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PREFACE

ENERAL Science as now taught in our Secondary Schools

covers such a wide field that the selection of subject matter
is not an easy task. The authors have been guided in this choice
partly by their own experience, partly by the requirements of the
Schopl Certificate examinations and partly by the publications on
the teaching of this subject. Sufficient subject matter is included
to meet the needs of any of the School Certificate examinations in
General Science.

It is believed that a single text-book written to meet the require-
ments for these examinations will not only give definition to the
course, but also help to co-ordinate the various branches of the
subject.

The authors are under a dcep debt of gratitude to their colleague,
Mr. J. E. Filby, and to Mrs. J. N. Britton for their work in the
- laborious task of preparing the diagrams. They also gratefully
recognize the courtesy of many firms for allowing them to reproduce
" photographs, and individual acknowledgments are given below the
illustrations. Kind permission to usc the diagrams mentioned on
the next page has been given by the authors and publishers of the
books named.

In the work of preparing the book valuable assistance has been
given by Mr. J. N. Britton and Mr. H. E. Wilmott, of the House
of John Murray, and the authors are particularly glad to acknow-
ledge their help.

Mr. O. H. Latter, formerly Senior Science Master at Charter-
house, was kind enough to read the proofs of the biology section
and gave a great deal of valuable advice, for which grateful
thanks are due.

The questions at the end of the book arc selected from recent
School Certificatc examination papers and are printed by the kind
permission of the following examining bodies: The Cambridge
Local and the Oxford Local Syndicates, the Oxford and Cambridge
Examination Board, the University of London Matriculation
Board, the Joint Matriculation Board of the Northern Universities.

A. S.
J. W. C.

July 1939,
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CHAPTER 1
HEAT: EXPANSION

HE usc and control of fire marks an important stage in the
early history of mankind. Animals eat their food raw and
make no use of fire, indeed most creatures are afraid of it.
Primitive man first used it to cook his food and to give him warmth,
but as time progressed fire became more and more under man’s
control until to-day the heat obtained from fires and from other
sources serves a great variety of purposes. Many of the changes
which take place in substances are produced by hcat, one of the
simplest of which is the effect of heat expansion.
Most things when heated expand and so increase all their
measurements, but when allowed to cool they contract and return

FiG. 1 Fi1G. 2

to their original size. The increase in size, although very small
and not usually noticeable in the case of solids, can easily be
demonstrated. A ball of metal, Fig. 1, when cold just passes
through the ring, but when it is heated it expands and is then too big
to pass. On cooling it returns to its normal size and again will pass
through the ring. The bar of metal, Fig. 2, fits tightly between
the jaws of the gauge when cold, but it is too long to do so after
being heated although it fits again when cooled.

Different metals do not expand to the same extent, as can be shown
by using a compound bar made of a strip of iron and one of brass,
Fig. 3. When this is heated it becomes bent, the brass strip being
on the outer side of the curve. Brass expands more than the iron so
that the bar takes a curved form to accommodate the expansion.

I



2 GENERAL SCIENCE

Considerable force is exerted in both the expansion and contrac-
tion of solids if the body concerned is not free to move. For
example, an iron bar, Fig. 4, passes at each end through the sup-

FiG. 3 FiG. 4

ports of a strong iron stand. At one end it is held fast by a small
cast-iron rod (blackened in the figure) which bears against the two
projections from the support. At the other end the bar is screwed
up so that it is tightly fixed between the supports. The bar is heated
with a bunsen and the screw is tightened to take up
the increase in length due to expan-
sion. A wet duster is placed over
the apparatus and this cools the Q—_
bar rapidly. The bar contracts, the
force of contraction is great enough
to break the small cast-iron rod.

The Expansion of Liquids.—
The flask, Fig. 5, is filled with
coloured water so that about an
inch or so of the vertical tube is also
full. It is heated and the water-
level in the tube rises a few inches
owing to the expansion of the water
on heating. Other liquids behave
in a similar way. (The glass also
expands, so increasing the volume
of the flask, but the effect is rela-
tively small since glass expands F1G. 6
much less than do liquids.)

Expansion of Gases.—A flask, fitted with a stopper carrying
a long tube, Fig. 6, is inverted with the tube dipping into water.
The air in the flask is heated by placing the hand on the flask,
it expands and some of it is forced out of the tube and rises as




HEAT : EXPANSION 3

bubbles through the water. When the hand is removed the air
contracts and the water rises a considerable way up the tube.
Most of the air in the flask can be driven out, by heating it with a
bunsen burner. (All gases expand equally when heated under the
same conditions and the amount of expansion is much greater than
that of liquids or solids.)

Thermometry.—Thermometers are instruments made to measure
temperature i.e. the degree of hotness or coldness. They are based
on the principle that liquids expand in volume when heated, and
contract when cooled. Most common thermometers are filled with
mercury, a liquid which does not freeze until
it is cooled to a relatively low temperature
(— 39°C.) or boil unless heated to a very
high one (357° C.) and so it can be used to
indicate a large range of temperatures. More-
over, it quickly registers changes in tempera-
ture, is readily seen and does not wet the
sides of the glass tube. Alcohol, which has
been coloured red, is sometimes used instead
of mercury for it has a lower freezing-point
than mercury. 35C} e d osF

The thermometer has markings on it which
form an evenly divided scale. Two of these are

100¢+ $212°F

of special importance since they mark two 1o’C ”F
“fixed ”’ points. Pure water always boils at ¢t 13%F
a definite temperature (at standard pressure) ;

pure ice also melts at a definite temperature.

These two temperatures are taken as the [ L

‘“ fixed points.”” The temperature of melting FiG. 7

ice is called 0°C. on the Centigrade thermo-

meter and that of boiling water 100° C., and the scale is divided into
100 equal divisions. These two temperatures are marked 32°F.
and 212° F. respectively on the Fahrenheit thermometer and the
distance between them is divided into 180 equal divisions. The
Centigrade thermometer is used in most scientific work while the
Fahrenheit is used in industry and in common everyday use in
England. Itisa simple matter of arithmetic to convert one measure-
ment into the other, particularly if some such diagram as Fig. 7
is remembered, since 0° C. = 32° F. and one Centigrade division
= }§§ = § Fahrenheit divisions.
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(1) Convert 05° F. to degrees Centigrade.
05° F. is (95 — 32) i.e. 63 divisions above zero on Fahrenheit scale
63 X ' .
== —i—g—é- == 35 » ’ » » Centigrade ,,
.. Temperature = 35° C.
(2) Convert 10°C. to degrees Fahrenheit.
10° C.is 10 X ¢, i.c. 18 divisions above zero on Fahrenheit scale
.. Temperature = 18 + 32 == 50° F,

The accuracy of a thermometer can be verified by placing the bulb
in pure clean melting ice and leaving it there for a few minutes. If
the thermometer is accurate the mercury-level will be at the division
0°C. (or 32° F.). The upper fixed point is verified by placing the
bulb of the thermometer in steam so that as much of the stem as

_possible is also surrounded by steam. After a few minutes the
mercury should have just reached the markings 100° C. (or 212° F.).

The Clinical Thermometer.—The blood temperature of a
healthy person is constant ¢8-4 I'. A temperaturec a degree or
so above or below this indicates an abnormal condition. In

E‘nnﬁn%n«m%umgmm%%m!hm )

I16. 8

fever the temperature rises to more than 100° F. and a patient
is dangerously ill if his temperature is 104° F. The clinical ther-
mometer (Fig. 8) used by doctors must consequently register quite
small differences in temperature, hence each degree-division is
subdivided into fifths of a degree. It is put under the armpit
or tongue of the patient, and left there for a few minutes.
The heat of the body causes the mercury to expand and force its
way past the constriction. The thermometer is then withdrawn
and although the mercury then contracts, since the air of the room
is colder than the body, that in the tube cannot force its way back
through the constriction (there being no force pushing on it).
Hence the temperature of the body can be read, after which the
thermometer is shaken, so forcing the mercury through the con-
striction and the instrument is again ready for use.

Maximum and Minimum Thermometer.—Fig. 9 shows a
Six’s thermometer which records the maximum and minimum
temperatures at the same time and is used for taking weather
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records. Bulb A contains a little alcohol and alcohol vapour,
bulb B is full of liquid alcohol. The blackened part contains mer-
cury, on the top of each column of which
is a small steel dumb-bell with a small
spring attached (see inset). When the
temperature increases the alcohol in B
expands and pushes the mercury down
in Cand up thelimb in D. This pushes
the dumb-bell up the tube, where it stops
at the maximum temperature which 1s
reached. When the temperature falls the
alcohol in B contracts and the mercury
in C rises up in the tube and carrics the
dumb-bell with it. The dumb-bell in C
therefore registers the minimum tem-
perature attained. The thermometer is
re-set by drawing the pieces of steel to
the top of the columns using a magnet.
Heat-Expansion in Everyday Life.
—The difference in temperature between
summer and winter is considerable even
in an island like ours; on large conti-
nents such as North America, Europe
and Asia it is much greater. Allowance
has to be made, in all countries, for
the consequences arising from this tem-
perature-difference. Some idea, for ex-
ample, of the expansion of metallic
objects is obtained from a knowledge of
the coefficient of expansion of a metal
such as steel. This coefficient expresses
the increase in unit length of the steel
when it is heated 1°C. It is 0-000012.
Therefore each foot of steel increases by
0-000012 feet for each 1°C. it is heated. Fic. 9
This seems a very small increase and it
is small when only a one-foot length is considered. But consider an
extreme case such as the Sidney Bridge, which is made of steel, the
central span being 1,650 feet long. The difference between summer
and winter temperatures is about 40° C. and therefore the steel will
expand about 1,650 X 40 X 0-000012 feet, that is about g} inches.

=
=
=
=
E=
=
=
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Unless allowance is made for this the iron girders will buckle under the
force of expansion. Smaller lengths of iron, and other metals, do not,
of course, have such an expansion but it is big enough to cause allow-
ance to be specially made and some instances will now be mentioned.
The iron bars on the top of a gas-cooker are always loosely fitted ;
telegraph wires sag in summer owing to their increased length ; long

A\\=eme mui

Fi1G. 10 Fi1G. 11

iron pipes conveying hot water have expansion joints of various
kinds. Railway-lines are laid with a gap between them, but, for
obvious reasons, they must be joined together. This is done by the
use of “ fish plates,”” Fig. 10. In each plate are four oval-shaped
holes (two of which are shown empty) and the rails are bolted fast
through the holes. As the rail expands or contracts the bolts slide
along the oval holes. The girders of long
iron railway bridges are not securely fixed
at each end. In some cases the ends are
laid on rollers (Fig. 11), over which the
girder slides as it expands or contracts.
The balance wheel of a watch is affected
by temperature changes in two ways.
Not only does the balance wheel expand
in hot weather but the spring also becomes
slightly weaker. Both these changes have
FiG. 12 the effect of increasing the time of swing
of the wheel. In the best watches, in
order to compensate for this, the wheel rim is made of a compound
strip of brass and iron with the brass on the outside and is made in
sections (Fig. 12). One end of each section is fixed to the hub by
a rib which expands outwards in hot weather while the rim is bent
inwards, so supplying the necessary compensation, not only for the
expansion of the wheel but also for the weakening of the spring.
Thick glass is liable to break when heated in, say, the oven. The
outer surface becomes hot, but since glass is a bad conductor of heat
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the inner surface does not immediately reach the same temperature.
Hence the outer surface expands at a greater rate than the inner
and the glass cracks. Modern ovenware is made of a special glass,
silica glass, which expands very much less than ordinary glass and
so it can be heated with safety.

7o burner

Over

Y

Fia. 13

Some of the effects due to expansion are rendered negligible by the
use of a special alloy called invar which is made of steel and nickel.
This alloy neither expands nor contracts appreciably when subjected
to temperature changes. Thus when the rod of a pendulum is made
of invar it keeps a constant length.

A gas oven can be maintained at a definite temperature by regulat-
ing automatically the supply of gas. This is done by means of a
thermostat (Fig. 13). As the temperature of the oven rises the
outer brass tube T, which is in the oven, expands and carries the
rod R inwards with it. This rod is made of invar and does not alter
its length. The valve head, being attached to R, moves along with
the rod and reduces the size of the opening through which the gas
enters the burner. Finally, when the required temperature is
reached just sufficient gas passes to maintain it. The temperature
can be regulated by adjusting the distance which the valve has
to move.

Use is frequently made of the contraction of a metal on cooling.
Thus when two iron plates are to be riveted together they are first
placed to overlap each other and a hole is drilled through both of
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them. A red-hot iron rivet is put through the hole and the under-
side is hammered flat (Fig. 14). When it cools and contracts it
draws the plates closer together. The iron rim of a cart-wheel, or
the flange of an iron wheel, is first heated and then put on. When it
is hot it just fits, but only just. On cooling it contracts and grips
the wheel tightly. The walls of a building sometimes lean out-
wards owing to the weight of theroof. They
can be pulled into the perpendicular by the
force exerted when a hot iron bar contracts.
A piece of metal shaped like a letter S or an
FIG. 14 X is put against each of the outer walls and
the two are connected by a long iron rod going
across the width of the building. Each piece is screwed to this
rod. The rod is then heated and expands. Thec end pieces are
then screwed up tightly and the iron rod is allowed to cool. As it
does so the force of contraction is enormous and the two end pieces
pull the walls straight. Owing to their shape the pressure on the
end pieces is distributed over a great area of the outer walls.

v/

///l
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CHAPTER 1II
MOVEMENT : FORCES

STUDY of movement and all the conditions affecting it is of

great practical value as well as of real interest. To most of
us there is a fascination in the idea of rapid
movement which is reflected in the interest
shown in new speed records. The meaning
of the word speed can be illustrated by
considering a motor-car travelling along a
road. When the speedometer needle, Fig.
15, remains steady the car is moving at a
constant or uniform spzed and is covering
the same distance in each interval of time,
such as a second. Speed is the distance
travelled in unit time and is usually ex-
pressed in miles per hour (m.p.h.) or in feet per second (ft./sec.).
30 X 5,280

"60 X 60

and the distance travelled can be found by multlplymc speed by
time : thus

“ \\\\\\ulm,,, 2
50
nove

Fi1Gc 15.

A speed of 30m.p.h. is the same as one of = = 44 ft./sec.

Distance = speed X time.

Acceleration.—More often than not speeds are not constant or
uniform ; usually the speed of a car varies frequently, particularly
in towns. It is usual to talk of the average speed for a journey and
this is obtained by dividing the total distance travelled by the time
taken. Allowing for a little time-lag the needle of a speedometer
registers the actual speed and shows by its movements when the
car increases its speed (accelerates) and also when it decreases its
speed (decelerates). Thus if it shows the car is travelling at
10 m.p.h. and a minute later at 28 m.p.h. the increase in speed in
a minute is 18 m.p.h. If the increase in speed is regular, as will
be shown by a steady upward movement of the needle, the
acceleration is said to be constant. In this example it is 18 m.p.h.

9 B
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per minute, which equals J§ m.p.h. per second. But 1% m.p.h.
is equivalent to 0-44 ft. per sec. Hence the acceleration is 0-44 ft.
per sec. per sec. The increase in speed under these conditions is
given by multiplying the acceleration by the time during which it
is taking place. Thus in 100 seconds the car increases its speed
by 0°44 X 100 = 44 ft. per sec. or 30 miles per hour.

Falling Bodies.—For centuries it was believed that a light body
necessarily fell to the ground more slowly than a heavy one. This
was stated to be so by Aristotle, a celebrated Greek philosopher,
who lived more than 2,000 years ago. Until the sixteenth century
his writings dominated opinions on natural phenomena. Indeed
his writings were regarded as authoritative and anyone disputing
his statements got into trouble with the Church. The study of
science was entirely a bookish one based on Aristotle’s works and
not, as now, based on the results of experiments and observa-
tion. There were, however, a few who could not blindly accept
Aristotle’s opinions but rather trusted to their own senses and to
their own ability to observe and to experiment. One such was
the Italian, Galileo (1564-1642), who, for his beliefs, was brought
before the Inquisition (see frontispiece).

Galileo dropped a cannon ball and a bullet simultaneously from
thet—é’p?f'tﬁéglpéIWﬁwermﬁeet high). Both reached
the ground at the same time although the cannon ball of course
was much heavier than the bullet. Yet we all know perfectly well
that if a coin and a feather are dropped at the same time the coin
will reach the ground much before the feather. Robert Boyle
(c.1660) made clear the reason for this in his celebrated “ guinea
and feather ”’ experiment. He exhausted all the air out of a long
vertical tube and allowed the coin and feather to drop the full
length of the tube. They kept together during their fall and
reached the bottom of the tube at the same time. This showed
that the air is ordinarily responsible for the difference in time
taken by the coin and the feather in falling. It offers a greater
resistance to the movement of the feather than to that.of the coin
and so the feather falls at a slower rate. 7

In the absence of ‘‘ air resistance’’ objects not only take the
same time to fall from the same height but also increase their speed
at the same regular rate. They fall with the constant acceleration
of 32 ft. per sec. per sec. An object falling in this way will, in three
seconds, reach a speed of 3 X 32 = g6 ft. per sec. or more than 60
m.p.h. Light objects falling through the air after accelerating from
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rest finally reach a steady speed because of the increasing effect of
air resistance at high speeds. For example, a parachutist at first
falls with a great acceleration, but when the parachute opens the
air resistance is greatly increased so that by the time he is near to
the earth he is usually moving at a fairly constant speed.
Turning Movements.—Many of the movements with which
we are familiar are turning movements and are called rotations.
The speed of rotation such as that of a wheel or motor is expressed
in revolutions per minute (r.p.m.), e.g. a small clectric motor may
have a speed of 1,500 r.p.m. A rotation takes place about a fixed
line or axis. Thus a wheel rotates about its axle and the earth
spins about a central axis joining the two geographical poles.
The rotation of the earth about its axis provides the unit of
measurement of time. On account of this movement the sun
appears to revolve round the earth in the opposite direction to
the rotation. The average time for the apparent movement is
“taken as twenty-four hours and this gives the length of the solar
day. The stars appear to move round us more quickly than this,
for the earth revolves round the sun once a year in the same direction
that it rotates on its axis. The earth is like the kind of car on a
merry-go-round which not only goes round with the whole machine
but spins as well. The fair to anyone in the car appears.to go
round once for each turn and once for each spin when the two
movements are in the same direction. Similarly the stars appear to
go round 366} times a year, once due to the movement round the sun
and 365} times due to the daily spin. A day reckoned from the
movements of the stars, which is called a sidereal day, is therefore
about 3¢5 X 24 hours or about four minutes less than the solar day.
The Pendulum.—The use of the pendulum for controlling
the movement in clocks owed its introduction to Galileo. His
investigations into pendulum movements are said to have started
during a service in the cathedral at Pisa when he noticed the swing-
ing of a lamp hung from the roof. Each swing appeared to take
the same time, and he checked this from the beat of his pulse. He
afterwards applied his discovery to the measuring of pulse rates,
which in the absence of watches as we know them to-day must
have been difficult. A simple pendulum consists of a small weight
(the bob) hanging from a thin cord as shown in Fig. 16. When
the bob is pulled a little to one side the pendulum swings, or vibrates.
A vibration is a complete backward and forward movement and
can be timed by observing the passage of the string in the same
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direction past a mark such as the one A. It is found, by timing
the vibrations by use of a stop-watch, that the time of each vibration
is the same and does not depend on the weight of the bob or the
extent of the swing (for small swings). If the bob is moved higher,
so shortening the length of the pendulum, the time of vibration
decreases and experiment shows that this time varies as the square
root of the length of the pendulum.

A seconds pendulum has a length of about 39 inches, such a
pendulum taking one second for one swing from side to side (the
time of vibration is actually two seconds).

P

Bl |
MR

Fi1G. 16 Fi1G. 17

Clocks.—In a clock the pendulum controls the movement of the
hands by means of the escapement (Fig. 17). This usually consists
of a cross bar at the top of the pendulum which at the end of each
swing engages with one of the teeth of a wheel, this taking place
first from one end of the bar and then from the other. The bar
allows one tooth to escape from under it during each swing so that
the pendulum controls the movement of the clockwork which drives
the wheel and the hands connected to it. As the teeth strike the
ends of the cross bar they also give slight impulses to the bar and
so keep the pendulum swinging.

FORCES

In the ordinary actions of everyday life objects are moved by
pushing and pulling them and it is much the same when they are
moved mechanically. These pushes and pulls are forces and are
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often called driving forces because of their power of producing
and maintaining movement.

A train starts moving and gathers speed (or accelerates) because
of the pull of the engine on it, but the engine also needs to pull on
the train to keep it going even when its normal running speed
has been attained. This is because there are certain resistances or
oppositions to movement which have to be overcome in order to
keep an object moving at a constant speed. Some consideration of
these resistances will be given after dealing with the way in which
forces can be measured.

Measurement of Forces.—Forces of all kinds can be measured
in terms of weight. Thus the force exerted by a person in pulling
out a spring balance has a magnitude equal to the number of pounds
registered on the balance. Although most forces cannot be measured
by this simple method they are all expressed in terms of pounds
weight (or tons weight). ‘

Besides having magnitude a force also has direction, e.g. a
football starts to move in the direction of the force of the kick.
A force also has a definite line of action and point of application
on the object.

The Resistance due to Friction.——A book is much more easily
pushed along a smooth surface such as a table-top than over a rough
one, and much less force is required to push a planed wooden block
over a smooth surface than to push a rough block over the same
surface. There is evidently some resistance to this sliding type of
movement which is greater the rougher one or both of the surfaces.

This resistance is due to friction and its effects can be investigated
by using a small wooden box and a spring balance (Fig. 18). The
box remains at rest on a horizontal surface even when a slight pull
is exerted, but as the pull is increased the box moves and the force
necessary to move it steadily along, as registered on the balance,
gives a measure of the resistance due to friction. When weights
are added to the box the surfaces are pressed closer together and
the resistance due to friction increases so that a greater force is

Fi1G. 18
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then required to move the box. The sliding friction between two
surfaces increases with the roughness of each of them as well as
with the force pressing the two surfaces together. It can be shown
by mounting the box on wheels or rollers that less force is then
needed to move it steadily along than when there is sliding move-
ment. ‘‘ Rolling ”’ friction offers less resistance to movement than
does sliding friction and it is therefore an advantage to mount
vehicles on wheels. But although the rim of the wheel then rolls
over the ground there is still sliding friction between the wheel
and the axle. The resistance is considerably’ diminished by the
use of ball bearings. These are shown in position in a bicycle wheel
in Fig. 19. This figure should be compared with the one alongside -
it. It will be seen that the inner surface of the hub of the wheel -

slides over the axle at the point of contact when there are no ball
bearings. When there are bearings, however, there is no sliding
friction.

A layer of oil forms a smooth surface. In effect, in most well-
lubricated machines sliding of the moving parts takes place between
layers of oil and not between two metallic surfaces, so that when
two oily surfaces slide over each other the effect of friction is much
less than it would be if they were dry. Two dry surfaces soon get
hot when they are rubbed together, indeed one of the earliest
methods of making fire was to rub two dry sticks together as is
still done by certain primitive tribes and we all realize that the
hands get warm by rubbing them together. The heat produced
‘may be enough to damage the machine but this is averted by the
use of oil. Oil also minimizes the amount of wear of the materials
where two surfaces move over each other.

Friction is not always a nuisance. Indeed, in many machines



MOVEMENT: FORCES 15

it is often deliberately used to bring objects to rest. Thus a brake
works by setting up a resistance between the brake linings (which
have rough surfaces) and the moving parts and can be adjusted or
controlled by altering the pressure of the brake blocks on the wheels.

Gravitational Resistance.—A force equal in magnitude to the
weight of the object is needed to move an object vertically, but,
in the absence of friction, much less force is needed to move it up
an incline or gradient. The gradient is usually expressed in terms
of rise against length along the incline. Thus gradient of 1 in 200
is one in which there is a rise of 1 foot for every 200 feet of length.
The effect of a gradient
on the force needed to

‘move an object can be
found by means of the
apparatus in Fig. 2o.
When the roller is pulled
steadily up the inclinc the FiG. zo0
force exerted is measured
by the spring balance. Results of experiments show that the force
needed to produce and maintain steady movement equals the weight
of the roller multiplied by the gradient. An example from every-
day life illustrates this: a train weighing 500 tons and running
up an incline or gradient of I in 200 needs a driving force equal to
500 X 355 = 2} tons to keep it going, in addition to the force needed
to overcome friction and other resistances.

(There is no direct resistance due to gravity in moving an object
along a horizontal surface. When, however, there is friction the
resistance due to it increases with increase of weight of the object,
so that there is usually an indirect effect due to the weight owing
to the pressure exerted by the object on the surface.)

Air Resistance.—The demand for speed in transport has brought
air resistance much into the public eye. This resistance increases
as the speed of the moving object increases and is one of the main
considerations in the design of high-speed cars and trains and
particularly in the design of aeroplanes (Fig. 21). An important
part of the air resistance is the friction between the surface of the
object moving and the air in contact with it. This is reduced by
making the surface as smooth as possible and may be compared with
ordinary friction between solid surfaces. Thus the wing surfaces of
aeroplanes are made smooth and are even polished to reduce the
resistance due to the frictional effects. Another part of the air
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resistance is diminished by stream-lining and by having few, if
any, projecting parts (sec Fig. 23). The general idea underlying
this is to enable movement to take place so that the air is dis-

Courtesy of ““ Flight "
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Imperial Airways Empive Flying-boat
“ Canopus ' in Flight

turbed as little as possible as the object moves through it.

The shape which best satisfies these conditions is shown in Fig. 2z.

It consists of a rounded front and

a pointed back. Thisis the general

shape used for airships and for

parts of aeroplanes, including the

struts. Why this shape is suitable

Fie. 22 can be seen by considering what

happens if the object is at rest and

the air is flowing past it. The air currents keep close to the sur-

face and are not broken up into eddies, which cause loss of energy
and increase the resistance to movement.
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Resistance due to Inertia.—The force needed to start an object
moving increases with the weight and the heavier the object the
more slowly it starts when a constant force acts on it. A horse
can start up a heavily loaded railway truck, though it takes some
time to do so. The acceleration produced depends upon the force
producing it, but the speed reached depends on the acceleration
and the time. Consequently the speed attained depends on the
force and the time during which it is acting. Most boys know
that in kicking a ball there should be a good * follow through

Courtesy of L.M.S. Railway

Fi1Gc. 23
The “ Up "’ Coronation Scot

of the kick so that the force applied continues to act on the ball
for as long a time as possible. All objects need some outside in-
fluence from other material things to start them moving and even
to change either the speed or the direction of movement. This
property, which is common to all material things, is called inertia,
from a Greek word meaning lazy. The principle of inertia may
be stated :

An object cannot alter its own state of rest or of uniform movement
in a straight line; any such change requires some outside
influence or force.
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Other effects of inertia are well known—a person standing in a bus
is jerked forward when the bus pulls up suddenly and parcels are
then sometimes jerked off the luggage-rest. The person who is
standing is moving forward with the speed of the bus. The bus is
pulled up suddenly by the brakes and is brought to rest. The force
set up by the brake does not act directly on the person, or on the
parcels on the luggage-rack and they tend to continue their forward
movement.

Work.—The word “ work ”’ in science has often much the same
meaning as it has in common speech, but is used in a more precise
way. Thus anyone raising a weight does a certain amount of work
which is measured by the product of the weight and the vertical
distance it is lifted. When a weight of 60 1lb. is lifted two
feet the work done is said to be 60 X 2 = 120 ft. Ib. In this
example the work has been done against the force of gravity.

There are the other resisting forces besides gravity, such as friction
and air resistance, and work has also to be done when objects are
moved against their opposition. But no matter what the resistance
is, the work done is always equal to the force exerted, multiplied by
the distance through which the object is moved in the direction of
the force.

The term ““ horse-power *’ was introduced by James Watt so that
he could compare the rate of working of his engines with that of
a horse. It was used as a ““ selling point ’’ so that people who were
thinking of using his engines to displace horses could realize
what they were getting for their money. Watt stated that the
rate of working of a horse was 33,000 ft. 1b. per minute so that
1 h.p. = 33,000 ft. Ib. per minute.

The horse-power developed by a modern stream-lined engine
is enormous. Thus an engine of the Princess Coronation Class
(see Fig. 23) hasa tractive effort of 40,000 1b., and when it is travel-
ling at 5,000 feet per minute (approximately 60 miles per hour)
the work it is doing each minute is 40,000 X 5,000 ft. 1b. The
horse-power of the engine moving under these conditions is
40,000 X 5,000

33,000

A person is said to be energetic when he is capable of doing hard
work, either physical or mental, and the word energy has been
borrowed by science to indicate the capacity of doing the kind of
work which has previously been defined.

= 6,000 h.p. (approx.).



CHAPTER III
WEIGHT, DENSITY AND EQUILIBRIUM

ECAUSE of its inertia an object does not start moving until
some force acts on it, yet all things raised from the ground fall
towards it if free to do so; for example, an apple drops from the
tree when its stalk breaks. It is said that from wondering why this
happened Sir Isaac Newton, the great eighteenth-century scientist,
came to the conclusion that there is a force always acting on an
object, tending to draw it towards the earth, just as if the carth and
the object were joined together by an invisible clastic band. This
force is called the weight of the object, or the force of gravity on the
object. At first it seems strange that such a force can act without
there being any material connection between the body and the
earth, but actually there are other cases of forces acting between two
objects not linked together materially. For example, when a rod-
shaped magnet and a similar shaped iron rod are placed a short
distance apart, they roll together showing that each exerts a force
on the other. They are not connected yet they attract each other
through space. The space may be empty of air and the magnetic
attraction still takes place. The attraction between the earth and
a body is called a gravitational attraction and Newton showed that
this kind of attraction is not confined to the earth and the objects
on it but that all pairs of bodies attract each other with forces which
depend on their masses, i.e. on the number of pounds or tons of
material in them, as well as on their distances apart, the force being
greater the nearer they are together. This effect of gravitation
explains the movements of the moon round the earth and of the
earth and other planets round the sun, for the gravitational attrac-
tion supplies the necessary inward force to the centre of rotation
such as is supplied by a string when a weight at the end of it is
whirled round.
Density.—The mass of a particular object depends not only on
its bulk or volume but also on the kind of material out of which it

19
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is made. Forexample, a sack of feathers weighs less than the same
sack full of lead, and some method of indicating this difference is
desirable. The obvious method is to find the mass of equal volumes
and to make it easier to compare various substances the mass of
unit volume, such as 1 c.c. or 1 cu. ft.,is usually calculated. This
is known as the density and is found by dividing the mass of the
substance by its volume. Thus:
. Mass
Density = Volume'

The volume of a regularly shaped object, such as a cube or a sphere,
can be calculated from its dimensions. That of an irregularly
shaped object can be found by putting it in water contained in
a measuring cylinder and noticing the volume of water it displaces
(which is indicated by the rise of the water in the cylinder). The
density of a liquid is obtained by weighing a known or measured
volume of it.

It is always necessary to give the units of measurement used;
for example, the density of water may be stated as follows :

Density of Water = 62-5 1b. per cu. ft.

or = I gm. per c.C.

It is often more convenient to use a ratio so that the units of
measurement need not be stated. To do this a ratio known as the
specific gravity or relative density is used. This gives the number of
times the substance is heavier than an equal volumz of water, thus :

Weight of substance
Weight of equal volume of water’

When the specific gravity is known the weight of a given volume
of a substance can be calculated, as in the following examples.

Specific Gravity =

Example 1: Find the weight of a bar of iron of volume 3 cu. ft.
given that the specific gravity or relative density of iron is 7-2.
Weight of 1 cu. ft. of water = 62-5 Ib.

Weight of 3 cu. ft. of water = 62:5 X 3 1b.
Weight of 3 cu. ft. of iron =62-5 X 3 X 7-2=1,3501b.

Example 2: Find the weight of 15 c.c. of aluminium which has
a relative density of 2-7.
Weight of 15 c.c. of water == 15 gm.
Weight of 15 c.c. of aluminium = 15 X 2-7 = 40'5gm.
It will be noticed that the fact that 1 c.c. of water weighs 1 gram
simplifies the calculation in this example.
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Equilibrium.—Occasionally two teams are equally matched in
a tug-of-war, and although each side is pulling with the same force
in opposite directions the ribbon in the centre of the rope does not
move, i.e. it is at rest. A simple experiment can be done in the
laboratory to illustrate the conditions. Two spring balances can
be fastened to a light object and each pulled in such a way that the
object does not move. The readings of the balances are then the
same and the balances have set themselves in line with each other.
This shows that two forces equal in magnitude but opposite in
direction balance out each other’s effects in tending to make the
object move. The object is then said to be in a state of equilibrium.

Under the action of two forces a body is at rest, or in equilibrium,
when the two forces are equal in magnitude, opposite in
direction and are acting along the same straight line.

It has been stated earlier that the force of gravity is acting on
every object on or near the earth. For example, it is acting on
a piece of iron which is suspended from a spring balance. But
since the iron is at rest the downward pull of gravity, that is the
weight of the iron, must be balanced by an upward pull on it. This
upward pull is supplied by the spring of the balance which is being
stretched. The spring is obviously exerting a force for when it is
released, by taking off the iron bar, it flies back. If a strong spring
balance is used, the return movement is small as it also is if the bar
is hung from a cord which is not very elastic. Forces can act even
when objects supplying them are not capable of producing any
appreciable movement. All springs, cords, chains, etc., which are
holding up weights act backwards with forces, and so do all objects
when they resist movement in any direction. These backward
forces are called reactions. Thus when an object rests on the
ground it is supported by an upward force or reaction equal to the
weight acting downwards on the object. An object resting on the
ground presses down on it and it is this force which causes a reaction
to be set up by the ground in opposition. These two forces, the
first called the action and that of the ground the reaction, are equal
and opposite. Whenever two objects, A and B, are in contact and
A exerts a force on B, then B acts back with an equal and opposite
force on A.

Tension and Compression.—When a force is exerted at one
end of a rope or cord, such as when it is used for hauling or when
a weight is hung from it, the force is passed along or transmitted
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to the other end. Thus an engine at the top of a mine-shiaft raises
the cage from perhaps several thousand feet below the surface by
means of a force which, exerted at the upper end of a cable, is
transmitted down to the cage. The conditions when a rope or
cable is used may be illustrated by means of a chain formed by
stringing a number of spring balances together end to end (Fig. 24).
‘When one end of the chain is fixed to a support and a force is
exerted at the other all the balances record the same reading. At
the connection of any two of them each balance acts with an equal
force on the other. The measure of the force gives what is called
the tension in the chain, which is the same at all points along it.

In the framework of a structure such as a bridge or roof some
of the rods or girders, which are called ties, are under tension.
They have forces pulling outwards at their ends. Others, called
struts, have forces pushing inwards at their ends and ar€ said to
be in compression. Forces which correspond to those in a material

4
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under tension also act in a material under compression, such as
.in the legs of a table. They are forces called thrusts and tend to
crush the material. Thin rods under compression also tend to
buckle and then break.

Moments.—The method of obtaining balance on a see-saw is
well known ; the heavier boy sits nearer the support than does the
lighter boy perched on the other side. Instead of a see-saw and
the boys, a rod and weights can be used to study the forces con-
cerned. The rod is pivoted at its centre and a heavy weight placed
on one side. The rod is then balanced by putting a small weight
at a certain place on the opposite side, the place being found by
trying the weight at different points until the rod is at rest. It
is found by experiment that when the weight on one side is multi-
plied by its distance from the pivot this product equals that of the
other weight and its distance from the pivot. The product is known
as the “ Moment "’ of the force about the fixed line or axis provided
by the pivot. Thus:

The Moment = Force applied X perpendicular distance from
the pivot to its line of action.
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For example, in Fig. 25 the moment due to the heavier weight is
Wy and that due to the lighter one
Fx. Since the bar is at rest X e
Wy = Fux. [j é [j
Thus a boy of 8 stones (W) who F w
is 5 feet (y) from the point of Fic. 25
support of a see-saw will balance
a boy of 6 stones (F) who is at the distance (x), calculated as
follows :

Since Wy = Fx, x = VI\:y = 8—%<~—S- = 6% feet.

The Roman Steelyard (Fig. 26).—The two arms of unequal
length balance cach other since the shorter arm is the more massive.
The object to be weighed is hung from the hook and is balanced
by a small sliding weight which is moved along the longer arm until
the moments about the pivot are equal. Thus it is known that the
object weighs ten times as much as the sliding weight when the

-
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slider is ten times farther from the pivot than is the hook. The
long arm is calibrated to give the weight of the object directly from
the position of the sliding weight.

Centre of Gravity.—The force of gravity on any object acts
as if all the weight of the object were concentrated at one point.
This point is that at which the body will balance in any position if
supported there, and is known as the centre of gravity. A uniform
rod will balance if placed with a support in the middle of it. The
actual centre of the rod is the centre of gravity. A rod heavier at
one end than the other balances when the support is placed at a
certain point nearer the heavier end than the lighter one. By the
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Principle of Moments, the sum of the moments due to the weight
of each particle on the left side about any axis through the centre
of gravity will be equal to the sum of the moments for the particles
on the right side. An object hanging freely down from a string
has its centre of gravity vertically below the point of support and
in line with the string. The string may be attached to a different
place on it, and the centre of gravity is again in line with the string.
Thus the actual position of the
centre of gravity is where the two
lines intersect. For example, the
centre of gravity of an irregularly
shaped piece of cardboard can be
found by hanging it by string first
attached to one side and then
another. When the cardboard is
at rest, in each case a vertical line
is drawn vertically downwards on
it from the point of support and
these lines intersect at the centre
of gravity.

The pull of gravity in effect acts
vertically downwards on an object
from its centre of gravity and the
object will not fall over so long

F1G. 27 as a vertical line from its centre
of gravity falls within its base.
Thus the block of wood A (Fig. 27) will not fall on its side when
tilted to a less extent than that shown but will right itself. Block B
is similar to block A, but is narrower. Its centre of gravity is at
the same height as that of A but its base is smaller. The extent
to which it can be tilted without it falling is less than that for A.
The wood block C has a heavy base and its centre of gravity is
rcar the base whereas block D has a heavy top and its centre of
gravity is high. The angle through which each can be tilted with-
out falling over is shown in the figure. Thus an object is more
stable, i.e. has less tendency to overturn, when it has a wide base
and when its centre of gravity is near the base. For this reason
motor-buses, which have most of their weight low down and a
wide wheel-base, are stable. A table with its legs close together
is 'more -easily overturned than one the same size with its legs
wider apart.




CHAPTER 1V
FLOTATION

IT seems strange that an iron ship can float, for a piece of iron
sinks in water. The reason for this can be approached by the
simple apparatus shown in Fig. 28. This consists of a test-tube
containing just enough lead-shot to make it float upright in a
measuring cylinder of water. The tube with its lead-shot is weighed
and then placed in the cylinder, and the difference in the two levels
of the water, before and after the tube is put in, is noted. The
water-level has risen since the tube has displaced some of the
water and the volume displaced is found from the
difference in the two readings. If this volume is
given in cubic centimetres its weight can easily be
calculated. It will be found that the weight of
water displaced equals the weight of the tube and
the lead-shot. Thus, if the tube and lead-shot weigh
80 grams, then 80 grams of water will have been
displaced. 'When more lead-shot is added the tube
sinks farther and so displaces more water. The
weight of the extra volume of water equals the
weight of the added shot. But unless sufficient shot
is added to sink the tube the weight of the total
volume of water displaced always equals the total
weight of the tube plus that of the lead-shot. These facts are
summarized in the Law of Flotation.

When a body floats in a liquid it displaces its own weight of the
liquid.

A substance floats or sinks according to the weight of liquid it
displaces when it is completely immersed. If this weight of liquid
is greater than the weight of the object, the object floats, but if
smaller it sinks. Consequently an object with a density less than
that of the liquid floats, e.g. the relative density of cork is 0-2

25 c
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and cork floats in water. But iron, with a relative density of 7,
sinks.

Ships.—A floating ship can be compared with the test-tube and
lead-shot. The empty ship has a very great volume relative to
its weight and only a small part of it has to be immersed for the
weight of water displaced to equal that of the ship. When it is
loaded it sinks lower and lower, displacing more and more water,
and the extra volume displaced equals the weight of the added
load just as was the case in the experiment with the tube and
lead-shot.

The registered displacement of a ship (which is given in tons)
is the weight of the water it can displace when loaded, without
fear of the vessel sinking. It is obviously an advantage to the

owner of the ship to load

Fw s as much cargo as possible,

L R and this at one time led

s to ships often being over-

I w loaded. For many years

, Samuel Plimsoll tried to
WNA .

prevent this, and was suc-

LR Lloyds Register S. Surmmer iz Rmperste  cessful in 1876, when an

FW. fresh Weler latttvdes Act was passed by Parlia-

LS. /ndion Summer \N. Winter ment making it illegal to

WINA. Weinter t2 North Atlsntic overload. On the hull of

FIG. 29 every ship a line must be

marked to indicate the
depth to which the ship can safely float in the water when loaded.
This line is called the Plimsoll Line (Fig. 29) and its position is
fixed by agents of Lloyd’s Register who paint their mark upon the
side. The density of water varies according to whether it is fresh
or salt water, and also according to the temperature. The volume
of it displaced therefore varies, the denser the water the smaller
is the volume of it which the ship displaces. Five levels are marked
on the ship’s side. These are indicated in the figure and the ship
must be loaded so that the water does not reach higher than the
mark corresponding to the kind of water in which it is floating
(see note to the figure).

A submarine floats on the surface of the water for the reasons
given before. It is gradually submerged by pumping water into
tanks, thereby increasing the total weight. When completely sub-
merged it is displacing its own volume of water, which weighs
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the same as the submarine, and it can move about under the water
at any depth. To bring it back to the surface compressed air is
forced into the water-tanks. The water then contained is forced
out and the weight of the submarine obviously becomes smaller
and so the vessel rises to the top. An airship floats in the air
when the volume of air it displaces weighs the same as the airship.
The airship, as will be mentioned later (page 635), is filled with a
light gas such as hydrogen or helium, so that although it has a
large volume and contains some heavier material than air its total
weight is the same as the volume of air it displaces.

The Floating Dock.—Ships needing repairs sometimes have to
be taken completely out of the water. This may be done by
sailing the ship into a “ floating dock,” which is open at the two
ends and sunk so that the ship can sail over the bottom. The
sides and bottom are hollow and when sunk are full of water.
When the ship is in position the water is pumped out and air takes
its place. The weight of the floating dock becomes considerably
reduced and, despite the great weight of the ship which is resting
on it, the dock rises, carrying the ship with it.

Hydrometers.—In one method of finding the specific gravity of
a liquid an instrument called a hydrometer, Fig. 30,
is used. This is shaped as shown and also loaded at i
the bottom so that it floats upright. The stem is |
graduated so that when the hydrometer is placed in
water the level of the water reaches the mark 1-0
on the stem. When placed in a liquid which is
denser than water it does not sink as far since a
smaller volume of the denser liquid weighs the same
as the hydrometer. The scale is graduated so that
direct reading of the level indicates the specific gravity
of the liquid. Hydrometers are used for testing the
composition of liquids; for example, the specific
gravity of milk can be readily found by floating one
in the milk and noticing the mark to which it sinks.
If water has been added to milk this can be detected,
for the specific gravity is less than that of unadulter-
ated milk. The specific gravities of alcoholic bever-
ages, oils and sulphuric acid for the accumulator are
also found by use of the hydrometer.

Archimedes’ Principle.—Water has a buoyant effect, as every
swimmer knows. A common practice when teaching a person to
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swim is for the instructor to place a hand under the swimmer and
support him. The instructor certainly could not lift the person
in air by exerting the small force he has to exert in the water.
Many boys know how easy it is to lift a heavy stone under water,
and those who have tried it are usually surprised at the apparently
great increase in weight of the stonc immediately it reaches the
surface. This buoyant effect is due to an upward force which in
the case of a body which is floating balances the downward force
of gravity. The upward thrust is not, however,
sufficient to support an object denser than the liquid,
though it acts as a partial support. The effect can
be studied by using the apparatus shown in Fig. 31.
A small stone is weighed by suspending it from the
spring balance. It is then lowered completely into
the water and the reading on the balance shows a
much smaller reading. This apparent loss in weight
of the stone is recorded. The stone is then put in
a measuring cylinder of water, the level of the water
rises and the rise gives the volume of the stone. It
is always found that the weight of the water dis-
placed equals the apparent loss in weight of the
stone. That is, the apparent loss in weight equals
the weight of water which has the same volume as
the solid. This fact was discovered by an early
Greek philosopher, Archimedes, and is embodied in
the “ Principle of Archimedes ” :

When a body is completely immersed in water (or other liquid)
its apparent loss in weight equals the weight of the water (or
other liquid) it displaces.

(The apparent loss in weight is due to the upthrust of the water.)

It follows from this principle, since

Weight of solid
Weight of an equal volume of water’

Specific Gravity =

that

Weight of solid
Apparent loss of weight in water’

Specific Gravity =

Archimedes’ Principle gives a method of finding the specific
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gravity of a solid. For example, if a brick which weighs 7 Ib.
apparently only weighs 4 1b. when completely immersed in water,
its apparent loss is 3 Ib.

7 a1 1
.. Specific Gravity = Weight of Brick % = 2-3.

Apparent loss in weight



CHAPTER V
SIMPLE MACHINES

CROWBAR is one of the simplest of machines and by its use

a heavy weight, such as a rock, can be lifted by using much
less force than would be necessary without it. All machines
resemble the crowbar in that they are contrivances which assist
in doing work. Many of them, such as sewing-machines and type-
writers, are quite complicated and may produce a number of different
movements at the same time. They are usually found, however, to
consist of parts which are themselves simple machines, such as
geared wheels and pivoted rods which act as levers.

A crowbar is a form of lever. Often a small stone is placed
below the bar a few inches from the end which is pushed beneath
the object which has to be lifted. The bar is forced downwards
at the other end and turns about the stone, which acts as a pivot
oor fulcrum. In so doing it exerts an upward force on the object
and raises it. This upward force is equal to the weight of the
object which is acting downward and opposing it. There are certain
terms commonly used in describing levers. The weight lifted is
known as the load and the force exerted on the lever the effort ;
the part of the bar from the fulcrum to the effort is called the
effort arm and that to the load, the load arm. The relation between
the load and the effort is found from the principle of moments, for
they act as balanced forces tending to turn the bar in opposite
directions about the fulcrum. Suppose that the load arm of the
crowbar is 4 inches, the effort arm 36 inches and the load go 1b.,
then the effort, F, is calculated, using the principle of moments,
as follows :

Effort (F) x Effort Arm = Load (W) X Load arm.

__Load X Load Arm 9o X 4
Effort (F) = =gz am — =56 =1 I
The advantage of using a crowbar can be measured by dividing
30
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the load raised (9o 1b.) by the effort needed to raise it (1o 1b.).
This ratio is generally known as the mechanical advantage and in
this example equals 9.

Load ogolb.

Effort 1016, 7
The same value is obtained when the length of the effort arm is
divided by that of the load arm, thus in this example :

Effort Arm 36 in.

Load Arm = 4 in.

Mechanical Advantage =

Hence :
Load Effort Arm

Effort ~ Load Arm’
This ratio also gives the distance the load will be moved for
a definite distance moved by the effort. Thus:

Effort Arm  Distance moved by Effort
Load Arm = Distance moved by Load"

Mechanical Advantage =

In this example the ratio equals 9. When the effort moves through
1 ft. the distance moved by the load is + ft.

The work done in producing the movement is the effort multiplied
by the distance through which it moves.

In this example it is 10 X 1 = 10 ft. 1b.
The work needed to raise the load is go X § = 10 ft. Ib.

Thus the work put into the machine is equal to the work got out.
A crowbar, or any machine, enables the work to be done more
conveniently but it does not lessen the amount to be done. If
there is a gain in force needed to do the work it is offset by
a greater movement being necessary and so a slower rate of
movement.

Classes of Levers.—Many simple tools and appliances used in
daily life are levers. In some, two levers act together, forming a
double lever. Each blade of a pair of scissors with the handle
attached to it is a lever. The turning-point is the rivet; the
effort is applied at the handle while the “load ’’ is provided by
the material, which offers a resistance to being cut. This is shown
diagrammatically in Fig. 32. It has been found convenient to
group all levers into three classes according to the relative position
of the load (W), the fulcrum and the effort (F).

Class I levers.. The fulcrum is between the load and the
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effort, e.g. the crowbar, a tack-lifter, a pump-handle, the pair
of scissors.

Class II levers. The load is between the fulcrum and the effort.
The wheelbarrow (Fig. 32) is a common example ; the wheel is the
fulcrum, and the weight in the barrow is the load. The effort,
obviously, is applied at the handles. Other examples are, a crowbar
(when the ground is used as the fulcrum and the weight to be
lifted rests some inches from the end of the bar), and a pair of
nutcrackers, each prong of which is a lever.

Class I1I levers. The effort is between the load and the fulcrum.
the human forearm (page 325), is pivoted at the elbow, which is the
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fulcrum. The load to be lifted is in the hand and the muscles exert-
ing the effort act between the elbow and the hand. Indeed the
forearm is a good example of the bones of the body acting as levers.
By their use a small movement of the muscle produces a wide range
of movement of the limb and of the load moved, and this also
makes for added speed of action. The muscle, however, has to
exert a large force to raise a small object, i.c. there is a mechanical
disadvantage, since the effort is greater than the load. Thus if a
load of 20 1b. is raised in the hand the muscles, mainly the biceps,
have to exert a force of about 200 lb, since the muscles pull at a
distance from the joint about one-tenth of that from the joint
to the hand.
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All Class III levers give a mechanical disadvantage. Fire-tongs
(Fig. 32) and sugar-tongs are double levers of this type, as is
indicated in the diagram. The oar of a rowing-boat is a Class I
lever designed so that the rower pulls hard on his end, moving it
but a short distance compared with the distance the blade of the
oar moves in the water. Actually the rower is exerting more force
than the oar-blade exerts on the water, i.c. there is a mechanical
disadvantage, since the effort is greater than the load. The reason
is obvious in this example because the distance moved by the load
arm is of importance. Class II levers must always give a mechanical
advantage, since the load arm is part of the effort arm.

Simple Pulley.—A rope by itself can only be used to give
movement in one direction. To enable movements to be made
in directions other than that in which the force or effort is applied,
a simple fixed pulley may be used in the manner shown in Fig. 33.
If the pulley is perfectly free to move
about its axle the pull or tension in the
string is the same on both sides of the
pulley so that the effort is equal to the
load. The free end may be pulled in
any direction provided the string still
remains partly in the groove round the
pulley, the effort needed remaining the
same.

A simple pulley is frequently used for rais-
ing weights. There are two main advant- Fic. 33
ages, the first being that a downward pullis
usually easier to exert than an upward pull and the second that the
force can be exerted from below the object lifted. The force needed
to produce the movement is not reduced by using the pulley,
indeed it is slightly larger in practice than the weight lifted, for there
is usually some resistance to turning in the pulley. In order to
obtain the movement by exerting an effort smaller than the load
one or more moving pulleys must be used. Two pulley-blocks
are used, each containing a number of sheaves or individual pulleys.
Fig. 34 shows such a system of pulleys, A, and by its side is given:
the usual diagrammatic way, B, of representing it. The moving
block (the lower one), to which the load is attached, is connected
to a similar fixed block (at the top) by a cord which has one end
fastened to one of the blocks and then passes a number of times
from one block to the other round the sheaves. It finally passes
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over the fixed block so that the applied force or effort may be
exerted on the free end. If there is no friction in the various
pulleys the tension in the cord passing round them is the same
throughout and equal to the force exerted on its free end. The load
that might possibly be raised can be seen from the equilibrium
. of the lower pulley. Itissupported
by a number of vertical parts of
the cord. For example, if there are
six of these, as in Fig. 34, the load
is supported by six times the ten-
sion, or six times the applied force.
So that it should be possible to
raise a load by an effort or applied
force of one-sixth of the load and
so obtain a mechanical advantage
(load - effort) of six. In practice
this advantage is reduced by fric-
tion and by the weights of the
blocks and cords. The advantage
gained in this way is offset by the
disadvantage that the free end of
the cord must be pulled through
a greater distance than that moved
through by the load. Taking the
same example as before, when the
load is lifted one foot the length
of each of the six parts of the
FIG. 34 cord connecting the blocks is re-
duced by this distance. The free
end must therefore be pulled through 6 feet. The distance the
end of the rope is moved divided by the distance moved by the
load is known as the velocity ratio. Hence :

distance moved through by effort
distance moved through by load "

Velocity ratio =

In the above example the velocity ratio is 6 and it is equal to the
mechanical advantage assuming that the machine is without friction
and without weight. In practice the mechanical advantage is
less than the velocity ratio, and the pulley system is less efficient
than is a perfect machine. The efficiency of a machine is calculated
as follows. Suppose an effort F is required to raise a load W and
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that the distance moved through by the effort is x feet and that by
the load y feet. Then

Work put into the machine = Fx f{t. lb.
Work got out of the machine = Wy ft. 1b.
work got out

Efficiency of machine = work put in

Wy W«
‘ " Fx F 'y
But \_PY = Mechanical Advantage and § = Velocity Ratio.

Mcchanical Advantage

Velocity Ratio
Thus if it is found by trial that a six-stringed pulley system (as
described) will raise a load of go Ib. when an effort of 18 Ib. is exerted,
then

.. Efficiency =

MA = 3% =s.
The velocity ratio is 6.
.. Efficiency = § or 83} per cent.

Differential Pulley.—This is illustrated in Fig. 35 together with
a diagrammatic sketch. It will
be seen that there are two pulleys
of different diameters in the upper
block, which are fixed together.
An endless chain passes round
these and round the lower mov-
able pulley to which the load is g\
attached. The chain cannot slip ¥
since its links engage in recesses § §
in the pulley rims. An example §§
will show the velocity ratio of the §§
machine. Thus if the larger upper §d
pulley has a circumference of 30 §
inches and the smaller one a 3}
circumference of 28 inches, in a }
single turn of the block the effort §
moves through 30 inches. The
part of the chain from which the
load hangs winds up around the
larger pulley 30 inches of chain FiG. 35
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on one side while it unwinds 28 inches off the smaller pulley. Thus
the loop round the lower pulley is reduced in length by two inches
and the load rises one inch, giving a velocity ratio of 30. The
mechanical advantage is much less than this owing to friction.
The Wheel and Axle.—Fig. 36 shows a common windlass or
wheel and axle such as is used for raising water from a well. The
moment of the load W about the axle is WR, where R is the radius
of the axle or drum round which the rope winds. The moment of

the effort equals FL, where L is the radius of the circle through
which the handle moves and is greater than the radius of the drum.

Hence FL = WR
and the mechanical advantage (when frictionless)

w_L

F R

. . L

Hence the velocity ratio =R

There are several modifications of the wheel and axle, such as the
capstan.



CHAPTER VI
PRESSURE

ATER comes out of the tap with considerable force when

it is turned on. Rivers and streams never run up-hill, yet
water in pipes can be led up streets and hills and from the under-
ground mains to the top of a high building. The conditions inside
a full water-pipe are evidently different from those in an open
stream or river. The pipes are connected either to a reservoir,
which is situated at a much higher
level than the town, or else to a
tank at the top of a high water-
tower, the tank being full of water
which has been pumped up into it
(page 216). Thus the water flows
through the pipes from a much
higher level, and it is because of ¢ |
this that it can be led up and ¢
down the streets of the town and
that it comes out of the tap with
considerable force. This force can
be demonstrated by using a large
inverted bell jar, Fig. 37, as the
reservoir and a piece of glass tub-
ing as the water-pipe. The water E
rushes out of the tube with con-
siderable force, the force increasing Fie. 37
the lower the jet is below the sur-
face of the water in the jar. Water and all liquids have a tendency
“to find their own level "’ and but for resistances to the passage
of the water the fountain would rise to the height of the level of the
water in the jar.

This tendency can be shown by filling the apparatus, Fig. 38,

with water. Each tube is open at the top and the level of the

37




38 GENERAL SCIENCE

water becomes the same in each. Use is made of this property

in many appliances, e.g. the water-gauge of the boiler (Fig. 39).
When water is poured into the jar, Fig. 40, it flows out of

the holes, as indicated, coming out fastest at the bottom hole.

F1c. 38

Obviously water is pressing against the side of the jar or else it
would not flow out, and the pressure is greatest at the bottom.
The pressure at any height of water can be calculated, knowing
that 1 cubic foot of water weighs 624 1b. A column of water one
foot high exerts a downwards

force of 62} lb. on a surface

-/ of an area of one square foot,
A. ' while a two-foot-high column
[ on a similar surface has a pres-
|~ — —_‘r\ sure of 125 1b. and so on. It
- — - -\ will be seen that the pressure
T }\ at the foot of a column of water

varies directly with the vertical

Y height of the column. The
\ pressure exerted by a liquid is
—_— the same in all directions. This
“%;\% is shown by the way water
- % %  Squirts out of a burst pipe no
i % matter on what part of the sur-
FI1G. 40 face of the pipe the holeis. The

calculation of the downward

pressure gives the value of the pressure in all directions. The pressure
is frequently expressed in pounds per square inch. Some idea of the
pressure at great depths in water can be got, since the pressure

below the surface of the water increases for each 100 feet of depth by

—_— - ———.
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62-5 X100

62-5 X 100 lb., on each square foot or = 56 lb. on each

square inch. The pressure exerted in all directions on a diver’s suit
is, therefore, 56 1b. on each square inch of the suit for each 100 feet
the diver is below the surface. The greatest depths of the ocean
have never been explored because of the high pressure reached,
though observations have been made from a large steel ball let down
to a depth of about 6,000 feet. The larger the size of such a ball

Courtesy of Mersey Docks and Harbour Board

Fi1G. 41
Gladstone Dock, Liverpool : Lock Gate being Moved into Position

the greater is the tendency for it to collapse inward because the
total force or thrust on a surface depends on its area as well as on
the pressure. This total force or thrust of a liquid on a surface is
found from the product of the pressure and the area against which
it is pressing, thus Thrust = Pressure X Area. The dam walls of
a reservoir, as well as sea walls, have to withstand a very large
thrust. | They are built with the walls thicker and stronger at the
bottom than at the top for the thrust to be opposed is so much
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greater at the bottom. Lock gates also have to withstand great
pressures. The photograph, Fig. 41, shows a new gate, 65 feet in
width, being moved into position during the building of a large
dock on the Mersey. High-water mark is about 48 feet, so that
the height of the water pressing against the gate at high tide will
also be 48 feet. The area against which the water will press cquals
65 X 48 square feet. The centre of the water will be 24 feet below
the surface and so the average pressure on cach square foot will be
24 X 62-5 lb. Hence the total thrust on the lock gates will be
65 X 48 X 24 X 62-5 lb. = 2,200 tons (approx.). (Actually, sea
water is heavier than fresh water and 1 cu. ft. weighs more than
62:5 1b.)

Head of Water.—In a water-pipe the pressure depends on the
difference in level between the water in the pipe and that in the
reservoir supplying it. This difference in
level is called ““ the head of water,” e.g. the
head at Bin Fig 37 is the height AB. When
the head is 100 feet the pressure in a pipe
is 56 1b./sq. in., just as it would be at the
same depth below the surface of an expanse
of water. The pressure is the same at all
parts of the system of pipes which are at
the same horizontal level.

FIG. 42 It has been mentioned that the pressure

at the bottom of a column of water 2 feet

high is 62:5 x 2 1lb. and in general the pressure at any point in

water is & X 62-5 Ib. per square foot where the *“ head ” is 4 feet.

When the head is 4 cm. the pressure is 4 grams per square centi-

metre. The pressure in any liquid is therefore 4 x 62-4 X d 1b.

per square foot where d is the specific gravity of the liquid, or
h X d grams per square centimetre.

The effect of specific gravity on the pressure may be illustrated
by balancing two liquids which do not mix, such as oil and water,
in the U-tube (Fig. 42). The pressure in the left-hand limb at the
common level is 4,d, and in the other limb 4,d,. These two values
are equal, i.e. A d, = h,d,. Thus the ratio of the two densities is :

dy _ hy

Iy
and if the density of one liquid (e.g. water) is known, that of the
other liquid can be found.

>---->

[
1]
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A Hydraulic Press.—A simple form of the press is shown in
Fig. 43. Suppose the area of the narrow column is I square inch
and that of the other 10 square inches. A weight (say of 2 lb.)
placed on A will then exert a pressure of 2 1b. on each square inch.
This pressure is trans-
mitted equally through the
water in all directions and
hence the upward pressure
in the wider column is 2 1b.
per square inch. Since the
area of the surface of the
water is 10 square inches
the total upward pressure
on the piston supporting D
is 20 Ib. Hence the 2 1b.
weight at A will support a
20 lb. weight at D. This principle of using water to multiply
forces is made use of in hydraulic presses or jacks, though liquids
such as oils are frequently used in place of water.

D

AIR PRESSURE

Although we live at the bottom of an ocean of air we are not
usually conscious of its presence, for it cannot be seen, smelled or
tasted. But when the wind blows strongly we realize that something
is present. Winds are masses of moving air and the air then
behaves like other substances in motion ; it exerts forces which
can set things in motion and which are sometimes strong enough
to push down trees and buildings. Indeed, air is a material
substance and occupies space as water and other substances do.
This fact becomes evident when an ‘‘ empty *’ bottle is inverted
vertically in a trough of water and tilted sideways. Bubbles of air
escape from the bottle and the water enters to take the place
formerly occupied by the air.

Air, like other substances, has weight. This can be shown by
pumping the air out of a vessel, such as a large sphere ; the exhausted
vessel is then weighed and the air is allowed to enter it. It is then
re-weighed and an increase in weight is found.

Although air is very light, a cubic foot of it weighing little more
than an ounce, there is such a large height of it pressing on the

earth that the pressure it produces is considerable, being about
D
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15 1b. per square inch of the surface. This pressure is not acting
merely in a downwards direction but, like the pressure in a liquid,
is exerted on all surfaces in contact with it. The following experi-
ment illustrates this fact. A large empty tin is filled with water
to a depth of a few inches. The water is boiled and the stecam
drives out most of the air. The cap is screwed on and the steam
inside is then condensed by pouring cold water over the can. Since
there is then little air in the space above the water the can crumples
up as shown in Fig. 44. The can has not only been ““ concertina-ed ”
downwards but has collapsed on every side. The pressure of the
air on the outer surface must have been considerable to produce
the effect shown. It might be wondered how the sides of the can
normally withstand this pressure. The can does not collapse when
full of air, for the air inside is pressing outwards with the same
force as the outer air is pressing
inwards and there is, therefore, no
resultant force (just as there is none
when two boys are pushing with
equal force on opposite sides of a
swing door, for the door remains
stationary).
Another example illustrating air
pressure is a well known  con-
Fic. 44 juring "’ trick. A tumbler is filled
brimful with water and a thin
piece of cardboard is put on top." The cardboard is held in
position by the hand while the tumbler is turned upside down and
then the hand is removed. The cardboard remains apparently
stuck fast despite the weight of the water which is pushing down on
it. There must obviously be a force pushing upwards and this force
is due to the upward pressure of the air, which is more than sufficient
to hold up the weight of the water in the tumbler. It is the pressure
of air which makes a sucker stick against a smooth surface. The
rubber or leather disc is pressed against the surface and the air
is thus forced out from underneath it. Hence the air is pressing
only against its outer surface and so makes the sucker stick.
One of the most famous experiments showing the force exerted
by the pressure of the air was made, about 1650, by the Burgomaster
of Magdeburg, a German named Von Guericke (see illustration,
Fig. 45). He fitted together two large hemispheres of about four
feet in diameter, so forming a hollow sphere. The air was then
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pumped out of this hollow sphere by an air-pump which he had
devised and made. Hence the air was pressing on the outer surface
of the sphere only. So great was the force exerted on this surface
that it took two teams each of eight horses to drag the hemispheres
apart.

Effect of Air Pressure on the Surface of Water.—When
we “suck up” lemonade, etc., through a straw, what really
happens is that some of the air is withdrawn from the tube above
the surface of the lemonade, thus decreasing the pressure of the
air inside the tube. The pressure of the air outside the tube is
then greater than that inside and this greater pressure, which acts
on the surface of the lemonade in the glass and then through the
liquid, forces the lemonade up the tube. A pipette is filled in a
similar manner. In a fountain-pen filler the squeezing of the bulb
forces some of the air out of the inside of the tube and the ink
rises for the same reason.

Measurement of Air Pressure.—This is done by using an
instrument called a barometer, the simplest kind of which con-
sists of a tube about 33
inches long sealed at one
end. This tubeis filled with
mercury (quicksilver) and
inverted vertically in a
basin containing mercury.
(The thumb is placed over
the open end while inverting
the tube.) The mercury-
level then falls until it is
about 30 inches higher than
the surface of the mercury
in the basin and an empty
space, or vacuum, is left at
the top of the tube. It
does not matter how wide
the tube is or whether it
is slanting so long as there
is a vacuum above the mercury; the vertical height of the
column is always the same (see Fig. 46). The pressure of the air
is exerted on the surface of the mercury in the basin and there must
be the same pressure at the same level in the tube. This air pressure
is balanced by the weight of the column of mercury, for there is
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no air to press down above the mercury in the tube. It is customary
to express the pressure of the air as being so many inches of mercury,
indicating the height of a column of mercury it can support.

The relative density of mercury is 13-6 and 1 cubic foot of water
weighs 62-5 1b., therefore 1 cubic foot of mercury weighs 13:6 X
62-51b. Hence the pressure of a column 30 inches high, i.e. 21 feet,
on each square foot will be 13-6 X 62-5 X 2} lb. and on one square
inch

130 X f;f.- X 23 b, = 146 Ib.
When the atmospheric pressure equals 30 inches of mercury it follows
that the atmospheric pressure is
14'6 1b. per square inch.

In the old type of ““ weather glass’’
the tube is shaped like a letter J,
the longer limb being about 36
inches high and sealed at the top
(Fig. 47). The atmospheric pres-
sure is equal to the difference in
heights of the two mercury-levels,
but since it would be inconvenient
to have to measure this difference
repeatedly a mechanical device is
used. A small weight floats on
the open surface and is balanced
by another weight as shown. Any
change in level is indicated by a
movement of the pointer over the
face of the weather glass which is
calibrated in inches of mercury.
This type is now largely replaced by
the aneroid barometer, which con-
tains no mercury at all and works
on a different principle.

The Aneroid Barometer.—The
effect of exhausting the air from
a tin vessel was mentioned on Fic. 47
page 42 and use is made of this in
the aneroid barometer. Its essential part is an air-tight cylindri-
cal box out of which the air has been pumped (Fig. 48). The top
of the box is made of thin corrugated steel and would collapse (just




46 GENERAL SCIENCE

as the tin can did, Fig. 44) but for a curved spring which supports
it. Changes in the air pressure increase or decrease the force on
the top of the box. The spring moves down or up accordingly,
but since the movement is a slight one it is magnified by a system

Fi1c. 48

of levers as shown in the figure. The movement is passed by a
chain to the pointer which turns over the face of the instrument.
The face is calibrated in inches of mercury.

The Altimeter.—Just as the pressure of a column of water
increases with the depth of the water so also does the pressure of
the atmosphere vary with the altitude, i.e. height above sea-level.
Thus, on a mountain-top the height of air is less than it is at sea-level
and so the pressure of air is correspondingly less. At low altitudes
the pressure decreases I inch of mercury for about every oo feet rise
in altitude. Thus a barometer can be used to find the height of
a mountain and an aneroid barometer is obviously a more convenient
one to use for this purpose than a mercury one. Instead of marking
the face in inches of mercury it is marked in feet above sea-level.
Such an instrument is known as an altimeter and is fitted to aero-
planes, etc., and carried by mountaineers.

It has been estimated that the pressure of the air 10 miles above
the ground is about one-third of that at sea-level. The air is
evidently very sparse in this upper region which is called the
stratosphere. The air tends to fill equally all the space available
for it but there is the opposing action of gravity on it which tends
to keep it near the earth.

The Barometer and Weather Changes.—Variations of the
air pressure give some indication of weather changes, e.g. a fall in
the barometer is often an indication of approaching bad weather.
But reliable forecasts can only be made from barometer readings
taken over a wide area. For example, the weather forecasts of this
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country are based on barometric readings taken in different parts
of Europe and on the high seas.

The Cycle Pump.—The action of most pumps depends on the
pressure of the air. The piston in a cycle pump is fitted with a cup-

I T T i
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shaped leather washer which points towards the outlet, Fig. 49.
When the handle is pulled out the flexible washer is not in close
contact with the walls of the tube and air enters the space at A.
As the rod is pushed inwards the air in the barrel becomes com-
pressed and presses against the
washer with a greater force
than the outside air is exerting
in the opposite direction. The
washer is therefore pressed
tightly against the wall as shown
in the figure and no air can
escape round it. When suffi-
cient pressure is reached in A
the air is forced through the
valve into the tyre.

The Common Pump which
has been known for centuries
is illustrated in Fig. 50. The
tightly fitting piston is moved
up and down the barrel of the
pump by working the handle.
There are two valves, one in the
piston and the other at the
bottom of the barrel and each
of them can move upwards only. Suppose the water is below the
bottom of the barrel to start with. As the piston rises the pres-
sure of the air in the space below it is reduced, since that present
is given more space. Hence the pressure is less than atmospheric,
and the air, pressing on the surface of the water in the well at




48 GENERAL SCIENCE

a greater pressure than that inside the pipe, forces the water up
the pipe. The piston is then moved downwards, so increasing the
pressure in the space below it. This increase in pressure causes
the lower valve to close but forces the piston valve open, since the
pressure above it is now less than that below it. This allows the
piston to move downwards. On each upstroke the lower valve
opens and the piston valve closes and the water in time becomes
level with the spout and flows out. It has been mentioned that air
supports a column of mercury 30 inches high. Mercury has a density
of 13-6 and hence air can support a column of water of a height of
30 X 13-6 inches = 34 feet. Theoretically, therefore, the common
pump should act with the piston working to that height, but
pumps differ greatly in efficiency and in the majority the maximum
height is little over 20 feet or so.

The Force Pump.—This is used for raising water to a con-
siderable height or for driving it at a pressure through pipes. It has
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no valves in the piston which is often replaced by a plunger P as
shown in Fig. 51. There is an outlet pipe leading from the barrel
and at the entrance to the pipe is a valve V, opening outwards from
the pump. The water is raised into the barrel through a valve V,
the action being the same as in the common pump. As the plunger
moves downwards the water in the barrel is forced through the
valve in the outlet pipe and along the pipe to any required height.
In the upstroke the valve V, is opened and more water enters the
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barrel while V; closes, so preventing the liquid from passing back
into the pump.

The Syphon.—This is another device which depends on air
pressure. It consists simply of a bent tube with one limb longer
than the other, Fig. 52, and is used for emptying vessels without
having to tilt them. The shorter limb is
dipped in the liquid and when the whole tube
is filled the liquid then flows out of the longer
limb. The reason for thisis that the pressure
due to the head of liquid in the right limb of
the tube, which tends to cause the flow, is
greater than the corresponding head in the
left limb which opposes it. That in the right
limb is from C, the highest point in the tube, to o
D, the open end, while that in the left limb is I'1G. 52
from C to the level of the liquid at A. Bisa
point level with the liquid surface. Consequently it is the pres-
sure equivalent to the head of liquid from B to D which provides
the force which sends the liquid through the pipe, and the lower
the open end is below the level of the liquid in the tank the more
rapid is the flow. The action also depends on the air pressure
which is necessary to support the liquid above the level AB.




CHAPTER VII
AIR

VERY noticeable change takes place when many of the metals
are heated in the air, particularly when they are strongly
heated. For example, when the plumber heats lead in a pan a
“scum ’’ forms on top of the molten lead ; when the blacksmith
heats iron to white-hotness and then hammers it on the anvil, small
white-hot flakes fly in all directions. When one of these flakes is
cold, the original colour of it has changed and is then blue. A
few simple experiments in the laboratory show how some of the
metals change. Thus, a thin piece of lead, or copper, or magnesium
can be strongly heated on a cruciblelid. The lead leaves a yellowish
ash or powder, the copper is turned black and the magnesium bursts
into flames, leaving a white ash or powder on the crucible lid. But
when gold is heated in this way it does not change into another
substance.
The Alchemists.—This effect of heat on metals was known to
the alchemists, who were the forerunners of the modern scientists.
They classified the metals into two classes :

(a) Base Metals—metals which change into ashes on heating in
air, e.g. lead, tin, copper, iron.

(b) Noble Metals—metals which do not change on heating in air,
e.g. gold, silver (and platinum).

Mankind has always desired wealth and many of the alchemists
tried to discover a substance which, when added to a base metal,
would change it into gold. Although such a substance was
never discovered it became known as the ‘‘ philosopher’s stone.”
Besides wealth mankind has always wanted good health and certain
alchemists tried to discover a wonderful medicine which would give
perfect health and long life to all who partook of it. This, the
‘““ elixir of life,”’ was also not discovered.

These alchemists often worked in secret and in what seem to
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us to be very primitive laboratories. A reproduction of a famous

painting of such a laboratory is seen in Fig. 53.
Air and Burning.—By the middle of the seventeenth century
some approach to modern scientific methods were being made. For
example, in the reign of Charles

I, Robert Boyle invented the air
pump by means of which air
could be pumped out of a vessel.
0
]
(2T

In one experiment he placed a

red-hot piece of charcoal in a

vessel and pumped out the air.

— == The charcoal gradually ceased to

glow and in time stopped burning.

FIG. 54 He then allowed the air to enter

the vessel and the charcoal glowed

again. This showed him that charcoal burns in air but not in
the absence of it.

A different experiment was made by John Mayow (c 1674), which
may be illustrated as follows. A lighted candle is put on a cork
floating on water and over it is placed a large bell jar without its
stopper (Fig. 54). The level of the water in the jar is
marked and the stopper is put in. Very soon the water
rises up the jar and in time the flame goes out. The
candle in burning has used up part of the air, the water
having risen to take its place.

About a hundred and fifty years ago a Swedish
chemist, Scheele, burnt the substance phosphorus in a
limited volume of air. (Yellow phosphorus is sold in
yellow wax-like sticks. It must be stored in water
because when it is dry and exposed to the air it bursts
into flame. It must not be touched by the hand for the
heat of the body sets it alight.) Scheele’s experiment
can be demonstrated as follows. A stick of phosphorus
(while under water) is scraped clean and a piece about
the size of a pea is cut off. This is fastened to the end of FIG. 55
a long piece of copper wire (Fig. 55) which is then pushed
to the end of a long graduated tube sealed at one end. The
tube is then inverted in a tall jar of water so that the level of the
water inside the tube is the same as that of the water in the jar.
The air is then at atmospheric pressure and its volume is noted.
Next day the reaction is practically complete and the water will
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have risen up the tube to take the place of the air which has been
used by the smouldering phosphorus. The tube is moved so that
the levels of the water in the tube and in the jar are the same and
the volume left is recorded. It is found
that about four-fifths of the original volume
of air is left, one-fifth having been used by
the phosphorus. : .

Scheele also showed that when iron rusts =
in air it uses part of the air. His experiment
may be illustrated by placing clean, moistened
iron filings in a muslin bag which is fastened
to the end of a glass rod. The rod is then
placed, as shown in Fig. 56, in a gas jar which is inverted over
water. After some days the water will have risen about one-fifth
the height of the jar.

Oxygen.—In these experiments one common observation is
apparent, that when a candle or phosphorus burns, or when iron
rusts, in a confined volume of air, about one-fifth of the air is used.
This indicates that one-fifth of the air is different from the rest
and is now known to be composed of the gas called oxygen. The
discovery of oxygen was mainly due to the work of two scientists,
an Englishman, Joseph Priestley (c. 1770), who was a nonconformist
minister, and a Frenchman, Lavoisier, who was executed during the
French Revolution. Priestley had been presented with a large
magnifying-glass, which when held in the rays of the sun con-
centrated them to give a very hot spot (page 107), and used it to heat
various substances in the laboratory (he had, of course, no coal gas or
bunsen burners, etc.). One of the substances heated was the *“ red
ash " of mercury which is formed when mercury is heated in air. He
found that this substance gave off a gas (oxygen) in which a candle
and other substances burned much more vigorously than they did
inair. The experiment was later modified by Lavoisier, who heated
mercury continuously for twelve days in a vessel containing 50
cubic inches of air. At the end of that time some of the mercury
had changed to a red powder and 8 cubic inches of air had been
used up. He then collected all the red powder, put it in a vessel
and heated it, collecting all the air which was expelled. He collected
8 cubic inches and was left with the metal mercury instead of the
red powder.

This experiment showed him that when mercury is heated in air
it combines with part of the air to form a red powder and that when
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this powder is heated, the same volume of air as combined with
the mercury previously can be recovered.

The red powder is now known as mercuric oxide and the process
can be represented thus:

(i) Mercury 4 Oxygen of the Air = Mercuric oxide ;
(ii) Mercuric oxide = Mercury + oxygen.

Preparation of Oxygen.—This method of obtaining oxygen is
largely of historical interest and other substances (which are cheaper)
are now used. For example, the substance potassium chlorate
slowly gives off oxygen when heated, but when it is mixed with
about one-third of its weight of manganese dioxide, a black powder,
and heated in a hard glass test-tube, oxygen is readily evolved and
can be collected in gas jars over water as shown in Fig. 57. At

I

the end of the reaction all the manganese dioxide can be recovered
since none of it has been decomposed by the heat. Its purpose is
to increase the speed at which the potassium chlorate gives off its
oxygen (compare its use with the use of oil on the bearings of a
machine : the oil is not used up although much is lost by being
sprayed out of the machine. Or compare its use with a whip which
increases the speed of a lazy horse!). Substances behaving like
manganese dioxide are known as catalysts.

A catalyst is a substance which accelerates the speed of a chemical
reaction or enables the reaction to take place at a lower tempera-
ture.

Thus :

Potassium chlorate + manganese dioxide =
Potassium chloride + oxygen 4 manganese dioxide.

Many of the properties of oxygen can be demonstrated by using
the jars of oxygen collected by the method shown in Fig. 57.
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The Properties of Oxygen.—

(a) It is a colourless gas, without taste or smell and slightly soluble
in water.

(b) It re-lights a glowing splinter of wood—often w1th an audible
pop.

(c) Joseph Priestley, in 1774, stated that *“ the dropping of a lighted
candle into a jar of oxygen is a very beautiful experiment. The
strength and vivacity of the flame is striking and the heat pro-
duced by the flame is also remarkably great.”

Phosphorus, sulphur and charcoal are known as non-metals while
iron and sodium are classified as metals for reasons given later (page
201) and it is important to notice how oxygen reacts with these two
types of substances. This can be done by putting the burning
substances in gas jars full of oxygen. Thus:

(a) Dry, yellow, feebly burning phosphorus burns with an intensely
yellow flame.

(b) Feebly burning sulphur burns with a brilliant bluish flame.

(¢) Glowing charcoal burns with a bright luminous flame.

(d) A small piece of sodium placed on the bowl of a deflagrating
spoon, ignited, and put in a jar of the gas burns with an intensely
hot yellow flame. (The metal calcium reacts similarly.)

(¢) A bundle of thin iron wires, when heated to red-hotness and
plunged into a jar of the gas becomes white hot and gives off
numerous sparks.

Acids and Alkalies.—The above-named substances which burn
in oxygen combine with the oxygen to form substances known as
oxides, e.g. the oxide of phosphorus, of sulphur and of carbon, as
well as the metallic oxides, sodium oxide, calcium oxide, iron oxide.
The experiments mentioned above are usually done in gas jars of
oxygen containing about 2 inches of water so that the oxides which
are formed can be dissolved in the water if they are soluble and
litmus, a vegetable dye, is put into the water. The solutions of the
oxides of non-metals turn the litmus red whereas the solutions of
the oxides of metals turn the litmus blue. Only a few metals,
however, possess soluble oxides, e.g. sodium and calcium. The
oxides of iron, copper, tin and most other metals are insoluble. A
solution which turns litmus red is called an acid ; one which turns
it blue is called an alkali. Thus:

(a) Oxides of non-metals when dissolved in water form an acid
solution, e.g. the oxides of phosphorus, sulphur and carbon.
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(b) Soluble oxides of metals when dissolved in water form an
alkaline solution, e.g. the oxides of sodium and calcium.

Preparation of Nitrogen.—The air consists of one-fifth by
volume of oxygen and the remaining four-fifths is chiefly the gas,
nitrogen. Impure samples of nitrogen can be obtained by burning
a candle or phosphorus in a closed vessel of air, or by letting iron
rust in such a vessel, since these substances combine with the oxygen
of the air. A better method depends on the fact that the oxygen
of the air combines with a metal, such as copper, but the nitrogen
does not. The apparatus used is shown in Fig. 58. Copper turn-
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FiG. 58

ings are placed in the hard glass combustion tube, but before any
gas is collected in the jar this tube is heated. Much of the air in
it is thereby expelled and escapes forming bubbles in the water in
the pneumatic trough. When no more bubbles are formed a gas
jar full of water is then placed over the end of the delivery tube.
Then the water is set dropping, very slowly, irom the top aspirator
into the bottom one. The water expels an equal volume of air,
and this is forced over the copper which is still being heated. Pro-
vided that the air is passed slowly through the tube the oxygen in
it combines with the copper, leaving the nitrogen to pass on and be
collected over the water. The first jar to be filled is neglected, since
it contains some air, but several other jars are filled to demonstrate
the following properties.
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Properties of Nitrogen.—
(a) it is colourless, tasteless and has no smell.
(6) a candle, phosphorus, sulphur and carbon will not burn in it.
(¢) it has no action on litmus, or on lime water.

It can be regarded as a diluter of the oxygen and because of its
presence the vigorous action of the oxygen in the air is toned down.

Rare Gases.—There are other gases in the air such as carbon
dioxide, water vapour (page 85), and the rare gases, neon, helium,
argon, xenon and krypton. These “ rare gases’ do not burn or
combine in any way with other substances, that is, they are very
inert. Helium does not occur in large quantities (about 5 parts in
10,000 parts of the air). Natural supplies of it are obtained in
America, but in this country helium, like argon and neon, is obtained
from the air. One of the uses of helium is given on page 65 ; argon
is put in electric-light bulbs (page 225), and neon is used in the red
electric advertising signs.

Manufacture of Oxygen and Nitrogen.—The laboratory
methods of preparing oxygen and nitrogen have been mentioned, but
these methods are not suitable for producing large supplies of them.
A manufacturer likes to get his materials from as cheap a source as
possible and the cheapest source of oxygen and nitrogen is the air.

When air or any gas is compressed and then allowed to escape
through a very tiny hole it comes out cooler than it was at first and
use is made of this fact in turning air into the liquid state. Liquid
air is a mixture of oxygen, nitrogen and the rare gases, all in the
liquid state, and it is extremely cold (—190°C.). When it is fraction-
ally distilled nitrogen is given off before the oxygen and can be
collected separately.

The Uses of Oxygen.—Living creatures require oxygen and
get it normally from the air, but when sufficient oxygen cannot be
obtained in this way it has to be supplied. Thus:

(@) People suffering from complaints of the respiratory or breathing
system, such as pneumonia, do not get an adequate supply
of oxygen from the air they breathe and have to be given
oxygen from cylinders containing the compressed gas.

(b) At high altitudes the air is sparse and aviators are sometimes
supplied with oxygen from small cylinders.

() Oxygen is supplied in submarines and to rescue squads in mines
and at large fires (the small cylinders are strapped on to the
rescuer and a tube leads oxygen from the cylinder to a mask).

E
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Courtesy of British Oxygen Co., Ltd.
Fi1G. 59
An Oxy-acetylene Welder at Work

Many gases which burn in air give a hotter flame when they burn
in oxygen and special burners are used. Thus the flame produced

F16. 60

by burning acetylene in oxygen is hot enough to melt

— jron andisused in welding. The photograph, Fig. 59,
g P p g-59

shows a man welding part of a car. The two cylinders,
one containing oxygen and the other acetylene, can
be seen as well as the special burner. He is directing
the burner at the crack and the heat of the flame
melts the iron. The molten liquid iron runs together
and forms a solid piece when it cools.

Uses of Nitrogen.—Nitrogen is not used by itself
for many purposes, but when it is combined with
other substances it forms many very valuable pro-
ducts. Thus it is used in the manufacture of ammonia,
nitric acid, artificial fertilizers and explosives.

Carbon Dioxide.—This gas plays an important

part in plant and animal life, although the proportion of it in the
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air is very low (0-03 per cent.). It can be made by burning carbon
in oxygen but a pure sample of the gas is not obtained. When
it is required in the laboratory it is made by another method
(page 176). The gas has a distinctive property by which it can be
recognized ; it turns lime-water milky (page 175 and its presence
in air can be shown by drawing air for a few minutes through a
tube containing lime-water (Fig. 69).



CHAPTER VIII
WATER

OST metals have little apparent action on cold water, but

there are three, sodium, potassium and calcium, which react
vigorously with it. These three metals are rarely seen outside a
laboratory.

Calcium and Water.—Calcium is not a very common metal
and has few uses outside the laboratory. It is sold in sticks about
2 inches in diameter which can be sawn
into small pieces. A piece of the metal about
the size of a beanis put under a jar full of
water in a pneumatic trough (Fig. 61). The
metal, being heavier than water, sinks. A
gas called hydrogen is given off and collected
in the jar. It will be found that the gas
burns with a bluish flame.

When litmus is added to the water in the
trough it is turned blue, so that the solution
in the trough is alkaline. It will be recalled that the oxides of
certain metals, of which calcium is one, yield alkaline solutions
with water (page 56).

Sodium and Water.—This experiment can be repeated using
‘the metal sodium. This metal is, however, lighter than water and
hence floats. It may be enclosed and sunk in a little cage made
of wire gauze and the rest of the experiment carried out as before.
There is, however, a danger of an explosion, and a safer method is
to act on water with sodium amalgam, a substance made by dis-
solving sodium in mercury. (Potassium reacts even more vigorously
and when a piece of it is thrown into a trough of water sharp explo-
sions are heard and the hydrogen which is given off burns with
a lilac-coloured flame.)

Iron and Steam.—Iron does not decompose cold water, indeed
before iron and water react the iron must be red hot and the water
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in the form of steam. The apparatus used for this reaction is
shown in Fig. 62. The long tube is made of iron or gun-metal
and is about half filled with bright iron nails. A combustion furnace
is necessary to make the iron red hot.

The water in the flask is boiled and steam is passed over the
red-hot iron. Any excess of steam condenses in the cold water in
the trough and the gas, which is hydrogen, is collected in the gas
jar. But since the apparatus was full of air at the beginning of
the experiment the first jar to be filled is discarded. Many gas
jars of hydrogen can be obtained and the gas examined. It will
burn with a bluish flame with a slight ““ pop.” The nails, when
they have cooled, have lost their brightness and they are covered

with a substance known as iron oxide. (The metals magnesium and
zinc, when heated, also react with steam to give the oxide of the
metal and hydrogen. But copper and the noble metals have no
action on water or steam.)

Composition of Water.—Hydrogen can, therefore, be obtained
by acting on water with certain metals. No matter what experi-
ments are done hydrogen cannot be obtained from a metal only and
it must therefore have come from the water. In each case, the
oxide of the metal was formed. Again, it is impossible to get oxygen
from a metal by itself and it too must have come from the water.
Possibly water is made of these two gases. Before this can be
shown it is desirable to have a more convenient method of pre-
paring hydrogen, ‘



62 GENERAL SCIENCE

Laboratory Preparation of Hydrogen.—A layer of granulated
zinc is put into a flask fitted with a rubber stopper, thistle funnel and
delivery tube (Fig. 63). Dilute sulphuric acid is poured down the
thistle funnel, and effervescence takes place. Hydrogen is given
off, but is not collected in the jar until it has been tested by putting
a test-tube over the end of the delivery tube and, when it
is full, applying a light to the gas. When the gas so collected
burns only with faint ““ pop ’ it is known that all the air originally
in the apparatus has been driven out and the hydrogen—which is
known to be air-free—is collected in gas jars over water.

Much heat is given out by the rcaction and the flask will be quite’
warm at the end of the experiment. Some of the solution in the
flask can then be evapor-
ated in a basin, a glass
.rod being dipped occasion-
ally in the solution, with-
drawn and the drop of
solution allowed to cool.
When a misty appearance
is produced on the rod on
cooling, the whole of the
solution is put on one side

Fic. 63 to cool and in time a crop

of white crystals will be

obtained. These are crystals of a substance known as zinc sul-
phate. Thus:

Zinc + Sulphuric Acid = Zinc Sulphate 4 Hydrogen.

Properties of Hydrogen.—

(a) It is a colourless, tasteless gas with no smell.

(b) It burns with a blue flame. (To see the true colour of the flame
the hydrogen should be burned as it emerges from a platinum
jet since glass colours the flame yellow.)

(¢) It forms an explosive mixture with air or oxygen.

(d) It is lighter than air (its density is 1 ; that of air is 14-4). This
can be shown by standing upright a jar of the gas with the cover-
slip removed ; in a few minutes’ time there will be no “ pop ”’
if a light is put to the contents of the jar, all the gas having risen
into the air. A balloon, or soap bubble filled with the gas
quickly rises into the air when released.
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The Synthesis of Water.—The aim of the experiment is to
show that water is formed when hydrogen burns in air and
therefore it is essential to make sure that there is no water
present in the gas to begin with. It must be remembered that
the hydrogen prepared by zinc and dilute sulphuric acid contains
water vapour, for it has had to pass through an aqueous solution in
the flask. The apparatus used is shown in Fig. 64. The U tubes
contain fused calcium chloride which substance combines with the
water vapour in the gas. The hydrogen issuing from the jet is
tested for absence of air and then lighted. The flame impinges on
the surface of a retort, which is kept cool by running cold water
through it. Drops of a liquid collect on the surface and finally

N

drop into the receiving vessel. This liquid can be shown to be
water by adding white anhydrous copper sulphate to it. Water
—or an aqueous solution—is the only liquid which turns anhydrous
copper sulphate blue and the liquid obtained by burning hydrogen
in air turns it blue. Hydrogen, in burning, combines with the
oxygen of the air to form water, which is the oxide of hydrogen.

When oxygen is mixed with exactly twice its volume of hydrogen
and the mixture is exploded by an electric spark, water is formed
and nothing else remains. If the explosion tube is hot enough
steam is formed and experiments show that :

2 volumes of Hydrogen + 1 volume of Oxygen yield 2 volumes of
Steam.

Hydrogen has a powerful affinity for oxygen (that is, it readily
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combines with it), and when it is passed over many heated metallic
oxides it combines with the oxygen of the oxide to form water and
leaves the metal. This can be illustrated as follows : Black copper
oxide is put in a combustion tube and dry hydrogen is passed
through the tube until all the air is expelled. The oxide is then
heated. Soon the black colour has changed into the brown colour
of copper and moisture has condensed on the cold parts of the
tube.

Copper Oxide + Hydrogen = Copper 4 Water.

Oxidation and Reduction.—It has been seen that many metals

and non-metals combine with oxygen to form oxides and such
substances are said to be “ oxidized.”” Thus:
Oxidation is a process whereby oxygen is added to a substance.
Examples are the oxidation of iron to iron oxide or rust, copper to
copper oxide, carbon to carbon dioxide, phosphorus to the oxide
of phosphorus and sulphur to sulphur dioxide.

The removal of oxygen from copper oxide by hydrogen is the
reverse of this process and is known as reduction. Thus:

Reduction is the process whereby oxygen is removed from a sub-
stance.

Hydrogen reduces copper oxide, and water (or hydrogen oxide) is
formed. That is, the hydrogen has been oxidized, whereas the
-copper oxide has been reduced. Oxidation and reduction usually
take place at the same time, the reducing agent being oxidized and
the oxidizing agent being reduced.

Many other oxides of metals are reduced by hydrogen, e.g. iron
oxide and lead oxide. Other substances, such as carbon, and the
gas, carbon monoxide, act as reducing agents. These will be
mentioned later.

Manufacture of Hydrogen.—One method is by the reaction
of steam on red-hot iron (see page 60). It is also made by blowing
steam through white-hot coke when a mixture of hydrogen and the
gas, carbon monoxide, is formed. This mixture is known as water-
gas. It is mixed with more steam and passed over a catalyst. The
carbon monoxide is then oxidized to carbon dioxide but the hydrogen
is unchanged. (Hydrogen can be separated from carbon dioxide
much more easily than it can from carbon monoxide.)

Electrolysis of Water.—Another method of manufacturing
hydrogen can be illustrated by using the apparatus known as the
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voltameter (Fig. 65). This is filled with water to which a little
dilute sulphuric acid has been added and the taps are closed. The
piece of platinum at the bottom of one of the
side limbs is connected to the positive pole of
an accumulator and is known as the anode ;
the other is connected to the negative pole
and is known as the cathode. Bubbles of
hydrogen are given off at the cathode and
of oxygen at the anode. It is found that the
volume of hydrogen is twice that of the oxygen.
(It will be remembered that the volume com-
position of water is two volumes of hydrogen
to one of oxygen.)

Uses of Hydrogen.—Many tons of the gas
are used annually for various purposes. It
is the lightest gas known, being over fourteen
times lighter than air and hence it is used for
filling airships and balloons. But it is very
inflammable and many disastrous fires have
destroyed airships filled with it, often with
great loss of life. Hence it is being replaced Fic. 65
by helium, particularly in America where
natural supplies of helium are found. Helium, however, although
non-inflammable is twice as dense as hydrogen and its lifting
power is therefore not so great.

Natural solid fats are obtained from animals and are much
dearer than oils, i.e. liquid fats, which are obtained from fish and
from vegetable sources, e.g. olive oil, palm oil, and ground-nut oil.
Hydrogen is passed into a mixture of the boiling oil and powdered
nickel. The mixture is filtered, to remove the nickel, and when
it has cooled a solid fat is formed. This fat is then used to make
margarine.

Hydrogen is now used to make motor spirits and the heavy motor
oils. These are obtained when the gas reacts with coal dust under
certain conditions. Large quantities are also used in the manu-
facture of ammonia (page 198).
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CHAPTER IX
MOLECULES AND ATOMS

HERE is a wonderful variety of materials and substances avail-

able to satisfy the needs of modern life, but this has not always
been so. Primitive man lived a very simple life, his needs being
met by the substances near at hand, such as wood and stone and the
carcasses of animals. As civilization advanced the increased range
and facility of transport made available for use those natural
substances which were only to be found in a few places in the
world. Also from these
natural substances or raw
materials it was found
that new substances could
be artificially produced
and modern science has
greatly added to their
number. The thousands
upon thousands of different
substances in the world
to-day are built up of a
relatively few simple sub-
stances.

When water is boiled in
the apparatus shown in
Fig. 66 nothing is seen in the upper part of the flask, in the outlet
tube, or even for a little distance from the end of this tube. Yet
water collects on a cold surface placed near the outlet- tube as
shown. It must have been transferred from the boiling water through
the apparently empty space which obviously contains water
moving through it in an invisible form. Heating changes the
water into a steam, a gas which when cooled condenses and re-
forms water. The apparently empty space in the apparatus is full
of invisible steam which condenses on coming into the cold air
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into tiny droplets of water. Thousands of these droplets form
the ““ cloud of steam.”

Water can be turned into steam by heating it, and into ice by
freezing it, and chemical analysis shows that ice, water and steam
are alike in composition, all three being made of hydrogen and

Photo: A. King

Fi1Gc. 67
A Ladle of Molten Ivon

oxygen. Water is a substance which can exist as a solid, liquid or
gas, and many other substances resemble it in this respect. These
three ‘“ states of matter”’ can usually be changed the one into
another by a change in temperature. Iron and most metals melt
when heated, and the photograph (Fig. 67) shows liquid or molten
iron being poured into a mould. Air can be liquefied (page 67)
and turned into a solid as can other gases. For example, solid
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carbon dioxide is now a fairly common substance and is much
used for freezing substances. The photograph (Fig. 68) shows a
block of it being cut. It is a white solid and is often called carbon
dioxide snow.

Courtesy of Solvent Products Lid.
Fi1G. 68

Sawing a Block of Solid Carbon Dioxide

Molecules.—It seems strange that the same substance can exist
as a solid, liquid or gas, and to understand this it is necessary to
realize something of the make-up of substances. The apparently
empty space (Fig. 66) was full of steam consisting of very small
particles of water very much too small to be seen by the naked eye.
These particles, when cooled, coalesce and form the liquid, that is,
some of them join together and a particle large enough to be seen is
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formed ; the cloud of steam contains thousands of these larger
particles. Gases are made up of tiny particles much too small to
be seen even under the most powerful microscope. The particles of
one gas, however, are different in many ways from the particles of
another. The smallest possible particle which can have independent
existence is known as a molecule. These molecules are so exceed-
ingly tiny that the tiniest visible droplet of water obtainable consists
of millions of them.

A molecule is the smallest particle of matter which has free
existence. '

Solids, Liquids and Gases.—Gases, then, can be pictured as
consisting of millions upon millions of these molecules which are
moving at great speeds. In many ways a gas rescmbles a swarm
of insects, such as midges, which are darting about in the sunlight.
The molecules, too, dart and dash about in every direction, colliding
and rebounding with each other. If a few bees are put in an empty
hive, before long they will have found their way into every part of
it and, similarly, when a gas is put into a vessel very soon its mole-
cules will have spread to every part of it. A gas fills all the space
that is given to it and has no fixed volume, size or shape of its own.
When a gas is heated the molecules move faster than they did before.
If the space is restricted, e.g. if a gas is heated in a closed flask, the
increased speed of the molecules causes an increase in the number of
collisions made by the molecules against the wall of the flask.
That is, the pressure increases and in time may become great
enough to burst the flask. Conversely, when the gas is cooled the
speed of the molecules decreases and instead of rebounding they
coalesce and particles containing more than one molecule are formed.
In time these particles grow and drops of liquid are formed
which collect on the sides of the vessel. A liquid does not
occupy all the space given to it, as a gas does, but has a definite
volume. There is some freedom of movement of the molecules
possible, however, for the liquid can be poured. The molecules then
slide over each other just as the grains of sand do when sand is
poured from one vessel to another. Just as the particles of sand
settle to the shape of the vessel into which they are poured, so
do the molecules of a liquid. Although a liquid has a definite
volume, it has no shape of its own but takes the shape of the
containing vessel.

A solid is formed when a liquid is cooled and the freedom of
movement of the molecules is further restricted. The molecules
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adhere to each other and therefore a solid has a definite size and
shape.

The molecule of a substance has a definite weight, and since the
molecules are more closely compact in the solid and liquid states
than in the gaseous state equal weights of the same substance have
different volumes in the solid, liquid and gaseous states. Actually
this difference is very small between the solid and liquid states
(indeed a gram of the solid substance sometimes occupies a greater
volume than a gram of the liquid form of the same substance, e.g.
ice and water, page 84). But an equal weight of thec gaseous
substances occupies a much greater volume; a volume of water
yields about fifteen hundred times the same volume of steam. This
volume depends on the external pressure as do all gaseous volumes.

Surface Tension.—The molecules of a liquid are closely packed
together and attract each other. Thus the molecules at the surface
of the liquid are tightly held together by the attraction of those
within the surface, forming, as it were, a skin on the surface. This
skin can support small weights. Thus a needle can be floated on
the surface of water by putting it first on a piece of paper, then laying
the paper on the surface of the water, afterwards carefully with-
drawing it. Also if a small object is slowly and carefully put in a
tumbler brimful of water the water rises above the level of the brim
and appears to be held in place by a skin. A free liquid surface
always tends to shrink to the smallest possible area. This property,
which is possessed by all liquids, is said to be due to surface tension.
Owing to the effects of surface tension a small drop of liquid always
tends to assume a spherical shape if there are no forces influencing
it, for the surface of a sphere is smaller than that of any other shape
of the same volume. The tiny drops of mercury seen when the
liquid is spilled take the shape of a sphere, though the bigger drops
are flattened for their weight is greater. Rain-drops are spherical
in shape owing to the effect of surface tension. The bristles of
‘a paint-brush are quite free from each other when the brush is
in the paint, but when the brush is pulled out the bristles cling
together owing to the tendency of the liquid paint to form as small
a surface area as possible. Hence the paint remains on the brush
and does not drop off. The surface skin of water is strong enough
to support the weight of small insects which can walk about on it.
It also supports the larvae of the mosquito and other insects.

Capillary Attraction.—Fig. 69 shows two tubes which have
been placed in water ; the water has risen some distance up each
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tube ; the narrower the bore of the tube the farther the water rises.
This capillary attraction is another effect of surface
tension. The downward curved surface can be
compared with a stretched skin supporting a weight
hanging from it. Capillary action is of great im-
portance in Nature and is one of the reasons why
water ascends the stem of the plant once it has
entered the root. Water spreads through the soil,
oil rises up the wick of a lamp, water soaks into
clothes, ink into blotting-paper, and water into
a towel by capillarity.

Effect of Pressure on a Gas.—When pressure
is exerted on a gas the molecules are forced closer
together and occupy a smaller volume. This can be demonstrated
by the apparatus shown in Fig. 70. Mercury is added to the J
tube until it is level in each limb. In this way air is entrapped
in the closed limb and is at atmospheric pressure. More mercury
is poured into the open limb, so increasing the
pressure on the enclosed air. If the difference in
the levels of the mercury is 30 inches, there will
.be a pressure on the enclosed air equal to two
atmospheres, i.e. the atmospheric pressure on the
surface of the mercury, plus the pressure due to
the column of mercury 30 inches high (which is
equivalent to the pressure of one atmosphere,
page 44). It will be found that the air in the
enclosed limb has been compressed to half its
original volume. Similar experiments show that
the volumes of the gas are inversely proportional
to the pressures exerted on it. This was discovered
by Boyle and he formulated the facts into a state-
ment known as Boyle’s Law.

At a constant temperature, the volume of a gas
varies inversely with its pressure. (The law
is approximately true only for relatively low
pressures of a few atmospheres.)

FiaG.

Atoms.—It has been mentioned that molecules of one substance
differ from molecules of another and to explain this difference the
structure of a molecule must be considered. For although a mole-
cule is the smallest part of matter which can exist independently it
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is not the smallest particle known to science. Indeed, molecules
are made of still smaller particles known as ‘“ atoms’’ and each
molecule of many simple gases, such as oxygen, is made up of two
atoms. But there is this important difference between an atom
and a molecule. As a general rule an atom cannot exist by itself,
whereas a molecule can.

Atoms may be regarded as the chemical * bricks ”’ from which
all substances are made. Water, for example, is formed when a
mixture of hydrogen and oxygen molecules is exploded. A mole-
cule of it contains three atoms (bricks), one of oxygen and two
of hydrogen. Water molecules therefore contain two kinds of
matter, oxygen matter and hydrogen matter. Copper forms copper
oxide when it is heated in air ; again combination of two kinds of
matter has taken place and each molecule of the copper oxide con-
sists of an atom of copper and an atom of oxygen. Numerous other
examples can be mentioned of molecules containing two or more
different atoms, e.g. a molecule of carbon dioxide contains an atom
of carbon and two atoms of oxygen ; a molecule of iron oxide con-
tains two atoms of iron and three atoms of oxygen ; a molecule of
copper sulphate is built up of one atom of copper, one atom of
sulphur and four atoms of oxygen.

Elements and Compounds.—It is apparent, by now, that there
are two kinds of molecules. Examples of the first type are molecules
of oxygen, hydrogen, nitrogen and phosphorus, each of which is
made of atoms of one kind only. These substances are known as
elements. A molecule of certain other substances, e.g. water,
carbon dioxide, copper oxide, iron oxide, copper sulphate, contains
two or more different kinds of atoms and these substances are known
as compounds. Thus:

An element is a substance whose molecules are composed of the same
kind of atoms.

A compound is a substance whose molecules are composed of two or
more different kinds of atoms.

There are only about ninety different elements and therefore
ninety different atoms known to science, and out of this small
number the many thousands of different substances are made. If
there were large numbers of each of ninety different kinds of bricks
thousands of different buildings could be made. Some of these
would be made of bricks all of the same kind, others might be built
of two, three or four . . . different kinds. Similarly out of the
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ninety different atoms thousands of different substances can be
made ; many substances, however, contain only a few—two, three
or four—different kinds of atoms.

Although atoms can be regarded as the “ chemical bricks "’ out of
which molecules can be built, the analogy must not be pushed too far.
For example, atoms cannot exist by themselves and a particular
atom only combines with certain other atoms. The building of
chemical molecules either by Nature or artificially by man, is not
a haphazard process and chemists can predict whether two or more
different atoms are likely to combine in addition to stating what
kind of substance will be formed when combination takes place.

Compounds and Mixtures.—When one element combines with
another a chemical change is said to have taken place. A chemical
change also takes place when a compound combines either with
another compound or with an element. But it must not be assumed
that two or more elements will necessarily combine when added
together. More frequently they do not, especially if they are not
heated or otherwise made to react. Neither does chemical change
always take place when compounds are added to each other. In the
case of both elements and compounds the substances may remain
simply mixed. Indeed some substances will not even mix with
certain other substances (oil will not mix with water), but this is
not a common occurrence. All gases mix intimately and it is not
easy to separate them.

These facts may be summarized thus:

When two or more substances are added together they may

(@) react chemically with each other, combination taking place with
the formation of one or more compounds,

(b) mix, forming a ‘‘ mixture,”

(¢) neither mix nor react with each other.

The following experiment illustrates many important differences
between a mixture and a compound each made from the same
elements. Iron filings are passed through a fine sieve and mixed
in a mortar with half their weight of finely powdered roll sulphur.
The mixture is divided into two parts, one of which is put on one side
for the moment while the other is put in a test-tube. The tube is
heated gently at the bottom ; soon a glow appears ; the bunsen is
removed but the glow continues and spreads throughout the whole
of the mixture. (There is a smell of sulphur and the blue flame of
burning sulphur can be seen.) When the reaction is finished and the

F
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tube has cooled, the contents, a compound called ferrous sulphide,
are removed and compared with the mixture of iron and sulphur
which was put on one side. They differ in colour, the mixture being
approximately intermediate in colour between the iron and sulphur,
but the compound is black. When the mixture is examined through
a powerful lens particles of iron can be seen as well as particles of
sulphur. But no particles of iron or sulphur can be seen in th:
compound. If the mixture is put in a beaker of water, stirred and
allowed to settle, some separation occurs and particles of sulphur
float on the surface while the heavier iron sinks to the bottom. The
compound, on the other hand, sinks and no separation of the iron
and sulphur takes place. The iron can be separated from the
mixture, but not from the compound, by drawing a magnet through
it and then blowing off the particles of sulphur which adhere to the
iron. The sulphur of the mixture, but not of the compound, can be
separated by adding a liquid called carbon disulphide to it, which
dissolves sulphur but not iron.

Another difference in the two can be shown by adding dilute
hydrochloric acid to each. The mixture gives off hydrogen whereas
the compound gives off a different gas which has the smell of rotten
eggs and is known as hydrogen sulphide.

It is apparent from this that the mixture has the properties of
both iron and sulphur whereas the compound has properties of its
own, many of which are entirely different from those of its con-
stituents. Indeed, the compound is an entirely different substance
from either the iron or the sulphur.

Physical and Chemical Changes.—This formation of a dif-
ferent substance is one of the characteristics of a chemical change
and in this and other respects such changes differ from another kind
of change called a Physical Change. Typical physical changes take
place when

(a) ice is heated, forming water, which when heated forms steam.
Conversely when steam is cooled water is formed which when
frozen yields ice,

(b) an electric current is passed through a copper wire,

(¢) iron is magnetized,

(d) gold is heated in air until it becomes red hot.

Chemically, ice, water and steam are each the same substance, as
can be proved by analysing them. The passage of the electric
current does not change the copper into a different substance.
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Iron is not changed into a different substance on being magnetized,
neither is gold on being heated. Moreover, when steam is cooled
it re-forms water ; the copper is left unaltered when the current is
switched off ; iron remains when the magnetized iron loses its
magnetism ; and gold is left when the red-hot gold is cooled.
Furthermore, when any of the changes mentioned take place there
is no change in weight ; one pound of ice yields one pound of water
or one pound of steam ; copper does not increase in weight on being
electrified, nor does iron on being magnetized nor gold on being
heated.
Contrast these with the following chemical changes :

(2) when wood or a candle is burnt,
(b) when mercury, magnesium or any base metal is heated in air.

In each case different substances are formed ; wood forms smoke
and leaves an ash ; the candle forms fumes ; the heated mercury,
magnesium or any base metal forms ashes or oxides. If the products
of the burning wood are collected it is impossible to re-form wood
from them, as it is also impossible to re-form a candle from its fumes.
It is not an easy matter to obtain the metal and oxygen from, say,
magnesium oxide or from most of the metallic oxides (mercuric oxide
acts exceptionally in this respect).

Furthermore, one gram of magnesium does not yield one gram of
magnesium oxide, but there is a change in weight which is not
haphazard, for a definite weight of magnesium always combines with
a definite weight of oxygen to form the oxide. This occurs no matter
how much oxygen is in excess. A definite weight of any one element
always unites with a definite weight of another to form a compound
(see page 78).

- The difference between chemical and physical changes may be
summarized thus :

Chemical Changes.
() The substance, or substances,

Physical Changes.
(a) The substance undergoing the

change is not converted into a

. different substance.

)

When the conditions of the
change are reversed the sub-
stance is brought back to its
original state or condition.

undergoing thc change are
converted into different sub-
stances.

(b) The original substances can-

not, as a rule, be obtained from
the products of the change by
reversing the conditions. In
many cases it is an extremely
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Physical Changes, Chemical Changes.

difficult matter to get back the
original substances by any

method.
(¢) There is no loss or gain in (c) A certain weight of one sub-
weight during a physical stance always combines with
change. a definite weight of another to

form a certain compound.

(@) In some changes heat is given
out and occasionally light and
sound.

The chief differences between mixtures and compounds are shown
below :

Compounds. Mixtures.

(@) They are formed as the pro- (a) No chemical change occurs in
duct of chemical change. their formation.

(b) Different samples of the same (b) The composition of a mixture
compound have a constant and may vary in different samples
definite composition by weight. of the same mixture. Itisnot
It is homogenecous (one part is necessarily homogenous (one
like any other). part is not like any other).

(¢) The constituents of a com- (¢) The constituents can usually
pound can be separated only be separated by mechanical
by means of a chemical change methods.

~and not by mechanical
methods.

(d) The compound has usually en- (d) IFach constituent of a mixture
tirely different properties from retains its own properties.

its constituents.

Symbols.—The earlier chemists used cumbersome symbols in-
stead of the names of elements. These were difficult to write, print
and remember, and to-day the initial letter of the Latin name of the
element is generally used. When two elements have names begin-
ning with the same initial letter one other letter from the name is
added to the initial one. The initial letter is always put as a capital
and the next letter as a small one. The symbol, besides representing
the name of the element, represents a definite amount of it—one
atom. Thus “ O " represents an atom of oxygen, “ H '’ an atom of
hydrogen, “ C’’ an atom of carbon and “ Cu’’ one of copper (the
Latin for copper is cuprum). A list of symbols of common elements
is given in Table I.
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TABLE I

Element. Symbol. Eiement. Symbol.
Aluminium . . . . . Al Mercury* . . . . . Hg
Bromine. . . . . . Br Nitrogen . . . . . N
Calcium .. . . . Ca Oxygen . . . . . . O
Carbon . . . . . . C Phosphorus . . . . . P
Chlorine . . . . . . Cl Potassium3. . . . . K
Coppert*. . . . . . Cu Silver®¢ . . . . . . Ag
Hydrogen . . . . . H Sodium? . . . . . Na
Ironz . . . . . . Fe Sulphur . . . . . . S
Lead® . . . . . . Db Tin¢. . . . . . . Sn
Magnesium . . . . . Mg Zinc . . . . . . . In

The Latinized names are (1) Cuprum, (2) Ferrum, (3) Plumbum,
(4) Hydrargyrum, (5) Kalium, (6) Argentum, (7) Natrium, (8) Stannum.

Formula.—Molecules are composed of atoms and the symbols
of the atoms of the constituent elements are used for the formula of
the molecule. In England, chemists indicate the numbers of atoms
in a molecule by placing a small figure to the right of the symbol at a
slightly lower level. Thus O, represents a molecule of oxygen and
indicates that such a molecule contains two atoms while P, stands
for a molecule of phosphorus which contains four atoms.

Compounds are formed by the union of atoms of two or more
elements and the formula of a compound represents one molecule of
the compound and indicates its composition. Thus H,O represents
one molecule of water and indicates that such a molecule contains
two atoms of hydrogen united with one atom of oxygen.

Law of Conservation of Matter.—Scientists have discovered
certain facts and have expressed their interpretation of these facts
in statements which are known as laws. One of the most important
of these laws is the Law of Conservation of Matter which states that
matter cannot be created or destroyed. Matter can be changed, as
it is when a chemical change takes place, for then one substance is
converted into another. But the combined weight of the substances
which react is the same as that of the products. This does not
always appear to be so. For example, a candle appears to burn
completely away, but the smoke and gases, etc., which are given off
weigh exactly the same as the candle and the oxygen it used up in
burning.

Atoms and Molecules.—John Dalton, an English scientist, did
much to advance the subject of chemistry by his Atomic Theory.
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He stated, for example, that atoms of one element are all alike in
size and weight but that they differ from atoms of other elements.
Dalton knew that the weight of a single atom was exceedingly small
and he had no method of finding it. Yet he realized the importance
of being able to compare the weights of atoms of different elements.
Hydrogen is the lightest element and he therefore compared the
weight of all other atoms with that of the weight of an atom of
hydrogen ; the value he so obtained he called the atomic weight.

The atomic weight of an element is the number of times heavier
an atom of that element is than an atom of hydrogen.

The molecular weight of a substance is the sum of the atomic
weights of all the atoms comprising the molecule and so it is
the number of times a molecule of the substance is heavier
than one atom of hydrogen.

Dalton also stated that during chemical combination atoms of
different elements combine to give compounds. An atom of copper
combines with one of oxygen to give a molecule of copper oxide.
Since each of these two atoms has definite weight it follows that
definite weights of oxygen combine with definite weights of copper.
This fact is expressed in Dalton’s Law of Definite Proportions.

Law of Constant and Definite Proportions.—A compound
is formed by the union of its constituent elements in a constant
and definite proportion by weight, or, more briefly,

The weight composition of a compound is constant.

This law states, in effect, that no matter how a compound is
formed, whether in Nature or artificially, it is always formed of the
same elements united together in the same proportions by weight.
It can be illustrated by preparing specimens of copper oxide using
as many different ways as possible, e.g. by heating powdered copper
in air, by heating either the nitrate or the carbonate until no further
loss in weight occurs. Each of the three specimens so obtained is
then analysed by heating a known weight of the oxide in a stream
of hydrogen gas. The hydrogen converts the oxide to the metal.

Copper Oxide + Hydrogen = Copper + Water.

The amount of copper left is found by weighing it and the loss in
weight gives the weight of oxygen with which the weight of copper
was combined. It will be found, no matter by what method the
copper oxide has been prepared, that the proportion by weight of the
copper to the oxygen is always 63-5 of copper to 16 of oxygen
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(the atomic weights of copper and oxygen are respectively 63-5
and 16).

Equations.—It is convenient to express most chemical changes
by means of ““ equations *’ using the formula of the various chemical
substances concerned. The formula of a substance represents one
molecule and indicates a definite weight. The equation for the
action of hydrogen on copper is:

CuO 4+ H, = Cu 4+ H,0.
and this indicates that one molecule of copper oxide reacts with a
molecule of hydrogen to produce an atom of copper and a molecule
of water. (It is assumed, in equations, that molecules of metals
contain one atom.) The equation for the formation of water is
2H, + 0, = 2H,0,
which indicates that two molecules of hydrogen unite with a mole-
cule of oxygen to form two molecules of water.



CHAPTER X
HEAT

AREFUL consideration is given in many industries to ensure

that the best value for money, from a heat standpoint, is
obtained when purchasing fuels. For example, coal at £2 a ton
may be more economical than coal at thirty shillings, for it might
yield more than one and a third times the quantity of heat. A
thousand cubic feet of gas at four shillings may be cheaper than an
equal volume at three shillings and sixpence since coal-gas varies
considerably in its heating power. From this standpoint alone some
method of estimating the quantity of heat given out is desirable.
Before this can be done it is necessary to define what is meant by
‘“ unit quantity >’ of heat, and this can be illustrated by an experi-
ment. A bunsen-burner, which has been regulated to give a steady
flame (which will therefore give out the same amount of heat each
minute), is put to heat one pound of water until the temperature
of the water increases, say, 20° F. The time taken to do this is noted.
The experiment is then repeated, using two pounds of water instead
of one. It will be found that the time taken is just twice as long.
Another experiment is done in which one pound of water is heated
over the same flame until its temperature increases 40° F., i.e. twice
that in the first experiment. It will be found that the time taken is
again twice as great as the first time. These experiments show that
the quantity of heat required depends on the weight of the water and
the increase in temperature. These two facts are used in measuring
quantities of heat. The unit used in industry in England is called
the British Thermal Unit.

The British Thermal Unit (B.Th.U.) is the amount of heat required
to raise one pound of water through 1° F.
Large heat quantities are often expressed in “ therms,”” one therm
being equal to 100,000 B.Th.U.
A different unit called the calorie is used in scientific work.
8o
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A calorie is the amount of heat required to raise one gram of water
through 1° C.

A larger unit, known as the big, or great, or large calorie and
represented by a capital C is sometimes used

1 Calorie = 1,000 calories.

The quantity of heat needed for certain purposes can readily be
calculated, e.g. find the quantity of heat, in calories, needed to raise
200 grams of water from 21°C. to 61°C., i.e. through 40° C.
Heat required to raise—

1 gm. of water 1°C.= 1 calorie
200 gms. ,, » 1° C. = 200 calories
T »  40°C. = 200 X 40 = 8,000 calories.

Working similarly with the weight in pounds and temperature-
change in ° F. the quantity of heat may be found in B.Th.U.

A similar calculation can be made to calculate the heat given out
by water when it cools. In this case the fall in temperature takes
the place of the rise in temperature. Thus, when 300 grams of water
cool from 100°C. to 20°C,, i.e. 80°C. :—

Heat given out when 1 gm. cools 1°C. = 1 calorie.
” . ' , 300 gms. ,, 80°C.= 300 X 80 calories.

It will be noticed from the examples that :

The quantity of heat taken in or given out by water
= (weight) X (change in temperature).

Use is made of these units in determining and expressing the heat-
ing value of fuels ; this value is frequently termed the calorific value.

Calorific Value.—The calorific value of a fuel is the quantity
of heat which can be obtained from a unit quantity of substance
when completely burnt. For example the calorific value of coal is
about 14,000 B.Th.U.s per pound and that of gas about 475
B.Th.U.s per cu. ft. (These values are only approximate ones, for
they very largely depend on the quality of the fuel.) Large users
of coal often measure its calorific value when buying their supplies,
but in buying coal for the home there is no ready way of doing so.
In the case of gas, however, gas companies are required by law to
declare the calorific value of their gas (see page 219). Electricity is
sold by the Board of Trade Unit which is usually called simply the
unit of electricity. A unit of electricity supplies a definite amount
of heat, 3,450 B.Th.U.s, and this quantity does not vary from one
supply to another.
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When comparing the actual costs of different sources of heat it
must always be remembered that in practice all the heat cannot be
usefully employed. For example, with a coal fire, often only about
a fifth of the heat obtainable may be used in heating the room, the
remainder being lost by incomplete combustion of the coal and
through loss of heat up the chimney.

The quantity of heat given out by a source of heat may be found
by using it to heat a definite weight of water. Suppose a certain
source of heat raised the temperature of 200 grams of water from
12° C. to 42° C. in 5 minutes. Then:

Heat given out in 5 minutes = 200 X (42 — 12)
= 6,000 calories.

This source of heat, therefore, gives out 1,200 calories in one minute.
Two different sources can be compared, using this method, by
finding the number of calories each gives out per minute.

Specific Heat.—An experiment will show that when the same
steady flame is used it takes less time to raise the temperature of
a weight of a liquid such as turpentine than it does to heat an
equal weight of water through the same range of temperature. It
follows that turpentine requires a less quantity of heat than the
same weight of water does to raise the temperature to the same
extent. The ratio of the quantity of heat required by the turpen-
tine to that required by the water is called the specific heat of the
turpentine. ,

Thus when the water requires ten minutes’ heating it is found
that the turpentinc requires only four minutes, and hence only
needs four-tenths of the heat required by the water. Hence its
specific heat is 0-4.

The specific heat of a substance is the quantity of heat required
to raise the temperature of any weight of the substance divided
by the quantity needed to raise the same weight of water through
the same number of degrees.

It has been mentioned that

The quantity of heat taken in or given out by water
= (weight) X (change in temperature)

and it follows from the definition of specific heat that

The quantity of heat taken in or given out by a substance
= (weight) X (change in temperature) X (specific heat).
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When hot and cold water are mixed they come to a common tem-
perature and the quantity of heat which is lost by the hot water is
gained by the cold water. The principle : Heat lost = Heat gained
1s used to find the specific heat of a substance. Thus, in an experi-
ment it is found that when 100 grams of water at 48° C. are poured
into 200 grams of methylated spirits at 15° C. the temperature after
stirring is 30° C. If the specific heat is denoted by S

then :

Heat gained by spirits = 200 X (30 — 15) X S calories
= 3,000 S calories
Heat lost by water = 100 (48 — 30) calories
== 1,800 calories
Therefore, 3,000 S = 1,800
and S = 0'6.

Hence, the specific heat of methylated spirits is 0-6.

The specific heat of a solid may be similarly found by pouring
warm water on to a piece of the solid contained in a vessel (a
calorimeter).

Heat Capacity.—In heating water it is obvious that some of
the heat goes in raising the temperature of the vessel containing it.
Actually the heat taken in by the vessel is much smaller than might
be expected simply from its weight because of the small specific heat
of the material from which the vessel is made. While 400 calories
are required to heat 400 grams of water through a temperature rise
of 1° C., a vessel of copper, (specific heat o-1), which would contain
it and which weighs say, 60 grams, would need o-r X 6o, or 6
calories, a comparatively small amount.

The heat capacity of a body is the amount of heat needed to raise
its temperature through one degree, and that of a quantity of water
is usually high compared with the same weight of other substances.
It is, however, sometimes important to remember that when equal
bulks or volumes are compared the heat capacity of water is not so
marked since the density of water is small compared with solid
materials.

Change of State.—Water normally boils at 100°C. and no
matter how strongly it is heated its temperature will not rise beyond
this even when large quantities of heat are obviously being supplied
to it. The additional heat is used to change the water to steam.
Similarly ice can be heated, but its temperature remains at 0°C.
until all the ice has melted, the heat put into it being used to melt the
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ice. Heat is required to change a solid into a liquid and a liquid into
a gas, and the following experiment enables an approximate calcula-
tion to be made of the amount of heat required.

Small pieces of ice are placed in a metal can, along with a thermo-
meter, and heated slowly over a bunsen-burner which is burning
with a steady flame. The time from the commencement of heating
until all the ice has melted is recorded (all the ice has melted when
the temperature rises from 0° C.). The water so obtained is heated
over the same flame and the time taken in raising its temperature
from 0° C. to 100° C. is recorded. All the water is then boiled com-
pletely away and the time required for this is noted. Suppose these
times are 4, 5, and 27 minutes respectively. For each gram of liquid
water at o° C. it will take 100 calories to raise its temperature to
100° C. This takes 5 minutes, and since a steady flame is used, the
bunsen is supplying 20 calories of heat per minute to each gram
of water. In 4 minutes the heat melted all the ice and 8o calories
were given in this time to each gram of ice melted. Similarly in
27 minutes 27 X 20 == 540 calories were supplied to each gram of
boiling water and turned it into steam. The heat required to change
the state of a substance is known as the latent heat. Thus:

The latent heat of fusion of iceis 8o calories ; this is the amount
of heat required to change 1 gram of ice at 0° C. into water at
o° C.

The latent heat of vaporization of water is 536 calories ; this is the
amount of heat required to change 1 gram of water at 100° C.
into steam at 100°C.

Maximum Density of Water.—Careful experiments show that
the volume of a given ‘weight of water gradually decreases as the
water is cooled until a temperature of 4°C. is reached. Then,
curiously enough, the volume of water increases as the temperature
is lowered to 0° C. Thus water has its maximum density at 4° C.
The effect of this peculiar behaviour of water is seen when a deep
pond freezes. The surface water is the first part to be cooled, and
the warmer water beneath rises to the top while the colder water
flows to the bottom (see convection currents, page 89). This con-
tinues until the temperature at the bottom of the pond is 4°C.
Then although the surface water becomes colder it does not sink
because it is lighter (less dense) than the water beneath it at 4° C.,
and in time the water at the top freezes at 0° C. It expands on doing
so and has no tendency to sink since ice is less dense than water
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owing to the expansion. Ice and water are poor conductors of heat
(page 88) and although there is ice at the surface there is not a
great loss of heat by the water at the bottom of the deep pond.
This water does not freeze but remains at about 4° C. Fish,
plants and other pond life can live in the water at the bottom of the
pond and are not frozen in a mass of ice as they would be in many
cases if water at 0° C. had the greatest density, and if the density of
ice were greater than that of water; for then as soon as ice was
formed it would sink and freezing would take place from the bottom
upwards.

Regelation.—The melting-point of ice is affected by pressure
and is only o° C. at atmospheric pressure. This fact can be
demonstrated by hanging a weight at each end of a copper wire
and then placing the wire across a block of ice (Fig. 71). Ice
melts when subjected to a greater
pressure than atmospheric, but as soon
as the pressure is released it freezes
again. The pressure underneath the
wire is greater than atmospheric, so the
ice melts and the wire passes through
the water which is formed. But as
soon as the wire has passed through,
the pressure becomes atmospheric again
and the water freezes. So finally a
solid block of ice is left although the
wire has passed through the ice.

When a snowball is made the snow is pressed closely together.
This increase of pressure causes some of the snow to melt, but as soon
as the pressure is removed the water freezes again leaving a frozen
mass the shape of a ball. In a similar way the ice of a glacier when
rounding a bend is pressed closely against its side. Some of the ice
melts and the water so formed freezes when out of the region of
pressure. Hence the glacier takes the shape of the bends and curves
of the valley down which it flows, even though it is a solid river.

Evaporation.—Roads soon become dry after a summer’s rain
for the heat of the sun causes the water to evaporate and the vapour
rises into the air. This process is known as evaporation and is
taking place continually at the surfaces of lakes, ponds, rivers and
seas. This water vapour sooner or later returns to the earth as rain.

The water vapour mixes intimately with the air and if sufficient
of it is present the air becomes saturated and can hold no more.
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Air which is capable of taking in much additional water vapour is
said to be dry ; if it is not so capable it is said to be moist or humid.
The amount of water vapour required to saturate the air depends on
the temperature, the greater the temperature the greater the amount
the air can hold. Hence humidity depends not only on the quantity
of water vapour actually present, but also on the amount the air is
capable of holding. In winter, for instance, the cold air is often
more humid than the air in summer, although there may then be
actually less water vapour in the air since the air in summer, being
hotter, can hold more of it.

Wet clothes dry quickly out of doors on a warm, dry, windy day,
particularly when they are spread out to expose as great a surface as
possible. Other conditions being the same the tendency for water to
change into vapour is greater the higher the temperature and so
evaporation is quicker on a warm than on a cold day. The drier the
air the more water vapour it can hold, and on a windy day the vapour
is blown away as it is produced, so that the air in close proximity to
the clothes does not become saturated and evaporation proceeds'at a
quicker rate.

The humidity of the air affects all of us ; we are continually losing
moisture through the pores of our skin by evaporation. This is an
important process and if impeded or hastened we suffer discomfort
(page 310). Humidity is also an important factor in certain
industries, e.g. cotton spinning is best done in a damp atmosphere.
. Cooling by Evaporation.—Heat is used in changing a liquid
to a vapour (page 84), so that when evaporation takes place, if this
heat is not supplied to it externally it has to be taken from the liquid
itself. Thus when a liquid undergoes evaporation its temperature
islowered. The cooling effect can be illustrated when ether, a highly
volatile liquid, is placed on the watch glass underneath which are a
few drops of water. Air is blown on to the ether by a bellows and
some of the liquid evaporates. Soon the water beneath the glass is
amass of ice. There are many instances where this cooling effect is
of use. In hot countries water is kept cool by storing it in skins.
The skin is porous so that the outside is always moist. In warm
weather butter is often kept under a cover of unglazed earthenware
containing water which soaks through to the outside. Moistened
muslin is also similarly used. In such cases the evaporation of
water keeps the temperature below that of the surrounding air.
Chills which follow from keeping on wet clothes are due toethe
water evaporating and so making the body cold. A human being
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perspires and the moisture evaporates ; this causes a lowering of
the temperature, which is often most desirable in hot weather
(page 310). Liquid ammonia (or liquid sulphur dioxide) is used in
many refrigerators and is allowed to evaporate so that the tempera-
ture is reduced (page 199).

Boiling-point of Water.—When water is boiling bubbles of
vapour are escaping freely into the atmosphere ; these bubbles are
formed in every part of the liquid, not only at the surface. The
steam pushes away the air to make room for itself and so exerts a
pressure equal or slightly greater than atmospheric pressure.
Indeed, the pressure of the air above the surface of the water deter-
mines the temperature at which the water boils; the higher the
pressure the higher the boiling-point. Thus, at the top of a moun-
tain, where the pressure is considerably less than at sea-level, water
boils at a lower temperature than 100°C; solowisit that the water
is not hot enough to scald tea properly or to cook an egg.

When a liquid is heated in a closed vessel the vapour particles
accumulate above the surface and the pressure in the space above the
liquid gradually increases. If the vapour is not allowed to escape
an explosion might occurin time and, to prevent this, safety valves
are fitted to steam-producing boilers. In many steam engines the
free escape of steam is deliberately restricted to allow high pressures
to be obtained but there is always a safety valve which is set to come
into operation when a certain pressure is reached. At these higher
pressures the water boils at a higher temperature than r100°C.
There are on the market specially designed cooking vessels in which
the escape of steam is restricted with the resultant increase in boil-
ing-point. The higher the boiling-point the shorter the time needed
to cook many foods, so there is a saving of fuel. Besides this saving
is the other advantage that many foods improve by rapid cooking.

A consideration of the facts of latent heat indicates that once
water is boiling the supply of heat can be reduced to that required
to maintain the boiling-point temperature. To supply more heat
is wasteful unless the object is to convert the water into steam and
much gas is wasted by not lowering the flame of the gas-ring once
water needed for cooking has been brought to the boil.

Boiling under Reduced Pressure.—An experiment to illus-
trate this is illustrated in Fig. 72. The water in the round-
bottomed flask (half full) is boiled until the steam produced has
driven out most of the air from the flask. The flask is then corked
tightly and contains boiling water and steam, but practically no air.
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It is then inverted and a damp cloth placed on it. This causes the
steam to condense and so the pressure above the
surface is low. The water continues to boil
although it has been cooled to a temperature much
below 100° C.

TRANSMISSION OF HEAT

The sun is nearly 92,000,000 miles away from
us, yet its heat warms the earth. What a tre-
mendous distance the heat has to travel! All
our artificial sources of heat are intended to
supply heat to their surroundings and the heat

FiG. 72 from them has to travel some distance, however

small. Heat only travels from one object to

another when they differ in temperature, and it might travel in
one of three ways, by conduction, convection or radiation.

Conduction.—When water is heated in a kettle over the fire
the heat travels from the fire through the bottom of the kettle to
the water. The handle of a poker soon becomes warm when the
other end is put in a fire. In each case heat has travelled through
the solid metal. The part near the source of heat
obviously becomes heated first and the heat travels
along the metal being ““ conducted ”’ from particle to
particle. Substances vary considerably in their
power of conducting heat as can be shown by the
apparatus in Fig. 73. This consists of a number of
rods of different substances, copper, iron, aluminium,
lead, etc., each of which is coated with wax. One
end of each of them is fixed into a tank into which
boiling water is poured. In a short time the wax
melts at different heights, e.g. the wax on the lead
has melted to a level near the tank while that on
the copper has melted almost to the other end of U U
the rod. The experiment gives some idea of the Fic. 73
different conductivities of the various substances.

Generally speaking, metals are good conductors of heat in com-
parison with solid non-metals, liquids are bad conductors and
gases are very bad ones indeed. The poor conductivity of water
can be shown by heating a test-tube of water at the top (Fig. 74) ;
the lump of ice, wrapped in gauze to keep it at the bottom of the
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tube, does not melt, practically no heat having been conducted
through the water to it.

Convection.—-Since water is a
poor conductor of heat the ques-
tion arises why it so quickly be-
comes heated throughout when the
heat is applied in the ordinary
way at the bottom and sides of
the vessel containing it. The
manner in which the heat travels .
to do this can be illustrated by a Y. 74
simple cxperiment.

A small crystal of potassium permanganate is dropped to the
bottom of a round-bottomed flask (Fig. 75), the flask is filled with
water and is gently heated from below the crystal, using a small
flame. The water round the crystal is coloured by the permanganate
dissolved in it. Streaks of colour ascend to the top of the water and
later descend down the side of the flask showing that the heated
water rises to the surface and the cool water comes down to take
its place. The reason for this is that the water nearest the source

Fi1G. 76

of heat becomes hot and expands. It thus has a smaller density than
the cold water above it, and rises. Convection currents are therefore
due to the hot water rising and the colder water sinking to take its
place. This colder water, in turn, becomes heated and in time all
the water in the flask becomes warmer.

Convection currents are also set up in the air by heating it, since
warm air rises while colder air falls in a manner similar to that
described for water and for the same reason. This can be shown
by using the apparatus in Fig. 76. The burning candle heats the

G



Q0 GENERAL SCIENCE

air immediately around it and the warm air rises up the chimney
on the left while cold air descends down that on the right. The
smouldering piece of paper produces much smoke which mixes
intimately with the air and shows in which direction the air is
travelling.

Radiation.—The hcat given out by the sun has to travel
02,000,000 miles to reach us, and, except for a few miles near the
earth, it has to travel through empty space. Actually the sun
does not heat the air appreciably, either at high altitudes or near
the earth. Heat travels from the sun by a method known as
radiation (see page 120) and when the radiant heat falls upon an
object it is absorbed and heats the object.

A coal fire passes heat into the room by radiation and, just as
in the case of the sun, the air between the fire and the person or
thing receiving the radiant heat is not necessarily heated. Thus
we can shield ourselves from the fire’s heat by holding say a piece
of paper in front of us. The paper becomes hot but we ourselves
do not, although surrounded by air which is evidently receiving
but little heat from the fire. (In time the hot paper sets up con-
vection currents. Actually the air of a room is warmed, to some
extent, by convection currents set up by objects in the room which
have become warmed by radiant heat.)

It does not need a very hot source like the fire or the sun to
radiate heat. Any object warmer than its surroundings gives out
heat by radiation and this accounts for the cooling of many things.
Some surfaces radiate heat well, others do so badly, as shown by
the following experiment. Two calorimeters, similar in every way
except that one is highly polished and the other blackened, are
filled with equal weights of hot water at the same temperature
and left to stand in the same surroundings with a thermometer in
each. The water in the blackened calorimeter loses heat more
quickly than that in the polished one as will be indicated by a
quicker fall in its temperature. Highly polished tea-pots (such as
silver ones) radiate heat more slowly than a dull tea-pot does and
so the tea in them remains hotter for a longer time.

Radiant heat is not absorbed until it falls on the surface of an
object and the effect of having a dull, blackened surface compared
with a bright polished one can be shown as follows. Two calori-
meters (Fig. 77) are filled with equal weights of water and a ther-
mometer is placed in each. Previously one has been highly polished,
the other blackened. They are placed one at each side of a bunsen-
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burner, each the same distance (about 6 inches) from it. The
temperature of the water in each is recorded every minute and it
will be seen that the water in the blackened calorimeter becomes

Fic. 77

warmer more quickly than that in the polished one. A dull black-
ened surface absorbs radiant heat better than a bright polished
surface or than a white surface.

Heat Effects in Everyday Life.—The reason for using many
of the common things in the home can be explained from a know-
ledge of the properties of heat. The hot-water bottle owes its use
to the great heat capacity of water which is greater than that of any
other substance. Thus a bottle full of hot water gives out a larger
quantity of heat than it would were it filled with the same weight
of any other liquid or solid at the same temperature.

Blankets and other woollen materials do not give out heat and
so keep us warm ; this can be strikingly illustrated by wrapping
a piece of ice in a blanket and putting it alongside another piece
of ice exposed to the air. The latter melts first. Actually blankets
keep us warm because they are bad conductors of heat and prevent
the heat of the body from escaping. A blanket prevents the ice
from melting because it prevents the heat from the air from being
conducted to the ice. Substances which do this are known as
insulators. New blankets are “ teased,”’ the fibres are pulled more
or less upright so that the blanket has a fluffy appearance. The
spaces between the threads arc many and small, so reducing con-
vection, and air is a bad conductor. Thus newly teased blankets
are better insulators than old blankets which have had the fibrous
nature of their surfaces more or less destroyed by many washings.
The fur of an animal, and the feathers of a bird, besides being
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of good insulating material (i.e. bad conducting), also have air in
the spaces between the fibres and so keep the heat near the animal’s
surface. In a similar way mesh net or cellular underwear is a
good insulator since air fills the pores.

White clothing does not absorb as much radiant heat from the
sun as does black ; hence its use in tropical countries and in England
during the summer. Cotton is a better conductor than wool so
that cotton clothes allow more of the body heat to escape than do
woollen ones—a great advantage in hot weather.

Thermos flasks arc used cither to keep a liquid hot or to keep
a substance, e.g. ice-cream, cold. If cither a hot or a cold substance
were left in the air they would in time attain the temperature of the
air mainly owing to radiation of heat either from or to the contents.

The inner glass vessel is the real thermos flask, the

P outer metal case being merely to protect it from
P breakage. The glass vessel, Fig. 78, has double
Sk walls and the space between them is a vacuum.
Heat cannot pass by conduction or convection
through this vacuum. It can pass through it, how-
ever, by radiation and so the glass surface is silvered.
A silvered surface does not radiate much heat (page
90), neither does it absorb much. Hence th