only to refer briefly, could be produced in
a general way if a huge magnet or lodestone was arranged
along a diameter of the earth with its south-sceking end under
the north magnetic pole (Fig. 180). The position taken by the
dipping needle is that which such a bar-magnet would cause it
to adopt. The neutral line of the bar-magnet would be the
position of the magnetic equator of the earth, and the magnetic
poles of the earth would be over those of the magnet. The
earth’s magnetic condition can, however, be better represented
by considering that there are two magnets within the earth,
one much stronger than the other. Of course, it must be
understood that no such gigantic magnets are hidden away in
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the earth’s interior, but the illustration affords a ready means
of remembering the chief points which have been enumerated.
The mariner’s compass. —Expt. 66 i. () has shown that every
suitably supported magnet arranges itself in the magnetic
meridian, and it is on this fact that the mariner’s compass
depends for its construction. 1In the actual instrument, a flat
needle is suspended by means of an agate cap, placed at its

F16. 181, —A compass card.

centre of gravity. The cap works on a point in such a manner
that the needle can move freely in a horizontal plane. On the
top of the needle a card, divided as shown in Fig.18], is fixed,
care being taken that the centre of the needle is under the
centre of the card, and the north-seeking pole of the magnet
under the division marked north on the card. This north point
is indicated in the figure by means of the feur-de-lis. With
this arrangement the direction of the magnetic north pole is
always seen by looking at the feur-de-lis. The dotted line
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indicates the direction of the middle line, from bow to stern, of
the ship upon which the compass-card in the figure is supposed
to be. When the man at the helm wishes the ship to travel in
any particular direction, he turns the wheel until the required
point of the compass comes under the arrow on the dotted line.
In Fig. 181 the compass-card indicates that the ship, the medial
line of which is shown, is travelling in a N.N.E. direction.

68. MAGNETIC INDUCTION. METHODS OF
MAGNETISATION.

i. Magnetic induction.—(a) Place a piece of soft iron in a clamp or
on a block on the table, and bring a magnet near one end. It will
be found that so long as the iron and magnet are near one another,
the iron is magnetic, but directly the magnet is removed, the soft
iron loses its magnetism. Test the ends of the iron with a small

compass and ascertain what is the nature of the polarity produced
in the iron.

(b) Repeat this experiment using a very strong magnet and a small
piece of steel in place of the soft iron. Similar results will be

obtained except that the steel retains its magnetism after the
magnet is removed.

ii. Induction by earth.—Hold an iron poker in the line of magnetic
dip (p. 251) with its lower end near a compass needle. On tapping
the iron a few times with a hammer, it will be found to become
magnetic with a north pole at the end near the compass needle.

Magnetic Induction.—The production of magnetism in this
way without contact between the induciny magnet and the iron
or steel is said to be due to Induction.

In Experiment 68 ii. the inducing magnet is represented by the
earth, which corresponds to a very weak magnet. Tapping the
iron is found to increase the strength of the induced magnetism.
The iron poker need not be accurately in the line of magnetic
dip; in fact it is a common experience to find workshop tools
magnetic after they have been standing vertically for a while
in a rack. However, a stronger effect is produced if the iron is
actually in the line of dip.

Methods of magnetization.—Artificial magnets may be
made from steel bars in several ways.

1. By rubbing with a lodestone as on p. 242.

2. By rubbing with one or more artificial magnets. It is
neoessary to use the same pole, and to rub the steel in the
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same direction the whole of the time. For, supposing the
north pole to be used, and the direction of rubbing from left
to right, then the new magnet will have a north pole on the left
and a south pole on the right. The end last rubbed has a pole
opposite in sign to that of the rubbing magnet.” Now, a south
pole being used in the direction of right to left will produce the
same effect as a north pole moved in the opposite direction.
Advantage of this fact is sometimes taken, the steel being
magnetised by using two magnets at the same time. Com-
mencing in the centre of the steel bar, and using the opposite
poles of two magnets, these poles are rubbed on the steel
towards the ends, the magnets are lifted, and the strokes
repeated from the middle as many timnes as may be necessary.

3. By passing an electric current round the steel as explained
on p. 268. This is the way in which magnets are made at
the present time, because not only is it a quicker process, but
the steel is magnetised much more strongly than by rubbing
with magnets.

CHIEF POINTS OF CHAPTER XVII.

Lodestone is a natural chemical compound of iron and oxygen
which possesses the property (1) of attracting iron and steel filings ;
(2) of coming to rest in a magnetic north and south line when freely
suspended or balanced.

Artificial magnets can be made by stroking a piece of steel in one
direction with a loadstone or an artificial magnet. In every respect
artificial magnets have the same magnetic properties as lodestone.

The primary law of magnetic attraction and repulsion is: like
poles repel each other ; unlike poles attract each other.

When a magnet is broken, each of the resulting parts is a magnet
possessing both a north- and a south-seeking pole.

Magnetic declination or variation is the angle between a true
north and south line (shown by a noon-day shadow) and a magnetic
north and south line (shown by a compass needle). It differs at
different places, and varies from year to year.

Magnetic dip or inclination is the angle which a magnetic needle
turning about a horizontal axis makes with the horizon when the
vertical plane in which it moves coincides with the magnetic
meridian. It varies from place to place and from year to year.

pping needle simply consists of a magnet supported on a
horizontal axis and free to move in a vertical plane, The needle
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must swing exactly in the magnetic meridian before the angle of dip
at a place is measured.

The earth’s magnetic poles are the points through which magnetic
meridians pass, and at which a dipping needle would set vertically.
The north magnetic pole is in Boothia Felix, and the south magnetic
pole is at ahout lat. 72° 8. and long. 154° E.

Magnetic induction takes place when a magnet is placed near iron
or steel. The magnetisation produced in the former substance is
temporary, but in the latter it is permanent.

Making magnets.—Steel may be made strongly magnetic by using
two magnets and rubbing the steel with opposite poles from its
centre towards the ends. The strongest magnets are made by using
electric currents.

EXERCISES ON CHAPTER XVII.

1. Suppose you are given a small compass and two knitting
needles, of which one 1s shghtly magnetised and the other un-
magnetised. How will you find (1) which needle is which, and (2)
which is the north-seeking end of the magnetised needle ?

2. A bar-magnet is broken into four preces.  What magnetism
do these pieces possess ? How can you prove the truth of your
answer ?

3. Two compasses are put near together on a table. In what
positions may the needles be expected not to disturb one another ?
How will the needles behave when one compass is put to the
magnetic north-west of the other ?

4. A magnet is embedded in a piece of wood. How can the
position in which it lies be determined without breaking the wood ?

How could you determine the magnetic north and south direction
by means of such a hidden magnet ?

5. Explain the meaning of the following :

(a) The mean declination at Greenwich in 1896 was 16° 56’.5
west.

(b) The mean dip in Greenwich in 1896 was 67° 9’. State why it
is necessary to specify the place and the year in which the observa-
tions were made.

6. Two darning needles are magnetised so that the eye of each
is the north-seeking end. They are hung up side by side, each
by a separate thread fastened through the eye. What magnetic
action between them may be observed ? How do you account
for it ?

7. A piece of wood is fastened to a bar magnet in such a way
that the latter will float horizontally. The magnet is then placed
in a basin of water. What results may be observed ! What do
these results teach us about the magnetic force of the earth ?
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8. A compass and a magnetised knitting needle are laid upon a
table. When one end of the knitting needle is placed close to the
compass on the (magnetic) north side, the compass needle settles
with its north-seeking end pointing to the (magnetic) north-west.
Draw a diagram to show the directions of the various magnetic
forces that keep the compass needle 1 the position in question.
You may assume that the further end of the knitting needle is so
far off that 1t does not influence the compass needle.

9. Each of two magnetised kmtting needles is suspended by a
thread in such a way that 1t will hang horizontally. In what
direction will each needle settle itself when uninfluenced by the
other #  What magnetic action between the needles may be observed
(1) when they are hung side by side, (2) when they are hung with
the north-seeking pole of one just under the south-seeking pole of
the other ¥

10. What is a dipping needle 2 For what purpose would you
employ it ? How could you satisfv yourself that the dip was not
due to the gravitational action of the earth ?

11. Describe the various methods of making magnets. FExplain
some simple experiments to illustrate magnetic induction.

T.S.1. R



CHAPTER XVIIL
STATIC ELECTRICITY.

69. ELECTRIFICATION.

1. Development of electrification by friction --(z) Arrangea variety
of small light fragments, such as Yieces of p:(rcr, bran, saw-dust, in
a heap upon the table. Vigorously rub a rod of glass with a piece
of dry silk and hold it over the light fragments. Observe how they
are attracted by the rod.

(b) Repeat the last experiment, using

(1) Rod of sealing wax and flannel,
(2) Rod of ebonite and a cat’s skin.
(3) Sheet of brown paper and a clothes brush.

To obtain satisfactory results the rods and rubbers should
be quite dry and warm.
This can be ensured by
placing them on sand con-
tained in a baker’s tray
supported on a couple of
tripod stands, or in some
other suitable manner, and
warmed by a Bunsen
burner or two. The tra
should be covered wit!
a piece of sheet iron
bent into the form of an
arch,

ii. Electrical attraction
and repulsion.—(¢) Make
a stirrup out of stout
copper-wire. Hang it from
the ring of a retort stand
by means of a thread or
Fic. 162.—To illustrate Experiment 6911, (a). Tibbon. ~Balance a round

ruler in the stirrup. As
in Expts. 69 i. (e¢) and sb), electriy a rod by ruobing and bring
it near to the balanced ruler. Notize attraction.
268
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(b) Substitute other heavy rods for the ruler and observe that all
are attracted by the electrified body. Vary the experiment by
balancing the rubbed, and consequently electrified, bodf' on the
stirrup, and holding the rods, which were previously balanced, in
your hand, bring them up to the rod on the stirrup. Again attrac-
tion takes place.

(c) Repeat Expt. 69 i. (a) and observe that after the light particles
have been attracted by, and touch, the electrified rod, they are
immediately repelled.

(d) Or, support two pith-balls by two cotton threads to a wire
stuck in a rod of sealing wax supported as in Fig. 183. Bring the
eleotrified rod near the %)alls. They
are attracted by, and touch, the
rod. This is followed by repulsion,
and afterwards it will be observed
that the balls repel one another and
stand apart.

iii. Two kinds of electrification. —
(e) Rub a piece of glass tube with
the piece of dry silﬁ, and support
it on the hanging stirrup. Then
rub a piece of scaling-wax with
flannel and bring the rod of sealing
wax near the glass tube. Notice
attraction. Record the fact that -
lass rubbed with silk is attracted g, 183.—Pith-balls supported as

y sealing wax rubbed with flannel. " described in Experiment 69 ii. (d).

Repeat the cxperiment, first rub-
bing and supporting the sealing wax, and then bringing near it
the rubbed glass tube. Notice the same result.

(b) Support one piece of glass tube which has been rubbed with
the silk rubber (in this case it is advantageous to hang the stirrup
by a silk thread) and bring up a second glass tube which has been
similarly treated. Notice repulsion. Record the fact that glass
rubbed with silk is repelled by other glass similarly treated.

Repeat the last experiment, using two sticks of sealing wax and
a flannel rubber. Record the result.

(¢) Surport a single pith-ball by a silk thread to a support with
a varnished glass leg.  Bring in contact with the ball a glass rod
which has been rubbed with silk.

(d) Using two pith-ball pendulums, as the arrangement in the last
exercise is called, one charged as in the last experiment, and the
other similarly, but by means of a piece of sealing wax rubbed with
flannol, test the nature of the electrification generated on the
rubbed body in each of the following cases : (i.) sulphur rubbed with
fur; (ii.) sulphur with flannel ; (iii.) ebonite with silk ; (iv.) ebonite
with fur; (v.) glass with flannel ; (vi.) amber with flannel.

Electrification.—That some substances when rubbed acquire
the peculiar power of attracting light bodies has been known
from very early times. It was recorded by Thales (B.c. 600)
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that amber when rubbed became different from all other sub.
stances by possessing this power of attraction. The supposed
cause of this property is called electricity, from the Greek word
for amber (electron). Up till the end of the sixteenth century
amber was considered to be unique. When, however, men
began to observe and experiment, it was soon found that many
substances behaved in a similar way. Substances which, like
amber, became electrified by rubbing were called electrics.

It is now known that, under suitable conditions, most, if not
all, substances can be electrified by rubbing with a suitable sub-
stance. A rod of sealing-wax rubbed with flannel will cause
quite a flutter among fragments of tissue paper, and a sheet of
warm brown paper, after stroking with a clothes brush, also
will attract light bodies.

In order that these electrical effects may be well seen, it
is essential that the materials used be quite dry. The best
way to ensure this is to place them in front of a clear fire
or in an oven such as that sufficiently described in Expt. 69
i. (b).

Electrical attraction and repulsion,—To obtain a fuller
knowledge of electrification, it is necessary to observe more
closely and to experiment with precision—that is, scientifically
—on electrified bodies. Are all light bodies attracted, or only
a sclected few? It is easy to detect even a small attraction
when a body is suspended in an apparatus similar to Fig. 183,
and some such form may be used conveniently. Small balls of
various substances are easily attached, by means of thread, to a
support having a varnished glass leg. Whatever the composi-
tion of the balls, they are attracted without distinction by an
electrified rod. If the electrified body itself is suspended, any
substance brought near it will attract it.

The attraction between a body that is electrified and one that
is not is mutual ; each attracts the other. When one of the
suspended balls is allowed to touch the attracting rod, after
a momentary hesitation, it flies away and afterwards refuses to
approach the rod again. If two balls hanging together have
been attracted and touched by the rod, not only are they
repelled by the rod, but they also repel one another (Fig. 183).

Two kinds of electrification.—If a suspended ball is
repelled by a glass rod which has been rubbed with silk, a
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piece of sealing wax rubbed with flannel will attract it. Thus,
the sealing wax and glass, though both electritied, bebave differ-
ently. It is found that all electrified bodies behave either like
the rubbed glass or like the rubbed sealing wax. Electrification
is, then, of two kinds. It has been seen that when an electrified
body shares its electrification with another body, the former
immediately repels the latter; also that a glass rod rubbed
with silk will repel another similarly treated. From such facts
as these it may be concluded that bodies similarly electrified
repel one another. Sealing wax rubbed with flannel will, how-
ever, attract a glass rod previously rubbed with silk. It may
be stated, therefore, that bodies oppositely electrified attract one
another; but attraction must not be considered as a criterion of
opposite electrification, for an electrified glass rod will not only
attract an electrified rod of sealing wax or ebonite, but any
electrified rod will attract an unelectrified body.

The names vitreous and resinous were given originally to the
states of electrification of the glass and sealing wax respec-
tively. When, however, it was found that glass rubbed with
fur possessed the same kind of electrification as sealing wax
rubbed with flannel these names fell into disuse. Instead of
vitreous and resinous, the words positive and negative are now
used. Glass rubbed with silk becomes positively electrified
(+ly), while sealing wax rubbed with flannel is negatively
electrified (—1ly). When a body is electrified it is also said to
be charged.

70. ELECTRIC CHARGES.

{. Equal and opposite charges.—(a) Make a flannel cap just to fit
the end of a stout rod of sealing wax or other convenient substance.
Attach a silk thread to the flannel cap. See that both rod and cap
ave dry and warm. Have a positively charged pith-ball pendulum
ncar. Rotate the flannel cap once or twice by pulling the piece of
silk which has been previously wound round it.

(6) Holding the cap by the silk thread, bring it near the +ly
charged ball. Notice repulsion. The cap is therefore +ly charged.

(& Touch the pith ball with a finger, and then charge it nega-
tively by mecans of a piece of scaling wax rubbed with flannel.
Bring near it the end of the rod on which the flannel cap has been
rubbed. Again notice repulsion. The rod was therefore -ly
oharged by the flannel cap.
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(d) Put on the cap again and repeat the rubbingl.)a Do not take
off the cap, but Lring both up to an uncharged pith ball. There is
neither attraction nor repulsion.

1. Oonductors and insulators.—(a) Rub with a piece of dry silk
a brass tube held in the hand. Bring the tube near to the cap of
an electroscope. There is no divergence of the leaves.

Procure a piece of brass to which a varnished glass handle has
been attache(;: and holding the rod by the glass handle, flick the
brass with the silk, or with a cat’s skin. Now, quickly bring the
brass in contact with the cap of the electroscope. Notice the diver-
gence of the lcaves.

Try to think what causcs the difference between this result and
the former one.

(b) Cause the leaves of an clectroscope to diverge widely by means
of small positive charges from a proof plane, such as a metal disc
attached toa glass rod. Touch the disc of the electroscope in
succession with pieces of glass, sealing wax, solid paraffin, ebonite,
and metal rod.

Charge the electroscope again and touch the disc with the finger.
Record your results.

During electrification equal and opposite charges are
produced,—So far only the thing rubbed has been con-
sidered ; the glass has been observed and the silk neglected ;
the sealing wax attended to and the flannel disregarded.
But careful experiment shows that not only is the rod elec-
trified but the rubber also. The electrification of one is of
the opposite kind to that of the other. While the sealing
wax becomes negatively electrified the flannel is positively
charged. If a body is rubbed and the rubber left in position,
no trace of electrification can be observed. The charges are
produced in quantities which balance one another. When
the bodies are separated, however, each shows its appropriate
kind of electrification.

Electroscopes.—An electroscope is an instrument for detect-
ing the presence of small quantities of electricity. The instrument
can also be used to determine the kind of electrification. A
suitably suspended ball of pith on a varnished glass leg, or on a
stick of sealing wax, serves this purpose. Electrified bodies
attract the ball. When, however, the ball is itself charged,
by touching an electrified body, it enables the observer to
discriminate further.

Bodies electrified in a similar way to the ball repel it;
all other bodies attract it. It must be noticed carefully
that atwacuon does not tell whether a body 1s ewecurified or
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not. The attracting body may either be charged with the
opposite kind of electricity to the pith ball, or it may be
uncharged. With another pith ball charged oppositely to the
body brought near to it, repulsion would be a sure test of
electrification.

‘The gold leaf electroscope (Fig. 184) is much more convenient
in use than the pith ball pattern. Two forms of gold leaf
electroscope are shown in Figs. 184 and
185. In Fig. 184 the metal wire, carry-
ing the gold leaves at one end and a
metal disc at the other, is supported in-
side a glass tumbler in the manner the
illustration makes clear. In Fig. 185 a  wrlzolversmm
bottle takes the place of the tumbler and ?/% i I*I/{;:" e
the metal wire passes through an india-
rubber stopper in the neck of the bottle.
The approach of an electrified body is indi-
cated by the divergence of the leaves of
the electroscope. This form of electroscope
can be charged by carrying to it small
quantities of electricity on a proof plane,
that is, on a small metal disc fixed to a
handle of varnished glass or sealing wax.

Conductors and insulators.—'lhe reasons for many pre.
cautions, which it has been necessary to take, have not as yet
been given. The varnished glass stand of the pith-ball electro-
scope, the ebonite support of the metal carrying the gold leaves
of the gold leaf electroscope, and the varnished glass handle of
the proof plane, are all provided for a definite reason. When
the cap of a charged electroscope is touched by the hand or
a metal rod, its charge disappears. KRecharged and touched by
a rod of glass, ebonite, or sealing wax, it is undisturbed ; its
charge remains.

The metal rod and the hand conduct the electric charge away.
Along the glass, ebonite, or sealing wax, the electric charge
cannot escape. Substances which allow electricity to pass along
them are called conductors ; ebonite and similar substances which
prevent its flaw, are called insulators. Consequently, to pre-
serve an electric charge it must be separated from the earth
by an insulator.

F16. 184.



264 LESSONS IN SCIENCE

71. ELECTRIC INDUCTION AND STORAGE.

i. Induction. —Cause a charged rod to approach towards the disc of
an electroscope (Fig. 185). Notice the divergence of the leaves.
Still holding the rod in the same
position, touch the cap of the electro-
scope. The leaves completely collapse.
N\ Remove, first the finger from the disc
\ of the electroscope, and sccond, the
N rod from the neighbourhood of the
electroscope. The leaves again di-
verge and remain divergent. Test
the electrification of the leaves and
convince yourself that the charge is
ofdthe opposite kind to that on the

rod.

Draw a series of diagrams showing
the condition of electrification of the
rod and parts of the electroscope
during each of the stages of this
experiment,

FIG. 185. —Charging a gold leaf 5 3
electroscope by iudugtion. Electric Induction.—When a

body, chargedelectrically,is brought
near an insulated cylinder, which is connected by a wire to
an electroscope, the leaves diverge. On removing the wire
with an insulator the leaves remain divergent, that is, they
have received an electric charge.
If the charged body is now taken
away the insulated cylinder, as
well as the electroscope, is found
to be charged. The charge on the
cylinder is of the opposite kind
to that originally wused, while
that of the electroscope is of the
same kind. The mere nearness '
of the rod has caused a separ- FI16. 186, —Bound and free electric

. . . e charges,
ation in the cylinder of positive
and negative electricity. This influence is called electric
induction.

If two insulated metal balls be placed in contact and a
positive charge brought near them (Fig. 186), each will, if the
balls are separated while under the influence of the positive
charge, be found to be electrified, the nearer ball with negative
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electricity, and the more remote positively. Brought into con-
tact again all electrification of the balls disappears.

The charges are not only opposite in kind but equal in
amount. The action of the original charge, called the inducing
charge, may be thought of as being the separvation of the
electricities, attracting near to it and holding fast the opposite
kind while repelling the like kind of electricity.

The charging of a gold leaf electroscope by induction affords
a good example of what happens. When a negatively charged
rod is brought near the disc (Fig. 185) induction takes place,
positive electricity is drawn to the disc. while negative electiicity
is repelled to the leaves. The leaves, thus similarly charged,
repel one another (Fig. 185). On now touching the dise with
the hand all signs of ecicctrification disappear and the leaves
collapse. Tf now the hand is taken away and the charged rod
removed, then the leaves once more diverge, this time with a
positive charge. The repelled negative electricity was alone free
to escape, the positive charge being held tightly bound by the
attraction of the negative charge of the rod. On removing the
rod the positive charge became free also, spread to the leaves
and caused them to repel each other. The electroscope is now
charged by induction. The two kinds of clectricity separated
by an inducing charge are spoken of as bound and free, from
their behaviour while under the influence of the chargers

CHIEF POINTS OF CHAPTER XVIII.

Production of electrification.—Many substances when rubbed with
suitable material are able to attract light bodies—they become
electrified.

Electrification is of two kinds, vitreous and resinous, or better,
positive and negative. These two kinds are always produced
together in equal quantity.

Attraction and repulsion.—Bodies charged with the same kind of
electricity repel one another, those charged with opposite kinds,
attract one another.

Induction.—When a charged body is brought near an insulated
conductor, the conductor is found to be charged : the near side of
the conductor having an opposite charge to that of the body, while
the far side is similarly charged. The similar repelled charge is
said to be free, while the opposite attracted charge is bound.
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EXERCISES ON CHAPTER XVIII.

1. How would you prove that an electrified body is attracted by
an unelectrified body ?

2. How would you prove to a class that there are two kinds of
electricity ?

3. How would you prove that glass and silk when rubbed
together are equally and oppositely charged ?

4. Having given a gold leaf electroscope and a piece of ebonite
and cat’s skin, what experiments would you make to determine
whether the electrical charge on a given charged insulated body
was positive or negative ?

5. How would you show that a brass rod is capable of being elec-
trified ? Explain why on rubbing a brass rod and a glass rod the
latter only ordinarily appears to be electrified by the friction.

6. The caps of two gold-leaf electroscopes 4 and B are connected
by a long wire, and a positively charged sphere is brought near 4.
What will be the indications of the electroscopes, and how will they
alter if either 4 or B is touched ?

7. Explain what is meant by electrostatic induction.

Two small light pith balls are in contact, and are supported by
separate threads. K charged glass rod is brought in the neighbour-
hood of the balls. What will happen (a) when the threads are wot
and conducting, (b)) when they are dry and insulating ?



CHAPTER XIX.
VOLTAIC ELECTRICITY.

72. THE ELECTRIC CURRENT.

i FPundamental experiments.—(a) Prepare some dilute sulphurio
acid containing one part of strong acid to eight parts of water.
First meusure out the water into a large beaker, and then gently
pour the measured quantity of strong acid into the water, keeping
the latter briskly stirred with a glass stirring rod. Notice the
large amount of heat generated and set the mixture on one side
to cool.

(b) Plunge a strip of commercial zino into a beaker of cold dilute
sulphuric acid prepared as in the last experiment. Notice the brisk
evcHut,ion of gas which takes place.

(c) Repeat the last exercise substituting first a rod of pure zinc
and then a strip of copper. Observe that there is no chemical action
in either case.

(d) Place the rod of pure zinc and the strip of copper into the dilute
acid, taking care that the two metals do not touch one another. No
gas is given off from either metal.

Now tilt the pieces of metal towards one another until they touch
outside the liquid. Observe that bubbles of gas appear on the copper

late.
P fi. Amalgamated ginc.—Prepare a Plate of amalgamated zine by
dipping a plate of ordinary commercial zinc into dilute sulphuric aci(i
and, after it has been acted upon for a minute or two, rubbing some
mercury completely over its surface with a piece of cloth. Repeat
Expt. 72 i. (c), and observe that amalgamated zinc behaves just like
pure zine.

iil, Magnetic action of electric current.—(a) Into some dilute
sulphuric acid contained in a beaker plunge a plate of amalgamated
zino and one of copper, to each of which a copper wire is attached
by a suitable binding screw. Procure an ordinary compass
needle, and bring this up and try to arrange matters so that the
wire in connection with the copper and zinc plates is parallel to
the magnet and in the same vertical plane. Notice the deflection
of the magnet,

267
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(b)) Wind a cotton-covered wire which is connected with the

copper and _zine plates round a piece of galvanized iron, as in
Fig.187. Notice that the picce of iron will attract iron filings.

Ve

2

</

F16. 187.—To illustrate Exercise 72 in, (b).

iv. Polarisation.—Repeat Expt. 72 ui. («), and notice that after a
time the force which the wire exerts over the magnetic needle
becomes feebler.  Rub the copper plate with a picce of wood until
all the bubbles of gas which had collected have disappeared, and
notice that the power of the wire to deflect the magnetic needle is
regained.

The simple cell.—When a piece of commercial zine is placed
in dilute sulphuric acid, bubbles of gas escape from the liquid.
This is an example of chemical action. The zinc ceases to exist
as zine, while a new substance, the gas hydrogen, makes its
appearance (Chapter XXV.). A rod of copper, or rods of pure, or
amalgamated, zinc are unaffected by weak sulphuricacid ; con-
sequently, on placing copper and zinc rods in the acid, without
bringing them into contact, no effect is observed; when the
metals are made to touch—either inside or outside the liquid—
bubbles of the gas hydrogen are rapidly given off from the
copper plate. This connection of the metals, therefore, seems
to be an essential condition of activity in the cell. It is not
necessary actually to make the metal plates touch. If they are
connccted by means of a wire outside the liquid the same effect
takes place.

If now a small magnetic needle is brought near this wire, the
wire is found to have acquired a new power. The needle is dis-
turbed as though in the presence of another magnet. Similarly,
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if the wire is wound round a piece of soft iron, such as a strip
of galvanised iron, and its ends kept in contact with the metals,
the soft iron becomes a magnet under the influence of the
wire connecting the copper and zinc plates. The wire is
now said to have a current of electricity, or an electric current
passing along it. The electric current flows, outside the liquid,
from the copper to the zinc. The part of the copper plate
outside the liquid, and with which the zinc plate is connected.
is referred to as the positive pole, and the part of the zinc plate,
with which connection is made, is termed the “negative pole.
This apparatus for producing an electric current is known as a
simple voltaic cell.

Polarisation.—The electric current in the wire is neither
permanent nor constant; it wanes and finally ceases. Simul-
taneously, the action in the liquid is found to have ceased, and
on examination the copper is found to be covered with adhering
bubbles of gas. On brushing off these bubbles, the chemical
action in the cell recommences, and an electric current again flows
through the wire, which regains its power of influencing a neigh-
bouring magnet. The accumulation of gas on the copper plate
appears to choke the cell. This effect is called polarisation. A
cell so impeded by the products of its own activity is said to he
polarised.

The simple voltaic cell, on account of the defect of polarisation,
is not of practical importance. The cells in common use get rid
of the obstructing gas either by mechanical or chemical means.
In cells depending on the first method the negative plate is
roughened, thus facilitating the escape of the gas. Those in
which chemical means are used are of many types.

73. TYPES OF VOLTAIC CELLS.

i. Daniell's cell.—Examine the parts of a Damell cell.  Connect
covered copper wires to the binding screws—one connected with
the outer copper vessel, the other with the rod of zine.  To charge
the cell proceed as follows: Fill the inner vessel with dilute
sulphuric acid, and then three parts fill the outer vessel with copper
sulphate solution.

ii. Bunsen’s cell. —Examine a Bunsen cell. Fit up and charge it,
and, in the same way as before, satisfy yourself that an electrio
ourrent is circulating. Also notice that a small spark occurs when
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the ends of the two wires from the carbon and zino poles are
brought together and scparated suddenly.

Daniell's cell.—In most of the cells in which polarisation
is prevented by chemical means, there are two vessels one
placed inside the other. The inner one is made of porous
earthenware which permits a slow passage through it of the
liquids on either side of it. In Daniell’s cell the outer vessel is
of copper and serves as the copper plate. This outer vessel
contains a solutlon of copper sulphate (blue vitriol), the strength
of which is nfaintained by placing some crystals of the same
substance on a tray, which extends round the top of the inside
of the copper vessel (Fig. 188). The inner porous pot contains
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F16. 188.—A Daniell cell. F1G. 189.—A Bunsen cell.

dilute sulphuric acid into which dips a rod of amalgamated
zinc. TIn this cell the hydrogen, which would otherwise be
deposited on the copper vessel, as in Expt. 72 i. (d), acts on the
copper sulphate and converts it into sulphuric acid, while the
copper from the blue vitiiol is harmlessly deposited on the
copper vessel.

Bunsen’s and Grove's cells,—The only difference between
these two kinds of voltaic cells is that, whereas, in the former
a piece of hard carbon replaces the copper plate, in the latter
there is a plate of platinum. Owing to the cheapness of the
carbon, Bunsen’s cell is the more commonly used.

In Bunsen’s cell there are two separate vessels; the
inner smaller one alone is porous and is filled with strong
nitric acid, into which the piece of ‘carbon dips. The outer
vessel contains dilute sulphuric acid, and in it is placed a zinc
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plate, which is usually made oylindrical in shape. The arrange-
ment of the parts is casily understood by a reference to Fig. 189.

The hydrogen-destroying agent in both these cells is nitrio
acid. As soon as hydrogen is formed, instead of adhering to the
platinum or carbon plate, it reacts with the nitric acid, giving
rise to poisonous red fumes which escape into the air.

74. MAGNETIC ACTION OF ELECTRIC CURRENTS.

i. Magnetic field due to a current.—(«) Arrange the wire, which
in Expt. 72 iii. (@) connects the plates of the voltaic cell, in a
vertical position. Hold a
compass needle at the side
of the wire and then pro-
ceed to move it slowly
round the wire. Change
the connections of the
wire with the battery and
try again. Record your
observations. The needle
always tends to set itself
at right angles to the line
joining its centre to the
nearest part of the wire.

(b) If a very strong
current—say that from
six quart Bunsen cells—
is available, perform the
following experiment : Be- Fiq. 190.—Map of the magnetic field perpen-
fore connecting the vertical dicular to a wire conveying a current.
wire in the last experi-
ment with the poles of the battery, thread on it a fairly large piece
of cardboard through which a hole has been punched. Connect up
the battery. Fix the card horizontally by means of a wooden
universal joint, and sprinkle iron filings upon it. Gently tap the
card and observe and sketch the arrangement of the filings in the
neighbourhood of the wire (Fig. 190).

il. An electro-magnet.—Bind covered copper wire around a
horse-shoe, or a ()-shaped piece of soft iron, go as to make an
electro-magnet having opposite poles at the two ends (Fig. 192).

Magnetic field due to a current.—Magnets placed in the
neighbourhood of an electric current are influenced by it.
Electric currents are surrounded by magnetic fields. The
strength of such a magnetic field is found to depend on the
strength of the electric current, and the direction of the lines
of force to depend on the direction of the electrio ourrent, If &
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small pivoted magnet is moved in the vicinity of a vertical wire
along which an electric current is flowing, it will be noticed that

F16. 191.—An electro-magnet.

the needle always tends
to set itsclf at right
angles to the line join-
ing its centre to the
nearest part of the
wire. It has been
shown already that a
small magnet in a miag-
netic field always takes
up a definite position
along a line of force.

Expt. 74 i (b) shows that around a wire carrying a current the
lines of force are concentric circles with the wires as the centre

of the circles. By passing the
vertical wire through a hori-
zontal card on which are
sprinkled iron filings, the
structure of the field of force
is clearly seen when the card
is tapped (Fig. 190). A north
pole introduced into such a
magnetic field would circle
continually round the wire
carrying the electric current.

Electro-magnets.--A coil
of wire conveying a current
can act like a magnet. On
placing an iron core inside
the coil, its magnetic strength
is greatly increased. For the
time being the iron becomes
a magnet, and the magnetic
power of the comhination
exceeds very much that of
the current alone.
magnet (Tig. 191).
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F16.192.—A horse-shoe electro-magnet.

Such a combination is called an electro-
When the iron core is bent into the

form of a horse-shoe, we have the horse-shoe electro-magnet

(Fig. 192).

In winding this form of magnet, care must be
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taken that the ends of the horse-shoe are of opposite polarity.
For lifting purposes the horse-shoe form of magnet is very
effective.

By employing very soft iron, wrapping many turns of wire
round the iron, and passing a strong current through the
coil of wire, an electro-magnet of enormous power may be
constructed.

75. GALVANOMETERS.

i. Direction in which a magnetic needle is deflected by the electric
current.—(«) Using whichever kind of cell is most convenient, proceed
to study the action of an clectric current upon a compass needle
placed in the magnetic meridian, Stretch a piece of covered copper
wire, about a yard long, between two umversal joints, and arrange
it in the magnetic meridian. Name one end 4 the other B. To
each end of this wire attach binding screws of
the pattern shown in Fig. 193.  Put an ordmary
compass needle wunder the wire and let the
needle come to rest; it will of course, i the
circumstances, be parallel to the wire. Connect
the wires from a single voltaic cell with the gig 193.—A tanding
binding screws attached to the wire 4 B.  Notice serew,
and record the direction in which the marked
end of the magnetic needle is deflected.  Disconnect the wires from
the battery, and reverse the connection with the wire A B, Observe
that the marked end of the needle is now detlected in the opposite
direction.

(b) Repeat the exercise, this time arranging the magnetic needle
above the support. Notice and record the way m which the needle
is deflected.  Connect the wires in the second way described in the
last experiment, and again observe and record the direction in which
the needle is deflected.

Make a table of the results.

DIRFCTION IN WHICH DIRFCTION OF DFFLECTION
CURRENT FIOWS ALONG Po8ITION OF NEEDLE. |OF MARKKD FND Of NEEDLE
WIRE AB. VIEWED FROM ABOVE.
Example— '
From 4 to B helow toleft

(c) Place the compass ncedle in the magnetic meridian as before,
and connect the terminals of the voltaic cell with the copper wire
AB. Observe and record the direction in which the north end of the

LS. T, 8
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needle moves for the four following cases with the wire .4 B vertical :
(i.) near north end and current running down, (ii.) near north end
and current running up, (iii.) ncar south end and current runnin
down, (iv.) ncar south cn
and current running up.
Remember that the current
flows from tho carbon or
copper outside the cell.

ii. Principle of the galva~
nometer. —Support the com-

s necdle on a picce of
cardboard, held horizontally
in a clamp; now bend the
wire A B so that the needle
can be arranged in the loop
of wire formed (Fig. 194).

F16. 194, —Principle of the galvanometer.  Arrange the loop of wire and

the needle in the maguctio
meridian, pass the electric current, and notice the amount of
deflection of the ncedle.

(¢) Now coil the wire so that there are two lengths above and
below the needle, and repeat the previous experiment. The deflec-
tion of the ncedle is greater than before. This experiment illustrates
the principle of construction of the galvanometer. .

Ampere’s rule.—1It is often desirable to know in what direc-
tion to expect the deflection of a magnet which is being influenced
by an electric current pass-
ing along a wire; or, from
the magnet’s movement to
determine the direction of
flow of the electric current.
By placing a wire carrying
an electric current in various
positions near a suspended
compass needie, a simple re-
lation is discovered between
the direction of movement ¥16. 195.—Ampere's rule,
of the marked pole and
the direction of the current. The statement of it is known as
Ampbdre’s rule.  One of the most convenient ways of expressing
the rule is to say : If the fingers of the right hand are made to
point along the direction of the current when the palm of the
hand faces the magnet pole, the outstretched thumb will
indicate the direction in which the marked or north pole tenda
to move (Fig. 195).
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Galvanometers.—To detect an electric current, use is made of
the fact that it can deflect a magnetic needle in its immediate
neighbourhood. When the direction of the deflection can be
observed easily, and the amount of such deflection bears a
definite relation to the strength of the electric current causing
it, the instrument is called a galvanometer. Fig.196 represents
a simple type of such instrument. On applying Ampere’s rule
to each part of each turn of the wire it is found that in a
galvanometer the tendency is everywhere to move the magnet
pole in the same direction. The effects, too, are added together
in the instrument so that even a weak current may make itse!f
apparent. With the same current, the deflection shown by the
galvanometer is greater as the number of turns of wire is

FIG. 196.—A simple gnlvanometer. The short comrass necedle has a light
pointer fixed at right angles to it.

increased. To use the instrument it is so arranged that the
electric current, the direction and strength of which it is
desired to measure, passes through the coil of wire round the
needle. The current enters by one terminal, flows round the
coil, and leaves by the other terminal. The coil itself is always
kept in the magnetic meridian parallel to the direction of the
undisturbed needle. On the passage of the current the needle is
turned out of its normal position. From the magnitude of the
angle of deflection of the needle the strength of the current can
be calculated, if certain facts about the instrument are known.
If the magnetic force tending to hold the needle in the mag-
netic meridian is increased, a stronger electric current will be
required to produce the same deflection of the needle as before.
The galvanometer, in other words, will have become less sensi-
tive. This state of affairs is sometimes required. The eartn’s
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‘magnetic field can be aided, in such circumstances, by placing a
bar-magnet in the magnetic meridian, with its marked or North
pole pointing North, so that the South end attracts the North

FIG. 197.—A mirror galvanometer.

pole of the galvanometer needle.
The galvanometer necdle under the
influence of this combined field is
less easily deflected, and is suited
now to respond to currents of
increased strength.

If the galvanometer coil is used
in an East and West position the
passage of a current will probably
leave the magnetic needle undis-
turbed. The newly created mag-
netic field due to the current will,
in this case, either be in the same
direction as that of the earth, or
exactly opposed to it. If the first
state of aflairs holds good, the
magnet is simply confirmed in its
normal position, while if the second
set of conditions obtain, the needle
may swing round completely, so
that its marked end now points
south.

The mirror galvanometer,—
When an instrument is required
to detect very weak currents or
currents of short duration, a
mirror galvanometer is employed.
The principle of this instrument is
the same as that of the simple gal-
vanometer, It owes its great sen-
sitiveness to a number of different

causes. The small magnet or magnets, are attached to a tiny
mirror, and are delicately hung by a silk fibre in the centre of
a large coil of many turns of wire. The mirror is made to
reflect the image of a wire on to a horizontal scale, and any
disturbance of the needle causes a magnitied movement of the
image of the wire on a scale (p.216). The image of the wire
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can be adjusted, and the sensitiveness of the instrument
altered, by means of a directing magnet sliding in a vertical
rod (Fig. 197).

76. ELECTRICAL RESISTANCE.

i. Electrical resistance.—Connect one pole of a Bunsen’s cell
with one of the binding screws of a galvanometer. Join the other
binding screw of the galvanometer and the other pole of the battery
with a yard of fine German-silver wire. Notice the amount of
deflection of the pomnter. Substitute a vard of thinner German-
silver wire for the first piece, and agam notice the deflection. It
will be much less.  Simlarly compare the electrical resistances of
pieces of thick and thin copper wie.

ii. Heat produced by the current. - (‘onnect the poles of a strong
battery to the ends of a short fine platinum wire. The platinum
rapidly becomes red hot.  If silver wire of the same diameter be
substituted for the platinum the heat noticed 1s practically nothing.

Difference of potential or electro-motive force.—A wire
connecting the poles of a Bunsen or other cell is said to have an
electric current flowing along it. The use of such words as
“flow” and " current” will probably suggest previous facts
which the student has learnt. It has been seen that a flow of
heat takes place from a body of high temperature to one of low
temperature when the bodies are placed in contact, and that
such flow continues until both bodies are of the same tempera-
ture. NSimilarly, there is a flow of water from one vessel to
another, when they are connected, if the level of the water in
one vessel is higher than in the other. Hence we are face
to face with the question, What difference is there between
the poles of a cell which causes the condition of things called
the electric current ? The name given to the difference of
condition in the plates of the battery which corresponds to
temperature and water-level is difference of potential. The
electric current continues to flow along the copper wire until
the potential of the two plates becomes the same; then the
current ceases.

There is another way of regarding the flow of clectricity. It
has been seen that matter requires a force to move it or to
change its motion. It is customary also to speak of the force
which causes the flow of electricity. Regarding the cause of
the electric current as a force, it is generally spoken of as
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electro-motive force—that is, the force which tends to cause
a movement of electricity. The cause of the electric current
is then spoken of either as a difference of potential or as an
electro-motive force, often written E.M.F.

Forces of two kinds have now been mentioned, and these
should be carefully distinguished ; one is a matter-moving or
matter-motive force. the other is an electrically-moving or
electro-motive force.

If several different voltaic cells are made in succession to
send a current through the same galvanometer, the amount
of current sent will vary in each case. Each cell urges the
curient in a different degree. The cells differ in electro-motive
force.

Cause of the electric current.—The difference of potential
between the poles of a battery which causes the flow of elee-
tricity is maintained by the solution of the zinc in the acid.
Or, expressed in terms of energy, the work of maintaining
the current is performed by the solution of the zinc. This
is similar to the maintenance of the work done by a steam-
engine by the burning of the coal in the furnace. It is for
this reason that the zinc decreases in weight after the electric
current has flowed for some time along the wires joining the
poles of a voltaic cell.

Electrical resistance.—Not only does electricity, like matter,
require a force to move it, but its motion, like that of matter,
may be impeded and stopped. Bodies which allow electricity
to flow along them are called conductors (p. 263). Sub-
stances differ greatly in their capacity to conduct electricity.
All conductors, however, offer some resistance to the passage
of an electric current. If two perfectly similar cells are used to
send electric currents through wires of the same substance and
length, but of different diameters, the current through the
thicker wire will be the greater. The thinner wire offers a
greater resistance. With the same E.M.F. a weaker current
flows through a long wire than through a short one. There is a
good analogy between the flow of electricity along conductors
and the flow of liquids through tubes. With the same pressure
urging it, water flows in greater quantity through a wide
tube than through a narrow, and the resistance to its flow is
less in a short than in a long one.
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Different substances resist the passage of an electric current
in different degrees. Through some, the electro-motive force
can barely force the current at all, while through others it flows
with considerable strength.

Referring again to the analogy of the passage of an electric
current through a wire and the flow of liquids through tubes,
the substance of high resistance would be represented by a
tube corroded and choked with dirt, while the good conductor
corresponds to a clean tube permitting an uninterrupted flow of
liquid.

Heating of wire by the electric current.—The quantity of
heat produced in the wire depends upon the resistance of the
wire, the strength of the current and upon the time during
which the current passes. The quantity of heat produced in
a wire may be measured by twisting it into a spiral and placing
it in a test tube containing a known weight of water and a
thermometer.

A very familiar instance of the heat produced by a current is
the glow lamp, the carbon of which offers very considerable
resistance and consequently becomes red hot.

CHIEF POINTS OF CHAPTER XIX.

The simple cell.—When plates of copper and zinc, immersed in
dilute sulphuric acid, are connected outside the liquid by a wire,
bubbles of hydrogen are given off at the copper plate and the wire
acquires the property of influencing a magnetic needle.

After use, the accumulation of gas on the copper plate causes
polarisation and stops the current.

In Daniell’s, Grove’s, and Bunsen’s cells this defect is remedied.

A cuil of wire conveying a current is found to act in every
essential like a magnet.

The electro-magnet.—When a coil of wire conveying a current
is supplied with a soft iron core its magnetic power is greatly
strengthened. Such a combination is called an electro-magnet.
Electro-magnets are of varied shapes: bar, horse-shoe, or closed
ring.

A galvanometer is an instrument for detecting and measuring an
electric current. :

Difference of potential causes the flow of the electric current
through conductors. It is produced in voltaic cells by electro-
motive force (often abbreviated E.M.F.).

The electrical resistance of a substance is its property of hindering
the flow of elgctricity through it.
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EXERCISES ON CHAPTER XIX.

1. Explain the cause of Polarisation, and describe the chief
methods of preventing it.

2. Two compass needles are arranged near each other so that both
point along the same straight line. A wire connecting the platinum
and zinc ends of the battery is stretched vertically half-way between
the needles. How will the current in the wire affect the needles,
and how will the result depend upon whether the platinum terminal
is connected with the upper or lower end of the wire respectively ?

3. What are the materials used in the construction of a Daniell
cell ? and what chemical changes occur in the cell when in action ?

4. A plate of pure zinc, and a plate of copper, are dipped into
dilute sulphuric acid, and then connected by copper wire. What
changes take place in the plates, wire, and acid, when the circuit is
complete ?

5. When a galvanic cell, consisting of zinc and copper plates
immersed in dilute sulphuric acid, has its terminals joined by a
wire, the E.M.F. rapidly decreases. How do you account for this ?
Describe a cell designed to prevent this decrease in E.M.F., and
explain how it acts.

6. A long straight wire is strctched on a table in the direction of
the magnetic meridian, and a dip circle, with its plane parallel to
the magnetic meridian, is placed on the table ncar to the wire and
on the west side of it. Will the dip of the needle be altered when
an electric current is passed along the wire from south to north,
and, if so, how ? Give reasons.

7. A straight horizontal wire is placed near and parallel to a com-
pass needle, and in the same horizontal plane with it. If a current
is then passed through the wire, what effect is produced on the
needle, and what occurs if the wire is (i.) slightly rased, (ii.)
slightly lowered ?

8. Describe a simple experiment by which it may be proved that
a long wire has electrical resistance.



CHAPTER XX.

CHEMICAL CHANGE INDUCED BY THE
ELECTRIC CURRENT.

77. ELECTROLYSIS.

i. The passage of the electric current through liquids.—Fit up a
Bunsen’s cell for the generation of an electric current. Attach
pieces of platinum foil, by means of suitable binding screws, to the
ends of two copper wires. Attach one of these wires to one pole
of the battery. Connect the other pole to one of the binding screws
of a simple galvanoscope, and to the other screw of the galvanoscope
attach the remaining wire with the platinum plate on the end (see
Fig. 199). Dip the platinum plates—I1st, into some mercury, and
notice there is a great deflection of the needle of the galvanoscope
and no alteration of the mercury; 2nd, into some turpentine, and
notice there is no deflection of the needle ; 3rd, into some acidulated
water, and notice there is a smaller deflection than in the first case,
and at the same time there are bubbles of gas given off from both
platinum plates. i

ii. Electrolysis of copper sulphate.—(a) Make a strong solution
of copper sulphate (blue vitriol) in water. Pour some into a
beaker. Dip two platinum plates connected by copper wires, as

" previously described, into the solution, and notice that after a few
minutes a deposit of copper is found on the kathode, or plate con-
nected with the negative pole, and that bubbles of gas (which if
collected and tested are found to be oxygen) are seen to rise from

_the anode, or plate connected with the positive pole.

(b) Arrange the apparatus as described in Experiment 77 i., sub.
stituting copper plates for the platinum ones there used, and weigh
the copper electrodes before passing the current. After the current
hes passed for, say, ten minutes, break the circuit and weigh the
electrodes again. Notice the anode has lost in weight by a certain
amount, and that the kathode has increased in weight by the same
amount. There is no evolution of-oxygen. .

There is a continual withdrawal of metallic e:spez_" from the
solution by the passage of the electric current, and the liqhid is

aduallv converted im  * “uric acid. This can be demonstrated
%;1 its effect on a piece « .. mus paper.

231
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The passage of the electric current through liquids.—
1st Case. Passage of the current through mercury.—The student
will learn shortly that mercury is one of the chemical elements,
and that it is so regarded because it can be decomposed
neither by the passage of an electric current nor by any
other known methods. The great deflection of the needle of
the galvanoscope reveals the fact that a considerable current
passes through its coil of wire, hence we say that mercury is
a good conductor of the electric current, or expressing the
same truth in other words, that it offers very little resistance to
the flow of the current.

Similarly, it would be found that other metals, when in the
liquid condition, which they can assume if the temperature is
raised sufficiently, are also good conductors of the eclectric
current.

2nd Case. Passage of the current through turpentine.—There
is in this case no deflection of the ncedle of the galvanoscope ;
it is therefore evident that no current passes through the coil
of wire round the needle, and since the battery is arranged
precisely as in the experiment with the mercury, the explana-
tion must be that the turpentine prevents the flow of the
electric current round the circuit. Turpentine is consequently
known as a non-conductor, a class of bodies which also includes
such liquids as petroleum and other oils.

3rd Case. Passage of the current through acidulated water.—
Here we have the current conducted and the liquid decomposed
by the passage of the current. This is the condition of things
in all liquid compounds which conduct the clectric current.
Such a decomposition as this is known as electrolysis, and we
shall have to study this case more fully.

Electrolysis of water.—Pure water is a very bad conductor
of the electric current, and hence it is necessary to add a drop
or two of acid to make it conduct. To understand exactly the
result of the passage of the electric current, some means must
be devised by which the gases which appear at the platinum
plates can be collected. Such an arrangement constitutes what
is known as a voltameter. A convenient pattern to use for the
decomposition of water consists (Fig. 198) of a glass vessel in
the bottom of which are fixed two slin= of platinum connected,
by means of copper wires, wit’ inding screws, Before
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connecting the binding screws with the poles of a battery,
acidulated water is poured into the vessel, and two glass tubes
of exactly equal size and carefully divided into equal volumes
by divisions etched on the glass, are completely filled with
acidulated water and inverted over the platinum plates, as
shown in the illustration. When the binding screws are con-
nected with the poles of a battery, consisting of two or three
Bunsen’s cells, bubbles of gas are seen immediately to aprear on
the platinum plates, and in a few minutes it will e observed
that a quantity of gas has collected in each tube. If we

F1a. 198.—Electrolysis of water.

ellow the electric current to pass round the circuit for 15
or 20 minutes and then measure the volume of the gas
which has collected in each tube, it will he found that the
tube over the platinum plate which is connected with tke zinc
pole of the battery contains twice as much gas as that over
the plate connected with the carbon pole. Moreover, if the
bottom of the tube containing the larger amount of gas be
covered with the thumb and the tube be lifted out cf the
liquid, inverted, and a light applied to the gas,” it will ke
found to bhurn, showing it to be hydrogen (Chap. XXV.).
Similarly, if a glowing splinter of wood be plunged into the
other gas it will be rekindled, showing it to be oxygen. Hence
we see that the passage of a sufficiently strong electric current
through water causes it to be decomposed into hydrogen and
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oxygen, and that twice as much hydrogen by volume as oxygen
is formed. Or,

WATER {is decomposed by the] HYDROGEN and OXYGEN
electric current into [2 vols.] 1 vol.]

Terms used in describing electrolysis.—It is customary in
speaking of the decompositions effected by the electric current
to use certain terms originally adopted by Faraday. The liquid
which conducts the electric current, and is itself decomposed, is
known as the electrolyte ; the platinum plates in the voltameter
described, or, generally speaking, the ends of the wires coming
from the poles of the battery, are called electrodes. Names are

F16. 199.—Current passing through galvanoscope and an electrolyte.

given to each of these to distinguish them. That by means of
which the current enters the electrolyte, or what is the same
thing, the electrode in connection with the carbon pole of a
Bunsen’s battery, or the positive (+) pole of any battery, is
called the anode. The electrode by means of which the electric
current leaves the electrolyte or that in connection with the
zino or negative ( —) pole of the battery, is called the kathode.
The atoms into which the molecules of the electrolyte are
decomposed are referred to as ions. Evidently the ions are
invisible during their passage through the electrolyte. Those
ions which collect at the anode are spoken ot as anions, those
collecting at the kathode are called kathions. It will be clear to
the reader that the direction in which the kathions move through
the liquid is that which we have spoken of as the direction of the
ourrent, namely, from the anode to the kathode (Fig. 199).
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CHIEF POINTS OF CHAPTER XX.

The galvanoscope is a convenient apparatus for recognizing the
passage of an electric current.

The passage of the electric current through liquids.—

(a) Liquid metals conduct the current without being decomposed.

(b) Certain liquids, like turpentine, will not conduct the electric
current and are consequently not decomposed by it.

(¢) Compound liquids, which, like acidulated water, conduct the
electric current, are decomposed by its passage.

Electrolysis is the term used to refer to condition (¢) above. It
means the process by which electric currents pass through compound
liquids and so cause them to be decomposed. The liquid which
conducts the electric current and is itself decomposed is known as
the electrolyte.

The ends of the wires coming from the poles of the battery are
called electrodes, that by which the current enters the electrolyte
is known as the anode, that by which it leaves the kathode.

The atoms into which the electrolyte is decomposed are called ions.

The ions which collect at the anode are the anions: those which
collect at the kathode the kathions.

Electrolysis of (;vater.—— b

, is decomposed by the\ HYDROGEN OXYGEN
WaTER {(‘]ectric (?urrent into} {2 vola.] and {1 vol]

QUESTIONS ON CHAPTER XX.

1. Describe fully what takes place when each of the following
liquids is included in a cireuit round which a strong electric current
is circulating : —

(a) Liquid mercury.
(b) Petroleum.
(¢) Acidulated water.

2. What means would you adopt to recognise the passage of an
electric current through a wire ?

3. What do you understand by electrolysis ? Give an account of
the electrolysis of water.

4. Explain the terms :—electrolyte, anode, kathode, ion.

5. What happens precisely when an electric current is passed
through a solution of copper sulphate in water ?



CHAPTER XXI.

GRAPHIC REPRESENTATION.

78. CO-ORDINATES. LOCI.

i. Plotting points.—(a) Transfer the points a, b, ¢, d, e from
Fig. 200 to squared paper. Take two dark lines as the axes oz, oy,
and use the sides of the small

y squares as the unit of length.
HHHH The lines ox and oy are called
> the axes of x and of y respec-
tively. Tle distance of a point
from the line oy is calleg its
abscissc and the distance from
ox is called its ordinate. Read
off the abscissae and ordinates of

(/ cach point thus :
é Abseissa.  Ordinate.
a - - 2 6
b - - b 8
c - - 6 4
0| X d - - 12 9
e - - 17 (]

F1a. 200.—For Expt. 78. 1. a.

(b) Ure two of the thick lines on a sheet of squared paper as axes ;
take the side of a small square as the unit of length. Mark the
position of the following points.

Abscisa.  Ordinate. . Abscisa. Ordinate.
(1) 8 4 (5) 3
(2) 10 5 (6) 18 9
(3) 12 6 (7N 20 10
4) 14 7 (8) 22 11

ii. Plotting loci.—(a) As before, take two dark lines on the
squared paper at right angles to one another to represent the axes
ol} 2 and y. Mark in succession the points having both their
abscissae and ordinates equal to 1, 2, 3, 4, 5, etc., and join these

286
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points by a line OP (Fig. 201).
all Eomts which have their abscissae and ordinates equal.

(b) Find the locus of all
points the absciceae and or-
dinates of which, added
together, always equal 12
units of length. Take a suc-
cession of values for the
abecisae and calculate the
corresponding value of tho
ordinate, thus:

Abscissa. ! Ordirate.

m 2- 1=11
@ 2 12- 2=10
3 3 12- 3= 9
(4 4 12- 4= 8
5 5 12- 5= 17
(v) 6 12-'6= 6
n 17 12- 7= 5
(8 8 12- 8= 4
9@ 9 12- 9= 3
(10) 10 12-10= 2

The line OP is called the locus of

y P

x

F1a. 201.—T.ocus ot points with cjqual
abscissae and ordinates.

Plot these points on squared paper as before (Fig. 202).
(¢) Find the locus of the points the abscissae and ordinates of
wuich when multiplied together equal 24, Take, as before, a

<

(188

0

XL

Unit of length —.

F16. 202.--Locus determined in Expt. 78, i, b.

succession of values for the abscissae, and calculate the values of
the ordinates, thus, 1-24, 2-12, 3-8, etc. Find by plotting on
squared paper the locus of these points.
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Co-ordinates.—Suppose it was necessary for some reason to
define exactly the position of any letter on this page of print;
the first letter s, for example, in the ninth line from the
bottom. How could we do it ? )

One way would be to count the number of lines from the
bottom line of print, and the number of letters along the line
itself from the outside edge of the print. This would really
amount to measuring two lengths at right angles to one another.
The two lines at right angles from which the measurements are
made being the bottom line of print and the outside margin of
the lines of print.

Any two such lines at right, angles, from which measurements
of this kind are made, are known as the axes, the horizontal line
being generally called the axis of x, and the vertical line the
axis of y. The point where the axes intersect is called the
origin. Distances along the axis of x are abscissae (singular,
abscissa), distances along the axis of i are called ordinates. The
abscissa and ordinate of a point arc together spoken of as the
co-ordinates of the point.

Meaning of loci.—Notice in Experiment 78 i. (b) that every
abscissa is twice the corresponding ordinate. Observe that if you
join the points (1) and (2) with a straight line, this will, if con-
tinued, pass through cach of the other six points. Similarly, the
line continued would pass through all points the abscissa of which
was twice the corresponding ordinate. This is expressed by
saying that the straight line you have drawn is the locus of
all points the abscissae of which are twice the ordinates.
Similarly, the locus of points having their abscissae and
ordinates equal is also a straight line.

The locus of points which all satisfy some given condition is
not necessarily a straight line, -
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79. SYMBOLIC REPRESENTATION OF A LOCUS.
- GRAPHIC DIAGRAMS.

i. The equation of a curve.—(a) In the equation zy =36 find the
values of  which correspond to y=1, y=2, etc. Take the_ values
of z as abscissae and those of y as ordinates and plot the locus of
the equation, that is, find the curve which joins the points thus
obtained.

(b) Find equations which will represent the lines AB, CD, ia
Fig. 203. )

(c) Obtain the locus of the equation z + y =30.

(d) Find where the curve z -y -2 cuts the axes.

Fia. 203.

ii. Representation of varying quantities.—Construct graphic
diagrams for the following cases, the number of passengers or of
the population being taken as ordinates placed at convenient and
equal distances apart.

(a) The number of 3rd class passengers by a certain popular train
throughout & week :

Passengers. Passengers.
Monday, - - 250 Thursday, - 220
Tuesday, - - 215 Friday, - - 185
Wednesday, - - 190 Saturday, - - 235

(b) The approximate population of Blackburn at the census of the
following years is given in the table. As in previous exercises plot
these numbers on squared paper. Join the points so obtained, and
from the resulting locus read off what you would expect the popula-
tion to be in 1846, 1856, 1866, 1876, and 1896.

-

YEAR. POPULATION. YFAR. PCOPULATION.

1841 36,600 1871 76,300
1851 46,600 1881 104,000
1861 63,100 1891 120,100

LS. T. T
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(¢) Repeat the preceding exercise. using the populations of the
parish of St. Mary, Newington, London, S.E.

YEAR. POPULATION. ||  YEAR. POPULATION.
1841 54,700 1871 88,900
1851 64,800 1881 107,800
1861 82,200 1891 115,700

Symbolic representation of a locus.—Instead of giving
different values for the abscissac of points as we have done
in the previous exercises, a general expression may be used for
them all, such as x. That is, let « stand for the distance from the
axis of ¥ measured along or parallel to the axis of x. How shall
we represent each of the loci we have plotted ?  Let y stand for
the distance of any point on the locus from the axis of * measured
along or parallel to the axis of 4. We proceed as follows :

To find the locus of points the abscissae of which are twice
the ordinates. The abscissae are represented by x, the ordinates
by y. By the terms of the problem a is always twice as great
as y, or, =2y, is an equation which stands for the line plotted
in Experiment 78 i. (b).

To find the locus of all points the abscissae and ordinates
of which are equal. Here, as the student will at once see from
Fig. 201, the equation is x=y.

The equation of the curve obtained in Experiment 78 ii. (c) is
zy=24. Notice carefully the kind of curve which corresponds
to this equation.

Graphic diagrams.—Newspaper records of thermometer and
barometer readings are often made on ruled paper, the -actual
mode depending upon the particular newspaper. In every case
the changes of reading from day to day are shown by a wavy
line joining the tops of ordinates placed at equal distances
apart. This mode of exhibiting a variable quantity has certain
advantages over a list of figures. The steepness of the line
joining two ordinates indicates very clearly the rate at which
the values change. The graphic method of exhibiting the
results of experiments is of frequent, use in the laboratory.

Instances in which it is employed with advantage are the
results obtained by stretching a picce of india-rubber or an
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elastic spring, bending o lath, in experiments with levers, or
on fluid pressure, etc.

Graphic represent:tion cf & series of results will enable us
sometimes to discover & low, or will frequently show whether a
supposed law accurately represents the facts of an experiment.
Thus, if the results obtained in Experiments i. and ii. on Poyle’s
Law (p. 114) Le plotted, a smooth curve as shown in Fig. 204 will
be obtained. The points in Fig. 204 correspond to the following
results :

PRESSURES VOLUMES PRESSURES VOLUMES
(in cm. of Mercur . (ia c.c.). (in cm. of Mercury). (in c.c.).
105-0 77 67-3 12-0
99-8 88 57-3 159
77-9 102

Plot your own values in this way.

Join in the points ro lccated cn your squared paper with
o fine pencil mark. 1f this continuous line does not form a
smooth curve, if, for instance, one point is & long way out,
it will probably mean you have made a mistake in your reading
of pressurc or volume. 1If the fine pencil mark is only slightly

F16. 204 —Graphic representation of Boyie's law.

irregular, then the irregularities show you the departure from
strict accuracy of which you have been guilty in your experi-
ments. Tn this case sketch in a smooth curve which shall have
as many of the points on one side of it as on the other. Such a
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curve represents the way in which pressure and volume vary
together when the temperature remains constant.

.Moreover, since volume x pressure always gives the same
product, we can say that the equation

’ p x v =some constant number
represents the smooth curve we have obtained.

Solubility Curves —An interesting and important application
of graphic representation is to show easily how the solubility of
a solid in a liquid varies with the temperature. Thus, Fig. 206
shows the number of grams of the three solids, nitre, common
salt, and chlorate of potash, which will dissolve in 100 grams of
water at different temperatures. The degrees on a Centigrade
thermometer are marked along the bottom horizontal line, and
the length of the side of one square represents five degrees.

R
3

80 I

80

70

60 /

&

50

40

3
oatt

2N\

80

20|

prec
lhl /'G \)
ot

A

o 10° 20° 30° 40° B0° 60° 70° 80° 80°100°C

NUMBER OF GRAMS DISSOLVED IN 100 GRAMS OF WATE!

DEGREES OF TEMPERATURE.

¥16. 205.—The number of grams of ‘nitre, common salt, and chlorate
of potash which can be dissolved in 100 grams of water at any tempera-
ture from 0° to 100° C. is shown in this diagram.

The number of grams of solid which the 100 grams of water
contain is read off from the scale on the left-hand of the
diagram. The length of the side of one square represents five
grams ot dissolved solid. Thus, a reference to Fig. 2056 shows
that 100 grams of water dissalve at 0° C. 12} grams of nitre.
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At 5° C. 100 grams of water dissolve 15 grams of nitre.

10°C. ] 2 20 ”
15 C. » » 25 »
20° (. . , 32 ”
25° C., . " 373 "
30° C, 7 39 45 ”
35° C, ” ” . b5 ”
40° C. ” ” . 64 ”»
45° C, ”» ” 75 ”
50° C. ”» ” 87% »
55° C. » » 100 »”

We could read off the amounts of common salt and chlorate
of potash dissolved in 100 grams of water at different tem-
peratures in just the same manner.

But when we have several solubility curves together in this
way, we can very easily compare the solubility of the different
solids together. We see, for instance, that the amount of nitre
which will dissolve in 100 grams of water increases very rapidly
as the temperature rises, as the steepness of this particular
curve shows. The amount of common salt which 100 grams of
water will dissolve increases very little as the temperature
rises. The curve is almost a horizontal line, for while at 0° C.
about 36 grams are dissolved by 100 grams of water, at 100° C.
the amount in solution is only 38 grams.

CHIEF POINTS OF CHAPTER XXI.

Co-ordinates. 'The position of a point on squared paper is fixed
by its distances from the co-ordinate axes. Distances measured
along ox are represented by r and are called abscissae; those
measured along oy are represented by y and are called ordinates.

The locus of a point is the curve which indicates the various
positions of a point of which the abscissae and ordinates are related
in some definite manner.

The equation of a curve represents the fixed relationship between
the abscissae and the ordinates of all points in the curve.

Graphic representation of varying quantities is employed to make
clear the rate of rise or fall in the value of the quantities.

Graphic diagrams are used to exhibit the results of experiments
in which two quantities are being compared. The form of the
curve obtained indicates the relationship between the two quantities.
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The curve for results in experiments on pressures and volumes of a
certain quantity of air at constant temperature indicates by its
shape that pv=constant is the equation expressing the relationship
stated in Boyle’s law.

EXERCISES ON CHAPTER XXI.

1. Plot the curve of which the equation is z +y =3.
2. What lines are represented by the following equations ?

z=0. xy ==1200.
x+y=35. z-y=0.

3. Suggest a use for the graphic representation of the experi-
mental results from stretching a piece of india-rubber.

4. What do you understand by the terms axes of z, co ordinates,
abscissa, locus, equation of a curve ?

5. In comparing the readings of two thermometers what use
could be made of squared paper ?

6. With inches as ordinates and centimetres as abscissae, construct
a diagram to show the relation between inches and centimetres up
to a length of 20 centimetres.
7. Use the following numbers to construct a diagram showing the
relation between lbs. and kilograms :
1bs. kilos. 1bs. hilos.
2 0-9 6 2:7
4 1-8 8 3-6
8. Taking the value of a rupee to be 15 pence, construct
diagram to show the relationship between shillings and rupees.



CHAPTER XXII.
INTRODUCTORY. SIMPLE CHEMICAL OPERATIONS.

80. INTRODUCTORY.

Physical and chemical changes.—Matter is subject to two
kinds of change. Hitherto we have been chiefly concerned
with those which influence the properties of matter, leaving its
composition unaltered. It has been seen that a body, such as a
piece of iron, may gradually increase in temperature, changing
frem cold iron to hot, and, becoming hotter and hotter, may
change in colour, passing from a dull gray to red, and from
red to almost white, becoming incandescent and emitting
light rays. But if left to itself the iron will begin to cool,
passing through the same changes in the reverse order until
it reassumes precisely the former condition; and in all these
changes the weight of the iron remains unaltered. Or, again,
we might take a piece of soft iron, and. having wound silk-
covered copper wire round it several times, pass an electric
ourrent through the wire. Tt would be found, on examining
the iron, that new properties had been imparted to it, that it
was now able to pick up other pieces of iron, or had becom>
magnetised. If the electric current be discontinued, the new
power, too, disappears. Such changes as these, where the
substance or composition of the body remains unchanged, are
known as physical changes. On the other hand, if a piece of
iron be left exposed to damp air for some hours it becomes
covered with a reddish-brown powder, which the most superficial
examination will show is a different substance from the iron with
which we started. There is a very large number of changes
of the same kind as this continually taking place around us,

295
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When gunpowder explodes, we have an abundance of smoke
formed and a black residue left behind, and it is easy to see
that the smoke and deposit are quite unlike the gunpowder
before the flash. Such changes as these are called chemical
changes. It is with changes of the second kind that Chemistry
is concerned, and it may be defined thus: Chemistry is that
branch of knowledge which deals with chemical changes ; those,
namely, which result in the formation of new substances with
new properties.

Chemical elements.—The result of a large number of experi-
ments made from time to time by different chemists has been
to show that there are upwards of seventy different forms of
matter which can by no known methods be broken up into
anything simpler. By this is meant that if any one of these
be sclected and treated in any way with which chemists are
familiar—for example, if it were subjected to a very high
temperature—it would be found impossible to obtain anything
having properties different from those of the substance itself ;
bodies of this simple kind are called elements.

But it must be borne in mind carefully that, as the methods
which chemists adopt become more and more refined, it is quite
likely that some of these may be found wrongly to be regarded
as elements. Up to the time of Davy (1807) the substances
soda, potash, and lime were regarded as elements. He found,
however, that they could be split up into simpler constituents,
From soda he obtained a soft metal, sodium, and two gases,
oxygen and hydrogen, and from that time, of course, soda
could not be regarded as an element. Similarly, if at any
future time it should be found that any of the forms of matter
which are called elements can be split up into simpler bodies
with different properties, the element which is thus decomposed
will have to be struck off the list.

Metals and non-metals.—A good many of the elementary
substances are possessed of certain distinctive characters in
which they resemble one another. They have a bright lustre,
8 high specific gravity (p. 62), are good conductors of heat and
electricity, and are known to chemists as metals. There is
no difficulty in deciding in a large number of instances that the
substances possess the characters of a metal, and the student’
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will immediately think of gold, silver, cop\per, iron, etc. Other
bodies, however, are quite as plainly not of this class; they
have no lustre, they are not heavy, nor do they conduct heat
and electricity well. These are spoken of as non-metals, and
phosphorus, sulphu:. and carbon will serve as good instances.
But there is no hard and fast line between the two classes,
for one or two substances possess some of the properties
which distinguish a metal, and yet for other reasons, which
the student will understand better later, are not classed with
the metals, but with the non-metals. Arsenic may be cited
as an instance of a substance which possesses properties common
to both classes.

X

81. SOLUYION. EVAPORATION. DISTILLATION.

i. Solution.—Place a piece of sugar in water, and note that it soon
disappears, and gives a sweet taste t6 the whole of the water, so
that the particles of the sugar must be spread through the entire
mass of the water.

il Saturated solution.—Weigh out 50 grams each of the following
substances :-—finely powdered nitre, sugar, salt ; to each add water,
in small quantities, with vigorous shaking after each addition.
Determine thus the quantity of water necessary to form a saturated
solution of each.

ili. Solution is a physical change. Evaporation.—Weigh out a
%Iuantity "of salt in an evaporating basin and dissolve it in water.

eat gently over a Bunsen burner so that the water boils and
evaporates away completely. Note that a white solid remains in
the basin, and again weigh. Satisfy yourself that the weight is
equal to the weight of the basin and salt before solution, and that
the solid left is still salt.

iv. Distillation.—An arrangement for condensing steam or vapour
is shown in Fig. 206. The steam that is driven off from the water
in the retort passes through a long tube kept cool by being
surrounded with water, and is thus condensed.

v. Evaporation of distilled and tap water.—Evaporate a little
distilled water in a platinum or porcelain crucible. Notice the
absence of any residue. Repeat the experiment with tap-water,
and note the residue.

Solution.—When sugar is placed in water it disappears, but
it is not lost, for we can taste it in the water. It is said to
have dissolved and formed a solution of sugar. Similarly, a
great number of substances can dissolve. or are soluble, in



298 LESSONS IN SCIENCE

water, but not all to the same extent, and when, at a given
temperature, no more of the substance can be dissolved the
solution is said to be saturated.

By boiling away the water the substance dissolved in it may
be recovered without loss.

Hence, during solution we have in general no chemical change,
but merely a change of physical state, although we shall find
later that in certain cases solution may be accompanied by
chemical changes.

Evaporation.—By very gently warming water or other
liguid, or even by allowing it to remain exposed to the air
for some time, the liquid passes off as vapour without actually
boiling. Rain drops on window panes or pavement stones
disappear by reason of this process which is called evaporation.
Any dissolved substance remains behind, forming a residue.

Distillation.—By the evaporation of the solvent, i.e. the
liquid in which the solution takes place, we can separate it
from the dissolved substance, and this process 1s frequently
used not only for obtaining the dissolved substance, but also

F16. 206.—The distillation of water.

for the purification of liquid from dissolved solid material,
since if the steam which is formed by boiling water contain-
ing any of these dissolved substances be condensed, the water
formed is quite pure. To obtain pure water from any kinds
of water, then, whether fresh or salt, all that has to be done.
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is to boil it and condense the steam which is given off. The
dissolved materials are all left behind in the vessel in which
the boiling takes place.

82. FILTRATION, SUBLIMATION, DECANTATION.

i. Filtration.—Mix well together some fine sand and salt: place
the mixture in a glass flask with sufficient water to dissolve
tho salt, and shake
vigorously. 'Take a cir-
cular piece of filter-paper
and fold it in two, in
the form of a semucircle,
then again to the form
of a quadrant ; open out
into the form of a hollow
cone and fit it into a
glass funnel (Fig. 207).
Pour the liquid through
this filter and note that
the solution of salt runs
through perfectly clear,
leaving the insoluble
sand in the filter paper.
Evaporate off the water
from the salt solution
and obtain the salt.

ii. Sublimation.—Mix
some sand and a little
sal-ammoniac (ammon-
ium chloride) and heat
the mixture strongly in
a dish. White fumes
will soon be noticed
escaping, and if a dry
beaker be held mouth B
downwards over the dish T —
it will be found that the Fia. 207.—Filtration.
fumes condense on the .
glass as a white powder which consists of the ammonium chloride
driven from the mixture by the heat.

Filtration.—When a muddy liquid, that is; a liquid contain-
ing small solid particles floating in it, is poured on filter paper,
a thin kind of blotting paper, the solid particles remain on the
paper while the clear liquid passes through. This process is
called filtration and is that which is usually adopted in chemical
operations when it is wished to separate insoluble suspended
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material from a liquid, either for the isolation of the solid
or for the purification of the liquid.

Decantation.—If a powder such as chalk be stirred up with
water it may be separated from the water partially by allowing
the mixture to stand and settle for a while. With care the
clear liquid may be poured or siphoned off from the sediment,
and’ this process is known as decantation. It is impossible
to remove the whole of the liquid in this way, so that filtration
is the method usually employed.

Sublimation.—Sometimes heat may be used to separate a
mixture of solids one of which is driven into vapour by the rise
of temperature while the other remains unchanged.

A substance which on being heated passes straight from the
solid to the vaporous state, and vice versa on cooling, is said to
sublime. Examples of such substances are ammonia compounds,
mercury, chloride, eto.

83. CRYSTALLISATION, PRECIPITATION.

i. Solvent powers of hot and cold water.—Place a quantity of
owdered nitre in water and allow it to stand for some time with
requent vigorous shaking, so that a cold saturated solution is
formed. Now heat the solution and see whether more solid
dissolves or not.

Do the same experiment with other solids and satisfy yourself of
the truth of the following statement, that in general hot water
dissolves more of a solid than cold water, or in other words, that
the solvent power of a liquid increases with rise in temperature.

it. Making crystals.—Allow a hot saturated, or nearly saturated,
solution of nitre obtained as above to cool slowly, and observe that
the nitre separates out from the solution as clear glassy solids,
which may Ee observed to increase in size as the solution cools.
Examine a few of these and see that they are bounded by plane
surfaces.

Repeat this experiment, using .alum, potassium chlorate, blue
vgtriol, etc. Notice that each substance forms crystals of a special
shape.

iii. Precipitation.— Dissolve some lead acetate in distilled water ;
add to it a solution of salt. Observe the formation of a white
powder in the previously clear liquid.

8olvent Power of Hot and Cold Water.—Common experi-
ence shows that as a rule a substance dissolves more readily in
hot than in cold water. Not orﬂy does solution occur more
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quickly but more of the substance dissolves; that is, the
solvent power of water rises with the temperature.

Crystallisation.—A hot saturated solution contains more
dissolved substance than a cold one: it follows, therefore, that
when the hot solution is cooled, some of the dissolved substance
separates from the liquid. This it usually does in the form
of crystals, and their formation is known as crystallisation.

Crystallisation usually occurs when a dissolved solid separates
from its solution, either by cooling of the solution, or by the
evaporation of the solvent ; and the slower the evaporation, or
the more gradual the cooling, the larger and more perfect are
the crystals obtained. We shall also find later that crystals
may be formed during the solidification of a melted solid,
especially when it is allowed to cool and solidify slowly and
undisturbed.

Every substance capable of crystallising forms crystals of
a definite shape. Thus, common salt crystals have the shape
of cubes, alum that of oclahedra, each of which appears to be
made from two equal square pyramids placed base to base.
Other shapes are much more difficult to describe accurately,
but we may say that crystals, in general, have shining faces
and sharp edges.

Precipitation.—Precipitation always happens if to a solution
we add some material capable of converting the dissolved sub-
stance into a new product which is insoluble in water, and
therefore separates. If, for example, some common salt is
added to solutions of lead acetate or of silver nitrate, a white
powder forms in each case and falls to the bottom of the liquid.
In the former case lead chloride, and in the latter silver
chloride is formed, and both these chlorides are insoluble.

84. MIXTURES AND COMPOUNDS.

i. Separation of a mixture by solution.—(a) Mix some sand and
salt together. Stir the mixture well with cold water and allow to
stand. Pour off the clear solution which contains most of the salt.
Repeat the process till the solution over the sand no longer tastes
of salt. The salt may be obtained from the water by evaporation.

(b) Mix together some copper filings and powdered sulphur, and
examine the result, which is a mizture of copper and sulphur. Note
that its colour lies between the yellow of sulphur and the red of
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copper, and that the particles are quite distinet. Wash a little in
a gentle stream of water, and observe that the sulphur is washed
away more readily than the copper, I2aviny the litter as a resilaa.
Shake up the mixture with a little of the liquil known as carbon
disulphide, and sec that the sulphur dissnlves but the copper i3
left ; pour off tho solution and allow it to evaporate, anl observe
that the sulphur i; Jeft.

ii. Separation of solids by mag12tisn.—Mix some iron filings and
some sulphur in a mortar, stirrinz with a pastle until the mixture i3
as complete as possible. Now holl a mizaet close to the mixtura
and the filings will be drawn towards the surfice of the mixtura.
By stirring the powder well with onc end of the magnet it will ba
found possible to remove the whols of the iron and the mixture will
lose its gray colour and become yellow.

iii. Formation of a compound.—Now agiin mix so'ne copper filings
and powdered sulphur in a porcelvia crucible, using a weighed
quantity of copper, and heat either i1 the open air or 11 a draught
cupboard. Observe that the sulp'vir melts and sone burns away.
Add more sulphur, and again het u1til no more sulphur biris away,
and do this three or four tines. Weizi tha product so obtrined, and
then examino it carefully. Try to sspairite the sulphur and copper
by washing, and try to dissolve the sulpiur out by carbon disulphi le.
You will now find that you canno’ s2parite the two conponents,
neither can you distinguish the indivil il particles. The substance
formed i3 a comprund of copper and sulphur, so that during the
heating a change has taken place, with the formatior of a new
substance with properties of its own. This is an example of a
chemical change—the result of chemizl a2%101. Th2 new substance
13 a chemical compound. If you have taken the weight carefully
you will have found also that 109 parts of copper form, roughly,
125 parts of the compound, that i3, unite with 25 of sulphur,
and the result do>s not depend on ths actuil weight of copper and
sulphur used, all excess of sulphur over this beiny always burnt
away.

Mixtures and Compounds.—When two substances are
simply placed together so that we can distinguish each
component or separate them again by some simple process
in which one is removed and the other left, the substances
are said to form a mixture. Sand and salt may be thus mixed,
in any proportion, and they "may be casily separated by
dissolving the salt in water. Iron and sulphur when mixed
can be separated by using a magnet to draw out the particles of
iron. Mixtires of liquids, for example spirits and water, may
be made and again separated by distillation. Mixtures of gases
may be separated by solution.

When two substances are mixed and so treated, by heating or
otherwise, that we can no longer easily distinguish or separate
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them, and the new substance has properties unlike those of
either, a chemical compound is formed and the sulstances are
said to have combined. Very many experiments have shown
that compounds ere formed in fixed proportions only. One sub-
stance will combine with another always in the same proportion
no matter how much of either is used in the experiment. We
thus find the following differences between a mixture and a
compound : ’

Mixture.—In a mixture the components exist side by side
and can be separated by simple mechanical methods. The
ingredients may be present in any proportions, and the
properties of the mixture are intermediate between those of
the constituents.

Compound.—In a compound the components cannot be
separated by the simple means available in the case of
mixtures. The properties of the compound are quite different
from those of the constituents, and these constituents are
always present in certain definite proportions which for eacn
compound are invariable.

In all cases of chemical action it is most important to
remember that the total weight remains absolutely unchanged,
that is, the total weight of all the products is exactly equal to
the total weight of all the components forming these products.

85. CHEMICAL DECOMPOSITION AND
COMBINATION.

i. Chemical Decomposition.—(a) Heat some red oxide of mercury in
a test tube. The powder will be found to darken in colour and a
thin gray film consisting of mercury drops of minute size will be
noticed to form on the cooler part of the tube. At the same time
a gas (oxygen) escapes from the oxide and will re-kindle a smoulder-
ing cedar wood splint held in the mouth of the tube. The powder
has decomposed into mercury and oxygen.

(b) Sodium (see caution on p. 334) dropped into water causes the
production of bubbles of hydrogen gas due to the decomposition of
the water.

(c) Heat some crystals of potassium chlorate in a test tube and
notice the escape of oxygen by using a smouldering splint as in
Expt. 85 i.

(d) Heat some lead nitrate crystals in a test tube. Deep red
coloured fumes escape and yellow oxide of lead remains.
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ii. Chemical combination.—(a) A candle burning in air disappears.
The constituents of the candle wick and wax combine with a portion
of the air to form new compounds of gaseous nature.

(b) Sulphur burning in air forms a gas having a very strong smell.
'I;‘his gas is produced by the sulphur combining with a portion of
the air. .

(c) Magnesium ribbon when heated bursts into flame. The metal
disappears and in its stead there is found a white powder, formed
partly of the metal and partly of the portion of air referred to in
Expts. (i) and (ii).

(d) A few drops of water falling on some fresh quicklime give rise
to much heat. This is explained as being due to the lime combining
with the water. -

Chemical Decomposition, or the separation of a compound
into elements or simpler substances, is illustrated in Experi-
ments 85 i. (a), (b), (¢), (d), which, however, cannot be fully
understood at this stage of the subject.

Chemical Combination is illustrated in the four experiments
85 ii. (a), (b), (c), (d). We see permanent changes in appearance
and in the general properties of the substances experimented
upon. In nearly all cases of combination heat is produced
though not always sufficient in amount to cause flame.

CHIEF POINTS OF CHAPTER XXII.

Physical changes are those in which the composition of the body
experiencing the change remains unaltered. The science concerned
with these changes is called Physics. . .

Chemical changes are those which result in the formation of new
substances with new properties. The study of such changes is
called Chemistry.

Chemical elements are kinds of matter which can, by no known
means, be broken up into anything simpler. They can be sub-
divided into metals and non-metals.

Chemical operations.—Solution is the process by which some
subatances, when placed in water or other liquids, disappear and
their particles spread through the entire mass of the water or other
liquid. )

then no more of the substance will dissolve the liquid is said to
be saturafed. Solution is generally a physical change and is
unaccompanied by any change of weight.

Distillation is the process by means of which we are able to
separate the dis.solveti) substance from the solution containing it..
The liquid itself is recovered by condensing the vapour.

Filtration consists in utilising the porosity of unglazed paper or
other material for separating insolugle substances from solutions.
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with which they are mixed; or, it is a means of purifying liquids®
and isolating solids.

-Crystallisation denotes the separation of a dissolved solid in
masses having regular shapes from a solution as the liquid evaporates
or cools. The regular solids formed are called crystals.

. Precipitation means the formation and separation of an insoluble
substance from a solution.

Compounds and mixtures.—

Substances
Elements Compounds, Mixtures,
| elements pre- constituents pre-
I [ sent in definite sent in any
Metals Non-metals proportions proportion.

In a mixture the components exist side by side and can be
separated by sinple mechanical methods. The ingredients may
be present in any proportion and the properties of the mixture are
intermediate between those of the constituents.

In a compound the components cannot be separated by the simple
means available in the case of mixtures because chemical combination
has taken place. The properties of the compound are quite different
from those of the constituents, and those constituents are always
present in certain definite proportions which for each compound are
mvariable.

QUESTIONS ON CHAPTER XXII.

1. How may muddy water be («) made clear, (b) purified from
dissolved material ?

2. Explain the differences between a mixture and a compound.

3. What do you mean by a ¢ physical ” and what by a ¢ chemical ™
change ? If a substance changes under the influence of heat, how
would you endeavour to find out whether the change is chemical or
merely physical ?

4. A mixture of salt and powdered glass is given to you. How
could you (a) obtain separately the two constituents, () find the
quantity of each in the mixture ? Could you separate sugar from
salt in the same way ?

5. What do you mean by a saturated solution ? How would you
prepare a saturated solution at a given temperature ? What is
generally the effect of cooling a saturated solution ?

6. A white powder is shaken up with water. How would you
ascertain whether any of it dissolves ?

7. What is meant by the statement that two liquids mix t Give
examples. Can a liquid be soluble in another liquid without being
capable of mixing ? If so, give an example.

LS. 1. U



306 LESSONS IN SCIENCE

8. How may fresh water suitable for drinking be obtained from
sea water ?

9. By what means would you endeavour to find the quantity of a
given solid whicn a given quantity, say 1 gallon, of water is capable
of dissolving ?

10. What is meant by *¢ precipitation ” ? In what circumstances
may precipitates be formed in a liquid ?

11. How would you endeavour to obtain large crystals of alum ?

12. Describe an experiment to show the solubility of ether in
water,

13. Sand and salt are stirred up in a bottle containing water in
which some gas is dissolved. What methods would you use to
recover the sand, salt, and gas from the water ?

14 Give examples of the solvent power of water. How could
you determine whether a sample of water contains dissolved sol.d
matter ?

15. Describe the apparatus you would employ to obtain water
free from dissolved substances.

16 State in gencral terms the differences observable between a
mixture and a compound of any two substances.

17. Explain the terms Mixture and Compound. How could you
show that copper and sulphur (or iron and sulphur) can exist
together, either as a mixture or as a chemical compound ?



CHAPTER XXIII.
BURNING AND RUSTING.

86. RUSTING OF IRON.

i, Increase of weight when magnesium is burnt.—Weigh a
orucible and its lid with a piecce of magnesium, which, folded
lightly, is placed in the crucible. Heat it strongly in a burner,
taking care to let no fumes escape (Fig. 208) To do this, keep on
the hd, and only raise it a little
when the flame is removed. The
magnesium is secn to burn brightly
in places, but if care is taken, no
fumes are lost. When finishdd, the
mass should be in the form of a white
powder. Allow to cool, and weigh
the crucible with the lid and powder.
Subtract the weight of the crucible
and lid to find the weight of the
powder.  The powder will almost
certainly be found to weigh more
than the original picce of metal.

ii. Incrzasa of weight when iron
rusts.--Carefully weigh a watch-

lass with some iron filings or tacks
in it. Because iron rusts best when
damp, add a few drops of water to
the iron in the watch-glass, and allow it to stand for a day or two.
At the end of this time warm the watch-glass gently, so as to
evaporate any water left. When the rusty iron is dry, weigh the
watch-glass and its contents.

Its woight will be found to be more after the rusting has taken
placo; the iron in getting rusty has gained in weight.

ii, Air absorbed during rusting.- Place some iron filings in a
muslin bag, and tie the bag to a piece of glass rod. Moisten well,
and place it in a bottle of air inverted over water. If necessary,
put something on the bottle to kecp it upright (Fig. 209 Examine
after & few days. It will be seen that the water has risen in the

807

F1Q. 208.—How tu heat magnesium
powder or ribbon in a crucible.
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bottle, showing that part of the atmosphere has been abstracted
by the iron in rusting.

iv. Alteration of air when iron rusts in it.—Place a ground glass
plate tightly under'the mouth of the jar so as to allow no water to
escape ; set the jar upright, and plunge a burning taper into it.
Notice that the flame is extinguished ; do not throw away the water.

Effects of heating metals in air.—Some of the effects of heat
upon substances have already been observed and described. . It
has been seen that, by heat, solids may be melted into liquids,
and liquids converted into vapours. If a piece of platinum
wire or platinum foil is held
in the smokeless flame of
a laboratory burner, it be-
comes red-hot ; but when it
is taken out of the flame it
quickly resumes its ordinary
colour, and no change can
be seen to have taken place.
Substances like paper and
wood when heated strongly
in air take fire and burn.
Smoke is given off, and an
ash remains. Metals like
copper become covered with

. a film, or tarnish, when they

Fia. 209.-—E)§£)§:11rg]«;::' :r:) :hauiv: the action of are heated in air. Lead

when strongly heated melts

and becomes covered with a scum on the surface. If the scum

is removed the bright metal is seen shining below, but it also
quickly dulls.

If metals are heated in closed tubes without air they do not
change in this way. It thus seems that the tarnish is due to the
absorption of something from the air. But if something is taken
from the air when a metal tarnishes, or when a metal like mag-
nesium burns, the tarnished metal, or the ash of the magnesium,
should weigh more than the original substance. Observations
show that this is actually the case. As air seems responsible for
the effects described, it is evidently well worth investigation.

Chemical properties of air.—It is necessary carefully to
consider the changes which different substances undergo when.
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exposed to the atmosphere. It is best to begin with those
cases which appear to be simplest. Every one has noticed that
when iron is exposed to damp air it becomes rusty. Does the
iron lose or give up something when it rusts? Or, does it, on
the contrary, take up or gain something? These questions can
be best answered by properly arranged experiments.

Iron gains in weight during rusting.—If a known weight of
iron is allowed to rust by contact with damp air, it can be
shown easily by weighing it after the rusting has taken place
that it has increased in weight. The result of this experiment
is very important. 1f the weighings ave carefully made, the
iron is always found to gain in weight when it rusts. The sub-
stance causing the increase of weight, when damp iron filings
rust, could come from the water, or moisture, or from the air.
If the iron is allowed to rust in a closed space, and the
experiment is so arranged that if anything is taken from
the air the loss can be detected, it can be decided whether
the air causes the rusting. Fig. 209 shows a convenient way of*
doing this. Some iron filings are placed loosely in a muslin bag,
and the bag is tied to a piece of glass rod. The bag of filings is
well moistened, and arranged in a bottle of air inverted over
water in a basin, in the manner shown by the illustration. The
apparatus is then left undisturbed for a day or two. When it
is examined after this time, the water is seen to have risen in
the bottle. Why is this? It is quite clear that there is less air
in the bottle now than there was before the iron became rusty.
Some part of the air has, therefore, been used by the iron as it
rusted, and this part of the air has joined with the iron to help
to make the rust.

Air as well as iron undergoes change.—When iron rusts,
the change which it has undergone is visible. No difference
can, however, be seen between the character of the air left in a
bottle in which iron has rusted and ordinary air. But there is
a great difference. A lighted taper is extinguished by the gas
left in a bottle in which iron has rusted, hence the gas cannot be
air, for in air a taper will burn quite easily. But before the
rusting of the iron took place in it, the air was ordinary air.
Hence, it is clear that the rusting of the iron is accompanied by
a change in the character of the air in the bottle. It is reason-
able to suppose that the gas which disappears is concerned in
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the formation of iron rust, and this will be shown later to be
actually the case. When iron rusts, it takes out of the air that
part of it which helps burning, and moreover, the iron and the
part of the air concerned in burning combine together to form
iron rust. The part of the air left in the bottle will not let
things burn in it. It may therefore Le stated that: Iron in
rusting gains in weight, taking some material from the air, and this
material is the part of the air which causes substances to burn in it

87. CHANGE CAUSED IN AIR BY RUSTING.

1. Volume of air used up in rusting. —Measure in a graduated vesscl
the quantity of water in the bottle from Expt. 86 iv. Th.s is equal
to the quantity of gas which has been used up and has joined with
the iron. Also measure the quantity of water the bottle holds,
This gives us the volume of air the bottle originally held. What
fraction of the total volume of air enclosed has been used up?

il. Change produced in air by iron rusting in it.—Repeat the
experiment of allowing iron to rust in an enclosed volume of air.
After the iron has been left for a day or two, and therc is no
further rise of the water, mark the level of the water in the jar by a
narrow strip of gammed paper on the outside. Carefully introduce
another muslin bag of iron which is not rusty. This can be done b;
using a lar%e enough basin of water, and pushing the bag throu
the water, being careful to allow no more air to get into t%le bottle.

{xamine the bottle after another day or two: There is no further
rise in the level of the water, and the iron is not rusty. Evidentl
the gas which is left will not allow morc iron to rust in it, thougﬂ
it is colourless and transparent, like ordinary air.

‘What proportion of the air is taken by iron in rusting 7—
Only a certain proportion of the enclosed air is taken up when
iron rusts in it. Suppose some damp iron filings are allowed
to rust in an enclosed amount of air, contained in a hottle
inverted over a basin of water. The amount of water which
rises into the bottle can be measnred by means of a graduated
vessel. A moment's thought will tell you that, as this water
gradually takes the place of the part of the air which the iron
uses, its volume must be the same as the volume of the gas
so taken out of the air. The amount of water the bottle
holds when full can be found easily, and the result shows
the volume of air in the bottle to begin with. If observations
of this kind are made, it will be found that, when the bottle is
full, it has five times more water in it than it has after the iron
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has rusted. Even if the experiment is repeated several times
with bottles of diti¥rent sizes, the result is always the same. Tt
is always found that one-fifth of the volume of the enclosed air is
used up by iron in rusting.

Chemical composition of the air, —That part of the air which
helps substances to burn, and is taken out of the air by iron in
rusting, may be called the active part of the air. That part
which is left by vhe iron, and will not allow a taper or candle to
burn in it, may be called the inactive part. The observations
just described show that air is made up, or composed, of 1 volume
of the active part to 4 volumes of the inactive part, in every
5 volumes. In other words, in 100 pints of air there arc
20 pints which will unite with iron to make iron rust, or
will assist a candle to burn, and 80 pints of the inactive part
which will not assist burning.

Other metals combine with the active part of air.—When
copper is heated in air, it gradually blackens and increases in
weight. When hot, copper has the power of combining with

MACTIVE

F16. 210.—When air passos over hot copper, it is deprived of its active part,
aund the inactive part may be collected as shown.

the active part of the air in just the same way as the iron does
gradually when cold, and it is reasonable to conclude that the
black substance formed is copper rust, though it is not generally
known by that name.

That copper only combines with the active part, and leaves
the inactive part, can be shown by a suitable experiment, though
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not so easily as in the case of iron. Some copper turnings are
placed in a hard glass tube like that shown in Fig, 210, one end of
which is connected with an aspirator full of air, and the other
by means of a well-fitting cork with a tube which dips under
water in a trough. Then a bottleful of water is inverted in the
trough of water exactly over the end of the small tube, which
dips into it, and is connected with the hard glass tube contain-
ing the copper. The copper is heated strongly, and air is forced
over it by making water take the place of the air in the aspi-
rator. As the air passes over the heated copper, the active part
of the air joins with the copper to form the black copper rust,
and the inactive part passes on alone into the inverted bottle in
the trough. That the inactive part collects in the bottle is
indicated, though not proved, by the fact that it puts out the
flame of a taper. If this gas is, in the same way, passed over
some more heated copper, it has no effect on it ; the copper does
not blacken. Moreover, if the amount of air which has come out
of the aspirator is measured, and also the amount collected in
the bottle, it is found that in passing over the copper the air
loses one-fifth of its volume.

88. BURNING OF PHOSPHORUS.
(Read the caution on p. 389.)

1. The burning of phosphorus.—Place a little phosphorus upon a
slate, tile, or an old saucer. Apply a light to it. It catches fire
and burns brightly. As it burns, dense white clouds are formed.

1. Volume of air used up when phosphorus burns. —Place a little
red (or yellow) phosphorus in a test-tube fitted with a good cork.
Fix the cork firmly in the test-tube. Hold the test-tube slantingly,
by means of a test-tube holder, over a flame for a second or two, so
as to heat the phosphorus and make it burn. When it will burn no
lon, ezé take away the test-tube and let it cool for five or tem
minutes.

Then hold the mouth of the test-tube well under water, and care-
fully take out the cork. Water rises inside the tube to take the
gla.ce of the air used up. Notice that the rise is practically one-

fth the volume of air enclosed. -

Phosﬁhoms reax'lily burns in the air..—It is only necessary
to touch a pigge of dry phosphorus with a hot wire to make i#
catch fire and burn, It burns with a dazzling bright flame, and
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&t the same time dense clouds of white fumes are formed, which
spread throughout the room. These facts are noticed until all
the phosphorus has disappeared.

What happens when phosphorus burns in this way? Is the
change anything like that when iron rusts? Does the phosphorus
gain or lose in weight ? These and several other questions pre-
sent themselves, and they can be answered now.

Changes produced in air by burning phosphorus.—To
decide whether phosphorus in burning causes the same change
in air as iron does when
it rusts, it is best to burn
gome phosphorus in an
enclosed amount of air in
a way similar to that
which has already been
described for an experi-
ment with damp iron.
One way to do this is to
place a little phosphorus
on a cork or basin which
floats on the surface of
water, under a bell jar,
or a stoppered Dbottle
having no bottom. After

. . v
the experunent 1s o ‘?r’ F16. 211.—After the phosphorus has hurned
and the fumes have dis- n the corked test-tube, the test-tube is un.

;. corked under water, and water enters to take
a.ppeared, the water is tho place of the air Used up.

seen to have risen in the
jar, indicating that there is less gas in the jar than before the
phosphorus was burnt in it (Fig. 212)

From what has been previously said, it can be understood
at once that phosphorus in burning takes out the active part
of the air, and leaves the inactive part behind. So far,
then, the changes which occur when phosphorus burns are like
those when iron rusts. Some differences will be studied a
little later.

The fraction of the air which disappears as a result of the
burning of the phosphorus in a stoppered jar, can be measured
easily enough after the jar has been raised a little, so that its
mouth is still under water, but no longer rests on the bottom of
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the basin. As in the case of the rusting of iron, one-fifth of the
air is taken out of it by the phosphorus in burning, .

That the gas left behind is really the inactive part of air can
be proved by quickly pulling out the stopper of a jar in which
phosphorus has been burnt, and introducing a lighted taper.
The flame is at once extinguished.

Phosphorus slowly takes out the active part of the air
without being lighted.—It has been seen that iron slowly
takes the active part of
the air and combines
with it to form rust.
This happens without
heating the iron. Wil
ordinary phosphorus do
the same when it is not
alight 2 This question,
= too, is easily answered
by a simple experiment.
- =——=—" When a piece of clean

FI1G. 212.—Phosphorus uses up one-fifth of phosphorus is exposed to

the air in the bottle when it burns, and water i
rises to take the place of the air used. an enclosed quantlty of

air over water, the rapid
changes just described take place slowly. The only difference
in the two cases is the rate at which the active part of the
air is taken out. Burning phosphorus combines with the
active part very quickly ; cold phosphorus but slowly. 8till,
given time enough, ordinary phosphorus will remove all the
active part of air, and at the end of the experiment it will be
found that again one-fifth of the air has disappeared.

89. BURNING OF A CANDLE.

i, Moisture 18 formed when a candle burns.—QOver a burnin,
candle hold a clear cold tumbler, which has been carefully dri
inside and out. Notice that the inside of the tumbler becomes
covered with mist, and, after a short time, drops of water are
formed, which run down the sides of the tumbler (Fig. 213).

ii. Properties of the gas left after a candle has burnt in air.—
Wind a piece of copper wire round a small candle and light
the candle. Push the top of the wire through a small hole in
a diso of cardboard, and then lower the candle into a dry, clear
glass bottle in such a manner that the top of the jar is covered by
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the cardboard disc (Fig. 214). Observe that the flame of the candle
becomes dimmer and dimmer, and soon goes out altogether. Water
collects on the inside of the jar, as in the last experiment. Take
out the candle, and cover the jar with a greased glass plate.
Quickly insert a burning taper, or the re-lighted candle; it is at
once put out. Pour in a little fresh clear lime-water, and shake it
up in the jar; notice that it is turned milky.

iii. Volume of air used by a candle in burning.—Fix two or three
small candles of different lengths upon the inside of the top of a tin
canister (Fig. 215). Float the lid upon the surface of water in a basin,
or sink it to the bottom of the basin, if the candles project well above
the surface while it is in that position. Light the candles, and

At B aeRG 2
Ge 213.—To sho
moisture by the burning of

-Burning a candle in afr in

a glass jar.
while they are burning, hold over them a wide-mouthed bottle, so
that the mouth of the bottle is beneath the surface of the water.
When the candles have gone out, and the air in the bottle has
become cool again, mark the place to which the water has risen, by
means of a strip of gummed paper. Take out the bottle and find
the volume of water which just fills it. Find also the volume
required to fill it to the edge of the gummed paper. Subtract this
ve(fiume from the preceding one, and thus obtain the volume of
air used. Notice that it is about one-fifth of the whole volume
of air that was in the bottle.

'The burning of a candle.—Several facts have been learnt
about the burning of phosphorus in air, and it will be desirable
before proceeding farther to study the burning of some more




316 LESSONS IN SCIENCE

common oombustible substance, such, for instance, as a
candle.

In what respects is the burning of a candle similar to the
burning of phosphorus, and does it differ from it in any way ?
It has been shown already (p. 315) that a candle will not con-
tinue to burn very long in an enclosed quantity of air. Unless
the air is renewed in some way, the candle goes out. This gives
us a convenient starting-point for the inquiry, Why does the
candle go out, and what changes take place when the candle is
burning ?

Water is formed when a candle burns.—When a clear
glass bottle, which has been carefully dried inside and out, is
held over a burning candle, it is soon noticed that drops of

F16. 215.—When the candles burn, a certain fraction of air is used up,
and water rises into the inverted bottle to take its place.

liquid begin to collect on the inside of the bottle, and after a
time they run down the sides. In some way or other, then, the
burning of a candle causes a liquid to be produced. If a suffi-
cient quantity of this liquid is collected, it can be proved to be
water by tasting it, or by determining its density, or its boiling
and freezing points. Water is the only liquid which boils at
100" C. and freezes at 0° C., and the density of which is 1.
Another substance besides water is formed when a candle
burns.—If a candle is burnt in a ¢lear glass bottle in the way
shown in Fig. 214, the gas which is left behind can easily be
examined. Experiments with this gas show that, like the
inactive part of the air, it will not allow things to burn in it.
But besides this it is found that the gas turns lime-water milky.
The gas left after phosphorus has been burned in a similar jar,
has not this property of making lime-water milky; it thus
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appears that there is something else in the cylinder, besides the
inactive part of the air already described. Hence, when a
candle burns, it not only forms water, but also a colourless gas
which turns clear lime-water milky. Just as it is possible to
show, by burning phosphorus in a jar inverted over water, that
phosphorus takes out the active part of the air as it burns, so
the same fact can be made clear in the case of a candle by a °
similar experiment. When this experiment is performed, it is
always found that at a certain stage the candle goes out. When
this occurs, the water has risen and filled about one-fifth of the
jar. This result has been noticed so often that there is good
reason to believe that the candle is extinguished because it has
used up the active part of the air, which makes up one-fifth of
the whole. In fact this is true in all cases of burning in the air.
It does not matter what the substance which burns is like ; if
it burns in air it does 8o because it takes out the active part to
unite with it to form new substances, and the inactive part is
always left hehind.

The structure of a candle flame.—With care it is possible
to distinguish four parts in a candle flame. (a) A dark inner
cone surrounding the wick consists of the gases distilled from
the wax or wick, and we may -
examine the nature of these
gases by holding one cnd of
a glass tube in the flame at
this place and applying a
light to the other end of the
tube (Fig. 216). (b) Next
outside this dark inner cone
is found the brightest part
of the flame, consisting of
another cone, in which the
gases from the wax and wick
are partly burnt. This is
the part of the flame from
which soot is deposited when
a cold object is placed in the
flame. (c) Outside the bright FI1a. 216.—Structure of candle flame.
cone is an almost colourless envelope, in which the burning
is completed. It can be seen by holding a card, cut in the
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shape of the flame, before the lighted candle. (d) At.the
base of the flame is seen a small blue space in which there
is complete combustion, and the colour is somewhat similar
to that of a Bunsen burner, in which there is also complete
combustion.

Other familiar cases of burning.—Candles are not now
commonly used for lighting our houses. Sometimes lamps are
employed, and in large rooms ordinary coal-gas is often the
substance which is burnt. Is the burning of oil and gas like
that which occurs when a candle is lighted, and if not, what
are the differences ?

By holding a clear dry hottle over the flame of a burning
candle it is seen that water is. formed as the burning is con-
tinued, because the vapour becomes condensed on the inside
of the cold glass. In exactly the same way, it is found that
water is formed when the flame is due to the burning of either
oil or gas. But when a candle is burnt, a gas which turns
lime-water milky is formed as well as water. Is this gas also
produced when oil and gas are burnt ? If an oil lamp, or a
gas jet, or a splinter of wood, is allowed to burn for a few
minutes in a glass jar, and is then removed and the jar covered
with a glass plate, lime-water poured into the jar is turned
milky. We may consequently say that when a candle, a lamp,
coal-gas and wood are burnt, two substances are formed,
namely, water and an invisible gas which turns lime-water
milky.

To prove that nothing is lost when oil burns or a jet of
coal-gas is lighted, an experiment must be made similar to
that already described with a candle (p. 17). The mass of
the oil or gas used up, would have to be determined and also
the masses of the water and the other substances produced
by the burning. When this is carcfully done, and none of
the products of combustion are allowed to escape, the total
mags of the substances formed is found to be greater than
that of the oil or gas burnt. In every case which chemists
have cxamined, the same thing is proved to hold true. In
no kind of chemical change is there any loss of matter.
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CHIEF POINTS OF CHAPTER XXIII.

Action of metals on air.—Metals increase in weight when they are
tarnished by being heated in the air. Magnesium increases in
weight when it burns in air. When iron rusts it increases in
weight ; the increase is due to a gas taken out of the air by the
iron as it rusts, The part of the air left behind as iron rusts will
not allow a taper to burn in it.

Composition of the air.—Air contains two gases; one is used up
by iron in rusting, the other is left behind, and will not allow
things to burn in it.

Proportion of the two gases in air.—When an excess of iron rusts
in an enclosed amount of air, it always takes up one-fifth of the
volume of the air. This part, which is also concerned in burning,
may be called the active part of air. The remaining four-fifths of the
air, which will not allow things to burn in it, in which iron will not
rust, may be called the inactive part of the air.

The burning of phosphorus in air.—Phosphorus readily burns in
the air; in doing so it takes out the active part and combines with
it to form a snow-like powder. Tt can also slowly take out the
active part of air without being lighted. When phosphorus is burnt
in an enclosed volume of air, one-fifth of this air is used up, and
four-fifths remain.

The burning of a candle. When a candle burns in air, water
is formed, and also a gas which turns lime-water milky. As in
other cases of burning, one-fifth of the air is used up by a candle in
burning.

EXERCISES ON CHAPTER XXIII.

1. If the inside of a bottle had iron filings spread over it, and the
bottle were corked up and left in a warm room for a few weeks,
what would you expect to see if the cork were then withdrawn
while the mouth of the bottle were held under water ?

2. Explain the changes that would take place in the bottle
mentioned in the previous question.

3. Half an ounce of magnesium is burnt in the air, and the ashes
formed are carefully collected and weighed. Compare the weight of
the aghes with that of the magnesium burnt, and explain the reason
for the difference in the weights.

4. Describe an experiment (making a drawing of the apparatus
you would use) to show that air contains a gas in which a taper will
not burn.

5. A piece of phosphorus is burnt in a stoppered bottle containing
100 c.o. of air. The stopper of the bottle 1s then' taken out under
water. How many cubio oms. of water enter the bottle? What
facts do you learn from this observation ?
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6. Compare and contrast the rusting of iron and the slow burning
of phosphorus.

7. A piece of phosphorus is placed in a bottle, and the bottle is
corked, suspended from one arm of a balance, and counterpoised.
The phosphorus is then caused to burn by heating the bottle. Will
the balance remain counterpoised after cooling ? Give reasons for
your answer.

8. A lighted candle is stood upright in water, and a bottle is

laced over it, with the neck under the surface of the water.
cribe and account for what happens.

9. If two bottles were given you, in one of which phosphorus had
been burnt, and in the other a candle, how could you decide which
bottle was used for the phosphorus ?

10. Write a short essay on “ the burning of a candle.”



CHAPTER XXIV.

NITROGEN AND OXYGEN AS CONSTITUENTS
OF AIR.

90. SEARCH FOR THE ACTIVE PART OF AIR.

i. Changes produced by heating lead in air.—Heat a few pieces
of clean lead in an open crucible (Fig.
217). When the lead has mclted, stir
the liqmd metal with a stout iron wire.
Notice the formation of a powdery scum
upon the lead. Observe that the colour
of the powder is darker when hot.  Let
the crucible cool. Notice that it now
contains a yellow powdgry substance in
addition to the unchanged lead. By
strongly heating this powder its colour
;:h;:;lges again, and it becomes red
ead.

¥1G. 217. —Heating lead in
contact with air.

ii. Gas produced by
heating red lead.—Place
a little red lead in a
hard glass tube, and
strongly heat the tube
as in Fig. 218. Notice
that the red lead under-

oes a change of colour.
Into the tube insert a
glowing splinter.  Ob-
serve that the splinter
| is re-kindled. Why is
this?

iii. Change produced
by heating mercury rust.
— Repeat the preceding
experiment with some
B = red oxide of mercury,
F16. 218.—When red lead is heated, & gas is given and notice the f.()rma,tlon

off which will re-kindle o glowing splinter. of the silvery, mirror-like
LS:1 X
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it of mercury, or quicksilver, round the cold upper part of the
tdsggs tI(;fser:l: g!i%’wingq siylintl;erecl;% wgoéi, and watchpxlze rel-)l?indlg‘th
Where to look for the active part of air.—Since, in suit-
able circumstances, iron, copper, and lead take the active part
out of the air, and unite with it to form fresh substances, it
should not be difficult to make these, or similar substances, give
up the part of the air which they take up, and so procure the
active constituent of air by itself in a pure form. But a little
more thought suggests that probably some of these substances
would do better than others. It is quite certain that some are
formed more easily than others. Will those which are most
easily formed be the best from which to get the active part?
No. The reason is this. When a chemical change takes place
easily, it generally means that the substances taking part in
the change have, as it were, a great liking for one another, and
when they combine together they form a compound which it is
difficult to separate into its parts again. The easiest way to
set to work is, therefore, first to find some substance which
only combines with the active part slowly and with difficulty,
for the compound such a substance forms with the active part
will most likely be a weak one, and easily broken up again.
The compounds which lead forms with the active part
of the air.—When lead is heated in contact with the air, a
yellow powder which is much darker in colour when hot is
formed. If the heating is continued long enough, all the metal
is changed into powder. The change takes place fairly easily,
so that from previous reasoning it may be concluded that it is
probably difficult to get the active part of the air again from
this powder. This is so. But it is found that, when some of
the yellow powder is heated for a long time at the temperature
at which lead melts, it slowly takes up s{ill more of the active
part of the air, and changes in colour, becoming red. The first
powder obtained, which is yellow, is in some states called
litharge ; the second red powder is known as red lead. It is
easy to get the second lot of the active part of the air again
from the red lead. A third powder of a black colout, and
having less of the active part of air than either litharge or red
lead, is also formed when lead is heated in air.
.~ How the active part of air is obtained from red lead.—
When red lead is heated, it changes in colour, and if the heat
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has not been great, it vegains its original red colour when
allowed to cool. But if strongly heated, the red lead gives
up some of the active part of the air which it contains, and
is reconverted into litharge. The amount of the active part
of the air which it thus gives up on being heated is the second
quantity referred to in the last paragraph, which is taken up
slowly when the heating of lead is continued for a long time.
If red lead is strongly heated in a tube, as in Fig. 218,and a
glowing splinter of wood is pushed down the tube, the splinter
bursts into flame and continues to burn brightly. The active part
of air has been obtained alone, and supports burning strongly.

Other ways of obtaining the active part of air.—Quick-
silver, or mercury, when strongly heated in the air, slowly
combines with the active part, and gradually becomes con-
verted into a bright red powder, which is the rust of mercury.
If some of this rust of mercury is heated in a hard glass tube,
as in Fig. 218, it soon changes in colour ; and as the heating is
continued it is noticed that a wmirror-like deposit is formed
round the top, cold part of the tube. When this deposit is
rubbed with a penholder or pencil, it runs together and forms
little drops of quicksilver. Moreover, if a glowing splinter
of wood is introduced into the tube, it bursts into flame, show-
ing that the active part of the air is being driven out of the red
mercury rust. This change is just the reverse of what takes
place when mercury itself is heated. The active part of the aiz,
with which hot mercury slowly combines, is driven out of the
red mercury rust when that is strongly- heated. But red
mercury rust is expensive, and it is too costly a plan to heat
it to obtain a quantity of the active part of air sufficient for the
study of its properties. Several other and cheaper substances
easily give up the active part of air when heated.

The active part of the air is called oxygen.—As it will be
more convenient in the future to speak of the active part of the
air by the name chemists use for it, we may state here that it is
always called oxygen, but the meaning of this name will be
better understood later.

91. PREPARATION OF OXYGEN.

i, Oxygen from potassium chlorate.—Place a little potassium
chlorate or chlorate of potash (which is the same thing) in a test.
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tube, and heat it as in Fig. 219. Observe that the powder orackles,
melts, and gives off a gas. Test by a glowing splinter of wood, and
see that the gas behaves like oxygen, the active part of the air.

ii. Preparation of a small quantity of oxygen.—Powder some
erystals of potassium chlorate, and mix the powder with a little
manganese dioxide (sometimes called pyrolusite). Heat some of the
mixture in a test-tube, as in the last experiment. Observe by
putting in a glowing splinter that oxygen is given off. Notice
that in this case there is no melting, and the gas comes off more
readily.

iii. Preparation and collection of oxygen.—Into a hard glass tube,
olosed at one end, fit an india-rubber stopper, with one hole in it,
through which a tube, bent
as in Fig. 219, is passed.
The other end of this tube,
called the delivery tube, dips
under water in a trough.
Mix together some potassium
chlorate and manganese di-
oxide, as in the previous
=, experiment, and place the

! mixture in the tube. Sup-
port the tube and declivery
tube as shown in the illustra-
> tion. Fill several bottles

- == == with water, and invert them

FI6. 219.—Preparation of oxygen by heat. in the trough. Gently warm
ing a mixture of put’n‘.ssium chlorate and  the tube, and place one of
;n:.x&glnn‘?ao“(l].ut)x:de. The gas is being col- the bottles of water over the
coted over water. end of the delivery tube.
As the oxygen is driven off, it displaces the water and gradually
fills the bottle. When the bottle is full of oxygen, cover its mouth
with a greased glass plate, and hift it cut of the trough. In this
way fill five or six jars with oxygen.

Caution.— Be careful not to take away the burner from under the
hard glass tube before removing the delivery tube from the trough.

Preparation of oxygen from potassium chlorate.—As the
quantity of oxygen obtained by heating red oxide of mercury
is comparatively small, and the oxide of mercury is expensive,
a more convenient source of the gas is the white crystalline
powder called potassium chlorate.

If this white crystalline compound is heated, in the same way
as the red oxide of mercury, it melts and gives off bubbles of
oxygen, and after all the oxygen has been given off a white
substance like table salt is left behind.

By heating, the petassium chlorate is broken up into two
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things, a gas and a white substance like common salt, which is
called potassium chloride.
Porassium  gives when  Porassiom
CHLORATE heated CHLORIDE
Use of oxygen mixture.—By adopting a slightly different
method, oxygen can be obtained more readily and easily, for it
has been found that by mixing the potassium chlorate with
certain other substances, as, for instance, a black compound,
manganese dioxide, the oxygen from the chlorate comes off
more easily and at a lower temperature. This mixture may be
called oxygen mizture. If after all the oxygen has been driven
out of the mixture the residue left behind is boiled up with
water in a flask and the turbid liquid filtered, the manganese
dioxide remains unchanged on the filter paper.

and OXYGEN.

92. PROPERTIES OF OXYGEN.

The jars of oxygen prepared as described in Expt. 91 iii. are
required.

i. Physical properties of oxygen.—Take one of the bottles of
oxygen (one of those collected last should be chosen). Notice every-
thing you can about the contents of the bottle. The gas in the
bottle has no colowr. Remove the plate from the mouth and test its
smell ; it has no smell. Try the taste by
breathing some of the gas; it has o
tagte. Scc if the gas has any effect on
moistened litmus papers, one bluc and
the other red. There should be no effect; *
we say oxygen is a neutral substance.

ii. The burning of a candle in oxygen.
—Attach a piece of stout wire to a wax
taper and having lighted the taper plunge
it into another of the jars of oxygen.
Notice that it is not extinguished, but
continues to burn, and with a larger and
brighter flame.

{ii. The burning of charcoal in oxygen.
—Into another jar of oxygen thrust a
splint of wood red-hot at the end, or
a picce of red-hot charcoal placed in a
dcf};ugmting spoon (a small upturned iron :
spoon with a long handle) (Fig. 220). Note the brilliancy of the
combustion. Now pour into the jar some clear lime water (i.e.
somo of tho clear liquid which is formed if limo and water be shaken
together and allowed to stand. It is really a solution of lime in

F16. 220.—Carbon burns in
oxygen with a much brightor
flame than in air.
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water). Notice that it turns milky owing to a white powder being
diffused through the liquid.

iv. The burning of phosphorus in oxygen.—In another jar burna
piece of phosphorus about half the size of a pea, contained in the
deflagrating spoon. Note the great brilliancy of the combustion
and the dense white fumes. Add water and shake—the fumes
dissolve. Into the solution put a blue litmus paper. Observe that
it is turned red.

v. The burning of sulphur in oxygen.-—Perform, with another
jar, a similar experiment with sulphur. There are few fumes, but a
strongly smelling gas is obtained, also soluble in water, turning
blue litmus red.

vi. The burning of magnesium ribbon in oxygen.—Ignite a small
piece of magnesium ribbon and hold it by means of crucible tongs in
a jar of oxygen. Notice the white solid formed. Test its solubility
in water, and show that unlike the previous products, it will not
turn blue litmus solution red, but will turn red litmus solution blue.

vii, The burning of sodium in oxygen.—Put a small piece of
sodium ! in a dry deflagrating spoon, light the sodium, put it into
another jar of oxygen. Obsecrve the fumes formed. Dissolve these
in water and try the effect of the solution on litmus paper. It does
not turn the blue colour to red, but has exactly the reverse effect, it
changes red litmus to blue. Feel the water ; 1t has a soapy feel.

viii. The burning of iron in oxygen.—Obtain a piece o?iron wire
(a thin steel watch-spring will do), and dip one end into a little
melted sulphur, and when the sulphur is burn-
ing place the wire in another jar of oxygen.
Obscrve that the sulphur burns and also
starts the combustion of the iron, which con-
tinues to burn with a brilliant shower of
sparks. After the burning has ended, observe
that a quantity of an insoluble solid (iron
rust) has been formed.

ix. Oxygen is soluble in an alkaline solution
of pyrogallol.—(a) Collect some oxygen in a
test-tube over mercury. Dissolve a little

TR

F16. 221.—How an
alkaline solution of
yrogallol can be in-
gn)duced into a tube
containing oxygen.

caustic potash in pyrogallol, so as to make
a strong alkaline solution. Force some of
the solution into the oxygen by partly
filling & bent pipette with it, and blowing
down the pipette when the bent end is under
the bottom of the test-tube, as shown in
Fig. 221.

Note that after a little while the oxygen is wholly absorbed.
(b) Repeat the last experiment, substituting air for oxygen, and
notice that the air is only partially absorbed.

Properties of oxygen.—Oxygen is a gas which has no colour,
no smell, and no taste. It hasno action upon litmus paper, and is

1Important ! Carefully read the noto on p, 834.
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for this reason said to be neutral. Ordinary combustible sub-
stances burn more brightly in oxygen than in the air.

Oxygen has no effect on substances like sulphur and carbon
when they are at the same temperature as the room, but if
these elements are heated to the point of ignition the oxygen
combines with them very readily, causing them to burn
vigorously.

Some substances which will not burn under ordinary con-
ditions can be made to burn in oxygen, and the case of iron
affords a good example of this. Consider what the result
would be if there were only oxygen in the air. As soon as iron
got red-hot it would start burning. We could not in these
circumstances use iron for our grates, furnaces, and similar
things.

Oxygen is not very soluble in water—one hundred parts of
water dissolve three parts of this gas. That the amount of
oxygen dissolved by water is very small is seen by the fact that
oxygen prepared for experiment is usually collected over water.
But though the amount is small it is of great importance in the
economy of nature, for it is due to this dissolved oxygen that
water animals are able to breathe. Oxygen can, however, be
readily dissolved by some liquids, such as a solution of pyro-
gallol in caustic potash.

Though oxygen exists in a gaseous condition under ordinary
conditions of temperature and pressure, yet it can, by lowering
the temperature and very much increasing the pressure, be
made to assume the liquid, and even the solid, state.

Oxygen is indispensable to life. Tt is the constituent of the
atmosphere which is used up in the processes of combustion,
decay, and fermentation.

Formation of oxides explained.—Whenever oxygen com-
bines with another element an oxide is formed. Indeed, oxygen
is 80 active and powerful that it forms oxides with every siniple
substance except fluorine.

In all the cases of burning studigd experimentally when con-
sidering the properties of oxygen, new substances with new
properties have been formed; they are therefore chemical
compounds, and the experiments afford instances of chemical
action. Taking some of the experiments performed as examples,
when sulphur burns in oxygen a compound which has a
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distressing smell and reddens a blue litmus-paper is formed
it is called Sulphur Dioxide.
SuLPHUR burning in OxyGeN forms SULPEUR DioxiDE.

Similarly, when carbon burns in oxygen, a gas which extin- -
guishes a burning taper and turns lime-water milky is formed.
"This compound is known as Carbon Dioxide,

CarBoN burning in OxYGeN forms CARBON D10XIDE.

Again, when iron burns in oxygen, a brown powder, which is
really ordinary iron rust, is formed, as well as a brittle, black
solid quite unlike the original iron. These compounds are both
of them oxides of iron.

Iroy burning in OxYGEN forms IrRoN OXIDE.

An exawmination of these oxides shows that they are identical

with the products formed when the substances burn in air.

93. THE INACTIVE PART OF AIR.

1. The inactive part of air.—Repeat the experiment of a.llowins
iron to rust in an enclosed quantity of air over water (p. 307), an
satisfy yourself that the gas left behind (a) extinguishes a flame ;
(b}ul{ms no action on a litmus paper; (c) does not turn lime-water
milky.

ii. Air can be obtained again by mixing oxygen with the inactive
part of air.—Again allow iron to rust in an cnclosed amount of air.
When the volume of gas in the bottlo has ceased to diminish,
remove the muslin bag containing the iron. Place the delivery tube
from an oxyéen apparatus, similar to that used in the experiment on

. 324, and by heating the hard glass tube bubble oxygen into the

ttle until it is again full of gas. Cover the mouth of the bottle
with a piece of cardboard, lift out the bottle, and test the gas it
contains with a burning taper : it behaves just like air.

Nitrogen.—The gas which is left in a bottle of air after iron
has rusted in it, or phosphorus has burnt in it, or in which any
one of the instances of burning which have now been studied has
occurred, will no longer allow a candle or taper to burn in it.
This is one reason why it is called the inactive part of air. The
inactive part of air does not affect damp iron at all ; thay is, the
iron does not rust when put into it. The name by which this
gas is known to chemists is nitrogen.

Properties of nitrogen.—The gas nitrogen is very inert,
since it can be made only with difficulty to combine with any
other substance, It does not burn, nor will it allow other
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substances to burn in it ; or, as usually expressed, it does mot
support combustion. A mouse dies if put into this gas.

If the negative nature of the properties of nitrogen is borne
in mind, and is considered in connection with the very active
powers of oxygen, it will be understood that the presence of
the gas in the air serves the purpose of diluting the oxygen,
weakening its powers, and making combustion much less intense
than it would otherwise be.

If nitrogen obtained from air be heated with either mag-
nesium or lithium, it is found that nearly 1 per cent. of it
remains unabsorbed. This residue is another substance present
in the atmosphere to the extent indicated, and called argon.
Argon is also very inert, more so even than nitrogen. Owing
to this, even until the year 1894, its presence in the air had
been completely overlooked, although, nearly a century before,
the vminent chemist Cavendish had unknowingly obtained
some, regarding it as an impurity which he had overlooked—
an example of the importance of giving attention to the
minutest details in scientific investigations. After the dis-
covery of argon, four other new gases—helium, neon, krypton,
and xenon-—were found to be permanent constituents of air, but
they occur in such minute quantities that their presence need
only be mentioned here.

Chemical composition of air.—What may be termed the
fundamental gases in air are oxygen and nitrogen. Argon
and the four other new gases may for our purposes be regarded
as part of the nitrogen. Carbon dioxide and water vapour are
practically always present; and various other gases, or vapours
frequently occur in small quantities, but these may be regarded
as impurities, and ought not to be considered as constituents of
pure air. The following table shows the percentage composition
of air as regards voiume ; that is, for instance, the number of
cubic feet of the various gases present in 100 cubic feet of the

atmosphere :

Oxygon, a gas which supports combustxon, - - 2100
Nitrogen, an inert gas, - - - - - 7803
Argon, an inert gas, - - - - - 0-94
Carbon dioxide, a sulfooatmg ga.s, . . - - 003
Water vapour, - - - - Variable
Nitric acid,

Ammonia, - - - - - - - - traces
Ozone.
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These proportions are remarkably constant in ordingry air,
and it is only in localities or under conditions of an exceptional
character that they vary to any noteworthy degree. In the air
of mines, the oxygen has been found as low as 186 per cent.,
but this represents almost the lowest percentage of oxygen ever
obtained from a place where human beings could live. In the
midst of vegetation, or open ground, especially in the daytime,
oxygen is present in the proportion of about 21 per cent., but
never more.

Nitrogen not only serves to tone down the activity of oxygen
as a supporter of combustion, but it is also useful to the life of
plants. A few lowly plants appear to absorb nitrogen direct
from the air, but the majority of them obtain it indirectly
as the result of the action of bacteria existing in the soil or
in their roots.

The proportion of carbon dioxide rarely exceeds 3 parts in
10,000 in pure air, and is not often less than 2-7 parts per 10,000.
During the night the proportion is slightly greater than in the
day. In the streets of a town the amount of carbon dioxide
only exceeds the average amount of the open country by about
1 part in 10,000. In rooms, however, and badly-ventilated
places, carbon dioxide is often greatly in excess, and oxygen
is present in a much smaller proportion than it ought to be.
Carbon dioxide is not essentially a poisonous gas, but it is often
found in bad company, and when it occurs in excess the air of
which it forms a part is unfit to breathe.

Air always contains a certain proportion of invisible water
vapour, and when the air is cooled to a sufficient degree this
vapour becomes visible in the form of mist, fog, cloud, rain, or
other familiar forms of water (p. 193). Ozone is a peculiar form
of oxygen, and is usually present in the air of the open country
or over the sea, but not in that of towns.

In addition to these and other gases, numerous minute solid
particles are suspended in air, some of them being living germs.
They are more abundant in the town than in the country.

The air is not a chemical compound, but a mixture of
gases.—In proof of this statement, the following facts and
experiments may be cited :

1. The composition of a chemical compound never varies,
whilé the composition of air does vary slightly.
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2. Whenever a chemical compound is formed, a certain
amount of heat is developed, and there is generally a change
of volume. When, however, oxygen and nitrogen are mixed
in the proportion in which they occur in the air, there is no
evolution of heat or change of bulk, though the mixture
cannot be distinguished from air.

3. The proportion in which oxygen and nitrogen are mixed
in the air does not bear any simple relation to their combining
weights (p. 383), whereas in the case of every true chemical
compound, the amounts of the constituents always bear some
simple ratio to these weights.

4. When air is shaken up with water, some of it is dissolved.
If air were a chemical compound it would be dissolved us a
whole, and therefore the dissolved part would have the same
composition as the undissolved part. But this is not found
to be the case. The air dissolved in water can be expelled
by heat, and if it is collected the oxygen in it is found to
be more in proportion to the nitrogen than it is in ordinary
air, thus showing that water dissolves more oxygen than
nitrogen.

Ordinary air consists of about one-fifth oxygen and four-
fifths nitrogen by volume; but air expelled from water contains
about one-third oxygen and two-thirds nitrogen.

5. When air is liquefied by intense cold and great pressure,
and the liquid air is then permitted to evaporate, the nitrogen
is first given off, so that the liquid becomes richer and richer in
oxygen. If air were a compound, no one part of it would be
more volatile than the other.

CHIEF POINTS OF CHAPTER XXIV.

Oxygen.—Oxygen is the active part of the air. When red oxide
of mercury is heated it dccomioses into mercury and oxygen.
Oxygen can also be obtained by heating. potassium chlorate, when

tassium chloride, a substance very like common salt, is left

hind.

Oxides.-—When some simple substances are heated in oxygen they
unite with it, forming oxides. Thus:

Iron and oxygen form an oxide of iron.

Phosphorus and oxygen form an oxide of phosphorus
Carbon and oxygen form an oxide of carbon.

Sodium and oxygen form an oxide of sodium,
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Some oxides unite with water to form acids, which turn blue
litmus red ; the oxide of phosphorus is an example.

Other oxides unite with water to form a.lkaﬁ'ne solutions, which
have a soapy feel and the power of turning reddened litmus blue
again ; the oxide of sodium is an example.

Nitrogen. —N itroFen is the inactive part of the air. It makes up
80 per cent. (roughly) of the volume ot the atmosphere. It is ver;
inert. It neither burns nor allows things to burn init. It is left
behind when substances burn in air.

Air.—The air is a mixture of gases and not a chemical compound.
Its chief constituents are nitrogen, oxygen, argon, carbon dioxide,
and water vapour,

EXERCISES ON CHAPTER XXIV.

1. What are the chief properties of oxygen ?
Describe the experiments you would make to illustrate these
properties.

2. Oxygen and nitrogen are the two chief ingredients in common
air. State reasons for the usual belief that they are not combined
together chemically.

3. Describe experiments which prove that air is composed of at
least two different gases.

4. How would you show by experiments that only one part of the
air is concerned in (z) burning, (b) rusting?

5. State approximately what the difference in composition is
between ordinary air and *‘ dissolved air” which has heen expelled
by boiling from solution in water.

6. Describe and explain the various methods with which you are
acquainted by means of which air can be deprived of its oxygen.

7. What is left behind as a gas when phosphorus burns in a closed
vessel ? What propertics has it? Has it been made to combine
with oxygen ; and, if so, how?

8. Lead forms three well-known oxides. Describe the appearance
of each substance, How does the pioportion of oxygen differ in the
three kinds?



CHAPTER XXV.
WATER AND HYDROGEN.

94. ACTION OF METALS ON WATER.

1, Iron becomes rusty in water containing dissolved air.—Leave
a piece of clean 1won in water for a few days. Notice that rust
forms upon it.

ii. Iron in boiled water does not rust. —Boil some water in a flask
or clean sauccpan for some time so as to drive out the dissolved air.
Obtain a wirc-nail, or a stecl pen-nib, and after washing it in soa
and water to remove oil, dry it, place it in a bottle, and quickly ﬁﬁ
up the bottle with the boiled water. Insert a tightly-fitting india-

Fi6. 222. ~A mcans of obtaining hydrogen gas from water by depriv.
mg steam of oxygen.

rubber stopper, being careful to cnclose no air hetween the stopper
and tho top of the water. Placc on ono side, and cxamine the iron
after a few days. No rust will be seen.

iii. Action of heated iron on water.—Place some iron filings in a
hard glass tube, having at each end a cork through which a short
glass tube passes (Fig. 222). To the end C fit a delivery tube from
a flask containing water previously boiled to drive off the dissolved
air, and to the other end fit a short piece of rubber tubifg. Heat

333
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the iron filings well, and boil the water in the flask so that steam

sses over the heated iron, and then into the water, where it con-

enses. Now place over the end of the tube A4 an inverted jar of
water, and note that the steam is not completely condensed, but
that minute bubbles ascend to the top of the test-tube. When
you have so obtained a suflicient quantity of gas (a few cubic centi-
metres), first disconnect € from the flask of water, then stop the boil-
ing. Close the end of the jar with a glass plate. Hold a lighted
match to the mouth of the jar and take away the glass plate.
Observe that the gas burns. Examine the iron filings in the hard
glass tube, and sec that a quantity of rust has been formed.

iv. Action of sodium on water.—Place a small piece of sodium ! in
water in an evaporating basin, and quickly put a large glass shade
over the latter; observe
the action. Feel the water
,‘,,/W/ left after the sodium has
7 disappeared, and test
it with red litmus. Eva-
Komte away the water.
)} Note the residue.

v. Collection of the gas
which sodium turns out
of water.—Place a small
piece of sodium.dn a small
piece of lead tubing, the
ends of which are nearly
closed, and gently drop
the lead into a pan of
water. A gas is seen
to come of% (Fag. 223).
Colleet this in an inverted
tube full of water, and

= = by this means obtain three

F1G. 223.—Sodium combines with the oxygen test-tubes of the gas. Ob-

of water and turns out the hydrogen. serve that the gas is
colourless and odourless.

vi. Examination of the gas produced by the action of sodium
upon water.—Take out two of the tubes and hold them for the same
time, say 30 seconds, (1) with mouth up, (2) with mouth down.
Then apply a light to the mouth of both.

Now try the 3rd tube, holding it mouth down, and place a
lighted match up into the tube. Note that the gas does not explode,
but burns quietly, while the match is extinguished.

Chemical examination of water.— Before proceeding to
study the chemical behaviour of water it will be well to

1Great care must be taken when using sodium, which must never be allowed to
touch damp materials, 1t is kept undor naphtha until used, and should never be
bandled with the fingers. It should be dried by blotting-paper when taken from
the bottle and cut with a clean knife, the pieces not used being immediately
replaced in the hottlo,



WATER AND HYDROGEN 335.

recapitulate what has been already learnt about it. Water is a
clear liquid with a blue-green colour. best seen by causing light
to pass through a considerable length of it. It boils at 100° C,,
and is then converted into steam. It freezes at 0° C., becoming
ice. 1ts density is 1, 7.e. the weight of 1 c.c. is 1 gram at 4° C,
and slightly less at any other temperature, owing to the fact
that water expands when either cooled below or heated above
4° C. It has the power of dissolving many substances-—e.g. salt,
sugar, etc.—forming solutions from which the water may be
evaporated away, leaving the solid behind. But these facts tell
nothing of the chemical nature of water. By suitable
experiments, however, the mutual action between water and
some other substances may result in entirely different products.
It has been seen that when iron is left in water it forms a con-
siderable quantity of rust. But this may be due to the air
which may be dissolved in water, for if the iron be placed in a
tube containing water, which has first been well boiled to drive
off the air, and the tube is then sealed in a blow-pipe, the iron
either does not rust or does so to only a very slight extent.

If, however, the iron is heated and water is passed over it in
the form of steam, in the manner described in Experiment 94 iii.,
a chemical action begins which teaches several important facts
about the composition of water. Not only do the iron filings
become rusty, just as they do when exposed to damp air, but a
gas, insoluble in water, which can be collected over a trough,
as shown in Fig. 222, is obtained. This gas burns when a lighted
taper is brought near it.

Action of sodium upon water.—It has been seen that from
steam and iron it is possible to obtain iron rust, that is, iron
oxide, and an inflammable gas. This fact suggests that water
contains this inflammable gas as well as oxygen, and a way to
test this is to find something which has a powerful chemical
attraction for oxygen, for, if this substance is placed in contact
with water, it will take up the oxygen and leave the other con-
stituent or constituents of water. Such a substance is the
metal sodium.

When a small piece of sodium is thrown upon water it swims
about on the surface with a hissing noise ; and the solution,
after the sodium has all disappeared, has a soapy feel and turns
red litmus blue. ln-this case it can be seen only that the action
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is energetic and a new product is formed, while the soapy feel of
the water and its action on litmus appear to indicate that this
product is the same as that obtained when sodium is burnt in
oxygen and the fumes formed are dissolved in water. If the
pellet of sodium is enclosed in a piece of lead piping, the ends of
which are flattened, the gas comes off in such a way that it can
be collected with ease, and is then observed to be colourless and
to have no smell. If two tubes, which have been filled with the
gas (Fig. 223) and held for thirty seconds, one with its mouth
upwards and the other with its mouth downwards, have a
lighted match applied to them, it is found that there is no effect
with the first tube and a slight explosion with the second.

The slight explosion of (2) shows it to contain an explosive
gas, while the absence of any effect with (1) shows that the gas
has all disappeared. Hence, it is seen that the gas escapes from
a8 tube held mouth upwards, but not so quickly from one held
mouth downwards. It is therefore lighter than air, being in
fact the lightest gas known.

If a third tube of the gas is examined in the same way,
immediately on taking it out of the water, the gas does not
explode, but burns quietly.

95. PREPARATION AND PROPERTIES OF
HYDROGEN.

1. Preparation of hydrogen.—Select a flask and fit it up as is
shown in Fig. 224. Be very carcful that the stopper and the tubes
respectively fit very closely. Into the flask put cnough granulated
zine to cover the bottom. Pour some watcer upon the zine. Arrange
the delivery tube in the trough as when making oxygen. Poura littﬁe
sulphuric acid down the thistle-headed acid funncl, and be quite
sure that the end of the funnel dips beneath the liquid in the flask.
Do not collect bottles of the gas until you are sure pure hydrogen is
being given off, which you can find out in this way. Till a test-
tube with water and invert it over the end of the delivery tube.
When it is full of gas, still holding it upside down, takc it to a
flame (which should not bc ncar the flask in usc); notice that
there is a slight explosion. Continue this until the hydrogen burns
quietly down the test-tube. When this happens proceed to fill one
or two bottles, When the hottles have been filled, it is better not
to remove them from the water until you want to use them. Collect
also a soda-water bottle half full of the gas.

Oaution.— Be careful not to bring a light near the thistle funnel or
tube delivering the gas, even when the action in the flask seems to have
ceased, or a dangerous explosion may occur.
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Be careful also thut none of the acid used gets upon your fingers or
clothing.

ii. The liquid left in the flask.—Filter off the liquid in the flask
from the undissolved zine (sufficient zinc should be used to leave a

FI6G. 224. - Zime turns hydrogen out of dilute sulphuric acid.

quantity still undissolved : if all has disappeared add more and wait
till the action ccases). Partially evaporate the liquid and allow it
to crystallise. A quantity of clear colourless crystals are formed.
Examine them and sketch the most perfect. Heat some of the
crystals in o tube and observe that they melt, give off water (which
can be collected and proved to be water), and leave a white powder.
iii. Hydrogen burns but -
extinguishes a flame. —T'cst
one jar of the gas by mecans
of a lighted match or taper.
Observe that the gas burns
at the mouth of the jar
and that the taper is ex-
tinguished when thrust into
the tube; on being taken
out, the taper again be-
comes alight on passing
through the flame of the
burning hydrogen (Fig. 225).
iv. Hydrogen is lighter
than air.—Take a full jar
of the gas and hold it mouth
up s below a second
:;lmaller gar heldh mouth Fla 20_‘ Thohed ) + the mouth
ownwards, as shown in v 4=d.=~1h0o hydrogen burus a € m!
. : . of the far, bu ! t
Fig, .226° On testing with whent{njsil;,e th::j:x"‘ 2( (l?;‘di:gei:. oxtmguished
a lighted taper observe

that the gas has left the lower jar and filled the upper. Many
experiments, as the filling of balloons or soap bu)ﬁmlcs, may
also bho performed to demonstrate the extremely low density of
hydrogen.
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v. Hydrogen forms an explosive mixture with air.—Wrap your

= hand in a duster and with it hold the
soda-water bottle (Expt. 95 i.). Take 1t
out of the water so that the water runs
out, and the bottle is now filled with
a mixture of hydrogen and air. Apply
a light and you will not fail to observe
that an explosion results.

vi. The flame of burning hydrogen.—
Fit a right-angled tube drawn out to
a point to a hydrogen generator, as
shown in Fig. 227. After pouring a little
sulphuric acid down the thistle funnel,
collect a test-tube of the gas issuing from
the straight tube, and hold the mouth of
the test-tube near a flame, which must be
than air and can be poured @ few feet away from the generator. The
upwards. gas will at first go off with a pop, or burn
with a squeaking noise, but after two or three trials it will burn
quietly, with a blue flame. When you can carry this flame of burning
hydrogen to the apparatus from which the
gas ts being produced, do so, and use it to
wgnite the gas escaping from the pointed
tube. If you remember always to do this,
there can be no danger, for when you are
able to carry a flame of hydrogen in a test-
tube of the gas, for a distance of two or
three feet to the generating apparatus,
you may be sure that the hydrogen issuing
from the apparatus is not mixed with air.

Light the hydrogen in this way.

Observe that it burns with a pale blue
flame, which after a time becomes yellow.
This coloration is due to the glass becom-
ing hot, and some of the substances in it
being burnt in the flame of hydrogen.

_vil. Hydrogen can be collected by upward
displacement.—Substitute for the delivery
tube in Expt. 95 i. a tube hent twice at
right dngles, as shown in Fig. 228, and
arrange 8 jar on a retort-stand in an in-
verted position. Place a test-tube over
the upright tube, and allow it to stay there
for a minute, and test the gas as described
in Expt. 95 i. When it 18 pure, substitute
the inverted jar, and after a few minutes
lift it off the stand and apply a light, first
taking the precaution to wrap a duster
round the jar and to hold it away from your

face. he jar wi y F1G. 227.—Arrangement for
hydroognc jar will be found to contain obtaining & flane of hy drogen.
gen.
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- Preparation of hydrogen in large quantities.—It has been
seen that from water and sodium it is possxble to obtain an
inflammable gas, lighter than :
air, which does not support
combustion; and a solution
which behaves like the solution |
of sodium oxide is also formed.
The most natural inference is
that the water contains this in-
flammable gas, which is called
hydrogen, combined with oxy-
gen. Before proceeding to
verify this, it will be well to
examine more carefully the
properties of the inflammable : ’
gas, and to do this it is neces- g, 228 Hydrogen being lighter
sary to collect the gas in greater than air can be collected by upward

displacement,
quantity than hitherto. It is
prepared by acting upon dilute sulphuric or hydrochloric acid
with zinc or iron, the former metal being generally used.

The apparatus suitable for the preparation of hydrogen in
this way is described in the experimental work (p. 336). Owing

zine sulphate.
to the slight solubility of hydrogen in water, it can be collected
in the same way as oxygen over the pneumatic trough. If, when
the chemical action in the flask has completely stopped, the
liquid is filtered from the still undissolved zinc, as previously
explained, and then partially evaporated in a basin and- after- -
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wards allowed to crystallise, a quantity of clear colourless”
crystals is formed. "These crystals melt if heated in a tube,
give off water, and leave a white powder. They consist of a
compound formed from the zinc and part of the sulphuric acid
and are known as zinc sulphate (Fig. 229).

We may therefore state that swlphuric acid and zinc form
hydrogen und zinc sulphate. Or, the same fact may Le expressed
in another way :

when
SuLpHURIC acted . ZiNc
Acip upon Zivc gives o 1 aqg 80d HYDROGEN.
with

Water of crystallisation.,—Many crystals behave like zine
sulphate on being heated, 7.e. they lose water which they pre-
viously contained, and become converted into & powder. The
water contained in a crystal and evolved on heating is known
as water of crystallisation. Some substances, like blue vitriol
(copper sulphate), change in colour when their water of crystal-
lisation is driven out by heat ; but the colour can be regained
by adding water.

Properties of hydrogen.—Having now a means of obtaining
hydrogen in considerable quantity, it can be observed that it is
a colourless, odourless gas, considerably lighter than air; it
burns, but does not support combustion, and it forms a highly
explosive mixture when mixed with air. It is now necessary to
obtain and examine the compound which is produced Ly the
burning of hydrogen—that is, the oxide of hydrogen. :

96. WHEN HYDROGEN BURNS WATER IS FORMED.

1. Water is formed by burning hydrogen.—(az) Arrange a flask as
before for the production of hydrogen. Pass the gas through a tube
containing chloride of calcium in order to dry it thoroughly. Allow
it to burn under a retort which is kept cool by a strcam of water
flowing in at tho tubule and out at the end of the neck (Fig. 230).
Observe the formation, on the outside of the retort, of a clear liquid
which collects and drops into a beaker placed to receive it. By
this means sufficient ofp the liquid can be obtained to identify it,
especially if several students add together the liquids formed in
their experiments.

(b) Tuke the density, freezing point (a mixture of sodinum sulphate
and hydrochloric acid forms a convenient freezing mixture), and
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boiling point of the liquid formed by burning hydrogen. You will
FROM WATER SUPPLY

e ——
F1G6. 230.—The water furmmed when hydrogen burns i the air can be
collected and examined,

find these are 1, 0° C., and 100° C. respectively, and these results
are sufficient to enable it to be stated that the liquid is identical
with pure water.

ii. Analysis of water.
—This may be done by
means of an elcctric
battery for generatin
the electric current, an
a voltameter. The latter
is most simply made by
closing the bottom of a
funnel by means of a
tightly-fitting cork
through which pass two
platinum wires with
small plates of platinum
attached to the ends
remaining in the funnel
(Fig. 231). Over these
plates are supported
two glass test-tubes of
equal capacity, and the
;ubeslzmd psérl}: (;)f thﬁ IS .
unnel are ed wit!

. F1G. 281.— A voltameter in which water can be
r;;ees t;’ Kt}gl%hs}&‘l";}m% ¢ analysed by the electric current,

acid, as otherwise the liquid offers great resistance to the passage -

! .}n.h“l
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of the electric current. The wires from a battery of three or four célls
are connected with the ends of the platinum wires, and as soon as the
connection with the battery is complete, provided there is clean
metal at every junction, bubbles of gas arc seen to rise from each
platinum plate, and to ascend into the tube and displace the con-
tained liquid. After the experiment has gone on for half an hour,
the (giuses may be tested and their volumes measured. It will be
foind that the volume of one ¥as is double that of the other, and
that the gas of which there is the larger amount is hydrogen, whilst
the other is oxygen.

Formation of water by burning hydrogen.—When a jet of
burning hydrogen is brought into contact with a cold surface,
such as a cold glass, the product of com-
bustion, the oxide of hydrogen, is con-
densed. If after a sufficient quantity of
the liquid has been collected it is examined,
it is found («) to have a density of 1, (b) to
freeze at 0°C., and (¢) to boil at 100°C.
These are the physical characteristics of
water and of no other substance, so we are
justified in stating that this liquid, formed
when hydrogen burns, is water.

Previous experiments have indicated
that water contains hydrogen and oxygen,
so that it can now be said that: Hydrogen

100 in burning produces water, which is, there-
m fore, an oxide of hydrogen.

10 Proportions of oxygen and hydrogen
- in water.—The proportions in which the

oxygen and hydrogen combine during the
formation of water must now be considered.
Fia. 232.—A ‘sil::,ple This may be done in either of two ways—
form of eudiometer. The  vjz, |y finding the weights of the gases,
arrangement of the pla. AR )
tinum wires is shown or by finding the volume of the gases, which
in the enlarged top of  oiinbine. Kor the latter purpose it is neces-
sary to measure out definite volumes of
oxygen and hydrogen, cause them to combine, then measure the
volume of gas which remains uncombined and ascertain which
gas it is. This is usually done in a piece of apparatus known
as a eudiometer (Fig. 232). In its simplest form this consists
of a long glass tube closed at one end and graduated in equal

volumes, usually cubic centimetres, by divisions marked on the

"o
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glass. Through opposite sides of the tube, at the closed end, pieces
of platinum wire are passed and fused into the glass, being so
arranged that they do not quite touch one another. Outside
the tube the platinum wires are bent into loops to which wires
from an electric coil may be attached so that an electric spark
can be passed between the ends of the platinum wires inside
the tube to explode the mixed gases. The effect is not essen-
tially electrical. The spark simply served the purpose of
raising the temperature of the mixture to the point of ignition.
Using an instrument of this kind, it can be proved that
2 volumes of hydrogen combine with 1 volume of oxygen to
form water.

Such a process as this—the formation, that is, of a compound
from simpler nuiterials—is known as a synthesis.

The same fact may also be found by the analysis of water—
that is, by breaking the liquid up into its components, which
can be done by means of an electric current. The apparatus
shown in Fig. 231, and called a voltameter, may be used.
Water slightly acidulated to render it a conductor of elec-
tricity has an electric current passed through it between
electrodes of platinum. The electric current tears apart the
constituents of water and liberates them separately, one from
each electrode. At the electrode where the current enters
the liquid, called the anode, oxygen is set free, while hydrogen
bubbles from the kathode. If the gases are collected in two
test-tubes inverted over the electrodes, it will soon be obvious
that the decomposed water yields two volumes of hydrogen
to each volume of oxygen. Such decomposition or breaking up
of chemical compounds by means of an electric current is called
electrolysis. This method of analysis is applicable to many
other chemical compounds as well as water. Electrolysis is
not only of scientific interest, but of great commercial and
industrial importance.

97. COMPOSITION OF WATER BY WEIGHT.

i. Action of hydrogen on heated copper oxide.—Arrange an
apparatus like that shown in Fig. 233, in which a flask 4 for the
making of hydrogen is conncoted with the bottle B containing strong
sulphuric acid. The passage of the hydrogen through the atrong
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soid completely dries the gas. A small amount of the black oxide
of copper is placed in the hard glass tube AC, which is about 1§
ocentimotres in diameter, and fitted with the tube D in the manner
shown. When you are sure that pure dry hydrogen is escaping
from the open end of D, heat the oxidc of copper in the tube by
means of the burner £. In a few minutes moisture will be secn to
ocollect in the tube D, and presently to drop into the dish put to
collect it.

Examine the residue in the hard glass tube, and note its change
to a reddish colour ; this is due to the prescnce of eopper.

Rearrange the apparatus, using the U-tube @ in the place of the
tube D. The U-tuhe @ containing lumps of calcium chloride is
employed to collect the water formed.

HYDROGEN STRONG
FLASK SULPHURIC ACID

F1a. 233.—When hydrogen is passed over heated oxide of copper it
‘e):lt)m%ts the oxygen, with which it forms water, and leaves copper
md.

it. Composition of water.—Put somc copper oxide into the tube
AC, and carefully weigh the tube. Similarly the weight of the
U-tube @ and its contents must also be determined. As in the
last experiment, when you are sure pure dry hydrogen is escaping
from the open end of @, heat the copper oxide by means of the
laboratory burner. Be sure that all the water formed is collected
by the U-tube. If any condenses at the end of the hard glass tube
.‘fy C, drive it over by heating the tube at this place.

Allow the tube AC to cool. Disconnect it at A4 and C, and again
determine its weight and that of its contents. Notice the dim-
inution in weight. ~ Also weigh the U-tube again, and observe its
increase in weight.

Relative weights of the constituents of water.—To find
the composition of water by weight—that is, the weights of
oxygen and hydrogen which combine to form water—it should
be noticed that we only require the weights of two out of the
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three substances concerned, e if we know the weights of
hydrogen and water (or of oxygen and water), the weight
of the oxygen {or hydrogen) is readily calculated. The experi-
ment is done by finding the weights of the oavgen and water,
and for this it is best to use, not oxygen itself, Lut some oxide
which readily gives up its oxyzen to the hydrogen, so that Ly
weighing the oxide Lefore and after the experiment we can
ascertain the weight of oxygen which it has lost. 'The oxide
usad for this purpose is usually oxide of copper, a black powder,
which it has been scen is obtained when air is passed over red
hot copper. Pure dry hydrogen is passed over the heated
oxide, and it combines with the oxygen of the oxide to form
water and leaves the copper behind.

By weighing the water produced and subtracting from it the
weight of the oxygen used, the weight of the hydrogen can be
found. If the experiment is cavefully performed it is found
that water i3 formed of cight-ninths its weight of oxygen with
one-ninth its weight of hydrogen.

This experiment, also taken in conjunction with other experi-
ments upon the volumes of the gases, proves further that any
volume of oxygen is 16 times heavier than the same volume of
hydrogen.

98. HARD AND SOFT WATERS.

1. Solution of chalk in water.—Pass the gas obtained from an
apparatus hlke that shown in Fig. 234 containing pieces of marble on
which hydrochloric acid has been poured, mnto clcar hme-water until
the solution is clear again, after first becoming milky. Boil a part
of the clear solution 1n a test-tube. Obscrve the return of the
milkiness. What is the cause ?

Boil 1n a flask a hittle natural water which is hard because of the
presence of chalk ; observe that the water becomes mulky.

ii. Soap solution to test the hardness of water.—Dissolve some
Castile soap in spirits of wine and label the solution **soap solution.”
Add a few drops of soap solution to distilled water. Shake the
mixture. Notice a lather is casily formed.

iii. Temporary and permanent hardness of water.—(a) Add soap
solution to some of the clear solution obtained by passing carbon
dioxide for some time through lime-water (Fxpt, 981.). Shake the
mixture, and observe that a lather is formed only after a consider-
ablo quantity of soap solution has been added.

(b) Similarly show, that it is difficult to make a lather with a
solution of calcium chloride, .
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(¢) Boil portions of the solution in the last two experiments before
adding the soap solution. Soap lathers ifi the first solution quite

easily after it has been boiled : boiling makes no difference to the
second solution.

F16. 234.—When carbon dioxide is passed into clear lime-water, the
water turns milky, and afterwards clears. The milkiness is again
obtained by boiling the lime-water.

iv. Hardness of sea-water.—Try whether the soap solution forms

a lather when shaken up with sea-water. Does boiling make any
difference ?

Natural waters.—The great solvent power which water
possesses has been studied already. It is in consequence of
this that perfectly pure water does not occur naturally. At
the moment of its formation rain is pure water, yet no sooner
is it formed than it begins to dissolve various substances. In
its passage through the air it takes up varying amounts of the
gases which make up the atmosphere, such as oxygen and the
gas calléd carbon dioxide. When the surface of the earth
is reached, the water dissolves portions of all the soluble
ingredients of the soil and the underlying rocks. The most
soluble bodies are, of course, dissolved to the greatest exteut.
The solvent power of water is considerably increased by the
presence of the carbon dioxide it dissolves, partly from the air
and partly from the soil.




WATER AND HYDROGEN 347

The sea, from long contact with the earth and the soluble
substances in it, is charged with dissolved matter, so that its
water is salt. The fresh waters of rivers and springs have only
a small proportion of the substances which give the strong
taste to sea water.

The substances dissolved are chiefly sulphates, carbonates, or
chlorides of calcium, sodium, and magnesium, the quantity
present varying from 0-05 grm. to 3 grm. per litre. River water
always contains less dissolved matter than spring or well water.
We can understand why this is so by remembering that rivers
are chiefly fed by surface water, that is, water which has not
been in contact with the mineral substances through which
spring water passes on its way to the surface.

The impurities in river water may be of two kinds, suspended
end dissolved. The former, which consist of insoluble sub-
stances and cause the muddy appearance of rivers after rain,
may be removed by filtration. Dissolved impurities are
separated from the water when it is evaporated. If the
escaping vapour be condensed, pure water is obtained.

The ‘chief substance in sea water is common salt, and in some
countries, where this compound is not found in mines, as it is in
England, the sea water is evaporated and the crystals of salt
a8 they form are removed and dried. The liquid remaining
contains magnesium chloride. In England it is the custom some-
times to flood the salt mines with water, allow it to remain till
saturated with salt, and then to pump the salt solution, or brine,
to the surface and evaporate it in large flat iron vessels called salt
pans. The salt is thus obtained either as a fine white crystalline
powder or in large crystals according to the rate at which the
evaporation proceeds and to the time during which the crystals
are allowed to remain in the liquid after they are formed.

When a natural water, other than sea water, is strongly
charged with dissolved substances it is called a mineral water.
Waters which contain a compound of sulphur and hydrogen, called
sulphuretted hydrogen, are spoken of as sulphur waters ; if some
compound of iron is the substance which has been taken up in
large quantities, we have chalybeate waters formed. Effervescent
waters contain a great amount of dissolved carbon dioxide.

Hard and soft waters.—It is a fact familiar to every one
that soap lathers very easily in some waters and not at all
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in others. If rain-water be used, the lathering takes place
with great ease, while with the water which is supplied to some
towns a lather can only be made with difficulty ; and if wo
attempt the same process in sea-water there is no lathering at
all. Those waters in which soap lathers easily are said to be soft.
When this is not the case the water is spoken of as hard. The
explanation is a simple one. Water dissolves materials out of
the rocks below the soil, and often takes up, among other
things. compounds of calcium and magnesium, which unite with
soap, forming & new compound of an insoluble kind; and, in
consequence, there is no lathering until all the calcium and
magnesium have thus combined with soap, after which the
solution and lathering of the soap begins. The soap which com-
bines with the dissolved materials is, of course, wasted.

Temporary and permanent hardness-—Hard waters differ
among themselves. Some can be softened by mere hoiling, and
when this is the case the hardness is said to be temporary. If
the hardness is not removed cfter the water has been boiled,
and the water requires the addition of a chemical to soften it,
such hardness is termed permanent. As has alrcady been men-
tioned, the presence of carkon dioxide in water gives it the
power of dissolving substances which would be otherwise
insoluble in it. Chalk, known to chemists as caleium carbonate,
is insoluble in pure water, but in water in which there is carbon
dioxide it dissolves to a considerable cxtent. As soon as this
dissolved gas is got rid of, which can be done by boiling, the
chalk, being no longer soluble, is thrown down upon the sides
of the vessel. It forms in this way the incrustation which is
found on the insides of kettles and boilers
(Fig. 235).

Permanent hardness is due to the
presence of dissolved calcium sulphate
and other compounds. Since these sub-
stances are:soluble in pure water, mere

k14, 2355.—The deposit, boiling will not get rid of them. Wash-
‘;{,f;{{y‘{,‘f‘:,}fﬁ;‘}“ ¢consists g soda, which is a form of sodium

carbonate, softens such water as this by
causing the formation of calcium carbonate in the place of the
calcium sulphate.
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Distillation of water.—If the steam which is formed by
boiling water containing any dissolved substances be con-

T1a. 236.—A simple :\rrangmnentr for dist ;ili[lg water.

densed, the wcter formed is quite pure. To obtain pure
water from eny kind of water, then, whether fresh or salt,
all that has to be don~ is to boil it cnd condense the steam
which is given off.  The dissolved materials are all left behind
in the vessel in which the boiling takes place. An arrange-
ment for conlensing stcam or vapour is shown in Fig. 226.
The steam driven off from the water in the retort passes into
a flask kept cool by resting upon a basin of cold water, and
is thus condensed.

CHIEF POINTS OF CHAPTER XXV.

Water is a clear liquid with a Llue-green colour. | It boils at 100° C.,
when it is converted into steam. 1t ficezes at 0° C., becoming ice.
Its density at 4° (. is 1. Tt possesses gicat solvent power.

Preparation of hydrogen.— Hydrogen is kest prepared by actihg
upon a dilute acid with a metal.  Sulphune acid and zinc have been
found to be suitable.

Properties of hydrogen.—It is a colourless. odourless gas, con-
eiderably lighter than air. 1t does not support combustion but
itself burns in air. It forms an explosive mixture when mixed with
air or oxygen.

Production of oxide of hydrogen.—By collecting the product of
combustion when hydrogen is burnt, and examimng it, it is found
to be a clear liquid with density 1, boiling pomnt 100° C., freezing
point 0°C. The product, or oxide of hydrogen, is thus seen to be
really woter. Hydrogen in burning produces water, which 1is, there-
fore, an oride of hydrogen.



350 LESSONS IN SCIENCE

Composition of water by volume.—This can be determined by
means of a eudiometer. Two volumes of hydrogen combine with one
volume of oxygen to form water.

The analysis of water is effected by passing an electric current
through water contained in a voltameter.

Composition of water by weight.—Pure dry hydrogen is passed
over heated oxide of copper. The hydrogen combines with the
oxygen of the oxide, forming water, and leaves the metallic copper
behind. The water formed is collected and weighed. The copper
oxide is weighed before and after the experiment. Its loss in weight
shows the amount of oxygen in the water formed. The difference
between the weight of the water formed and the oxygen it contains
tells us the weight of the hydrogen in the water. When carefully
performed, the experiment shows that water is formed of eight-ninths
its weight of oxygen and one-ninth its weight of hydrogen.

Natural waters generally contain dissolved materials. When the
amount is very large the water is called a mineral water. Natural
waters containing sulphuretted hydrogen are called sulphur waters ;
those containing compounds of iron are called chalybeate waters ;
wnd those containing much carbon dioxide are spoken of as efferves-
cent.

Hard and soft waters.—Those waters in which soap lathers easily
are said to be soft. When such is not the case the water is spoken
of as hard. Hard waters which can be softened by boiling are said
to have temporary hardness. If the water cannot be thus softened,
but requires the addition of a chemical, its hardness is said to be
permanent,

QUESTIONS ON CHAPTER XXV.

1. Describe three different methods by which hydrogen may be
obtained from water.

How would you prove that air contains one of the constituents of
water ?

2. What are the ehief impurities in common water 7 How would
you obtain pure water ? Make a sketch of the necessary apparatus
and explain the use of its several parts.

3. What chemical reaction takes place when a small piece of
metallic sodium is thrown into water ?

How would you test whether the solution left is acid or alkaline,
and how would you prepare from it some common salt in the
crystalline state ?

4. Enumerate the differences in physical properties exhibited by
sea and fresh water respectively. ﬁow can a specimen of common
salt be prepared from sea water ?

5. Blue vitriol heated over a lamp becomes white; on being
treated with water the blue colour is restored. Explain the reason
of these changes.



CHAPTER XXVI.
CARBON AND SOME OF ITS COMPOUNDS.

99. FORMS OF CARBON.

i. Carbon is obtained in organic substances.—Hecat a series of
organic substances, such as meat, wood, potato, ei , etc., in a
crucible, and notice in all cases the production of a %ack residue,
consisting largely of carbon. Heat more strongly and observe that
it burns away, leaving an almost colourless ash.

ii. Properties of carbon.—Examine and write down the properties
of as many of the following forms of carbon as you can obtain :
diamond, blacklead, wood-chagcoal, bone-black, and soot.

iil, Charcoal is porous.—(a) Show that charcoal floats in cold
water. In boiling water charcoal sinks after a time, and then will
not float again unless thoroughly dricd. This is because air is
driven out of the charcoal by the warmth of the water.

(b) Fill a large test-tube with ammonia gas (see p. 395) over
mercury, and show that it can be absorbed by introducing a small
lump o{ charcoal. Thisis a striking proof of the porosity of carbon.

Forms of carbon.—Carbon is a substance which is very
widely distributed in nature, being present in all living matter,
and in most products resulting from vital activity.

Carbon occurs, combined with other substances, in many rock
masses, being a constituent of all the minerals known as car-
bonates. Combined with oxygen as carbon dioxide, it occurs in

* the atmosphere and dissolved in spring waters.

Diamond. —In the pure state carbon exists in various allo-
tropic forms (p. 379). Of these the purest and the most valuable
is the diamond. This form of carbon is crystalline, and very
hard, being capable of scratching all other materials. Its re-
fractive index (p. 224) is very high, and on this depends its
brilliancy as a gem. Diamond is proved to consist of carbon by
burning it in air or oxygen, when only carbon dioxide results,

351
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Blacklead or graphite is another form of almost pure
carbon, with properties totally different from those of the
diamond. 1t is opaque and bLlack. and o soft that it will mark
paper. It is reully a crystalline form of carbon, although
good crystals are not very common. It occurs naturally in
mines, chiefly in California, and was formerly largely obtained
from Cumberland. Besides its use for lead peucils, it is also
used as a Jubricant.

Amorphous varieties —Other forms of more or less pure
carbon in an uncrystallised or amorphous state are coke, and gas
carbon, which result from the heating of coal ; lampblack, which
is the carbon deposited Ly oils, ete.,, burning in an insufficient
supply of oxygen ; and wood charcoal, obtained by heating wood
in closed retorts or in stacks under earth.

Charcoal has the power of absorbing colouring matter, and on
the latter account it is used for decolorising solutions coloured
by organic mtter. Animal charcoal is really a misleading term,
as the quantity of carbon present is usually only about 10 or 12
per cent., the remainder being chiefly boue ash.

Both animal and wood charcoal®are very porous sibstances,
and they have the power of absorbing gases to a large eatent.
Wood charcoal is used considerably on the Continent for heat-
ing purposes. Both kinds are useful in destroying noxious
vapours.

Coal contains large quantities of carbon, especially the harder
or anthracite coals, where the quantity may reach 94 per cent,
being, however, only about G5 in brown coal or lignite.

Whenever any of the kinds of carbon burn freely in a good
supply of air or oxygen, carbon dioxide is the compound formed,
thus affording evidence that the three varieties aie only allo-
tropic forms (see p. 379) of the simple substance carbon.

100. CARBON DIOXIDE PRODUCED BY BURNING
AND BREATHING.

i, When carbon is burnt carbon dioxide is formed.—(a) Heat
strongly & piece of charcoal in a closed hard glass test-tube and show
that without air it does not burn.

(b) Suspend a piecc of glowing charcoal in a bottle containin
lime-water. Shake up and show that tho lime-water 1s turn
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milky. Carbon dioxide can always be distinguished by this action
upon lime-water, for it is the only common, colomless, inodorous
gas which turns hme-water milky.

ii. Carbon dioxid: is produced by a burning candle.—(«) Burn a
candle or taper in a clean dry white bottle (g, 214 After the
flame has heen extinguished, withdraw the taper. Pour a little
freshly made lime-water into the bottle and shake it up. Notice
the milkiness of the lime-water,

(b) Cut a long thin chip of wood, hold it in the flame of a labora-
tory burner until it burns binghtly, then thrust it into a cyhinder or
bottle, the hottom of which 1s covered with lime-water to the depth
of ahout an mch.  When the stick ccases to burn, withdraw it and
shake the lime-water.

iil. Carbon dioxide produced by breathing.—(a) Blow through a
piece of glass tube into sume clear, treshly-made limc-water con-

F1a. 237.—The air breathed out Ire 238 —Air diawn into 4 does not
froin thoe lungs contains carbon di- turn the lime-water mlhy; but when
oxide, and will turn clear lumne- blown through 5 from the lungs the lime-
water milky. water i Bas turned mlky.

tained in a wine-glass or tumbler. DMilkiness is at first produced,
but if the blowing is continued long enough 1t disappears.

11l a jar with water and invert it 1 a basin ot water. Blow air
from your lungs into the jar by means of a tube. When the jar is
full of air place a glass plate under it and lift it out of the water.
Show that the air will extinguish a highted taper.

() Repeat the two preceding experiments by blowing air from a
bellows instead of from the lungs.  Notice that this unbreathed air
has not the same cffects upon a lighted taper or lime-water as
breathed air.

iv. The air contains carbon dioxide.—Pour some clear lime-water
into a blue dinncr plate, or some other shallow vessel of a dark
colour. Leave it exposed to the atmosphere for a little while.
Notice the thin white scum formed on the top. The carbon dioxide
in the air has turned the top layer of liquid milky.

v. Breathing changes the character of air.—Fit two bottles with
corks and tubes as shown in Fig. 238. Scc that the corks are air-

L.S. 1, X
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tight. Put some clear lime-water into each bottle. Place the tube
C, or an india-rubber tube leading from it, in your mouth. When
you suck at the tube, air is drawn in through the glass tube which
dips into the lime-water in the bottle 4. When, however, you
blow instead of sucking, your breath passes out through the tube
which dips into the lime-water in the bottle B. Notice that the
lime-water in 4 remains clear, but that in B is rendered milky by
the air you breathe out. You thus see that fresh air has little effect
up«l)l;l lime-water, but breathed air quickly turns clear lime-water
milky.

vLyOxyg'en from plants.—Take a bunch of fresh watercress, or
water weeds, and put it into a beaker or glass jar very ncarly filled
with water saturated with
carbon dioxide. Cover the
plants with a funnel nearly
as wide as tho jar, as shown
in Fig. 239. I1ll a test-tube
with water and invert over
the funnel. If properly
managed there should at
first be no gas in the test-
tube. Place the jar in bright
sunlight for an hour or two
and then examine it.  You
will notice bubbles of a gas
have collected at the top of
the tube. Test the gas with
a glowing splinter of wood.
It is found to be oxygen.

vii, Plants in sunlight and

in darkness.—Repeat the
20 oreen pants in MGMESIEL:  whalo experiment, but in-
the carbon for themsolves and liberate the stead of putting the bottle
oxygen. in bright sunlight place it
in the dark. Observe that

1n such circumstances no bubbles of oxygen arc formed.

vill. Carbon in plants.—Take some green portions of a plant
(leaves will do) and heat them on a piece of tin plate over a labora-
tory burner. Note that they become charred, showing the presence
of carbon in them. :

Production of carbon dioxide by burning,—When things
such as candles, oil, gas, and wood are burnt either in the air or
in pure oxygen, a gas is produced which has the power of turn-
ing lime-water milky. All these substances contain, in one
form or another, a constituent called carbon. As you have seen
in previous chapters, the gas produced when these substances
burn is carbon dioxide, that is, the gas obtained by burning
carbon in air or oxygen. In fact, whenever a substance rich in
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carbon burns in a plentiful supply of air or oxygen, this carbon
dioxide is produced. Knowing how many fires there are in
houses, furnaces, engines, and so on, it is not difficult to under-
stand that at every hour of the day very large quantities of
carbon dioxide are formed, which escape, sooner or later, into
the air.

Carbon dioxide is given off in breathing.—If a person
blows with the mouth into clear lime-water the lime-water is
turned milky. This is another important fact. It is clear that
carbon dioxide escapes from our mouths in breathing; and so
it does from every animal. Not only, then, do all cases of ordi-
nary burning result in the addition of carbon dioxide to the air,
but also every act of breathing. It does not matter how small
an animal is, all the time it is alive it is coutinually adding to
the atmosphere a certain amount of the colourless, odourless gas
which puts out flames and turns lime-water milky.

Purifying action of plants.—That there is always a certain
amount of carbon dioxide in the air can be proved by exposing
fresh lime-water in a shallow vessel. Very soon the lime-water
bacomes covered with a thin white layer of chalk, which is
formed by the combination of the carbon dioxide in the air with
the lime in the lime-water. One reason why there is never very
much carbon dioxide in the air out of doors is because there is
an agency continuously at work getting rid of this gas. This
agency is the green purts of plants which occur everywhere.

When fresh watercress is put into a bottle completely full of
water containing carbon dioxide in solution, and the bottle is
inverted in a basin of water without allowing air to get into the
bottle, it is found that, when the bottle and its contents are
exposed to bright sunlight, bubbles of gas collect at the top of
the bottle. These bubbles, when tested, are found to be puie
oxygen. 1f, however, the bottle with the cress in it is kept in
the dark no bubbles of oxygen collect. Or, if a bottle of water
in which carbon dioxide is dissolved be put in sunlight, without
any watercress, no oxygen collects in the top of the bottle.

In other words, two things are necessary for the formation
of the Lubbles of oxygen collected from the green plant as
described. They are (1) the vegetation, (2) the sunlight. The
same conditions have been found to hold trne always, thus
proving that green plants in the presence of bright sunlight have
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the power of turniny oxygen out of carbon dioxide. They keep
the carbon for themselves, and it helps thew to grow. If the
experiment were carefully performed it would be found that the
watercress had increased in weight after Leing exposed in these
circumstances to bright sunlight for some time.

101. PRODUCTION OF CARBON DIOXIDE FROM
CHALK BY THE ACTION OF AN ACID.

i. Preparation of carvon dioxide.—Into a flask or bottle, fitted
like that in Tig. 240, place some chalk, or small prcces of marble.
Place the delivery tube in a glass cylinder or a jar with a wide
mouth. A dise of cardboard, through which the dchvery tubo
passes, should rest on the top of the jar. Pour dilute hydrochlorie

FIG. 240. —Apparatus for the pre- 117, 241, --Carbon dioxide gas is
patation and collection of carbon heavier than an, and can therofore
dioxide. be poured fiom L mto 4, Lke a

lhigud.

acid down the funnel. During the cffervescence a gas is given off
and collects in the jar. When a burning taper is extinguished
immediatcly 1t enters the jar, take out the dclivery tube and put
it into another jar. Cover the first jar of gas with a disc of card.
In the same way collect several jars of the gas.

ii. Properties of carbon dioxide.—(a) Noticc that the gas is (1)
invisible and without taste or smell; (2) cxtinguishes a lighted
taper; (3) must be heavier than air or it could not be colleeted in
the way described.

(b) Pour the gas from one jar (B) into another (4), as shown in
the diagram (Fig. 241), and test both jars by a lighted taper. It
will be seen that the lower jar contains the carbon dioxide.



CARBON AND SOME OF ITS COMPOUNDS 357

iii. Acid solution formed by carbon dioxide.—Pour a little water
made bluc with litmus mto a jar of the gas and shake it up.  Some
of the gas dissolves, and the colour of the solution turns red. Boil
the solution ; the carbon dioxide 1s driven off, and the blue colour
is regaired.

iv. Action of carbon dioxide on lime-water.—Pass the gas from the
delivery tube through some hme-water, Observe that a milkiness
is produced, owing to the production of a white powder or precipi-
tate, which disappears after a short time.

Boil the solution thus obtained, and notice that the milkincss
again appears.

Filter the milky solution, and so obtain the white powder on a
filter poper.  Add a few drops of dilute hydrochlorie acid to the

owder.  Notice the efferveseence.  Test the gas which is given off ;
1t puts out a tlame.

Preparation of quantities of carbon dioxide.—Though
carbon dioxide is produced naturally by burning and hreathing,
and it also escapes from the carth in some regions, there are more
convenient ways of obtaining the gas.  Ixperiments show that
when an acid is added to chalk, maible. or limestone, a gas is
given off which puts out flamcs, turns clear lime-water milky,
and possesses all the propertics of carbon dioxide—it is, in fact,
carbon dioxide. The best way to prepare bottles or jars of the
gas is to place pieces of chalk or marble about the size of peas
into a bottle fitted like that in I'ig. 240. Dilute hydrochlorie
acid is poured down the thistle funnel, and when it comes into
contact with the marble, the gas is given off. Enough acid is
poured in to cover the lower end of the funnel, so the gas cannot
escape up the funnel; the carbon dioxide passes through the
ovher tube in the cork. The gas given off is heavier than air,
and can therefore be collected as shown in Ifig, 240. Asthe gas
accumulates in the jar, the aw is pushed out at the top.  After
several bottles or jars have Leen filled, the properties of the gas
can easily be examined.

Properties of carbon dioxide.—An cxamination of the gas
shows that it is colourless and has no smell.  As it is heavier
than air it can be poured downwards just like a liquid (Fig. 241).

Carbon dioxide is slightly soluble in water, and the solution
which is thus formed turns a blus litmus paper red. just as
acids do. TFor this reason the solution of carbon dioxide in
water is often called carbonic acid, and the carbon dioxide itself
is sometimes spoken of as carbonic acid gas. The gas has the
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property of extinguishing the flame of a taper or match, and is
consequently called a non-supporter of combustion.

Action of carbon dioxide on lime-water.—If carbon dioxide
is passed into lime-water a milkiness is seen, but if the passage
of the gas is continued the milkiness by and by disappears. If
the clear solution which results after the disappearance of the
white powder or precipitate is boiled, the milkiness again makes
its appearance. The reason of this is that the white substance of
which the precipitate is formed dissolves in water which has
become saturated with carbon dioxide. When the clear solu-
tion, which appears after the solution of the powder, is boiled,
the carbon dioxide is driven out of it, and the liquid again
becomes pure water. The precipitate reappears, because it will
not dissolve in water.

The chemical change when carbon dioxide is passed into
lime-water,—What are the facts taught by the experiments
described? When an acid is added to the white powder formed
when carbon dioxide is passed into lime-water, a brisk effer-
vescence is noticed and the colourless, odourless gas given off is
found to put out a flame. But this is just what happens when
the acid is dropped upon chalk, and putting the facts together
they suggest that the white powder is really chalk, so that
carbon dioxide gas combines with the lime in the lime-water
to form chalk. We can write:

unites

to
CARrBON DIOXIDE with LiME

form

From this statement it will also be seen that chalk consists of
lime and carbon dioxide. Further evidence of the truth of this
will be learnt later.

Uses of carbon dioxide.—The fact that carbon dioxide is a
non-supporter of combustion is made use of in many forms of
chemical fire extinguishers, which generally contain solutions of
the gas under pressure or a means of producing large quantities
of it by the action of acid upon a carbonate solution. As
burning cannot take place in this gas, the flames are therefore
extinguished when the gas reaches them.

The solubility of carbon dioxide in water is increased by
pressure, and the sparkling nature of the various aerated waters,
like soda-water, is due to the carbon dioxide with which they
have been charged at high pressures, which escapes when the

CHALK.
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pressure is reduced to that of the atmosphere by opening the
bottle. As the pressure is very great, the bottles used as fire
extinguishers have to be very thick.

Carbon dioxide is also produced during fermentation, the
“rising ” of bread being due to the escape of the gas which is
generated by the fermentation, under the influence of the yeast,
of the saccharine matters formed from the starch.

Carbon dioxide will not support life, and is sometimes used
for suffocating stray dogs and cats.

By cold and pressure carbon dioxide may be liquefied and
also solidified, forming a soft white substance, which when
mixed with ether forms a powerful freezing mixture, the tem-
perature sinking to about —100° C.

Occurrence of carbon dioxide.—Carbon dioxide has been
already stated to exist in the atmosphere, and to be produced
by the oxidation of animal and vegetable tissues ; also that
under the influence of sunlight it is reconverted by the green
parts of plants into its constituents, of which the carbon is used
by the plant in the formation of new tissue. The gas is found in
many natural gaseous emanations, and is frequently present to
a large extent in the gases of caves and underground passages,
where, owing to its high density, it tends to accumulate if
formed by fermentation or other natural processes. In expired
air, carbon dioxide is present to the extent of about 4'7 per cent.
Although such air is not again respirable, this is probably due to
the diminution of the oxygen, for it is doubtful whether carbon
dioxide has any direct poisonous effect. The proportion of
carbon dioxide may be increased even to 20 per cent. without
immediate serious effects if only the quantity of oxygen be
increased simultaneously.

102. PRODUCTION OF CARBON DIOXIDE BY
HEATING CHALK.

i. Change produced by heating chalk.—Place a little powdered
chalk Y:ot blackboard chalk) on a piece of platinum foil, and heat it
strongly for some minutes in the flame of a laboratory burner. If
platinum foil is not at hand, heat a lump of chalk on a piece of
ooarse wire gauze for some time. Or, powdered whiting may be
hested on a piece of thin tinplate. The latter is, however, Jong
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process. After heating, shake the powder on to a damp red litmus
gaper. Observe that the red litmus paper is in places changed to a
lue colour.

ii. Action of lime upon litmus.—Test some wet lime with litmus
paper. Observe that it changes the colour ot red litmus to blue.

id. Powder obtained by heating chalk.—Shake up in ordinary
tap-water some of the powder obtained mn kxpt. 102 1. by heating
chalk on platinum foil. Iflter, or allow the powder to scttle;
then taste and notice the peculiar taste of hme-water.

iv. Solution of lime in acids.—Dissolve some lime in hydrochlorie
acid, and evaporate the solution to dryness. Note the formation of
a white solid, which rapidly absorbs moisture frem the air and
liquefics. It has been previously used in experiments under the
nane of calcium chloride.

v. Composition of chalk.—Place a few small picees of chalk in a
test-tube. Add dilute hydrochlorie acid until the cffervescence, due
to the production of carbon dioxide, ccases (se2 lxpt. 1011.).
Filter the solution remaming in the test-tube and cvaporate it
Notice the substance left ; it is not chalk, but caleium chloride.

vi. Slaking of lime.—To a lump of fresh ime add a little cold
water.  Observe that the lumyp gets very hot and swells up.

Chalk undergozs a change when heated —It is casy to
prove by putting some powdered chalk upon a piece of moist
red litmus paper that this substance is unable to change the
colour of the paper. If, however, some powdered chalk be
strongly heated on a piece of platinum foil in a laboratory
burner and then placed on a picce of moist red litmus paper,
the red colour is changed to blue. The chalk undergoes some
change when heated, or it would not acquire this new property.
The same chemical change as occurs when a little powdered
limestone, or some chalk. is heated on platinum foil takes place
on a large scale in the limekiln. In other words, when chalk
and limestone are strongly heated they are changed into quick-
lime. The change is brought about by driving carbon dioxide
out of them.

when heated
CraLk splits up LiMe  and
nto

Changes produced by adding acid to chalk.—When hydro-
chloric acid is added to a little chalk a brisk effervescence
occurs and a colourless, odourless gas which turns lime-water
milky is given off.

If hydrochloric acid is poured upon a known weight of chalk, in
such a way that all the gas evolved is got rid of, it is found that

CARBON
DioxIDE.
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the proportional loss of weight of the chalk is equal to the loss of
weight on heating, thus showing that chalk contains a definite
proportion of carbon dioxide gas.

1f the solution remaining, after the cffervescence of the chalk
with the acid has ceased, is filtered and evaporated, a new sub-
stance known as calcium chloride is obtained. So that, from
chalk and hydrochloric acid, it is possible to produce carbon
dioxide, calcium chloride, and water (which is driven off by
evaporation).

Substances which, like chalk, evolve carbon dioxide when
acted upon by an acid are known as carbonates, and numerous
carbonates exist, all possessing similar characteristics. Many of
these on heating also give off carbon dioxide, the 1esidue being
known to be an oxide of a metal, so that they consist of carbon
dioxide and a metallic oxide.

This leads to the idea that lime is also the oxide of a metal,
and this view is now known to bLe correct, the metal being
named caleium. Lune, therefore, is calcium oxide and chalk
calcium carbonate.

Lime.—Lime produced by heating chalk or limestone-—both
of which are caibonates—is a white solid, which, if heated
sulficiently, glows and emits a brilliant white light. It is on
this account employed for the production of the limelight,
where a small, hard cylmder of lime is strongly heated in an
oxy hydrogen or oxy-coal-gas tlame.

When water is added to freshly burnt lime, or quicklime, as
it is termed, the water combines with it with the evolution of a
large amount of heat, which is enough to boil the water if the
quantity of lime is large. This can be seen at any time when
bricklayers are preparing lime for wmaking mortar. This
addition of water to lime is called slaking it. and the altered
lime is known as slaked lime. Lime dissolves to a slight extent
in water, forming lime-water.

103. CARBON MONOXIDE.

1. Preparation of carbon monoxide.—In a hard glass tube 4 B, place
some iron filings. Pass over these filings a current of carbon dioxide,
dried in the usual manner. Heat the filings, and let the end 53 of
the tube dip under a strong solution of caustic potash, which
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absorbs any unchanged carbon dioxide, a tube containing the same
liquid being inverted over the end (Fig. 242). Observe that the
b:llbbles of gas which come from the end of the tube are almost com-

letely absorbed, but that a gas slowly collects and fills the tube.
E’ake out the tube and apply a light to the gas. Observe that it
burns with a blue flame.

F1a. 242.—Preparation of Caibon Monoxide.

Lower oxide of carbon.—If a coke or charcoal fire be
observed, flames of a peculiar blue colour are usually seen play-
ing over the top. As, however, the only substances concerned
in the combustion are carbon and oxygen, and since carbon
itself does not burn with a blue flame, while carbon dioxide is
quite incombustible, it appears probable that there must
be some other compound of carbon and oxygen produced
which burns with this blue flame. Further, it seems probable
that the oxide is a lower oxide, 7., contains less oxygen,
as if a compound with more oxygen existed we should
expect the carbon dioxide to burn and form this oxide. Carbon
monoxide, as this gas is called, can be prepared by depriving the
dioxide of part of its oxygen. When passed over heated iron
filings carbon dioxide is partly reduced to this lower axide,
while the iron oxidises or rusts. The mixture of dioxide and
monoxide resulting from the action of the iron on the carbon
dioxide is collected over a solution of caustic potash (Fig. 242).
The caustic potash absorbs the whole of the unchanged dioxide,
while the carbon monoxide gradually fills the collecting vessel.

CARBON CARBON IroN

Dioxipg 20d  ImoN give roco ipe OXIDE.

and
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Ohanges in a coke fire, —The formation of carbon monoxide
in coke fires may now be readily explained. By the burning of
the carbon in the lower parts of the fire, where the air enters
and sufficient oxygen is present, carbon dioxide results, but

Carbon monoxide uniting with oxygen to
form carbon dioxide.

Carbon dioxide and red-hot carbon form
carbon monoxide,

Carbon unites with oxygen of the air to
form carbon dioxide.

FIG. 243. —Chemical changes in
the burning of carbon in an ordin.
ary coal fire.
when this passes over the heated charcoal in the upper parts
where insufficient oxygen is present, it parts with some of its
oxygen, forming carbon monoxide. Thus,
CarBoN combines to CARBON
Dioxipe  with orm MoONOXIDE.
When it again meets sufficient oxygen at the top of the fire,
this monoxide burns forming the dioxide. Carbon monoxide
may in fact be prepared by passing the dioxide over heated
charcoal instead of heated iron, but the temperature required is
higher than that necessary in the experiment described on p. 362.
The gas so obtained is colourless and very poisonous. 1t
acts as a direct poison, forming a compound with the hsemo-
globin of the blood. For this reason the ventilation of rooms
heated by coke stoves, and the complete removal of the products
of combustion, should be always well secured.

CARBON §

CHIEF POINTS OF CHAPTER XXVI.

Oarbon is present in all living matter. When organic substances
are moderately heated, a black residue largely composed of carbon
is left. If the temperature is raised, the carbon burns away and an
almost colourless ash is left.
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Carbon exists in several allotropic forms (v. 379). Two of these,
diamond and graphite, are crystallime.  Non-crystalline or amorphous
carbon 1s known 1n varying degrees of punty as coke, gas carbon,
wood charcoal and animal charcoal.

Burning. —When candles, gas, wood, or anyv substance which con-
te.ins carbon burns in the awr or oxygen, cartbon dioxide 1s formed.
Similarly, carbon dioxide results from the combustion of any form of
carbon in air or oxygen. Carbon dioxide is also given oft in the
breath of animals.  I'rom these sources large quantitics arc con-
tinually passing into the atmosphere.

Breathing 1s really a kind of burning; the oxygen taken into the
body by the lungs unites with the carbon of the body to form carbon
dioxide, and with its hydrogen to form water ; these products are
expelled from the body partly in breathing.

Th2 presence of carbon dioxide in the air may be shown by expos-
ing hme-water 1in a shallow vessel.  The lime-water soon becomes
coited with a thin layer of chalk.

Tha green parts of plants have the power in bright sunlight of
breaking up carbor dioxide ; the carbon they keep to build up their
solid parts, and oxygen 1s given off’ into the air.

Animals give off carbon dioxide (which passcs into the air) and
take oxygen from the air. Plants give out oxygen and take carbon
dioxide from the air; in this way both are supplicd from the aw
with the substances they need.

Preparation of carbon dioxide.—When chalk or limestone is
heated 1t loscs about 44 per cent. of its weight.  This is duc to the
loss of carbon dioxide. The residue left behind is fime. The same
gas is evolved when cither chalk or limestone is acted upon by
hydrochloric acid.

Carbon dioxide is a heavy gas which does not burn or support
combustion. It is slightly soluble 1in water, the solution acting as a
weak acid which turns blue litmus to a port-wine colour. This
solution may be regarded as carbonic acid. The solubility of carbon
dioxide in water is increased by pressure. By cold and pressure
carbon dioxide may be liquefied, and also solidified to a soft white
substance which, when mixed with cther, forms a powerful freezing
mixture.

Lime is a white solid which is unchanged by heating. When
heated intensely it glows and emits a brilliant white f’ght. It
dissolves in hydrochloric acid to form calcium chloride.  When wet,
lime turns a red litmus paper blue. - When freshly made 1t is called
quicklime. Quicklime combines with water, being changed into
slaked lime.

EXERCISES ON CHAPTER XXVL

1. Describe and explain the changes which take place when (a)
limestono is burnt in a kiln; () water is added to somo freshly
burnt lime.
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2. Charcoal burnt in air or oxygen in a hottle containing lime-
water produces a white precipitate in the lime-water. This white
precipitate, 1f collected and mxed with hydrochloric acid, dissolves
with cffervescence.  What experiments would you make in order to
compare the gas thus obtained with that obtainable by a similar
process from the breath ?

3. Describe the apparatus you would use for the production and
collection of carbon dioxide gas; name the materials required, and
describe the properties of the gas.

4. Four bottles are given you containing oxygen, hydrogen,
nitrogen, and carbon dioxide respectively. By what experiments
would you distinguish thesc gases from one another ?

5. Describe the appearance of the three different forms of carbon.

By what experiments would you prove that they are really only
different forms of the same clement ?

6. What do you know about the chemical action that goes on in
a ‘“gasogene ”—i.e. the common soda-water machine? Why docs
the ‘‘soda-water” rush out when the handle is pressed down?

7. Describe an experiment showing that water and carbon dioxide
arc formed in the combustion of a candle. How can ordinary coal-
gas be made to burn with a non-luminous flame ?



CHAPTER XXVIL
COMMON SALT. HYDROCHLORIC ACID. CHLORINE.

104. COMMON SALT.

i. Common salt is soluble in water.—Shake a little common salt
with water in a test-tube for some time. Allow the undissolved
salt to settle, and taste a little of the clear liquid. The taste of the
solution is proof enough that common salt is soluble in water.

ii. Common salt crystallises in cubes.—Evaporate the clear solution
and heat some of the dry residue in a test-tube.

iii. The solution of salt in water is neutral.—Test another portion
of the clear solution of common salt with blue and red litmus papers
in succession. The colour of neither paper is altered : hence, the
solution of common salt in water is neutral.

iv. Salt crystals contain no water.—Heat a little dry salt in a
test-tube. Notice the crackling and the absence of water on the
side of the tube.

v. Action of strong sulphuric acid on salt.—Place a little dry salt
in a test-tube and pour upon it some strong sulphuric acid. Gently
warm the test-tube. Observe that a gas is given off, the part of
which in the tube is colourless, though on coming into contact with
the air at the mouth of the tube the gas fumes strongly. Plunge a
lighted match into the tube, and notice that the flame is ex-
tinguished. Place a piece of moist blue litmus paper at the mouth
of the tube, and observe that it is turned red, but the paper is not
bleached.

Properties of common salt.—Common salt crystallises in
six-sided solids, or cubes. When the crystallisation is brought
about by evaporating a solution of salt, the crystals are
very small. Some natural crystals, known as rock salt, are,
however, of a considerable size. There is no water of crystal-
lisation in the crystals, and consequently when they are heated
no steam is given off. The crackling noticed when salt crystals
are heated in a tube is spoken of as decrepitation, and is due to
the breaking up of the crystals into smaller pieces.

366
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Common salt dissolves in water, and the amount dissolved by
cold water is almost as great as by warm water. The solution
has o action on litmus papers, and is said to be neutral.

Rock salt is found in the earth in some countries as layers of
varying thickness. The largest amount is found in the salt
mines of Austria, but considerable quantities are found in this
country, in Cheshire. Common salt is also present in large
quantities in sea water, but is mixed with other substances.

Salt is used largely to prevent the decomposition of meat, and
enormous quantities are employed in the manufacture of sodium
carbonate,

105. HYDROCHLORIC ACID.

i. Preparation of hydrochloric acid gas.—Fit up the apparatus
shown in Fig. 244. Remove the india-rubber stopper of the flask

FIG. 244. —Preparation and collection of hydrochloric acid gas.

and place in it a small quantity of rock salt in small pieces, or some
thoroughly dried common salt. Pour some stronﬁ sulphuric acid
into the wash-bottle shown in the middle of the illustration. Re-
insert the india-rubber stopper into the flask and pour down the acid
funnel enough of a mixture! of strong sulphuric acid and water to

10me part of acid and one of water are convenient proportions, Be careful
gradually to pour the acid into the water and not the water into the acid when
mixing them, keeping the mixture well stirred throughout the prooess.
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cover the salt in the flask. Gently warm the flask. Collect jars of
the gas which is evolved (after it has bubbled through the strong
sulphuric acid in the wash-bottle and so become freed from water
vapour) in gas jars by downward displacement in the way the
illustration makes clear. When each gas cylinder is full, which you
can tell by holding a blue litmus paper just bclow the top of the
outside of the cylinder until it is turned red, cover it with a ground-
glass plate, with the ground side underncath. As the cylinders are
filled set them on one side for examination as presently described.
Collect four jars of gas in this way.

ii. Properties of hydrochloric acid gas.—(a) Raise the glass plate
from the first jar and plunge a lighted taper into the gas. The
flame is extinguished and the gas does not burn. Quickly replace
the glass plate.

(b) Into the same jar drop a piece of moistened blue litmus paper
and replace the glass plate. The paper is turned red, showing the
gas has acid properties. Notice carcfully that the paper is not
bleached.

(¢) Observe the fumes which the gas forms with the air when the
glass plate is removed from a cylinder full of the gas. This is due
to the very strong power of absorbing moisture possessed by hydro-
chloric acid gas.

(d) Firmly pressing the glass plate, invert a cylinder full of the
gas and place it upside down in a basin of water. Remove the
plate when the mouth of the jar is under water, and notice that
water rushes up and completely fills the jar. 1f the water does
not completely fill the jar, it shows that the air in the jar was not
altogether displaced by the gas when you should have filled it.

iii. Solution of hydrochloric acid gas in water.—Modify the
apparatus shown in Fig. 244. Remove the gas cylinder and the
delivery tube which dips into it. Pour out the sulphuric acid from
the wash-bottle, which thoroughly wash and half fill with water.
If there is still enough salt and sulphuric acid in the flask, again
warm it gently and allow the evolved gas to bubble into the water.
Notice that 1t is completely dissolved. The solution of hydro-
chloric acid gas formed in this way is the ‘¢ hydrochloiic acid ™ of
commerce.

iv. Some metals turn hydrogen out of hydrochloric acid.—Test
the action of hydrochloric acid on zinc and iron.

v. Other proofs that hydrochloric acid contains hydrogen.—(a)
Prepare hydrochloric acid gas in the manner described in Expt.
105 i. in the flask 4 (Fig. 245). Pass the gas ro obtained over
heated copper oxide in the hard glass tube BC. Observe that
water collects in the test-tube D, and that the copper oxide is
converted into a green substance. As water is formed the hydro-
chloric acid must evidently contain hydrogen.

(b) Collect a tube full of hydrochloric acid gas over mercury, and
quickly introduce into it a piece of clean sodium. Allow it to stand,
and observe that the volume of the gas becomes ultimately reduced
to one-half the original volume (correction being made for the
differences in temperature and pressure), while, further, the sodium
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ets covered with a white powder which you may satisfy yourself
1s salt. Test the gas left with a lighted taper and sce that it has
the propertics of hydrogen.

Ti1G. 245.—Hydrochinric acid gas can be shown to contain bydrogen by
passing 1t over heated copper vxide and observing that water is forned.

vi. Composition ¢f commeon salt.—Pass hydrochloric acid gas into
a solution of caustic soda (known to chemists as sodium hydrate)
until the solution has no efteet cither on a blue or red litmus paper.
Dist1l the resulting solution and cxamine both the liquid which
distils over and the residuc lett in the retort. Observe that the
liquid is ordmary water and the residue common salt, which you
can prove by tasting 1t.

Hydrochloric acid..—When common salt is heated with
strong sulphuric acid a gas is given off which forms steamy
fumes in the air. The gas readily dissolves in water, and the
solution constitutes the hydrochloric acid of commerce. The
solution was, because of its preparation from salt, originally
known as *“ Spirits of Salt.” Another common name given to
it is Muriatic Acid. The “salt gas” itself is called hydrochloric
acid gas. It is colourless, will not allow things to burn in it,
nor will it burn itself. Asisseen by its action on blue litmus
paper, it is strongly acid. It is heavier than air, and can
consequently be collected by downward displacement.

Composition of hydrochloric acid.-—It has already been
learnt that svhen the metal copper is heated strongly in air it
combines with the oxygen of the air to form a black compound

LS. L 24
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called copper oxide, which compound is evidently entirely com-
posed of copper and oxygen.

Now, if hydrochloric acid gas is passed over heated copper
oxide which can be conveniently arranged in a tube, the black
oxide is changed into a green substance, and water is formed at
the same time. Moreover, if the green substance be acted upon
with strong sulphuric acid, hydrochloric acid gas is again
formed, just as when salt is similarly treated.

As water is formed, the hydrochloric acid gas passed over the
heated copper oxide must evidently contain the hydrogen which
is necessary for the formation of the water, for (p. 311) the
copper oxide contains none. In fact, the simplest explanation
of the experiment is that the hydrogen of the hydrochloric acid
gas combines with the oxygen of the copper oxide to form
water, while the copper combines with the other constituent of
the hydrochloric acid (which you will presently learn to call
chlorine) to form a green substance known as chloride of copper.

‘When metallic sodium acts upon hydrochloric acid gas con-
tained in a tube over mercury, it is found after a short time
that the volume of the gas is reduced to one-half and that the
gas left in the tube is pure hydrogen. At the same time the
sodium combines with the other constituent of the hydrochloric
acid gas to form a white solid, which proves on examination to
be commmon salt. These important experiments teach two facts :

1. That hydrochloric acid is composed of two constituents, hy-
drogen and another substance, which will be proved immediately
to be chlorine, combined together in equal proportions by volume.

2. Common salt is a compound of the metal sodium and the
second constituent of hydrochloric acid, chlorine.

Chemical behaviour of hydrochloric acid.—Many metals,
such as zinc and iron, when dropped into a solution of hydro-
chloric acid gas in water (which will in future be spoken of as
hydrochloric acid) break up the acid, evolving hydrogen gas and
combining with its chlorine to form a chloride, or,
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‘When hydrochloric acid is brought into contact with sodium
hydrate, also called caustic soda, a double chemical change, or
double decomposition, takes place. common salt or sodium chloride
and water being formed (Expt. 105 vi.).

Hypro- in

CHLORIC action

Acip  with

Sopium
CHLORIDE

Sobium

‘W ATER.
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forms

106. CHLORINE.

1. Preparation of chlorine.— (@) Pour a little strong sulphuric acid
upon some black oxide of manganese contained in a test-tube.
Shake the tube until a paste is formed. Gently warm the tube, and
after a minute or two examine the gas which fills it. It has no
colour. Place a mostened blue litmus paper in the gas, and
notice that, though the acid fumes redden the paper, it is not
bleached.

(b) Repeat the experiment, but first mix the black oxide of
manganese with an equal quantity of dry table salt. Again
examine the gas evolved after heating the tube. It has a greenish-
yellow colour. A moistened htmus paper has its colour com-
pletely removed, or it is bleached. The greenish-yellow gas is
chlorine.

ii. Preparation of larger quantities of chlorine.—Fit up the
apparatus shown in Fig. 244, and used in Expt. 105 i., for the
preparation of hydrochloric acid gas. Remove the india-rubber
stopper from the flask, put in some black oxide of manganese, and
then enough strong hydrochloric acid to cover it. Shake the
Powdcr and acid to%zther until no dry patches can be seen on
ooking through the bottom of the flask. f{e lace the india-rubber
stopger, and be sure that the acid funnel dips beneath the surface of
the liquid. Place in the wash-bottle an amount of water (not
sulphuric acid as in preparing hydrochloric acid gas) like that shown
in the figure. Gently warm the flask. Chlorine is at once given
off. Collect several jars by downward displacement. You can
easily see when the jars are full, as the gas is coloured. Cover the
jars with dry ground-glass plates. Caution.—I¢ is very distressing
to breathe chlorine ; this experiment should therefore be done either in
the open air or in a fume-cupboard with a good draught.

11, Bleaching power of chlorine.—In the first jar place a piece
of damp Turkey-red cloth, a moist litmus paper, some coloured
flowers, some writing done in ordinary ink, and a moist picce of
newspaper. All the articles except the piece of newspaper are
bleached. Chlorine bleaches vegetable colours. Printers’ ink is not
a vegetable colour.

iv. Chlorine combines spontaneously with some metals. — Powder
a small piece of antimony and gently warm the powder, on a piece
of notepaper, over the flame of a laboratory burner. Lift the glass
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plate off a second jar of chlorine and sprinkle thc warm antimony
powder into the chlorine. The mectal inflames on coming into
contact with the gas, forming a chloride of antimony.

Or, drop a sheet of Dutch metal into a jar of chlorine. It wiil
combino immediately with the gas with the accompaniment of {lame.

v. Chlorine has a great afinity for hydrogen. —(a) Attach a wiro
to a candle. Light the candle and lower 1t into a jar of chlorine.
Notice the candle continues to burn, but with a very smoky flame,
depositing soot on the sides of the jar. The candle is composed
of carbon and hydrogen. The chlorine combines with the hydrogen
and lcaves the carbon. Test the fumes left in the jar with a bluo
litmus paper and convince yourself they are acid.

(b) Boil a little turpentine in a test-tube and pour a drop or two
of the hot liquid upon a picee of dry filter paper. When tho
turpentine has spread over the paper, fold it m a convenicnt
manner, and drop it into a jar of chlorine. The turpentine at once
inflames. A large quantity of carbon is thrown down, and a great
deal of the stcamy fumes of hydrochlorie acid gas is tormed. Tur-
penting, like a candle, is made of carbon and hydrogen.

vl. Chlorine is soluble in water.—(a) Invert a jar of chlorine in
a basin of water, and notice that the water slowly dissolves the gas.
Tho wator rises up the jar, but not ncarly so quickly as in the case
of hydrochloric acid gas.

(h) Pass chlorine gas from the apparatus used in Fxnt 108 ii.
into a glass of water. Notice that the gas dissolves, the water
evcntua[]ly having the colour, smell, and blecaching power of chlorine
gas. A solution of chlorine in water is called chlorine water.

(¢) Leave some chlorine water for a day or two in bright sunshine.
At the end of that time the chlorine water has lost 1ts colour, smell,
and bleaching power. The chlorine has combined with hydrogen to
form hydrochloric acid, and oxygen has been given ofl. Test the
liquid with a blue litmus paper, and sce that it is acid.

Preparation of chlorine.—It has been shown that hydro-
chloric acid is a compound of hydrogen and a second substance ;
and that common salt, or sodium chloride, is a compound of the
metal sodium with the same second substance. This sccond
constituent, which is called chlorine, can be obtained separately
either from common salt or from hydrochloric acid. It is more
usual to prepare it from hydrochloric acid, and the plan adopted
is to heat gently the solution of hydrochloric acid gas in water
with black oxide of manganese, when chlorine is given off in
large quantities in the form of a greenish-yellow gas.

The method used to get chlorine from common salt is first to
mix it with black oxide of manganese and then to heat the
mixture with strong sulphuric acid, when chlorine is evolved as
in the previous case. This process is really the same as the
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previous one, except that instead of first preparing hydrochloric
acid from common salt and strong sulphwiic acid (Exyt. 105 i)
and then acting upon it with black oxide of mangarecse (Expt.
106 ii.), the two experiments arc combined. The three materials
are heated together, and the hydrochloric acid as it is formed is
decomposed by the manganese dioside which is present.

In manufacturing processes the compounds formed other than
those sought for are called bye-products. The bLye-products in
the manufacture of chlorine are manganese chloride in the first
method described above and manganese sulphate in the second.

Chlorine is heavier than the air and is usually collected Ly
downward displacement, though it is sometimes collected over a
strong solution of salt or over warm water.

Properties of chlorine.—Chlorine is a gas with a greenish-
yellow colour, from which fact!® it gets 1ts name. It has a
disagreeable smell, and the gas, if breathed, causes distressing
symptoms, which have been deseribed as like those of an
exaguerated cold in the head. The gas is soluble in water and
being heavier than aw is collected usually by downward dis-
placement. Its chief characteristic is its power of bleaching
moist vegetable colours. Stiictly speaking chlorine does net
bleach. What happens is that the chlorine combines with the
hydrogen of the moisture (which must be present for successful
bleaching) to form hydrochloric acid and liberates the oxygen.
This oxygen unites with the colouring matter to form a new
chemical compound which kas no colour, or, as chemists say, the
oxygen oxidises the colouring matter. It is because of this
power of liberating oxygen from water that chlorine is so useful
as a disinfectant. The liberated oxygen combines with the
noxious material, and, by oxidising it, renders it harmless.

The ease with which chlorine combines with hydrogen is scen
not only by its action upon moisture, but in other ways. A
lighted candle will continue to burn when plunged into chlorine,
though with a very smoky flame. A candle is composed of
hydrogen and carbon, and the flame continues, though with
diminished brightness, because of the heat generated Ly the
combination of the chlorine ras with the hydrogen of the
candle to form hydrochloric acid gas. The carbon set free in
the process is deposited as soot. The same explanation holds

1 xAwpds (chloros), green.
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true for the spontaneous combustion of warm turpentine in
chlorine gas.

Chlorine readily combines with metals to form chlorides, If
finely divided iron, copper, antimony, and other metals be
sprinkled into dry chlorine gas they at once combine with it,
the heat of combination being sufficient to cause them to
inflame. This happens more readily if the metals are first
warmed.

Synthesis of hydrochloric acid.—-When equal volumes of
hydrogen and chlorine are mixed and exposed to sunlight, or
the electric light, they combine together, with great violence to
form two volumes of hydrochloric acid gas. There is, therefore,
no diminution in volume. The case is simpler than that of the
combination of hydrogen and oxygen to form steam. Two
volumes of hydrogen combine with one volume of oxygen to
form two volumes of steam, or the three volumes of the mixed
gases are reduced to two after the corubination has taken place.
While

HYDROGEN com})ines CHLORINE toO H?;%C?}LAO:W
1 vol. with 1vol. form 2 vols.
Hyprogexn combine OXYGEN to STEAM
2 vols. with 1 vol. form 2 vols.

107. CHLORINE COMPOUNDS.

1. Action of chlorine on causiic potash.—-(a) Pass chlorine for
some time through a boiling solution of caustio potash. Allow the
solution to crystallise, and examine the crystals which first separate
out. They will be found to consist of potassium chlorate, which
evolves oxygen when heated, either alone or with a little manganese
dioxide.

(b) Pass chlorine through a cold solution of caustic potash, and
observe that you no longer obtain potassium chlorate,

Some compounds of chlorine.—When chlorine is passed into
a hot solution of caustic potash a substance known as potassinm
chlorate is formed, while potassium chloride is also. produced.
The chlorates may be regarded as derived from an acid, which
we may call chloric acid, just as the chlorides are derived from
hydrochloric acid. Chloric acid differs from the latter acid in
containing oxygen as well as hydrogen and chlorine.
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Of the chlorates, potassinm chlorate is by far the most
important, being largely employed in the manufacture of
matches and in pyrotechny. On heating the chlorate either
alone or mixed with manganese dioxide, oxygen is obtained. It
is to the possession of a large proportion of oxygen that
potassium chlorate owes its many uses.

"On passing a stream of chlorine into cold caustic potash,
another chlorine compound is formed mixed as before with
potassium chloride. This compound contains a smaller per-
centage of oxygen than potassium chlorate and is termed
potassium hypochlorite. When acted on by an acid this com-
pound liberates chlorine. The chlorine thus set free again has
a vigorous bleaching action. If chlorine is passed over slaked
lime instead of into caustic soda, a compound is formed which
may be regarded as a mixture of the chloride and hypochlorite
of calcium. This also evolves chlorine when acted upon by an
acid, and is hence very largely employed for bleaching, under
the name of bleaching powder, which is manufactured on a
large scale by the method indicated above.

CHIEF POINTS OF CHAPTER XXVIL

Common salt occurs in nature as the mineral rock salt. It is
soluble in water, the solution formed being neutral. Its crystals
contain no water of crystallisation. The crystals decrepitate when
heated. When treated with warm strong sulphuric acid a gas
known as hydrochloric acid gas is evolved.

Hydrochloric acid, originally known as ‘‘spirits of salt” and
muriatio acid, is prepare«f by the action of strong sulphuric acid on
common salt; the gas evolved is dissolved in water to form the
hydrochloric acid of commerce.

Hydrochloric acid gas is composed of equal volumes of hydrogen
and ochlorine. The hydrogen can be turned out of a solution of
hydrochloric acid by the action of metals like zinc and iron. Hydro-
ol?n'lorio acid is neutralised by sodium hydrate to form common salt.

Chlorine is easily prepared by the action of strong sulphuric acid
upon & mixture of common salt and manganese dioxide, or by the
action between hydrochloric acid and manganese dioxide. Owing to
the distress caused by breathing chlorine, its preparation should. be
done in the open air or in a draught cupboard. -

Chlorine is a greenish-yellow gas, heavier than air, and soluble in
water. It is much used as a bleaching agent. It has a very great
affinity for hydrogen, and easily combines with most metals to form
chlorides,
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Various comvounds of chlorine.—-Potassium chlorate can be
obtained by passing chlorine for some time through a boi/ing solution
of caustic potash and allowing the solution to crystallise. The
chlorates arc salts of an acid known as chloric acid. Potassium
chlorate is the most important chlorate; it is used in the manu-
facture of matches and fireworks.

Potassium hypochlorite 1s obtained by passing chlorine through a
cold solution of caustic potash. If slahed hme is used instcad of
caustic potash, a muxture called bleaching-powder is obtained.

EXERCISES ON CHAPTER XXVII

1. How is hydrochloric acid obtained? Give a short account of
its chief propertics.

2. What arc chlorides? How may they be obtained? Give
cxamples.

3. Describe the properties of chlorine, and state how you would
obtain the gas from salt and then reconvert 1t into salt.

4. Under what conditions does chlorme unite with (a) hydrogen,
(b) phosphorus, (c) soc.um? .

5. A lighted taper is placed 1n a jar of chlorine ; what happens,
and why ?

6. How may chlorinc be (a) obtained from, () converted into,
hydrochloric acid ?

7. What is the action of sulphuric acid upon salt ?  What are the
properties of both products ?

8. From hydrochloric acid how could you obtain (a) hydrogen,
(b) common salt ?

9. Describe in simple language any ervstals which you have scen.
Say either how these crystals are made or where they are found.

10. What is bleaching powdcer? How is it obtained, and on what
does its chicf use depend ?

11. In what form docs hydrochlotic acid exist under ordnary
atmospheric conditions? Kxplain what occurs when hydrochlorie
acid is allowed to come into contact with bleaching powder.

12. What is an oxidising agent? In what sense can chlorine gas
be regarded as an oxidising agent ?

13. How do you account for the fumes that arc scen when strong
hydrochloric acid is cxposcd to the air? What experiments prove

that hydrochloric acid 1s composed of cqual volumes of hydrogen and
chlorine ?



CHAPTER XXVIII.
SULPHUR AND SULPHURIC ACID.

108. SULPHUR.

i. Melting pcint of sulphur.—Draw outin the flame of a laboratory
burner, a picce of glass tubmyg so s to make a small thin-walled
tube, about two or three inches long and y4-inch in diameter.  Into
this tube place some finely powdered
sulphur.  Tie the filled tube on to a thor-
mometer near 1ts bulb with a picee of fine
platinum wire, and put the thermomcter
mto a beaker of sulphuric acid which has
been placed over a burner.  (Be very care-
ful not to upset the acid.) Gradually heat
the acid and keep it at a uniform tem-
perature by moving the curved stirring
rod (shown m Iig. 246) up and down.
Notice when the sulphur meclts, and ot
that instant read the thermomcter.  This
reading will be the melting point of the
sulphur.

ii. Effects of heat upon sulphur.—(a) Put
some finely powdered sulphur into a large
test-tube, using suflicient to fill the tube
to a height of about 13 inches, and heat
carctully with a small laboratory burner
flame. Occasionally take the tube out gy 246, —Determination
of the flame and shake it. When the  of the melting puint of sul-
sulphur has all melted notice that an phur
amber-coloured hquid has been formed.

Pour a little of the liquid into a beaker of water. Observe that
a lump of ycllow sulphur is again formed, which when broken
reveals a crystalline structure.

(b) Continue to heat the remainder of the liquid sulphur obtaincd
in (a) until the liquid hoils. Carcfully obscrve the changes in
colour of the liguid. Pour a little of the boiling liquid into cold
water. Examinc the cooled sulphur; it is plastic and not unlike
india-rubber.

377
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(c) Notice that a yellow deposit has been formed on the oold,
uppar part of the test-tube in which the sulphur was heated. This
i3 the result of the condensation of sulphur vapour. The deposit is
known as flowers of“sulphuwr.

ill. Plastic variety of sulphur.—After cxamining the plastie solid
which results from suddenly cooling bailing sulphur, weigh a lump
of it and place it on one side for a few days. After this interval
oxamine it again and weigh it. There is no alteration in weight, but
tas lamp has changed again to the ordinary kind of sulphur.

iv. Crystallina variaties of sulphur.—(a) Dissolve some powdered
roll sulphur in carbon bisulphide. The solution must be made
entively by shaking, for the carbon bisulphide must on no account be
heated. When the sulphur has all dissolved, pour the solutiox) into
an evaporating basin, and put it into a draught cupboard frec from
dust to evaporate slowly. lixamine the basin after an hour or so.
Observe the crvstals which have formed. Take the largest and
most porfect and sketeh its form.  This kind of erystalline sulphur
i3 known as the octahedral rariety.

(h) Place soma powdered roll-salphur in a clean, dry, evaporating
basin and heat gently on a piece of iron wire gauze. When it has
all multed, remove the flame and allow it to cool. As soon as a
solid film h1s formed on the top of the liguid, pierce two holes in it
and quickly pour out the remaining liquid sulphur through oue of
the hol:s. Remove the film of solid sulphur and examine the yellow,
needlz-shapzd crystals on the sides of the basin. This kind of
crystallinz sulphur is known as the prismatic variety (Fig. 248).

Lxamin» the erystals after a few days. Observe they aro now
opaqu2  Tho prismatic sulphur has changed back again to ordinary
sulphur.

v. Sulphur can be obtained from some minerals.—Procure a little
of the brass-like mineral called wron pyrites. Heat a fragment or two
in a hard glass tube. Notice that melted sulphur gradually collects
on tho cold part of the inside of the tube.

How sulphur is found in nature.—Sulphur is found
naturally both alone—that is, in an uncombined condition—
and also united with other substances in the form of chemical
compounds. The uncombined or native sulphur is rarely
pure. It is found most abundantly in the neighbourhood
of volcanoes—as, for example, in Sicily—from which island
a large part of the brimstone, as sulphur is commonly
called, of commerce is obtained. Before being placed on
tha market the sulphur is purified, or separated from the
earthy impurities by distillation, in suitable retorts connected
with large cool chambers, in which the sulphur vapour, driven
off by heating, is condensed. In the ftirst stages of the process
the sulphur condenses as “flowers of sulphur,” but later, when
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the condensing chambers have become heated, as a liquid on the
floor. This liquid is cast into the familiar *roll-sulphur” or
brimstone which is well known to most people.

Sulphur occurs naturally combined with other substances in
the form of sulphides and sulphates. The sulphides are com-

pounds of sulphur with metals, among the most common
being :

Galena, containing lead and sulphur.
Blende, ” zinc and sulphur.
Iron pyrites, . iron and sulphur.
Copper pyrites, » copper, iron, and sulphur.

The naturally occurring sulphates are compounds of sulphur
with metals and oxygen. 'lheir constitution will be bettcr
understood after sulphuric acid has been studied. The most
common mineral sulphates found in the earth are gypsum or
calcium sulphate containing caleium, sulphur, and oxygen ; and
heavy-spar or barium sulphate, containing barium, sulphur, and
oxygen.

Sulphur is also present in sonte of the compounds contained
in animal and vegetable tissues.

Varieties of sulphur.—Sulphur is one of the few simple sub-
stances which exist in several forms. When such substances have
more than one modification, all of them with the same chemical
composition but possessed of different physical properties, such
a8 density, colour, crystalline form, and so on, it constitutes an
instance of what is called allotropy, and the different varieties
of the substance are called allotropic forms. Sulphur. oxygen,
carbon, and phosphorus all have allotropic forms. Sulphur
has four allotropic forms, though it is only necessary here to
mention three of them. These are octahedral, prismatic, and
plastic sulphur. It must be carefully borne in mind that
though the properties of these varieties of sulphur are so
different, yet all the varieties are composed entirely of sulphur.

Octahedral sulphur.—Ordinary roll-sulphur, or brimstone,
is composed of tiny crystals of this variety of sulphur com-
pactly massed together. This can be seen by breaking a roll
of sulphur in two and examining the broken ends, when
crystals will be distinctly visible in the centre of the roll.
But much larger crystals are obtained by dissolving powdered
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roll sulphur in carbon bisulphide and allowing the solution
to evaporate slowly into the air, when fairly large, perfectly
formed octahedra of sulphur will be obtained. This kind of

F1G. 247. —Crystals of copper sulphate.

sulphur is the most stablo form ; the other varieties gradually
change into octahedral sulphur if left to themselves exposed
to the air.

Prizmatic sulphur. — The second crystalline variety of
sulphur is called prismatiz sulphur. It is obtained in the
form of clear, needle-shaped crystals by carefully melting
powdered roll-sulphur in an evaporating basin and allowing
the liquid obtained to cool slowly. As soon as a film of solid
sulphur has formed on the liquid sulphur, two holes are pierced,
and the remaining liquid rapidly poured through one of them.
If the film be removed and the inside of the basin examined, a
number of clear, needle-shaped crystals of prismatic sulphur
are seen (Fig. 248). But when the basin is examined again after
an interval of a few days the crystals ave no longer clear ; they
have hecome opaque owing to the transformation of each needle
into a number of minute erystals of octahedral sulphur, which,
as has been remarked, is the stable form of sulphur.

Plastic sulphur.—When boiling sulphur, which may be
obtained by melting powdered roll sulphur in a large test-
tube, is cooled suddenly by pouring it into cold water, it under-
goes a remarkable change. If a piece of the sulphur, solidified
in this manner, is taken out of the water and examined. it is
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found to be like caoutchouc ; it can be rulled about like chew-
ing gum, and it is gnite as elastic. "Lhis springy material is
plastic. sulphur. But if plastic sulphur be left to itself for a
day or two it gradually changes back into octahedral sulphur,
another reason for regarding the octahedral as the stable form
of the element. In this process of reconversion there is no
change of weight.

Effects of heat upon sulphur.—Sulphur undergoes a series
of changes as it is heated. To follow the changes satisfactorily

FIG. 248.—Crystals of prismatic sulpbur.

the heating must be very gradual. When powdered roll-sulphur
is heated in a large test-tube it first melts, at about 114° C., into
an amber-coloured liquid, which when poured into cold water
solidifies into ordinary yellow sulphur., On continuing to heat
the melted sulphur above 114°C., however, it gradually gets
darker and darker in colour, becoming thicker and thicker in
consistency, until at about 250°C. it is so viscid that the tube
containing it can be inverted and the liquid will not f'ow. But
if the temperature be still further raised, the thick liquid
becomes mobile again, and by and Ly, at 440°C,, it boils,
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changing into a dark orange-red vapour. The vapour, by
sudden cooling, can be changed into a yellow solid, known as
« flowers of sulphur.” If the boiling sulphur be poured into
cold water it is converted into plastic sulphur.

109. OXIDES OF SULPHUR.

i. Burning of sulphur in air.—Place some sulphur in a deflagrating
spoon (Fig. 220) and hold the spoon in a flame of a laboratory
burner. Notice that the sulphur burns with a feeble, pale bluo
flame. Observe the suffocating fumes of  burning sulphur.”

ii. Burning of sulphur in oxygen.—Refer to Expt. 92 v., and bear
in mind sulphur dioxide is also formed in this case, and that the
experiment shows the gas is soluble in water and that the solution
has an acid reaction.

iii. Bleaching power of sulphur dioxide.—Remove the stopper frcm
a bell-jar. and'replace it by a tightly fitting cork through which a
wire with a hook on the lower end
18 passed. Suspend a few brightly
coloured flowers by a thread from
the hook. In a small basin place
some fragments of brimstone, and
with the aid of the flame of a
laboratory burner set the sulphur
alight. Place the bail-jar with the
flowers in it over the burning sul-
phur. Notice that after a time the
flowers are bleached (Fig. 249).

iv. Sulphur dioxide can be ob-
tained fron sulphuric acid.—In a
flask fitted with a cork and delivery
tube place some copper turnings and
some strong sulphuric acid, and
heat over wire gauze by means of a
Bunsen flame. A gas is given off,

= i but as it is soluble in water, it
FIG. 249.—The fumes formeq ¢a&nnot be collected in the same
when sulphur burns in aic wil way as hydrogen and oxygen.
bleach tlowers Being heavier than air, however, it
may be collected in the manner

shown in Fig 244, Obtamn by this means two jars of the gas.

In (1) place a hghted taper, and in (2) a piece of moist red flannel
or a coloured flower, allowing it to remain for some time.

v. Sulphurous acid and sulphites.—Using the flask you have
already fitted for the preparation of the gas, allow the sulphur
dioxide to bubble through a solution of caustic soda, which, we
have already seen, has the power of turning red litmus blue, and is
called an alkali. Observe that the gas is absorbed, and that after a
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time the liquid smells of the gas and has become slightly acid.  Buil
the solution and observe that the smell disappears, showing that the
gas is expelled by heating, while by further evaporation a white
solid is ultimately left. Kxamine this solid, which is evidently
soluble in water, and satisfy yoursclf that it is not caustic soda,
having no action on litmus. Add to it a little sulphuric acid and
observe the smell of sulphur dioxide.

Oxides of sulphur. —Sulphur forms two different compounds
with oxygen, one called sulphur dioxide, the other sulphur
trioxide. The latter compound contains half as much oxygen
again as the former.

Sulphur dioxide.-—The simpler oxide of sulphur is formed
when sulphur burns in air or oxygen. The only difference in
the two cases of burning is that when the sulphur combines
with the oxygen of the air the combustion is feebler, and the
sulphur dioxide formed is mixed with the nitrogen of the air;
when the burning takes place in pure oxygen it is much more
brilliant, and the suiphur dioxide formed is pure.

Sulphur dioxide is most commonly obtained in the laboratory
in lavger quantities by acting upon hot, strong sulphuric acid
by means of copper or mercury. It can easily be shown, by
heating copper in strong sulphuric acid, that

in action SULPHURIC CoPPER | SuLPHUR
CorpER with Acip forms SULPHATE Dioxipe.
(Fig. 247)

In preparing the gas, the apparatus shown in Fig. 244 is
employed, without the wash-bottle, and, as in the case of
chlorire and hydrochloric acid gas, sulphur dioxide is collected
by downward displacement. This is because the gas is heavier
than air and soluble in water.

Bringing together the properties of sulphur dioxide, which
different experiments already described have demounstrated, it
may be said to be a colourless gas, with a sutfocating odour,
heavier than air, soluble in water—forming an acid solution—and
possessed of strong bleaching powers. Its bleaching powers are
made use of commercially in the preparation of straws and silks.
It will not burn or support combustion.

Sulphurous acid.—The acid solution of sulphur dioxide in
water is often regarded as sulphurous acid, the gas having
entered into chemical union with the water. On boiling the
water the whole of the dioxide is expelled. When sulphur
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dioxida is passed into a solution of caustic soda, the caustic
sod.a gradually loses its power of turning red litmus paper blue.
On evaporation a white solid is obtained which is not caustic
soda. The formation of this solid is an example of the produc-
tion of a salt, and wany other salts arc formed by analogous
methods. The salts produced by neutralising sulphurous acid,
as ths solution of sulphur dioxide is called, are known as
sulphitas, and the particular salt prepared in Expt. 109 v. is
sodium sulpaite. All the sulphites are characterised by their
property of givinz off sulphar dioxide when acted upon by
sulphuric or other strong acid.

Currentef Laygl= Pigtinized

T16. £50. - Apparatus for preparation of sulphur trioxide.

Sulphur trioxide.—Sulphur dioxide can be made to combine
with a further quantity of oxygen. The process is not so
straightforward as most of those already described, but it is
not difficult to understand. A mixture of sulphur dioxide and
oxygen is passed over heated platinised asbestos. [Platinised
asbestos is prepared by dipping asbestos fibres into (1) platinic
chloride solution. (2) ammonium chloride solution, and heating
strongly. By this means the asbestos becomes coated with a
quantity of very finely divided platinum] White fumes are
formed in abundance, and when cooled sufticiently they change
into a white powder, or erystals. known as sulphur trioxide. The
apparatus necessary for the purpose is shown in Fig. 250.

to SUuLPHUR
form  TRIOXIDE -

SorLpHOR  combines

° DioxipE  with more OxveeN
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The crystals of sulphur trioxide obtained in the above process
are very soluble in water, the soluticn Lding accompanied by a
hissing noise as when the oxide of phospherus (p. 391) dissolves
in water. The solution obtzined is sulphuric acid.

SULPHUR comlines W to  SULTHURIC
TRIOXIDE  with ATER  form Acip.

110. SULPHURIC ACID.

i. Relative density of sulphuric acid.—Make a mark upon a small
beaker about one-third of the height from the bottom. Weigh the
beaker. Pour distilled water into the beaker up to the mark.
Weigh again and so determine the weight of the water. Pour out
the water and carctully dry the beaker inside and out. Fill up to
the mark with strong sulphuric acid, being careful to upset no
acid on the pan of the balance. Weigh again and determine the
weight of the acid.  What is the relative density of the acid 7 (See
p. 62.)

ii. Heat developed during solution of sulphuric acid.—Pour strong
sulphuric acid into a graduated measuring jar with a spout. Place
a measured quantity of water, say 250 c.c., in a jug or large beaker.
Take the temperature of the water. Add 25 c.c. of the acid to the
water, pouring it out in a continuous small stream (for if the acid
splashes 1t will imjure you or your clothes). Keep the water stirred
with the thermometer all the time : read the highect temperature
recorded by the thermometer. Smmlalv add a cecond 25 c.c. of
acid and agamn read the temperature. Then add a third 25 c.c. of
acid, always keepmng the mixture stirnned, and again read the
temperature.

Water should never be poured into strong sulphuric acid because of
this generation of heat.

iii. Sulphuric acid has a strong affinity for water.—(a) Into a
small weighed beaker, or wide-mouthed bottle, put enough strong
sulphuric acid to reach to about one-thitd of the height. Weigh
again and determine the weight of the acid. Stick a piece of
gummed paper outside the beaker to mark the level of the acid.
Leave the acid exposed to the air for a day and then weigh again.
Notice the increase in weight and also that the level of the liquid is
now above the paper. The increase in weight and volume is due to
water absorbed from the air.

(b) Pour the strong acid on sugar. The charring which is observed
is due to the absorption of water and the separation of carbon.

iv. Acid properties.—(a) Obrcerve again the acid properties by
tasting the very dilute solution and testing it with bfue litmus

paper. .
(b) Place a little of a dilute solution of sodium hydrate in a beaker ;
test it with & red litmus paper. Now add, little by little, some of

LS. I 2B
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the acidified water. A point will be soon reached when the solution
has no effect on litmus. Tho acid has neutralised the sodium hydrate.
If the solution be evaporated nearly to dryness and allowed to stand
crystals will be obtained, known as sodium sulphate.

v. Action upon metals.—Refer to Expts. 95 i. and 105 iv.

vi. Test for sulphuric acid and soluble sulphates.—To dilute
sulphuric acid or a solution of any soluble sulphate, such for
example as the sodium sulphate obtained in Expt. 110 iv., add a
few drops of barium chloride or barium nitrate solution. Notice
the dense white precipitate which is formed. The precipitate cannot
be got rid of either by boiling or by the addition of acids.

Sulphuric acid.—Its simple properties and its action on
metals have already been studied. With some metals, e.g. zinc,
it reacts when cold and dilute, liberating hydrogen and forming
a sulphate of the metal ; with others, e.g. copper, it has no action
until heated, when it produces a sulphate, but with the libera-
tion of sulphur dioxide.

With substances known as alkalies, of which sodium hydrate
is a typical example, sulphuric acid also forms sulphates, that
resulting from its action upon sodium hydrate being known as
sodium sulphate.

A similar action takes place when the base, such as magnesia
or magnesium oxide, neutralises sulphuric acid. In this case
magnesium sulphate is produccd.

CHIEF POINTS OF CHAPTER XXVIII.

Sulphur 18 a brittle, yellow sohd, which may easily be reduced to
a fine powder. It is insoluble in water, but dissolves in cacbon
bisulphide. It melts at about 114° C. to a clear, yellow, mobile
liquid, which, when poured into cold water, solidifies to ordinary
vellow sulphur. On further heating, the yellow liquid becomes
darker in colour, and more viscid, until at about 250° C. it will not
run out, even though the vessel containing it is inverted. At still
higher temperatures the liquid again becomes thin and mobile and
finally boils, evolving a dark orange-red vapour, which condenses
either to an orange fiquid or to a ye low powder. If the boiling
sulphur be poured into cold water it solidifies to & solid resembling
caoutchouc.

This elastic solid is called plastic sulphur. 1If left in contact with
air it returns to ordinary sulphur in a few days without any change
of mass. The yellow powder into which sulphur vapour condenses,
without passing through an intermediate liquid state, is called
ﬂu;m;bra 0}7 sulphur. Ordinary commercial sglphur is called roll
sulphur.

Crystalline sulphur.—The crystals left when a solution of sulphur
in carbon bisulphide is allowed to evaporate have an ootahedral
form. Those obtained from melted sulphur are needle-like and
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called prismatic. The prismatic sulphur erystals will, if left alone,
gradually change back to the octahedral variety.

Allotropy is the property some simple substances, like sulphur,
possess of existing in different forms which are known as allotropic
Jorms. The chief allotropic forms of sulphur are the octahedral,
prismatic, and plastic.

Oxides of sulphur. —Sw/phur dioxide is formed when sulphur burns
in air or oxygen. It is also given off when copper is heated with
strong sulphuric acid. 1t is a gas with a pungent smell, which docs
not burn or support combustion, and has the power of bleaching
vegetable colours. 1t dissolves in water to form sulphurous acid.
Sulphurous acid forms salts called suiphites.

Sulphur trioxide.—By suitable means sulphur dioxide can be made
to combine with more oxygen to form a higher oxide known as
sulphur trioxide. This oxide dissolves in water, with a hissing
noise accompanied by the evolution of much heat, to form su/phuric
acid.

Sulphuric acid 1s a heavy, oily liquid which boils at 335°C.,
giving off choking, pungent, white fumes. It mixes with water in
any proportion with the evolution of much heat. It absorbs moisture
very readily, and is conscquently used for drying gases. For the
same reason it chars any organic substance it comes 1n contact with.
Sulphuric acid forms with alkalies salts called su/phates.

EXERCISES ON CHAPTER XXVIII.

1. Describe the changes which sulphur undergoes when heated.

2. What is plastic sulphar, and how is it obtained? How would
you prove it consists solely of sulphur?

3. What happens when sulphur burns? By what other method
can you obtain the product formed ?

4. Give an account of the properties of sulphur dioxide.

5. Describe the appcarances and properties of sulphur trioxide.
How is it obtained, and what is its action on water ?

6. How would you show that the gas formed when brimstone
burns in air has the power of bleaching vegetable colours ?

7. How is the clement sulphur found naturally? Namec as many
chemical compounds as you are acquainted with, known as mincrals,
which contain sulphur as one of their constituents.

8. What do you mecan by the ‘ melting-point ” of a substance?
Why cannot we spcak of the ‘*“ melting-point” of glass? Contrast
the ¢ melting-points ” of mereury, lead, and iron.

9. Give as many cxamples as you can of substanccs which,
whilst differing in appearance anl phvsic:l properiies, are not-
withstanding identical in chemical composition. Ind.ovte in
each oase how chemical identity could be experimentally de-
monstrated.
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10. What gaseous compounds of sulphur are you acquainted with ?
Deseribe how you would propose to obtain them from ordinary
JSlowers of su/phur as the source of the clement.

11. How would you prepare crvstals of sulphur from flowers of
sulphur? What experiment would establish the chemical identaty
of the various forms of sulphur?

12. What do von know about the action of sulphuric acid on
(1) lead, (2) iron, (3) copper?



CHAPTER XXIX.

PHOSPHORUS. COMPOUNDS OF NITROGEN.
NITRIC ACID AND AMMONIA.

111, PHOSPHORUS AND ITS OXIDES.

i, Properties of phosphorus.—(a) Observe the appearance of some
ordinary sticks of phosphorus. Notice the manner in which they
are kept. Carefully cut a stick under water, and observe the
appearance of the cut surface. Note the phenomena observed when
phosphorus 1s exposed to the air in the dark.

(h) Place a little phosphorus in an evaporating basin containing
water, and heat slowly. Note the temperature at which the
phosphorus is scen to melt.  Allow 1t to cool.

(¢) Shake up a small picce of phosphorus in carbon bisulphide
(sce Expt. 108 1v.). Notice that it dissolves. Pour the solution on
to a picce ot filter paper.  Obscrve the eftect.

(d) Repeat Expt. 88 i.  Observe the dense white fumes. Add
water and shake—the fumes dissolve. In the solution put a little
blue itmus paper.  Note that it is turned red.

General characters of phosrhorus. — Phosphorus, like
sulphur, exists in different allotropic forms, and these must
be examined first. Ordinary phosphorus, which is always
kept under water, will probably appear at first to be a dark
yellow, or brown, opaque solid. This is not, however, its
true appearance, but only that of a film which coats the
exterior. If a picce of phosphorus be cut it will be found to
consist of a waxy, translucent solid, of a pale yellow colour. It
very readily inflames; contact with any warm object is
sufficient to start the combustion. For this reason it should
not be bandled, and when not in use should be kept immersed
in water, in which it is insoiuble. Phosphorus glows in the
dark, forming white fumss. Both glow and fumes are due
to its gradual oxidation. Thosphorus itself, as well ag the

389
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fumes formed when it is exposed to the air, are poisonous, and
hence care must be taken during its use, both on this account
and on account of its inflammability.

If a piece of ordinary phosphorus is placed in water in a
small basin and heated, it will be found that the phosphorus
melts at about 43°C., but remaiuns liquid below this tempera-
ture. This is frequently the case with melted solids, but during
the solidification the temperature again rises to the melting
point. If the water be poured off, the phosphorus frequently
catches fire, as it inflames in air at a temperature below the
melting point. Yellow phosphorus, though insoluble in water,
is readily soluble in carbon bisulphide. If its solution in this
liquid be allowed to evaporate on a piece of filter paper,
the whole may ignite spontaneously. The evaporation of the
solvent leaves the phosphorus deposited on the filter piper in
so finely divided a state that it rapidly oxidises, charring the
paper, even setting it alight. By careful evaporation of the
solvent, crystals may be obtained.

Red phosphorus,.—This allotropic form of phosphorus is a
dark, brownish-red powder. Examine it carefully and note
well the differences from the ordinary variety ; substitute red
phosphorus and try again the various experiments performed
alrcady. Red phosphorus will be found to be insoluble in
carbon bisulphide, and to ignite only when strongly heated
(240°C.). It is not luminous, neither does it oxidise when
exposed to moist 'air. It is therefore not necessary to keep red
phosphorus under water. Red phosphorus, or amorphous
phosphorus, as it is also called, is, further, non-poisonous.
The chief use of phosphorus is in the making of matches. The
common red match is tipped with a mixture containing
ordinary yellow phosphorus. The so-called safety match has
no phosphorus on its tip, but is struck by friction against a
specially prepared surface coated with a mixture containing
red phosphorus.

Phosphorus and oxygen. -—When phosphorus burns it forms
a compound called phosphorus pentoxide. This is the product of
comhustion when either red or yellow phosphorus is used, and
this fact may serve to prove that the two varieties are chemically
identical. This oxide is readily obtained as dense white fumes
when phosphorus is burnt in either air or oxygen ; these fumes
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settle into a white amorphous powder which dissolves with a
hissing noise very readily in water, forming an acid solution.

1f left exposed to the air the oxide absorbs moisture, being,
in fact, one of the most powerful of drying agents, on account of
which it is frequently used as a dehydrator (i.e. for the purpose of
removing moisture from gases or liquids). For the same reason
it is of service in promoting many chemical reactions, the essen-
tial part of which is the removal of the elements of water.

Phosphoric acid and phosphates.—The acid solution which
is formed when phosphorus pentoxide is dissolved in water is
known as phosphoric acid! We may also obtain the acid
directly from phosphorus itself by means of nitric acid, which
is a powerful oxidising agent (i.e. a substance which readily
gives up oxvgen to other bodies).

When nitric acid and phosphorus, which may Le of either
variety, are gently warmed together, an energetic action results,
accompanied by an evolution of red fumes. On evaporation to
dryness a gelatinous produet. which cools to a hard glassy mass,
remains.

The phosphoric acid so obtained is a crystalline solid which
dissolves in water. TLike other acids, it may be neutralised by
the addition of caustic soda, and a salt obtained. The salts
obtained from phosphoric acid are known as phosphates.

Phosphorus trioxide, — Other oxides of phosphorus exist, how-
ever, besides the pentoxide, and of these the most important
is that known as phosphorus trioxide, phosphorus oxide, or
phosphorus anhydride. This oxide results, to a small extent,
when phosphorus burns in air, the quantity increasing when tha
supply of air is insufficient. It is a white solid with a garlic-
like odour, and it ditfers greatly from the pentoxide in its
action on water, as it is only very slowly dissolved, forming
an unstable acid, phosphorus acid, the salts of which are called
phosphites.

Manufacture of phosphorus.—Phosphorus is employed for
various purposes, but the greatest quantity is used for the pro-
duction of matches, the tips of which consist of a little wax with
phosphorus and potassium chlorate. The chief source of phos-
phorus is the residue obtained on burning bones, which is

1This acid results whon the water is hot: when cold water is usod, anothes
acid, which graduully changes to this oue, is produced.
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known as lone ash, and consists of phosphate of calcium.
This product is converted into phosphoric acid by treating
with sulphuric acid, when the following change takes place :

CarLcium

SULPHURIC f CALCcUIM a PHOSPHORIC
PHOSPHATE

and Acip SULIHATE Acip.

The calcium sulphate, being insoluble, is easily separated from
the acid, which is then concentrated and heated with powdered
coke in cast-iron retorts connected with pipes dipping under
water, by which means phosphorus is obtained.

The crude phosphorus so prepared is purified by melting
under warm water, the mclted phosphorus being then casts
while still under water, in the form of round sticks.

112. NITRIC ACID.

i. Preparation of nitric acid.—Into a stoppered retort, such as 1s
used in the distillation of water (p. 349), place 30 or 40 grams ot
small crystals of potassium nitrate (also known as nitre). Using a

Fi6. 251.—An experiment to 10w Lhat DITT: acls Cashiy Khves UD oXygen

funnel, carefully introduce enough strong sulphuric acil to cover
the nitre. Replace the stopper. Place the retort on a stand as
shown in Fig. 236, and insert its neck in that of a flask which is
continually kept cool by water, just as in the distillation of water.
Gently heat the retort. Birown tumes are given off 1 abundance,
and soon drops of a light veilow hquid are seen to fall into the
receiving flask. When enough nitric acid hag distilled over, remove
the laboratory burner, and while the materials in th> retort are still
liquid, pour them, after removing the stopper, from the retort into
an evaporating dish.

ii. Properties of nitric acil.—Test the action of nitric acid upon
metals and upon litmus.
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fii. Nitric acid easily gives up oxygen.—Procure a clay tobacco
pipe of the pattern known as a ¢ church-warden,” and, by means of
a retort-stand with a chp, support it in the position shown in Fig.
251. Let its stem dip into a pneumatic trough in the manner the
illustration makes clear. Heat the middle of the stem with a
Bunsen burner until it 19 red-hot. When this is the case, drop
strong nitric acid slowly mto the bowl. You will notice that a
colourless gas collects i the eyhnder over the pneumatic trough.
When a suflicient amount of the colourless gas has been obtained in
the cylinder, hit the stem of the pipe out ot the water, and remove
the burner.  Test the gas in the eyvhinder with a glowing splinter of
wood. The gas 1s oxygen.

iv. Formation of a nitrate.—Dissolve some caustic soda in water
and add mtric acid ¢radually until a blue litmus paper placed in
the solution just becomes purple. This shows that the acid has
neutralised the caustic soda. Evaporate the solution till crystals
appear on cooling, and allow the sodum mitrate to crystalhse out.
This experiment 1s an example of the production of a neutral salt
from an acid and a soluble base, or alkah.

Nitric acid.—One of the most important compounds with
which chemists are familiar is an acid which has long been
known under the name of aqua fortis. It is a compound of
nitrogen with bydrogen and oxygen. It can be prepared by
synthesis (p. 343) from its constituents, but the experi-
ment is rather one of theoretical interest than of practical
importance. 1t is always preparved by distilling a nitrate with
strong sulphuric acid.  Fither potassium nitrate, which is more
familiarly known as ¢ saltpetre ™ or ** nitre.” or sodium nitrate,
also called ¢ Chili saltpetre,” is generally employed.  The latter

. . e . .
salt is the cheaper, and in addition yiclds a larger amount of
nitric acid for a given expenditure of sulphuric acid, so that it
is more commonly cmployed than ordinary saltpetre in the
manufacture of nitric acid.

The changes which take place when potassium nitrate
is distilled with sulphuric acid in a glass retort, as de-
scribed in Experiment 112 i, may be expressed by stating
that
Porassium NITRIC

'DROGEN
form }_{\1 ROGEN and Actb.
SULPHATE

Porassivm 1 Sti PHURIC
NITRATE Acip

In the manufacturc of nitric acid on a large scale, however,
greater heat is employed. This is possible because earthenware
retorts replace the glass vessel of Experiment 112 i. 1In
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these circumstances the chemical change is taken a step
further :—

Poras
Porassivm and H?(DARS(I;?; form PoTassium q Nirric
T- 4
NITRATE SULPHATE SULPHATE Acrn.

A further quantity of nitric acid is, in this way, obtained with
the same expenditure of sulphuric acid.

For practice the student should write out statements to show
the changes that take place when sodium nitrate is made use of
instead of potassium nitrate.

Properties of nitric acid. --The snnpl( properties of nitric acid
have been studied in
the experiments on
p. 393, to which the
| student should refer.
Its chief uses and its
great activity are due
| to the readiness with
- which it gives up
oxyegen, and for this
reason it is called an
oxidiser.  Not only
does nitric acid give up oxygen when it is passed over a heated
surface, as in Experiment 112 iii., but also in coming into con-
tact with different substances. For examvple, if strong nitrie
acid be dropped upon hLeated sawdust, the organic material
catches on fire,  Or, if a stick of charcoal be made red-hot and
plunged beneath the surface of some strong nitric acid, it will
burn brilliantly at the expense of the oxygen in the nitric acid.

Nitric acid actg readily upon most metals.  With lead it gives
off red fumes and the liquid when evaporated vields colourless
crystals of lead nitrate (1ig. 252). Copper is rapidly dissolved,
a green liquid being produced, which becomes blue on diluting
with watcer, together  with  rved  fumes. The liquid on
evaporation viclds dark blue crystals of copper nitrate. In a
similar manner mercury nitrate in the form of colourless
crystals can be made by dissolving mercury in nitric acid.

I'tG. 2520 Civstals of Jead nitrate,
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113. AMMONIA.

i. Preparation of ammonia.—(a) Place some am .onia solution in
a flask and boil, allowing the gas that
is evolved to pass over quick-lime or
solid caustic potash in order to dry
it. Collect several jars of the gas as
shown in Fig. 253. Observe the gas has
the same smell as the hquid and acts
similarly on red litmus.

ii. Properties of ammonia.-—(«) In one
jar place a lighted taper.

(b) Place a sevon({ jar m water, and
note the rapid absorption of the gas
and the rise of the water in the jar.

(¢) Dip a rod in hydrochloric acid and
hold it over a jar of the gas. Observe
the formation ot white fumes.

(d) Shake up a jar of the gas with a
little water. Examine the solution.  See
that it 18 identical with the ¢ ammonia
liquid,” from which the gas was ob-
tained, and that it loses 1its odour on
boiling, the gas being evolved.

(¢) Heat an ammomum salt with caus- X ]
tic soda or hme, or merely well nux the Y16 2""‘"""""“'““0“ of
two in a mortar with the addition of Ammonid.

a little water. Observe by the smell that ammoma 18 pro-
duced.

Ammonia
solution

Properties and composition of ammonia.—The liquid com-
monly known in the laboratory as ammonia has a sharp pungent
smell and colours red litmus blue. Tf this liquid be heated. a
gas is given off which may be dried by passing over quick-
lime, and collected by upward displacement, as illustrated in
Fig. 253. Tt is found that the ‘ ammonia liquid ” is merely a
solution of a gas, viz. ammonia, which is very soluble in
water, turns red litmus blue, does not support combustion,
and is apparently not combustible. In an atmosphere of
oxygen. however, the gas readily burns, forming nitrogen
and water. It hence contains nitrogen and hydrogen. and
may, in fact, be proved to have the composition, three
volumes of hydrogen to one volume of nitrogen in two volumes
of the gas. To prove this, a long tube is filled with chlorine
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gas, and by means of a funncl and the stopcock (Fig. 254)
some strong liquid am-
monia is run into the
gas.  Combination cnsues
between the chlorine and
the hydrogen of the am-
monia with the formation
of white fumes. and fre-
quently a flash of light.
The stepeock is then opened
under water, when  the
water rises and fills two
thirds of the volume of the
tube, the gas remaining
being nitrogen. As chlorine
combines with an equal
volume of hydrogen to
form  hydrochloric  acid,
the volume of nitrogen in
the ammonia is only
one-third that of the

hydrogen.
5 The white fumes f 1
F16. 254.—Tube for deternuning the com- 1 white fumes formec
position of aumonia. in the above experiment

and by the action of the gas on hydrochloric acid arc fumes
of ammonium chloride :

YDROCHLORIC AMMONIUM
a H CHLORIC ¢ >

MMON orm |,
AMMONIA an Acip CHLORIDE

The gas ammonia is very readily driven off from ammonum
salts by the action of caustic soda. This method is very com-
monly used for the preparation of the gas.

When ammonium salts are heated they are gencrally driven
into vapour. Ammonium chloride sublimes without decom-
posing. Ammonium nitrate is decomposed into a gas known
a8 nitrous oxide, which closcly resembles oxygen in its pro-
perties, and water in the form of steam.
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CHIEF POINTS OF CHAPTER XXIX.

Phosphorus, like sulphur, exists 1 different allotropic forms.

Ordinary phosphorus is a waxy, translucent sohd of a pale yellow
colour. It very readily inflames and should not, in consequence, be
handled. and when not in us> should he kept mmmersed in water.
It glows in the dark, evolvinyg white fumes. It is powssonous. 1t
melts at about 43° C. It 15 sHlubls ia carbon bisulphide.

Red phosphorus is a dark brownish-re 1 powder, insoluble in carbon
bisulphile, and only 1gnites when strongly heated. It 18 non-
poisovous. It need not be kept i water.

Phosphorus and oxygen.—\Vhen either ordinary or red phosphorus
is burnt in air or oxygen a compoun l called phosphorus pentoxide is
formed. It is a white amorphous powder which dissolves very
readily in water, to form an acil <lition known as phosphoric acid.
Phosphoric acid may be obtaiaz! durectly from phosphorus by
oxidising it with nitric aci L.

Phesphorie acid forms salts eadl>d phosphates.

Phusphorus trioxde s £renzl to a small extent when phosphorus
burns in air, the quantitv increvans 1f the supply of aw is
insufficient. It is a wlite solill with a garlic-hke odour. With
waler it forms phosphorus aztl.

Manufacture of phosphorus.—Phosphorus 1s usuallv prepared from
the restdue obtained by buraing bones.  This residue 1s a phosphate
of caleium. By treating this compound with sulphuric acid 1t is
converte.d ito phosphoric acid.  After concentration the phosphorie
acid is heated with powdered coke in cast-iron retorts, when
phosphorus distils over and 1s e »l> 1 by water.

Nitric acid, somettnes callol aqur fortis, is prepared by dis-
tilling potassium mtrate or soldium wtrate with strong sulphurie
acid.

Being an acid it has a sour taste and turns a blue litmus paper
red. It is colourless when pure and is decomposed casily when
heated. It acts violently on most metals. s great activity is due
to the readiness with which it gives up oxygen.

Ammonia.—When the gas, ammonia, is dissolved 1 water, the
solution which 1s produced acts as an alkal.  The salts which it
forms "are known as ammonium salts, c.g. ammonmum sulphate.
When the solution of ammoniv in water is heated the dissolved
gas 1s again driven off and can be dried and collected.

The gas itself ig colourless, has a pungent odour. and 1s exceed-
ingly soluble in water. It burns in oxygen, but will not support
combustion.



398 LESSONS IN SCIENCE

QUESTIONS ON CHAPTER XXIX.

1. There are two forms of phosphorus. What are the charac-
teristic differences between them ? How would you show their
identity ¥ Of what industrial importance are the two forms of this
element ?

2. What is formed when phosphorus burns ? (iive an account of
the appearance and properties of the product.

3. What are phosphates, and how may they be obtained ?

4. Describe, with diagram, an experiment to find the relative
weights of phosphorus and oxygen which combine during the com-
bustion of phosphorus (see also Chap. XXIX.).

5. For what purposes may the higher oxide of phosphorus be used
in chemical work, and to what property is its use due ?

6. Give a short account of the mode of production of phosphorus.
For what purposes is phosphorus chiefly employed ?

7. You are provided with some nitre and strong sulphuric acid ;
describe fully how vou would proceed to prepare a specimen of nitric
acid.

8. Why is nitric acid said to be an oxidiser ? Describe an experi-
ment to show its oxidising power.

9. State the composition and principal properties of ammonia.
What happens when it is mixed (a) with water, (b) with nitric
acid ?

10. You are given a number of cylinders containing ammonia gas.
Describe the .experiments you would make in order to illustrate the
chemical and physical properties of the gas.

11. Describe experiments which could be performed in order to
demonstrate the points of difference between an aqueous solution of
ammonia and of caustic potash respectively.



CHAPTER XXX.
CALCIUM CARBONATE AND SULPHATE; SILICA.

114. CALCIUM CARBONATE AND SULPHATE.

Occurrence of carbonates.—We have already seen that chalk
consists of calcium carbonate. The production of lime from
this source, together with its reconversion into calcium carbonate,
have been studied already in Chapter XXVI.  (‘alcium carbonate
oceurs naturally in several distinet forms, and many rock masses
are largely or entirely built up of this compound. When pure it
occurs crystalline as the minerals calcite and aragonite, which
differ only in their crystalline forms and physical properties.
Calcite is also known as Iceland spar. cale spar, and by other local
names, It is generally quite transparent and somewhat resembles
quartz, from which it can be distinguished by its inferior hard-
uess. It is easily scratched by a knife, while quartz is unaffected.
It is what is called a doubly-refracting substance. If a clear
crystal of Iceland spar be placed upon the page of a I ook and the
print viewed through it, two images of each word will be seen.
(‘aleium carbonate also occurs more or less pure in the earth's
crust in a great variety of forms. such as chalk, limestone,
stalactite, stalagmite, travertine, etc.. some of which have been
formed by purely chemical means. others by the aid of living
organisms.

Those formed by chemical means owe their formation to the
power, possessed by water containing dissolved carbon dioxide,
of dissolving calcium carbonate. which is again precipitated
when carbon dioxide escapes.

Travertine or calcareous tufa is precipitated by springs which
lose their dissolved carbon dioxide, which is necessary for the

349
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solution of the calcium carbonate, as they flow onwards. The
carbonate, being insoluble in water alcne, is deposited as soon as
the carbon dioxide escapes.

Stalactites and stalagmites.—The streams traversing lime-
stone districts become saturated with carbonate of lime. In
their course they often trickle through crevices in the roofs of
caverns which have been formed in the limestone by the solvent
power of water containing carbon dioxide. The drop of water

FI6. 25h.—Stalactites and stalaciites in Clapham Cave, Yorkshire,
(From a photograph by Mr. Geerze Fowler.)

which is thereby exposed on the roof, is subjected to evapora-
tion, and the escape of the carbon dioxide and loss of water
cause a slight deposition of carbonate on the roof, which is
continuously added to by a constant succession of drops. until
eventually beautiful pendants of calcium carbonate are formed,
called stalactites, sometimes coloured by the presence of traces
of iron oxide, and often having a wild profusion of forms
(Fig. 255).  Further evaporation of the water takes place on the
floor of the cavern, giving rise to layers of the same chemical
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compound, called stalagmites. Chalk, limestone, and coral con-
sist almost entirely of the remains of animal organisms.

Marble, also. is a form of calcium carbonate. Tt is really
limestone, which, by the effect of great pressure and heat in the
earth’s crust, has become much harder and at the same time
crystalline.

Calcium sulpbate is a compound which occurs in various
forms including alabaster, selenite, and satin spar. The first
of these somewhat resembles marble but is softer. It is
white or slightly tinted, and when made into vases and other
ornaments, and therefore polished. it is seen to be semi-trans-
parent or franslucent. Nelenite is found in transparent crystals,
or in masses which at their edges show the leaf-like or foliated
structure of the mineral. The commonest form of caleium
sulphate, known as gypsum, occurs in irregular masses, like flint,
and is a valuable mineral.

When either of these substances is heated it loses water of
crystallisation and a white powder known as plaster of Paris
is obtained. This substance is the well-known material used
for mouldings, ceilings, statuary, etc.  When mixed with water
to the consistency of crcam and left, it rapidly sets hard,
heat being developed at the time of adding the water.

Calcium sulphate dissolves in water to a small extent, pro-
ducing permanent hardness in the water. [t is also used in
paper making.

115. SILICA.

Silica.-—~More widely spread throughout the carth’s crust
even than calcium carbonate is the compound silica, which
consists of the oxide of an element termed silicon. The element
itself is only of importance on account of the compounds it
forms. This oxide enters into the formation of by far the
greater number of minerals and rocks, being combined with
metallic oxides in the form of silicates; indeed, in the free
state or thus combined, silica forms more than half the weight
of the earth’s crust. In the pure state it occurs both crystalline
and amorphous. Two crystalline varieties are known, one,
tridymite, is unimportant, while the other, quartz, is a frequently-
occurring and highly-interesting mineral. Tf the quartz is

LS. 1 2¢
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quite clear and transparent, it is known as rock-crystal, ‘and
is the Brazilian pebble from which lenses are made for eye-
glasses, etc. Sometimes the oxide of a heavy metal is present,
colouring the quartz.

Many sands are made up entirely of grains of quartz which
have become more or Jess rounded by continual rubbing against
one another in water. If the sand becomes compacted by the
introduction of a cement and by the action of great pressure a
sandstone is formed.

Amorphous Silica is found in the form of chalcedony and its
varieties, jasper and its varieties, and opal.

Chalcedony is known having all sorts of tints. It is often
regarded as a mixture of quartz and opal ; it is familiar as the
well-known red stone used in signet-rings and called carnelian.
Agate is a variegated chalcedony, composed of different coloured
bands. Flint is generally of a black or dark grey colour, and is
found in nodules or bands in the chalk formations of Surrey,
Kent, etc.

Jasper is an opaque, impure form of silica, of a red, brown, or
yellow colour.

Opal.—This species of naturally-occurring silica always con-
tains water in varying amounts. It is supposed to contain some
quartz as well as amorphous silica. It is often used in jewellery ;
one variety shows a well developed iridescence, and is called
precious opal.

CHIEF POINTS OF CHAPTER XXX.

Calcium carbonate is very largely found in the earth’s crust. It
occurs pure and crystalline in calcite and aragonite and in a less
pure condition in chalk, limestone, stalactites, stalagmites, travertine,
etc.

Chalk, limestone and coral are composed chiefly of calcium car-
bonate, and consist almnst entirely of the remains of animal
organisms.

Marble also is a form of calcium carbonate. It is really limestone
which by the effects of great pressure and heat in the earth’s crust
has become hard and crystalline. :

Gypsum or sulphate of calcium occurs under the forms of alabaster,
satin spar, etc. When heated it yields a white powder known as
plaster of Paris which sets hard in a few minutes on being mixed
with a little water.
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Silica is even more widely found than calcium carbonate. It
constitutes, either free or combined with bases to form silicates,
about one-half the weight of the earth’s crust.

In the free state it occurs'both crystalline and amorphous. Two
crystalline varieties are known, one, tridymite, is unimportant ; the
other, quartz, is very abundant.

Many sands are made up entirely of grains of quartz.

Amorphous silica is found in three forms (1) chalcedony, (2)
jasper, (3) opal. Carnelian, agate, and flint are common kinds of
chalcedony.

QUESTIONS ON CHAPTER XXX.

1. What is silica ¥ How does it occur in nature ?

2. How do flint and quartz differ from and resemble one another ?

3. Give a short account of the naturally-occurring forms of
silica.

4. What is calcite ? Describe its appearance.

5. What are stalactites and stalagmites ? Of what do they con-
sist and how are they formed ?

6. Describe three naturally-occurring forms of calcium carbonate.

7. What eifect has chalk upon water which flows through or
over it ?

8. Mention three minerals consisting of silica, and state by what
characteristic feature you would recognise them.

9. How would you attempt to prove that limestone, marble, and
calcite were essentially similar compounds ? [The student is advised
to consider well what experiments he has previously carried out with
calcium carbonate.]

10. Limestone is dissolved in hydrochloric acid and the solution
evaporated. Briefly describe the appearance and properties of the
substance which you would expect thus to be obtained.

11. Describe the naturally-occurring forms of calcium sulphate.

12, What are the properties and uses of plaster of Paris ?



CHAPTER XXXI.
SODIUM, POTASSIUM, AND THEIR COMPOUNDS.

116. SODIUM AND ITS COMPOUNDS.

i. Action of sodium on water.—Refer to Expt. 94 iv. p. 334.

ii. Glauber’s salt or sodium sulphate.—Heat some crystals of this
substance and notice the large quantity of water driven away.
Prepare a hot saturated solution of so lium sulphate, pour 1t into a
flask and allow it to cool while being kept perfectly still. Drop a
small crystal into the cold solution and notice the sudden crystalli-
sation, and at the same time the production of a large amount of
heat.

iii. Caustic soda or sodium hydroxide.—Throw some lime into
cold water till on stirring a milky hquid is obtained. Pour some
of this liquid into a dish and add a few crystals ot washing soda.
Boil the mixture of lime and washing soda for five minutes and
allow the muddy hquid to settle. Pour off the clear solution and
evaporate it to dryness. A hard white solid, sodium hydroxide,
is obtained. Notice that when it 1s left exposed to the air it soon
ahsorbs moisture. Dissolved in some water the sodium hydroxide
produces a solution which seems soapy when touched ; it tastes very
bitter.

iv. Washing soda.—Heat some crystals of washing soda and notice
the. large quantity of watcr driven away. Test some solution of
washing soda 1n water with litmus paper. Examine the action of
dilute acid upon washing soda.

Sodium.—This metal has alrcady been referred to in two
experiments. It is a soft silvery-coloured metal which so
rapidly rusts or oxidises on exposure to air that it must be kept
in bottles under mineral oil which contains no oxygen. It is
easily cut with a knife. It burns in air or in oxygen with a
yellow flame. Sodium combines with other elements so power-
fully that it is only set free with difficulty. Davy used a strong
electric current to electrolyse some melted caustio soda. Sodium

404
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is now prepared by the electrolysis of a fused mixture of
common salt with other chlorides.

Sodium is a very widely occurring element. Its commonest
compound is that with chlorine or common salt, see Chap. XX VII,
Combined with nitric acid it forms Chile saltpetre found in
Chile and Peru (see p. 408), and it is also a constituent of some
kinds of rock.

Common salt.—See Chap. XXVII.

Glauber's salt, or sulphate of soda, is made by heating
common salt with sulphuric acid. It is the substance remaining
in the flask when hydrochloric acid is prepered, as on p. 367.

Glauber's salt contains no less than 56 per cent. of water of
orystallisation, which it gives up readily when exposed to the
air, a white powder forming on the colourless transparent
crystals. When heated the crystals melt, and at 100° lose all
their water and become converted into the white anhydrous
powder.

Sulphate of soda is found in some natural waters, and was
forme1ly much used in medicina.

Washing soda, or sodium carbonate, crystallises in large
transparent crystals containiny nearly 63 per cent. of water.
The erystals rapidly lose this water on exposure to &ir or when

F1G, 256.- Fresh Crystals of soda. (From F16. 257.—Crystals of soda after ex-
a photograph by Mr. B Hadle, o posure to the air. ( rom a photo-
arapa by Mr. H. E. Hadley.)
heated, and fall into a fin~ white powder. Washing soda is
very soluble in water, 100 purts of which at 100° dissolve 4566
parts of the crystals. When the fingers are dipped into the
solution it is found to possess a soapy nature.
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Washing soda changes litmus, previously reddened with acid,
to its original blue colour. It is thus capahle of neutralising
acids, and in the process carbon dioxide cscapes freely.

The manufacture of washing soda is a very great industry,
known as the alkali manufacture. The explanations of the
processes employed, of which there are two, are not easy to
understand at this stage. Tt will be sufficient to say that in
both cases the sorda is made from common salt. In the first or
Leblqnc process, the salt is heated with sulphuric acid, and the
sodium sulphate so produced is strongly heated with a mixture
of limestone and coal. The soda is dissolved out from the
resulting substance, called black ash, by hot water. In the
second and later process washing soda is made by passing
carbonic acid gas anl ammonia through a strong solution of
common salt.

Sodium bicarbonate is made by passing carbon dioxide gas
into & solution of washing soda. 1t forms transparent colourless
crystals which produce a cooling effect upon the tongue. The
crushed crysta's are generallv sold, as a white powder, for
making effervescing drinks. When strongly heated the bicar-
bonate gives off carbon dioxide gas and is changed into the
ordinary carbonate.

Caustic soda. also known as sodium hydrate or sodium
hydroxide, is produced when sodium is placed in water
(p- 334). The solution then obtained, if evaporated, becomes
thicker and oily in appearance. If sufficiently strong the
solution will crystallise. In practice caustic soda is made by
a'much cheaper process. Washing soda and quicklime are
boiled together and then allowed to settle. The clear liquid
above the white mud (consisting of chalk) is a solution of
caustic soda. This solution is concentrated and poured into
moulds to solidify into the sticks in which form it is sold.

Caustic soda is a strongly alkaline substance which eats into
or “ burns ” away the skin. Tt rapidly absorbs moisture from
the air. finally becoming liquid if not preserved in a closed
bottle. It also strongly absorbs carbon dioxide gas from the air
and gradually becomes coated with a layer of sodium carbonate.

Caustic soda is used in the manufacture of soap, paper, and
starch, and for many laboratory purposes.
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117. POTASSIUM AND ITS COMPOUNDS.

i. Action of potassium on water.—Recpeat Expt. 94 ., p. 334,
using potassinm m place of sodium. Similar results will be
obtained, but the production of hydrogen is more energetic and
lhe experiment requires still more caution.

otassium chlorate.—Refer to Expts. 91 i. ii. and iii., pp. 323-4,
for _experiments with this substance.

ili. Caustic potash or potassium hydroxide.—Repeat Expt. 116 iii.,
p. 404, using potassium carbonate in place of washing soda. Notice
the very close 1esemblance hetween sodium and potassium hydrates.

iv. Nitre, celtpetre, or potassium nitrate.—This substance has
already been used for the preparation of nitric acid. We may
show that it contains a large quantity of oxygen in several ways.
(a) Heat rome crystals of nitre in a test-tube and, when melted,
drop into the liquid a small piece of charcoal. The charcoal burns
with great energy. The experiment may be repeated with a small
piece of sulphur with similar results.

(h) Prepare a saturated solution of nitre in water. Dip a filter
paper into the solution and dry it by waving the paper over a
lighted Bunsen burner. When dry apply a light to the edge of
the peper. It will be found that the paper burns away quickly
ag far as it has heen dipped into the solution, a sparkling line of
fire taking the place of a flame. Paper thus prepared is called
touch-paper.

v. Potassium permanganate.—(a) Drop two or three crystals into
a test tube of water and notice the fine purple colour produced as
the crystals dissolve while falling through the water.

(b) Heat a small quantity of the solid permanganate in a test tube
and test for oxygen escaping by means of a smouldering cedar splint.

Potassium.—This metal resembles sodium very closely in all
its properties. The chief difference, so far as the clementary
student is concerned, lics in the fact that hecavse of its stronger
attraction for oxvgen it is still more ditlicult to obtain than
sodium, Tt was discovered in the same way as sodium and is
also prepared on the large scale by a similar method.

Potassium is a soft bright metal which tarnishes even more
rapidly than sodium. Tt is therefore preserved under mineral
oil or naphtha which contains no oxvgen. It may be easily
distinguished from sodium by the fact that when thrown on
water the heat produced is sufficient to set fire to the hydrogen
set free. The hydrogen flame is tinged with violet by the
presence of the vapour of potassium.

Potassium carbonate is the chemical name for the substance
obtained from wood ashes, whence its old name of pof-ashes.
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The ashes are lixiviated with water, that is, water is allowed
to dissolve as much as possible of the ashes and the clear liquid
drawn off and evaporated. At the present time most of the
potassium carbonate is obtained from Stassfurt where are
found large deposits of sylvine (a double chloride of potassium
and magnesium), and of kainite (a complicated compound of.
sulphates and chloride).

The pure carbonate forms colourless crystals which, on heating,
vield water and a white anhydrous powder which rapidly absorbs
moisture from the air.

Potassium chlorate.—This substance has heen already referred
to in Chapter XXTV. for th» preparation of oxygen, and also in
Chapter XXVII. under * chlorine compounds.”

Caustic potash or potassium hydroxide resembles caustic
soda very closely except that it absorbs moisture from the
air somewhat more readily. It is produced when potassium is
thrown into water. Like caustic soda it must be kept from the
air since it has a very strong attraction for carbon dioxide gas
and forms with it potassium carbonate. 1t is sold in sticks and
is only distinguished from caustie soda by caretul tests.  Caustic
potash is made by boiling a solution of potassium carbonate to
which lime is gradually added (cf. caustic soda, p. 406). Tt is used
for the same purposes as caustic soda, such as soap making, ete.

Saltpetre, or nitre, or potassium mtrate occurs in the soil in
India and other countries. Chile saltpetre or sodium nitrate,
from which most of the potassium nitrate is obtained, is found
in Bolivia and Peru.

From the soil the potassium nitrate is prepared by simply
stirring it with water, concentrating the clear solution and
crystallising. To obtain it from the sodium nitrate. potassium
chloride is added to the solution, when potassium nitrate and
sodium chloride are formed. The former crystallises out before
the latter, which is more soluble in water.

Potassium nitrate forms cclourless transparent crystals which,
when heated, melt to a clear liquid and afterwards give off oxygen.

If some charcoal or sulphur be thrown on some melted nitre
either takes fire and burns with great rapidity.

Nitre is, chiefly used in making gunpowder and fireworks.
The sodium nitrate cannot be used for this purpose because
on exposure to the air it absorbs moisture and becomes wet.
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Gunpowder is made by carefully mixing together 75 parts of
nitre, 15 parts of charcoal, and 10 parts of sulphur. These
substances are finely powdered, then mixed by hand, and
finally while wet, thoroughly ground together in a powder
mill. The cake thus obtained is broken up between copper
plates, the pieces are subjected to pressure, which produces
granulation, and finally are glazed by being placed in revolving
drums,

The power of gunpowder arises from the sudden formation of
a very large volume of gas consisting of carbon dioxide and
nitrogen.

The composition of gunpowder may be ascertained by first
dissolving out the nitre with boiling water, the powder being
placed on a filter paper. The sulphur is next extracted by
means of carbon bisulphide, and the carbon or charcoal remains.

Potassium permanganate is manufactured by heating
together the black oxide of manganese, potassium chlorate, and
caustic potash. The hard dark-coloured residue is boiled with
water and allowed to settle. The clear liquid is evaporated and
crystallised.

Potassium permanganate forms small dark reddish-purple
crystals which are soluble in water, producing a very deeply
coloured solution. This solution is much used in the laboratory
on account of the ease with which it liberates oxygen either on
being heated alone or with sulphuric acid. Tt is a powerful
deodorant and disinfectant. Sodium permanganate, which closely
resembles it, is known as Condy’s Disinfecting Fluid.

CHIEF POINTS OF CHAPTER XXXI.

Sodium is a soft metal having a powerful attraction for oxygen.
It must be preserved under mineral oil. It decomposes water
setting the hydrogen free. It burns in oxygen or in air with a
yellow flame.

Common salt.—Sce Chapter XXVII.

@Glauber’s salt or sodium sulphate is made by heating together a
mixture of common salt and sulphuric acid. It is chiefly produced
in the manufacture of washing soda and is remarkable for its
solubility in water and for the large amount of water of crystallisa-
tion it contains.

‘Washing soda or sodium carbonate forms large colourless crystals
which are very soluble in water and contain a large amount of
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water of crystallisation. It neutralises acids, carbon dioxide being
set free. It is made in immense quantities in the alkali industry.

Caustic soda or sodium hydroxide is a very powerful alkali. It
forms a soapy liquid when dissolved in water which burns the skin,
whence its name. It is largely used in the manufacture ot soap,
paBer, etc., and 18 a useful substance in many laboratory processes.

otassium closely resembles sodium. It acts violently on water
and the hydrogen it sets free takes tire.

Potassium chlorate.—See Chapter XXVTI.

Caustic potash or potassium hvdrate is so much like caustic soda
that it is not readily distinguished from that substance.

Saltpetre, or nitre, or potassium nitrate occurs in the soil in hot
countries. It is a crystalline salt having a cool taste. 1t 1s chiefly
used for making gunpowder because of the large quantity of oxygen
which 1t contains.

Gunpowder is a mixture of nitre, charcoal, and sulphur. It owes
its power to the large volume of carbon dioxide gas and nitrogen
suddenly set free when 1t burns.

Potassium permanganate 1s a dark reddish-purple crystalline
substance which contains and easily lhiberates a large quantity of
oxygen. It 18 this oxygen which makes 1t a powerful disinfectant
when dissolved in water. In solution 1t forms a deep violet-
coloured liquid.

EXERCISES ON CHAPTER XXXI.

1. Describe what happens when (a) sodium, (b) potassium are
thrown into water. What substances are produced in each case ?

2. Give the chief properties of Glauber’s salt.

3. Write a short account of the manufacture and properties of
washing soda.

4. For what purposes is caustic soda employed ?

5. How could you clearly distinguish between specimens of
potassium carbonate and potassium chlorate ?

6. For what purpose 1s saltpetre chiefly used ? What happens
when saltpetre is strongly heated in a tube and a piece of sulphur
is thrown into the heated substance ?

7. Suggest a method of ascertaining the percentage of saltpetre
in a sample of gunpowder.

8. How can you obtain oxygen frdm potassium permanganate ?
‘What are the uses of this substance ?



CHAPTER XXXII.

SOME COMMON METALS.

118. GENERAL CHARACTERS OF METALS.

i. Some familiar metals. --(«) Examine specimens of lead, copper,
iron, 7ince, tin, silver, gold, sodium, and mercury. Notice that
while most are heavy solids, sodium floats on water, and mercury is
a ligud.

(b) Observe they are all opaque and possess a ¢ metalhe lustre.”
Compare with crystals ot iodine to satisfy yourself that some non-
metals possess a lustie. Examine a very thin sheet of gold between
two glass plates ; it s transparvent.

ii. All metals are not elements.—[xamine brass. gun-metal,
pewter, German-silver, bronze, solder.  These are alloys or mixtures
of metalhe clements. The metallic characters are not lost by
mixing metals together.

Metallic elements.—Though most people have some idea of
what a metal is, it is a somewhat difficult matter to say exactly
what constitutes a metal.  The fact is, that the elements cannot
be sharply divided into two classes with all those that possess
metallic properties in one division, and those in which such
characteristics are absent in the other. 1t is an easy thing to
enumerate the respects in which, say, the metal gold and the
non-metal oxygen differ from one another, but there are many
elements, like arsenic; which possess properties common to both
typical metals and characteristic non-metals.

But, as a rule, metals may be said to possess the following
properties. though the student must remember that cxceptions
are known to nearly every one of the statements.

Characters of metals.—1. Metals possess a peculiar lustre,
which is commonly referred to as ‘ metallic.” But iodine and
graphite, which are undoubtedly not metals, also have a lustre
very like metals,

411
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2. Metals are opaque. Yet gold can be rolled into sheets
which are transparent to light.

3. Metals are very dense, or possess a high specific gravity.
Sodium and potassium are unmistakable metals, yet they float
upon water.

4. Metals, as a rule, are good conductors of heat and
electricity.

5. Metals unite with oxygen, or with oxygen and hyvdrogen,
to form bases, which neutralise acids.

Alloys.—All metals are not elements. Many of the familiar
metals in common use are mixtures of metallic elements called
alloys. When one of the metals present is mercury the alloy is
known as an amalgam. The following table shows the metals
Ppresent in some common alloys :

ALvoy. MeTaLLic ELEMENTS PRESENT.
Bell-metal, . Copper and tin.
Brass, . . Copper and zinc.
Bronze, . . Copper and tin with some zinc and lead.
German silver, Copper and nickel.
Gun-metal, . Copper and tin.
Pewter, . . Tin and lead.
Solder, . . Tin and lead.
Type-metal, . Lead, tin, and antimony.
119. LEAD.

i. Properties of lead.—(a) Scrape a piece of lead and examine its
metallic surface ; incidentally notice that 1t 1s much softer than
steel.

(b) By the method described on p. 60, determine the relative
densitv of lead.

(c) Examine lead in the forms of sheets and wires. What
properties must lead possess in order to be available in these forms ?

ii. Heating lead in air.—(a) Melt lead in an iron spoon and pour
the liquid metal into a mould made in sand.

(b) Melt more lead and keep the liquid metal stirred with an iron
wire. Observe that it combines with the oxygen of the air to form
yellow oxide of lead (litharge).

iii. Lead obtained from its compounds.—(a) Strongly heat some
red lead on a piece of charcoal by means of a blow-pipe. Notice the
globules of the metal which separate.

(b) Heat a mixture of lead oxide and powdered charcoal in a
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crucible by means of the flame of a foot blow-pipe. Again notice
the separation of metallic lead.

iv. Lead is soluble in nitric acid.—Upon some fragments of lead
in a test-tube pour some moderately strong mtric acid. Notice the
brown fumes and the gradual solution of the lead. When the lead
has dissolved, add water to the solution and gently evaporate on a
sand-bath till nearly dry. Place on one side for a short time and
notice the salt, lead nitrate, which separates in crystals.

Lead.—Lead has a bluish colour, which can be seen by
examining an untarnished surface of the metal. The bright
metal, however, soon tarnishes on exposure to air. It is
11} times as heavy as water. It is very malleable and fairly
ductile. It melts at 326° C. into a silvery fluid, which can be
eagily cast in moulds. Melted lead combines with the oxygen
of the air to form yellow litharge. If this be strongly heated it
will combine with a further quantity of oxygen to form the red
oxide. Though it easily dissolves in nitric acid, forming lead
nitrate (p. 394), hydrochloric acid and sulphuric acid have little,
if any, action upon it.

In nature, lead occurs combined with the element sulpbur as
the ore galena, which is lead sulphide. But many other ores

are known.

The metal is made into sheets and pipes and extensively
employed by the plumber. Alloyed with other metals it occurs
as pewter, solder, and type-metal (p. 412).

120. IRON.

i. Properties of iron.—(a) Determine the relative densities of steel,
wrought-iron, and cast-iron by the methods described on p. 62.

(6) Recall and, if necessary, repeat the experiments dealing with
the rusting of iron on p. 307, that concerning the burning of iron in
oxygen on p. 326, and the action of acids upon 1t.

{c) Revise what has been studied of the magnetic properties of
the metal (p. 243).

Iron.—Tron is by far the most important metal known to
man. The discovery of how to obtain it from the minerals in
which it occurs was probably the most valuable ever made.
Though it is very abundant in nature, it is rarely found
uncombined. It has been found in certain strange masses,
called meteorites, which drop upon this planet from inter-stellar
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space. In the earth it is found combined with oxygen, forming
oxides, as magnetite and haematite ; as oxides combined with
water in limonite and gothite ; with sulphur, as the sulphides,
iron pyrites and magnetic pyrites ; with carbon dioxide, as the
carbonates, clay iron-stone and chalybite; and other less
important ores.

Three kinds of iron.— Tron is known and used in three
forms, wrought-iron, cast-iron, and steel. The first is almost
the pure element. but cast-iron contains also varyving amounts
of carbon and silicon. Steel contains the same clements as
cast-iron, but the amount of carbon is considerably smaller.
The different uses to which these varieties of iron are put
depends upon the difference in properties they possess.

Wrought-iron is very tough, and can easily be beaten out
into plates. For those articles which are made by hammering
the iron into shape, wrought-iron will evidently be used.

Cast-iron is, on the other hand, brittle and casily melted,
and consequently is employed in all cases where the article is
made by running the molten metal into moulds.

Steel has different properties according to the processes
through which it has passed. If it has been heated and then
cooled very quickly, it is extremely hard but very brittle : but if
cautiously heated and cooled very much more slowly. it is no
longer brittle but elastic. This latter process is called tempering,
Another very important property which steel possesses is that
it can be made into a magnet which will keep its magnetisin for
a very long time,  All the magnetic needles used in telegraphing,
and in electrical instruments of other kinds, are made of steel.

The relative densities of different kinds of iron are seen from
the following table :

Steel, not hammered. . . . . 7-82
Iron, bar. . . . C . . 779
Tron, cast, . . . . . . 721

Oxides of iron.—Iron combines with oxygen in several
proportions. The following table shows the proportions of the
masses of iron and oxygen present in each case :

Ferrous oxide, . . 56 of iron with 16 of oxygen.
Ferric oxide, . . 112 - 48 -
Tri-ferric tetroxide, . 168 . 64 .
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The first of these does not occur in nature as a mineral. It
combines with acids, forming the series of salts known to
chemists as ferrous salts, one of which, ferrous sulphate (green),
is known naturally as the mineral copperas.

The second, ferric oxide, is fairly abundant in nature. It
constitutes the beautifully crystallised mincral speculor iron ore,
found in Elba. It also makes up the mineral haematite, which
goes under the names of kidney ore and percil ore in the Furness
district of Lancashire, according to the shapes which it naturally
assumes.

121. COPPER.

i. Properties of copper.—(«) Examine copper in the form of bars,
sheets, and wires. Notice 1its colour. From these vaneties what
properties of the metal can he adduced ?

(b) Hold one end of a copper wire between your finger and thumb
and put the other m the flame of a laboratory burner  You will
soon be convinced that copper 1s a good conductor of heat.

ii. Heating copper in air.--(¢) Heat a picce of sheet copper over
the flame of a laboratory burner. Notice the formation ot a black
film. This 18 the black oxide of copper.

(b) Refer to the experiment on p. 344, and recall the action of
hydrogen gas upon this black oxide when the latter 1s heated.

jii. Action of copper on acids.—Try the action of the common
acids upon fragments of copper placed in test-tubes.

iv. Iron can displace copper from its solutions.—Into a solution of
blue vitriol (copper sulphate) plunge the blade of a knife. Observe
the deposition of copper on the blade. The won of the knife passes
into solution and takes the place of the copper.

v. Alloys of copper.—Examine specimens of brass, bronze, bell-
metal, and gun-metal. Compare them with copper.

Copper.—Copper is a red metal which is found naturally
in an uncombined or “ native ” condition. Tt also occurs as
ruby copper, which is an oxide of the metal, cuprous oride ;
and more abundantly as copper pyrites, a compound of the metal
with iron and sulphur. Copper-glance and malachite are also
well-known ores of copper.

Copper is hard and does not, when cold, change in dry air.
though in moist air it slowly becomes covered with a green
compound, due to the combination of the metal with carbon
dioxide and water. When it is heated in the air copper
combines with oxygen to form black oxide of copper.
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The metal is nearly nine times as heavy as water. It is very
ductile, and can be drawn out into very thin wires; its great
malleability enables it to be rolled into very thin sheets, which
are known as Dutch leaf. It is a good conductor of heat and
of the electric current. Everybody is familiar with the use of
copper wires to conduct electric currents from one place to
another.

Moderately strong nitric acid dissolves copper forming with
it a blue liquid, copper nitrate. Hydrochloric acid does not aot
upon the metal, nor does dilute sulphuric acid, but when copper
is heated with strong sulphuric acid the metal is dissolved with
the formation of copper sulphate, sulphur dioxide being evolved.
The alloys of copper are both numerous and useful. As an
examination of the table on p. 412 shows, copper is mixed with;
tin in varying proportions to form bell-metal and gun-metal ;
with zinc to make brass; with nickel in the manufacture of
German-silver ; and with tin, zinc, and lead to produce bronze.

122. MERCURY.

Properties of mercury.—(a) Determine the relative density of
mercury by means of a density bottle as described on p. 62.

(b) Using the apparatus employed in the experiments described
on p. 63, show that a column of mercury 1 inch high balances a
column of water between 13 and 14 inches high. The relative
density of mercury is consequently between 13 and 14.

(c) Satisfy yourself by trial, (1) an iron key floats on mercury,
(2) mercury does not wet glass, (3) mercury adheres to clean zinc
or copper, forming what is called an amalgam.

(d) Boil a little mercury in a test-tube and show that it is volatile.
Some of the mercury condenses in tiny drops on the cool parts of the
tube. Take care not to breathe any of the vapour.

(e) If necessary, repeat the experiment of heating red oxide of
mercury (p. 321).

Mercury.—Mercury or quicksilver is the only metal which
is liquid at ordinary temperatures. Its appearance is familiar
to everyone from its frequent use in barometers and ther-
mometers. It sometimes occurs pure in nature. Chiefly,
however, it occurs in combination with sulphur as the mineral
cinnabar (red), which is found in Spain, Hungary, Tuscany, and
South America. If mercury is cooled to a temperature of —40° C.
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it ‘Bolidifies, and is then malleable. It is the heaviest liquid
known, being 13} times as heavy as water.

If it be heated to a temperature of 315° C. and air be passed
over it, it combines with oxygen, forming red oxide of mercury.
At ordinary temperatures the oxygen of the air has no action
upon it and the metal does not tarnish by simple contact with
air. It boils at 357-5°, and is converted into a transparent,
colourless vapour, which is very poisonous. It dissolves many
metals, e.g. zinc and copper, forming alloys known as amalgams.

Not only is it used in barometers and thermometers, but also
in the manufacture of looking-glasses and in the laboratory,
instead of water, over which to collect some gases soluble in
water. '

Hot concentrated sulphuric acid dissolves mercury, the action
being exactly similar to that in the case of copper (p. 382).
Nitric acid, too, dissolves it readily.

123. ZINC.

i. Properties of zinc.—(a) Examine some strips of zinc and make
out as many properties as you can.

(b) Determine its relative density.

(c) Heat some pieces of zinc in an iron ladle and pour the liquid
metal, drop by drop, into a bucket of water. The metal is cooled
in the form of granulated zinc.

ii. Action of acids upon zinc.—(a) Re-read and, if necessary,
repeat Experiment 95 i.

(b) Pour a little dilute nitric acid upon some fragments of zinc in
a test-tube. Warm the solution. Filter and evaporate to dryness—
zinc nitrate is thus obtained.

Zinc.—Zinc occurs in nature combined with sulphur in the
form of zine sulphide, making the well-known ore zinc blende, or
black jack. The carbonate of zinc occurs as the ore calamine.
Zino is a bluish-white metal about seven times as heavy as
water. It does not readily combine with the oxygen of the air
and is extensively used to coat iron-plates to prevent their
rusting. These sheets are known as galvanised iron. Zine
is also one of the constituents of brass. When zinc is heated
strongly in air it readily combines with the oxygen, the
combination being accompanied by a greenish flame.

.As bas been seen in studying hydrogen, zinc is easily dissolved

LS8 1, 2p
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by both sulphuric and hydrochloric acids, the hydrogen of the
acid being evolved, and zinc sulphate, and zinc chloride, being
formed.

124. SILVER AND GOLD.

i. Properties of silver.—(a) Examine a piece of silver and notice
as many of its properties as possible. Determine its relative density.
Recall the uses of silver, and in this way remind yourself that silver
does not tarnish, i.e. combine in ordinary circumstances with the
oxygen of the air.

F1a. 258.—Simple method of showing that silver is a better
conductor of heat than electro-plate.

(b) If possible, examine a sheet of thin silver leaf between two
sheets of glass. Observe that when very thin it transmits blue light.

(c) Place a silver spoon and an ordinary electro-plated spoon upon
a sand-bath, as in Fig. 258. Upon the end of each put the end of a
wax vesta without any wax with it, or hold the head of a match at
the end of each when they arc hot. Heat the sand-bath by placing
a Bunsen burner under it. The match on the silver spoon will take
fire before that on the other spoon.

i, Silver coins contain copper.—Dissolve a threepenny piece in
moderately strong nitric acid. Notice the blue colour of the solution,
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Refer to Experiment iii and satisfy yourself that silver coins
contain copper, and that silver is soluble in nitric acid.

iii. Action of light on silver compounds.—To a solution of silver
nitrate add a little dilute hydrochloric acid, and notice the white
precipitate which is at once formed. Filter the solution and so
obtain the white precipitate on a filter paper. Leave it exposed to
light, and note its gradual change of colour.

iv. Properties of gold.—(a) Roll up a sheet of gold-leaf and drop
it mnto strong nitric acid contained in a test-tube. The gold is not
dissolved even when the acid is warmed.

(b) Add strong hydrochloric acid to the nitric acid in the last
experiment, in this way making what is called aqua regia. The
gold 18 now dissolved.

Silver.—Nilver is a white metal about ten and a half times
as heavy as water. It does not tarnish when exposed to
the air, even when heated. It is consequently much used for
coinage and for ornamental purposes. Tt is, however, too soft
to be used by itself, and is generally alloyed with copper.
British coins contain about seven and a half per cent. of
copper.

Nilver conducts heat and the electric current more readily
than any other metal. Tt is very malleable. When hammered
into very thin leaves it is transparent to some constituents of
white light, transmitting the light of wave-lengths correspond-
ing to the blue end of the spectrum. Silver is also very ductile
and can be drawn out into wires of exceeding fineness.

Acids act upon silver, producing similar effects to those which
have been studied under copper. Thus, hydrochloric acid hac
no action on silver; nitric acid dissolves it, forming silver
nitrate, and evolving oxides of nitrogen ; and hot concentrated
sulphuric acid dissolves silver, forming silver sulphate, and
giving off sulphur dioxide.

Silver forms with sulphur a black sulphide of silver. This
explains the blackening of silver in ordinary rooms lighted
by coal gas. The coal gas nearly always contains slight traces
of sulphuretted hydrogen, which act upon the silver with
the formation of the black sulphide of the metal. Similarly,
india-rubber contains sulphur. and if a silver coin is left in con-
tact with a piece of india-rubber, the same blackening is noticed.

Several compounds of silver, notably the chloride, the bromide
and the iodide, are blackened by exposure to light, a fact which
forms the basis of photography.
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Gold.—Gold is nearly always found native (p. 415) in
nature, though it also occurs alloyed with other metals. Every-
body is familiar with its bright yellow colowr and with the
circumstance that it is unacted upon by the air. It is mere
than nineteen times heavier than water. It is unacted upon by
any of the common acids acting singly, though a hot mixture of
strong hydrochloric acid and nitric acid will dissolve it. For
this reason the mixture of these acids is known as aqua regia.

Gold is too soft in the pure state to be used either for coinage
or for jewellery and is always alloyed with copper. This gives
rise to the employment of the term carat. Pure gold is known
a8 24 carat gold. The British sovereign, which contains 22
parts of gold in 24 parts of the coin, is said to be made of
22 carat gold. Similarly, 9 carat gold consists of 9 parts of gold
in every 24 parts of the article made of it.

It is the most malleable and most ductile metal known. Gold
leaf has been made into sheets so thin that it would require
more than a quarter of a million of them together to make a
thickness of an inch. Gold wire of such an extreme thinness
has been manufactured that two miles of it only possess a
mass of 1 gram, Ordinary gold leaf, such as is used for gold
lettering, is transparent to some constituents of the spectrum ;
it transmits green light quite readily.

125. PREPARATION OF SOME COMMON METALS
FROM THEIR ORES.

Zinc.—The carbonate of sulphide when strongly heated or
calcined in & ocurrent of air becomes changed into the oxide,
The oxide is heated strongly with coal, whioch at & very high
temperature removes the oxygen, leaving the zinc. The mixture
of oxide and coal is heated in iron retorts and the zinc distils
over into iron receivers, ’

Iron is obtained from its ores by reduction. A mixture
of coal, limestone, and the iron ore previously calsined so that
it consists chiefly of oxide, is strongly heated in a large furnace
gome eighty feet in height, and a supply of hot air is forced into
the heated mass by means of tubes, called fuyeres, arranged near
the base, The hot coal with the oxygen in the blast. forms
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carbon monoxide, a very powerful reducing agent. The reduc-
tion of the iron oxide takes place part of the way down the
furnace and the iron gradually works downwards, starting as a
pasty mase but becoming quite liquid at the bottom. Here it
is found beneath a layer of melted slag, which consists of silica
from the ore combined with the limestone. The melted iron is
run off into branched grooves made in sand and on cooling
is known as pig iron or cast iron.

Copper.—The smelting of copper ore is a complicated process.
If the ore-contains no sulphur it is heated strongly with coal or
coke which removes the oxygen. If sulphur is present the
operations are not so simple, for it is important that no
sulphur be allowed to remain in the final product. The ore
is roasted and melted repeatedly, and the mass of nearly
pure melted copper is stirred finally with wooden poles till
all trace of sulphur is removed.

Mercury.—The ores are roasted, the sulphur passes off as
sulphur dioxide, the mercury distils over and is collected in
a series of cool vessels.

Lead.—The ore galena, or lead sulphide, is first roasted in
a stream of air. Part of the sulphide absorbs oxygen from
the air and becomes sulphate. The temperature is now raised
and the sulphate and the remaining unchanged sulphide act
upon one another, the sulphur escaping as oxide. The lead
now set free melts and flows to the bottom of the furnace.

Silver.—This metal is prepared by three processes. In the
first mercury is mixed with the ore, after previously treating
it with salt, and the two metals form an alloy from which the
silver is obtained by distilling off the mercury.

In the second process the silver ore is heated with some
lead ore. The lead and the silver together form an alloy.
The lead is removed by melting and blowing air over the
surface. Lead oxide is formed, melts on the surface of
the heated mass, and is blown away by the blast of air, till
at last the pure liquid silver appears, .

In the third probess the ore is heated carefully in a current of
air until the silver is changed into sulphate. The sulphate
of silver is dissolved in water and the silver is removed from
the solution by placing in it some sorap copper upon which the
silver is deposited,
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CHIEF POINTS OF CHAPTER XXXII.

Metals.-—Metals possess a peculiar lustre ; they are opaque and
very dense; they conduct heat and electricity well; they unite
with hydrogen and oxygen to form bases.

Mixtures of metallic elements are called alloys.

Lead has a bluish colour; its density is 11-5: 1t 18 malleable
and ductile ; it melts at 326° C. With oxygen lead forms litharge
and red-lead ; with sulphur it forms galena. It is one of the
constituents of pewter, solder, and type-metal.

Iron is the most important of metals. It 1s used in three forms,
wrought-iron, cast-iron, steel. These forms have different properties.
It is abundant in nature. e.g. combined with oxygen 1t forms lode-
stone and haematite ; with sulphur, <ron pyrites ; with carbon dioxide,
clay ironstone. 1ts density varies from 7-2 to 7-8.

Copper has a red colour, 1t is hard, and does not change in dry
air. Its density 13 about 9. Tt is very malleable and ductile.
It is a very good conductor of the electric current. (‘ommon
minerals in which it occurs arc ruby copper, copper pyrites, and
malachite. It is dissolved by moderately strong cold mtric acid
and+is soluble in hot strong sulphuric acid. Numerous allovs of
copper are uscd.

Mercury or quicksilver is the only hquid metal at ordinary tem-
peratures. It is much used i thermometers and barometers.  Its
density is 13-5. It bmls at 357-5- C. It dissolves many metals
formihg amalgams. Cold nitric acid and hot strong sulphuric acid
dissolve the metal.

Sodium is hghter than water.  Its density 1s 0-97. 1t has to be
kept under naphtha because of 1t~ strong attraction for oxygen.

Zinc is a bluish-white metal. Its density is about 7. Tt does
not easily combine with the oxygen of the air, and is extensively
used to coat iron, as in galvanised wron. It 1s one of the constituents
of brass. It occurs in nature comhined with sulphur, and with
carbon dioxide. The metal easily dissolves in dilute hydrochlone,
sulphuric, and nitric acids.

ilver is a white metal. Its density is about 10-5. It does not
tarnish in air, and when alloyed with copper is much used for
coinage and jewellery. It is very malleable and ductile. The action
of acids upon 1t is similar to the case of copper. Many compounds
of silver are sensitive to the action of light, a fact which forms the
basis of photography.

Gold 15 a bright yellow metal, which generally occurs native in
nature.. It is unacted upon by air, and is much used for jewellery
and coinage. [t is soluble in aqua regia. Pure gold is known as 24
carat gold. The British sovereign contains 22 parts of gold in 24 of
the coin, and is called 22 carat gold. Gold is the most malleable
and the most ductile of all metals.
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EXERCISES ON CHAPTER XXXII,

1. What are the usual characters possessed by a metal ? Name
any exception you know to any of the properties you state.

2. What do you understand by cach of the following terms:
native gold, alloy, amalgam, carat ?

3. Name three alloys in which copper occurs, and three in which
lead is an important constituent.

4. What metals occur in each of the following minerals: cinnabar,
haematite, galena, malachite, blende ?

5. Enumerate the characteristic properties of lead and silver.

6. What metals do you know to be soluble in cach of the follow-
ing acids : nydrochlorie, sulphurie, nitric ?

7. What do you understand by galvanised iron ? How is it
made, and what reasons can you suggest for the process ?

8. To what uses are the following metals put : mercury, gold, and
zine 7 On what properties of the metals do these uses depend ?

9. Give a short account of the preparation from their ores of any
two common metals.
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Amorphous varieties of car-
bon,

Ampere’s rule, 274

Animal charcoal, 852

Anions, 284

Anode, 281, 284

Anomalous expansion of
water, 152-156; conse-
quences of, 155

Apparent solar day, 33;
time, 34

Aqua fortis, see Nitric acid

Aqua regia, 419

Aragonite, 399

Archimedes, principle of,
93-102;  demonstration
of, 97

Area, measurement of, 23-25

Argon, 329

Asbestos, platinised, 884

Atmosphere, circulation of,
196-199 ; extent of, 108 ;
pressure of, 107-111

Atoms, 4

Attraction and repulsion,
electrical, 258, 260; of
gravity, 44

Axis, magnetic, 247

BALANCE, 56-58; simple,
60 ; spring, 56, 59

Balloon, 99

Barium sulphate, 379

Barometer, 108-111; cis-
tern, 108, 110 ; definition
of, 110 ; mercurial, 109 ;
principle of, 108

Base, 386

Bell metal, 412

Binding screw, 273

Blacklead, 852

Blast furnace, 420

Bleaching 8owder, 875

Blende, 37

Boiling point, 132 ; depend-
ent on pressure, 131, 151 ;
determination of, 148 ; of
water, 130, 181, 132;
table of, 177
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Bolling under diminished
pressure, 151-152

Bone ash, 392

Box of weights, 57

Boyle's  law, 112-116;
graphic representation of,
201 ; statement of, 115

Bramah press, 14

Brass, 412

Breezes, land and sea, 198

Brimstone, see Sulphur

Brine, 347

British and Metric equiva-
lents, 31

Brétllsh measures of length,

Bronze, 412

Bunsen’s cell, 269, 270

Buoyancy, 97, 98; meas-
urement of, 97

Burette, 29 .

Burlnsing and rusting, $07-
3

CALAMINE, 417
Calc spar, 399
Calcite, 399
Calcium, 361; carbonate
of, 361, 390-401 ; chloride
of, 360; oxide of, 361 ;
phosphate of, 392; sul-
hate of, 348, 379, 401
Calorimeter, water equlva-
lent of, 170
Camera, photographic, 229 ;
images are inverted in,
205 ; pin-hole, 204 ; size
of image, 205-207
Candle, burning of a, 814-
818; burning of, in
chlorine, 873; burning
of, in oxygen, 825 ; giro-
when

duces moisture
burning, 814, 816; no
loss o welgilt when a

candle burns, 16; snbs
stances produced by a
burning, 16 ; uses up air
when burning, 815, 816



<Candle flame, structure of,
3817

Capacities for heat, com-
parison of, 166 ; measures

Carat, 120

Carbon, in plants, 345, 351 ;
properties of, 351 ; varje-
ties of, 351, 352

Carbon dioxide, 329 ; acid
solutions formed by, 357 :
action on lime water, 352,
357, 358; formed by
burning carbon, 351;
formed by  burning
candle, 353; occurrence
of, 353, 359 ; preparation
of bottles of, 357 : pro-
duced by breathing and
burning, 352-356: pro-
duction by heating chalk,
359-361; produced by
chalk and acid, 356-359;
properties of, 356, 357 ;
uses of, 358

Carbon monoxide, 361-363 ;

occurrence, 362; pre-
paration of, 361; pro-
perties of, 363; unites

with oxygen, 363
Ca;gonates, properties of,
1

Carnelian, 402
Cast iron, manufacture of,
21

4

Caustic potash, 407, 408 ;
preparation of, 407, 408

Caustic soda, 406 ; prepara-
tion of, 404, 406

Cell, the stmple voltaic, 268,
269 ; types of voltaic,
269-271

Centigrade scale, 134

Centimetre, 22

Centre of gravity, 71-77;
determination of, 71, 73,
74 ; of skeleton ﬂgures, 71

(‘halcedom 402

Chalk, compoution of, 360 ;
pmductinn of lime from,
360 ; results of adding
acid to, 360-361: under-
gg(;)s change when heated,

‘Chalybeate waters, 347

Characters, dlstinctlw of
gases, 14 ; lquids, 10- 14,
solids, 7-10

Charcoal, 351; animal, 852;
burning of in oxygen,
325; wood, 352

Charges, electric bound and
free, 264, 265

Chemical cﬁange, 296 ; ele-
ments, 20!

INDEX

Chemical combination, 304

Chemical compounds, 303 ;
fixed composition of, 303

Chemical  decomposition,
303, 304

Chemistry, definition of, 296

Chili saltpetre, 393

Chlorates, 375

Chlorides, formed by chlor-
ine and metals, 374

Chlorine, 370, 371-374;
action of on caustic
potash, 374; Dbleaches,
371, combines spontan-
eously with some metals,
371; compounds, 374-
375; has great affimty
for hvdrogen, 372; is
heavier than air, 373 ; is
soluble in water, 372;

preparation of, 371, 372/

properties of, 373 : solu- |
tion in sunshine gives off
oygen, 372

Circulation of atmosphere,
196-199

Clay ironstone, 414

(hmml thermometer, 131,

(‘loudﬁ 193

Coal, 252

Coefticient of expansion,
138 ; defined, 138; of a
aas, 1375 of a sohd, 138 ;
of liquids, 136 ; tables of,

141

Cohesion, 11, 14 ; definition
ot, 14

Coin, composition of gold,
420

Coke, or gas carbon, 352

Collision of masses, 46

Colour, 234-239 ; of a body
d(-ﬁn-mis upon the light
talling upon it, 239

Colour dise, 238

Compass, marinetr’s, 253

Compressibility, 4 ; of gases,
4 ; of liquids, 5 : of sohds,
5; a proof of porosity, 5

Concave mirrors, 217-218 ;
law of distances, 217;
principal focus, 217-218

Conduction of heat, 181-
182 definition of, 181,
lowering ot temperature
by, 179

Condu('ti\itk-ﬁ of metals,
relative, 1

Conductors, electrlcal 262,

Condy's fluid, 409
Convection of heat, 182-184
Co-ordinates, 286, 288
Copper, 415-410 ; action of,
on acids, 415; actlon of
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hydrochloric acid on, 416 ;
action of nitric acid on,
416 ; alloys of, 415 ; dis-
placed by iron from its
solutions, 415; effect of
heating in air, 415;
heated with sulphuric
acid gives sulphur di-
oxide, 383; preparation
of from ore, 421; pro-
perties of, 415; pyrites,
379, 415 ; relative densitv
of, 416 ; ruby, 415; used
to conduct, currents, 416

Copper nitrate, 394

Copper sulphate, crystals
of, 380 ; preparation of,

3

3

Copperas, 415

i Copper glance, 415

('ross-section of a wire, 9

Crvstallisation,  300-301 ;
conditions of, 301 ; water
of, 340

(Crystals, forms of, 301 ;

amples of

shapes, 301

Cubical expansion of a
liquid, 139

Current, electric, cause of
277, -.8 direction of de-
flection of a magnetic
needle by, 273, 274;
heating of wire by, 277,
279 ; magnetic action of,
267, 271-273 ; passage of,
through liquids, 281, 282

Currents,  ocean, 200;
causes of, 200-201

(‘urve, equation of a, 288,
200-201

ex-
common

DANIELL'S cell, 269, 270
Day. apparent solar, 33;
mean solar, 34 ; sidereal,
34
Decantation, 300
Declination, magnetic, 247-
249 ; defined, 249 ; value
at Greenwich, 249
Decrepitation, 360
Densities,  of
bodies, 60
Density, 60-62; definition
ot, 62; determination of
relative, 62-66 ; meaning
of, 61 ; standard of, 61
Dew, 186-187; conditions
for formation, 187
Dew-point, 187, 189; de-
termination oi 187, ’189
Diamond, 351
Dléw. magnetic, 249-262:
etermination of, 2§0;

different

explanation of, 250;
value at Greenwich, 251
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Dipping needle, 249-252;
ehaviour at different

places, 251

Dispersion, a consequence
of unequal retraction,
235 ; of light, 234-237

Distallation, 298

Distinctive characters, of
gases, 14 ; of liquids, 10-
14 of solids, 7-10

Drops, 10 ; cause of, 14

Ductility, 9

EARTH as a magnet, 252
Earth, rotation of, 33-34;
period of, 34
Earth's  magnetic
position ot, 251
Effervescent waters, 347
Llastic  and
solids, 5
FElasticity, 1, 51 limit of, 5
Electric charges, 261-263
equal and opposite, 261,
262
Electric current, cause of
277, 278 direction of,
269 ; heating of wire by,
277, 279 magnetic ac-
tion of, 267, 273, 274
passage of through
liquids, 281, 282
Electrleity, static, 258-265 ;
fundamental experi-
17nvnts, 267+ voltaic, 267-
-

Electrice, 260
Electrification, 2.
triction, 258 ;
of, 259, 260
Electrode, 284
Electro-magnet, 271, 272
Electro-motive force, 277
Electrolysis, 281-284, 343
of copper sulphate, 281;
ot water, 282-284, 341;
terms used in describing,

poles,

Electrolyte, 284
Electroscopes, 262
Elements, metallic, 411;
nature of, 296
Equilibrium, 75-77 ; centre
of gravity and, 75;
neutral, stable, and un-
stable, 75, 76
Eudiometer, 342
Evaporation, 298 ; cooling
by, 146; freezing by, 147
Expansion, anomalous of
water, 152-156 ; common
illustrations, 125 ; cubical,
125; linear, 125; meas-
urement of, 137-141; of
gases, 124; of liquids,
124 ; of solids, 123 ; real

non-elastic |

and apparent, 140 ; super-
ficial, 125; unequal of
solids, 123
Extension of matter,
space occupied, 2
Eye-piece, 231

FAHRENHEIT scale, 134

Ferric oxide, 414

Ferrous oxide, 414

Ferrous sulphate, 415

Filtration, 299

Fire, changes in a coke fire,
363

First law of motion, 45

Fixed points on thermo-|
meter, 133 i

Flint, 402 i

Floating bodies and fluid |
displaced, 93, 9 |

Fluid displaced by floating |
bodies, 93, 904 ; weight of |
equal to weight ot body,
95

Fluidity, 8

Fogs, 193

Foree, definition
unit of, 46

Forces, represented by lines,
48, 50 ; resolution of, 51-

5 parallel, 69-71

Freezing  mixtures,
examples of, 157

Freezing point, marking ot
on thermometer, 130, 132

of, 45;

157

GALENA, 379, 413

(Falvanised iron, 417

Galvanometer, 273-277 2
mirror, 276 ; principle of,
274 ; simple, 275

Gas, effect of pressure on a,

bl

Gases, bad conductors of
heat, 181 ; expansion of,
40, 141, relation
between  pressure  and
volume of, 112-114

German silver, 412

Glauber’s salt, 404; con-
tains much water of
crystallisation, 404 ; pro-
perties of, 405

Gold, occurs native, 420:
dissolves in aqua regia,
419 ; properties of, 419;

420; when thin s
transparent, 411
Gold leaf, 420; -electro-

scope, 263

Good and bad conductors
of heat, 181; applica-
tions of, 182

Gram, definition of, 58

Graphic diagrams, 270 ; re-
presentation, ~ 286-203 ;
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representation of changes
of volume of water, 156 ;
of forces, 50

or { Graphite, 352

Gravitation, 43

Gravity, attraction of, 44 ;
centre of, 71-77; deter-
mination of, 71, 73, 74;
of skeleton figures, 71

Grove's cell, 270

Gun metal, 412

{ Gunpowder, 409

Gypsum, 379, 401 ; when
heated vields plaster of
Paris, 401

H.EMATITE, 414

Hail, 195

Hardness, 9; measurement,
of, 10, of water, 345,
347, permanent, 345,
348, temporary, 345, 348

Hare's apparatus, 64, 65

Heat, capacity for, 163,
164, produced by resist-
ance, 279

Heat  quantities,
parison of, 164

Helium, 329

Hoar frost, 187 ; not frozen
dew, 187

Hope's apparatus for show-
ing maximum density of
water, 154

Hydraulic press, 13

Hydrochlorie acid, 367-371 ;
action of metals on, 368 ;
chemical  behaviour of,
370, composition of, 369,
370; contains hydrogen,
368 ; preparation of, 367;
production of by candle
burning n chlorine, 373 ;
properties of, 368 ; solu-
tion of in water, 368;
synthesis of, 374

Hydrogen, 334-345 ; actiom
of upon heated cop
oxide, 343; burns but
does not support combus-
tion, 337; forms an
explosive mixture with
air, 338; has a great
aflinity for chlorine, 372 ;
lighter than air, 337;
preparation of, 336; pre-
pared from sodium and
water, 335; preparation
of in large quantities,
339 ; properties of, 340 ;
properties of flame of, 338

Hydrometer, 95

Hydrostatic paradox, 13

Hygrometer, 187-190

Hygrometer, Mason’s, 187 ;
Regnault’s, 188-190

com-
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1CETLAND spar, 399;
doubly refracting
stance, 399

Tmpenctrability of matter, 2

Inactive part of air, 328-329

a | Lead nitrate crystals, 304
sub- | Lead, red, gas produced by
hmtmg, 321
Leblance process of making
soda, 406

Inclined ~plane, 84, 86;| Lens, built up of parts of
parallelogram  of fonu‘ prisms, 2303  prieipal
apphed to, 86 I focus of, 228; retraction

3

thromzh, 228-231
Lever, 77-79 5 arms of, 80
classes ot, 80; prin xph

In(_]lin-ruhbcr, stretching of, .

Inducing charge, 265

Induction, elect: 264;|  of, 80

magnetic, 954-255 i Light, a form of radiation,
Inertia, 6, 42, 44 o203 analvsis or, 234
Insulutors, electrical, 262,1 239; intensitv of. 207;

263 rectilinear propagation ot
Intensaitv of light, 207 203, 20

Jons, 284 Lime, 361 : action of, on
Iron, 413-415: action of; litmus solution, 360 ;
heated on water, 333, aic produced by heating
altered during ruqtuu, or, | chalk, 360, slakhing ot,
308, 300, 310 ; hurmn" of | 360 ; solution ot, in acids,
in oxyuen, 3.3(». cast,, 360
414; does not rust i Limestone, 399
boiled water, 333 ; found . Lime water, action of car-

in meteorities, 4135 In- bon dioxide on, 332, 357,
crease of weight during i 3538

rusting of, 307, 309 ; pre-: Lines of torce, 246
paration o“mm ore, 420, 1 Liquetaction, 144-146

relative densities of dif-’ Liquid, head ot. 104; pres-

ferent, kinds, 414; rusts! sure of, 103-107, up-

in unboiled \\'am'r, 333, ward pressure of, 104, 106

rusts in air, 309 ; three . Liquds, distinctive  char-

hinds ot, 414; wrought, acters of, 10-14: tind

414 their level, 11,  com-
Tron oxide, 328, 414 municate pressure n all
Iron pynites, 379 d;rcvti(ms.)l::

arge. 3ot e

Locus, sy mbolic representa-
tion ot, 283, 290
Lodestone, 244

KAINITE, 408
Kathions, 284
Kathode, 281, 284

Kilogram, 58 Loss ot weight ot bodies
Krypton '320 immersed in water, 98

’ Lustre, some¢ npon-metals
LACTOMETER, 95 have a, 411
Lampblack, 352
Land and sea breezes, 198 | MACHINES, 79-89

Latent heat, 172-174; of
fusion, 176; of steam,
174-176; of water, 173,
of vaporisation, 177

Lath, bending of a, 7

Law of magnetic polm. 246

Laws of electrical action,
261 ; of magnetism, 244-
247 ; of motion, first, 45 ;
Becond 47; third, 48

Magnesium, burning of, in
oxygen, 326 ; increase ot
weight. when burnt, 307

Magnesium sulphate, pre-
paration of, 386

Magnet artificial, 243, 244 ;
natural, 242, 244 ; result
ot breaking a, 245

Magnetic, action ot electric
currents, 271-273 ; attrac-

Lead, (Immxos prnduwd on| tion and repulsion, 244;
hentlng. 321 ; heating in| axis, 247; dc('lhmtlon,
air, 412; obtained from 247; dip, 249-252; de-
its compounds, 412, 421 ;| termination of, 250
preparation ot, from ore, explanation of' 2503

421; properties of, 412,
413; soluble in nitric
acid, 413

value at Greenwich, 251
equator, 247 ; lnduction,
254-255 ; merldlan, 2460
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Magnctisation by lodestone,
242 ; methods of, 254

Magnetism, 242-255

Magnetite, 244, 414

Malachite, 415

Malleability, 9

Manganese, chloride, 3733
dioxide, 325, use of in
preparing chlorine, 373

Marble, 401

Mason’s hy grometer, 187
188

Mass. standards of, 58

Mas~ and  weight, 56-60;
meaning of, 56

Masses, cqual, have equal
wenghts, 60

Matter cannot be destroved,
15-16 ; delinition of, 3;
divisibility ot, 3; exten-
slon ol, 2; impenetra-
bility ot, 3; meaning of,
2; three states of, 6
transfers motion, 3

Maximum density of water,
151

Mean  solar 34
time, St

Measurement, ot area, 23-

of length, 20-22; of
volume, 25-30

Mechameal advantage of a

second,

o7
20,

machine, 85 ; of a system
of pulleys, 86
Melting  point, 145; of

butter 145,
table of, 146

Mercury  416-417
ot acids upon, 417;
forms amalgams, 416;
heaviest  hiquid  known,
4175 occurrence, 416;
nmtrate, 394; prepara-
tion ot from ore, 421;
properties of, 416-417;
red oxide of, 321; used
tor loohing glasses, 417

Meridian, geographical, 247;
magnetic, 246

Metals, all are not elements,
411; characters ot, 411-
412 ; combine with active
part of air, 311 ; effects ot
heating in  air, 303:
general character ot 4115
spont. neous combination
of with chlorine, 371

Metals and non-metals, 296-
207

Metallic elements, 411

Meteorites, 413

of wax, 144;

action

;| Metric and British equiva-

lents, 31

Metric, measurement of
mass, 59; measures of
lentgh, 22; of capacity 31
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Microscope, 228

Mineral water, 347

Mirror, images prodnced by
plane, 214, 215-21

Mirrors, sphericnl, 217

Mist, 193

Mixtures, and compounds,
the distinction between,
303 ; sepamtlon of by
magnetism, 302 ; by solu-
tion, 301

Momentum, 46; unit of,
46; change of propor-
tlonal to force, 47

Moments, prlnuple of, 78, 82

Monsoons, 198

Motion, 37, 38; definition
of, 38

Nl;%ﬁmx electrification,

Negative pole of cell, 269

Neon,

Newton’s laws of motion,
45, 47, 48

Nm;)z:t}u formation

Nitre,
408
soil, 408

Nitric acid, 392-394 ; action
of on metnls 39" 304 ;
action of on suwdust, 304 ;
an oxidiser, 394; easily
glves up oxygen, 393:
properties of, 302, 394;
preparation of, 392

Nitrogen, 321, 328-329;
properties of, 328

North magnetic pole, 246 ;
why a magnetic needle
points to the north, 246

of a,

properties of, 407,
prepared from the

-OBJECT glass, 231
QOccan currents, 200 ; causes
f, 200-201

Opal, 402

Opaque bodies, 239

-Oxides, formation of ex-
plained, 327; of firon,
414 ; of sulphur, 383

Oxidiser, nitric acid an, 394

Oxidising agent, 391

Oxygen, 321-328; active
part of air called, 823 ;
from plants, 354; pre-
paration of, 3823-325;
properties of, 325-327;
soluble in solution of
pyrogallol, 326

Oxygen mixture, 325

Ozone, 329, 330

JPARALLEL forces,
%sarll‘nclple of, 71;
t of, 09

69-71;
resul-

Parallelogram of forces, 49-

Pebble, Brazillan, 401

Pc;ldulum, 33, 85 ; seconds,

Perpetual motion impos-
sible, 45

Pewter, 412

Phosphates, 391

Phosphites, 391

Phosphoric acid, 391 ; pre-
paration of, 391

Phosphorus ncid 301

Phosphorus, 389-392 ;
amorphous, or red, 390 ;
and oxygen, 300; air
used up by, in burning,
312; burning of, in
oxvgen, 326 ; burning of,
312-314; changes pro-
duced in air by burning,
313 ; dissolves in carbon
disulphide, 389; fumes
from, dissolved in water
yield an acid solution,
389; manufacture of,
301-392 ; pentoxide, 390,
391; properties of, 389 :
red, insoluble in carbon
disulphide, 390; slowly
burning, uses up air, 314 ;
ugﬁd for making matches,

3
Phosphorus trioxide, 891
Photometer, Bunsen’s, 211 :
Rumford’s, 211
Photometry, 210-212
Physical and  chemical
change, 295-200
Pin-hole camera, 204, 205 ;
images are inverted 205 ;
size of image, 205-207
Plants, oxygen from, in
sunlight, 354, 355; puri-
fying action of, 355
Plaster of Paris, 401
Plasticity, 10
Platinised asbestos, 384
Plott&ng, loci, 286 ; points,

208, 209;

Polarisation,
removlmz,

methods  of
269

Poles, position of earth’s
magnetic poles, 251

Porosity, 1, 4

Positive, electriﬂmtlon
261 ; pole of cell, 269

Pomsslum 407 ; action of,
on water, 407 car-
bopate, 407 ; cfﬂomt,e
323, 324' ohloﬂde, 32.)
3/4 hydrogen sulphabe

39‘3' ‘hydroxide, 407,
408 glrepamtlon of, 407,
ypochlortte, 875
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nltrate. 302 ; properties
407 ; pennnnmnate,

407 409 ; preparatfon of,
374- sulphnh- pmduced
in prepuring nitric acid,
394 ; yields oxygen when
heated, 407

Potential difference of, 277

Precipitation, 301

Pressure, effect of on boiling
point, 151; of atmos-
phere, 107-111 s of liquid
column, 106 ; of liquids,
103-107 ; depends upon
depth 103, 105; inde-
pendent of form of con-
taining vessel, 104; of
liquids, relation between
and area acted upon, 105 ;
total upon area, 105;
upward, 106

Principle of Archimedes
stated, 08

Principle of work applied
to pulleys, 86

Prism. refraction through,
227-228 ,

Proof plane, 203
Properties, definition of, 2 ;
general, of matter, 2-6
Pulley, 83-86; fixed, 84;

single, 84, 85
Pump, air, 116, 117; com-
mon, 116, 118

QUANTITY of heat, 159-177 ;
i relation to substance,
163 ; in water, 161

Quartz, a form of silica,

401
Quicklime, 301

RADIATION of heat, 184-186

Rain, 194

Réaumar scale, 135

Recomposition of white
light by prism, 237; by
wheel, 238

Red lead, 413

Reflection of Haht, 214;
laws of, 212, 2

Refraction of liuht, 221-
281 ; is accompanied b
dlnperslon, 235 ; laws of,

21, 224-225; thmugh

a lens, 228-231; through
a prism, 227-228 ; various
effects of, 222, 225, 226

Refrigerator, 182

Regelation, 145, 146

Regnault’s hygrometer, 188

Relative density, deter-
mination of, 62-68

Belatlve demity of solids,

-101
Reslnous electrification, 261



Resistance, electrical, 277-
279

Resolution of forces, 51-62
Resultant, calculation of, 51
Resultant of two forces, b1
Rigidity, 8
Rock crystal, 401
Rusting of iron, 807-312

SALT, common, 366-367;
action of strong sulphurlc
acid on, 366; composi-
tion of, 369 ; crystals are
cubes, 366; crystals
contain no water, 3066 ;

effect of heat on, 366 ;
rock, 300; soluble fn
waber, 366; solution is
neutral, 366

Salt pans, 347

Saltpetre, 393 ; properties
of, 407, 408; g)repared
from the soil, 40!

Sands, 401

Sandstone, 401

Satin spar, 401

Screw, 84, 88 ; mechanical
advantnge ot 88

Sea breezes, land and, 198

Second law of motion, 47

Selenite, 401

Shadows, 208-200

Sidereal second, 34

Silica, 401-402; amorph-
ous, 402; forms more
than one half the weight
of the earth’s crust, 401 ;
varleties of, 402

Sllicates, 401

Silicon, 101

Silver, 418; a good con-
ductor, 418; action of
aclds on, 419; action of

ghur on, 419; bro-
e, 419 ; chloride, 419 ;

lodlde, 419; prepumtlon
of from ore, 421; pro-
perties of, 418; when
very thin transmits blue
light, 419

Sllve; coins contain copper,

Sfiver compounds, action of
light on, 419

Siphon, 116, 119; force
driving liquid in, 120

Slaked lime, 360

Snow, 194, 195; crystals,
195

Sodium, 326, 334, 404-405,
411; action of on water,
334, 335; burning of in
oxygen, 3826;  bicar-
bnnate, prerpamtlon and
Eznpert s, 400; , car-

ate, 405 ; crystals of,
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406; preparation and
properties of 405, 406 ;
chlorlde properties ol

ﬁom on water,
411 hydroxide, prepara-
tion’ of, 404; nitrate;
303 ; occurrence of, 40;’:,
properties of, 404, 405;
sulphaw, 404 ; sulphite,

Solar day, apparent, 34, 35;
mean, 34, 35

Solder, 412

Solids, distinctive charac-
ters of, 7-10; ductility
of, 0; hardness of, 9;
malloabﬂity of, 9; rlgl-
dity of, 8; tenacity of, 9

Solubility curves, 291-293

Solution, 297-298 ; a physi-

cal change, 208; satu-
rated, 208

Solvent power of hot and
cold water, 300

Sovereign, 420

Specific heat, 167-171; de-
finition of, 166; deter-
mination of, 167-171;
of liquids, 169 ; of solids,
168; table of, 176

Specific gravity, bottle, 62,

64 ; determination of, 99
Spectroscope, 236
Spectrum, §35~237; var-

feties of, 237
Specular iron ore, 415
Speed. 37, 30
Spherical mlrrors 217-218 3
grlncipal focus of, 14,

218
Spirits of salt, see hydro-

chloric acid

ring balance, 56, 59
&hﬂit\ conditions of, 77
Stalnotlm 399, 4
Stalagmite, 399, 400
Standards of mass, 58
Stf:;l(" or sidereal day, 34,

States, the three states of
matter,

Steam, composltlon of by
volume, 374

Steel, 414; properties of,
414 ; tempering of, 414;
relative density of, 414

Storage, electric, 204

Sublimation, 300; of am-
monium chloride, 396

Sulphates, 379; produc-
tion of, 386

Sulphides, 379

Sulphites, 382, 384; give
sulphur dloxide ~ when
acted 38gcm by sulphuric

429

Sulphur, 377-382; bleach-
ing power of the dioxide,
382; burning of, in air,
382; in oxygen, 826,
382; crystalline var-
ieties of, 378 ; crystals of
prismatic sulphur, 381;
eftect of heat upon, 877,

381; flowers of, 378;
how' found in nature,
378; melting point of,

377; native, 378; ob-
tained from some mine-
rals, 378; octahedral,
879 ; oxides of, 382-385 ;
plastic, preparation of,
380; present in animal
and vegetable tissues,
379; prismatic, 380;
varieties of, 379
Sulphur dioxide, 328 ; com-~
bines with oxygen to
form sulphur trioxide,
384 ; dissolves in water,
383 ; expelled from golu-
tion by boiling, 383;
neutralises caustic soda
solution, 383; produc-
tion of, by burning sul-
phur, 382 production
of, from su)phurlc acld,
38" properties of, 383
Su]phur trioxide, 383;
composition of, 383 ; pre-
paration of, 384 dis-
solved in water 'forms
sulphuric acid, 385
Sulphur waters, 347
Sulphurie acld 385-386 3
chars sugar, 385 has a
strong aftinity for water
385; heat developesi
when dissolved in water
385 ; neutralises caustic
soda solution, 385; pro-
duction of sulphur di-
oxide from, 382; pro-
perties of, 385, 3886;
relative density of 386
test for, and for soluble
sulphntes 386

ﬁu%phurous acid, 382

Sundial, 33

Suspended impurities in
water, 347

Svlvlne. 408
Synthesis, 343

TELESCOPE, 230

Temperature,  distinction
between, and heat, 1569,
160; indicated by ex-
anslon, 127 ; _measur-

ng, 126 ; produced by
xing, 165
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Temperature and water
lleavlel, analogy between,

Tenacity, 8 ; measurement
of, 9; of copper, 9; of
cotton, 9; of lead, 9; of
silk, 9; of steel, 9

Tension and extension, re-
lation between, 48

Thermometer, 126-135 ;
choice of substance for,
128-129 ; construction of,
129; fixed points on,
131 ; graduation of, 130 ;
necessity for, 126 ; scales,
184; why mercury is
used for, 129

‘Time, units of, 33-34

Toricellian vacuum, 111

Touch paper, 407

Trade winds, 197;
planation of, 198

Transparent bodies, 239

Travertine, 399

Type metal, 412

ex-

UMBRA and penumbra, 208,

Ur;l(t; )quautity of heat, 160,

VAPORISATION,  146-152;

_ heat required for, 147

Vapour pressure and boilinz
point, 149-151; deter-

, mination of, 148, 150

Variation, or magnetic de-
clination, 249

Velocities, composition of,
40; parallelogram of, 40

Velocity, 87, 39; average,
39; resultant, 40; uni-
form, 39; unit of, 39;
variable, 39

Ventilation, 184

Viscosity of Hquids, 10, 11

Vitreous electrification, 261

Voltaic el ectricity, 267-279

Voltameter, 282, 343

WASHING SODA, 405; crys-

tals  of, 405; prepara-
tion and properties of,
405, 406

Water, 333-349 ; a bad con-

ductor of heat, 180;
action of metals on, 333-
334, 335; action of
sodium upon, 335; an
oxide of hvdrogen, 342;
analysis of, 341; capa-
city of tor heat, 164;
chemical examination of,
334: composition of by
weight, 343-345;  dis-
solved impurities in, 347 ;
distillation  of,  349;
formed by burning hydro-
gen, 340, 342; hard and
soft, 345, proportions ot
hydrogen and oxygen in,
342 results ot  high
capacity tor heat, 165;
suspended mmpurities 1n,
34

347
Waters natural, 346-347

]

LESSONS IN SCIENCE

Water level, 12

Wedge, 87

Weight, mass and, 56-60;
no loss of in change of

no loss of in

combinations,

state, 16,
chemical

03

Wet and dry-bulb thermo-
meter, 189

Wheel and axle, 89

Wh;te light, recomposition
of, 237

Winds, 196-199; cause of,
196

Wire, twisting of a, 7

Wire gauze, action of on
flames, 180

Wood charcoal, 352

Work, principle of, 82;
illustrated by lever, 83

Wrought iron, 414

XENON, 329
YARD, standard, 21

ZiNc, 417-418; action of
acids upon, 417 ; amalga-
mated, 267 ; blende, 4175
chloride, #18; prepara-
tion of from ore, 420;
properties ot, 417; sul-
phate, 339, 340, 418;
crystals ot sulphate, 339 ;
formation of, 340; used
for galvanisiog iron, 417
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