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PREFACE

To insure the greatest benefit from the study of Phys-
ics, there should be a codrdination of (&) a reliable text,
(b) class demonstrations of stated laws, (¢) practical
questions and problems on the application of these laws,
and (d) personal experimentation in the laboratory. A
thorough study of the text is necessary, for by this means
only can the pupil secure for himself the knowledge that
has been attained by the scientific men who have preceded
him; there should be illustrative experiments, or demon-
strations, to show the application of recognized laws, or
the methods by which they have been established; there
should be practical questions and problems to irain the
thinking power-and to show that the principles of Physics
are the foundation of a multitude of natural phenomena ;
and there should be laboratory work to train the observ-
ing power and to teach the unvarying relation between
physical causes and their effects.

My purpose has been to provide a book that can be
completed with a reasonable amount of work within an
academic year; to present the different phases of the sub-
ject in as logical a manner as possible; and to introduce
such experiments as can be made with comparatively
simple forms of apparatus.

While avoiding the undue prominence of any one divi-
sion of the subject, it has seemed proper to lay stress upon
the mechanical principles which underlie the whole ; upon
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4 PREFACE

the curve as the only universal scientific method of ex-
pressing the results of an experiment, and upon the meas-
urement of electrical quantities and the application of the
electrical current.

In the Appendix will be found a few additional experi-
ments, for the convenience of those who wish to meet,
technically, the published requirements for entrance to
Harvard, the recommendations of the National Educa-
tional Association, or those of the College Entrance Ex-
amination Board for the Association of Colleges and
Preparatory Schools of the Middle States and Maryland,
—all of these recommendations being identical.

Numerical answers to problems will be found on pages
447 and 448. They are inserted to make easy the verifi-
cation of the student’s accuracy in solving the numerical
problems ; but as they are printed on one leaf they can be
removed from the book without injury, if desired.

GEORGE A. HOADLEY.

SWARTHMORE COLLEGE
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INTRODUCTORY

1. Physics is that science of matter and energy which has
for its object the investigation of the laws that express
the relation between physical phenomena and their causes.

In order to study and formulate these laws the student
makes use of experiments in which various changes in
the conditions may be made and their results noted.

2. Matter is that which oceupies space and may be per-
ceived by one or more of the senses. There are various
kinds of matter, called Substances, such as wood, stone,
water, air, etc., while Bodies are composed of definite
volumes of these substances.

3. Atoms and Molecules. — The fact that bodies can be
compressed gave rise to the belief that the space they oe-
cupy is not filled entirely by the matter of which they are
composed, and that its particles do not really touch one
another. These particles are called molecules, and they
are the smallest parts into which a body can be divided
without destroying the substance as such. If the forces
which keep the molecule intact are overcome, the mole-
cule may be broken up into atoms, which are understood
to be the smallest quantities of matter that can enter into
combination. For example, one molecule of water, H,O,
contains two atoms of hydrogen and one of oxygen. The
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8 INTRODUCTORY

name corpuscle has been given to particles of matter smaller
than the atom, which act as carriers of negative electricity.

The term molecule is a convenient one for the physical unit
of matter, as the term atom is useful for the chemical unit.

4. Size of Molecules. — Molecules are so small that they
cannot be seen by microscopes of the highest power.
Lord Kelvin (Sir William Thomson) has, however, calcu-
lated their size in some substances, and from a study of
the thickness of the film in soap bubbles he concludes that
if a globe of water the size of a foothall were magnified to
the size of the earth, the molecules would occupy spaces
intermediate in size between small shot and footballs.

The number of molecules in a cubic centimeter of gas
at the ordinary temperature and pressure is given by Max-
well as about 19,000,000,000,000,000,000. This means
that if a bottle holding 1 cu. in. were filled with air, and
it should escape at the rate of 100,000,000 molecules per
second, it would take nearly 100,000 years for all the air
to leave the bottle.

5. States of Matter. — In the air we breathe, the water
we drink, and the bread we eat we have examples of the
three different forms or states that matter can assume ;
namely, gaseous, liguid, and solid. A Solid is a body which,
at ordinary temperatures and under slight pressures, does
not change its shape. If the shapeis changed under these
conditions, the body is a Fluid. Fluids may be divided
into two classes. Those that retain a definite surface on
being poured into a vessel are Liquids, while those that
have a tendency to expand indefinitely are Gases. Fluids
flow: it is commonly supposed that solids do not. This
is not strictly true, since it has been shown that under
certain pressures solid bodies also flow, as in the case




STATES OF MATTER 9

of iron when disks are punched from boiler plates by
hydraulic pressure.

The state of matter is largely determined by conditions
of temperature and pressure.

A stick of sealing wax fastened at one end so that it
will stand horizontally, and having a two-pound weight
attached to the other end, will become permanently bent
in a short time; an asphalt pavement on a sloping street
will flow down hill in a hot day; and a bullet placed
upon a cake of shoemaker’s wax, resting upon two corks
in a dish of water, will in a few months pass entirely
through the wax, while the corks will pass upward info
it. All these are examples of what are called solid bodies,
yet under the proper conditions they are seen to flow.

Bodies form an almost continuous gradation from the
most rigid solid to the most tenuous gas, and the above
classification may be extended as in the following table :

Rigid solid. . . . - - . . Steel

s il Gy ote ot o o dmildn

Viscons liguid - « + . .. . Tar

Mobile liquid . . . . . . . Water

Vapor . . . . . . . . . Vaporof water
G B e S AT

Some substances assume all three states through a
change of temperature alone, as water, which may be
solid (ice), liquid (water), and gaseous (dry steam)
Others require a change of pressure as well as a change
of temperature.

6. Energy may be called the power of doing work. Lhe
ram of a pile driver falling upon the head of the pile
forces it into the ground to a depth-which depends upon
the weight and the height from which it falls. Increase
either, and its power of doing work, that is, its energy, is
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increased, and the pile is driven further into the ground.
By winding a watch, enough energy is stored in its coiled
spring to keep the watch running for the entire day.

7. Physical and Chemical Changes. — The physical phe-
nomena whose laws of relation we are to investigate are
the result of physical changes. Whenever a change takes
place in matter without destroying the identity of the sub-
stance, it is known as a Physical Change. The fall of a
stone thrown into the air, the changing of water into steam,
the shrinking of a board while seasoning, the attraction
between a magnet and a nail, are all physical phenomena,
and the changes that take place are physical changes. If,
however, the water is separated into the gases hydrogen
and oxygen, or the board is burned, or the iron nail is
eaten by acids, the identity of the substance is destroyed,
and the change is a Chemical Change.

8. Experiments. — An experiment is a question put to
nature, and the results obtained by it are her answer. It
has been the common experience of men that to the same
question nature always gives the same answer, and thus
we learn that the order of natwre is constant; or that she
has definite laws by which she works. A careful study
of the experiments which follow, attended by the actual
making of them by the student, will show in how great
variety the questions can be asked and what is the effect
of every changed condition. In the interpretation of the
results of an experiment Hypotheses are formed to ex-
plain these results. When these are found to account
satisfactorily for all the observed facts, they become ac-
cepted Theories; when these theories are established so
firmly that they cannot be overthrown, they arc the ex-
pression of Physical Law.




CHAPTER I
PHYSICAL FORCES AND UNITS

9. Forces. — All physical phenomena are caused by
physical forces. In physics the term force is used to
denote that which fends to produce, to change, or to
destroy the motion of a body. The action of a boy push-
ing against a tree, though it may not produce motion, yet
tends to do so, and hence is a force.

10. Classes of Force and Motion. — Forces may be classi-
fied in various ways: there are molar, molecular, and atomic
forces. A molar (mass) force is one which exists between
bodies that are at a sensible distance from each other,
while molecular and atomic forces exist, respectively,
between molecules and between atoms, at insensible dis-
tances. Molar forces may be classified as

1. Attractive forces, such as gravitation; and

2. Repellent forces, such as the repulsion that takes
place when like poles of two magnetic needles are brought
near each other.

They are also classified as

1. Continuous forces, which act without cessation for
a given time, and of which there may be two kinds, —
wniform forces, which are always the same in intensity,
and variable forces, which are constantly changing in inten-
sity ; and

2. Impulsive forces, which act for a short time only.

11. Measurements. — The modern study of physics and

the accurate knowledge obtained therefrom have been
11




12 PHYSICAL FORCES AND UNITS

largely the result of the use of precise measurements;
these measurements have been made in the units of mass,
space, and time.

12. Space of One Dimension: Length. — We shall con-
sider two systems of measurements, the English because it
is in general use, and the French or metric because of its
simplicity and of its growing use in all scientific work.

The English unit of length is the yard, which is by
law defined as ‘“the distance between the centers of the
transverse lines, in the two gold plugs in the bronze bar
deposited in the office of the exchequer,” in London.
Since a standard of any kind must be invariable, and
since a change in temperature affects the length of a
metal bar, the temperature at which this distance is the
standard of length must be fixed. This temperature is
62° Fahrenheit.

Copies of this standard have been made and distributed
to those countries that use the English system. The
standard yard in the United States is, however, derived
from the National Prototype Meter which was received
from the International Bureau of Weights and Measures
near Paris. This scale is made of an alloy of platinum
with 10 per cent of iridium.

For practical use the foot— one third of a yard —is
taken as the unit.

The French unit of length, the meter, was devised by
physicists in the latter part of the eighteenth century,
to accomplish two things: first, to obtain a unit that
would have a natural measure for its basis; and second,
to take advantage of the convenience of the decimal scale.
To secure the first result the 10-millionth part of the dis-
tance from the equator to the pole, measured on the
meridian passing through Paris, was taken as the unit
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of length. Subsequent and more accurate measurements
have shown that the distance as originally measured was
not absolutely correct, and that the length of the standard
meter is contained in the quadrant of the earth 10,000,880
times. While this prevents the meter from being the
decimal part of a natural unit, it does not affect the value
of the meter as a practical unit.

The standard meter is a rod of platinum kept in the
archives at Paris, and the distance between its ends at
the temperature of melting ice is 1 m.

For the multiples of the meter the Greek prefixes deka,
hekto, ete., are used, and for the decimal parts the Latin
prefixes dect, centi, etc.; this is shown in the following
table :

10 millimeters = 1 centimeter 10 meters =1 dekameter
10 centimeters = 1 decimeter 10 dekameters = 1 hektometer
10 decimeters = 1 meter 10 hektometers = 1 kilometer

The relation between the divisions of the meter and the
foot is shown below :

1 mm. = .03937 inch 1Dm. = 32.809 feet
lem. = .3937 inch 1 Hm. = 828.09 feet
1dm. = 3.937 inches 1 Km. = 3280.9 feet = .621 mile

1 m. = 39.37043 inches

The student will find it useful to become familiar with a few
approximate values besides the exact value of the meter in inches.
The millimeter is nearly equal to j% of an inch, the decimeter to
4 inches, the kilometer to § of a mile, and the inch to 2.54 em.

To use any scale intelligently one must have a distinct idea of the
values of the units of measure. To secure this in the metric scale the
student should measure a great many familiar objects with the metric
scale in terms of the centimeter, as that is commonly taken as the
physical unit of length.

13. Space of Two Dimensions: Surfaces. — Since a sur-
face has but two dimensions, the unit of surface is a square
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of which the unit of length is the side. In most physical
measurements the wnit of surface is the square centimeter
(sq. em.), though for small areas the square millimeter
(sq. mm.) is commonly used. The table is similar to the
table for length, but with a uniform scale of 100.

14. Space of Three Dimensions : Solids. — With three
dimensions, length, breadth, and thickness, we have so-
lidity. The unit of volume is a cube with the unit of
length for each edge. In the metric system it is the cubic
centimeter (c.c.), and the scale of the table is 1000.

15. Mass and Weight. — The mass of a body is the
amount of matter there is in it, as determined by “ weigh-
ing” the body in a lever balance. The weight of a
body, though depending upon its mass, is a different
thing, and the two words should not be confused. The
weight of a body is the measure of the mutual atiraction
between the body and the earth. This attraction varies in
degree at different parts of the earth, while the amount
of matter, or mass, in a pound of gold, for instance, is
the same everywhere.

The French unit of mass is the kilogram (1000 g.).
The gram, which is the practical unit for physical use, 1s
the mass of a cubic centimeter of distilled water at the
temperature of its greatest density (4° Centigrade). Deeci-
mal subdivisions and multiples of the gram are named by
using the same prefixes as with the meter. If the mass of
a body is known in kilograms, an equivalent expression in
pounds may be found. The relation is as follows:

1 Kg.=15432.3487 grains or 2.2046 pounds.

Since at any one place the weights of bodies are directly
proportional to their masses, and since the variation in
weight with location on the earth’s surface is not very
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great, the terms that are applied to masses (gram, pound,
ounce, etc.) are commonly applied to the corresponding
weights also.

16. Capacity. — Measures of capacity in the metric sys-
tem depend upon the unit of length, the wnit of capacity
being a cubic decimeter, which is called the Zter. As
this is 1000 c.c., a liter of pure water at the temperature
of greatest density weighs 1 kg.

17. Time. — The wnit of time in physical work is the
second. This is the second of mean solar time, and is
sedog of the mean solar day.

Since the motion of the earth in its path around the sun is not
uniform, the number of seconds that elapse between the time when
the sun crosses a given meridian, and its crossing the next day, is not
uniform;, but for parts of the year is more than 86,400 seconds and for
parts of the year less. This number of seconds, however, is the aver-
age time, and hence that is the length of the average solar day.

18. The C.G.S. System of Measurement. — Scientific
men working in various countries felt the inconvenience
of having various standards of length, mass, and time, and
finally adopted the centimeter-gram-second, or C. G.S.
system, for scientific work. The convenience of this sys-
tem is so great that it is taking the place of the foot-
pound-second, or F.P.S. system, used in Great Britain
and the United States.

PROBLEMS

1. An athlete runs a quarter of a mile in 52 sec. How many
meters does he go per second ?

2. An express train goes 60 mi. per hour. How many kilometers
will it go in two and a half hours?

3. Reduce 13.421 m. to millimeters; to centimeters; to decimeters:
to feet and inches.

4. How many pounds in 18 kg.?
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5. How many grams in 3 lb. 2 oz avoirdupois? Change your
answer to kilograms.

6. How many liters of water can be put into a box the interior of
which is 18 em. long, 12 em. wide, and 9 cm. deep? What is the
weight of this amount of water ?

7. What must be the depth of a eylindrical vessel 8 cm. in
diameter, to hold 2 1.?

8. What is your weight in kilograms?

9. Write the metric table of square measure.

10. Whrite the metric table of cubic measure.

19. Laboratory Work. — The great advance that has
recently been made in the application of the principles of
physies to the needs of modern life is the direct result of
the work that has been done in physical laboratories.
This work differs from that done in the class room, since
it is truly experimental — a search for results that are not
known — while class-room work is usually in the form of
demonstration.

Experimental work must be done by the student himself,
and if carefully done will prove his best teacher. A few
suggestions in regard to it may be of value:

1st. The Notebook. — The student should be provided
with a suitable notebook in which everything connected
with the experiment must be put down as soon as it is
observed. A well-kept notebook is invaluable, and its
accuracy should be beyond question.

9d. Accuracy, Carefulness, and Precision. — If the note-
book is to be accurate, the student’s work upon which
it is based must be accurate. If 3 g. of a substance are
to be taken in an experiment, it must be 3 g., and neither
3.1 nor 2.9 g. There must also be accuracy in observa-
tion and accuracy in statement. If an experiment is to
have any value, the work must be carefully done. The
laws of nature make no allowances for our errors. In
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stating the results of an experiment the student should
be clear and precise, so that the exact idea that he had
in mind will be the one conveyed to the reader of his
notes.

8d. Verification. — The student should never be satis-
fied to make an experiment once only. Repeat until every
detail is familiar and the principle is thoroughly” under-
stood.

Although it may not be necessary for every student
to make every experiment given in this book, yet every
student should do the larger part of this work, and should
do it understandingly ; and that student will have the
best grasp of the subject who does this work most con-
scientiously. Two things will save time and secure more
satisfactory results :

1st. Read the directions for the experiment carefully
and understand what the object of the experiment is
before beginning work upon it: the object, not the result,
for preconceived ideas of what the result should be have
no place in an experiment.

2d. Adopt some general form for your notes, such as
here indicated :

(@) Object of experiment.

(b) Description of method and instruments used.

(¢) Observation of phenomena.

(d) Conclusion.

LABORATORY WORK

1. Make, with a sharp-pointed pencil, two dofs near the opposite
corners of a page in your notebook. Measure the distarce between
them in centimeters five times, taking different parts of your scale, and
placing the scale on edge so the divisions will come close to the paper,
and tabulate your results in the form shown on the next page.

HOADLEY’S PHYS, —2




No.of Ex. Dot A. Dot B. Distance
1t 2 cm. 2131 cm. | 2531 cm.
3 311 28:30) %0 Tanan

3 g b 30,29 25.29
4 i3 | 33:92 8 Ean o il
5 78 3250 | 25290 o
__5]126.51 cm.

Average=25.302 cm.

!
I the formula

the third measurement.

the reading 80.29 cm.
f unit, the reading will be 802.9 mm.

it has been sharpened.
call the length L and the diameter D, and compute its volume from

Suppose Fig. 1 to

As the dot does

18 PHYSICAL FORCES AND UNITS

In this table the second and third columns show the direct

readings, and the fourth
gives the distance, which
is a derived result. The
average result of the five
readings gives the true
distance between the
points. The differences
in distance shown in the
fourth column in this
assumed experiment are
greater than would be
found except with an
inaccurate scale.

As the first decimal figure in the third columm represents milli-
meters, — the smallest division on your scale,—the second decimal
figure is your estimation of the tenths of a millimeter.
The estimation of lenths is very important in all physical B
work. The student must not only understand it, buf
also be able to put it in practice.

' represent part of your scale, and the position of dot Bin | —

The scale mark 30 is 30 cm. 20
The smaller divisions which are not numbered are tenths
of a centimeter; that is, millimeters.
not come exactly opposite to the third millimeter, we
must estimate the tenths of a millimeter, and thus get |—
If the millimeter is taken as the

Fig, 1

‘: 2. Measure the same distance, using inches instead
of centimeters. Change the distance thus obtained to centimeters
and compare with the result of measurement No. 1.

3. Measure the length, in millimeters, of a new lead pencil before

Measure its diameter, also in millimeters;

V = area of end x L.

But area of end = E?—z = 81416 x D", he

4: 3

nce V'

_8141€ x D*x L
4
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The character o is a Greek letter called pi, which represents the ratio
of the circumference to the diameter of any circle. Its numerical
value is approximately 3.1416.

Reduce the volume thus found to cubic centimeters.

The Micrometer Caliper.— An accurate instrument for
the measurement of the diameters of small cylinders and

* spheres is the micrometer caliper or sheet metal gauge.

This consists of a U-shaped ;
piece of brass or steel, 4,
through one arm of which is
threaded a screw, B, which is
turned by the milled head C.
On the inner metal sleeve
extending from F to the B

right, there is a longitudinal

scale, and on the end of the outer sleeve D there is a
circular scale. When the end of the screw B touches the
flat face of K both zeros coincide; when any body, as A,
is put between K and the end of B,—which is screwed in
until it just touches H,—the diameter is measured by
reading the two scales & and D.

4. Measure the diameters of five pieces of copper wire and compare
the results with the diameters given in the wire table in the Appen-
dix, and find the corresponding sizes by number.

5. Cut two triangles out of writing paper, making sure that the
edges are straight. Call one side of each

¢ the base, as 4B in Fig. 3, and call the oppo-

site angle €. From C drop a perpendicu-

lar €'D upon the base and compute the area

AB X CD " Do this

for each triangle. Weigh each triangle care-
fully in a good balance and see how nearly the following proportion
holds:

A D B by the formula, Area =
Fi1G. 3

Mass of 1st.: Mass of 2d = Area of 1st: Area of 2d.
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ball a sphere?

PHYSICAL FORCES AND UNITS

Suppose you wish to find the area of an irregular-shaped piece of
land; does this suggest a method for doing it?

6. Weigh out 500 g. of water — distilled if possible — and pour it

into a graduate that reads to cubic centimeters.
Is the volume 500 c.c.?

In reading with the graduate keep your eye
on a level with the division read, and read from
the bottom of the concave surface of the water,
as in Fig. 4, line 4 B.

7. Measure the diameter of a large steel
bieycle ball with the micrometer caliper; com-
pute its volume from the formula ¥V = §ur;
weigh. How does its weight compare with the
weight of the same volume of water?

For the diameter take the average of a number of readings. Isthe




CHAPTER II
THE PROPERTIES OF MATTER

20. General and Specific Properties.—In considering
the properties of matter a distinction should be made
between those properties that belong to matter itself and
those that belong to bodies only.

General properties are those found in all matter, such
as extension, division, tmpenetrability, porosity, elasticity,
tnertia.

Specific properties are those found in certain kinds of
matter only, such as ductility, tenacity, hardness, malleabil-
2ty.

Hxtenston and mass are general properties and have
been considered under the units used in measuring them.

21. Impenetrability. — Space that is occupied by one
portion of matter cannot at the same time be occupied by
any other portion. This is a property of matter rather
than of bodies.

ExperiMeNT 1.— Fill a graduate with water to a convenient
height and read. Thrust the end of a glass rod into the water and
read again. The difference in the readings gives the measure of the
amount of liquid displaced by the glass rod, and hence the volume of
the part of the rod immersed.

ExperiMeNT 2. —Into a glass tube half a meter long pour water
until it is nearly half full, add the same quantity of alcohol, mark the
position of the top, and invert. When the liquids are thoroughly
mixed, again mark the top of the liquid, and it will be found to be
considerably lower than before. Why?

ExpERIMENT 8.— Pour alcohol into a large test tube until it is
nearly full, and mark the height of its upper surface. Find out how

21




22 THE PROPERTIES OF MATTER

much loose cotton (absorbent cotton is best) can be thrust into the
alcohol without raising its surface. What does this experiment show ?

22. Porosity. — A body is said to be porous, or to have
porosity, because the particles of matter of which it is
composed do not fill the entire volume occupied by it.
The pores in bodies vary in size from those that can be
seen in a sponge or piece of charcoal, to those in stone or
metal, which may be invisible even though a microscope
of the highest power be used.

The fact that a blotter absorbs ink and that a drop of
oil will pass into a fine-grained piece of polished marble
depends upon the porosity of the blotter and the marble.

Is this properfy indicated by any of the foregoing ex-
periments ?

ExperiMENT 4. —Fill one glass with large peas, a second with
small shot, and a third with water. Pour shot upon the peas and
shake down, being careful that the surface of the peas is not raised.
‘When no more shot can be put in, pour in water until it comes to the
top of the peas. How large a part of the contents of the three
glasses is now in one? What property of matter does the experiment
illustrate ? Compare this result with that found in Experiment 2.

ExpermveNT 5. — Fill one glass with fresh water and a second with
water which has been boiled for some time and then allowed to cool.
Set them in a window in the sunshine and after an hour notice that
the inside of one glass is covered with small air bubbles. Which glass
i8it? Why?

23. Compressibility. — Whenever the volume of a body
can be reduced by pressure, it is said to be compressible.
This property depends upon porosity, and is a measure of
it. Gases are very compressible, solids to a less degree,
while liquids are almost incompressible.

By doubling the pressure upon a gas its volume is
diminished one half, while doubling the pressure upon
water diminishes its volume only 55445-
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24, Indestructibility. — While matter can be made to
assume different forms as the result of physical changes,
and while it can be combined with other matter, or
broken up into different kinds of matter, through chemical
forces, yet matter itself cannot be destroyed.

ExperimeNT 6.— To each end of a piece of German silver wire
No. 30, 2 or 3 cm. long, solder a piece of cop-
perwire No. 24, about 10 em. long. Wind the
German silver around a piece of phosphorus
and place it in a test tube. Fix the test
tube, inverted with its mouth beneath the
surface of water, in a small beaker, as
shown in Fig. 5. Balance this upon one
scale pan of a balance, then ignite the
phosphorus by touching the ends of the
copper wire, A and B, with conductors
from the poles of a battery, and it will be
found that, though the phosphorus has
been destroyed by the combustion, there has been no change in the
mass, and consequently no destruetion of matter.

25. Divisibility. — Bodies can be divided into smaller
parts without changing the matter composing them. The
property of divisibility has practically no limit. The finest
crayon dust is made up of small bodies of chalk, as may
be seen by examining it with a microscope.

ExpermventT 7.— Weigh out 1 mg. of fuchsine and dissolve it in
11. of water. Notice that though only one part in 1,000,000 is fuch-
sine, it colors every drop distinetly. Double the quantity of water
and observe.

A drop of aniline copying ink can be used instead of the fuchsine.

26. Inertia is the tendency a body has to retain its con-
dition of rest or motion. Whenever a body is at rest it
can be put in motion only by some force outside of itself,
and whenever a body is in motion the rate or direction of
this motion can be changed only by the application of a
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force from without the body. This property is purely
negative, but is one that has many important results.

ExpErIMENT 8. — Place a card upon a bottle with a small neclk,
and upon the card place a bicyele ball exactly over the mouth of the
bottle. Snap the card with the finger, and it will be sent across the
room, while the ball will drop into the bottle. Why?

ExprriMENT 9. — Suspend a heavy weight by a cord, tie a fine
thread around the middle of the weight, and pull the thread suddenly.
It will break. Why? Tie on a new piece of the same thread and
pull gently. The weight will be moved a little. If the pulls are
repeated at the right times, the weight can be set swinging. Why?

Inertia is the cause of a great many accidents: the
spilling of a liquid in a dish that is moved too quickly ;
the shock to a railway passenger when the air brakes are
applied too suddenly; the fall resulting from jumping
from a rapidly moving car, efe.

27. Elasticity is that property of matter by reason of
which a body tends to resume its original shape or vol-
ume when either has been changed by any external force.
Elasticity may be classified as follows (the corresponding
external forces being given in parentheses) :

(@) Elasticity of Compression (pressure).

(b) Elasticity of Traction (pulling).

(¢) Elasticity of Flexion (bending).

(d) Elasticity of Torsion (twisting).

ExpermMENT 10.— (@) Press a tennis ball between the hands;
on removing the pressure it regains its shape. Why?

(4) Strech a rubber band and slip it over a book. Why does it
hold the book shut?

(¢) Fasten one end of a piece of whalebone securely to a block.
Bend the other end aside, and, on being released, it will vibrate back
and forth and finally resume its original position. Why?

(d) Bore a quarter-inch hole in the middle of a block of wood a
foot square, and drive in a wooden pin, letting it project a couple of
inches. Slip one end of a rubber tube, two feet long, over this pin
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and tie it on with a cord. TFasten the other end of the tube to a sup-
port. Turn the block around with a twisting motion. It vibrates
back and forth and finally comes to rest in its original position.
Why?

Whenever a body does not return to its original shape
or volume after being subjected to some external force,
this force has exceeded the elastic limit of the body.

Some bodies require considerable force to change their
form, but still have a high degree of elasticity. Ivory,
celluloid, and marble are very elastic.

ExperiveENT 11,— Make a paste by rubbing some lampblack into
coal oil, and put a thin coating upon a flat slab of iron or stone. Flace
a large marble upon the slab. Notice how small a part of the marble
touches the slab. Drop the marble from a height of 6 or 8 1t., and
notice both the height to which it rebounds and the increased size of
the contact between the marble and the slab. Explain.

28. Cohesion and Adhesion. — Cohesion is the force that
holds together bodies of the same kind. It acts at very
small distances and is diminished by an increase ol tem-
perature.

If the bodies thus held together are of different kinds,
the force is called adhesion. There is no differenc
between the forces, and no especial need of two names.
These forces are very great in solids, and serve to
give them form and strength. In liquids cohesion is
not strong enough to determine the form, except in very
small quantities, when they take the form of drops. In
gases cohesion is very slight. In many cases adhesion is
greater than cohesion, as in the case of two boards glued
together, or two pieces of china cemented to each other;
if they are again broken, the break will be more likely
to take place in the board or china than in the joint.
Finely divided matter is often made into a solid body by
compression, as in the making of emery wheels. If a
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piece of rubber gum is cut with a knife, the two pieces
may be made to cohere perfectly by pressure.

ExpEriMENT 12.— Press together two pieces of window glass
(plate glass is best) and hold them horizontally. Can they both be
lifted by taking hold of the upper one? Put two or three drops of
water between the plates and press them together. Try to lift the
upper plate. Explain the results obtained.

ExperiMeNT 13.— With a sharp knife, cut off the bases from two
conical bullets. Malke the surfaces as nearly plane as possible. Press
them together firmly with a twisting motlon Explain the result that
is produced.

29. Tenacity is the property by virtue of which a body
resists forces that tend to pull it apart. Tenacity is a
direct result of cohesion, a tenacious substance being one
that has great cohesion. e tenacity of a substance varies
directly as the breaking weight per unit area of cross section.
H.g. if two wires of different material, but of the same
size, are tested, and it is found that 50 Ib. are required
to break one, and 100 1b. to break the other, then their
tenacities are in the ratio of 1:2. If a wire 1 sq. mm. in
cross section is broken by a pull of 50 Ib., it will require
a pull of 200 1b. to break a wire of the same material
with a cross section of 4 sq. mm.

ExpermvENT 14.— Cut a strip of Manilla paper 3 em. wide and
25 cm. long. Make two loops by turning over the ends and pasting
them down. Put a wooden rod through each loop, and to the ends
of each rod tie the ends of a loop of strong cord. Fasten one loop
to a support, and in the other put a wire hook, upon which hang a
tin pail. Pour sand slowly into the pail until the paper strip breaks.
Weigh the pail and its contents. What is this weight called? Make
the same experiment with a strip of the same kind of paper & em.
wide, and observe whether the breaking weights in the two cases
are in the ratio of 8:5

The coefficient of tenacity is the quotient obtained by
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dividing the breaking weight by the area of cross section.
This means that the coefficient of tenacity is the weight
required to break the substance if the area of cross section
is unity.

In bodies of the same material, tenacity varies with the
form of the body. When the areas of cross section are
equal, a tube has greater tenacity than a solid cylinder
of the same material, and a wire with circular cross section
has greater tenacity than one with a square cross section.

Tenacity diminishes with the length of time the load is
carried, so that a wire may finally break with a load that
it would carry safely at first. Tenacity also diminishes
as the temperature increases.

30. Malleability is that property of matter by means of
which it may be beaten or rolled into thin sheets. Brass
can be rolled into sheets thinner than the paper of this
book. The fact that tin foil and gold leaf can be made
depends upon the malleability of the metals. Gold leaf
is so thin that it is transparent.

31. Ductility is that property of matter by means of
which it can be drawn into wire. Some metals possess
great ductility. Platinum has been drawn into wire only
0.00008 of an inch thick. In order to do this, a small plati-
num wire was covered with silver, forming a compound
cylinder, the silver surrounding the platinum much as
the wood surrounds the graphite in a lead pencil. This
cylinder was drawn into a very small wire, which had
still a platinum center surrounded by silver; then the
silver was dissolved by an acid which does not affect
platinum, and the platinum was left as a wire of micro-
scopic fineness. Glass threads have heen drawn so fine
that a mile would weigh only one third of a grain.
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ExpermMENT 15. — Take a piece of glass tubing about 10 em. long
by the ends and hold the middle in the flame of a Bunsen burner near
the top. When it becomes cherry-red remove it from the flame and
draw it out with a steady pull. Prove that it is a tube by blowing
through it when one end is under the surface of water. Repeat the
experiment, drawing the tube more rapidly. Can you get a tube so
fine that you cannot blow through it?

32. Hardness is that property of matter which causes
bodies to resist being scratched or worn by other bodies.
It is a relative property, there being no such thing as an
absolutely hard or soft body. Glass, which is harder than
wax, is softer than the diamond. The diamond is the
hardest of all natural substances, and diamond dust is used
to cut other stones. Brittleness must not be mistaken for
hardness. Steel, which is hard, is tough, while- glass,
which is also hard, is brittle.

33. Crystallization. — Some matter in the form of a
solution has the property of forming erystals. Crystals
may also be formed when a melted metal solidifies
on cooling. Zine shows this very plainly on ac-
count of the size of its crystals. In a piece cast
in the form of a carpenter’s square
the erystals will form from the out- _ grem
side first and meet in lines in the "‘“,‘4"}‘;'\\‘#1\““&
center, as shown in Fig. 6. If BC Fic. 6
is held firm and a force is applied
at A in the direction indicated by the arrow, the casting
will brealk along the line D, since the crystals coming
out from the sides of the mold meet along this line and
make a line of weakness.

ExpEriMENT 16. — Make a saturated solution of salt (see note on
p-29) and put in a bealker. Set this in a quiet place, and after a few
hours you will find the surface of the liquid covered with lititle cubical
erystals of salt. Let the solution stand for twenty-four hours and you
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will find groups of crystals floating on the surface. Carefully lift one
of these ouf, invert it, and you will find a beautiful little pyramid
formed of salt cubes. Why is the pyramid formed?

Experivent 17. —Make a saturated solution of salt and fill a tea-
cup nearly full, Set the cup in a saucer and put in some quiet place.
In a few days the salt crystals will creep over the edge of the cup and
form a coating upon the outside and in the saucer. Vary the experi-
ment by putting into the salt solution a litle coloring matter.

ExperiMENT 18. — Make a saturated solution of alum and hang in
it a loop of cord so arranged that the two sides of the loop are dt least
an inch from each other. Put in a quiet place, and in a few days the
loop will be covered with crystals of alum, which can be taken out and
kept. Are the erystals of the same shape as the salt erystals?

Note.— By a saturated solution is meant one that will take up no
more of the substance. When salt is put into water until, after
thorough stirring, some of the salt is still not dissolved, the solution
is said to be saturated. When such a solution begins to evaporate,
crystals are formed. Raising the temperature of the solution usually
causes more of the substance to be dissolved. When such a saturated
solution is cooled, crystals are formed quickly. :

PRACTICAL QUESTIONS AND PROBLEMS

1. Suppose you wish to pour a liquid info a bottle, using a funnel.
Would you use a funnel that fits the mouth of the bottle airtight?
‘What is the reason for your answer?

2. What is the diffelence between the surface of writing paper
and that of blotting paper?

3. Which is changed when a gas is complessed the size of the
molecules or the distance between them ?

4. Suppose you mix chalk dust in water and filter it, and then -
dissolve salt in water and filter it. What is the difference between
the liquids that pass through the filter? Why?

5. Why does a fly wheel help to steady the running of machinery ?

6. Why does a carriage with pneumatic tires jar the rider less
than one with solid tires?

7. What would be the effect if cohesion should cease to act in
mortar ?

8. Why is a stalk of wheat hollow?
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9. TIs wood more tenacious across the grain or lengthwise of it?
Prove your answer by experiment.
10. What is meant by tempering a body? By annealing it ?

LABORATORY WORK

1. Fill a graduate to any convenient height with water, and read.
Suspend a stone, B (Fig. 7), in the water by a thread, and take a second
reading. Pour out a little water, wipe the stone dry, and repeat.
Take five sets of readings and tabulate the results. From the average
result of these five readings compute the volume of the stone.

Fra. 7

2. Trim a piece of charcoal into some regular form. Measure it,
compute its volume, and weigh it. Tie a weight to the charcoal by
a thread, and put it into a beaker of water so that it is entirely
covered. Place the beaker under the receiver of an air pump, as
in Fig. 8, and exhaust the air. After you have taken as much air
from the pores of the charcoal as you can, admit air into the receiver.
Take ouf the charcoal, wipe it dry, and weigh again. From the
difference between the two masses compute the volume of the pores in
the charcoal. Find the real volume of the charcoal. How does it
compare with the apparent volume ?

3. Suspend a heavy weight from the end of a cord. Tie a piece
of the same kind of cord to the weight so that it shall hang below it.
Pull steadily on the lower cord; which one breaks? Give a sudden
pull; which one breaks? Explain,
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4. Sprinkle sand over a board one foot wide and a foot and a half
long. Prepare a number of short wooden rods of different lengths
~ and diameters, and set them on end on the board. Give the board a
sharp blow on one end. Do all the rods fall? Why? Strike the
board at the other end or at the side. Do the rods fall in the same
direction as before? Why? The direction from which earthqualke
shocks come, and their comparative intensities, may be determined
by such simple apparatus as this.
5. Make a rod 4 (Fig. 9) about 2 m. long and 1 em. square.
Screw two cleats, B and C, on a post in such a way that the rod
A can be fastened at any point by the wedge W. Near the end of

Fic. 9

the rod make a cross, D. Arrange a metal sleeve to slide over the rod,
and from it suspend a scale pan. Fasten a meter stick to a base,
so that it will stand in a vertical position, as at 8. Arrange a sliding
finger F, so that the position of D can be read. Take a set of read-
ings beginning with no load in the scale pan and increasing by regular
amounts until the load is as great as you care to use. Tabulate
your results and find the relation between the load carried by the
rod and its deflection, the length being unchanged.

By a second set of experiments find the relation between the deflec-
tion and the length, the load being unchanged.
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34. The Graphical Method of Recording Results. — The
clearest and most scientific method of showing the results
of an experiment is what is known as the graphical method

or curve.

To construct this record, two lines, called the axes, are
The horizontal line
is usually called the axis of X, and the vertical line the
axis of ¥, as in the diagram below, at the right.
are drawn at equal intervals parallel to these axes, every

drawn at right angles to each other.

Lines

No. Load Def. in om. JZ Gurve of Deflection
1
|
1. 50g. 8 | i
g 3 2). : -
2. 100g. 15 = ;
g2 + :
3. 150g. 2.5 20 =
@
= =
il
4. 200g. 8.1 A 7 iz
m [
[
B | A
i B = 0 B0 100 150 200 &0

Load in grams

fifth line being made for convenience heavier than the
others. Suppose the table on-the left, just above, to be
the tabulated result of the first part of No. 6, on the

preceding page.

Select the zero point at the lower left-hand corner of
the paper. Let the loads be measured on the axis of X,

and corresponding deflections on the axis of Y.

Let each

five spaces on X equal 50 g., and each five spaces on V

equal 1 cm. of deflection.

The first point on the curve

is found by following up the line marked 50 until .8 cm.
is found, or until the horizontal line from the fourth

division on the axis of ¥ intersects it : the intersection is

Pl gl TR e
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it shall hang vertically, as in Fig. 10. Glue
* the lower end of the rod into a hole in the
~ center of a wooden disk a foot in diameter.
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-marked by a dot, eross, or small circle. The other points

are found in the same way, and then the curve is formed
by joining all the points by a line.

The greater the number of points determined in the
experiment, the more nearly correct will the curve be. In

‘this case the curve is practically a straight line. This

means that the deflection is directly proportional to the
load.

The curve also affords a ready means of finding points
not determined by the experiment. Suppose that it is
desired to know what the deflection would be for a load of
180 g. This can be found by going out to 180 on the axis
of X, following the vertical line until it strikes the curve,
and then following the horizontal line until the axis of ¥
is reached, where the scale reads a deflection of 2.88 em.

" This process is called interpolation.

The student should make himself perfectly familiar with
this graphical method, as its use is constantly increasing.
Cross-section paper especially prepared
for this kind of work can be obtained
from stationers.

. 6. Cut from a quarter-inch dowel-pin rod —

such as carpenters use—a piece 2 ft. long.
Glue one end of this rod into a support so that

Drive a wire nail into the edge of the disk and
tie a cord to it. Attach a spring balance to
this cord and — pulling so that the cord shall
always be tangent to the disk —note the rela-
tion between the pull and the angle through
which the disk is turned. State this relation Fra. 10
in the form of a law.

7. Take another dowel-pin rod full length, 3 ft. for example. Fix
HOADLEY'S PHYS. —3
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the upper end as in No. 6 and attach two disks, A near the lower end,

=r—=B
A
Fig. 11

and B midway between that and the support. Twist
with a scale as before and note the relation between
the scale readings and the distances of 4 and B from
the support when the angles of torsion are equal.

8. Make a spiral spring by winding a coil of No. 18
spring brass wire tightly around a quarter-inch dowel-
pin rod. A six-inch coil will be long enough. Bend
in the ends of the wire so that they are in the axis
of the coil, and make a loop in each. Suspend the
spring from one end and read the position of a mark
on the other, when there is no load attached, from
a meter stick placed vertically behind the spring.
Suspend from the lower end of the spring a small
scale pan, and add weights enough to make the

total load 100 g. Read again. Make the total load 200 g. and read.

Add 100 g. each time and make several readings. Tabu-
late your results and make a curve showing the relation
between the elongation of the spring and the load.
Interpret the curve.

9. Thrust a wooden rod, 8 in. long, into each end
of a rubber tube about 2 ft. long and tie securely.
Place a dot of ink 2 in. from each end of the tube.
Fasten one of the wooden rods to a support so that the
tube will hang vertically, and from the other rod sus-
pend a scale pan. Fix a meter stick in a vertical posi-
tion behind the tube and read the positions of both dots.
Add a load of 100 g. and read again. Take a number
of readings, inereasing the load 100 g. each time, and
from the data obtained make a curve showing the re-
lation between the load carried by the tube and its
elongation.

10. In one end of a rubber tube, 2 ff. long, insert a
glass tube and tie securély. Suspend this as shown in
Fig. 12, and fasten in the other end of the rubber tube
a hook made of a brass rod. Pour water into the tube
until it stands at some level, as at 4, keeping a record
of the number of cubic centinteters poured in. Pour
in an additional number of cubic centimeters of water
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until the level stands at B, and thus determine the value of a scale
division of the scale S in cubic centimeters. Put two ink dots on
the rubber tube at € and D and take readings of both. Take corre-
sponding readings of the top of the water column. Repeat with
added weights, as in No. 9, and make the curve showing the relation
between the elongation and the volume of the tube.

11. A convenient testing machine for determining the breaking
strength of wires is shown in Fig. 13. After fastening the wire in
place, let one student bring a steadily increasing pressure to bear
upon the handle while another reads the scale at the time of breaking.
Make five trials each of spring brass wire, No. 27 and No. 30, and take
the average of the results as the breaking strength. Measure the
diameter of each, and calculate the breaking weight of spring brass
per square centimeter of area of cross section.

12. Make a saturated solution of potassium bichromate. Pour a
small quantity on a clear glass plate, and with a small stick work the
* liquid into the form of a flat, round mass. Set it in a quiet place over
night, and in the morning observe the crystals with a reading glass or
any small lens. Very beauntiful slides can be made in this way for
projection on the screen with the lantern or stereopticon.




CHAPTER III
THE MECHANICS OF SOLIDS
I. MorioN, VELOCITY, AND FORCE

35. Mechanics treats of the action of forces on bodies.
It may be divided into two subjects : statics and dynamics.
Statics treats of the laws governing forces when no motion
is produced, and Dynamics or Kinetics treats of the laws
governing forces by which motion is produced. If motion
alone is considered without reference to the bodies moved
or the forces producing the motion, the name Kinematics
is applied.

36. Motion. — A body is said to have motion while it
is passing continuously from one position to another.
A body is at rest when its position remains unchanged.
Rest and motion are, however, entirely relative. A body
may be at rest in a railroad train, but in motion with
respect to the earth. A body that is at rest with respect
to the earth is in motion with respect to the sun.

The motion of a body is said to be rectilinear when
it moves in a straight line. When a body moves in a
path which constantly changes its direction, it is said to
have a curvilinear motion, or to move in a curve. While
it may not be difficult to imagine a body moving from
one fixed point in space toward another without change
of direction, in strict reality we know of no absolutely
rectilinear motion of bodies. A stone falling from a
balloon is moving toward the center of the earth, but this
36
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is itself moving about the sun, hence the motion of the
stone must be in a curve. For all practical purposes,
however, a body which moves without change of direction
with reference to a room or the surface of the earth is
said to move in a straight line.

If a body moves over equal spaces in equal times, its
motion is said to be wuniform. If the distances are not
equal, its motion is wvariable.

37. Speed ; Velocity. — Speed is the rate of change of
position of a moving body, or its rate of motion ; velocity
is the speed in a definite direction. If the motion is uni-
form, the speed is the distance the body goes in a unit of
time. If the motion is variable, the speed at any time is
the distance it would move in a unit of time if it should
continue to move at the same rate.

If the speed of a body is greater for each unit of time
than it was for the preceding, it gives rise to accelerated
motion. 1f this acceleration is the same for each unit of
time, the motion is wuniformly accelerated.

Motion is retarded, or negatively accelerated, when the
speed is decreasing instead of increasing, and if the re-
tardation is uniform, the motion is wniformly retarded.

Average or mean speed is the speed with which a body
would need to move uniformly to pass over a certain space
in a given time, though the actual speeds may be made up
of a great many rates.

38. Space Passed Over. — The space passed over by a
moving body depends upon two elements, speed and time.
A train moving with an average speed of 20 mi. per hour
moves 60 mi. in 3 hr. This relation may be expressed by
the equation

Space passed over = Average speed X Time,
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or, writing § for space passed over, v for average speed,
and ¢ for time, we have the formula
8= (1

39. Acceleration. — When the motion of a body is uni-
formly accelerated, the rate of-change in its speed or
velocity is called its acceleration. If the body moves 5 ft.
in one second, 7 ft. in the next, and 9 in the next, its accel-
eration is 2 ft. per second per second.

Suppose a body to move in a certain direction from a
condition of rest with a constant acceleration a. At the
end of ¢ seconds its velocity per second will be represented
by the equation

Velocity = Acceleration x Time,

or, Di— at, 2

[ gy L R S el

R

I On the above supposition, the average or mean velocity 1

for ¢ seconds will be -ao—t, and the entire space passed over
will be E o
S=§xt=gatﬂ. (©)) j

By combining equations (2) and (3) we can derive the

equation
5! v? 4 (
o €)) |
from which v=V2al. ®)

If in equation (8) the time is made 1 sec., the equation c
becomes S'= L@, which shows that when a body starts
from a condition of rest, and moves with a constant
acceleration, the acceleration is twice the space passed
over in the first second.

The space passed over during any second (the last of ¢
seconds) may be found by subtracting from the distance
passed over in ¢ seconds the distance passed over in a time
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one second less. The space passed over in ¢ seconds being
(equation 3) S=1] af? the space passed over in (t—1) sec-
onds will be §'=1a(t—1)% Hence the difference will be
s=8—8 =}at—La@—1)2=%}a@t—1). (6)
40. Momentum. — The product of the mass of a body
by its velocity is called its momentum, or quantity of
motion. In the C.G.S. (centimeter-gram-second) sys-
tem the unit of momentum is the bole, 7.e. the momentum
of 1 g. of matter moving with a velocity of 1 cm. per
second. The expression
b= My (7)
is its formula in this system. There is no name for the
unit in the F.P.S. (English or foot-pound-second) sys-
tem, but the unit would practically be the momentum
of 1 1b. moving at the rate of 1 ft. per second. A ferry-
boat moving slowly has great momentum, as is shown
when it strikes the side of the dock. Why?

41. Newton’s Laws of Motion. — As a result of his
investigation in this branch of physics, Sir Isaac Newton
formulated the following laws :

I. Bvery body tends to persevere in its state of rest or
of uniform motion in a straight line, unless it i3 acted on
by an impressed force.

1I. Change of momentum is proportional to the impressed
* force, and takes place in the direction of the straight line in
which the force acts.

1. To every action there is always an equal and con-
trary reaction.

42. Newton’s First Law. — If a body is left in a certain
place, and after an interval it is not found there, we
understand at once that it has been removed, that some
force has been brought to bear upon it. If, however, a
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body is in motion, we cannot prove by actual experiment
that it tends to go on in the same straight line, as the
law states, because it is not possible to remove all resist-
ances to a moving body, and these resistances are forces.
But if the resistances are made as little as possible, the
motion continues much longer. If a ball is rolled first
on the ground, then on a floor, and then on smooth ice,
with the same force each time, the effect of the reduced
resistance is each time shown in the increased distance
to which the ball rolls.

43. Newton’s Second Law.— This law means that any
force acting upon a body produces its ewn effect, whether
acting alone or in conjunction with other forces. It also
gives us the basis for the measurement of forces.

44, Force has already been defined as that which tends
to produce, to change, or to destroy the motion of a body,
that is, to change its momentum. From Newton’s Second
Law it is seen that the measurement of a force consists in
determining the rate of this change. Since both the
mass and the acceleration must be taken into account to
determine this, the equation for a force is

F=Ma. (®)

In the measurement of forces two units are used: the ab-
solute unit and the gravity unit.

45. The Absolute Unit. — If a force acting upon a unit
of mass gives to it an acceleration of 1 unit, then the force
is the absolute wnit of force. This unit in the C. G. S.
system is the dyne, a force that, acting upen 1 g., will
give to it an acceleration of 1 em. per second per second.
Since the dyne is a very small unit, it is sometimes con-
venient, in order to ayoid the use of larger numbers, to
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use the megadyne (=1 million dynes). In the F.P.S.
system the unit is the poundal, which is the force that
on being applied to 1 lb. of matter will give to it an accel-
eration of 1 ft. per second per second.

46. The Gravity Unit.— A force may also be measured
by comparing it with the weight of a standard mass.
Since gravity, acting upon a pound of matter for 1 sec.,
at New York, will give to it a velocity of very nearly
32.16 ft. per second, the pound, as a gravity unit, is there
very nearly equal to 82.16 poundals. In the same place
gravity, acting upon 1 g. of matter for 1 sec., causes it
to acquire, when freely falling, a velocity of 980 cm.
Hence the gram, as a gravity unit, equals 980 dynes at
New York. As the force of gravity varies at different
points on the earth’s surface, the gravity unit is variable.

4%7. Graphical Representation of Forces.— If the motion
of a body is that imparted by a single force, its path will
be rectilinear, and may be represented by a straight line.
The elements of a force are:

(@) Its point of application.

(b) Its direction.

(¢) Its magnitude.
The force may be represented by a line beginning at the
point of application, and extending in the direction in
which the force acts to a distance which is a measure of
its magnitude.

Both velocity and motion may be represented graphi-
cally. In fact, the graphic representation of a force may
be considered the graphic representation of the motion
produced by the force.

48. Composition of Forces.— When two forces, having
the same point of application, act at the same time upon
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a movable particle, the path taken by the particle upon
which they act will depend upon the direction and inten-
sity of the forces. (Newton’s Second Law.)

(@) When the forces act in the same direction. — Suppose
two forces act upon a body, moving it toward the east,
one with a velocity of 2 ft. per second, and the other with

A B C D @

Fia. 14

a velocity of 8 ft. Select a point A as the position of the
body. Draw a line Az (Fig. 14) to represent the direc-
tion in which the forces act. Take any convenient scale
and lay off AB to represent 2 ft., and AC to represent
3 ft. Then will B and € represent the respective posi-
tions of the body at the end of 1 sec., if the forces acted
separately. Since they act together, however, its position
will be at D, 5 ft. from A. The forces AB and A could
be replaced by a single force AD, and this is called the
resultant, while the forces themselves are called components.

The resultant of two forces acting in the same straight
line, in the same direction, is the sum of the given forces.

(b) When the forces act in opposite directions. — Suppose
the two forces to act, one toward the east and the other

B 4 D g

- >

Fia. 15

toward the west, as in Fig. .15. It is evident that the
force AB will act against A, and that the resultant will
be A D, their difference.

The resultant of two forces acting in the same straight
line, but in opposite directions, is the difference of the given
Jorces and acts in the direction of the greater.
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(¢) When the forces act at an angle to each other. — THE
PARALLELOGRAM OF ForCES. — (1) Suppose the force
P to act at right angles to‘the force
¢ ; then the body at 4 (Fig. 16) will
move to the east a distance equal
to AC, and to the south a distance @
equal to AB, and at the end of 1 sec.
will be found at D (ABCD being - B
a parallelogram). The path of the
body will be AD, the resultant 2 of the forces P and Q.

(2) Suppose the force @ to act at
an angle CAB to the force P (Fig.
17). Complete the parallelogram to
determine the point 0. Then will
AD or R be the resultant required.

The resultant of any two forces act-
ing at an angle to each other may be
found by completing the parallelogram
upon the forces as sides and drawing the diagonal.

(d) When there are more than two forces.— The result-
ant of any number of forces can be found by a repetition
of the parallelogram of
forces. Suppose three
forces, P, @, and §
(Fig. 18), to be acting
on a body at 4. Com-
plete the parallelogram
ACDB; then will AD
or R' be the resultant
of P and @. Find the
resultant & of Sand R’
by completing the parallelogram ADHE ; then will AH
or R be the resultant of P, Q, and S.

Lo

=]

Fia. 17
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49. Equilibrant. — The equilibrant of any number of

.

Fic. 19

forces is a force equal in mag-
nitude, and opposite in direc-
tion, to their resultant. If the
forces and their equilibrant
act upon a body, the equi-
librant will counteract the
other forces, and the body will
remain at rest. This condi-
tion is shown in Fig. 19, in
which the equilibrant # and
the forces P and @ keep the
body A at rest.

50. Verification of the Parallelogram of Forces. —
ExperIMENT 19. — 4 and B (Fig. 20) are two hooks at the top of a

blackboard. To these attach
two spring balances, C' and D.
Hook these to the ends of a
cord to which a second cord is
tied at H. Suspend a weight
W from this cord, and the
point H will be kept in equi-
librium by the three forces.
The resultant of the pulls ex-
erted by the scales C and D
may be found by marking the
position of H on the black-
board and the direction of the
lines leading to C' and D.
Take He torepresent the read-
ing of thescale C, and Hd that

[1 B

of the scale D). Complete the pam.lle]og,;’ram, and HF, the resultant,
will represent an amount equal to W, and will be vertical.

51. Parallel Forces. — An important case is where two
or more forces act in parallel directions upon a rigid body,

but at different points of application.
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Suppose two forces, P and @ (Fig. 21), are acting upon
a rigid bar at the points A and B in parallel directions.
Then will the result-

ant be equal to the A p
sum of the forces in F
magnitude and par- 14 4 B
allel to them in direc-

tion, while its point

of application will be Bl

at a point €, between Fia. 21

A and B, such that

AQ: BC = @ :P. The equilibrant would also be applied
at (0, and is equal to R in magnitude and opposite to it in
direction. If the forces P and @ are equal and act in
opposite directions, the combination is called a couple, and
produces rotation only, R being equal to zero.

ExperiMENT 20.— The truth of the above proportion for de-
termining the point of application may be verified by suspending
from a meter stick two weights, P and @, and supporting the stick

and its load by a spring bal-

ance, as in Fig. 22. The

weights can be supported from

the meter stick by cords with

A ¢ B loops passing over the stick,

O T TP and the position of the scale

can be found by slipping the

loop to which it is attached

along the stick until it bal-

ances in a horizontal direc-

tion. Before the proportion

P:Q=BC:AC is tested, a

Fra. 22 small weight should be sus-

pended from the short end

near A so that the stick will balance when the weights P and @ are

removed. The scale will read not only the sum of P and @, but the
weight of the stick and small weight also.
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The application of this principle is useful in determining
the pressure upon the abutments of a bridge when a load
is passing over it. If a
load W (Fig. 23) —an
engine, for example —
passes over the bridge
from 4 to B, the pres-
sures upon A4 and B (in
" = addition to the weight

Fic. 23 of the bridge) are con-

stantly varying from the

whole weight to zero, and vice versa, while the sum of the
two pressures is always equal to the weight of the engine.

52. Forces not lying in the Same Plane. — When three
forces having the same point of a,pphmtmn do not lie in the
same plane, the resultant
is the diagonal of the
parallelopiped  formed
on these forces as edges.
Suppose the three forces
are P, @, and § (Fig.
24). The resultant of
P and @ is R in the
plane ABE(C, while the
diagonal AH is the resultant of B’ and & in the plane
AFHD, and is the required resultant.

53. Resolution of Forces. — In the composition of forces
we have given the component forces to find the resultant,
while in the resolution of forces the resultant is given and
the components are to be found. There may be several
cases of this problem.

(a) Given, the resultant and one of two components, to
find the other component. Suppose the force P and one

1

e e e by P
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of its components @ are given, and it is required to find
the other component. Complete the parallelogram on P
as the diagonal and ¢ as one side.
Then will ¢ be the required com-
ponent.

(b) Given, the resultant and the
direction of each of two components,
to find the components.

(¢) Given, the resultant and the
magnitude of each of two com-
ponents, to find the components.

Cases (%) and (¢) are left for the student to solve.

54. Verification of Newton’s Second Law.— When a
body is dropped, it falls in a vertical line with a uniformly
increasing velocity due to the constant force of gravity.

If instead of being dropped it is struck a blow, it moves
in a curved path, the resultant of the uniform motion due
to the blow and the accelerated motion due to gravity.
According to Newton’s Second Law, the time of falling
should be the same in both cases
if the blow is given horizontally.

ExperiMeNT 21. — Fasten a half-
inch board, 18 in. long and 2 in. wide,
to the top of a support by a round-
headed screw passing through the mid-
dle. So arrange it that the board can
turn easily in a horizontal plane. Cut
two notches in the upper side of the
board, and in each of these place a
marble, as 4 and B (Fig. 26). Strike
the board on the side opposite B,
and the ball 4 will be dropped ver-
tically, striking the floor at C, while the ball B will be projected
hovizontally. As soon as B leayes the support, its path will be the
resultant of two motions: a uniform horizontal, and an accelerated

Figc. 26
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vertical motion. The path will be the curved line BD. Do the balls
strike the floor at the same time?

55. Newton’s Third Law.— This law is only a state-
ment of what we are familiar with, as reaction. If a cup
is struck against the edge of a table, the table reacts
against the cup and breaks it. If a swimmer attempts
to dive from a spring board, he makes use of both the
elasticity and the reaction of the board. In order to jump
far a boy must stand on something solid, so that it shall
react against the push of his muscles. If he should
attempt a long jump when standing upon the seat of a
swing, he would only succeed in setting the swing in
motion and getting a fall.

ExpERIMENT 22. — Suspend three balls, 4, B, and €' (Fig. 27), by
two cords each, from the opposite sides of a board about-3 in. wide.
Pass the cords through split
corksin the board, by means
of which their length can
be regulated and the balls
brought into line. Draw
the ball 4 to one side and
then let it fall against B.
The motion of A will be
transmitted to B, from B to
C, and as C' is the last ball,
it will be driven off a dis-
tance nearly as great as that
to which 4 was raised.
The experiment can be varied by adding more balls and then letting
two or more fall together. Celluloid balls are easily obtained and are
excellent for the experiment.

56. Reflected Motion. —If the ball B is firmly held
when A strikes against it in Experiment 22, A4 will
rebound. This is called reflected motion, and is caused
by the reaction of the body against which A strikes. If

Ca

is
Ie

1i:
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the moving body is not elastic, the reaction of the body
against which it striles will flatten it, as, for example, when
a ball of putty is dropped upon the floor. If the moving
body is perfectly elastic, the direction of its rebound will

‘he such that the angle of reflection will equal the angle of

incidence. This is the Law of Reflection, and may be
proved in reflected motion by the following experiment.

ExpERIMENT 23. — Place astrip

resting against a wall. Roell a B

ball across the table along the line //"E\\

AB (Fig. 28) against the bqard. /g," | ‘\R

From B, where the ball strikes, o i ‘\A
draw BD perpendicular to the [ D .

board. Then will the angle CBD

— the angle of reflection — be equal

to the angle A BD — the angle of

incidence. (The path of the ball )

can be readily traced by dusting e, 28
the table with erayon dust.)

5%. Curvilinear Motion. — The path of a body whose
motion is that imparted by a single impulsive force, is
rectilinear. Ifits motionisdue

B to two impulsive forces that
have acted upon it, its path
will still be rectilinear; but if
the motion due to an impulsive
force is combined with that due
to a constant force,not acting in
the same straight line, its path
will be. curvilinear. If a stone
is tied to a cord and swung around, a curved path is the
result. If the cord breaks, the stone goes off in a straight
line —the tangent line AB (Fig. 29); but the cord pre-
vents this and compels it to go in the curved path ADE.

HOADLEY'S PHYS, —4

I

D
Fig. 29
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58. Centrifugal Force. — The pull which the moving
body produces upon the cord that compels it to move in the
curved path is called centrifugal force, and is a result of
the inertia of the body. The measure of this force is the
tension on the cord. If part of the cord is replaced by a
spring scale, its reading will be a measure of this force,
which depends upon the mass of the body, its velocity, and
the radius of the circle in which it moves. The formula is

2
Centrifugal Force = @—5 (€))
Wo?
or, F= o 10

Equation 9 gives the result in absolute wunits, and
Equation 10 in gravity units. (W= weight ; g = velocity
gained in 1 sec. by a freely falling body.)

Formula 9 can be obtained from a consideration of
Fig. 80. Suppose a body of mass M to be moving
around the circle whose center is
0, with a uniform velocity ». The
= space AB, over which it passes in

the time ¢ is 8= vt. (Formula 1,
p. 87 or 449.) Since the time ¢ 1s

A (o]

2 taken as a very short time, the chord

AB is practically equal to the arc

AB, which is the real path. The

= distance the body is drawn away
F16. 30 from AC toward O is

OCB=AD=1at?. (Formula3,p.38)
Now, by geometry,* = AB*= AD x AE,
or v =Lat? x 2.

* If B and E are connected by a straight line, A E “vill be the hypote-
nuse of a right-angled triangle, and BD & perpendicular dropped upon it
from the vertex of the right angle.
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Hence, v2=ar, and a= 2
But F= Ma. b (Formula 8)
Hence, . = Mo,

; 7

59. Examples of Centrifugal Force. — There are many
examples of this so-called centrifugal force. In every
case in which the force that holds the body to the center
is overcome, the body flies off in a direction tangent to
the curve. The flying of mud from a carriage wheel, the
bursting of a grindstone, the separation of the cream from
the milk in a dairy separator, the action of the water in a
centrifugal drying machine, are all results of this force.

Tt is on account of this tendency that a race course is
banked to make the outside of the track the highest, and
that on a curve the outer rail of a railroad track is higher
than the inner rail.

ExperiMeNT 24.— Attach to a rotating machine a flattened glass
globe, suspending it as in Fig. 81. Pour into the globe some mercury
and colored water. Put the machine in motion, and the mercury will
form a ring around the globe at its greatest
diameter, as at A, while the water will form

a second and smaller ring inside, as at B.
ExprrimeNT 25.— Replace the globe by the

A
Fig. 31 Fig. 32

objects shown in Fig.32: 4, a small metal ring; B, a wooden curtain
ring—large; C, a flat wooden disk suspended from the edge; D, a
similar disk suspended from the middle of the side.
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PRACTICAL QUESTIONS AND PROBLEMS

1. Show by a figure that if the motion of a body is that imparted
by two forces not acting in the same straight line, one force being
constant and the other impulsive, its path will be a curve.

9. Give examples of five bodies in motion, and tell whether the
path of each is rectilinear or curvilinear, with reference to the earth.

3. Suppose an express train to make a twenty-mile run in thirty
minutes. Tell its probable average speed for the first half mile; for
the tenth mile; for the last half mile.

4. A body moves from a condition of rest under the influence of
a constant force which gives it an acceleration of 5 ff. per second per
secoid. (@) How far will it move in 10 sec.? (b) How far in the
seventh second? (¢) What will be its speed at the end of 10 sec.?

5. Which has the greater momentum, a 100-1b. cannon ball moy-
ing with a velocity of 1026 ft. per second, or a freight car weighing
30,100 Ib., moving at the rate of 15 mi. per hour?

6. ow many dynes are requived to give to a mass of 3 kg. a
velocity of 20 em. per second in 4 sec.? '

7. A certain block of marble weighs 5 kg. at New York on a
spring scale. To how many dynes is this equal ?

8. Express in poundals a force of 10 1b.

9. How great a velocity will a force of 1500 poundals, acting for
3 sec., give to a mass of 8 Ib.?

10. A sailor, on a ship that is sailing at the rate of 8 mi. per
hour, climbs from the deck to a point on the rigging 50 ft. above in
half a minute. Show by a figure the path he takes through the air,
and compute its length.

11. Suppose three ropes are fastened to a ring, and a boy pulls on
the first Tope to the north with a pull of 50 Ib.; another pulls on the
second to the east with a pull of 70 Ib.; and another pulls on the
third rope in such a direction and with such a force as to keep the ring
stationary. How much must the third boy pull, and in what direc-
tion? Solve this problem graphically.

12. A man rows a boat across a stream § of a mile wide at the rate
of 3 mi. per hour. The current carries him downstream at the rate
- of 2 mi. per hour. How long does it take him to cross the river?

13. Suppose the man in No. 12 wishes to proceed in a straight line
to a point directly opposite. In what direction must he row, and
how long will i take him?
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14, A trolley car going east at the rate of 12 mi. per hour meets
a north wind having a veloeity of 25 ft. per second. In what direction
does the wind seem to meet the car, and with what velocity ?

15. Three forces act upon a movable point, one of 16 lb. tending
o move it north, one of 24 1b. tending to move it west, and one of
56 1b. tending to move Y southeast. Find the direction and intensity
of the resultant. What must be the direction and intensity of a force
that will keep the point from moving ?

16. Where must the evener of a wagon be fastened to the pole that
one horge may draw 1200 1b., and the other 800 1b., of every ton ?

17. A weight of 300 1b. is suspended from a pole 10 ft. long rest-
ing on the shoulders of two men. Where must it be placed that-one
man may carry three fifths of the load ?

18. An ocean steamer is going northeast atithe rate of 400 miles per
day (24 hours). How far north is she going per hour? How far east?

19. A force of 60 1b. is to be replaced by two components. One
of them is a force of 40 lb. acting at an angle of 80° to the given
force. At what angle does the other act, and what is its magnitude?

90. A body that weighs 16 lb. is moving with a speed of 30 ft.
per second in a circle the radius of which is 8 ft. What pressure is
required to keep it in its path?

LABORATORY WORK

1. Lay off a scale along the length of a light, stiff wooden rod,
and suspend it from fixed supports by means of two spring balances

Fic. 33
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C and D (Fig. 33). Suspend a weight W from the rod. Observe the
readings of the scales. Take a series of readings, beginning with
the weight suspended at O directly under the scale C, and tabulate
the results in columns headed as follows :

Dist. from O Reading of C' Reading of D

Make two curves on the same sheet of cross-section paper. Take
distances of the weight I from O along the axis of X, and the read-
ings of €' and D along the axis of ¥. These curves can both go on
one sheet without interference, and a study of the curves will be
instructive. To geb good results, the scale readings must be corrected
for the readings given by the rod alone before ¥ is placed upon it.

2. In a board about 2 ft. square, put a row of wire nails an inch
from the edge on two adjoining sides (Fig. 84). Place a wooden peg
A in the middle of the board,
and from this as a ecenter
describe a circle 10 in. in
diameter, and divide the ecir-
cumference into degrees. To
a brass ring 1 in. in diameter

o

=

o

f
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attach three cords by three small rings as in Fig. 85. o the other
ends of these cords attach the spring scales B, €, and D. Fasten B
and C to any two nails, and draw D into such a position that the
center of the ring R is the peg 4. Read the scales and angles, and
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from these readings construct the corresponding parallelogram of
forces. Make the experiment with at least five different positions
of the scales. The circle and its divisions can be made directly upon
the board or upon heavy Manilla paper.

3. Make a circular whirling table like the one shown in Fig. 36,
haying across the diameter a brass wire 4 fixed in supports B and C.
Upon the wire, place two pieces of brass rod, D and E, one weigh-
ing twice as much as theother, with a hole drilled through the middle
of each large enough to admit the wire easily. TFasten these weights
together with a rubber band as near the wire as possible. Draw a
number of concentric circles at measured distances from the center, on
a disk of Manilla paper, and tack to the
table. Rotate the table at different speeds,
and measure the respective distances of D
and & by looking down from above and
counting the eircles. Can you verify For-
mula 9 (p. 50)? When two bodies are
fastened together, about what point do
they rotate?

Fia. 36 Fia. 87

4. At the middle of one side of a board 2 ft. square fasten a
block B (Fig. 87). Place this board upon a table by the side of a post
or window casing, and fix a screw hook into the post about 2 ft. above
B. From this hook suspend a celluloid ball so that it will just touch
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the middle of the side of block B. From a point €, just below the
center of the ball, as a center, deseribe a semicircle. From C' draw
the line C'O perpendicular to the face of the block.  Lay off equal
distances from O on each side of the semicircle, and connect these
-“.pomts with C by heavy lines. On the prolongations of these lines

" “fpom the right-hand divisions, set up pegs, P, P/, ete. Fasten the ball

to P! by a loop of thread. Place the eye at E, burn the thread with

a match, and notice the direction in which the ball rebounds. Repeat

at different positions. Is the angle of reflection equal to the angle of
. incidence?

II. WorE AND ENERGY

60. Work. — Whenever a force acts upon a body in
such a way as to move it, or to modify its motion,
work is sald to be done. However great the force used,
no work is done unless the body is moved. A man going
upstairs, a boy playing ball, and a steam engine lifting
coal from a mine, are all doing work.

61. Measurement of Work. — Since force and motion
are required in work, the formula may be written

Work = FS. (11)
There are four units of work, as follows:
Absolute Units

I. The erg is the work done by the force of one dyne
acting through a distance of one centimeter.

II. The foot poundal is the work done by a force of
one poundal acting through a distance of one foot.

Gravity Units

III. The kilogrammeter is the work done in raising one
kilogram one meter vertically against the force of gravity.
IV. The foot pound is the work done in raising one
pound one foot vertically against the force of gravity.
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The erg is the unit generally used in scientific work.
1 million ergs =1 megalerg. The foot pound is éﬁh’ﬁ“ Wi .

used in engineering work.
° o
TABLE OF EQUIVALENTS AT NEW Yomij' o y

1 pound = 32.16 poundals. O 20 ‘
1 foot pound = 82.16 foot poundals. \

pound = } oz. nearly. e e
L2

1 poundal = .06
1 gram = 980 dynes. %
1 kilogrammeter = 98,000,000 ergs. CELO'\QP‘
Referring to Formula 11, we see that if a man lifts a
stone weighing 100 lb. 2% ft. high, the work done is
100 x 2% = 250 foot pounds, and that if an engine raises
12 kg. 20 m. high, the work done is 12 x 20 = 240 kilo-
grammeters.

62. Time is not an Element in Work. — Too great stress
cannot be put upon the statement that the time employed
in doing a certain amount of work has nothing whatever
to do with the amount of work done. The dealer who
pays a lump sum for the unloading of a boat load of coal,
pays for that alone, and not for the time that may be
consumed by the use of an imperfect hoisting machine.

63. Time: Rate of Work: Horse Power. — The work done
in a given time, divided by the time, is the average rate
of doing work, or power. A rate of 33,000 foot pounds
per minute constitutes 1 fZorse power. An engine that
can lift 19,800 1lb. 100 ft. vertically in 1 hour can do
19800 x 100

50 = 33,000 ft. 1b. of work per minute. Hence

Foot pounds
SHoR = . 12
33000 x minutes a2

64. Energy.—If a ball weighing 20 Ib. is raised to a
shelf 10 ft. high, 200 foot pounds of work have been done
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upon it, and it is now in a position to do work, as can
readily be seen by dropping it from the shelf. The wind-
ing of a watch gives to its coiled spring energy enough to
run the wateh for an entire day. So we may say that
energy 18 the capacity for doing work.

65. Potential Energy. — The energy which a body has
by virtue of its position is called potential energy. The
measure of the potential energy of a body is the work
that has been done upon it to give it its position, and we
can write as its formula, P.BH. = FS. As the work is
usually employed in raising a weight, or working against
grayity, the formula can be written

P.E. = Wh, 13)

in which % is the vertical distance passed over by W, and
the result is in units of work.

66. Kinetic Energy. — The energy that a body has by
virtue of its velocity is called kinetic energy. The work
that has been done on a body to give it a certain velocity
is a measure of its kinetic energy. We have already
learned that work = force x distance, and that force =
mass X acceleration ; hence we may write as an expres-
sion of kinetic energy,

K. E = FS, = MaS.

But (Formula 4), 8= '“_2; hence K.E. =1 M2, (14)

2a
and since M = gf Gl = E as)

7

In this formula ¢ is the acceleration of gravity, or
e
64.32

82.16 ft., so the formula may be written K. K. =

at
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when the mass is given in pounds and the result is
required in foot pounds.

7. The Transformation of Energy.— The pendulum
affords a ready means of showing that potential energy
may be changed into kinetic, and
vice versa. Let a ball A be sus-
pended by a cord from a fixed
point P (Fig. 88). The ball
when at rest will take the posi-
tion A, where, since it is at rest
at its lowest point, it has neither
potential nor kinetic energy. In
order to move it to B, work
must be done on it equivalent to raising it through the
vertical distance DB. At B it has potential energy only,
and if it is allowed to swing, it will move down the are,
losing potential energy and gaining kinetic, until it reaches
A, when its energy will all be kinetic and sufficient to carry
it up the other branch of the arc to the point C, a distance
O'F above the horizontal line, practically equal to DBj
and here its energy is again all potential.

The kinetic energy of the pendulum is employed in
raising it against the force of gravity and restoring its
potential energy. The case of a rifle ball striking against
a stone wall is somewhat different. The motion of the
ball is stopped and its kinetic energy is transformed chiefly
into mechanical work and heat, for the ball itself is shat-
tered, the wall is defaced, and if the velocity is very great,
heat enough is produced to melt part of the ball.

The potential energy stored in coal may be transformed
into heat energy by combustion, this into kinetic energy,
if applied to a boiler and steam engine, and this into elec-
trical energy, if the engine is used to turn a dynamo.

Fig. 38
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68. The Conservation of Energy. — When a hall is fired
from a rifle, none of the energy that is developed by the
combustion of the powder is lost, but it is all transformed
into other forms of energy. Both the rifle and the ball
are put in motion, producing kinetic energy; the air is
thrown into vibration, producing sound; the ether is
thrown into vibration, producing light; and to these

i results must be added the heat of the combustion. The
i sum of all these is equal to the potential energy of the
powder, and there is no loss.

By extending the consideration to all kinds of trans.
formation of energy, scientists have reached the conclusion
that energy can neither be created nor destroyed, and hence
that the total amount of energy in the universe is constant.

III. GRAVITATION AND GRAVITY

69. Law of Universal Gravitation. — Gravitation is the
name given to the mutual attraction between different
bodies of matter. The matter considered may be two
books lying on a table, or two stars separated by millions
of miles. The attraction is universal, and the Law of
Universal Gravitation may be stated as follows: Hwvery
particle of matter in the wuniverse attracts every other
particle with a force that wvaries directly as the product
of the masses of the particles and inversely as the square of
the distance between them. This leads to the formula which
is applicable to all mutual attractions, and which can be
written

‘Fﬂ :ﬁ-%{:m (16)
d2

in which @ is the unit of attraction; 7.e. the attraction
between two units of mass at a unit’s distance.
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Whenever two attractions are compared, they are usually

of the same kind ; hence we may write the proportion
F,:F, = _J’fflli” : L-‘H—”ﬂf"”.
d? (dh?

The momenta given by mutual attraction to the two
bodies between which the attraction acts, are equal. A
man standing in a rowboat and pulling on a rope that is
fast to a sloop moves the boat faster than the sloop, but
only because its mass is much less. The momentum im-
parted to the sloop is equal to that given to the rowboat.

70. Gravity.— While the term grawvitation is applied
to the universal attraction existing between !
particles of matter, the more restricted term O
gravity is applied to the attraction that exists
between the earth and bodies upon or near its
surface. The law given above applies to it,
and it acts along the straight line connecting
the center of the earth and the center of mass
of the body. This line is called a vertical line
or sometimes a plumb line (from the Latin
word plumbwm, which means “lead ™), as it is
frequently determined by suspending a mass
of lead, the plumb bob, at the end of a cord
(Fig. 39).

71. Weight. — The force of gravity acting on a
body is measured by its weight, therefore weight
may be defined as the measure of the mutual at-
traction that ewists between the earth and a body on or near
its surface, or, more briefly, the measure of the earth’s attrac-
tion for a body.

Since the polar diameter of the earth is 261 miles less
than the equatorial, it is evident that the weight of a body

Fia. 39
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will vary with the latitude as well as with the elevation
above the sea level. The weight of a body carried from
the equator toward either pole is increased by two causes:
(1) the decrease in its distance from the center, and
(2) the decrease in the centrifugal force of the earth’s
rotation; for since a body on the equator moves with a
velocity of more than a thousand miles per hour, the cen-
trifugal force is 3¢ of the force of gravity, while at the
poles it is zero. Should the earth rotate 17 times as fast
as it now does, bodies at the equator would lose all their
weight.

72. Weight above the Surface. — The maximum weight
of a body is at the surface of the earth. If a body is
removed above the sea level, as on the top of a mountain,
or in a balloon, the distance d between it and the center
of the earth is increased, and by reference to Formula 16
we see that its weight is diminished. The relation be-
tween weight at the surface and weight above the surface
may be expressed by the proportion

Wiw=d?: D% an
in which W is the weight at the surface; w, the weight
above the surface; D, the distance

B z p  irom the center to the surface of the

earth; and d, the distance of the body
from the earth’s center.

73. Weight below the Surface.— If

we consider the weight of a body at

A (Fig. 40), below the earth’s surface,

F3 we shall see that the attraction is now

Fic. 40 divided. The part of the earth above

the line BD tends to draw the body in

one direction, while the part below tends to draw it in
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another. The resultants of all these forces act in the line
EH, the attraction of the part BDE being opposite to that
of the part BDH, and the final result-
ant is the difference of these attrac-
tions. It can be proved that this
difference is the same as the attrac-
tion of a globe whose center is at C,
and whose radius is ¢/4. In other
words, the resultant attraction of the
ring of matter outside of A is zero
(Fig. 41). Hence we can write

W:w=D:d, (18)
in which W and D have the same meaning as before,
while w is the weight of the body below the surface, and d
is its distance from the center of the earth.

74. Center of Gravity. — The attraction of gravity on
any body tends to draw its particles toward one point,
and hence, strictly speaking, the directions of these forces
are not parallel. As the radius of the earth is very large,
however, compared with the size of any object which is
weighed, their divergence
from parallel lines is, prac-
tically, not measurable.
The point of application
of all the parallel forces
that make up the weight
of a body is its center of
gravity, center of mass, or
center of inertia.

ExperiMent 26. —Fit in a
small wooden handle (or in a
fixed support), two wires (Fig.
F16. 42 49): one, A, straight, and the

Fia. 41
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other, B, bent twice at right angles. In a piece of thin board C of any
| shape, bore holes D and E in two corners. Suspend the board by one
! of these holes D from the wire B, and from A suspend a plumb line.
! See that D is exactly halved by the plumb line when ab rest, and
mark a point F opposite the line. Suspend the board from the hole
E, and mark the point G. Draw lines DF and E@G, and their inter-
section @ will determine the center of gravity. Test the accuracy
of the work by making a hole at O and rotating on the end of A.
ExperiMeNT 27. — Find, in the same way, the centers of gravity
of a triangle, a square, a rectangle, and a circle.
‘ In the above cases the center of gravity is midway be-
tween the two surfaces at the point 0. It would still be
: at O, if the thickness of the board were infinitely reduced ;
i hence we may speak of the center of gravity of a surface.
The center of gravity of any body may be found by sus-
| pending it successively from'two points and finding the
' intersection of the lines of direction from those points

i
of support to the center of the earth. The center of 3
i gravity is frequently outside the substance of the body,

i as in the case of a ring.

i 75. Equilibrium, — Pierce a disk of cardboard with two
b holes, one at the center, and the other near the edge.

i Suspend it on a peg P (Fig. 43), from the hole near the
: edge, and it will take the position A, such that the center
will lie in the vertical line below P. If the disk is moved,
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the center of gravity will be raised, and the disk will tend
to return to its first position. This condition is that of
stable equilibriwm.

If the disk is placed in position B, and a slight push is
given to it, the center of gravity will be lowered, and the
disk will tend to go farther from its position. This is
the condition of unstable equilibrium.

Place the disk in position . Set it in motion, and the
center of gravity neither rises nor falls, and the disk
comes to rest in one position as well as another. This is
the condition of neutral equilibrium.

76. Stability. — When a body is in a condition of stable
equilibrium, a vertical line from the center of gravity will
fall within the base of sup- a
port, and in order that a°
body may have great stabil-
ity the base must be large
and the center of gravity
low. A pyramid fulfills both
these conditions. The cen-
ter of gravity of a pyramid
(Fig. 44, for example) is a
point (@) on a line (GF)
joining the vertex and the
center of grayvity of the
base and at a distance from
the base of § the length of the line (that is, CF =} G F).

s

A B
Fig. 44

77. Work Done in Overturning a Body. — The work
that must be done to overturn a body is a measure of its
stability. When a cylinder lies upon its side, the only
work necessary to overturn it is to overcome the friction
between it and the surface upon which it lies, since the

HOADLEY'S PHYS,— D
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center of gravity moves in a horizontal line. If, however,
the body is a cube, the center of gravity is raised a dis-
tance ab every time it is
turned over, and the work
done is just the same as
would be done in lifting
the cube through the
height ab (Fig. 45).

A brick lying on a
table upon its side has
greater stability than one
standing on end. The work necessary to overturn it in
each case is expressed by the formula Work = W x ab. In
both cases shown in Kig. 46 the highest position of the

F1g. 45
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Fic. 46

center of gravity is the same, but the original heights
above the table are unequal, and so the product W x ab
is greater in A than in B.

ExpERIMENT 28.— Get a brass ball such as is used on the ends
of curtain poles. Remove the screw and enlarge the hole so that it
is large enough to pour in a little melted lead. Pour the lead in when
the ball is fixed in position 4. Put the ball in any other position, as
B, and since a vertical line from the center of gravity C' does not fall
within the base D, the ball will roll and the center of gravity will
fall until it reaches the lowest possible position, when a vertical

........H_..
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line from € will fall within the base of support, and the ball
will be in a condition of stable equilibrium.

A

The principle of this experiment is applied in making
one kind of oil cans. The
ordinary form is conical
(Fig. 48, 4), and if it is
overturned the oil escapes.
But when the base is made
in the form of a hemi-
sphere and loaded with a
little lead in the bottom (@), the can will always right
itself and the oil will be retained.

Fic. 48

PRACTICAL QUESTIONS AND PROBLEMS

1. How many ergs of work are done when a force of 126 dymes
acts over a space of 3 m.?

2. Suppose a force of 16 poundals acts over a space of 121 ft. How
much work is done ?

3. Find the number of kilogrammeters of work done, when a
force of 85 kg. acts over 143 m.

4. How much work is done when a force of 93 Ib. acts over 114 ft.?

5. A stone 10 ft. long, 6 ft. wide, and 2.5 ff. thick, weighing 160
Ib. per cubic foot, is lying on its side. How much work must be done
to place it on its side on the top of a wall 12 ft. high?

6. A man weighing 160 lb. carries a hod and mortar weighing
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75 1b. from the ground to a scaffold 24 ft. high, every 10 min. How
much work does he do in 4 hr.?

7. How much work must be done to raise 120 long tons of coal
from a mine 216 ft. deep? What must be the IH.P. of an engine to
do it in 4 hr. if the friction of the machinery increases the work
10 per cent?

8. A cylindrical well, 4 ft. in diameter and 72 ft. deep, has 16 ft.
of water in it. What must be the H.P. of an engine to empty the
well in 40 min., the weight of water being 62.5 1b. per cubic foot?

9. A standpipe 60 £t. high and 16 ft. in diameter is to be filled
with water from a lake the surface of which is 8 ft. below the base
of the standpipe. How long will it take a 10-I1.P. engine to fill it?

10. A block of stone weighing 125 1b. is lying upon the ground.
How much work does a man do who places it upon a post 3 £t. high?
How much potential energy does it then have?

11. What is the kinetic energy of a 200-Ib. cannon ball moving at
the rate of 1164 ft. per second?

12. A ball weighing 25 kg. is rolling at the rate of 4 m. per second.
What is its kinetic energy?

13. Which is greater, the attraction of the earth for a pound of
iron, or the attraction of the pound of iron for the earth?

14. Suppose three balls weighing respectively 6, 10, and 18 Ib. to
be placed at the distances represented in Fig. 49. Suppose the atirac-
tion between 4 and B to be T}, what will the attraction be between
A and C? Between B and C'?

6 1bs.

10 1bs.
Fia. 49

15. What effect will it have upon the attraction between two
bodies to increase the distance between them from 3 £f. to 9 £6.2 To
diminish it from 3 £t. to 1 £.?
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16. The weight of a body at the surface of the earth is 246 lb.
What would be its weight if it were 1000 mi. above the earth’s surface ?

17. A wooden rod E fio
which there is attached a
wire bent into the form
of a semicirele and having
a weight 177 attached at
the other end, will, when
placed on the end B, swing
back and forth. Why?

18. A man standing
with his back against a
verfical wall eannot pick
up anything fromthe floor
in front of him without F1c. 50
falling. Why?

19. A stone 4 ft. long, 3 ft. wide, and 2 ft. thick is lying on its
side. The weight of the stone is 166 Ib. per cubic foot. How much
worle must be done to turn it upon its edge? How much to seb it on
end?

20. A flagpole 100 £f. high is to be raised. It weighs 5} tons, and
the center of graviby is 32 ft. from the base. Tow many foob pounds
of work are required to raise it?

LABORATORY WORK

1. Prepare two triangular boards as nearly alike as possible and

about 2 ft. long (Fig. 51). Find the center of gravity of each, and

over it make a circle of black ink on the

D BA B wood, as at €. In the base DE of one

of the hoards bore three half-inch holes

and run them full of lead. Determine

the center of gravity L of this board with

its load, and make a circle of red ink

over it. Make a like circle in the same

place on the triangle A BF. Take each

board by the vertex K or F, and toss

& it into the air with a whirling motion.

Fig, 51 What is the appearance of the circle ¢
or L on each? Why?
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Fig. 52°

length. It tightly into it
a piece of brass rod. Roll
A and B both across the
table and explain the differ-
ence in their motion. Show
by a drawing the movement
of the center of gravity in
each case.

THE MECHANICS OF SOLIDS

2. Turn, on a lathe, a top like 4 (Fig. 52). Bore two holes, one
in the hemisphere at B, and one in the handle at C. Pour melted
lead into B, and cut a piece from a brass
rod D, so that it will just fit into the hole
Proportion the weights of the lead B
and the brass rod D, so that when D is
placed in C the top will stay as in the
figure. Why will it not stay in that posi-
tion when D is not in C'?

8, Make two wooden cylinders, 4 and B, about an inch in diame-
ter and 8 in. long. Drill a hole near the edge of A and parallel to its

O

B A

Fig. 53

4, The center of gravity of a number of bodies rigidly connected
may be determined by considering the weight of each body as a paral-

lel force applied at its center of
gravity, and then finding the
point of application of the re-
sultant of these forces. Sup-
pose three parallel forces, P,
Q, and S, to be applied at
three points, 4, B, and C, rig-
idly connected, as in Fig. 54.

The resultant R’ of P and
Q will equal P+ Q, and its
point of application will be at
a point D, determined by the
proportion

AD DB = QP
o AD:AB=Q:P + Q,
_ABx Q

or AD= Sra
Now connect D with C, and the
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three forces P, @, and S are replaced by the two forces S and R/
Find in the same way the point of application E of their resultant,
and this will be the center of gravity
of the system.

To do this experimentally, select
a board of uniform thickness, and
cut from it a triangular piece, as in
Fig. 55. Bore three holes of differ-
ent sizes, A, B, and C, near the
angles. Determine the cenier of
gravity of the board by calculation.
Fill the holes with lead plugs, weigh- Fic. 55
ing each one. Make a drawing of
the board and-the location of the plugs and determine the center of
gravity by construction. Pub a serew eye in the board at the point
found. Does the board hang horizontally

IV. Fariixc BobDIiEs

78. Accelerated Motion. — Whenever a body is moving
under the influence of a constant force, the resulting motion
is uniformly accelerated. If we let a represent the accel-
eration of such a body, and ¥ its velocity at the beginning,
we can write: —

Velocity at the end of 1 sec. =V + a,
Velocity at the end of 2 sec. =V 4 2a,
Velocity at the end of 3 sec. =V + 3 a,
Veloeity at the end of ¢ sec. =V + ta,

or v=V + af, (19)
a formula that differs from Formula 2 only in suppos-
ing an initial veloeity.

The constant force with which we are most familiar is
the force of gravity; hence, as an illustration of the effect
of constant forces, we study the motion of a falling body.

79. A Freely Falling Body; Resistance of the Air. —
A body that is moving under the influence of gravity
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alone is a freely falling body. This condition can be
obtained only in a vacuum, as the air constantly offers
a resistance to the passage of any body through it.

ExperimENT 29. — Trim a sheet of stiff paper about 5 x 7 in., a
cork, and a small shot, till all are of the same weight. - Drop them
from the same height at exactly the same fime, and notice when they
strike the floor. Since they all have the same weight, the force tend-
ing to give them motion is the same, but as they present different
amounts of surface to the air, the resistance of the air varies. This
resistance acts in an opposite direction to gravity,
and the resultant is the difference between them.
If the sheet of paper is let fall when it is flat, it will
slide down on the air in various directions, but if
an inch of its edge is turned up at an angle, it will
fall very steadily.

IxpeErIMENT 30. — Drop two balls of the same
size, one of brass and one of wood, from a height of
20 ft. or more. They reach the ground at praeti-
cally the same time. Why?

Experiment 29 showed the effect of the resist-
ance of the air. In order to avoid this, we make
use of a long glass tube closed at one end and hay-
ing a stopcock at the other. Put in this tube a
small shot aud a-feather. On inverting the tube
quickly the shot will be seen to fall much more
rapidly than the feather. On repeating the experi-
ment after exhausting the air from the tube by an
air pump the two objects are seen to fall at the same
time.

80. Measuring the Velocity of Falling Bodies. — (@) The
Direct Method consists of dropping a small ball of some
heavy material from the top of a tower—Ilike a shot
tower —and determining by actual measurement where
it strikes a support at the end of the first second, second
second, etc. One of the difficulties connected with this
method is the height of tower required, since for a fall of
8 sec. the tower would need to be about 145 ft. high.
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(b) Galileo’s Method.—In all other methods the veloeity
of the falling body is reduced in some way. Galileo
accomplished this by letting a ball roll down an inclined
plane. If the length of the plane is made great in com-

1

Q

Fia. b7

parison with the height, the component of the weight that
tends to roll the ball down the plane is only a small part
of the weight itself. This is shown by comparing ad with
‘ab, in Fig. 5T (see case b, p. 47). If the experiment is

TAaBLE A
Time in Velocity at end | Space passed over Whole space
seconds of second during the second passed over
1 2d d d
2 4a 3d 4a
3 6ad bd 9d
4 8ad Td 164

carefully made, the results will be such as are shown in
Table A, since the resistance of the air is slight. Let d
represent the space passed over in the first second, and it
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will be found that the entire distance passed over at the
end of 2 sec. is 4 times as much, at the end of 3 sec.
9 times as much, etc. These observed results are shown
in column 4 of Table A, from which it is a simple matter
to obtain the values shown in column 8. Since the force
is a constant one, the acceleration is constant, and is the
difference between any two successive values in column 3,
or 2d. The acceleration 2d in turn gives the values in

column 2.
If now we make a second table, replacing the accelera-
tion 2d by a, we have Table B, from which we get
Formulas 2, 3, and 6 for

TasLe B S 3

bodies moving under a
¢ Y s s constant force. By in-
1 [ 1xka | 1xXa creasing the proportional
2 2a 3xléa | 4xMa height of the plane the
3 3aq 5xka | 9xka velocity of the ball is .
1 T Txla | 16xi4a increased, until, when
t | v=at bsaga@tn s=%at| the plane becomes verti-

cal, the ball is no longer
a rolling but a falling body. The relation between the
acceleration of a ball rolling down an ineclined plane and
that of a falling body is expressed by the proportion
g: a= L: H, in which g is the acceleration due to gravity,
and L and H the length and height of the plane, respec-

tively. From this g =a x %

Replacing @ in Formulas 2, 8, and 6 by g, we have the
formulas for falling bodies :

v =gt, (20)

s=$g(2¢—1), @b
8= 1 gt% (22)
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The value of g for New York is 82.16 ft. or 980 cm.
Making this substitution, these formulas may be written

v=232.16¢ or »= 980¢,
§ =16.08 (2¢ —1)or s=490(2¢—1),
S =16.08¢ or S = 490 2.

These formulas are very important, and should be famil-
iar to every student.

(¢) Atwood’s Method. —In this method a piece of
apparatus called Atwood’s machine is used, in which the
velocity is reduced by fastening two weights, which differ
but little in amount, to the ends of a
cord passing over a pulley. In prac-
tice, the friction is made as little as
possible, by resting the axle upon frie-
tion wheels, and the cord is made of
light silk. Let W and W' (Fig. 58)
be two weights each of 240 g. Since
they tend to turn the pulley P in op-
posite directions, the system will be in
equilibrium. If now the weight W is
raised until it rests upon a shelf & and
a rider weighing 10 g. is slipped over
the cord and placed upon W, the equilib-
rium will be destroyed, and the system
will begin to move as soon as the shelf
S, which is hinged, is dropped. Since
the whole weight is 490 g., and since
it is put in motion by the pull of a 10-g. weight, the
velocity will be only g5 of that of a freely falling body ;
hence a comparatively short distance is required for its
fall during a number of seconds. The length of time
that the force is acting to move the weight is regulated

Rider 10 g.
F1c. 58
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by the position of the movable ring R, which is so
arranged that the weight will pass through, but the
rider be taken off. The times between the release of
the weight, the taking off of the rider, and the striking
of the weight upon the shelf & are taken by means of
a metronome, or of a pendulum beating seconds, and from
these data a table similar to Table A is found.

81. Graphical Analysis of a Falling Body. — The motion
of a falling body can be analyzed graphically as in Fig.
o 59. Draw a vertical line

Sforlsec=1(bg) [ sinlsteec=1(Gg)  and take a certain distance
SortseiGe o4 | Ge==@9 AB, from the top of the
line A4, as the distance

the body falls the first see-
ond, equal to }g. Meas-
ure from B twice this
S 18G5 = distance to represent the
: velocity gained during the
ety | biemsthsec=sGe)  first second. Make this
a heavy line and extend

v=2g s in 3d sec.=5 (3 g)

Sfor3sec.=9(}g) —

v=3g s in 4th see.=T7 (3 g)

Shrhmeste) — a light line to ¢, a point
4 g further on. Then will

vty simoheec=lGe) B be made up of two

parts, one of which is the

S for & see.—36 (3 9) JG velocity gained during the

first second, and the other
the distance it falls due to
gravity acting on it for the second second. Points D, E,
ete., may be found in a similar manner.

Fia. 59

82. Projectiles. — (@) DBodies thrown Horizontally. —
The path of a projectile may be obtained by combining the
uniform motion due to the impulsive force with the motion
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due to the force of gravity ; and since gravity is a constant
force, the body will generally move in a curved path.
The path of a body thrown horizontally may be constructed
graphically as follows (neglecting the resistance of the
air). Take the axes as in Fig. 60. Let z represent
horizontal motion and y ver-

tical motion. Suppose the i
horizontal velocity is 50 ft. \
per second. Compute the

values of S from the for-

mula 8= g3, and deter-

mine the position of the
projectile at the end of each ¥
second. A curve joining the
positions will be the path re-
quired and will be found to

be a parabola.

(b) Bodies thrown Verti-
cally Upward. — When a
body is rising against the
force of gravity, the loss in Fia. 60
its velocity is the same ‘as
its gain in velocity when falling ; .e. 82.16 ft. per second,
if we neglect the resistance of the air. Hence if a body
is thrown vertically upward with a velocity of 64.32 ft.,
it rises for 2 sec., when its velocity is zero and it begins
to fall. It then falls for 2 sec., and reaches the ground
with its original velocity of 64.32 ft. The time during
which a body will rise when thrown vertically upward

may be expressed by the formula ¢ = 2
g

(¢) Bodies thrown at an Angle.— When a body is
thrown at an angle, the velocity with which it is thrown
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in any direction may be considered a velocity of which
the horizontal and vertical velocities are components.
If in Fig. 61 AB represents the velocity with which a
ball is thrown, the components AC and AD will repre-
sent the horizontal
and vertical veloci-
ties respectively.
The angle BAC is
Fra. 61 the angle of eleva-
tion, and the dis-
tance AF is the range. In the foregoing formulas no
allowance has been made for the resistance of the air,
but its effect upon the form of the path is shown in
Fig. 61. Show what its effect would be in cases a and
b of this section.

V. TreE PENDULUM

83. Simple Pendulum. — The ideal simple pendulum is
one in which a heavy material particle is hung from a
fixed point with a weightless cord. It is impossible
to make such a pendulum, but we get nearly the required
conditions by suspending a
small ball by a light thread.

84. Motion of a Pendu-
lum. — Whenever a pendu-
lum, as 04 (Fig. 62), is
moved out of its position
of rest to any other posi-
tion, as OB, it will, on be- s
ing released, go back to A4
and, owing to the kinetic energy developed by its fall,
go on to the position €. This to and fro movement once
over its path and back is called an oscillation or vibra-
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tion; and the distance that 4 moves from its position of
rest,— AB or AU, —is the amplitude of the oscillation.
In order to find the force that causes the pendulum to
move over this path, we must find two components of the
force of gravity BD, one, BE, which produces a pressure
on the point of suspension O, and the other, BF, which acts
at a right angle to BH and is the force required. This
force is given by the formula BF = BD sin A 0B.

ExperiveENT 381, — From
some form of support suspend
four pendulums made by fas-
tening lead balls to the ends
of strong threads. Make two
of them 1 m. long, one 50 cm.,
and the other 25 cm. Meas-
ure the distance from the point
of suspension to the middle of
each ball. Vibrate pendulums
A and B. Do two pendulums
of the same length vibrate in
thesame time? Vibrate 4 and
B so that one swings about
twice as far as the other. Do
they still vibrate in the same
time? Vibrate B and C. B® @4
Does a pendulum half as long Fra. 63
as another vibrate in half the
time? Vibrate B and D. What is the relation between the time of
vibration of one pendulum and that of another one fourth its length?

85. Laws of the Pendulum. — From an extension of the
above experiment it is found that the relation between
the time of vibration of a pendulum and its length may
be expressed by the formula

t=2 W\/z (23)

g




80 THE MECHANICS OF SOLIDS

in which ¢ is the time of one complete vibration, and 7 is
the length of the pendulum.
Another pendulum of length ¢ will vibrate in the same

i
place in the time ¢/ =2 'n'\/z—, and we get the relation be-
g

tween these times by the proportion
titl =v1:VI. (24)
86. The Seconds Pendulum is one which makes a half
oscillation in one second. Its length varies with the value
of g, and may be found for any place by substituting 2 for
t and the wvalue of g for that place in Formula 23 and
solving for [.
5 bt opiig
E_QW\g- S l_;r—?'
The value of ¢ at Philadelphia is 980.18 cm. Hence
the length of the seconds pendulum there is
980.18
=———_— 993 m.
(3.1416)2 T
87. The Compound Pendulum. — Any body suspended
so as to vibrate in a vertical plane under the influence of
gravity alone is a compound pendulum. The form usually
used for practical purposes is that of a metallic bob sus-
pended by a thin wire. The bob is made lens-shaped or
thin on the edges, to offer less resistance to the air, and is
arranged so that it can be raised or lowered on the wire
to regulate the length of the pendulum.

88. Length of the Compound Pendulum. — ExPERIMENT 32.
— From a suitable support (Fig. 64) suspend five pendulums; 4, B,
and C being of wood, and shaped as in the figure. Vibrate them in
pairs. Do they vibrate in the same time? They are all of the same
length as sticks; are they of the same length as pendulums? Vibrate
each one with D, changing the length of the latter until they vibrate
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in the same time. Which is the shortest as a pendulum? Which is

the Jongest? Now take the
end of the pendulum K, —

which is made by cutting
gashes in shot and pinching
them upon a thread, — draw

it aside and let it swing. Do
the shot form a straight line
or a curve? Why?

89. Axis of Suspen-
sion. Center of Oscil-
lation. EXPERIMENT 33.
__Cut a stick about 3 ft.
long, 2 in. wide, and half
an inch thick, and bore a
quarter-inch hole through
it near ome end. Drive in
a piece of dowel pin for an
axis, and suspend it as in
A (Pig. 65). Setit vibrat-

Fia. 64

ing, and determine its length as a pendulum by comparison with
the simple pendulum D. Mark off this length BC from B, and put a

Fi1c. 65

HOADLEY'S rHYS, —6

second pin through at €. Invert
the pendulum and yibrate from
, and it will be found to vibrate
in the same time as before.

The axis at B is the azis
of suspension. The point
O is the center of oscilla-
tion, and the experiment
brings out the important
fact that the axis of sus-
pension and center of oscil-
lation are interchangeable.

90. The Determination of
g. — By making the axes in
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the shape of knife edges it is possible to measure the
| length of this form of pendulum (Kater’s) very accurately.
The distance between the knife edges being the length of
a simple pendulum that vibrates in the same time, it can
be substituted for / in Formula 23, from which

il

B

Substituting also the time ¢ determined by experiment,
the value of g is determined.

91. Uses of the Pendulum.— The most common use of
the pendulum is as a timekeeper. Since the vibrations
are performed in equal intervals of time, or are isochro-
nous, all that is needed is to make the to-and-fro motion of
the pendulum regulate the rotary motion of the hands. (
This is done by the use of an escapement by means of [
which each complete vibration lets one tooth of a cogwheel i
escape, so that if the wheel has 20 teeth it will rotate once
while the pendulum vibrates back and forth 20 times. In
order that the times of vibration may be equal, the length
must always be the same, and corrections must be made
for the changes in length due to changes of temperature.
In most pendulums this is done by moving the bob up or
down by means of a nut running upon the wire support.
It is sometimes done by the use of compensation pendu- L
lums, in some of which two different sets of metal rods %
are used so that the expansions shall oppose each other.

In the mercurial pendulum, glass tubes filled with mer-

cury are used for the bob. These are so arranged that ‘
i the expansions and contractions of the mercury just coun-
sl teract the effect of the contraction and expansion of the
‘ suspending rod.
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PRACTICAL QUESTIONS AND PROBLEMS *

1. Write Formulas 20, 21, and 22, in the form of laws.

9. How far would a body fall from a state of rest in 6 sec.? How
far would it fall in the fourth second? With what velocity would it
strike at the end of the sixth second?

3. A stone is thrown horizontally from the top of a cliff, with a
veloeity of 80 ft. per second. It is seen to strike the ground in 4} sec.
How high is the cliff above the point where it struck? How far did
it go vertically in the last second? What distance did it go horizon-
tally before it struck? Draw its path on cross-section paper.

4. A rifle was fired horizontally from the top of a cliff 96.48 ft.
high, on the shore of a lake. The bullet had a velocity of 781 ft. per
second. How far from the foot of the cliff did it strike the water?

5. A ball weighing 3 1b. is dropped from a balloon 1 mi. high.
‘What is its kinetic energy on striking the ground ?

6. A stone is thrown over a church spire, and reaches the ground
5 sec. after it is thrown. How high is the spire?

7. A rifle ball is shot into the air with a velocity, the horizontal
component of which is 1224 ft. per second, at such an angle that the
highest part of its path is 100.5 ft. What is its range?

8. A projectile is thrown vertically into the air with a velocity of
144.72 ft. per second. How long does it rise? What is its greatest
height?

9. Suppose a ball, rolling down a plank 12 ff. long, has an acceler-
ation of 2 ft. How high is one end above the other?

10. A ball in rolling down an inclined plane passes over 2% ff. in
the first second. How far will it go in 4 sec.? What will be its
velocity at the end of that time?

11. If the two weights of an Atwood’s machine are 40 g. each, how
much acceleration will a rider of 2 g. give?

12. Draw on the board the results of the motion in Problem 10,
using the method of Fig. 59.

13. What must be the length of a pendulum to make a half oseil-
lation in 1% sec.?

14, What is the time of a half oscillation of a 4 ft. pendulum ?

* Hxcept when otherwise stated, the value of g is to be considered
32.16 ft. or 980 ¢m. Problems are to be solved without considering the
resistance of the air.
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15. Would the time of vibration of a given pendulum increase or
decrease, in going from the equator toward the south pole? Why?

16. State, in the form of a proportion, the relation between the
numbers of vibrations and the lengths of two pendulums.

17. Do the same for numbers and times of vibration.

18. At Edinburgh the value of g is 981.54 cm. What is the length
of the seconds pendulum there?

LABORATORY WORK

1. Fasten to each side of a straight-edged plank a strip of brass, in
such a way that the edges project beyond the plank as in (2), Fig. G6.

The edges of these brass strips must be very straight and smooth.
Mark off the edge of the plank between the brass strips into centi-
meters, placing the zero near the top. Place a celluloid or metal ball
on the track near the top, keeping its front edge exactly at the zero
mark by a device shown in (¢). The ball can be released at any time
by striking the lever at the point . Make two or three little stops
like the one shown at (d), each with two pieces of tin or thin brass
hinged together, One piece, bent at a right angle, is then fastened to
a lead base, and the stop is put in the trough between the rails of the
track, and its position is read by seeing where the edge D comes. One
of the stops is shown in place at E. Arrange a pendulum or a metro-
nome to beat seconds andibly. Release the ball exactly atsome beat,
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and notice where it is at the next. Put one of the stops in place and
repeat. Ieep on repeating until the beat of the pendulum and the
click of the ball striling the stop both come at the same time. The
position of the stop gives the distance the ball has moved in the first
second. Place a second stop farther down the plank, and arrange it
o that the ball will strike it just at the second beat. The distance
between the two stops will be the distance passed over in the second
second.

If the stops are properly made, the hinged part will be knocked
over by the ball, which will pass on without disturbing the heavy base.
Make a seti of experiments, and determine expressions for v, s, and 5.
Measure the height and length of the plane, and determine the value
of ¢.

2. Make a board A BCD (Fig. 67) about 3 ff. square. Fix at one
corner a trongh made by sawing a quarter of a circle from a board
and extending it in a tangent line, as at # in the figure. Cut a
groove in the inner edge of this,
and holding a large marble at
the upper end of the trough, - G
let it fall. The ball leaves the : /_#IF

= 3

trough in a horizontal direction
with a veloeity that depends
upon the position from which
it is dropped. Determine the
position of the center of gravity
@ of the marble when it is on
the point of leaving the trough.
From G draw two lines, one
horizontal, GD, and the other Fra. 67
vertical, GH. Find by experi-

ment some point, K, through which the marble passes when let fall
from the top of the trough. From this point draw a vertical line
KL, and lay off the distances LM, MN, ete, each equal to GL.
From K draw also a horizontal line KR. Then lay off RO and OP
respectively equal to 3 and 5 times GR; from O and P draw hori-
zontal lines, and where they intersect vertical lines drawn from M and
N respectively, two points in the marble’s curved path will be located.
Determine other points and draw in the curve by using a flexible whale-
bone for a ruler. Verify by dropping the marble as in the first place.

(]

2

H
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Pin a piece of Manilla paper upon the board and determine other
curves by dropping the marble from different heights.

@B

@4

Fic. 68

3. Arrange two pendulums
by suspending lead bullets ab
the ends of threads, as in Fig.
68. Fasten the other ends of
the threads to spools E and
F held in place by screws,
and pass the threads through
gashes cub with a knife in the
ends of two corks, C' and D,
thrust in holes bored in the
face of the support. Change
the length of C4 by turn-
ing E until it beats once per
second. Measure the distance
from the bottom of the cork C
to the middle of 4. Make B
of such lengths that it will

beat once in 4, 3, and } sec. Measure the length of B in each case, and
verify the law of time of vibration and length.

4. To make and calibrate a
pendulum for laboratory use.—
Get a piece of dry wood that
will not warp, about # in. thick,
11 in. wide, and 48 in. long.
About an inch from one end
bore a half-inch hole and put
in a piece of dowel pin, 4,
about 2} in. long. Bore two
small holes through the ends of
this rod, and insert two wood
serews, S5/, sharpened to a point.
On the top of two supperts, BB/,
fix two plates of brass, PP/, at
such a distance apart that the
screws will rest upon them.
Bore two half-inch holes about
2 in. deep in the other end of

“&%‘ﬂ

—

Fia. 69
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the pendulum, and run them full of lead. At any convenient point
near the lower end insert a short brass wire sharpened at one end and
bent down at a right angle. Fix a block below this with a hole in it
for holding mercury. Pub an iron screw through the side of this
block, and regulate the height of the mercury surface by it. Fasten
one wire to this serew R, and carry another, attached to the pendu-
Jum, from the brass wire W to the serew S. Connect a wire to the
plate P, upon which S rests, and carry it to a battery. Connect a
telegraph sounder in series between the battery and the wire leading
to the mercury cup. When these connections are made, the sounder
will click every time the pendulum swings and the wire makes con-
tact with the mercury. To determine the time of vibration, count
the time for 100 vibrations and divide. This pendulum can be ad-
justed to beat seconds by attaching a sliding weight on the rod, and
moving it to the proper position, or by varying the distance to which
S and S’ pass through A.

5. Bore Jinch holes in a meter stick, at intervals of 5 em., along
its entire length. = Put dowel ping about 8 in. long in these holes.
Provide suitable supports, and vibrate the stick as a pendulum from
every pin. Observe all the phenomena, and make a curve showing
the relation of the time of vibration to the distance of the point of
suspension from the center.

6. Suspend a stick a meter long from one end by a very shorb
string, and yibrate it. Find the length of a simple pendulum that
vibrates in the same time. Paste a piece of paper on one side of the
stick at a distance from the point of suspension equal to the length of
the simple pendulum. Strike the pendulum at this point, then at a
point above the mark, then at a point below, and notice the difference
in effect upon the upper end of the pendulum. Explain. This point,
which is the center of oscillation, is also the center of percussion.

VI. MACHINES

92. A Machine is a mechanical device used to apply
force advantageously. Since it is impossible to make a
machine that shall have no friction, the work that can be
done by a machine is always less than the work that is put
to it.
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93. Efficiency. — The efficiency of a machine is the ratio
of the work actually done by it, to the work that would
be done if it had no friction. Various devices are adopted
for making the friction as little as possible, one of the best
being ball bearings such as are used in bicycles. If a
machine could be made in which there were no friction, it
would be a perfect machine. The efficiency of such a
machine would be unity or 100%. The efficiency of a
machine may be determined by finding experimentally the
work that is done by the machine when a given force acts
upon it, and dividing this result by the work that should
be done by the same force according to the law of the
machine. Efficiency is expressed as a per cent. An effi-
ciency of 929, means that of every 100 parts of total
work, there are 92 parts of wseful work, and 8 parts lost
by friction.

94, The General Law of Machines. — A law that is ap-
plicable to all machines is that the force multiplied by
the distance through which it acts is equal to the resist-
ance multiplied by the distance through which it is moved.
This may be expressed in the form of the equation

Fd=RD. (25)
Each machine has its own law, which is generally more

convenient than the above. But this law is general, and
may be applied to any machine or combination of machines.

95. Simple Machines. — The many more or less compli-
cated machines in common use may be reduced in principle
to but six: the lever, pulley, wheel and axle, inclined
plane, wedge, and screw. These are called the mechanical
powers or simple machines. These six simple machines
may be still further reduced to two, the lever and inclined
plane, as it can easily be shown that the pulley and the
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wheel and axle are only modified levers, while the screw
and wedge are modified inclined planes.

96. The Moment of a Force. — Suppose there are two
forces, & and K, acting upon the bar A B, and tending to
rotate it about the pivot €. It is evident that the ten-
dency of each force to produce rotation depends not only
upon the value of the force itself,

: but also upon its distance from the i
' point O, about which it tends to l & 2
Vi

(0]
o)

turn the bar. Since both the force
and its distance from (' enter into
this tendency to produce rotation,
the effect may be expressed by their
product. If the distance AC is d,
and OB is d/, the tendency to produce rotation exerted by
F is proportional to Fd, and this is called the moment of
the force F. So, too, the moment of the force F' = F'd'.
If additional forces are applied at different points along
the lever, equilibrium will be maintained when the sum of
the moments producing

Ne——p|w

Fia. 70

| & /,/‘.\E clockwise rotation is

i A 0 \ B equal to the sum of the
I &7 0 0 :
P \ moments producing

counter-clockwise rota-

tion. Since countexr-

clockwise rotation is

' £ measured by positive

angles, it is sometimes

| called positive, and

‘ clockwise rotation negative. The point about which the
} rotation takes place, as C, is called the center of moments.

If the foreces # and F' do not act in a direction that is

perpendicular to the bar AB, as in Fig. 71, then the dis-

Fia. T1 b4




90 THE MECHANICS OF SOLIDS

tances d and d’ will not be AC and OB, but 0D and (CF,
which are the perpendiculars drawn from (' to the direc-
tions of the forces.

The moment of a force, then, is measured by the product
of the force by the perpendicular distance from the center of
moments to the direction of the force.

97. The Lever is a rigid bar that is capable of movement
about a fixed point called the fulerwm. There are three
classes of levers, which are distinguished by the relative
positions of the fulerum and of the points of applica-
2 & 4 tion of the applied force and the

A opposing force. The applied
force may conveniently be called
the power, the opposing force the

P weight or resistance.
o F1a. 72 (@) Levers of the First Olass. —
Figure 72 shows.g lever of the first
class (4.B), in which the power is applied at one end, and
the weight at the other, with the fulerum between them.

(6) Levers of the Second C(lass.— In a lever of the
second class the power is at one end and the fulerum at
the other, with the weight between them, as in Fig. 73.

P

L
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(¢) Levers of the Third Class. — The lever of the third
class, as shown in Fig. 74, has the weight at one end and
the fulerum at the other, with the power between them.

98. The Law of Equilibrium of the Lever. — By applying
the principle of moments to the lever, we can readily find
an expression for the law. As # is fixed in every case, it is
the center of moments, and when the lever is in equilib-
rium the moment of P equals the moment of W. Hence
P x AF = W x BF. Writing this as a proportion, it will

stagd P: W= BF: AT,
or Power : Weight = Weight arm : Power arm,

in which *“arm” means the perpendicular from the ful-
crum to the direction of the force. To make the formula
universally applicable we must write Resistance in place
of Weight, thus:

Power : Resistance = Resistance arm : Power arm. (26)

99. Static Laws. — The above laws of machines are
statie laws, and are applicable to conditions of rest only.
If motion is to be given, the weight that can be moved
or the resistance that can be overcome by a given power
will depend upon the kind of machine and upon friction,
t.e. upon its efficiency.

100. The Bent Lever.—When
a hammer is used to draw a nail,
it 18 a lever of the first class,
though the fulerum is not in a
straight line joining the points
of application of the power and
the resistance. This constitutes
a bent lever. The law of moments holds for it. For For-
mula 26 the “arms” are the dotted lines in the figure.
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101. The Common Balance is a lever of the first class
with equal arms, hence in this case P = W. In order
that the balance may be accurate, the parts of the beam
on each side of the fulerum must be of equal weights
and lengths. In order that it may be sensitive the arms
must be light, the friction must be little, and the knife-
edge fulerum must be very close to a line joining the
knife edges of the scale pans, with the center of gravity
of the arms just below it. If the arms of the beam are of
equal weights, but of un-
equal lengths, it will still
be possible to determine
the true weight of the
object to be weighed.
Fie. 6 In Fig. 76, suppose the
body to be weighed first
in one pan and then in the other. Call its true weight W,
its apparent weight when placed in 4, W', and when placed
in B, W', then from the principle of moments we have

e T

Wil = W,
and Wr = W'y!.
W = W W e,
or w2= W'Ww',
and W=~WWw. (27)

Hence, to find the true weight of a body with a balance of
unequal arms, find its apparent weight in each scale pan,
and take the square root of their product.

102. The Steelyard is a lever of the first class with un-
equal arms. By having one hook to which the article to
be weighed is attached, and two, by either of which the
steelyard may be su_pported, both sides of the bar are
used, one for light and the other for heavy bodies.




MACHINES 93

103. The Compound Lever. —If the short arm of one
lever is made to work upon the long arm of a second, the
combination is called a compound lever. The mechanical
advantage may be found by applying the general law of
machines. The platform scale used for weighing hay or
coal is an example of its application.

104. The Wheel and Axle is a modi-
fied lever of the first class if, as is usual, /G\ =
the power is applied at the circumfer- N
ence of the wheel, and the weight at
the circumference of the axle. Then
the power arm is the radius of the
wheel, and the weight arm is the radius
of the axle. In Fig. 77 the power is
applied at A4, the weight at B, the
fulerum is at ¢ (the center of both
wheel and axle), and the lever arms

: W
are R and r respectively. Fic. 77

105. Law of the Wheel and Axle. — Since the moment of
the power must equal the moment of the weight whenever
there is equilibrium, we may write, from Fig. 7T,

PR = Wr.
7 r
d By
an : RW
or B (28)

This can be stated as follows : A certain power applied to
the wheel and axle can support a weight as many times
greater than itself as the radius of the wheel is tvmes greater
than the radius of the awle. The radii in Formula 28 can
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be replaced by either the circumferences or the diameters

if it is more convenient.
The wheel and axle is used to raise water from a well,
to hoist ore from a mine, as with the

windlass, to move buildings, and to
raise anchors, as with the capstan. In
1 the capstan no wheel is used, but in-

‘ stead straight bars, called handspikes,
are put into holes in the head of the
capstan, and the power is applied to
these (Fig. 78).

106. Combinations of the Wheel and Axle, with the axle
of one system working upon the wheel of another, are
i used, not only where great weights are to be lifted, but
' also where it is desired to make a great difference in speed
‘ between the movement of the power and of the resistance.
In all such combinations the law may be stated thus:
P :W=the product of the radii of all the axles : the
product of the radii of all the wheels.

Nore. —Let the student modify and state the formulas of §§ 105, 106
as they would be altered if the weight is applied to the wheel and the
power to the axle. A wheel and axle so used
would be a modified lever of what class ?

I 107. The Pulley. — The fixed
pulley, like the wheel and axle,
is a modified lever; but in this
: machine the power arm is always
j equal to the weight arm, so that
;] there is no gain in using a single
i fixed pulley, except change in di-
i

i

Fia. 78

rection. This may be seen read-
ily by reference to Fig. 79. The g
power is applied at one end of a ) w1
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rope that passes around the pulley in a groove cut in its
edge, and is tangent at the points A and B. Apply the
law of the lever, and the proportion will stand
P:W=r:R;
but = Iy,
LN (29)
108. The Movable Pulley, like the fixed, is a modi-
fied lever, but it is of the
second class, the fulerum be-
ing at B (Fig. 80), the weight
(including the weight of the
pulley) being applied at
with a lever arm BC = R, and
the power at A with a lever
arm AB=D. The formula
for the single movable pulley
is P: W= R : D, and since D
is the diameter and R is the ra-
dius of the pulley, this becomes
PR E—aii: 0 :
or TBe— :21 W. (30) Fia. 80
109. Combinations of Fixed Pulleys. -—Figure 81 shows
how, by a combination of fixed pulleys, the horizontal pull
of a horse can be used to raise a
heavy weight. The mechanical ad-
vantage secured by the movable pul-
ley would frequently be useless if it
were not for combining with it one
or more fixed pulleys by which the
direction of the pull can be changed.

110. Systems of Fixed and Movable Pulleys.— Where
great weights are to be raised, systems of pulleys are

Fic. 81
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used. Usually a number of “sheaves” or pulleys are
arranged side by side in the same block, and a single rope
is passed alternately around the sheaves
in two of these blocks, called the *block
and tackle.” The weight is attached
to the movable block A (Fig. 82), and
since the rope is continuous there must
be an equal stress on each branch be-
tween the blocks. If we let n repre-
sent the number of branches between
the blocks (» = 6 in Fig. 82), then

L

P:W=1:n, or P=_"".
7
In some systems separate ropes are
used. The law of equilibrium in
any special case can be found by
the application of the general law of
Fia, 82 machines.

111. The Inclined Plane. — Any plane surface that
makes an angle with a horizontal surface forms an in-
clined plane. A ball placed upon a horizontal plane will
retain its position and will press upon the plane with its
entire weight. As soon, however, as one end of the
plane is raised, the entire weight of the ball will not rest
upon the plane, and it will begin to roll toward the lower
end. A body may be supported on an inclined plane in
three ways :

(@) When the power is applied parallel to the plane
itself.

(%) When it is applied parallel to the base of the plane.

(¢) When it is applied in a direction which is parallel.

neither to the plane nor to its base.
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(¢) If the power is applied parallel to the plane, it is
evident that it has to bal-
ance only one componens
| of the weight, the other be-
1 ing supported by the plane.
| To find these components

it 1s only necessary to re-
(3 solve the force WH, which
i- represents the weight of

A

! the body, into two com- H) .
] ponents, one, W, to rep-
h resent the pressure upon J

e

the plane, and the other,
WK, to represent the com-
ponent of the weight that must be balanced by the power
il P. From similar triangles
i WK: WH=AC:AB. ... P:W=H:L. (32)
I In this formula H is the height and L is the length of the
4 Dlane.
I. (&) If the force which
‘ LG keeps the body in po-
. sition acts parallel to
| \ the base, the components
& 5 will be found by con-
: ¢ struction as in Fig. 84 ;
and we have
WK: WH= CA: CB.
S 2 e
| (33)
1 b i . (e) T-f the. power act;s
in a direction that is
parallel neither to the plane nor to the base, as W2 in

HOADLEY'S PHYS, — 7
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Fig. 85 or Fig. 86, the solution can be worked out by
trigonometry, if the angle at which the force acts is
known. The correct result can also be obtained graphi-

A

¥1a. 85 Fic. 86

cally by making WH some measured length, construct-
ing the figure carefully, and measuring WA to the same
scale as WH.

In case (@) the force which keeps the body in place
upon the plane does not affect the pressure of the body
upon it. In case (b) this pressure is inereased, and in
case (¢) it may be either increased or diminished. This
may be shown by redrawing Figs. 83-86 so that WH shall
be of the same length in all, and then comparing the

. various lengths of WZ.

' 112. The Wedge is nothing more than a modified inclined
plane. It is generally made with its base (which corre-
sponds to the feight of an inclined plane) perpendicular to
a line drawn from the edge to the middle of the base.
This means that it is made of two inclined planes placed
base to base. The power is usually applied by the blow
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of a heavy body. Wedges are used in splitting logs and
stone, raising heavy weights a short distance, launching
ships, and similar operations. The method of applying
the power, and the peculiar character of the resistance to
be overcome, make it difficult to give any fixed law for
the wedge, but approximately P: W= one half the thick-
ness (or base) of wedge: length of face, or

P:W=4T:L (34)

113. The Screw consists of a cylinder of wood or metal
about which is a thread. If the cross section of this thread
is square, the thread is called a square thread; if triangular,
it is called a V-thread. A good model of a square-thread
screw can be made by winding a long strip of leather in a
spiral around a wooden cylinder, and tacking it fast.

That the screw is a modified inclined plane may be seen
by cutting a triangle out of paper, and winding it about a
pencil as in Fig. 87. It will be seen that the
hypotenuse, which represents the length of an
inclined plane, forms the spiral thread of the
screw. If OB is taken equal to the circum-
ference of the pencil, then A5 will be equal
to the distance between the
threads DZ#. This distance
is called the piteh, and deter-
mines how far the screw moves
at each revolution. The power Fic. 87
is generally applied to a screw
at the end of a lever, as the handle of a wrench. It is
applied either to the serew, or to the nut, as in bolting
two pieces of wood together.

114. The Law of the Screw cannot be determined unless
the power is applied at some definite point on a lever.
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By applying the general law of machines, the formula
can be written

P:W=p:2=R, (35)

in which p is the pitch of the serew, and £ is the radius
of the circle through which the power moves.

115. Applications of the Screw.— Lifting

N ]acks (Fig. 88), cotton and hay presses,

the screw propeller of ships, ventilators,

and air fans are familiar examples of the

practical uses to which the screw is put,

besides the constant use that is made of

it in machinery and wood working. The

spherometer and micrometer screw are
examples of its use in scientific work.

116. Friction. — Whenever any body is put in motion,
and then left to itself, its velocity will gradually diminish,
and it will come to rest. This is due to friction, which is
the resistance that one body meels in moving over another
under pressure. Friction arises from inequalities in the
surfaces in contact. If any means is taken to reduce
these inequalities, either by making the surfaces smoother,
or by filling up the depressions with some form of lubri-
cating material, the friction is diminished.

Friction may be either friction of rest or friction of
motion.

117. Laws of Friction. — Experiment has established the
following laws :

I. Friction of rest is proportional to the pressure, and
independent of the extent of the surfaces in contact.

II. Friction of motion is likewise proportional to the
pressure, and independent of the extent of the surfaces;
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and, within certain limits, it is also independent of the
velocity of the motion.

118. Coeficient of Friction. — The coefficient of friction
is found by dividing the force necessary to overcome the
friction by the pressure
normal to the surfaces
in contact. A simple
method of determining
it is to place a block of known weight, W, upon
a level board, and set it in motion by putting
weights in a scale pan suspended as in Fig. 89.
The coefficient of friction is expressed by the

squati /A
equation FED

ﬂi‘li”f”h

(36) P

Fia. 89

PRACTICAL QUESTIONS AND PROBLEMS

1. Ts a perpetual motion machine possible? Why?
2. Draw a figure of a lever of the first class, in which the moment
of the power and the moment of the
15 weight shall each be 20.
T Pl g 3. Suppose a lever to be acted
2 s l : on by five forces, their directions and

points of application being as in

30 Fig. 90. Where must a foree of

16 1b. be applied to keep the lever

50 Fia. 90 in equilibrium, if it acts downward?
Where if it acts upward ?

4. How much can a man who weighs 174 1b. lift, with a lever of
the first class 10 ft. long, the fulerum being 2 ft. from the weight?

5. A lever 19 ft. long weighs 18 1b. per running foot (each foot in
length). Where must a force of 200 1b. be applied to balance a
weight of 1600 1b. at one end, 3 ft. from the fulerum?

6. With which class of lever will a force of 100 lb. raise the
greatest weight, the lever being 12 ft. long and the weight arm 1} ft.
long? Prove your answer by a figare.
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7. Which class of lever is represented by a pair of shears? Sugar
tongs? A wheelbarrow? An oar in rowing a boat ?

8. A ladder lies upon the ground with its foot against a house.
Show by a figure how it changes from one class of leyer to another
when a man takes it by the top and raises it slowly to a vertical posi-
tion by lifting successively on rungs nearer and nearer the foot.

9. Three men carry a stick of timber 16 ft. long, of uniform cross
section. One of them has hold of one end and the other two have
hold of a crossbar that passes under the stick. How far must this
be from the end of the stick, that each man may carry the same load?

10. Tn a lever of the third class, 14 ft. long, with the power arm
9 ft. long, the power moves a distance of 9 in. How far does the
weight move?

11. Make a drawing of a steelyard, showing how one side weighs
pounds and the other ounces.

12. An engine is used to raise stone from a quarry with a wheel
and axle. Suppose the drum is 4 ff. in diameter, and the axle 9 in.
How heavy a stone can the engine raise when the pull on the rope
over the drum is 1000 1b.?

13. How much pressure must be put upon the handle of a winch
14 in. in diameter, to raise a cubie foot of water, when the rope from
the bucket is wound upon an axle 4 in. in diameter?

14. An anchor weighing 900 Ib. is to be raised by the use of a
capstan. The barrel of the capstan is 1 ft. in diameter and the hand-
spikes are 4 ft. long, measured from the middle of the barrel. If
4 men are pushing at a distance of 6 in. from the ends of the hand-
spikes, how much must each one push fo raise the anchor? How far
will each one walk to raise the anchor 75 ft.?

15. A horse is hitched to the end of a windlass bar 9 ft. long, and
while moving a building walks at the rate of 2 mi. per hour. The
barrel of the windlass is 10 in. in diameter. How far will the build-
ing attached to it move in 15 min.?

16. The sprocket wheel attached to the crank of a bicycle has 18
teeth, while the companion wheel over which the chain fits has 8.
How many times does the rear wheel turn every time the pedals go
round? How far does the bicycle go, the rear wheel being 28 in. in
diameter? How many times must the pedals revolve per minute when
the wheel is going at the rate of 10 mi. per hour?

17. Describe the change of motion in a sewing machine.
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18. Show by a figure the arrangement of ropes in a system of
pulleys with which a man pulling downward with a pull of 150 lb.
can balance 900 1b.

19. A barrel of flour is being rolled into a doorway 3} ff. above
the ground on a plank 16 ft. long. How much power must be applied
parallel to the plank to keep the barrel from rolling back? What is
the pressure on the plank?

920. A hogshead of molasses weighing 600 Ib. is being rolled up
a gangplank 18 ft. long,
one end of which is 7 £t.
higher than the other. -
The rope, one end of
which is fastened at the
top of the plank, passes
around the hogshead 8
and the power is ap- Fic. 91
plied at the other end,
as in Fig. 91. What power is required to roll the hogshead up the
plank?

91. Show by a figure that when a ball is kept from rolling down
an inclined plane by a power directed horizontally against its eenter,
the pressure on the plane is increased.

99. A screw press has a handle 10 in. long and the screw has 8
threads to the inch. How much pressure will a pull of 75 Ib. exert,
if it is applied 1 in. from the end of the handle?

93. How many jackscrews, with a pitch of } in. and handles 15 in.
long, must be used to raise a weight of 100,000 Ib., if the greatest pull
on each handle cannot exceed 50 1b.?

94, A wheel 4 ft. in diameter is attached to an axle 6 in. in diam-
efer, and it is found that it requires 70 lb. to pub in motion 500 Ib.
attached to the axle. What is the efficiency?

95. A piece of cast iron weighing 60 Ib. was placed upon a level
oak plank, and it was found to require a pull of 373 1b. to slide it
over the plank. What is the coefficient of friction between them?

LABORATORY WORK

1. Cut a stick 82 cm. long, 4 cm. wide, and 2 em. thick, of uniform
density, and bore a small hole just to one side of the middle line
drawn from end to end, but in the middle of the length. Call this
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point zero, and make a thin saw cut 1 mm. deep every 10 cm. in each
direction. Drive a wire nail, from which you have filed the head, into
a post for a support for the lever, and see that it balances accurately.
Make a loop of strong thread and place in each notch. Make two tin
scale pans, weigh them, and stamp their weight on each. Hook one
pan on each side of the fulerum in the different loops, and with addi-

M

\ ‘[
40 30 2 10 ﬁ ol 10 20 30 |40
T T T O - ‘

tional weights make a study of the moments of forces and the law of
the lever. An accurate way to read the zero position of the lever is to
drive a pin in one end, and just back of this fix a mirror vertically.
On the face of this paste a triangle of paper with the point directed
toward the image of the pinwhen the lever is horizontal. Then when-
ever the pin covers its image at the point of the triangle, the lever will
be in the position of equilibrium.

2. The efficiency of a lever depends upon the amount of friction at
the support. Malke a series of experiments to determine the efficiency
of the lever in No. 1, as follows: Place a certain weight at 10 cm. from
the fulerum, and balance it by a weight at 40 em.  Find how much can
be added before the lever will begin to move. Determine the efficiency
for various loads, the points of suspension being the same. Draw the
curve for efficiency, laying off loads on X and efficiency expressed as
per cent on Y.

Note. — Steel bicycle balls are very uniform in weight, and may be
used as weights in many

12
e — IC: ‘W experiments.
| | o !
b £l () e 8. Mark 10-cm. di-
_A , Visions on two rods of
T'ra. 93 uniform eross section,

and a half meter long,

or more. Rest them on fulerums F and F’. Fasten the short arm
of one to the long arm of the other with a loop of strong cord or fishing
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line, as at L. Place a weight W on the first lever, and balance it with
a small weight P on the other. From the relation of P to W, and the
relations of the different lever arms, write the law for the compound
lever.

4. If you have no wheel and axle, make one by getting four
wooden disks turned, each with a quarter-inch hole in the center.
Drive these on a brass rod, and
screw them together. Make a
number of experiments with dif-
ferent powers and weights, and
from these draw the curve of
efficiency of the wheel and axle,
as in No. 2.

5. Arrange a single fixed pul-
ley as in Fig. 79. Afttach a spring
scale at P, and find its readings
for different values of I, both when W is stationary, and when it is
rising. Explain the different readings of the scale for the two con-
ditions.

6. Make the same experiment with a movable pulley, as shown in
Fig. 80. What differences do you nofice in the values of the scale
readings for different values of W?

7. Make a number of combinations of pul-
leys with those you have in the laboratory,
and verify Formula 31.

8. Procure an inclined plane like that in
Fig. 95, and make a number
of experiments, six at least,
with the plane
raised to differ-
ent heights. Is
Formula 32 cor-
rect? The weight
W is made of
a brass cylinder,
together with a
wire in each end
for an axle, and a frame by which to draw it. The weight can be
stamped on the end, and this will be the value of I in all experiments.
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9. In No. 8, noallowance was made for friction. This may be done
by using a spring scale in place of the pulley and scale pan. Pull
steadily so that the weight W shall move up the plane with a uniform
rate, and take the scale readings. Take the readings when it is moving
down at the same rate. The average of these will be the true value of P.
Male this experiment with at least five ditferent elevations of the plane.

10. Arrange a fixed pulley at one end of a smooth board, as in
Fig. 96. In a block 1} x 3x4 inches, fix two screw hooks in the end,
so that a cord running from one of them to the pulley will be parallel
to the base when the block is
lying on its side, and, when
running from the other, will
be parallel to the base when
the block is on its edge. At-
tach a scale pan to the end of the cord for the weight P.

Fix the board so that it is exactly level. Weigh the block,

and stamp or write the weight upon its end. Place weights

upon the block until the combined weight is 100, 200, 300,

ete., grams. Find in each case the weight that has to be  yye, 96
placed upon the scale pan in addition to its own weight to

make A moeve slowly and uniformly, when the board is jarred by
being constantly tapped with the fingers. From these experiments
determine the coefficient of friction. Determine whether the friction
varies when the block is placed upon its edge.

11. Since the coefficient of friction is expressed by the ratio of P
to W, and since this ratio in the inclined plane is the ratio of H to B,
it is possible to make a

form of inelined plane by

which the value of f can

be read directly. Make

an inclined plane, as in

Fig. 97, hinged at B. At

the end B, of the base B@,

place a wooden ecylinder

with a brass rod % in.

in diameter for an axle.

Bend this rod twice ab

right angles for a handle.

Fasten a cord at 4, run
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it over a fixed pulley at D, then twice around the wooden cylinder
at H, and suspend a weight P from the other end. By turning the
handle of the cylinder the plane BA is raised until the block begins
to slide freely. The height GE is read at this point. In order to
keep the block in constant motion a fine wire is fastened to it, and
then wound around the axle of the cylinder. If the base BG to the
foot of the upright DG is made 1 m. long, and if the upright is divided
into millimeters, then will the distance G'E, cut off by the plane when
the block begins to slide down it, give the value of f directly.

GE _ 271
—_———— T ——T .2 1-

J GB 1000 g

Find f for blocks of different material.

12, Select a smooth hard-wood board 2 ft. long and 1 ft. wide.
Select a second similar board about 6 x 8 in. Place the second board
upon the first, and load it until the board and its load weigh 1 kg.

Attach a cord and spring scale to the upper board, and pull until
the friction is overcome. Read the scale just as the board starts, and
again while it is kept in uniform motion. Now place a dozen quarter-
inch bicycle balls between the boards, and determine the friction

For example,

again. How do the sets of readings compare? Determine the value
of f for rest and motion. What per cent hayve these values been
changed by the use of the balls?




CHAPTER IV
LIQUIDS
I. MoLEcULAR Forces 1N LiQUiDps

119. Cohesion. — Cohesion, in Liquids, is the mutual molec-
wlar attraction of the particles of a liquid for one another.
Since water is the most common liquid, the experiments
that follow will be made with water unless there is a
special reason for using some other liquid.

If a glass rod is dipped in water and then removed, a
drop will form on the end of the rod, and will grow larger
and larger as the water runs down the side, until the
weight of the drop becomes great enough to break it
away from the rod, when, as it falls, it takes the form of
a sphere. In this experiment cohesion does two things:
it keeps the water from falling as soon as it runs down
the side of the rod; and it gives the drop the form of a
sphere.

120. Spherlcal Form of Liquids. — Whenever liquids
are subjected to cohesion alone, they as-
sume the spherical form. This is readily
seen by noting the shape of raindrops.
Shot owe their form to the fact that mol-
ten lead is poured through sieves at the
top of a high tower, and is thus sepa-
rated into small masses, each of which
assumes the form of a sphere. This for-

i mation can be studied by making a mix-
ture of alcohol and water, using such proportions that the
108

[0 i il
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mixture will have the same specific gravity as olive oil.
Introduce a small quantity of the oil below the surface
of the mixture, by the use of a glass tube, and the oil
will assume the globular form, as in Fig. 98.

ExpreriMeNT 34. — Cover a smooth board with a fine dust, like
lycopodium powder or powdered lampblack. Drop a small quantity
of water upon it from a height of 2 or 8 ft., and the water will
seatter and take the form of spheres. Why?

Nore. — Lycopodium powder — which is made up of the spores from
certain plants—ecan be obtained from any drug store. A few cents’
worth will be found very useful for many experiments.

121. The Surface of a Liquid. — ExperiveNT 35. — Make one
end of a small brass wire very sharp,
and bend it into the form of a hoolk.
Put the hook into a glass of water
so that the point shall be below the
surface. Bring the point of the hook
up to the surface, and obserye that
the point, before breaking through
the surface, lifts it as if it were a
thin flexible blanket stretched over
the water. Place the eye at E and
observe that the reflection of the sky,
seen from the surface of the water,
is distorted at the point where the Fra. 99
hook lifts the surface.

Exrerivent 36.—Bend a wire into the shape shown at A (Fig,
100). Place a sewing needle in the hook and
lay it carefully upon the surface of clean water,
and the needle will be found to float in a lit-
tle depression upon the surface, as shown in
the lower part of the figure.

The above experiments show quite
conclusively that the surface layer of
a liquid differs from any other layer.
If the needle is placed below the sur-
face, it will sink at once.
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122. Surface Viscosity. — Whenever a liquid has been
exposed to the air for some time, it becomes more or
less viscous and the surface becomes difficult to break
through.

If a sewing needle is magnetized and placed upon the
water as in Experiment 36, it will gradually move around
until it points to the north. But instead of moving
through the surface it carries the whole surface with it.
This may be seen readily by scattering lycopodium pow-
der upon the water before the needle is laid upon it, and
then observing the motion.

A bubble coming through the surface of a boiling
liquid will, if the surface is viscous, scatter the liquid in
a shower of small drops. Aleohol, which has little sur-
face viscosity, is frequently added to boiling liquids to
prevent this action. The surface of oil has greater
tenacity than the surface of water, and for this reason
oil is sometimes thrown upon the water around a ship
during a storm. The effect of this is to smooth out the
surface as though a strong elastic blanket were stretched
over the water ; and the waves are then kept from break-
ing over.

123. Surface Tension. — Let us study the attractions
acting upon a molecule at different distances from the
surface, as shown in Fig.
101. At A the molecule
is attracted equally in all
directions by the molecules
that are within the distance
of molecular attraction ;

Fig. 101 hence it can move readily
in any direction. At B,
very near the surface, the horizontal attractions are equal
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in all directions, but the downward attraction is greater
than the upward. At the surface the molecule ¢’ has no
upward attraction, and hence it is held in place by the
downward force. As this is true of every molecule on
the surface, the result is a tension upon the surface layer
much greater than upon any other layer.

Surface tension varies with the liquid and with the tem-
perature of the liquid. The surface tension of pure water
1s very great, compared with that of most other liquids, as
is illustrated by the following experiments :

ExperIMENT 87.— Pour some hot water into a shallow dish, like
a'soup plate. Cover the surface with pepper. Hold a small piece
of butter in the surface of the water at the middle, and observe how
the pepper goes away from the melting butter to the sides of the
plate.

ExperiMeNT 38.— Spread a thin layer of clean water upon a glass
plate, and then let a drop of alcohol fall upon the middle of it. The
water will at once retreat, leaving a space around the drop of alcohol.
Why?

ExperiMENT 89. — Spread a thin layer of water upon a glass plate,
and over the middle of it hold a glass rod with a drop of ether hang-
Ing fo the end. Notice that the absorption of the ether vapor by the
water reduces the surface tension of the water at this point, and that
the water there is pulled away by the fension of the surrounding
water.

In all experiments on surface tension great care must be taken to
keep the water, and everything that comes in contact with it, clean.
The touch of a greasy finger is enough to change the surface tension
of the water.

124. Films.— By a study of Fig. 101, we have seen
that the tension diminishes as we go from the surface
into the body of a liquid. If we make the thickness
of the liquid mass very little, and give to it two free
surfaces, the phenomena may be studied to better advan-
tage,
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Exrrrivent 40.—Make a strong solution of soap by dissolving
castile soap in water until a large bubble can be blown. Bend a piece
of iron wire so as to form a square frame
with a handle, and from one side of the
frame hang a loop made of one strand of a
silk thread. Dip thisframe in the soap solu-
tion, and the loop will hang as in Fig. 102.
Remove the film within the loop by touching
it with the point of a piece of blotting paper,
and the loop will at once spring out into the

form of a circle, as in Fig. 103. Why?
Nore.— The film will stick better to a rusted

wire than to a bright one.

ExperivenT 41. — Using aclay pipe ora
glass tube, and the solution of Experiment
40, blow a good-sized bubble. Remove the
tube from the mouth, and hold the end of
it toward the flame of a lighted candle. The
pressure exerted by the surface tension of
the film will force out a current of air
strong enough to blow the flame to one side.
What change takes place in the size of the

T1o702 bubble ?

125. Capillarity. — If a glass rod is dipped in water,
the water close to it will rise to a considerable height
above the general surface of the
water, as in Fig. 104. Any mole-
cule of the water, as A4, is sub-
ject to three forces: the attrac-
tion of the mass of the liquid,
P; the attraction of gravity, @;
and the attraction of the glass,
S. The direction and intensity
of the resultant, R, will depend
upon the relative values of these
forces ; and the surface of the liquid at A will be perpen-
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dicular to the direction of this resultant. 1f the attrac-
tion of the glass is relatively great, the direction of the
resultant will be as in Fig. 104, and the surface of the
liquid will be concave, while, if it is relatively small, as
in Fig. 105, then the surface of the liquid will be convex,
as when a glass rod is thrust into mercury.

If two plates of glass are thrust into water, with their
faces parallel to each other, the liquid will rise between

Fra. 106 2 Fre. 106

them, the height being greater, the nearer the plates are
to each other. If the plates are brought together at one
edge while the other is opened out, as in Fig. 106, this
varying height will be shown in the form of a curve,
highest at the angle, and lowest at the outside edge.

ExpermvexT 42. — Pour some clean
water into a beaker, and thrust one end
of a piece of clean glass tubing below
the surface of the water. The water
will rise on the inside of the tube to
a considerable height above the water
in the beaker. On removing the tube it
will be found to be wet. Repeat the ex-
periment with a tube of half the diame-
ter, and the water will rise twice as high.

HOADLEY’S PHYS, —8
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ExreriMENT 43.—Pour clean mereury
into a dish, and repeat the process of Ex-
periment 42, using clean glass tubes of
the same sizes as before. Observe thab
the surface of the mereury is convex and
that it is depressed in the tubes. Notice
also that the glass tubes are not wet by
the mercury.

126. Capillary Tubes. — The tubes used in the preced-
ing experiments— if very small —have received the name
of capillary tubes, from the Latin word capillus, which
means “hair.” The attraction which causes liquids to go
up into these minute openings is called capillary attraction.

The results of such experiments as 42 and 43 lead to
the following laws :

1. When a liquid wets the surface of a tube placed in it,
the surface of the liquid will be concave, and the liquid will
rise in the tube. When the liquid does not wet the tube, the
surface of the liquid will be convew, and the lLiquid will be
depressed in the tube.

II. The elevation or the depression varies inversely as the
diameter of the tube.

Further experiments would determine a third law, as
follows :

1I1. The elevation or the depression decreases as the tem-
perature rises.

Exprrmrent 44. — Heat a piece of glass tubing to redness, and
draw into a tapering tube. Introduce a
globule of clean mercury and measure }:
the distance of the end of the mercury
from the small end of the tube. Re-
move the mercury and introduce a like Tre. 109
quantity of water and measure again.

Observe that the tendency of the mercury is to move toward the
larger end, while the water moves toward the smaller end. Why?
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127. Absorption. — Whenever a liquid is brought in
contact with a porous solid, and wets it, the liquid imme-
diately begins to pass into the pores of the solid ; this
process is called absorption. Blotting paper absorbs ink,
and a lamp wick, oil. When once absorbed the liquids
cannot be entirely removed by pressure. A sponge can
never be pressed dry, but becomes dry only when evapo-
ration takes place. It is evident that absorption is a
capillary phenomenon and that every pore in a porous
substance acts as a capillary tube.

128. Diffusion of Liquids. — Whenever two liquids like
oil and water are poured into a bottle and thoroughly
shaken, they will separate into two distinet layers very
soon after the shaking is stopped. The separation of oil
and water is nearly perfect; but if ether and water are
shaken together, and then allowed to come to rest, while
there will still be a separation, the layer of water will
contain some ether, and the layer of ether will contain
some water.

ExperiMeENT 45.— Fill a small jar three fourths full of water
colored with blue litmus, and pour a small quantity of sul-
phuric acid carefully into the bottom of the jar
through a thistle tube. The litmus will be colored
red wherever the acid comes in contact with it. If
now the jar is kept in a quief place, the acid will pass
through the litmus solution, and after a time the
entire contents of the jar will be red.

This aetion, which takes place against the
force of gravity, and which is visible to us
by the change of color only, is called diffu-
sion. Substances diffuse at different rates,
depending upon the temperature and density
of the solution.
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129. Osmose. — When two solutions of different sub-
stances are separated by a porous membrane, each will
pass through the membrane into the other with more or
less freedom. This process is called osmose.

ExperiMENT 46.— Tie a piece of parchment paper over the end of a
thistle tube and fill the tube part way up the stem with a strong solution
of copper sulphate. Thrust it info a beaker containing water, and
fix it in such a position that the liquids stand at the same height,
both inside and outside the tube. Set the beaker aside for some
time. Does any change take place in the height of the liquid within
the tube? Is there any change in the color of the water? Does the
experiment prove that osmose has taken place? Do the liquids pass
through the membrane at equal rates?

130. Dialysis. — Experiment shows that those sub-
stances that have a crystalline structure and can be dis-
solved easily in water will diffuse through a porous
membrane readily. Substances like gum and starch,
which are not crystalline, diffuse very slowly. Sub-
stances of the first class are called erystalloids, and those
of the second class are called colloids.

If a mixture of crystalloids and colloids is placed in a
dish with a membranous bottom, and floated upon water, the
crystalloids will pass through into the water, and the col-
loids will remain. This process is called dialysis. One
of its uses is to detect the presence of arsenic in the con-
tents of the stomach.

PRACTICAL QUESTIONS AND PROBLEMS

1. Which is the larger, a drop of water or a drop of olive oil?
Why? Do we get equal quantities when we pour out a given num-
ber of drops of different medicines?

2. Why does the silk loop in Fig. 103 take the form of a circle ?

3. Suppose the direction of R in Fig. 104 is vertical, what kind of
a surface will the liquid have ?
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4, Will ink pass readily into the surface of a sheet of glazed
paper? Into a newspaper? Why?

5. Give five examples of capillary action.

6. Which has the greater surface tension, water or alcohol? How
will you prove your answer ?

7. If a glass tube, oiled on the inside, is thrust into a beaker of
water, will the water rise or fall inside the tube? Why?

8. If you fix a capillary tube vertically, with its lower end in
water, and then gradually heat the water, what will be the result?
Could a curve be made showing the relation between temperafure
and height of column?

LABORATORY WORK

1. Fill a small bottle nearly full of water. Pour in a small quan-
tity of olive oil, and shake vigorously. Explain the form of the drops
of oil as it gathers again affer being shaken.

2. Fill a large beaker nearly full of water. Put one end of a small
flexible rubber tube near the bottom of the water and blow gently
into the other end. Observe the shape of the bubbles as they rise,
and explain.

3. Make a number of cork balls and float them upon the surface
of water. Can you keep them apart? Explain.

Make a number of wax balls, and with them repeat the experiment.

4. Take one cork ball and one wax ball, and float them on water.
Do they act toward each other as two cork balls would?

5. Make a number of iron wire frames
representing different geometrical solids,
like Fig.111. Dip them into a soap solu-
tion and make a study of the various
forms the films can be made to assume.

6. Pour some sdap solution into a large
shallow dish. Blow into it through a
glass tube and form a mass of bubbles. Frc. 111
Observe the forms the bubbles take as
they come in contact with one another. Make drawings of them.

7. Draw from a piece of soft glass tubing a fine capillary tube.
Break out a piece about a foot long, having a uniform diameter, and
put one end in water. Moisten the inside of the tube by drawing it
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full of water and blowing it out again. Told the tube vertically and
measure the height of the water in it. Draw the tube gently from
the water and notice whether there is any change in the length of the
water column. Break the tube and, taking a piece an inch shorter
than the length of the measured water column, put it in water as
before. Does the water come out at the upper end of the tube?

Explain.
8. Select a glass tube a half inch or more in diameter. Heat one

end of it in the flame of a Bunsen burner, and draw about two inches
of it out into a small tube. Dip the

large end in water, and lower the tube
until the small end is full. Raise the
tube until the small end is above the
surface of the water, as at 4. Why
does not the water in the tube fall fo
the level of the water outside?

9. Arrange a diffusion jar as in Ex-
periment 45. Fix a meter stick in a
vertical position by the side of the jar.
Begin to take readings of the position
of the line of division between the
colored liquids as soon as possible affer putting in the acid, and at
intervals afterward. Make a record of the readings and of the time
between each two readings, and from these make a curve, laying oft
time on the axis of X, and heights above the first reading on the
axis of ¥. Is the curve a straight line? What does
this mean ?

Fia. 112

10. Procure a small porous cup such as is used
for a battery cell, and fit in the open end a rubber
stopper with one hole. In the stopper fit one end
of a glass tube 7, bent as in Fig. 113. Pour mer-
cury into the end of this tube and let it come to
vest at A. The heights in the two branches can
be made the same by letting a little air out of the
cup. Lower the cup into a beaker of water and
observe the change in the level at 4. Explain this
action. Measure this pressure by putting a scale
back of the tube at 4.




THE MECHANICS OF LIQUIDS

II. Ter MEcHANICS oF LIQUIDS

131. Transmission of Pressure by Liquids. — When-
ever pressure is brought to bear upon a solid, the mole-
cules, being. unable to move freely over one another, will
transmit the pressure, undiminished, in one direction
only. In the case of liquids, however, the free move-
ment of the molecules over one another secures the trans-
mission of pressure, without change, in all directions.

ExpErIMENT 47.— To a thin glass boftle fit a straight cork, of
such a size as to go into the
neck snugly. Fill the boftle __
with water. Insert the cork
and bring pressure to bear
upon it by a lever as in Fig.
114. The shattering of the
bottle shows that the pres-
sure was transmitted in all
directions.

The action of the mol-
ecules of a liquid in transmitting pressure may be illus-
trated by filling a bottle with peas or shot and pressing
upon the top layers.

Since each pea or shot does not lie directly upon
another, but rather in a depression left between those
in the next lower layer, a vertical force acting upon any
pea or shot will be resolved into other forces in the direc-
tions of the points of contact between it and the peas or
shot which it touches.

Since liquids are perfectly elastic, and since their mole-
cules move over one another with perfect freedom, the
resultant of all the pressures acting upon a molecule will
be the same as if the original pressure acted upon it. As
a result, these considerations lead to the following law :
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132. Pascal’s Law. — Pressure exerted upon any part of
an inclosed liquid is tramsmitted undiminished in all direc-
tions. . This pressure acts with equal force wpon all equal
surfaces and at right angles to them.

ExpreriMeENT 48. — Get a brass tube about 25 em. long and 10 cm.
in diameter. Drill holes A and B in the side. Fit each with a rub-
ber stopper with one hole. Fit the
stoppers with small glass tubes of
the shape shown in Fig. 115. Fit
a large rubber stopper and tube C
into the bottom of the tube, and a
piston and tube D into the top.
Pour mercury into the U-tubes to
act as gauges for measuring the
pressure. Fix a pan at the top of
the piston rod for holding weights,
and fill the brass tube with water.
Stick strips of gummed paper along
the straight parts of the U-tubes.
Marl the positions of the upper end
of the mercury. Add weights to
the scale pan and mark again. The
/ changes in the column of mercury
Fie. 113 will measure the pressure. Are

these changes equal ?

133. The Hydraulic Press. — An important application
of the principle stated in Pascal’s Law is made in the
hydraulic press. The essential features of the machine
are shown in Fig. 116. Two pistons or plungers 4 and B
pass through water-tight collars into cylinders ¢! and D.
The piston A is moved by the lever G by applying the
power at P. The body to be compressed is placed be-
tween the platform A and a stationary framework above
it. The action is as follows: Both cylinders and the
connecting tube being full of water, the piston 4 is
forced down, the pressure on the water in ¢ closing the
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valve F, and forcing the valve # open. The water dis-
placed by A is forced through #, and passes into D, where
it pushes B up, and compresses K. When the piston 4
is raised, the back pressure of B upon the water cloges F.
£ opens, and water from M passes through it, keeping ¢!
full. The next stroke simply repeats the action.

o S

The fact that water is almost incompressible and per-
fectly elastic is of very great importance in connection
with this machine. A pressure of 100 1b. to the square
inch compresses water only .00033 of its original volume,
and, on the removal of the pressure, that volume is im-
mediately restored.

134. Pressure Due to Gravity. — The principle stated in
Pascal’s Law holds whether the force employed is due to
the pressure of weights placed on a piston resting upon
the surface of the liquid, or to the pressure of an added
layer of water. When a liquid is at a uniform tempera-
ture throughout, the entire mass is in a state of equilib-
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rium, and there are no internal currents, as can be seen by
mixing some heavy sawdust through the water. This
means that the pressure exerted at any point in a liquid by
its own weight is equal in all directions.

135. The Relation of Pressure to Depth. — Since every
horizontal layer of a liquid has to support the weight of
the liquid above, we may write as a result the following
laws :

I. The pressure in any layer s proportional to its depth.

II. The pressure ts the same at all points in the same
horizontal layer.

ExpErRIMENT 49. — Bend three glass tubes into the forms shown in
Fig. 117. Into the tube 4 pour
a small quantity of mercury.
Lower it slowly into a vessel
of water. Any changes in the
level of the mercury will indi-
cate changes in the pressure.
Does the pressure inerease with
the depth? Hold the three
tubes in one hand in such a
way that the three openings are
at the same level, and lower the
tubes together into the water.
Is the change in the mercury
level in each tube the same?
Why ?

136. Vertical Downward Pressure.—In the case of a
liquid contained in a vessel with vertical sides, the weight
of each layer is transmitted undiminished to the layers
below. Hence each layer bears the weight of the liquid
above it, and the total pressure on the bottom will be the
weight of the liquid in the vessel.
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ExperivENT H0.— Bach of the four glass tubes or vessels shown
in Fig. 118— 4, B, C, and D
—serews into the top of the
ring R.
The ring is ground so
that when the disk K is held
against it the joint will be
water-tight.
TFasten the tube 4 in a ver-
tical position and so adjust
the apparatus that the bar
KE will be horizontal when
the ring and the disk K are
in contact.
Put weights upon the scale
pan P, and pour water into
the tube 4. Move the index
H until it is level with the sur-
face of the water in 4 when it
begins to leak out at K.
Unscrew A from the ring
and substitute B, C, and D,
in turn, and it will be found ————
in each case that the pressure F1e. 118
will push off the pan K at exactly the same height of water when
the same weights are placed upon P.

The above experiment proves that the pressure on the
bottom of a wvessel containing a liquid ts entirely independ-
ent of the shape of the vessel; with a given liquid it
depends solely wpon the depth of the liquid and the area
of the base.

ExpreriMeNT 51.— Replace the tube €, and use a solution of salt,
which is heavier than water, and it will be found to require less height
for the same pressure.

From this we see that the pressure on the bottom of a
vessel depends also upon the density of the liquid.
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137. Pressure on the Side of a Vessel. — When a liquid
is contained in a vessel with vertical sides, the pressure at
any point of the side depends upon its distance from the
surface of the liquid. The total pressure on the sides of
the vessel is the sum of all these pressures, which vary from
zero at the surface to a maximum at the bottom. The
rule for finding the pressure on any submerged surface
may be written as follows :

The pressure of a liquid upon a submerged surface is equal
to the weight of a column of the liquid having the area of
the suzrface for its base, and the depth of the center of gravity *
of the given surface below the surface of the liquid for its
height.

This rule applies to all submerged surfaces, whether
vertical, horizontal, or inclined, plane or curved. If the
surface is the horizontal base of the vessel, the height of
the column will be the total depth of the liquid.

The above law may be expressed in a formula as

follows :
Pressure = Ha W, (37)

in which H is height, « is area of base, and Wis the weight
of a cubic foot or unit volume of the liquid.
A cubic foot of water weighs about 62.5 lb., or 1000 oz.

138. Center of Pressure. — The center of pressure on a
submerged surface is the point of application of all the
forees acting upon it, due to the pressure of the water.
If we have a rectangular side to a vessel containing water,
since the pressure increases from the top to the bottom, it
is evident that this point must be below the middle of the
side. A convenient way to determine the position of this

# See page 64. In plane surfaces the center of gravity is the center
of area.
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point is as follows. Lay off a line CB perpendicular to the
side A B to represent the pressure at B. Draw the line C'A.
Any lines, as #D and G'F, drawn perpendicular to AB
will represent the pres-

sure at the points D and <
F respectively. Why? ey
The area of the trian- i
gle ABC will represent Gt
the entire pressure upon S R
AB, and the center of EF—F——D
pressure will be at the i
point H where the per- ¢ K B

pendicular from the cen-

ter of area of the triangle meets the side AB. It is
evident that this point will be in such a position that
AH= 2 AB, since the center of area is at 0, a point such
that 40 = 2 AK.

If the side AB is movable, a support at H will prevent
either the top or the bottom from being pushed out.

139. The Surface of a Liquid at Rest. — We haye already
seen that when the resultant of all the forces that act
upon any point in a liquid
is zero, there will be a
condition of equilibrium,
and the liquid will be at
rest.

In order that the surface
of a liquid may be at rest,
it must be horizontal. Sup-

Fic. 190 pose that the surface is not

horizontal, as in Fig. 120.
The force of gravity AB, which acts upon any molecule
upon the surface, as 4, may be resolved into two forces,
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one of which, AC, is perpendicular, and the other, AD,
parallel to the surface. Now the first, A, will be op-
posed by the resistance of the liquid, while the other, 4D,
will move the molecule to a lower level. When the sur-
face is horizontal, the action of gravity is perpendicular
to it, and since there can be no component parallel to the
surface, no movement will take place, and the liquid will
remain at rest.

140. Equilibrium in Communicating Vessels. — When-
ever a number of vessels are connected, and water is
poured into one of them, it will, when it comes to rest,
stand at the same height in all. Neither size, nor shape,
nor position affects the result. It is in accordance with
this principle that water seeks its own level, that fountains
play, and that water is distributed in the modern sybtbms
of water distribution in ecities.

141. Superposed Liquids. —If two or more liquids hav-
ing different densities are poured into a jar, they will
come to rest in the order of their densities, with the sur-
faces of each separating them horizontally. Those liquids
that will not mix must be chosen for the successive layers.
Mercury, water, oil, and alcohol, when poured into a test
tube, will come to rest in the order named. If they are
to be poured in in such a way that the alcohol and water
can come in contach, the water should have dissolved in
it some sodium carbonate. It is an easy matter to find
a solid that will sink through one liquid layer and float
on another, as a bicycle ball on the top of the mercury
and at the bottom of the water.

142. Vertical Upward Pressure. — It has been shown in
Experiment 49 that the upward pressure at any point

(4
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below the surface of a liquid is equal to the downward

]_JI‘GSSUI'B.

ExperiMENT 52. — Select a glass tube like a lamp
chimney, and a glass plate or disk just large enough
to cover the end of the tube. Grind the end of this
tube, and the glass plate, to a water-tight joint with
emery. Fasten three cords to the plate or disk, and
to a single cord, as in Fig. 121. Hold the disk in
place over the bottom of the tube with the cord, and
push the tube down into the water in a jar. The
upward pressure will hold the disk in place without
the cord. Pour water into the tube until the disk
falls off, when the weight of the water poured in,
added to the weight of the disk, will measure the
upward pressure.

PRACTICAL QUESTIONS AND PROBLEMS

1. If the diameter of the small plunger in a hydraulic press is
1 in., and that of the large plunger is 6 in., how much pressure will a
force of 60 Ib. on the former exert on the latter? How much per
square inch ?

9. Suppose the force in problem No. 1 to be applied by pressing
down on the lever shown in Fig. 116. How great a pressure is re-
quired by the hand if the lever is 3 ft. long, and the fulcrum 6 in.
from the piston ?

3. Draw a figure similar to Fig. 116, showing the proportions that
may be used so that a pressure of 10 1b. at P will produce a pressure
of 1600 lb. at B.

4. Compute the pressure on the bottom, sides, and ends of a box
4 ff. long, 2 ft. wide, and 13 ft. high, when filled with water.

5. Compute the pressuve on the bottom, sides, and ends of the
same box when it is two thirds full of water.

6. A bottle 6 in. in diameter is filled to a height of 8 in. with
sulphuric acid, which is 1.8 times as heavy as water. What is tl:
total pressure upon the bottle ?

7. Find the entire pressure upon a standpipe 60 ft. high and
95 ft. in diameter, when four fifths full of water. o8
8. What is the pressure on a gate 2 ft. long and 1% ft. high, in



128 LIQUIDS

the side of a dam, when the water stands at a height of 18 ft. above
the top of the gate?

9. Suppose the head of water in a system of waterworks is 150 t.
above the distributing pipes; what is the pressure upon every square
inch of the pipes? ;

10. A vessel 40 cm. high, 18 em. long, and 10 em. wide has a cir-
cular window 6 em. in diameter placed in 'one side with its upper
edge at a distance of 32 cm. from the top of the vessel. Find the
entire pressure on the vessel and the pressure on the window when
the vessel is full of water.

11. A water-tight box 12 em. long, 6 cm. wide, and 3 cm. thick is
filled with water. Compute the pressure upon it when it lies (@) upon
its side, () upon its edge, (c¢) upon its end.

12. One leaf of a lock gate is 12 ft. wide and 10 ft. high. Com-
pute the pressure on (&) the upper half, (5) the lower half, when the
lock is full of water.

13. Suppose a tube 12 m. high to be inserted in the top of a water-
tight cubical box containing 1 cu. m. What will be the pressure
on the bottom, sides, and top of the box when the tube is filled with
water? What is the total pressure tending to burst the box?

14. A bottle is lowered into a lake to a depth of 150 ft. What is
the pressure upon the end of the cork, which is 1.2 in. in diameter?

15. The water gauge in the water supply for a village registers
64 1b. per square inch. How high is the reservoir?

16. A dam 40 ft. long and 15 ft. high holds back the water of
a lake. What pressure must it bear? Does the extent of the lake
make any difference with the amount of this pressure?

17. Where is the center of pressure on the face of a dam 12 ft.
long and 8 ft. high?

18. Suppose the staves of a barrel 8 ft. high, filled with water, are
to be held in place by a single hoop. Where should it be placed?

19. If the disk in Fig. 121 is 8 em. in diameter, what will be the
upward pressure of the water upon it when it is 15 em. below the
surface of the water in the jar?

20. A wooden rod 4 cm.in diameter and 75 cm. long is thrust
vertically into water its full length. How much force is required to
keep it in place if the rod weighs 850 g.? :

91. A pyramid 16 cm. high, having a base 24 cm. square, is jus
submerged in water. What is the pressure upon each of the triangular
sides? What is the upward pressure upon the base?
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LABORATORY WORK

1. Have a water-tight wooden box made, and bore holes 1 in. in
diameter, as 4, E, C, ete. (Fig. 122), in the sides and ends. In one

Fig. 122 Fiac. 123

of these, as 4, insert a rubber stopper with a single hole. Cover the
other holes with disks of thin rubber, and fasten them on water-tight
by nailing around each of them a leather ring 1 in. in diameter on the
inside. Fill the box with water and notice the
effect of the gravity of the water. Thrust a glass
rod through the hole in the rubber stopper and
push it down to different depths. Observe the
effect upon each diaphragm. An approximate
measurement of this effect can be made by using
a little rest and scale like that shown in Fig. 123.

2. Turn two wooden disks, such as are shown in
Fig. 124 at 4 and B, and connect them by a
dowel-pin rod ', about 2 ft. long. Slip over
the disk 4 a tube of flexible rubber,—a piece of
the inner tube of an old bicyele tire will do,— and
fasten it water-tight to 4 and B by leather bands. i
il it with water and measure the divergence of
the walls of the tube from a vertical line. Does
the pressure inerease proportionally to the depth?
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3. Place in the bottom of a shallow pan a piece of smooth glass,
and stand upon it a heavy
lamp chimney of the form
shown in Fig. 125, with the
ends ground smooth. Pour
water into the chimney, and
observe what takes place
when it rises to some height,
as A. Explain. Set the
chimney upon the small end
and pour in water. Explain
the different results.

III. SercrFi¢c GRAVITY

143. The Principle of Archimedes. — Experment 53.— Tie
a strong thread to a stone, suspend the stone from a spring scale, and
note its weight. Weigh again, letting the stone hang in a beaker of
water, and it will be found to weigh loss. Why?

ExperiMENT 54— Suspend from one side of a balance a short

brass tube 4 (Fig. 126), and from a hook in the closed bottom of this
tube suspend a solid cylinder
B, which will just fill the tube.
Put weights upon the other
scale pan until the beam is
horizontal. Immerse B in
water, and the equilibrinm
will be destroyed. Fill A4
with water, and the equilib-
rinm will be restored.

We learn from the
above, both that a body
appears to lose weight
when it is immersed in a liquid, and that the amount of
this loss is exactly the weight of the water displaced.
This Principle of Archimedes may be stated as follows :

A body immersed in a liquid loses as much in weight as
the weight of the liquid displaced by it.
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This tendency of a liquid to lift. a submerged body is
called its buoyant force or buoyancy, and depends in amount
upon the density of the liquid and the size of the body.

If a body, a cube for instance, is immersed in a liquid,
the horizontal pressure acting upon any side will be ex-
actly counterbalanced by the pressure
upon the opposite side. The down-
ward pressure upon the upper surface
¢ will be equal to the weight of a
column of water having for its base
the area of (), and for its height the
depth of ' below the surface of the
water.. The upward pressure upon
the lower surface D will be equal to
the weight of a column of water hav-
ing for its base the area of D, and for
its height the depth of D below the
surface of the water. The difference
between these pressures is the buoyant
force of the liquid, and is equal to the weight of a quan-
tity of the liquid that has the same volume as the sub-
merged cube. This conclusion is verified by the result
of Experiment 54.

144. Floating Bodies. — When bodies are placed in a
liquid, the position they finally take will be dependent
upon the relative densities.of the body and the liquid.
If a stone is placed in water, since it is heavier than the
water, it will sink. If a drop of olive oil is placed in a
mixture of aleohol and water, of the same density as itself,
it will remain wherever it is placed. If a piece of wood
is placed in water, it will rise to the surface and float.
The principle of Archimedes applies to each case, how-
ever, and we may write this Law of Fleating Bodies :
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A floating body will displace a volume of liquid whose
weight equals its own.

ExpERIMENT 55.— Make a bar of pine wood 25 cm.
long and 1 cm. square. Bore a hole in one end and run
in molten lead. Divide off one side of the bar into centi-
meters. Cover the bar with melted paraffin, melting it
into the pores of the wood over a flame. Float the bar
upright in a tall jar (Fig. 128); then, since 1 c.c. of water
weighs 1 g., the reading of the height at which it floats
will give the approximate weight of the bar in grams.

145. Density. — The quantity of matter, or
the mass, in a unit volume is called the density
of a substance. If we assume the quantity of
matter in 1 c.c. of pure water as our unit, its
density will be 1, and the quantities of matter
in the same volumes of other substances will
be their relative densittes. The density of a

body is found by dividing its mass by its volume.
If a piece of lead, for example, has a mass of 45.4 g. and
a volume of 4 c.c., then its density equals 45.4+4=11.85g.
per cubic centimeter.

146. Specific Gravity.— Since the ratio between the
weights of equal volumes of substances in the same place
is the same as the ratio of their masses, we can use the
term specific gravity in place of relative demsity. Since,
also, pure water is taken as the standard in specific grav-
ity, we may express it by the following formula :

weight of the body in air
weight of an equal volume of water
Sp. gr. = weight of the body in air
loss of weight in water

Sp. gr. = %WI. (38)

Sp. gr.=
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In this expression W is the weight of the body in air,
and W’ its weight in water.

147. To find the Specific Gravity of a Body Heavier than
Water. — Tie a light cord about the body, suspend it from
one arm of a balance, and
weigh it; call this weight
W. Weigh again with
the body suspended in
water, as in Fig. 129.
Call this weight W.
Substitute these values
in Formula 388, and the
result will be the specific
gravity of the body. Fic. 129

ExamprLe. — The weight of a stone in air (W) =146 g.
Its weight in water (W)= 94 g.
146 146

S LR L ey
P8 =Ti6—_04 52

148. To find the Specific Gravity of a Body Seoluble in
Water. — Weigh the body in air ( W), and then in some
liguid in which it does not dissolve (W’). Find the
specific gravity (%Wl—y,) with reference to the liquid,
and then multiply by the specific gravity (s) of the
Liquid used with reference to water.

Exampre. — The weight of the body in air (W) =214 g.

Its weight in the given liquid (W) = 143 g.
The specific gravity of the liquid (s) = .915.

Then Sp.gr.= s _214x 915_gpg
W-—Ww 24— 143

149. To find the Specific Gravity of a Body Lighter than
Water. — Weigh the body in air ( W), then weigh a heavy
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sinker both in air and in water, and call its loss of weight
1. Tie the sinker to the body and find the loss of weight
of the two in water {/. From the loss of the two subtract
the loss of the sinker, and the result will be the loss of the
light body. Divide its weight in air by this difference,
and the result is the specific gravity.

Exampre. — Weight of body in air (W)= 23 g.

Weight of sinker in air (5)= 231 g.

Weight of sinker in water (s')= 199 g.

Weight of body and sinker in air (W + s)= 254 g.

Weight of body and sinker in water = 166 g.

Loss of body and sinker in water (i) = 88 g.

Loss of sinker in water (s —s')=1=32 g.
w2

= 8882 I

S}_). gr. =

150. To find the Specific Gravity of Liquids. — (a) By
the Specific Gravity Bottle. — Any bottle with a small neck |
having a fixed mark around the neck can be used in this
| method. Weigh the bottle when empty (a). Fill with
water to the fixed mark and weigh (#). The difference
gives the weight of water (b — ). Fill with the required
liquid and weigh (¢). The difference (¢ — a) gives the
weight of the same volume of the liquid. Then the

e— a
b—a

specific gravity will be

Nore. — Since the density of water depends upon both its purity and
temperature, in order to get accurate results, distilled water at a tempera- ‘
ture of 4° €. must be used. The temperature 4°C. is chosen because f
water has its greatest density at that temperature.

Exampre. — Weight of the empty bottle (a)= 54 g.
i Weight of the bottle filled with water (b) = 304 g.
i Weight of the bottle filled with the liguid (c)=252.25 g.
i ¢—a_252.95 54 19825 _ ;oo | i

SPERL e = o 51 250
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Specific gravity bottles are usually made to hold a cer-
tain number of grams of water at a stated temperature,
and are so marked.

If the bottle holds 1000 g. of water, the specific gravity
can be obtained directly. For example, if a thousand-
gram bottle holds 1240 g. of hydrochloric acid, then its
specific gravity is 1.240.

(b) By the Specific Gravity Bulb. —Weigh some heavy
body in air. (@), then in water (5), and then in the liquid

a—c
a—b

(¢); then will the specific gravity of the liquid be

ExamprE. — A brass ball weighs 463 g. in air (a), 407.77 g. in
water (), and 416.83 g. in petroleum (¢); hence,

46.3 —416.83 49.17 — 836
463 — 407.77 55.28

Sp. gr. of petroleum=

(¢) By the Hydrometer.— A hydrometer usually consists
of a small glass tube to which two larger bulbs are sealed.
Either mercury or small shot are put into
the lower bulb in order to keep the stem of
the instrument vertical. For liquids heav-
ier than water the unit mark is placed at
the upper end of the stem, which is grad-
uated decimally. This instrument, which
is a constant weight hydrometer (Fig. 130),
is used by placing it in the liquid in a
hydrometer jar, and reading the height to
which the liquid stands on the stem.
Special forms of hydrometers are used for
special liquids. The alcoholmeter is used
for determining the per cent of absolute :
alcohol in spirits, and the lactometer for
testing the purity of milk,
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PRACTICAL QUESTIONS AND PROBLEMS
‘ 1. When a bucket is filled by immersing it in water, why is it so
much harder to lift the bucket ont of the water than when it is below
the surface?
2. Will a flat sheet of tin float on water? Why? Can it be ben
into such a shape that it will float? Why?
3. A stone, the volume of which is 2 cu. ft., weighs 225 1b. in water. I
(a) What will it weigh in the air? (b)) What is its specific gravity ? |
4. A piece of marble weighing 426 g. in air weighs only 276 g. in |
i water. (a) What is its specific gravity? (&) What is its volume?
L 5. A body 25 cm. long, 12 cm. wide, and 6 ¢m. high, is suspended
' with its under side horizontal and 44 cm. below the surface of the ‘
water. What is the pressure on each face, and in what direction? b
What is the effect of these pressures? !
6. If a pole 8 or 10 ft. long is plunged vertically into a deep pool, !
it is thrown out for half its length. Why?
‘ 7. 5.6 cu. ft. of a certain metal weighs 4000 Ib. What is the
’i specific gravity of the metal?
| 8. A specimen of glass weighed 821 g. in air, and 224.6 g. in water.

i, ‘What is the weight of a plate 3 m. long, 2.5 m. wide, and 1.5 cm. thick ?
| 9. Find the weight of a block of marble (sp. gr. = 2.837) 6 ft. long,
I. 4 ft. wide, and 3 ft. thick. How much work must be done to raise it
| 125 ft. vertically ?

i 10. Find the weight of an ivory ball (sp. gr. = 1.917) 4 cm. in
;‘ ‘ diameter.

| 11. Find the weight of a steel shaft 5.5 ft. long and 5 in. in diam-
ﬁ eter. (Sp. gr.=7.82.)

i 12. A certain body weighs 437 g. in air, and 202.7 g. in a liquid,
the specific gravity of which is 1.42. What is the specific gravity of
the body?

i 13. Compute the specific grayity of paraffin from the following 11
H data: Weight of paraffin in air, 138 g.; weight of sinker, 210 g.; weight
i of sinker in water, 191.5 g.; weight of both in water, 171.61 g.

j‘ 14. A specific gravity bottle which weighs 231 g. weighs 481 g.
when filled to a certain mark with water, and 691.25 g. when filled
' with sulphuric acid. What is the specific gravity of the acid?

I‘i 15. A piece of rock erystal weighing 14.326 g. in air, weig].}ed
| 8.926 g. in water and 6.658 g. in nitric acid. What was the specific
gravity of the acid?
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16. How much would a platinum ball 3 em. in diameter (sp. gr. =
20.337) weigh in mercury (sp. gr. = 13.6)?

17. What must be the volume of a hollow brass ball weighing 2.5 kg.
that it may just float in water? What is its diameter?

18. A cast iron ball (sp. gr. =7.1) 6 in. in diameter floats upon
mercury. What part of its volume is above the surface?

19. The composition of a number of alloys is given below. Com-
pute the specific gravity of each. A table giving the specific gravities
of the metals used may be found in the Appendix.

Red brass. Copper 90 parts, zine 10 parts.

Yellow brass. Copper 70 parts, zinc 80 parts.

Bronze. Copper 85 parts, tin 15 parts.

German silver. Copper 52 parts, zine 26 parts, nickel 22 parts.

LABORATORY WORK

1. Measure the diameter of a ball that will sink in water. Take
a number of measurements, and take their average for the diameter.
Compute its volume. Weigh it. Pour water into a cylinder graduated
in cubic centimeters. Read the level of the water. Fasten a thread
to the ball and suspend it in the water in the cylinder. Read again.

How does the difference in the readings compare with the computed
volume? Weigh as many cubic centimeters of water as are equal
to the volume of the ball. Find the specific gravity of the ball by
Formula 88.
2. Find, by the method of weighing, the specific gravity of a quartz
crystal; a piece of castiron; a piece of glass tubing; a silver dollar.
3. Find the specific gravity of a piece of wax
or paraffin, using a lead ball for a sinker.
4. Find the specific gravity of the same piece
by the use of the Nicholson hydrometer, shown
in Fig. 131. This is made of a brass tube at the
bottom of which is a cone-shaped vessel, which
is loaded so that the hydrometer will stand with
the upper end about an inch above the surface of
the water. At the upper end is a vertical wire
which supports a brass plate for weights.
This is a hydrometer of constant volume, and
the reference mark is placed at 4 on the wire. =
Find the specific gravity as follows:
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Put weights in the upper pan, until the mark 4 is at the surface
of the water. Call this weight 7. Remove the weights and put on
the piece of wax. Add weights until the mark 4 is again at the
surface. Call this weight W’. Again remove the weights. Tie the
wax to the lower pan with a piece of thread and add weights until
the mark A is brought to the surface. Call this weight W'. Then
SV LU, Why ?
W' — W
A disk cut as in Fig. 132 is convenient to put
over the top of the jar below the upper pan, as it
prevents the pan from going into the water if too
heavy weights are put on, and also prevents the
weights from falling into the water.

5. Determine the specific grayity of alcohol with
the specific gravity bottle.

Sp. gr.

Fia, 132

6. Make a specific gravity bulb by closing one end of a glass tube
with thick walls, and drawing out the other end as shown
in Fig. 183. Use this to determine the specific gravity
of the alcohol used in No. 5. Keep a record of the
weight of the bulb in air and its loss of weight in water.

7. Make a 29, solution of common salt and measure its
specific gravity with a hydrometer. Add enough salt to
make a 49, solution and again take the specific gravity.
Keep adding salt enough to increase the per cent of the
solution by 2 each time, and take corresponding hydrom-
eter readings. Take these readings until the solution
15 saturated, being sure that all the salfi is dissolved each
time. Tabulate your results, and from them draw a  Fic. 133
curve, laying off the percentages on the axis of X and the
hydrometer readings on the axis of ¥. Study this curve carefully and
interpret it.

8. Select a piece of glass tubing from 4 to 6 ft. long, and heat the
middle of it in the flame of a broad fish-tail burner. When it is cherry
red take it from the flame and gently bend it until the arms are par-
allel. This makes a more even bend than is made by using the Bun-
sen flame. Pour a little mercury into the tube and let it come to a
level, AB (Fig. 134). Pour water into one arm and enough aleohol into
the other to keep the mercury at the level AB. Read the height

s W Dbl O
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of the water column 4 C and that of the aleohol columm BD; then
will the specific gravity of the alcohol be expressed by the following
formula : Ac "
Sp. gr. =2
This method is called the method of
balancing colwmns. If the liquids do not —=
mix, the mercury can be dispensed with,
but in most cases it is preferable to use
the mercury. The reading of the columns :
can best be done by placing a meter stick _4H Fl 4
between the columns and using a reading
telescope with cross hairs.

RASANERLLE AL

9, Select two pieces of glass tubing about a meter in length, and
having an internal diameter of 5 or 6 mm.
Connect them at one end with a T-tube by
short rubber tubes, PP (Fig. 135). Fasten
them to a suitable support and provide two
cups, ' and D, into which the lower ends
of the tubes project. Place water in C, and
the liquid of which the specific gravity is
wanted in D; then, by suction upon a flexible
rubber tube connected with the upper end of
the T-tube &, draw the air from 4 and B.
The liquids will at once rise and stand at
heights that are inversely proportional to
their densities. Put a clamp upon the rub-
ber tube to close it air-tight, and read the heights of columns 4 and
= AE
~BD

Nore.— Wet the rubber tubes on the inside with glycerin, and wind
the rubber to the glass tubes with cord or wire. Read on a line tangent
to the meniscus, using a reading telescope if possible, and allow for the
capillarity of the liguids, which can be read before suction is applied.

This method is called the method of Hare's apparatus.

10. Wind 25 ft. of spring brass wire No. 24 into a close coil over
a rod about £ in. in diameter. Suspend this at one end, and “from the

Fia. 135

B; then, as before, Sp. gr.




e e

== e

140 . LIQUIDS

other end suspend two scale pans made from watch crystals, as in
Fig. 136. Provide ashelf that can be raised and lowered and fixed in any
position, and place a glass of water upon it
directly beneath the lower scale pan. Back
of the spring place a long, narrow strip of
mirror that has a millimeter scale laid off
on the mercury. side by fine cuts with the
point of a knife through the mercury. Be-
tween the lower end of the spring and the
upper scale pan thread a glass bead on the
wire, and use the upper edge of this to
measure from. Take the readings by look-
ing across the top of the bead to the top of
its reflection in the mirror.

"\ Read the scale with no load, keeping the
lower pan always in the water at such a
depth that the water surface meets the single
wire ab a point above that at which the three
supporting wires are connected.

Put 1 g. on the upper scale pan and read.
Put 2 g. on and read. Put 3 g. on and read.
Are the differences uniform? How many
millimeters correspond to1g.? Weigh 6 in.
of No. 24 brass wire.

Find the specific gravity of a small erystal
as follows: Read first with no load, and call
the reading 7. Put the crystal in the upper pan and read, changing
the position of the shelf to bring the water surface in the right place.
Call this reading 77’. Place the crystal in the lower pan and read.
Call this 77". Then the specific gravity will equal-H. Why?

The above instrument is called the Jolly balance, and
is in common use in determining the specific gravity of
minerals by means of small specimens. It is a most ac-
curate instrument if properly used, and the student should
become perfectly familiar with its use, both for weighing

in small quantities and for determining specific gravities.

OO LAOTODUED
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CHAPTER V
GASES

151. Gases and Vapors. — A gas is matter in such a
condition that it has a tendency to expand indefinitely.
Gases have no independent shape, but take the form
of the vessel in which they are confined. Great pres-
sure and a low temperature are required to change
gases into the liquid state. The name vapor is given
to gaseous matter that is liquid or solid at normal
temperatures. Water vapor is an example of vapor, while
atmospheric air is a familiar form of gas, and will be used
in studying the phenomena and properties of gases.

152. Expansibility. — Exprerivent 56. — Put a rubber bag—
a toy balloon will answer — under the receiver of an air pump, having
first blown a little air into it and tied the
stem. Exhaust the air, and the balloon
will be seen to increase in size. It will do
this as long as the air is pumped from the
recelver.

In order to explain this expan-
sion of the air, we shall need to un-
derstand the kinetic theory of gases.
This theory considers that the mole-
cules of a gas are in a state of rapid
motion in straight lines, and that Fia. 137
they continue to move in their paths
until turned aside by striking either other molecules or the
side of the containing vessel. When the halloon is put

141
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under the receiver of the air pump, the number of mole-
cules of air per cubic centimeter is the same inside of it
as outside of it, and the bombardment of the molecules on
one side neutralizes that on the other, and the walls of
the bag are loose. As soon as air is taken from the
receiver, however, the number of molecular blows on the
inside exceeds the number on the outside for the same
surface, and the bag is stretched out until they are equal.
This means that there are again the same number of
molecules in the same space both inside and outside, or,
the density is the same. If now the air is let into the
receiver, the blows on the outside increase and the bag
shrinks to its original size, beaten down by the impact of
the molecules of the outside air.

153. Compressibility. — In order to show the compress-
ibility of gases, it is only necessary to apply force to an
air-tight piston moving in a cylinder closed at one end.
It can be shown in a very simple way by pushing the
open end of a long test tube below the surface of water,
when it will be found that the deeper it is thrust into the
water, the higher the water rises within it; and the more
the air is compressed, the greater is the pressure required
to force the test tube into the water.

154. Elasticity. — Gases are not only compressible, but
they are perfectly elastic, as may be illustrated in the
following experiment:

ExpERIMENT 57. — Raise the piston of a bicyele pump to the top,
then close the tube leading from the pump and force the piston down.
A sharp push will bring it nearly to the hottomn, showing a compres-
sion of, say, nine tenths. Now let the piston go, and it will rise
again to the top of the pump.

The elasticity of gases differs from that of solids in that
it is elasticity of volume and not of form.
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155. Weight. — Though gases are the lightest forms of
matter, each has its own weight, which may be obtained
directly by weighing.

ExperiMENT 58.— Weigh on a delicate balance a light glass flask
that is fitted with a stopcock. Exhaust the air and weigh again,

and the flask and contents will be found to
be lighter than before.

By an extension of this method
the weight of air and other gases has
been found. The weight of 1 c.c. of
dry air at 0° C., and the barometric
pressure of 760 mm., is .001293 g.

Since the weight of water under the
=

same conditions is practically 1 g., AT
the weight of air is ~4- of the weight
of water. Hydrogen, the lightest known gas, weighs

.0000895 g. per cubic centimeter; hence air is about 14.4
times as heavy as hydrogen. The weight of air in English
measure is .31 grains per cubic inch, and of carbon dioxide
AT25 grains.

156. Composition of the Atmosphere. — The air com-
posing the atmosphere of the earth is a mixed gas. The
kinds of gases and their average amount in volume are
given in the following table :

Nitrogen . . - . « » « + » & «.407.50 parts
Oxygen. . . . . . = = - « o« . 20.64paris
Avgoneont L LREE TG o i s 1000 parts

CarbpndioTides st s s T as e .04 parts
AQueous VAPOr . . « + . o« . 4 .82 parts

Total = 100 parts

Besides these are traces of other gases, as ammonia and
ozone. The most recently discovered of the chief con-
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stituents is argon. This was discovered in 1895 by Lord
Rayleigh and Professor Ramsey as the result of an ad-
mirable course of scientific research.

157. Pressure of the Atmosphere. — Since the molecules
of gases move freely, it is evident that Pascal’s Law will
hold for gases as well as for liquids; and since air has
weight, it is evident that the layers of air near the surface
of the earth will be subject to a pl‘GSblllO due to the weight
of the air above.

ExperiMENT 59. — Tie a sheet of thin rubber over one end of a
bladder glass and place it on the plate of an
air pump. Remove a part of the air below
the rubber by a stroke or two of the pump.
The rubber will be pushed inside the glass.
What supports the downward pressure of the
air before the pump is worked ?

This experiment can be varied by tying a
piece of wet bladder over the top of the glass
and letting it dry. On pumping out the air,
the bladder will burst with the pressure.

ExperiMeNT 60.— Cut off the stem of a thistle tube about 4 in,

from the eup. Slip over the stem a flexible rubber tube B, and in
the other end of this tube put a short glass tube €
for a mouthpiece. Tie a thin rubber sheet over the
cup A and draw out some of the air by suction.
Told the cup in different positions and determine
whether the air presses equally in all directions.
Experiment 61.— Fill a tumbler full of water.
Take a heavy card or a thin disk of ground glass
and slide it over the top of the tumbler, being care-
ful that no air bubbles are left below it. Hold the
card while you invert the tumbler. Remove the
sapport from the card, and it will remain. Why ? m a0
Iold the card on and turn the tumbler so that i
the card is vertical; when the hand is remoyved, the card still remains
pressed against the tumbler, holding in the water. What does this
show ?
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ExpERIMENT 62. — Select a long clear glass bottle and fit to the

neck a rubber stopper with one hole. Pass through this a short glass

tube with the inner end drawn down to a fine
opening. [Fit one end of a rubber tube to the
outer end of the glass tube and connect the
other end to the air pump. Ixhaust the air.
Pinch the tube together; hold the bottle as in
Fig. 141, and pull the rubber from the glass
tube when it is below the surface of the water
in the dish 4. The pressure of the air upon the
surface of the water will force a stream through
the tube, forming a fountain inside the bottle,
and the water will continue to flow until the
amount of water in the boftle is equal to the
volume of air taken out.

This is a very old experiment called
A P
the fountain in vacuo.

Fic. 142

of its amount.

HOADLEY'S puYS, — 10

, 158. Magdeburg Hemispheres. — An early form of ap-
L paratus for demonstrating the pressure of the atmosphere

consists of two brass hemi-
spheres with edges fitting air-
tight. Each hemisphere is
fitted with a handle, and one of
them has a stopcock by which
it can be attached to an air
pump. When the air has been
exhausted, the hemispheres

can be separated only by a pull that depends on the differ-
ence between the internal and external pressures.

159. Measurement of Atmospheric Pressure. — While
the above experiments have demonstrated the existence
of atmospheric pressure, they have given very little idea
The principle employed in finding its
amount is the same as that of balancing columns used in
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finding the specific gravity of liquids. If a bottle is filled
with water and inverted with its mouth under the surface,
as in Fig. 143, the water will remain
in the bottle. The downward pressure
of water in the bottle A is counterbal-
anced by the downward pressure of the
air upon the surface of the water in B,
since the downward pressure upon the .
surface is transmitted into an upward i
= pressure at the mouth of the bottle. .

In order to balance the entire pres- -
sure of the atmosphere by a water
column; the bottle in Fig. 143 would need to be extended
into a very long tube; but by using a liquid heavier than
water, a correspondingly shorter tube can be used. |

Fic. 143

ExpPrRIMENT 63.— Procure a glass tube 80 em. long and aboub 4
6 mmn. in internal diameter, and close it at one end. Fill it nearly
full with clean mercury. Close the open end with :
the finger, and invert several times to remove all air
bubbles clinging to the sides of the tube. Now fill
the tube full, put a finger over the open end, invert,
and place the open end beneath the surface of mercury
in a dish. Remove the finger carefully so that no air
shall get into the tube. The mercury will fall, and
the height at which it stands will measure the atmos-
pheric pressure.

160. Atmospheric Pressure at Sea Level. —

_The average height at which the mercury

column stands at the level of the sea is

76 cm., and this height is independent of the

diameter of the tube. If the area of the cross

section of the tube is 1 sq. em., the volume

g of the mercury will be 76.c.c., and since its
specific gravity is 18.596, its weight will be
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1038.8 g. In English measure the average height of
the column is 30 in., and if its cross section is 1 sq. in.,
its weight will be 14.7 1b. Since this weight is the
measure of the pressure of the air, we can state the
following :

The pressure of the atmosphere vs 14.7 1b. per square inch,
or 1033.8 g. per square centimeter. This is called a pres-
sure of 1 Atmosphere, and as it is constantly changing, it is
called in round numbers 15 lb. per square inch, or 1 kg.
per square centimeter.

161. The Barometer. — The experiment with the glass
tube filled with mercury was first made by Torri-
celli in 1648, and the space above the mercury col-
umn in the tube is called a Torricellian vacuum.

The mercurial barometer consists essentially
of @ glass tube 34 in. long, filled with mercury,
and inverted with its lower end constantly below
the surface of mercury in a cistern. It is fixed
in a vertical position with a scale graduated
along the top near the end of the mercury col-
umn, the zero of this scale being the surface
of the mercury in the cistern at the bottom
(Fig. 145).

In reading the barometer a vernier scale is
usually used to secure accuracy. The vernier
must be brought to the top of the convex sur-
face of the mercury, and the eye must be on
a horizontal line from the top of the column ;
this may be secured by placing a small vertical
mirror behind the top of the column, and pla-
cing the eye so that its image and the top of the
column coincide. Before the height is read,
the surface of the mercury in the cistern must
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be brought to the fized zero. This is done by turning a
serew which raises or lowers the mercury in the cistern
until it just touches the point of a pin projecting down-
ward from the frame of the instrument, as
shown in Fig. 146.

If a liquid lighter than mercury is used,
the column will be correspondingly longer,
and changes in it, caused by changes in
atmospheric pressure, will be correspond-
ingly greater. The glycerin barometer
has a height of about 27 ft., and a change
. of nearly 11 in. for every change of 1 in.
. 146 in the mercury barometer.

162. The Aneroid Barometer consists essentially of a flat
metal box, with circular cross section, one end of which is
of very thin metal. The air is partly removed from this
box, and the box is hermetically sealed. The thin face is
then connected with a system of wheel work, so that its
movements are indicated by a pointer moving around a
graduated circular face. Why should the thin face have
any movement?

The aneroid barometer is portable and very useful in
measuring the heights of mountains.

163. Variation of the Barometer. — Since the height of
the barometric column measures the pressure of the air,
any cause that affects this pressure shows itself in
changes in the barometric readings. A constant use of
the barometer is made in the Weather Bureau in fore-
casting changes in the weather. - As the result of obser-
vation for a series of years, the Telation of barometric
readings to the state of the weather may be stated ac
follows :
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I. A rising barometer precedes fair weather.
I1. A falling barometer precedes foul weather.

III. A sudden fall in the barometer precedes a storm.

IV. An unchanging high barometer indicates settled faur
weather. ‘

164. Cyclonic Storm Pressure. — The relation between the
readings of the barometer and the direction of the wind in
circular or cyclonic storms
may be studied in connec-
tion with the weather map,
Fig. 147. At the center or
eye of the storm, the pres-
sure is least; while at the
outside the pressure is
greater, and the air there-
fore rushes toward the cen-
ter. If inthe northern hem-
isphere, the wind from the
north in blowing toward
the lower pressure moves
into a part of the earth To- Fi6. 147
tating toward the east more rapidly than itself, and so falls
behind and goes to the west of the center. This is true of
all the air to the north of the center, while the reverse is the
case in regard to all the air to the south of it. This gives to
the storm a rotary motion in & counter-clockwise direction;
and if one stands with his back to the wind, the storm cen-
ter, or region of lowest barometer, will be on his left hand.

165. Height of the Atmosphere.— The compressibility
of the air is so great that the layer in contact with the
surface of the earth is more dense than those above it.
Though the density constantly decreases as the distance
from the earth increases, no uniform rule can be given
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that will show the relation between barometric readings
and the corresponding heights of the atmosphere. How-
ever, a fall of one inch in the mercury column, from the
reading at sea level, indicates an elevation of about 900 ft.

If the air were of uniform density, we should have what
is called the homogeneous atmosphere. Its height can be
found by dividing the pressure upon a given area by the
weight of a column of air having the given area for its base

(39

166. Boyle’s Law. — The relation between the volume
. of a gas and the pressure that it sustains was investigated
independently by two physicists, Boyle and Mariotte.
The results obtained were formulated in what is called
Boyle’s Law, which may be stated as follows:

The temperature remaining the same, the volwme of a given
mass of gas varies inversely as the pressure acting upon it.
This may be expressed by the proportion V:V'= P': P,
from which we get

and 1 unit of length for its height ; or, H = —g

VP=ViP (40)
i.e. VP = a constant quantity. .
i The mass of the air remaining the same, it is evident \
that the density must increase as the volume diminishes;
hence, i
For the same temperature the density of a gas is directly [ |
proportional to the pressure acting upon . \

I

| 167. Verification of Boyle’s Law.— (@) For Pressures o
| Greater than One Atmosphere. — ExperiMENT 64— Bend a

| * glass tube as shown in Fig. 148, the long arm being open and the short
" one closed. Fix this to a vertical support and place a graduated
scale between the two arms. Pour mercury into the long arm by
means of a long funnel, and tip the tube in such a way as to let
bubbles of air pass from the short tube into the long one, and thus
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bring the mercury to the same level A.B1in both. Thisline is chosen at a
convenient position, say 20 cm., below the closed end.  On pouring mer-
cury into the long tube it will be found necessary
to fill it to a height of about 760 mm. above the
mercury in the short tube to reduce the volume
of the gas one half. The pressure upon the mer-
cury in the short tube iz the elastic force of the
air above it, and this is equal to the pressure
above the line C'D in the long tube, which is two
atmospheres, one being the 760 mm. of mercury
and the other the free atmosphere above it. State
how this proves the layw.

(b) For Pressures Lessthan One Atmos-
phe?‘e. — ExpErRIMENT 65.— Fix vertically a
glass tube closed at the lower end, 70 cm. long
and at least 8 em. in internal diameter. Cut off
a piece of glass tubing 6 or 7 mm. in external
diameter and make three marks upon it, one at
10 em., one at 20 ecm., and one at 58 cm. from
one end. Pour mercury into the large tube until,
on thrusting the smaller tube into it with the 10 em. mark upper-
most, the mercury will rise to the 10 cm.
mark. Place the finger over the top and in-
close a column of air 10 cm.long. Now raise
the smaller tube until the mercury sinks to
the 20 em. mark on the inside of the tube,
and on the outside it will stand nearly at
the 58 cm. mark. Why?

168. The Manometer is an instru-
ment for measuring the pressure of
gases. It is made in two forms, the
open and the closed.

(@) The Open Manometer consists
of a bent glass tube held in a vertical
position by a frame having a grad-
uated scale between the two arms of
Fig. 149 the tube (Fig. 149). The short arm

86
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is attached to the vessel containing the gas after mercury
or some other suitable liquid has been poured into the
manometer. Before the gas is turned on, the liquid will
stand at the same height in both arms, but as soon as
the gas is turned on, the pressure is shown by the differ-
ence in the level of the columns. The weight of the
column of liquid CD is the measure of the pressure
in excess of 1 atmosphere.

(b) The Closed Manometer is shown in Fig. 150. It
differs from the open manometer in being closed at one
end and much shorter. Before
the pressure is turned on, the mer-
cury stands at the level BD. When
the stopeock is turned, the pressure
of the gas has not only to maintain
the difference in the pressure ‘of
the mercury columns, but to com-
press the volume of air from A B to
AC. This form is used when the
pressure is great. It is also called
a pressure gauge. Explain how to
calculate pressure by its use.

1

Fia. 150

169. The Siphon is a bent tube with arms of unequal
length, used to transfer a liquid from one vessel to
another at a lower level by ecarrying the liquid over
the edge of the vessel. Any tube of proper shape can be
used as a siphon, provided the liquid does not act chemi-
cally upon it. A flexible tube, like a rubber tube, makes
a very convenient siphon.

ExpERIMENT 66.— Bend a glass tube as shown in Fig. 151. Fill
it with water, and close the end of the long arm with the finger.
Invert it and place the end of the short arm below the surface of
water in a beaker. The water will at once begin to flow, and will
continue until the water in the beaker is below the end of the tube,
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170. Cause of the Action of the Siphon. — At the level of
the water surface, A (Fig. 151), the upward pressure in the
short arm of the siphon is the atmospheric
pressure, while the downward pressure
is the weight of the water column AB.
The upward pressure at the point D
is also the atmospheric pressure, and
the downward pressure is the weight
of the water column D¢ The result-
ing pressure at any point will be the
atmospheric pressure minus the pres-
sure of the water column at that point,
and as the column CD is longer than
the column AB, the resulting upward
pressure at A is greater than that at
D, and the water is forced from A
toward D.

It is evident that unless the pressure due to the liguid
column AB is less than the pressure of the atmosphere,
there will be no flow of the liquid. Hence a siphon can-
not raise water more than 34 ft., nor mercury more than
80 in., when the barometer stands at the normal height.

The final resultant of the pressures depends upon the
difference in the heights of the liquid columns; hence the
greater the difference in héight, the faster will be the flow.

171. The Air Pump is an instrument used for removing
the air from any vessel with which it is connected. It
consists of a cylinder 4 (Fig. 1562), in which moves a
piston B. This cylinder communicates by means of a
tube @ with a receiver D, from which the air is to be
removed. There are two valves between the air in D and
the external air: one in the base of the cylinder at K,
and the other in the piston. These open outward, allow-

D
Fic, 151
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ing the air to move in one direction only. At G there
is a stopcock so arranged that it will either permit free
passage for the air between the pump and the receiver,

or cut it off altogether, or admit the external air to the
receiver. H is an air-tight glass tube which communi-
cates with the receiver, and contains a siphon barometer
for measuring the degree of exhaustion.

172. Operation of the Pump. ~— Suppose the piston to be
at the top of its stroke. The first movement downward
will compress the air under it. This closes valve K and
opens the valve in the piston. The air passes through
this valve, and when the piston is at the bottom of its
stroke, all the air in the cylinder is above it. As soon as
the piston is raised, the air above it is condensed and the
valve is closed, and as the piston rises, the air is forced
out of a hole in the top of the cylinder, or through the
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small tube 7. Each stroke is only a repetition of the first,
except that the amount of air taken out diminishes with
every stroke. Suppose the volume of the cylinder is }
of the volume of the receiver. The first stroke takes out

0 the second 415 of 4%, or 33, ete.

173. Uses of the Air Pump.—There are many practi-
cal uses for the air pump, among them its application to
vacuum pans for the making of sugar, in which the air
is partly exhausted so that evaporation will take place at
a lower temperature and the sugar will not be burned.
Another important use is in making incandescent lamps.

ExperiMENT 67. — Procure two small bottles-and put into each the
end of a U-tube fitting loosely in A
(Fig. 153), and air-tight, through a
rubber stopper in B. Fill B half
full of water; place both under the
receiver of an air pump and exhaust
the air. At the first stroke, the water
from B will begin to run into 4.
Explain.

Exhaust until all the water is
drawn over, and then let air into
the receiver. The water will run back into B. Explain.

ExprriMENT 68.— Prepare a dry pine rod about 2 in. long and

an inch in diameter. Fix a small wooden
rod in one end and bore a quarter-inch hole
in the other. Fill the hole nearly full of
small shot and keep them in place by pour-
ing wax over the hole. Put this in a beaker
of water and vary the number of shot until
the large rod will float just even with the
surface of the water. Place the beaker and
contents under the receiver of an air pump
and exhaust the air. Air rises from the
cylinder in bubbles. What does it show?
Admit air to the receiver. Does the cylinder
float at the same height as before? Explain.

Frc. 153
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174. Sprengel’s Air Pump is a mercury pump, a simple
form of which is shown in Fig. 155. The lower end of

a straight glass tube is thrust
below the surface of mercury
in a cup, and the upper end
is - attached to a funnel for
mercury. There is at 4 a
stopeock to regulate the flow,
and at B a side tube to which
the vessel to be exhausted is attached.
the mercury falls down the tube,— which
must be so small that a drop of mercury
will fill it eompletely, —all the air below it
_is forced out the lower end. The air in ¢
will expand and fill the tube between the
first drop and the second, and this air will
be driven out by the next drop. This is
a slow method, but gives a good vacuum.

As
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175. The Condensing Pump. — If the valves in the pump
shown in Fig. 1562 were so arranged as to open downward

T ||
T
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instead of upward, the pump would
be a condenser. This is the case in
a simple condenser like the bicycle
pump. It is frequently necessary,
however, to transfer a gas from one
vessel to another, as in filling cylinders
for the limelight, and then an arrange-
ment like that shown in Fig. 156 is
used. The pipe P is attached to the
gas supply, and the pipe P’ to the eylin-
der in which the gas is to be compressed.

Nore. — It will be observed that the valves of pumps are shown diagram-
matically, and simply represent the direction in which the gas flows.
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176. The Suction Pump. — There is practically no differ-
ence between the air pump and the suction or lifting
pump. In both the valves open upward
and are air-tight. At the base of the cylin-
der a tube runs into the water supply, while
near the top of the eylinder is a spout for
carrying off the water. When the pump 7=
is first started, the air is pumped out, and
the pressure of the atmosphere causes the
water to rise in the tube 7’ (Fig. 15T) until
it finally passes through the second valve,
when it is lifted out. It will be seen that
the upper valve must not be placed so
that its lowest position shall be more than [
84 ft. above the level of the water in the o -
cistern. About 27 ft. is the practical limit.

177. The Force Pump. — The force pump is used in fire
engines and hydraulic presses. Its principle is shown
in Fig. 158. The piston has no valve, and fits air-tight.
When the piston rises, the
valve V opens and 77 shuts.
Water rushes in from the
supply pipe P, forced by the
pressure of the atmosphere.
. When the piston is pushed
down, I closes, and 7 opens,
and the water is forced into
the air chamber 4, and from
there out the delivery pipe
P!. The elasticity of the
air cushion in A forces the
water out at P’ in a steady stream, though it comes in
through V" only during the downward stroke of the piston.
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solids have the property of absorbing gases to a great
extent, a given body of the solid absorbing many times its
1 own volume of the gas.

|
|
? 178. Absorption of Gases by Solids. — Some porous
|
|

ExperiMENT 69. — Trim a piece of charcoal
about an inch long so that it will slip easily
into a large test tube. Invert the tube and fill
it with ammonia gas. Pour mercury into a 1
dish and place the piece of charcoal on its sur- I
face. Bring the test tube down over the char- .
coal and fix it in such a position that its mouth
will be a little below the surface of the mer-
cury. In a short time, the charcoal will absorb
the ammonia, and the mercury will rise in the
tube, as in Fig, 159. This property of charcoal '
is of value in the absorption of noxious gases.

F1a, 159

179. Absorption of Gases by Liquids.— Liquids also
absorb gases more or less freely. Water at normal pres-
sure:and temperature absorbs nearlytwice
: its.volume of carbon dioxids and more
’ than a thousand times its volume of
ammonia gas.

{ ExperiveNT 70.— Fit two flasks with rubber
stoppers, one having two holes and the other
one. Draw out a glass tube to a jet and thrust
it into the upper flask 4 (Fig. 160) after having
filled 4 with ammonia gas. Thrust two tubes
of the form shown in the figure through the

‘ other stopper. Fill the lower flask B nearly full,

' with a solution of litmus reddened with a few
drops of acid. Press in the stopper and counect Al
the two straight tubes with a short piece of rubber p{ ~

{ tubing having a clamp at C. Loosen C' and

! force a little water into 4 by blowing through i

‘ the pipe D, and the water will continue to flow Eemme—
until the flask 4 is nearly full. The quantity Fra. 160
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of water that goes into 4 will measure roughly the
gas absorbed. Notice the change in the color of the
water in 4.

180. Diffusion of Gases. — ExperimeNnt 71.—
Fit a large rubber stopper with one hole into the
open end of a porous cup, such as is used in small
battery jars. Put one end of a glass tube about 2
ft. long fhrough the stopper, and hold the tube
inverted with the open end below the surface of
water in a dish. Bring over the porous cup a jar
filled with hydrogen, or with common illuminating
gas, and bubbles will be seen to rush from the end
of the tube and rise through the water, showing that
the gas has passed into the cup. After the bubbles
stop rising, remove the jar and notice what follows.
What does this show ?

Fia. 161
PRACTICAL QUESTIONS AND PROBLEMS *

1. Suppose you put a rubber bag containing 160 c.c. of air under
the receiver of an air pump and exhaust the air until the air in the
bag has expanded to 240 ¢.c. Whatis the pressure under the receiver?

2. What would be the entire pressure on a pair of Magdeburg
hemispheres 8 in. in diameter if the air inside could be entirely ex-
hausted? How much of a pull would be required to separate them?

3. What is the atmospheric pressure on the end, side, and top of a
box 4 ft. long, 3 ft. wide, and 2 ft. high?

4. What is the weight of air in a box 6 m. long, 3 m. wide, and
2.5 m. high?

5. When the barometer stands at 760 mm., at what height would
sulphurie acid (sp. gr. = 1.841) stand in a barometric tube ?

6. What is the pressure on each square centimeter when the
mercury stands at 750 mm.?

7. To what volume must we compress a cubic foot of any gas to
make its elastic force three times as great ?

*TIn all questions in which the pressure of the air must be taken into
account, the barometer is understood to be at the normal height of
760 mm, or 80 in., unless otherwise stated.
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8. The specific gravity of glycerin being 1.26, what will be
the reading of a glycerin barometer when the mercury barometer
reads 753 mm.? What change in the height of the glycerin
column will correspond to a change of 1 mm. in the mercury
column?

9. Assuming the exterior surface of a man’s body to be 20 sq. ft.,
what is the entire pressure of the atmosphere upon it? Why is it not
erushed by this weight?

10. Suppose that the air were as dense throughout its entire height
as it is ab the surface of the earth; what would be its height? What
is such an atmosphere called?

11. If the closed arm of the U-tube used for verifying Boyle’s Law
is 20 in. above the zero line, how high must the mercury stand in the
long tube to bring the mereury in the closed arm within 5 in. of the
closed end?

12. If in Fig. 150 the distance AB is 12 em., what pressure must
be applied to bring the top of the mercury to within 4 em. of A4 ?

13. Over how great a height can water be carried in a siphon when
the mercury stands 29.3 in. in the barometer?

14, Two siphons have the same cross section, but one carries water
from a lake to a basin placed 10 ft. below its surface, and the other
to one placed 16 ft. below. Will the water fill basins of equal size in
the same time? Why?

15. Suppose you should put a barometer under the receiver of an

‘air pump and gradually exhaust the air; how would it affect the

height of the mercury? Why?

16. Show by a sketch how you would raise water by a lifting
pump from a well 40 ft. deep.

17. If the capacity of the piston is one third that of the receiver,
and we assume that the pump works without leakage, how much air
remains after four upward strokes of the piston?

LABORATORY WORK

1. Calibrate a test tube by pouring into it 1 c.c. of water or mer-
cury, and marking its height on the side of the tube, then a second,
and so on until it is full. Fill this test tube nearly full of water and
invert, putting the mouth of the tube into water in a beaker. Vary
the quantity until you have exactly 2 c.c. of air in the top of
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the tube at A. Fix the tube in an upright position by pushing it
through a hole in a card laid over the top of the beaker. Put the beaker
and contents under the receiver of an air
pump, and exhaust until the air occupies
4 c.c. How much air has been removed
from the receiver? Ixhaust until the
air in the test tube stands at the 8 c.c.
mark. How much air has been removed
from the receiver? Let air into the re-
ceiver. What is the volume of the air
in the test tube?

2. Procure a glass tube about 1 in.
in diameter and 2 ft. long. See that one
end is cut off square, and round its edge

- . £
. in the flame of a Bunsen burner. Tie Fia. 162

over this end a piece of thin sheet rubber.

Fill the tube with water and invert, placing the open end under the

surface of water. Observe the form taken by the rubber cap. Repeat

the experiment with a similar tube of half the length. Prick either
cap with a pin. What takes place?

3. Make a siphon barometer by closing one end
of a glass tube, 1 m. long, in the flame of a Bunsen
burner, and making a bend about 10 em. from the
open end. Fasten this to a vertical support, and fix
a meter stick as in Fig. 163. Fill the tube with pure
mercury, and place in position. Read and compare
readings with your laboratory barometer.

4. Take a piece of glass tubing about 5 mm. in
inside diameter and 1 m. long. Heat one end with
a Bunsen burner, and when it is soft, work it out into
the form of a funnel. Fit a short rubber tube with
thick walls to the other end. Geb a piece of similar
tubing about 21 cm. long, and close one end as flat as
possible. Fit a rubber tube to the open end of this,
and attach both rubber tubes to a T-tube, as shown
in Fig. 164. Wind all joints very firmly with strong
cord or wire. Aftach a short piece of rubber tubing to the third arm
of the T-tube, and put on this a very strong clamp. Wire the tubes

HOADLEY’S PHYS. —11
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to a board, and place the board in a vertical position. Fix a meter
stick along the side of the long tube, with its zero on a line drawn
horizontally across the board 20 em. from the closed end of the short
tube, and fix part of a meter stick by the side
2 of this tube. Pour mercury into the long tube,
. and bring it to the zero line in both branches,
| as in Experiment 64, removing any excess of
mercury by loosening the clamp. Pour in a
little mercury and take the readings of both
columns. Keep adding mercury a little at a
time until it stands nearly at the top of the
long tube, taking readings after each addition.
Tabulate these readings, and take a second set
by drawing off at intervals a small quantity of
mercury from the tube below, with readings
after each drawing. From these readings make
a curve to show the relation between the differ-
ence in heights of the mercury columns and the
volume of the inclosed air, laying off heights on
the axis of X, and volumes on the axis of ¥.

5. Make three siphons of the same diameter,
each having the short arm 4 in. long, but with

Fic. 164 the long arms 12, 18, and 24 in. respectively.

Fill a jar nearly full of water. Hang the short

arm of the first siphon over the edge of the jar, and set the water

running ; but carefully keep the water in the jar at the same height

by pouring water gradually into it. Measure the water that runs out

in one minute. Repeat this process with the other siphons, and find

the relation between the difference in the lengths of the long arms,

and the difference in quantities of water that flow out in the same
time.

6. Close one end of a large-sized glass tube in the Bunsen flame.
Draw the other end down to 1 cm. in diameter. Fit tightly over this
a short piece of rubber tubing with thick walls. Put a clamp over
the rubber tube, and ecarefully weigh the whole. Attach the tube to
an air pump, and exhaust the air. Close the clamp, remove from the
pump, and open the clamp under water. Take out, wipe dry, and
weigh again. Fill the tube entirely full of water, and weigh. Deter-
mine the per cent of exhaustion.

:u-Tu-nl:u.\-.niu-HnululHHl\I,




CHAPTER VI
SOUND
I. WAvE MoTioON AND VELOCITY

181. Sound Defined. — The physical definition of sound
is any vibration that is capable of being perceived by the
ear. The physiological definition includes also the effect
produced upon the ear by such vibrations.

182. . A Sounding Body is a Vibrating Body.— Experr
MENT 72.— Hold a large jar, like the receiver of an air pump, hori-
zontally by the knob, and draw a bow across the edge, or strike it
lightly with a cork hammer. Is it a sounding body? Place a few
carpet tacks inside the jar near the edge. Repeat the experiment.
Is the jar in vibration?

ExperiMeNT 78. — Bore a hole in the top of a table and firmly
get into it the handle of a tuning
fork. Make a cork hammer by
thrusting one end of a knifting
needle through a large cork. Tie a
shoe button to the end of a fine sillk
thread. Strike one prong of the
fork with the hammer, and hold H
the button on the side of the fork ZZZZZZ 777777
near the top. Do its movements L Fra. 165
prove that the fork is a vibrating

. body? Why does not the button rebound to the same distance every

time? Gradually lower it along the side. What is the effect? Hold
the button between the prongs and observe.

Both these experiments prove that a sounding body is
in vibration. An interesting way to show the vibration
of a tuning fork is to set it in motion, and then bring it

163
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in contact with the surface of water upon which lyco-
podium powder has been scattered. The rapid blows of
the prong will give rise to a beautiful set of waves.

183. The Transmission of Sound. —In order that the
vibrations of the sounding body may be transmitted to
the ear, the medium must be an elastic one. Gases,
liquids, and solids transmit sound, but with varying
intensities and velocities.

(@) Gases. — That gases transmit sound is a matter of
universal experience, since the air is the common medium
of sound transmission.

(b) Ligquids. — Sound is transmitted by liquids more
readily than by gases. If a person is swimming under
water, he can hear with great distinctness the sound of
two stones struck together under the surface.

(¢) Solids. — A long wooden rod, a section of gas pipe,
or the wires of a wire fence, can be used as a means of
proving that solids are good conductors of sound. If an
observer places his ear at one end of any of these, while
the other end is scratched with a
pin, the sound of the scratching is
plainly heard through the solid
body, though it may be entirely
inaudible through the air.

184. Sound npt Transmitted in a
Vacuum. — ExpeEriMeNT 74. —Fit; to an
air pump receiver with a small neck a
rubber stopper with one hole. Through
this run two No. 30 insulated copper wires
attached to an electric bell. Thrust a glass
rod through the stopper to hold the wires
in place and make the receiver air-tight. Exhaust the air and ring
the bell by connecting the wires with a battery. Notice that the

Fic. 166
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sound of the Eell is very faint. Slowly admit the air, and notice how
the sound increases in intensity.

185. Vibrations and Wave Motion. — A vibration is set
up in a body when it moves over a certain path and then
returns over the same path in an opposite direction, the
action going on at regular intervals. The greatest dis-
tance reached from the position of rest is the amplitude of
the vibration. The vibrations producing sound may be
cither tramsverse, longitwdinal, or torsional: transverse,
when the vibration is perpendicular to the length or axis
of the vibrating body; longitudinal, when in the direction

- of its length; and torsional, when in a circular direction

around the axis of the body.

ExpErRMENT 75.—Fill a rubber tube about 3 ft. long with fine
sand. Tie a weight to one end, and suspend the other from a sup-
port. Take the tube by the middle, pull it to one side, and then let it
go._ This will give rise to a transverse vibration of the tube.

BxpERIMENT 76.— Remove the sand from the tube, and suspend
as before. Pull the weight down several inches and release. 1t will
rise and fall with a motion showing a longitudinal vibration.

BxpERIMENT T7.— Take hold of the weight and turn it around,
twisting the tube somewhat. Release it and the weight will rotate,
giving rise to a torsional vibration.

Water waves of small amplitude are, as a whole, similar
to those produced by transverse vibrations in a stretched
cord. The particles of the water, however, move in small
circles or ellipses while the wave moves onward. This
can be observed by watching the motion of a boat at a
distance from the shore : the boat rises and falls with the
waves, but does not advance with them. Near the shore
the velocity of the wave below the surface is retarded by
the sloping bottom and the outgoing water, so that the
top of the wave curls over, forming a breaker.

186. Wave Length.— One particle of a vibrating body is

S T P ——
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in the same phase as another particle when it is moving in
the same direction with the same velocity at the same time.
Fig. 167 shows the form of a wave, due to transverse
vibrations, moving from left to right. =The particle 4 is
B moving downward

AA/\ /fj/\ with a certain veloc-
M N\, ity,and the next par- ‘

D ticle that is in the

Frq. 167. same phase is #. The r
particle €' has the same velocity, but is moving upward.
The distance between particles in the same phase, measured

in the direction of wave motion, as AF, is the wave length.
The top of the wave at B is called the crest, while the
bottom at D is the trough. The vertical distance from B
to the horizontal line is the amplitude. This movement
of a particle from crest to trough and back again in regu-
| lar succession constitutes simple harmonic motion, a motion
i common to vibrations that give rise to sound. It is a

simple matter to make a body record its own vibrations !

and show a wave form similar to Fig. 167.
ExPERIMENT 78. — Bore a hole near the end of a long piece of
; whalebone, and fasten it by a screw to the side of a block screwed to ]

a board. Black one side of a strip of glass by the smoke of a candle ‘
or of a piece of birch bark. Place it on the board between two guides

F1a. 168.

and underneath the whalebone. Fix a bristle to the whalebone near
the end so that it will just touch the glass. Vibrate the whalebone,
and the bristle will make in the lampblack a nearly straight
line twice the length of the amplitude. Vibrate again, and raise
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one end of the board so that the glass will slide out, and the vibra-
tions will trace themselves in a beautiful wave form, as shown in
Fig. 168.

The form of wave due to transverse vibrations can also
be shown as follows :

ExperIMENT T79.— Obtain a coil of spring brass wire a half inch
in diameter and 10 or 12 ft, long. Hook one end fo a screw eye in
a post, and taking the other end in the hand draw the spring until it
is stretehed somewhat. Throw the coil into vibrations as a whole by
a slight movement of the hand. Quicken the movement, and it can
be thrown into vibrations in halves, thirds, quarters, etc., giving a
number of complete waves.

When the spring is vibrating, as shown in Fig. 169, the
points of no vibration are called nodes, as IV, N', while the
points of maximum vibration, as L, I/, ete., are called
loops. Whenever the wave starting from A tends to give

Fra. 169

a certain velocity to any particle, and the reflected wave
from B tends to give it an equal velocity in the opposite
direction, the two forces neutralize each other, the particle
remains at rest, and a node is formed.

NotrE.— This spring ean be wound on a half-inch gas pipe fixed to
turn in a lathe. If the spring cannot be obtained, make the experi-
ment with a soft cotton clothesline.

187. Wave Motion in Air. — While the transmission of
sound is by means of waves, the air does not vibrate trans-
versely like the coil above, but longitudinally. The mole-
cules that are put in motion by the forward movement of
a sounding body, are suddenly pushed ahead of it; but
their path is not long, since they strike other molecules
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which in turn set the molecules next to them in motion.
When the sounding body moves back it tends to create a
vacuum behind it, and the molecules we have been con-
sidering rush in to fill it. This sets up the to-and-fro
motion of the air that constitutes a wave of sound.

ExperimenT 80.— Hook one end of the wire spring used in Ex-
periment 79 as before, and stretch the spring somewhat by pulling on
the other end. Put a knife blade between two of the turns of wire
and draw it toward the end held by the hand, pushing a few of the
coils together. Remove the knife suddenly, and the wave will run the
length of the spring and be reflected by the hook back to the hand.
By tying a piece of thread to the spring at the middle the longitudi-
nal vibrations will be shown by the sudden, jerking, to-and-fro motion
of the thread.

188. Condensations and Rarefactions. — Since the vibra-
tion of the air in a sound wave is a simple harmonic
motion, the movements of the successive layers of air in
such a wave may be represented by drawing a series of
semicireles joining one another, dividing the semicircum-
ferences into equal parts, and projecting them upon a
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straight line, as in Fig. 170. In this figure the move-
ment of the wave is away from the sounding body, from
the right toward the left, but the movement of the air is
a slight to-and-fro motion : forward to produce a conden-
sation, and backward to produce a rarefaction. A common
method of representing a sound wave is given in the lower
part of the figure, in which the parts of the curve above
the straight line represent condensations, while those below
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the line represent rarefactions. The distance of any point
of the curve from the straight line represents the extent
of the rarefaction or condensation.

189. The Velocity of Sound in Gases. — The velocity of
sound in air has been found directly by taking the inter-
val between the time when the flash of a gun is seen, and
the instant when the report is heard. The distance
between the two stations, divided by the time in seconds,
gives the velocity. The best results obtained by this
method give the velocity of sound in air as 332.4 meters,
or 1090‘..5 feet.

190. The Influence of Temperature. — If the above deter-
mination is made first in summer and then in winter, it is
found that the velocity obtained in summer is greater than
that obtained in winter. The velocities that have been
given are for the temperature of freezing water, or 0°
Centigrade. The velocity at any temperature may be
found by substituting the reading of the Centigrade
thermometer in the following formula :

v =332.4v1 + .003665 ¢ 4D

ExaMpLE. — Find the velocity of sound when the thermometer
reads 26° Centigrade.

v = 332.4V1 + 003665 x 26
v = 532.4v/1.09529

v = 8324 x 1.046

v = 347.69 meters.

If the distance is required in feet it can be found by
substituting 1090.5 for 332.4 in Formula 41. For approxi-
mate calculations the increase in velocity due to a rise in
the temperature may be taken as 60 centimeters or 2 feet
per degree Centigrade, and 83 centimeters or 1.1 feet
per degree Fahrenheit.
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If it is desired to find the velocity of sound in any gas
other than air, it can be found approximately by dividing
the velocity in air by the square root of the density of the
gas. This gives b 832.4 42)
Vd
191. The Velocity of Sound in Liquids. — An expression
for the velocity of sound in any medium is

e

V= \j = (43)
This may be stated as follows : The velocity of sound in
any medium is directly proportional to the square®root of
the elasticity of the medium and inversely proportional to the
square root of s demsity. The comparative velocity of
sound in air and in liquids will depend upon the relative
values of e and d. The velocity of sound in water has
been determined by striking a bell under water, and firing
a quantity of powder at the same time. The sound of the
bell was received by a specially formed hearing trumpet.
The distance between the two stations, divided by the
time between the flash and the hearing of the bell, gives
the velocity. In an experiment on the lake of Geneva,
with the boats about 8 miles apart, the velocity was found

to be 4.8 times the velocity in air.

192. The Velocity of Sound in Solids. — The direct
measurement of the velocity of sound in solids is made
with considerable difficulty, since it is so great that the
stations must be far apart. Measurements have been
made, however, and the velocity in copper has been found
to be about 11.1 times as great as in air, and in steel wire
15 times as great.

If the ear is placed close to a long wire, or to a rail of a
railroad, a blow struck upon the wire or rail at a distance
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will give two reports, the first through the solid, and the
second through the air.

193. The Reflection of Sound. — In Experiment 80 the
wave sent along the spring is reflected from the fixed end.
This reflection is that of a longitudinal vibration, and
sound vibrations are reflected in a similar manner. The
laws are the same as those for reflected motion. A good
illustration of the effect of reflected sound is obtained by
standing in an archway with the head, if possible, in the
center of the arch. Then if a slight hissing sound is
made, it will be reflected to the ear from all points of the
arch and be very much increased in volume.

194. Echoes. — Whenever a sound is repeated by being
reflected from any surface, it is heard as an echo. The
distinctness of the echo depends upon how fully the sound
is reflected, while the length of the sound it will repeat
depends upon the distance of the reflecting surface. If it
takes one second to pronounce a word, and if the speaker
hears the echo as soon as the word is pronounced, his dis-
tance from the reflecting surface is about 166.2 m. (one
half of 832.4 m.), since in that case the sound must go
from the speaker to the reflecting surface and back in
one second. If a single syllable is pronounced in one
" fifth of a second, the surface must be at least 33.24 m.
away to produce a distinct echo.

195. Multiple Echoes. — When a sound is made between
two parallel cliffs, the echo is repeated many times, and
this forms a multiple echo. Two stones sharply struck
together between two parallel buildings will produce a
rattling sound like hail. - If the character of the shore
of a lake is known, a boat may be located at night by
hallooing and listening for the direction of the echo.
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PRACTICAL QUESTIONS AND PROBLEMS

1. When the wind blows over a field of grain a series of waves is
set up. Describe the motion of the waves and of the heads of grain.

2. How do fishes hear?

3. Let W = the wave length of a given sound, NV the number of
vibrations, and v the velocity. Write three equations, giving the
value of each element in terms of the other two.

4. A flash of lightning is seen, and 6 sec. later the thunder is
heard. Iow far away was the lightning, the temperature being 24° C.?

5. A certain island is 2} mi. from a quarry on the mainland.
How long after a blast is fired will it be heard on the island, the
temperature being 0° C.?

6. A cannon ball is fired against a target 2 mi. away, with an
average velocity of 1200 fb. per second. Which reaches the target
first, the ball or the sound of the firing? What is the interval between
them when the temperature is 16° C.?

7. A gun is fired at 4, 3216 ff. from B. How long a time after-
ward is the report heard at B, when the temperature is 21° C.? How
long after this is the echo heard that comes from a cliff 2182 ft. from
B, and 1496 ft. from 4 ? Draw a figure showing the conditions.

8. Why can the noise of a coming train be heard by placing the
ear upon the rail, before it can be heard through the air?

9. If 6 syllables can be pronounced in a second, how many can be
pronounced before the echo of the first is heard from a wall 823 {t.
distant, the temperature being 23° C.?

LABORATORY WORK

1. Modify Experiment 74 by using a Florence flask and fitting to
it a rubber stopper with two holes. Push a brass rod tightly through
one of these and fit a short glass rod to the other.
Tie a small bell to the end of the brass rod, put it
in the flask and ring the bell. Can you hear it ring ?
Next, put a little water in the flask and boil it.
When the water is nearly all boiled away, remove
the source of heat, put in the glass plug, and again
ring the bell. Cool the flask by pouring cold water
over the outside, and ring again, Explain the results.

2. Determine the veloeity of sound in air directly
by stationing one of a party at a measured distance,

M B
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2000 ft. for example, from the rest. Let him fire a gun and let the
rest take the time from the seeing of the smoke fo the hearing of the
report. The time can best be faken by making a pendulum with a
bullet and a thread of such length that the pendulum will vibrate once
every half second. Let one student put this in motion and count its
vibrations aloud. The signal can then be given to fire, and the inter-
val of time noted. Repeat a number of times at this distance, then
increase the distance to 3000 ft. and repeat.

3. Determine the veloeity of sound in the rails of a railroad track
as follows: Station two students at a distance of 3000 ft. from the
rest. Let one signal with a handkerchief the instant the other strikes
the rail with a heavy hammer. Set in motion a pendulum like the
one used in No. 2. Signal for the blow. Let one student say “go™
when the blow strikes, and another with his ear to the rail say “go”
when he hears the sound of the blow, while the rest note the number
of vibrations of the pendulum. Repeat several times and compare the
results with the time it takes the sound to pass over the same distance
in the air. The pendulum in this experiment should be shorter than
in No. 2. Estimation of parts of a vibration must be
made in both. o

4, Make a pendulum that will vibrate half seconds,
and suspend it in front of a board in such a way that its
vibrations shall be parallel to the board. Draw a heavy
black line direetly behind the vertical position of the
pendulum. Fix the board and pendulum to a base so
that it will stand steadily, as in Fig. 172. Take the
apparatus to some place in front of a vertical wall, and,
having adjusted the pendulum until it beats half seconds
accurately, strike two blocks together just as the pendu-
lum passes the vertical line. Listen for the echo and
vary your position nearer to the wall or farther from it
until the echo reaches the ear at exactly the time that
the pendulum recrosses the line. Measure your distance
from the wall and determine the velocity of sound.

Fig. 172

II. INTERFERENCE, RESONANCE, AND MuUsic

196. Interference in Waye Motion. — ExpErmenT 81.—
Fasten the end of the spring coil used in Experiment 79 to a hook in
a wall, and holding the other end in the hand, strike it a light vertical
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blow. A wave will be started that will run the length of the spring
and be reflected from the other end to the hand. If a second blow is
struck just as the reflected wave starts back, the direct and reflected
waves meet and there will be some one part of the spring where the
tendency of one wave to raise the spring will be exactly balanced by
the tendency of the other wave to lower it.

This effect is called dnterference. Interference is a
phenomenon attendant upon all wave motion, and arises
from the fact that a medium that will transmit one wave
motion will also transmit others at the same time. If the re-
sultant of all the forces acting upon a particle at any time is
reduced to zero, the result will be no motion, or interference.

ExperiMENT 82. — Pour mercury into a flat dish of considerable
area. Drop a bicycle ball into it at different places and observe the
points of interference between the direct and reflected sets of waves.

197. Interference of Sound. — Interference being char-
acteristic of wave motion, we may expect to find it one of
the phenomena of sound.

ExprriMENT 83.— Set a tuning fork in motion and hold it in a
vertical position in front of the ear. Holding it between the thumb
and finger, rotate it; the sound, instead of being uniformly loud, will
be made up of pulsations, the sound very nearly dying out and then
becoming full and strong again. Why?

ExpermveNT 84. — Sound a tuning fork, — preferably one with a
sounding box, as in Fig. 173, —and move it rapidly toward, and then
away from, a smooth wall. Observe the inter-
ference that takes place. Can you find more
than one place where the sound interferes?

198. Resonance. — When two forces
act in the same direction upon a vi-
brating particle, they increase the
amplitude of the vibrations, and the

Fie. 173 resultant amplitude is the sum of
the two. As an example, suppose two sets of water
waves are running over the surface of a lake; if one

- i — R -,

-l
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wave lifts a particle of water three feet and another raises

it two feet at the same time, the resulting wave at that
point will be five feet high. Such an effect in sound waves
gives rise to a reénforcement of the sound, called resonance.

ExpERIMENT 85. — Fill a tall glass jar nearly full of water, and
get a piece of large glass tubing about a foot long, or the chimney of

a student lamp. Hold a sounding tuning fork
over the upper end of the tube, and push the
lower end into the water as shown in Fig. 174,
until the air in the tube responds to the tone
of the fork and strengthens it.

This result is resonance, and the tube

is a resonator.

199. Principle of the Resonator. —
In order that the sound of the fork
may be strengthened by the resonator
it is mecessary that the condensation
started by the prong 4 in its down-
ward vibration (Fig. 175) shall go to
the bottom of the tube B and be reflected

Fig. 174

to A in time to join the condensation produced by A in
its upward vibration. If, however, the distance AB is

ence

200. Relation of Velocity, Number of Vibrations, and

such that the reflected
condensation meets a
rarefaction,

interfer-

result and
the sound of the fork
Fra. 175 will be weakened.

Wave Length. — When a body is sounding continuously,
the air between it and a person who hears it is filled with
an uninterrupted series of waves. The number of these

waves that strike the ear will depend upon the rate of
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vibration of the sounding body, and the velocity of sound
in the air will be the product of the wave length by the
number of vibrations per second. For example, if the
wave length is 4 feet and the vibrating body sends out
980 waves per second, then the front of the first wave
will be 1120 feet away from the sounding body when
the 280th vibration is finished. Hence we may write
9= NL. 44)
901. Measurement of the Velocity of Sound by a Reso-
nance Tube. — It is quite possible to measure the velocity

of sound in air by comparing the length of the air column
in the resonating tube with the number of vibrations per

Fiac. 176 Fra. 177

second. A convenient form of tube and support for this
measurement is shown in Fig. 176. The tube 4 is 11
mm. in internal diameter ; at its lower end it is drawn out
and connected by a flexible rubber tube to a similar glass
tube fastened to the wooden arm B. This arm is movable,
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as is shown in Fig. 177, moving with so much friction that
it will stay in any position. Back of the tube A is a scale
graduated in millimeters, the zero being the position of
the fork. At a right angle to the main vertical support
is another which is so arranged that forks of wvarious
lengths may be held in position. By pouring water into
the tube and moving B from the vertical position, the
length of the air ecolumn in A can be so fixed that it will
resound to the fork. When this is carefully determined,
its length can be read on the millimeter scale. To find
the velocity of sound from this measurement it must be
remembered that since the pulse of air first given out
by the fork must go to the bottom of the tube and back,
that is, twice the length of the tube, while the fork is
making half its vibration, it will go four times that length
while the fork is making a complete vibration. This
means that the wave length of the fork is 4 times the length
of the air column. Calling the measured length in mm. 7,
we may write L=4/[. Substituting this in Formula 44,
we have v=4[N. Experiments with tubes of different
diameters show that a correction must be made for the
diameter ; that is, in order to get correct results a certain
fractional part of the diameter must be added to the length
to get one quarter the wave length. Lord Rayleigh gives
this fraction as one half. Including this correction in
the formula it will stand
v=4 N(l +r). (45)

202. Practical Effects of Resonance. — The effects of
resonance are very marked in musical instruments. A tone
produced by a vibration in which only a small quantity of
air is put in motion is thin. Fullness of tone can be
secured only by putfing a large mass of air in motion.
For this reason stringed instruments have for the body of
HOADLEY’S PHYS, —12
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the instrument a wooden resonator box, as in the violin

and the guitar.

ExperiMENT 86.— Hold a toy music box in the hand and play it.
Place it upon a table and play it. Hold it against the glass door of a
bookease and play it. Explain the results.

203. Sympathetic Vibrations. —ExperiveNT 87.— Stretch a
strong cord, A B (Fig. 178), between two supports, and from two points
(' and D suspend two pendulums
4 C D B of exactly the same length. Put
E in motion and it will be found
that as it loses motion F' takes it
up, and when E is at rest, 2 will
be vibrating with nearly the same

amplitude that E had at first.

Whenever a sounding
body is near another that
has the same time of vibration, it is found that the pulses
of air sent out by the first will put the second in motion.

ExrrrMENT 88.— Select two tuning forks that are mounted upon
resonance boxes, and that give the same number of vibrations per
gecond. Place them parallel
to each other at opposite ends
of a table, and put one of
them in vibration with a
heavy bow. Stop its vibra-
tions with the fingers, after
a few seconds, and the second
fork will be heard. TIts vibra-
tions may also be shown by
suspending 2 light ball by a silk thread so that it will just touch one
side of the fork.

ExpErIMENT 89. — Press down on the pedal of a piano so as to re-
move the dampers from the strings, and then sing in a clear voice in
front of it some note for two or three seconds. This will set in vibra-
tion both the string which vibrates in the same time as the nofe, and
all those strings whose vibrations are multiples of the number given

by the note.

H
Fic. 178
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ExpERIMENT 90. — Suspend from a hook in the ceiling a 20-pound
weight, and find the time in which it will vibrate as a pendulum.
Strike the weight light blows with a cork hammer, when it is at rest,
timing the blows to the same time in which it vibrated. If the blows
are given at the right times the result will be to set the pendulum
5\\'11]g1l]g.

204. Beats.— When"two sounding bodies that do not
vibrate in the same time are vibrating near each other, the
effects produced by the alternate interference and coin-
cidence of the two waves are called beats. These beats can
be readily detected by the ear. If the waves sent out by
the two sources are rep-
resented by the lighter
curves in Fig. 180, we can
see that one body must
vibrate three times while
the other vibrates four.
This means that at every Fia, 180
fourth wave of one, and
every third wave of the other, the waves will interfere,
while at times midway between the waves will assist
each other. The curve resulting from these two sets of
waves is shown in the heavy line. This would be heard
by the ear as a beat at that part of the curve which is at
the greatest distance from the straight line AZB, while
midway between the beats, where the interference is
nearly complete, there would be very little sound. To
construct the resulting heavy line we proceed as follows :
Draw a set of vertical lines across AB; then will any
point on the curve be found by making ad equal to the
sum or difference of ab and ae, depending upon whether
they are upon the same or opposite sides of AB.

ExperIMENT 91. — Arrange two tuning forks as in Experiment 88,
and load one prong of one of them by pressing a piece of beeswax
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upon it, near the end. It may be necessary to press one or two large
shot into the wax. Set the fork in vibration with the bow and count
the number of beats per second.

205. Properties of Musical Tones. —In order that a
vibrating body may produce a musical tone its vibrations
must be rapid, continuous, and isochronous. A musical
tone may be a sémple tone, in which the vibrations are all
alike, or it may be a compound tone formed of a combina-
tion of two or more vibrations. A mnoise differs from a
musical tone in being formed by a mixture of a great variety
of vibrations that cannot be resolved into simple ones. A
tuning fork gives a simple tone, a piano string a compound
tone, while the fall of a pile of lumber makes a noise.

The principal characteristics of musical tones are piteh,
intensity, and quality.

206. Pitch. — The pitch of a tone depends upon the

number of vibrations made per second by the vibrating
body that produces it, the pitch being relatively high when
the vibrations are rapid, and low when they are slow.

ExpErRIMENT 92.— Draw the corner of a stiff card several times
across the cover of a book. Move it slowly at first and then more and
more rapidly. What effect does the velocity have upon the piteh?

207. Savart’s Wheel. — The first instrument used to
show the relation of pitch to number of vibrations was
what is called Savart's wheel. This consists of a toothed
wheel so mounted on an axle that it can be put in rapid
rotation. When a stiff card is held against the teeth any
change of speed is accompanied by its corresponding change
of pitch. A clock wheel can be used for the same purpose.

The speed at which a eircular or * buzz ” saw is running
can be judged by the pitch of the note which it gives when
sawing a log. A knot in the log lessens the speed and
lowers the pitch of the note.
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908. The Siren. — The name séren is given to an instru-
ment used to determine the number of vibrations required
to produce tones of different pitch, as well as to show the
relation between them. A simple form and the method
of using it is described in the following experiment.

ExpPERIMENT 93.— Cuf out a disk of bristol board, or, better, of
some thin metal, 30 ecm. in diameter. From the center (', describe 4
concentrie eircles, with diameters of 28, 24, 20, and 16 cm. respectively.
Divide these circles into 32, 24, 20, and 16 parts respectively, and drill
holes 6 mm. in diameter through the disk at these points; the inmost
of these four circles of holes being shown in Fig. 181.

Drill a hole at € and fit the disk fo a rotating
machine. Into each end of a rubber tube fit a glass
tube; and holding one end directly opposite to one
row of holes, put the disk in rotation and blow
through the tube. Tf the rotation is begun very
slowly, the separate puffs of air as they go through
the holes in the disk and are then cut off, will be Frg. 181
heard, but if the speed is increased, the puffs will
link themselves into a musical tone and the pitch will continue to rise
as long as the speed is increased.

Rotate the wheel with uniform velocity and blow through the holes
in the different circles, beginning with the smallest and going to the
largest. Is the result pleasing? Describe it.

209. Doppler’s Principle. — When both the sounding
body and the ear that hears it are stationary, the number
of waves that strike the ear is the same as that sent out
by the vibrating body; but if either moves from a position
of rest, either toward or away from the other, the number
of vibrations that reach the ear, and consequently the
pitch of the note heard, is changed.

If n represents the number of vibrations of the sounding
body, I the wave length, and d the distance over which the
ear moves toward it in one second, then the number of

vibrations heard by the ear will be » + % and the pitch will
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be raised. The sounding body may itself be moving, or
both it and the ear may be moving. If the distance
between the bodies is increasing, the number of vibrations

received will be n — % and the pitch will be lowered. A

good example of this effect is noticed when one train meets
another while the bell of the engine on the second train is
ringing.

210. Musical Intervals. — The change of pitch that
takes place when the velocity of the siren is slowly
increased is a gradual one, but between any two notes
used in music there is a definite difference in pitch. This
is expressed by the ratio of the vibration-numbers of the
notes. If one fork vibrates three times while another is
vibrating twice, the interval is 3 : 2.

211. The Musical Scale. — When the interval between
two notes is 2 : 1, the notes resemble each other so closely
that they are practically the same note. The one with
double the number of vibrations is called the octave of the
other, since it is the eighth note in what is called the scale.
The notes in the scale have received various names and
are represented by their positions with respect to a series
of five parallel lines called a staff. These names and
positions are shown as follows :

9)

Staff and position . IJ/f\—h | o @ o<
< [ .

e/ - ©
Number in scale . s . ~ ; 1 2 8 4 b5 6 T B
et Or NANTOE SR h e ahh e ks e I AN T A Ve
Syllable names . ¢ & 3 5 do re mi fa sol la st do
Relative number of vibrations . . 956 288 820 841.8 884 426.6 480 512
Ratio of vibrations . . . . 1 § § ¢ 3 8 X 2

TH ATV RIS el fre o e g ¥ B o§ w8
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212. The Diatonic Scale. — The series of eight tones,
through which we pass from e to its octave, constitutes the
diatonie scale. The musical and physical methods of rep-
resenting this scale are shown in §211. The scale is ex-
tended into the higher pitches by taking the do of 512
vibrations as unity, and multiplying this number by the
ratio of vibrations. The letter names would be ¢/, d'!, ete.
The next octave below is found by taking the do of 256
vibrations as 2. Then the do an octave below will have
128 vibrations, and with this as unity the vibrations can be
determined for any note. These notes are called ¢, d, ete.

R13. The Major Chord. — The scale given in § 211 is the
major scale formed upon the major triad or chord. This
chord consists of any three notes, the numbers of whose
vibrations are in the proportion of 4, 5, and 6. There are
three major chords, as follows :

(Lonici=/eclelgli=idi 56
Dominant=g":8': d'"=4:5:6
_Sub-dominant=f":a': ¢! =4 :5: 6.

A comparison of the first notes of these chords will sug-
gest the origin of the name of the Zonic sol-fa system of
musical notation.

214. Intervals in the Scale. — The series of ratios 1, §,
% %, ete., that express the relative number of vibrations,
also express the intervals between the do and other notes
of the scale. The most important of these intervals are
the magor third, 5 : 4; the fifth, 8 : 2; the major sizth, 5 : 3;
and the octave, 2 : 1.

215. The Keynote.— The note which is taken as the do
or 1 of any scale is its keynote. The scale already con-
sidered has ¢/ for its keynote and is in the key of C.
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Suppose we form a scale with ¢’ for its keynote and com-
pare the number of vibrations in its various notes with
those in the key of €\ '
g' ak o’ (e a e’ f" g"

Key of C 884 496.6 480 512 576 640 682.6 768
Key of G 384 432 430 512 576 640 720 768

We see by this comparison that there are two notes each
represented by o' and by f"/, which differ in the number of
their vibrations. The interval for the two a”’sis 432 : 426.6
or 81:80. This is called a comma. The f'"’s differ more
widely, their interval being 185 :128. This is sometimes
called a semitone. In order to play music accurately in
the key of @, two tones that are not found in the key
of ¢ would be required. One of these, the f'' of the key
of @, is introduced approximately by increasing the vibra-
tions of f in the key of € by multiplying the number
by %%; this new note is called f' sharp or f' '#.  The
number of vibrations for a' in the key of G differs so
little from that for the same note in the key of ¢, that
in most instruments the one tone serves for both.

Inasmuch as any note in the scale may be taken for the
keynote, it is evident that to introduce two new notes for
every new scale on such an instrument as the piano would
make. the keyboard so large that it could not be used at
all. Other complications come in also when what are
known as the flat keys are used. In these the new tone
required by the ratio of vibrations is secured by lower-
ing the number of vibrations of the corresponding note by
multiplying it by 2£.  The resulting note is called the flat
of the first, as b flat or bb. Tt is evident that between ¢
and d’ there would be two notes, as follows : ¢, ¢'§, d'?, !,
having for their respective vibrations, 256, 266.6, 276.48,
288.
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In practice there is but one key on the piano between ¢
and D, and this is called either C'$ or Dp. The system
adopted to fix the number of vibrations for each of the
thirteen notes of each octave on the piano is called the
system of equal temperament. The twelve intervals
(semitones) in the scale are made equal, and this inter-
val is ¥/2 or 1.0594. The scale of thirteen notes is
called the chromatic scale.

216. Transposition. — It will be seen by reference to
the keyboard of a piano that in the scale of (' there
is a semitone between

the 8d and 4th and y 3 | A :
between the Tth and ¢ D F b’ Gb Ab
8th of the scale, while p°| |EY| | [¢*] (4% |B
the rest are all whole ¢ Ll e e e [ Al e sE e

tones. This is true Fre. 182

of any major scale,

and music written in one key may be transposed into
another by introducing the proper sharps or flats to bring
these semitones in their proper places. This is illustrated
in I'ig. 183. By reference to this figure, it will be seen that
the scale for the key of G is formed from the scale for the
key of €' by taking the 5th of the key of ¢'— sol — for the
first of the new scale and raising the Tth of the new scale a
semitone. This introduces only one sharp— Fg—as all
the other notes correspond with those in the scale of €. The
scale for the key of D, two sharps, is formed from the key of
G in the same way. The scale for any key in which the
number of sharps is increased by one, may be made from the
scale before it by taking the 5th of that scale for its 1st note
and sharping the Tth. One may find any note in any key,
having only a (' tuning fork to start with. For instance,
to find mi in the key of @, sing the scale of (' from do to
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sol, then call this same tone do, and on singing re and mz
the note is found in the required scale.

Fig. 183 also shows
Flat Keys Sharp Keys | that the flat keys are
2 7 Y G D formed by taking the 4th
note of the old scale for
the 1st of the new, and

$—D-6—D2—D 5D 8D :
gt flatting the 4th of the
—e 55— 18— 4—6" new scale.
T—L—3—B—6—R 217. Intensity. — The

w

BB intensity of a sound de-
= pends upon three things:
the amplitude of the vi-
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s gl s p#l bration producing it, the
L5 8PP distance at which it is
+—FE—3—F6—FE12—Fk-{ heard, and the area of

B the sounding body.

a1 e el e N T -
R T R ¢ : o (@) Amplitude. —If a
e Dalles DT tuning fork is struck, the
+ 313 s 3 energy which it can im-
T B part to the air will de-
~—e—8—a— 6—a2—e—5—a— pend upon the extent of
e A | its vibrations. If these
[ T R : Ji@—, ,_p# are slight, the energy
A5 e imparted to the air will

soon die out. Strike a
harder blow, and the am-
plitude increases, the energy the fork can give to the air is
greater, and the sound is louder. The relation between
amplitude and intensity may be readily shown by substi-
tuting a tuning fork for the whalebone in Experiment 78.
Make a number of traces on the smoked glass when the
fork is sounding at different intensities, and compare them.

Fig. 183
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(&) Distance. —Since the sounding body is sending
out waves in every direction, the sound wave is the out-
side of a spherical shell of which the body is the center.
As the surfaces of spheres are proportional to the squares
of their radii, we can say that intensity of sound varies
inversely as the square of the distance from the sounding
body. If the waves of sound can be kept in one direction,
as by being reflected from the inner surface of a tube,
they will go much farther. On this principle speaking
tubes are made.

(¢) Area. —A small tuning fork, on being put into
vibration, sets only.a small quantity of air in motion and
gives a sound having but little intensity, butif the prongs
are broad the amount of air put in motion is greater and
the sound is much louder. If a tuning fork is struck and
Leld in the hand, its tone will be light and thin, but if the
handle is held against the glass door of a bookcase, the
sound will be louder, but will not last so long. Why ?

218. Quality or Timbre. — Whenever we hear a musi-
cal sound we have no difficulty in recognizing the kind of
instrument that produces it. The violin, the piano, the
cornet, has each its own peculiarity. One voice is full
and rich, another is thin, and another is monotonous. The
characteristics which enable us to assign a sound to its
source are called the gquality of the tone. The physical
explanation of quality is that most sounding bodies vi-
brate not only as a whole, but in various parts, as does
the string of a piano, and that a sound is rich in quality
when it contains the 1st, 2d, 8d, etec., overtones (p. 193),
as well as the fundamental note of the vibrating body.

219. Harmony and Discord. — Two musical sounds are
said to produce harmony when, on being sounded together,

e
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they produce a result pleasing to the ear.  If the result
is unpleasing, they are said to produce discord. One cause
of discord is the presence of beats between the two notes,
and the greatest discord results when the beats are about 32
per second. If the number of beats is fewer than 10 per
second, they are not agreeable, but do not produce discord.
Discord is caused by sounding together notes that give
more than 10 and less than 70 beats per second.

PRACTICAL QUESTIONS AND PROBLEMS

1. Under what conditions will two wave motions completely
neutralize each other?

2. How long must a tube be to act as a resonator for a tuning fork
that vibrates 440 times per second, when the temperature is 18° C.?

3. What is the velocity of sound when the length of the resonator
column in Fig. 177 is 324 mm., the diameter of the tube is 12 mm., and
the tuning fork makes 256 vibrations per second ?

4. Why do soldiers break ranks in crossing a bridge ?

5. How many beats per second will be made by two tuning forks,
sounding together, when one makes 264 vibrations per second, and the
other 260 ?

6. Construct a curve to show the beat that would result from
sounding a note and its seventh, €' and B. Strike these notes on the
piano and listen for the beat. Is it distinetly audible or does it pro-
duce discord ? ]

7. Suppose the outer row of holes in the siren of Experiment 93
gives the note ¢ = 256 vibrations. How many times does the disk
rotate per second? What notes will the other rows give ?

8. Suppose an engine passes you at the rate of 30 miles per hour;
what change of pitch will take place in the whistle when it passes you,
if it vibrates 128 times per second? What number of vibrations will
strike the ear before and after it passes?

9. Write the numbers of vibrations that will give the major scale in
the key of 4 ; in the key of BY.

102 How many vibrations will give f’ﬁ and g'p?

11. Show how you would transpose from the key of €' to the key
of 4D.

@
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12. A katydid in a tree 40 ft. above the ground is heard at its
foot. What is the weight of the air put in motion by its note ?

13. In the time of Handel (about 1750) the standard fork gave
424 vibrations for /. Modern instrument makers, however, kept
raising the pitch of their instruments to secure brilliancy of tone,
until the a’ fork made 460 vibrations per second, about 1} semitones
above Handel’s ¢/. What effect would this have upon the difficulty
of singing the high notes of a song written in Handel’s time ? The
present standard pitch is the International, in which the o' fork makes
435 vibrations at 15° C.

LABORATORY WORK

1. Set a pail or pan of water on the frame of some rapidly moving
piece of machinery, as a buzz saw. Make a drawing of the form of
wave motion set up. Explain.

2. Measure the velocity of sound by the apparatus shown in
Fig. 177, using a fork with a known number of vibrations.

3. Find the number of vibrations of a second fork by using the
same apparatus and substituting, in Formula 45, the velocity found
in No. 2.

4. Repeat Experiment 88 after loading the second fork until there
are about six beats per second.

5. With the siren used in Experiment 93, find the pitch of
sound produced by blowing across the mouth of a bottle. Four
students will be needed. Let one blow across the bottle, another turn
the wheel, the third blow through the holes with the rubber tube, and
the fourth count the number of rotations made by the wheel per
minute. A little practice will enable one to turn the disk uniformly,
s0 as to keep the siren at the same pitch for half a minute.

6. Connect two T-tubes by two rubber tubes as shown in Fig. 184
Sound a tuning fork before the funnel at 4 and the sound will divide
at B, part of it going through the
upper branch €, and part through the
lower branch D. The two waves will
unite again at E, and if the ear is
placed at the end of a rubber tube
leading from E, it will be found that
when the distance BDE is greater
than BCE by half the wave length of
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the fork, the waves will interfere and produce silence. When the
tubes are of the proper length to produce this result, pinch the tube
together at C' or D and observe the result. Find the length of tube

for two or more forks.

IIT. VIBRATION OF STRINGS, PLATES, AND RoDs

220. The Vibration of Strings. — A number of important
musical instruments are stringed instruments, and depend
for their sound upon the transverse vibration of catgut or
metal strings stretched between posts. The sound made
by the strings is strengthened by the vibration of the
sounding body of the instrument.

221. The Sonometer. — To investigate the laws of the
vibration of strings an instrument called the sonometer is
used. This is also called a monochord, since a single
string is frequently used. The essential parts are a base

with a bridge at each end, a pin to which to fasten one end

of the string, and some method of stretching the string by
attaching a spring balance or weights at the other end.
A common form, with two strings, is shown in Fig. 185.
A movable bridge at E is used to change the length of
the vibrating string, and a scale is laid off on the base.

9992. Laws of the Vibration of Strings.

1. The tension, diameter, and density being the same, the
number of vibrations per second varies inversely as the length
of the string.
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II. The length, tension, and density being the same, the
number of vibrations per second varies inversely as the
diameter of the string.

III. The length, diameter, and density being the same, the
number of vibrations per second varies directly as the square
root of the tension.

IV. The length, tension, and diameter being the same, the
number of vibrations per second varies vnversely as the square
root of the density of the string.

The above laws can be expressed by the proportion

VT | VT
diND  dUND

For the first law, under the conditions given, the pro-
portion becomes

R —

N:N'=

%:;, or, N: N' =17 :1.
For the second law it is

N: N = ;;,or,l\?' Ne=dlisd,

for the third law, NV : N' = V7T : V17,

and for the fourth I'LW,

1
N:N'=—:— or, N: N = VD' : VD.
VD \/D’

These laws can be verified on the sonometer as in the
following experiments :

ExpermENT 94, — Stretch the wire of the sonometer by a weight
until a suitable note is produced on setting it in vibration with a bow.
Find the exact middle of the string. Place th¢ movable bridge at
that point and observe that either half of the wire will give the
octave of the whole.

Expermvent 95. — Place on the sonometer two brass wires, one
having a diameter twice that of the other, and stretch them with
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equal weights. (Wires Nos. 16 and 22 fulfill the requirements.) Draw
the bow aeross the larger wire and rotate the disk siren until the
same tone is obtained by blowing in the outer row of holes. Keep the
siren rotating at the same speed, and it will be found, on blowing
through the inner row of holes, that the same tone is obtained as on
drawing the bow across the smaller wire.

ExperivEnT 96.—Put on the sonometer two wires of the same
material and diameter. Stretch one with a weight of 4 Ib. and the
other with a weight of 16 Ib., and they will be found to give tones an
octave apart.

ExpermMENT 97. — Cut two strings of equal length and diameter,
one of brass and the other of catgut. Weigh them separately and
compute the weight of each between the bridges. Stretch them on
the sonometer with equal weights, and sound them. Compare the
tones given with those given by a piano or violin. Call the number of
vibrations of the note corresponding to the lower fone given by the
sonometer, IV, and the number given by the other string, N'. Find
whether the proportion N : N/ = VD' : /D, is true or not.

ExpermveNT 98. — Calling the distance between the bridges on
the sonometer one, stick a narrow strip of gummed paper at distances
of § 4, % % %, %, 3, from one end. Sound the whole string first, then
slide the movable bridge along, and, stopping at each mark, sound
the remaining string. Do the notes give the major scale? Why?

The strings of the piano illustrate the above laws. The
lowest notes are made by long, heavy strings without
great tension, while the highest notes are made by short,
light strings stretched to a high tension.

223. Nodes and Loops in Strings. — When a stretched
string is put into vibration, it vibrates not only as a whole,
giving its fundamental note, but also in halves, thirds,
fourths, etc., each one of which gives its own tone. These
different tones, with the fundamental, constitute the
quality of the tone. The existence of nodes and loops in
a string can be shown as follows : —

ExperivmeNT 99, — Cut from stiff writing paper a dozen paper
rings about a half inch in diameter and slip them over a sonometer
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wire. Putasmall weight upon the wire and with the bow put the wire
in vibration, The wire will sound its fundamental note, and the rings

Fia. 186

will go to the fixed bridges. Draw the bow again and
touch the wire lightly at the middle. The octave will be
sounded and the rings will go to the middle and ends.
Sound again and touch the wire at 1 the distance from the 1
end. How do the rings act? What note will be sounded ? Al

224. Overtones and Harmonics. — It is not necessary to
touch the string in order to make it vibrate in parts besides
vibrating as a whole. The tones caused by the vibrations
in parts can be heard by listening carefully when the string
is plucked. These tones are called overtones, and if the
numbers of vibrations which produce them are 2, 8, 4, ete.,
times the number of vibrations of the fundamental they are
called harmonics. ~Overtones can be very readily produced
on a guitar and form the most accurate method of tuning it.

225. Vibration of Air Columns.— In the musical instru-
ments called wind instruments, the notes are produced
by the vibrations of columns of air, of different lengths.
There are two methods by which the column of air is put
into vibration ; hence the classification into mouth and reed
instruments. The organ pipe is a good example of the
former, in which all parts of the mouthpiece are fixed, and
the air column is put into vibration by blowing across a
narrow opening at one end of the pipe. In the reed in-
strument the air column is thrown into vibration by a thin
piece of wood or metal which is itself thrown into rapid

HOADLEY'S PHYS. — 13
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vibration by a current of air. The clarinet and reed organ
are examples of reed instruments.

226. Nodes and Loops in an Organ Pipe.— The vibration
of air in a tube is in the direction of its length, but it can
give rise to nodes and loops as well as a vibrating cord.
In this case, however, the node must be understood to
mean a point where the particles of the air remain at rest,
but where there are rapid changes from condensation to
rarefaction and wvice versa. A loop means a point where
there is the greatest motion, but no change of density.

From this it will be seen that
AL B (0] D the closed end of a pipe must
— — N L L

form a node, and the open end
| Iy aloop. In A (Fig. 187), a

—~ node would be at the upper
L Iv |z’ end and a loop at the mouth;
L consequently the length of a

V" closed pipe is one fourth the

= L = wave length of its fundamental

{ %J 7|J note. If the pipe is blown

ﬂ- IJ 1 strongly, it will give out a note

Frc. 187 higher in pitch, but a node will

still be at the closed end and a

loop at the mouth. TIn this case (B) there will be an in-

termediate node and loop at N’ and Z/, and the length of

the tube will be three fourths the wave length of the note
produced.

In the open pipe, ' (Fig. 187), there will be a loop at
each end, and a node in the middle, and the length of the
pipe will be half the wave length of the fundamental note.
If the next higher note is produced there will be two nodes,
N and N/, and an additional loop Z'. Comparing A and
¢ (Fig. 187), it will be seen that the fundamental note
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given out by an open pipe of a certain length is the octave
of the note produced by a closed pipe of the same length.

ExperiMENT 100.— Procure an organ pipe, one side
of which is glass, and lower into it, by a thread, a light
ring over which is stretched a membrane with fine sand
sprinkled over it, as shown in Fig. 188. When the funda-
mental note is sounded and the ring is lowered, the sand T
will show by its movements that the amount of the vibra-
tion is decreasing until the middle of the tube is reached,
where it will come to rest. Increase the force of the bel- !
lows that blow the pipe, so as to produce the higher note;
the middle point becomes a loop, as is shown by the dan-
cing of the sand.

If an opening is made in the side of a pipe, this
becomes a loop and changes the pitch of the note
played. In this way the different notes of a flute
are made by the fingers of the player stopping
and unstopping the holes along its side.

/

227. The Vibration of Rods. — Exprrimest 101.
—Hold a glass rod, a meter long or more, by the middle s 188
with one hand, while with the other you draw a moist
cloth lightly from the middle to the end. The rod will be thrown
into longitudinal vibrations, and the fundamental note will be pro-
duced. Make the same experiment with a wooden rod, a brass rod,
and a brass tube of the same length, using a rosined cloth for a
rubber. Does the piteh of the note depend upon the material of the
rod ?

ExperIMENT 102. — Repeat experiment 101 with two glass tubes
of different diameters, but of the same length. Does the pitch of the
note depend upon the diameter of the tube ? Compare the notes
given by one of these tubes and another of the same diameter but
only half as long. Does the pitch of the note depend upon the length ?
How do the two notes compare ?

&0

That the sound given out by the tubes and rods in the
above experiments is due to longitudinal vibration may be
shown by the following experiments:
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vibration by a current of air. The clarinet and reed organ
are examples of reed instruments.

926. Nodes and Loops in an Organ Pipe.— The vibration
of air in a tube is in the direction of its length, but it can
give rise to nodes and loops as well as a vibrating cord.
In this case, however, the node must be understood to
mean a point where the particles of the air remain at rest,
but where there are rapid changes from condensation to
rarefaction and vice versa. A loop means a point where
there is the greatest motion, but no change of density.
From this it will be seen that
the closed end of a pipe must
form a node, and the open end
| |y# aloop. In A (Fig. 187), a
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e node would be at the upper
LIy |’ end and a loop at the mouth;
L N consequently the length of a

—{¥" closed pipe is one fourth the

5 . v ; Wave length of its fundamental

ﬂj ?l_l note. If the pipe is blown

ﬁl %—I strongly, it will give out a note

Fra, 187 higher in pitch, but a node will

still be at the closed end and a

loop at the mouth. In this case (B) there will be an in-

termediate node and loop at V' and L/, and the length of

the tube will be three fourths the wave length of the note
produced.

In the open pipe, €' (Fig. 187), there will be a loop at
each end, and a node in the middle, and the length of the
pipe will be half the wave length of the fundamental note.
If the next higher note is produced there will be two nodes,
N’ and N'', and an additional loop L. Comparing 4 and
¢' (Fig. 187), it will be seen that the fundamental note
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given out by an open pipe of a certain length is the octave
of the note produced by a closed pipe of the same length.

ExpERIMENT 100.— Procure an organ pipe, one side
of which is glass, and lower into it, by a thread, a light
ring over which is stretched a membrane with fine sand
sprinkled over it, as shown in Fig. 188, When the funda-
mental note is sounded and the ring is lowered, the sand
will show by its movements that the amount of the vibra-
tion is decreasing until the middle of the tube is reached,
where it will come to rest. Increase the force of the bel-
lows that blow the pipe, so as to produce the higher note;
the middle point becomes a loop, as is shown by the dan-
cing of the sand.

If an opening is made in the side of a pipe, this
becomes a loop and changes the pitch of the note
played. In this way the different notes of a flute
are made by the fingers of the player stopping ||\
and unstopping the holes along its side. o/

227. The Vibration of Rods. — Experivest 101, M
—Hold a glass rod, a meter long or more, by the middle Fic. 188
with one hand, while with the other you draw a moist
cloth lightly from the middle to the end. The rod will be thrown
into longitudinal vibrations, and the fundamental note will be pro-
duced. Make the same experiment with a wooden rod, a brass rod,
and a brass tube of the same length, using a rosined cloth for a
rubber. Does the pitch of the note depend upon the material of the
rod ?

ExperiMenT 102.— Repeat experiment 101 with two glass tubes
of different diameters, but of the same length. Does the pitch of the
note depend upon the diameter of the tube? Compare the notes
given by one of these tubes and another of the same diameter but
only half as long. Does the pitch of the note depend upon the length ?
How do the two notes compare ?

That the sound given out by the tubes and rods in the
above experiments is due to longitudinal vibration may be
shown by the following experiments:
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ExpErRIMENT 103.— Scatter some lycopodium powder or cork filings
along the inside of one of the tubes used in Experiment 102. Hold the
tube by the middle and draw a moist cloth from the middle to one
end. The tube will give a high note, and the powder will be
thrown into ridges lying
across the tube at regu-
lar intervals. These ridges

Frg. 180 locate the nodes, as shown
in Fig. 189.

ExperiMENT 104.— Clamp a brass rod firmly to a block upon a
table as shown in Fig. 190. Suspend an elastic ball so that it will
rest against one end of the

rod, and then draw a cloth q

covered with rosin from the E\T\\
middle to the other end. The VR
longitudinal vibrations will g

cause the rod to give out a
high note, and will repel the Fra. 190
ball from the end of the rod.

The mechanical effect of vibrations in tubes is some-
times very great. It is not uncommon for a test tube to
be cracked into a spiral ribbon running from end to end,
on being wiped with a damp towel. If a glass bell jar is
bowed vigorously a few times with a violin bow, it may be
shattered even if the walls are a quarter of an inch thick.

928. The Vibration of Plates.— If a thin plate of metal
or glass is clamped to a support at the middle, and a bow
is drawn across its edge, it will be thrown into vibration
and will produce sound. The positions of the nodal lines
of the plate can be shown very readily as follows :

Exrorivent 105.— Sift sand evenly over the surface of a brass
plate fastened by the middle as the first one in Fig. 191. Place a
finger at one corner and draw a bow across the middle of either side.
The sand will be thrown violently about, and will finally come to rest

on those parts of the plate that donot vibrate, so that the lines of sand
indicate the nodal lines. Fig. 191 shows a number of plates of various
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forms, sizes, and thicknesses, and a few of the many interesting figures
that can be produced by them. If the plates are clamped by the corner
or at one side a new set of figures will be obtained.

Fia. 191

ExpreriveNT 106. — Scatter a little lycopodium powder on the plate
with the sand, and it will be found, on vibrating the plate, that the
powder will collect over the places of greatest vibration instead of at
the nodal lines as the sand does. Examine carefully and explain
why this happens.

229. Graphical Method of Combining Vibrations. — It is
frequently desirable to represent in a graphical way the
relation that exists between the vibrations of notes of dif-
ferent pitches. The method usually adopted is to consider
the vibrations of the two bodies to be made at right angles
with each other, and to construct a
curve that will be the result of the two
vibrations combined. If a ball 4 (Fig.
192) is moving around a circular path
with uniform motion, then, to an eye
placed a considerable distance * away
in the plane of its motion, it will seem
to move back and forth over the
diameter AC, with a simple harmonie
motion like that of a pendulum. The distance it has gone
toward (' at any time may be found by projecting its

0]

o ——— —

e

A
Fig. 192

* Strictly, the distance should be infinite.
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position upon the diameter A as at D. If the vibrations

producing the notes ¢ and f are to be combined, the curve
can be made graphically as follows :

Suppose a point moving uniformly around the circle at
H to represent the vibrations that produce ¢, and one at

D, those that produce f (Fig. 193).
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numbers of vibrations in
these two notes is 1: 4, the
body sounding the note f
vibrates eight times while
the body sounding e vi-
brates six times. Lay off
the circumference DEF
into six equal parts and
the other circumference
into eight. From the
points of division draw
lines perpendicular, re-
spectively, to AB and AC,

and prolong them; then will their intersections give the

points for the required curve.

In order that the curve

connecting the points shall be smooth, intermediate points

must be determined.

The curve representing
the combination of any
other two notes can be con-
structed in the same way.

230. The Optical Method.
— An optical method is one
in which the curve isformed
by the vibrating bodies in
such a way that it can be
seen and studied by the eye.

Since the ratio of the -
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ExperiMENT 107. — Nail two blocks, 4 and B, to the corners of a
box as in Fig. 194. To these blocks fasten two slender wooden rods
or strips of whalebone with disks fastened to the ends, so that the
disks shall move close to and parallel with each other when the rods
are vibrated. Cut a narrow slit in each disk as shown, and vibrate
the rods both at the same time. Look through the opening in the slits
at some bright light. The vibrations will combine, giving a curve
similar to that in Fig. 193, if the ratio of vibrations is 6: 8.

231. Manometric Flames.— The optical method devised
by Konig, to which he has given the name of manometric
Slames, consists of bring-
ing the condensations and
rarefactions of sound
waves to act upon a gas .,
flame and regulate its
height, and of observing
the effect in a revolving mirror. The principle of the
apparatus is shown in Fig. 195, and the complete form
in Fig. 196. A wooden or
metal box is divided into
two chambers, 4 and B, by
an elastic diaphragm D.
Two pipes open into B and
one into A. The pipe C
brings in gas, which is
burned as a small, round
flame at the top of the tube
E. The pipe H opens into
A and conveys the sound
waves made before its open end at M. If a condensation
strikes D it bends toward B, making that chamber
smaller, increasing the pressure, and making the flame
burn higher at . If a rarefaction strikes D, the chamber
B is made larger, the density is decreased, and the flame

Fia. 195

Fia. 196




200 SOUND

drops down to a shorter one. These changes follow one
another so rapidly that the eye cannot detect them unless
the image of each flame is separated from the others.
This can be done in two ways: first, by turning the
eye quickly and throwing the line of sight across the
flame, when the images will be separated in the eye ; and
second, by the use of a
revolving mirror. If the
mirror is turned while
the flame is burning

Fic. 197 steadily, its reflection
seen in the mirror will be a band of light as in Fig. 197,
but if a simple tone is sung into the mouth M, the rise and
fall of the flame will show itself as a succession of pointed
reflections of equal height, leaning in the direction oppo-
site to the rotation of the mirror, as in Fig. 198. If now

Fig. 198

the octave of this note is sung, the reflection will have
twice the number of points. If the note sung is made up
of vibrations of different lengths, the reflection will show
a compound form in which smaller waves are impressed
upon the fundamental.

" ExeeriMesT 108, — Sing the notes of the scale before the mouth-
piece, calling each note O. Notice the change for each pitch. Sing
the same scale, calling the notes do, re, mi, etc. Can you tell a simple
tone from a compound one ?

232. Sensitive Flames. — The air in a tube may be
thrown into sound vibrations by means of a small flame,
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ExpermMENT 109. — Fix a tube about a meter long and 2 or 3 cm.
in diameter in a vertical position. Get a piece of
glass tubing 30 em. long and 5 mm. in diameter and
draw one end down nearly to a point, leaving a
small hole. Attach to the other end of this tube a
rubber tube leading to a gas supply. Turn on the
gas and light it, regulating the flame to a height of
about 2 or 4 em. Thrust the small tube within the
large one as in Fig. 199, and a point will be reached
where the flame will begin to flutter and the large
tube will begin to sing. Examine this flame in a
rotating mirror, and it will be found to give a
result like Fig. 198.

Nore.— All experiments with the vibrating
flames and rotating mirror will give the greatest

satisfaction if carried on in a dark room. Fic. 199

ExperiMENT 110. —Procure a glass tube about 8 mm. in dia-aeter

and about 20 cm. long and draw it down to

a small jet. Bend this tube at right angles

and fasten it to a small board with a wire

staple. Place this under a tripod covered

with wire gauze, as shown in Fig. 200. Turn

on the gas and light it above the gauze.

Regulate the position of the glass tube and

the pressure of the gas until you have a

flickering blue flame, broad at the base and

pointed at the top. Place over this a tube 5

cm. in diameter and of almost any length, and

it will at once break into a loud musical note. Compare the pitches
given by tubes of different lengths.

233. The Phonograph. — One of the most successful
instruments for recording the vibrations of sound is the
phonograph, which was invented by Edison. The essential
features, in its modern form, consist of a cylinder of spe-
cially prepared wax upon which the vibrationsof adiaphragm
are recorded by means of a fine metal point or chisel
attached to the diaphragm. The waves of sound throw
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the diaphragm into vibration, this sets the point in motion,
and as the wax cylinder is rotated the point cuts a series
of spiral grooves. These grooves are made up of minute
indentations which correspond to the condensations and
rarefactions of the sound waves. By means of a special
form of point which takes the place of the cutting tool, and
follows in the groove which it has cut, the sound can be
reproduced with remarkable fidelity to the original.

234. Limit of Audibility. —It is a matter of common
knowledge that the range of voice differs for different
people, one person singing bass, another tenor, another
alto, and another soprano. There is a somewhat similar
range in hearing, some ears being more sensitive to the
high pitches and some to the low.

ExperimveNT 111.— Procure a Galton’s whistle, which consists of
4 small brass whistle with a rubber bulb at one end and a serew for
adjusting the pitech at
the other. Press the
bulb when the screw is
nearly out, and a rather
low whistle will be
heard. Turn in the
serew a little, and sound
again. The pitch is higher. In this way make the pitch steadily
higher and higher, and it will be found that first one member of the
class and then another will be unable to hear the whistle, showing
that the limit of hearing in the high notes has been reached.

Fia. 201

PRACTICAL QUESTIONS AND PROBLEMS

1. A certain string, 80 cm. long, vibrates 128 fimes per second.
What must be the length of a similar string stretched with the same
tension to vibrate 213} times?

9. A certain string, 1 m. long, vibrates 256 times per second. How
long must a similar string stretched with the same tension be, to
vibrate 128 times? How can this number of yvibrations be produced
without using so long a string?
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8. The do of the scale of C'is made by a string 4 feet long. Where
must the movable bridge be placed to give the sol of the same scale?

4. The pitch given by a certain string is ¢ when the spring balance
by which it is stretched reads 1.5 1b. What will the balance read
when the string sounds e?

5. In what respect does the sound produced by a wooden organ
pipe 1 m. long differ from that given by a metal pipe of the same
length? In what respects is it the same?

6. If an open organ pipe must be 6 feet long to produce a certain
note, how long must a closed pipe be to give the major third of that note ?

7. Are open or closed pipes used for the low notes of church
organs? Why?

LABORATORY WORK

1. To one of the prongs of a tuning fork fasten a fine thread of
white silk, using for the purpose a bit of beeswax. To the other end
of the thread tie a light paper scale pan. Place gram weights (or
small shot) in the scale pan until, on holding the fork horizontal with
its side downward, and striking it with the cork hammer, the cord
will be thrown into a wave form. Find the relation between the
number of loops and the weight in the pan. Change the weight and
see whether the number of loops will be changed. Hold the fork
with the edge downward and vibrate. Does the same weight give the
same number of loops as before ?

2. Using the vibrating plates of § 228, work out ten different figures
and make drawings of them. Locate the places where the bow was
drawn and the finger placed in each.

3. Make a number of resonators of different sizes, like Fig. 202,
using Manilla paper pasted together or fastened with shellac for the
eylindrical part and fastening
smaller tubes into cardboard
disks for the ends. Both the
small tubes forming the ends
are open, and when in use 4
is turned toward the sounding
body while B is connected by a
rubber tube with one side of a manometric flame, —as with the tube
H in Fig. 195. By using the different sizes of resonators it can be
shown that, while a certain sound will put some of the flames in
vibration, it will have no effect whatever upon others.

Fia. 202
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By supporting a number of these resonators in a frame and having
each one attached to its own manometric flame, a very intervesting
study can be made of the quality of different voices.

4. On the opposite sides of a baseboard about 4 ¢cm. thick and 40 cm.

square, fasten two uprights 102 em. long above the upper surface of the

base. Fix a crosspiece to the top of these. Bore a

hole in the middle of this and fit a handle so that

it will turn snugly. Make a lead disk 10 cm. in

diameter and 2 cm. thick, and through the middle

drill a hole 5 mm. in diameter. Suspend this by

three cords as in Fig. 208, and at the point A tie

these three cords to two others which run through

the holes B and C' in the crosspiece and then through

a hole in the handle H. Wind a ring of copper wire

R about the two cords, so that it ean be slipped up

or down and unite the two into one, as R4. Now

place a glass plate on the baseboard, and sift sand

upon it from a tin flour dredge. Select a glass rod

or tube that will slip easily through the hole in the

g, 203 disk, and make one end small and rounded in a

. Bunsen flame. Put the rod through the disk; then

draw the disk back and release it so that it will vibrate across the

base in the direction DE. The disk swings as a pendulum from the

points C'and B, and the rod traces a straight line in the sand. Vibrate

again in a direction F@&, at right angles to DE. The rod will again

trace a straight line, swinging from the point R. Now draw the disk

aside midway between these directions, and the rod will trace a curve

which will be the result of combining the two motions, and the form

of which will depend upon the relative lengths of the two pendulums,
i.e. of the points K and R from the middle of the lead disk.

The distance of K from the middle of the disk can be kept at 1 m.
by turning the handle i; and by making the distance of R from the
middle of the disk such that the short pendulum vibrates three times
while the long one vibrates twice, the curve corresponding to the
combination of the notes sol and do is obtained. If the times of
vibration are as 2:1,the curve will represent; the,combination of a note
and its octave. By applying the law of the pendulum for length and
time of vibration, the length of the short péndulum can be easily
found for most musical intervals. i
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5. Procure a tin tube about 30 ecm. long and 1 cm. in diameter, and
close one end of it. Drill a row of fine holes around the tube near
the closed end. Connect the other end with a gas supply and light
the gas as it comes from the row of holes. Fix a second tin tube
10 e¢m. in diameter and more than a meter long in a vertical position
and introduce the smaller tube with its flame into the lower end of
the larger tube. Explain the result. Fit a second large tube upon
the end of the first. Why is there a change of pitch ?

6. Select a piece of small glass tubing
and draw it to a point in the Bunsen flame,
leaving a fine opening. Connect the other
end, by means of a rubber tube, to a gas
supply, and if you have the right size of
hole in the tube, and the right pressure of
gas, you will get a long line of flame, as in
A (Fig. 204), that is just on the point of
flaring. Make any kind of a sharp sound,
and the flame will at once drop down to
the form of B, and will keep flaring in that
form as long as the sound continues. A
shrill whistle, the rattle of keys, or any
hissing sound will produce the same effect,
showing that this is a very sensitive form of
flame.

Daoes the rapid change in pressure at the S
mouth of the tube, caused by the waves of Fia. 204
condensation and rarefaction due to the
high pitch of these sounds, explain the action of the flame? Test
this flame by giving a shrill whistle outside of the room when the
door is closed.




CHAPTER VII

HEAT

I. TEMPERATURE AND ITS MEASUREMENT

235. Heat a Form of Energy.— The kinetic theory of
heat, which is the expression of modern ideas on this sub-
ject, considers that the molecules of all bodies are in
a state of rapid vibration, and that any increase of the
rapidity of this motion, from whatever cause, increases
the heat of the body, while the heat is decreased if this
velocity is diminished.

| Heat is a form of molecular energy which may be pro-
“ duced by other forms of energy, and is itself convertible
into other forms.

| 236. Temperature. — The terms “hot ” and “ cold ” are
w purely relative. Whether one body is hotter or colder
than another depends upon whether it can itself impart
heat to the second body, or receive heat from it. The
condition of a body in this respect is called its temperature,
and depends upon the relative rapidity of vibration of its
molecules.

When the molecular kinetic energy of a body is doubled,
its temperature is doubled. If one body is put into con-
tact with another, the one that has the higher tempera- .
ture will lose some of its heat, and the one that has the :
lower temperature will gain heat, until they will both
finally come to the same temperature.

Temperature must not be mistaken for quantity of heat.
206
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A cup of hot water taken from a pailful will have the same
temperature, but will contain very little Lieat in ecomparison
with the water in the pail.

237. The Physical Effect of Heat upon Bodies. — There
are two main results that may come from applying heat
to a body. One is a change in its volume, and the other
is a change in its physical condition.

ExperiMENT 112.— Make a piece of apparatus like that shown in
Fig. 205, as follows. Set two upright posts in a baseboard. Bore in
each post, near the top, a hole large enough to take a brass wire { in.
in diameter. Fasten one end of the wire to one post by a screw in the
top and let the wire pass loosely through the other post. Connect a

battery and electric bell with the wire, and let the other end of the circuit
be connected with a thin brass spring just beyond the movable end of
the wire. Adjust the spring carefully and bring the flame of a Bun-
sen burner against the wire. The heat will expand the wire, which
will make contact with the spring, when the electrical circuit will be
completed and the bell will ring. Remove the flame; the wire will
contract, the contact will be broken, and the bell will stop ringing.

ExperiMenT 113. — Place a piece of beeswax on a fin plate and
hold it over a source of heat. What change in its physical condition
is produced ?

Experivent 114. —TFit to the mouth of a test tube a rubber
stopper with a single hole. Thrust a piece of glass tubing, about
30 em. long, through the stopper. Fill the test tube with water and
push in the stopper until the water stands at some point as 4 (Fig.
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206). Take the tube by the end and lower the test tube into a beaker
of hot water. The first effect is that the water in the small tube will
drop to B. What is the cause of this? The second
qc effect is that the water will then begin to rise and will
finally run over the top €. Why?
ExpEriMENT 115.— Use the test tube, rubber
stopper, and small glass tube umsed in KExperiment
114, Introduce a short column of water into the
middle of the small tube, and, having the test tube
dry, hold it in a horizontal position and push in the
"stopper. Clasp the test tube in the hand and watch
the position of the water index. Does air expand on
being heated ?

The above experiments show that solids,
liquids, and gases expand on being heated.
The amount of this expansion depends
upon the change in temperature.

238. Measurement of Temperature. — The thermometer
is an instrument used for measuring temperature. The
principle employed is that of the expansion of bodies when
heated. The most common form is the mercury ther
mometer, which consists of a glass tube with thick
walls and ‘a small bore, blown into a bulb for
holding the mercury at one end.

239. Filling the Thermometer.— The glass tubes
are blown with a cup on the end, as in Fig. 207,
so that when the air has been partly driven from
the bulb by heating it, a small quantity of mercury
put into the cup will be driven into the bulb by
the atmospheric pressure when the bulb cools. By
repeatedly heating the bulb and filling the cup, the
bulb can be entirely filled. The mercury is then
heated until it boils, and when the tube is entirely .
filled it is sealed at the top and left air-tight. Fra. 207
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240. Determining the Fixed Points. — The two fixed
points of a thermometer are the freezing and boiling
points of water. The freezing point is determined by
placing the bulb and part of the stem
in snow or finely crushed ice, contained
in a vessel perforated at the bottom, so
that the water can drain away. The
point at which the mercury comes to
rest is marked as the freezing point.
Care should be taken that the ice comes
in close contact with the bulb and that
the mercury does not come above the ice.

The boiling point is fixed by boiling
pure water in a vessel and suspending
the thermometer in the steam. The bulb should be at
least an inch above the water and the dish should be tall
enough so that the mercury will come only just above

the stopper by which it is supported.
. Whenever the steam is coming briskly
from the escape pipe and the mercury
has ceased to rise, the end of the col-
umn is marked as the boiling point,
provided the barometer reads 760 mm.
at the time. A tall cylinder with
double walls (so that the thermometer
may be surrounded by steam of uniform
temperature) is the best form for the
boiler.
241. Graduating the Scale. — The
freezing and boiling points of water are
invariable, as standard points should be, and the grad-
uation is based upon them. Before accepting a tube from
which to make a thermometer, the maker carefully cali-

HOADLEY'S PHYS — 14

Fig. 208
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brates it to find whether it is of practically uniform diam-
eter throughout its length, and if it is found to be variable,
it is rejected. Assuming that it is uniform, equal increases
of temperature will cause equal amounts of elongation of
the mercury column in any part of the tube ; hence, when
the kind of scale has been decided upon, the length
between the freezing and boiling points is divided into
equal parts, called degrees.

242. Thermometric Scales. — The scales in most general
use in this country are the Centigrade, or hundred-degree
scale of Celsius, which makes the freezing point of water
zero (0°) and its boiling point 100°; and the Falrenhet,
which makes the freezing point 32°, the boiling point 212°,
and puts the zero 32° below the freezing point. In both
scales, readings that are below zero are designated by the
minus sign, as — 10° C. The Fahrenheit scale is in com-
mon use in the United States; but the more convenient
Centigrade has been adopted for scientific work, and,
unless otherwise mentioned, it will be used in this work.

243. Comparison of Centigrade and Fahrenheit Read-
ings. — Since the Centigrade scale has 100 degrees be-
tween the fixed points, and the Fahrenheit 180, it is
evident that 100 Centigrade degrees = 180 Fahrenheit
degrees, and hence 1 Centigrade degree = 3 of a Fahren-
heit degree, and 1 Fahrenheit degree = § of a Centigrade
degree. When the reading of one scale is to be trans-
formed into the equivalent reading on the other, the dif-
ferent positions of the zero point must be taken into
account, as well as the different values of the degrees.
The following formulas may be used :

C=4(F—32°) (46)
F=2C4382° (€1}
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The relation between these readings can be seen by
reference to Fig. 210.

Readings between the fixed points will be + in both
scales, but while all readings below the freezing point on
the Centigrade are —, those between o r
32° and 0° on the Fahrenheit are 4.  Boting Point 100° 212°

For very low temperatures alcohol
is used instead of mercury, which
freezes at —38.8. Mercury hoils at
358% so that for very high temper-
atures a metallic thermometer or the
air thermometer is used. s Fra. 210

Ereezing Point 0°)

?44. The Air Thermometer. — A simple form of air ther-
mometer can be made by thrusting the tube of an air
thermometer bulb through a rubber stopper

with two holes, and fitting this stopper to a

test tube or bottle half full of colored water.
A scale along the side is used for reading the
height of the water column, which is intro-
duced by driving out a few bubbles of air
from the bulb by heating it. When the air
cools the water will rise in the stem. The
position of the water column is due to the
pressure of the air as well as to the tempera-
ture, so that it does not correspond directly
with the readings of the mercurial thermom-
eter.

Fic. 211 245. Displacement of the Fixed Points. —
After the thermometer is made and the fixed

points are marked, the mercury frequently rises higher
than zero at the zero temperature and reads above 100°
as the boiling point of water. This is due to a gradual
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change that takes place in the volume of the bulb. If
the tubes have been drawn and filled a year or two
before they are graduated the error is less, but a ther-
mometer should be frequently tested to know what cor-
rection is necessary in reading.

246. Absolute Zero. — In experimenting upon the effect
of heat upon gases it is found that if the temperature of a
gas is reduced from 0° to — 1°, its volume is reduced by
g1 of its volume at zero. This is true of a reduction of
one degree anywhere along the scale. Hence it is held
that at a temperature of — 273° the gas would have no
molecular kinetic energy and no heat. This point,—278°C.,
is taken as absolute zero. On the absolute scale the tem-
perature of melting ice or freezing water would be 273
and of the boiling point of water 373°.

9247. Metallic Thermometers depend upon the unequal
expansion of two metals. A convenient form is made by
fastening the two metals in the form of a spring having
on the outside the one whose rate of expansion is the
greater. One end of the spring being fixed, the other end
acts upon a pointer which marks off the temperature on a
cireular scale on the face of the instrument.. This scale is
calibrated by comparison with a standard mercury ther-
mometer.

PRACTICAL QUESTIONS AND PROBLEMS

1. Suppose there is a change of 14 Centigrade degrees in the tem-
perature, what will be the equivalent change in Fahrenheit degrees?

2. If the change in Fahrenheil degrees is 37, what is the equivalent
change in Centigrade degrees? -

3. Change the following readings to Fahrenheit readings: 23°C.;
—4°C.; —23°C.

4. Change the following readings to Centigrade readings: 69°F.:
93°F.; —8°F.
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5. What temperature will give the same reading on both the Cen-
tigrade and Fahrenheit scales?

6. Thermometer A has for its highest reading 100° and ther-
mometer B has 360.° If the bulbs are of the same size and the length
is the same in both, which should have the smaller bore? On which
can a slight change of temperature be read the more accurately ?

7. Mercury freezes at — 38.8° C.; what is the absolute temperature
of its freezing point on the Centigrade scale ?

8. What is the absolute temperature of freezing water in Fahren-
heit degrees? How many Fahrenheit degrees is absolute zero below
the Fahrenheit zero?

9. The Réaumur scale is marked 0° at the freezing point of water
and 80° at the boiling point. Find expressions for changing a Réau-
mur reading to the equivalent Centigrade and Fahrenheit readings.

10. Suppose you need to take the temperature of a liquid quickly;
would you use a thermometer with a large bulb or one with a small
bulb?

LABORATORY WORK

1. Test the zero mark of the laboratory thermometers by the
method shown in Fig. 208, and make a record of each.

2. Test the boiling point of the same thermometers by the method
of Fig. 209, and make a record. Keep these records to be used as
corrections for future readings with these instruments.

3. After the tests for the boiling point are made, pour more water
into the vessel so that it will surround the bulb. Boil the water and
take the readings. Is the temperature of the water the same as the
temperature of the steam ?

4. Take the temperature of boiling water first in a glass dish and
then in a copper dish. Is the boiling point the same in the two
vessels ?

5. Dissolve salt in the water and boil again. Is the reading the
same as before ?

These experiments show that the temperature of boiling water
depends upon the character of the vessel and the purity of the water.
The temperature of the steam from water boiling at the same pressure
is constant.

6. Test the uniformity of the bore in a thermometer tube as fol-
lows: Hold it horizontally by the stem and give it a short, sharp jerk
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in the direction of its length. This will separate a short thread of the
mercury. Beginning with the lower end of the thread near the
upper end of the remaining mercury, read the position of both ends
of the thread on the scale,
using a reading glass and
estimating the tenths of a di-
vision. Move the thread
towards the upper end by a
short jerk, and read again.
Take, in this way, 20 or 30
readings of each end of the thread and tabulate your results as indi-
cated in this table. With this table as data, construct a curve show-
ing the relation between the length of the thread and the position
of its middle point on the scale.

No. | Lower End |Upper End | Middle Diff.
1 8.3° 22.8° 13° 19.6°

II. PropucTION AND TRANSMISSION OF HEAT

248. Sources of Heat. — The principal sources of heat
are the sun; the interior of the earth; mechanical sources
" such as friction, impact, and compression, in which work is
changed into heat; echemical action, in which chemical
energy is transformed into heat; and amimal heat, which,
being due to oxidation, is only a form of chemical action.
That the sun is a source of heat needs no proof, while
the experience of miners working in deep mines proves
that there is internal heat, the temperature rising as the
distance from the surface increases.

249, Friction. — There are many familiar examples of
the heating effects of friction. The train of sparks that
fly from a sleigh runner as it passes over a stone, and the
sparks that come from a car wheel when the brake is
applied, both show that great heat is generated by the
frietion; for the sparks are burning steel. The hands are
warmed by rubbing. A match is set on fire by friction,
and a piece of wood in a turning lathe is charred when
the corner of another piece is held against it.
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250. Impact. — When two bodies meet in collision the
effect of the blow is to increase the rate of vibration of the
molecules, and hence to raise the temperature of the bodies.

ExpERIMENT 116. — Rest one end of an iron rod upon an anvil

and strike it a dozen blows with a heavy hammer. Observe any
change in the temperature.

251. Compression. — When a gas is suddenly compressed
there is a corresponding sudden rise in its temperature.

LxpervENT 117. — Close-the rubber tube leading from a large
bicycle pump with a clamp. Raise the piston the full height and
suddenly force it down. Observe any change of temperature that has
taken place in the lower end of the pump.

252. Chemical Action. — Many chemical combinations
give rise to heat. The most familiar of these is com-
bustion. The burning of a match or of coal is an example
of the heat derived from chemical action.

Experivent 118, —Into a test tube pour 4 c.c. of water. Pour
slowly into this water 1 c.c. of concentrated sulphuric acid. The acid
and water were both at the temperature of the room. Place a ther-
mometer in the mixture. What change has taken place?

253. The Transmission of Heat. — When two bodies are
brought in contact with each other, each communicates a
part of its molecular energy, or heat, to the other. If the
two bodies are of the same temperature, each receives as
much as it imparts and there is no change in the temper-
ature of either. If, however, the body 4 is of a higher
temperature than the body B, it gives more heat than it
receives, and its temperature is lowered by an amount
which is dependent upon the difference between these
temperatures; while the body B has its temperature
raised, and we say heat has been transmitted to it. Heat
can be transmitted in three ways— by conduction, by con-
vection, and by radiation.
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954, Conduction. — ExeperimExT 119. — Hold in the hand one
end of a copper wire 10 cm. long, and heat the other end in the flame
of a Bunsen burner. The end in the flame will become red-hot, and
in a short time the end in the hand will become uncomfortably warm.

This method of transmission, by which the heat is
transferred from molecule to molecule along the body, is
called conduction.

If the same experiment is made with a glass. tube, the
glass can be melted to within 4 or 6 cm. of the fingers
without burning them, while a stick can be burned to the
very fingers without harm.

These three examples illustrate bodies that are good,
mediwm, and poor conductors of heat. A good conductor
feels either warmer or colder than a poor conductor of the
same temperature. This is due to the fact that it conveys
its heat to the hand, or takes heat from the hand, more

readily than the poor
conductor. Liquids as a
class are poor conductors
of heat.

ExperiveENT 120. — Put
some pieces of ice in the
bottom of a test tube. Fasten
them there with a coil of wire.
Pour in water until the tube
is nearly full, and then hold it
over a Bunsen burner so that

= the heat will be applied at a

Fig. 212 point covered by the water.

In this way the water in the

upper part of the tube may be boiled while there is ice in the bottom
only a few centimeters away.

255. Convection. — The specific gravity of liquids and
gases diminishes as the temperature increases, and as the
molecules are free to move there is set up an ascending cur-
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rent wherever any part of the liquid or gas is heated above
the rest. These currents are called convection currents.
ExperiMENT 121. — it a rubber stopper with two holes to the
mouth of a thin‘glass flask. Through these holes thrust two glass tubes
about 8 em. long, making the end of one
nearly even with the top of the stopper,
and the other nearly even with the bottom.
Fill the flask with colored water and heat
it. Put in the stopper and sink the flask
in a large glass of cold water, as in Fig.
213. Convection currents will be set up
by the warm water coming out of one tube
while the cold water goes in the other. In iy
which will the cold water go? 213
A very useful practical application of convection cur-
rents in liquids is that of heating houses by hot water.
In this method the water is heated by a boiler placed near
the lowest point of the circuit of pipes. The heated water
rises through the pipes and is returned again to the boiler
when cooled.

256. Convection in Gases. — Air that is in contact with
a heated surface becomes itself heated, and since an in-
crease in temperature causes a corresponding decrease in
the specific gravity of a gas, a convection current is set
up. This can be shown by lighting a piece of touch-
paper and holding it over a piece of heated metal, when
the smoke will rise with the currents of air.

Note.— Touch-paper is made by dipping filter paper or blotting
paper into a solution of saltpeter. When dry it will burn without
flame but will give off smoke freely.

ExperimENT 122. — Set a short piece of candle in a saucer and
light it. Set over it a chimney from a student lamp. Pour water
enough into the saucer to prevent air going into the chimmney from
the bottom, and the candle will burn but a short time, and then
will go out. Why? Cut a piece of tin of the shape shown in (a) in
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Fig. 214, and put it down the chimney with the notch resting on the
top. The candle will now go on burning. Why? Examine the air
on both sides of the tin division, by the smoke from touch-paper.

Fic. 214 Fia. 2156

25'%. Ventilation. — The above experiment shows the
need of renewing the air in order to support combustion.
It also shows how this is secured by means of convection
currents. A room may be ventilated by burning a gas
flame in a flue in the wall, as in Fig. 215. Heated air
being lighter than cold, the air in the flue is forced upward
by the greater downward pressure of the air in the room.

258. Radiation of Heat.— The third method by which
heat may be transferred from one body to another is by
radiation. If the open hand is held in front of a stove,
the radiant energy sent out by the fire is received on the
hand and it becomes warm, though the air may not feel
warm. If a screen is placed between the stove and the
hand the radiation is cut off. The earth receives heat from
the sun in the form of radiant energy. This comes from
the sun as a wave motion in the ether which fills all space.
When these vibrations are received by a body they set its
molecules into more rapid vibration, which raises the tem-
perature of the body, and we say the body receives heat.
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259. Laws of the Radiation of Heat.

I. Radiation takes place in straight lines. This law is
true in a homogeneous medium only, that is, in one that has
the same physical structure throughout.

II. Radiation takes place through a vacuum as well as in
the air. This results from the nature of the radiation,
for the medium by means of which the radiation takes
place is the ether and not the air. If this law were not
true we should receive no heat from the sun.

ITI. The intensity of radiant heat is proportional to the
temperature of the source.

IV. The intensity is inversely proportional to the square
of the distance.

Suppose A (Fig. 216) is a source of heat. Suppose
this to be at the center of a hollow sphere of which the
radius is AB. All the heat radiated
in a given time will be received on
the surface of this sphere. If now
this sphere is replaced by a larger one, ‘
of which the radius is A, the same
amount of heat will be received by
the surface of the larger one as was
received by the surface of the smaller
one in the same time. But the areas of these surfaces are
directly proportional to the square of their radii; hence
the quantities received on equal amounts of surface of the
two spheres will vary inversely as the square of the dis-
tance from the source. A similar course of reasoning will
prove the law of intensities.

c

F1a. 216

260. The Reflection of Radiant Heat. — Experiment
proves that radiant heat is reflected in accordance with the
following laws :
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I. The incident and reflected rays are in the same plane.

II. The angle of reflection vs equal to the angle of incidence.

ExperiMeNT 123.—Pour a little water in a flask, fit a rubber
stopper with two holes to it, and through one of them pass the stem

of an air thermometer A (Fig. 217). Place a red-hot iron ball in a

support B. Set up a screen S, to cut off all direct radiation toward
A. Place a mirror at M, and a position can easily
be found where the heat will be reflected upon A.
This will heat the air and drive out part of the
water from the stem. The bulb of the air ther-
mometer should be blackened to secure the best
results.

261. The Radiometer is an instrument
used to detect radiant heat. It consists
of a glass bulb inclosing two arms of alu-
minum crossing each other at right angles
and carrying at each end an aluminum disk.
One side of each disk is coated with lamp-
black while the other is bright. These
arms are fastened horizontally to a wverti-
cal shaft which can rotate with them, being

supported by a projection at the bottom of the bulb.
When -these disks are subjected to the action of radiant
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heat they set up a rotation, the velocity of which is depend-
ent upon the intensity of the heat received.

This apparatus can be used to show the reflection of
heat as follows :

ExpERIMENT 124.— Procure two concave mirrors M and 3. In
the focus of M place the radiometer and in the focus of M’ place an

Fic. 219

iron ball heated nearly to redness. Do not place the ball so near to
the radiometer that there will be any rotation due to direct radiation.
When the ball and radiometer are in the foci of their respective mir-
rors, the radiometer will set up a brisk
rotation due to reflected radiation.
ExperiMeNT 125.—Make a light-
tight box, large enough to hold a
radiometer. Heat a flat piece of cast-
iron or brass nearly to a red heat and
fasten it to the inner face of the door
of the box. Put the radiometer into
the box and close the door. Leave it
closed for about a minute and on
opening it the radiometer will be
found to be rotating. Is it heat or = =
light that produces the rotation ? Fic. 220

262. Radiating and Absorbing Powers. — The radiating
power of a heated body depends upon its temperature and
the character of its surface. A body with a smocoth,
brightly polished surface has a low radiating power, while
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if it is of the same material but with a dull surface its
radiating power is greater. Bodies that absorb heat
readily are good radiators and poor reflectors. The power
of absorption depends somewhat upon color. This can be
shown by placing two pieces of cloth upon the snow, one
black and the other white. It will be found that when
the sun shines upon them the black piece will absorb heat
and melt its way into the snow, while the white will not.

263. Selective Absorption. —The extent of the absorp-
tion depends, in some substances, upon the temperature of
the source of heat.

ExperiMENT 126.— Set the radiometer in front of a fish-tail gas
flame so near that it will rotate briskly. Place a pane of glass between
them. Nearly all the radiation will be absorbed and the rotation will
nearly stop. Set the radiometer in the sunshine. After it is in mo-
tion hold the glass plate between it and the sun. Does it stop?

This fact, that glass will permit the radiation from the
sun to pass through, but will absorb that from bodies of
much lower temperature, is of great importance, since the
radiation from the sun enters our rooms through the win-
dows and heats them, while the heat from stoves and
radiators cannot pass out.

This radiation that comes from the sun and passes
through the glass is called luminous heat. That which is
absorbed by the glass and comes from bodies of compara-
tively low temperature is called nonluminous heat.

Substances like rock salt, which permit radiant heat to
pass through them readily, are called diathermanous, while
those like glass, alum water, ete., that absorb radiant heat,
are called athermanous.

ExperivENT 127.— Place a flat battery jar between the radiometer
and the sun. Does the rate of rotation change? Fill the jar with
water. Is there any greater change? Repeat with alum water, and
salt water. Which is the most diathermanous?
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The vapor of water in the air absorbs nonluminous heat
to a great degree. Iixperiments by Tyndall show that the
absorptive power of air containing the average amount of
vapor is over 70 times that of dry air. The effect of this
is to permit a large share of the radiation from the sun to
come through and warm the earth during the day, because
it is luminous heat, but to prevent the heat of the earth
from radiating into space at night.

PRACTICAL QUESTIONS AND PROBLEMS

1. What is the cause of a *hot box” on a railway car?

2. Explain the lighting of a match.

3. Why is the handle of a flatiron made of wood rather than of
iron ?

4. Suppose you have a quantity of hot water which you wish to
cool by setting it in a cold room. Would you put it in a tin or a
wooden pail? Why?

5. Make a diagram of the walls you would build for an ice house,
and explain.

6. What is the effect of double windows on a house? Why?

7. Show by a figure how a house may be heated by a hot-water
system.

8. Do the same for a hot-air system, and state the advantages and
disadvantages of both systems.

9. Explain the origin of winds.

10. Why is it hotter in the sunlight and colder in the shade on the
top of a mountain than in a low valley ?

11. 'What is the result of using a glass fire screen ?

12. In sunny days in the winter dead leaves, or any other dark-
colored bodies blown upon the surface of the snow, soon melt their
way below the surface. Why?

13. Explain the effect of the glass in a greenhouse upon the heat
that comes from the sun, and upon that that comes from the inside of
the house.

LABORATORY WORK

1. If there is a turning lathe in your laboratory, turn a eylinder
of soft pine, and then hold a small hardwood stick upon the surface
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until you have burned several rings upon the pine. What does this
show?

2. Select a number of wires of different metals, such as copper, iron,
brass, German silver, ete., and fit them in holes drilled in a brass ring.

Cover them with a thin layer of paraflin
and support the ring so that the flame of a
Bunsen burner can be passed through it.
Watch the melting of the paraffin, and when
it has melted nearly to the end of the first
wire, remove the flame and measure the dis-
tance melted on each wire. Arrange the
metals used in the order of their conduc-
tivities.
Fia. 991 3. Till a tall glass jar with hot water col-
ored with aniline dye. Hold the corner of a
piece of ice in the surface of the water and observe the resulting
current.

4. Get two tin boxes of the same size, cut a hole in the top of each,
and insert in it a rubber stopper carrying a thermometer. Paint one
of the boxes with lampblack and leave the other bright. Fill them
with water of the same temperature and then set them ouf in the
bright sunshine for a half-hour. Read the thermometers and explain.

5. Fill the same boxes with hot water. Set them in a cool place
for a half-hour. Read the thermometers and explain.

6. Light a fish-fail burner and at a distance of 1 m. place a
radiometer. Count the number of revolutions per minute. Move it
5 cm. nearer the flame and again count the revolutions. Repeat,
moving the radiometer 5 cm. nearer each time, until it is so near the
flame that you can no longer count the revolutions. From the result
of this experiment make a curve, laying off distances from the flame
along the horizontal axis, and number of revolutions per minute along
the vertical axis. This gives a very satisfactory curve if the radi-
ometer is a good one.

III. EXPANSION AND VAPORIZATION
264. The Measurement of Expansion. — () Solids. —It
was proved in Experiment 112 that when the temperature
of solids increases, they expand; but that experiment gives
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little idea of the amount of this expansion. There is,
howeyver, a definite relation between a change in the tem-
perature of a body and its corresponding expansion,—a
relation which may be represented by the formula

L' = L(1 + Kt). (48)
In this formula L is the length of the body at zero; L/
its length at ¢°; ¢ its temperature; and X the coefficient of
linear expansion, or- the amount of expansion per unit of
length for a change of one degree in temperature. To deter-
mine the value of this coefficient for metals requires very
accurate apparatus and most careful experimental work.

Fig. 222

An approximate determination may be made, however, by
the uise of simple apparatus, such as is shown in Fig. 222.

The largest part of this is a brass tube through which
passes from end to end a bar of the metal to be tested.
Near each end of this tube is a smaller one through which
steam can be passed. The metal bar is fastened at one end
and at the other it acts against the short arm of a lever,
the long arm of which acts as a pointer. A thermometer
at the middle of the tube determines the temperature.
Readings are taken first when ice-cold water is circulating
through the tube, and again when the tube is filled with
steam. The real expansion can be calculated from the
values of the scale readings and the relative lengths of
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until you have burned several rings upon the pine. What does this
show ?

2. Select a number of wires of different metals, such as copper, iron,
brass, German silver, efe., and fit them in holes drilled in a brass ring.
Cover them with a thin layer of paraffin
and support the ring so that the flame of a
Bunsen burner can be passed through it.
Watch the melting of the paraffin, and when
it has melted nearly to the end of the first
wire, remove the flame and measure the dis-
tance melted on each wire. Arrange the
metals used in the order of their conduc-
tivities.

3. Fill a tall glass jar with hot water col-
ored with aniline dye. Hold the corner of a
piece of ice in the surface of the water and observe the resulting
current.

4. (et two tin boxes of the same size, cut a hole in the top of each,
and insert in it a rubber stopper carrying a thermometer. Paint one
of the boxes with lampblack and leave the other bright. Fill them
with water of the same temperature and then set them out in the
bright sunshine for a half-hour. Read the thermometers and explain.

5. Fill the same boxes with hot water. Set them in a cool place
for a half-hour. Read the thermometers and explain.

6. Light a fish-tail burner and at a distance of 1 m. place a
radiometer. Count the number of revolutions per minute. Move it
5 cm. nearer the flame and again count the revolutions. Repeat,
moving the radiometer 5 cm. nearer each time, until it is so near the
flame that you can no longer count the revolutions. From the result
of this experiment make a curve, laying off distances from the flame
along the horizontal axis, and number of revolutions per minute along
the vertical axis. This gives a very satisfactory curve if the radi-
ometer is a good one.

ITI. EXPANSION AND VAPORIZATION
264. The Measurement of Expansion. — (a) Solids. — It
was proved in Experiment 112 that when the temperature
of solids increases, they expand; but that experiment gives
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little idea of the amount of this expansion. There is,
however, a definite relation between a change in the tem-
perature of a body and its corresponding expansion,— a
relation which may be represented by the formula
L'=L{ + Kt). (48)
In this formula L is the length of the body at zero; L
its length at ¢°; ¢ its temperature; and K the coefficient of
linear expansion, or the amount of expansion per unit of
length for a change of one degree in temperature. To deter-
mine the value of this coefficient for metals requires very
accurate apparatus and most careful experimental work.

Fig. 222

An approximate determination may be made, however, by
the uise of simple apparatus, such as is shown in Fig. 222.

The largest part of this is a brass tube through which
passes from end to end a bar of the metal to be tested.
Near each end of this tube is a smaller one through which
steam can be passed. The metal bar is fastened at one end
and at the other it acts against the short arm of a lever,
the long arm of which acts as a pointer. A thermometer
at the middle of the tube determines the temperature.
Readings are taken first when ice-cold water is circulating
through the tube, and again when the tube is filled with
steam. The real expansion can be calculated from the
values of the scale readings and the relative lengths of
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the lever arms. When we know the real expansion for a
change of 100 degrees we can easily find the amount of
expansion per unit length for

Pine -00000608 one degree, and this is the co-
White Glass 00000861 efficient of linear expansion.
Platinum 00000884 The values of this coefficient
GaniTron 00001125 for various substances are
Tempered Steel | 00001239 given in this table.

Corper SIS 265. Effects of Expansion
Brass .00001878 in Solids. — The difference in
Aluminum 00002313 temperature between the cold-
Mercury 00018180 est winter days and the hot-
Toe 0000640 test days of summer is enough

to make a perceptible change
in the length of long pieces of metal, such as wires. Tele-
phone and telegraph wires sag more in summer than in
winter. Suspension bridges, like the Brooklyn bridge,
are several inches higher in the middle in midwinter than
in summer. Wagon tires are put on while hot, and on
cooling contract and hold the wheel firmly together.
Bridge work and steam boilers are put together swith
red-hot bolts, so that the parts may be more firmly held
together when the bolts are cool.

The effect of expansion may be observed in the filament
of an incandescent lamp. On turning on the current the
filament will be seen to twist even before it is red-hot, and
it will not stop until it is incandescent.

266. The Measurement of Expansion. — () Liguids. —
The use of liquids, such as mercury and alcohol, in ther-
mometers, depends upon their expansion. Since the liquid
in this ease is inclosed in glass, it is not the real expansion
of the liquid, but its apparent expansion, that we use.
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ExpERIMENT 128, — Select two test tubes as nearly of a size as pos-
sible. [Fit them with rubber stoppers of the same size, and through
each stopper fit a glass tube 20 em. long and about 83 mm. inside diam-
eter. Fill one of the test tubes with water and the other with alcohol,
pushing in the stoppers until the liquids rise in the tubes to the same
height. Lower both test tubes at the same time into water at 70° and
observe the position of the liquids in the tubes. Do they expand
equally ?

The coefficient of the apparent expan-
sion of water in glass may be determined
by the apparatus shown in Fig. 223. A
piece of glass tubing A is fused at the
upper end to a small glass tube B, and at
the lower end has a stopcock €. This
tube holds 100 c.c. of water at 4°, and
the small tube is graduated to read thou-
sandths of a cubic centimeter. After be-
ing filled to the zero mark with water at
4°, the tube is put into a tall beaker and
the water is slowly heated. The tem-
perature is read by the thermometer 7,
both when the water is heating and when
it is cooling, and the average readings of
the tube B are taken. The amount of the
expansion divided by the product of 100 x (¢°—4) will give
the coefficient of the apparent expansion of water in glass.

267. Effects of Expansion in Liquids. — Since liquids
expand on being heated, it is evident that a liquid is
lighter when it is warm than when it is cold. An im-
portant application of this principle is made in heating
buildings with hot water. By this method the water is
heated in one part of the system of pipes and on rising
passes through the radiators, heats them, and descends
again to the heater.

Fic. 223
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268. The Measurement of Expansion. — (¢) Gases. —
The expansion of air can be shown, and its coeflicient ap-
proximately determined, by the following experiment :

Exprrivent 129. — Place the bulb and most of the stem of an air
thermometer below the surface of ice-cold water in a tank. When it
is cooled to zero, place it entirely
below the surface of the water, with
the tube in a horizontal position.
Siphon out cold water and pour in
warm until the temperature is 60°
This will expand the air, which will
bubble out of the end of the tube.
Take the temperature when the last
: bubbles come out, and then pub ice
in the dish until the water is again at zero. Water will now pass
into the bulb to take the place of the displaced air. Wipe the outside
of the bulb and stem dry, and weigh. Fill the bulb and stem full of
water at zero, and weigh. These two weights, compared with the
weight of the bulb when it is full of air, will give the coefficient of
expansion.

Experiment shows that the coefficient for air and other
gases i8 yiy, or nearly .003665. This means that a volume
of 273 c.c. of air at 0° would become 274 c.c. at 1°, and

988 c.c. at 15°, provided the pressure remained unchanged.

269. The Law of Charles. — The relation between tem-
perature and volume in gases is shown by the Law of
Charles as follows : _

Under a constant pressure the volume of a given mass of
gas is proportional to its absolute temperature.

970. Effect of Expansion in the Air. — The effect of
heat upon air may be seen in the currents that are set up
near a heated surface. The air next the surface becomes
warmer and lighter, and cooler air displaces it. This
sets up an ascending current over the heated area, and
a horizontal current at near-by places. If this heated
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surface is an extensive tract of the earth, the result will
be the setting up of violent winds toward it.

271. Changes of Physical Condition. — If, when the tem-
perature is several degrees below zero, a piece of ice is
brought into a warm room, its temperature rises until it is
at zero, and its volume increases. If now more heat is
applied to it, it melts to a liquid, then heats to 100°, and
then boils away. In the course of this process there has
been one change of the body from a solid to a liquid, and
another from a liquid to a vapor. A similar change of
physical condition ean be brought about with most solid
bodies if only the proper change of temperature can be had.
A piece of iron can be changed to the liquid form, but in
order to do this a temperature of 1500° must be reached.

272. Fusion. — The change from a solid to a liquid asa
result of the application of heat is called fusion, or melt-

ing. The temperature at which a solid melts is called its
melting point. The laws of fusion are as follows:

I. Bvery solid having a ecrystalline structure begins to
melt at a certain fived temperature that is always the same
Jor that substance if the pressure is constant.

II. The temperature of a melting
solid remains unchanged from the
time melting begins until the body
18 entirely melted.

ExpermveNT 130. —Draw down the
end of a glass tube until its outside
diameter is not more than 1 mm. Melt
some heeswax in a watch glass and draw
the small end of the tube full by suction.
Let this cool, and tie the tube to a ther- —
mometer in such a position that the wax
will come opposite the bulb. Place them Fia. 225
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in a beaker of warm water (Fig. 225), apply heat from a Bunsen
burner, and read the thermometer just as the wax melts. Remove
the burner and let the bath cool. Read the thermometer just as the
wax solidifies, and take the mean of the two readings for the melting
point of the wax.

TABLE oF MELTING PoIiNTs

Alcohol . — 130.50° Lead 335°
Mercury . . —38.8° Silver . ; 3 954°
Ice . 4 ¢ 0° Copper . . 1054°
White wax . 65° Iron . : 3 1500°
Sulphur . 5 114° Platinum . . 1775°

273. Solidification is the reverse of fusion, and takes
place when a liquid is cooled below its melting point.
The temperature at which any substance solidifies is the
same as the melting point, and in some substances, as
water and mercury, this temperature is called the freezing
point.  Every liquid on solidifying gives off an amount
of heat that is equal to the heat required to melt it. The
freezing point of vegetables is a little lower than the
freezing point of water. For this reason pans of water
are sometimes placed in vegetable cellars, so that by its
freezing it may give out heat enough to keep the air
above the freezing point of the vegetables.

274. Vaporization.— When heat is applied to water its
temperature is raised, which means that the velocity of its
molecules is increased. As they strike against the surface
of the water many of them force their way through this
surface and pass into the air, where they exist as molecules
of water vapor. The number of molecules that pass into
the air increases with their velocity or temperature.
When the temperature is below the boiling point the
process is called evaporation. When it is at the boiling
point the process is called ebullition or boiling.
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275. Laws of Evaporation.

I. Evaporation increases with the temperature.

11. Ewaporation s directly proportional to the surface of
the liquad.

II1. Evaporation is inversely proportional to the pressure

upon the liquid.
IV. Evaporation decreases as the air becomes saturated.

Evaporation takes place even at very low temperatures.
A block of ice left for a few days in a place where the
temperature is below zero, will lose a considerable amount
by evaporation. Wet clothes hung out on a cold winter
day will freeze at once, but will soon become dry.

Air is said to be saturated with moisture when it will
hold no more at that temperature. If the temperature is
now raised, more evaporation can take place, but if it is
lowered, condensation will take place. :

276. The Dew Point. — ExprrmvesT 131.—
Pour ether into a test tube until it is half full, and
put a thermometer into it. Bend a tube ab right
angles and place in the test tube as in Fig. 226.
Conneet the short end with a long rubber tube and
blow gently through the ether. The ether will evap-
orate and the temperature will rapidly fall. Watch
the surface of the lower end of the test tube and
take the reading of the thermometer when moisture
first appears on the outside. Now stop blowing
through the ether, and ifs temperature will rise. Take
a second reading of the thermometer when the mois-
ture disappears. The average of the two readings
will be the dew point.

In connection with the above experiment Fie. 226
the temperature of the air should be taken
by another thermometer. If the difference in the readings
of the two thermometers is great, it shows that the air
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is far below the point of saturation, but if this difference
is little, it shows that the air is nearly saturated, and that
a slight fall in the temperature would cause moisture to
be deposited.

Fogs, clouds, rain, and snow are examples of the results
of lowering the temperature of the air below the dew point.
The most oppressive days in summer are those in which
the air is nearly saturated with water vapor.

277. Boiling. —If a quantity of fresh water is placed
over a source of heat the first effect will be the gathering
of air bubbles on the sides of the dish. This comes from
the air dissolved in the water. After a time these bubbles
break away from the sides and bottom and rise to the sur-
face. Soon bubbles of steam are formed which rise to the
top. All this time the temperature of the water has been
rising, but soon a point is reached when the steam is

formed very rapidly and rises to the surface with consid-
erable violence. The temperature now stops rising and
the liquid is said to boil.

ExperiMenT 132. —Heat water in a beaker to 60°
and remove the flame. Fill a test tube half full of ether
and put it, together with a thermometer, into the hot
water, ag in Fig. 227. Determine the boiling point of
ether in this way.

Note.— A flame must not be brought near the ether,
as its vapor is very inflammable.

ExpermMENT 133. — Make the same experiment
with aleohol and find its boiling point. Does the
alcohol boil if you heat the water to only 60° at first?

ExperiMENT 134.— Fill a round-bottomed flask half

full of water. Boil this over a Bunsen burner, and when the steamn
is coming freely from the neck remove the burner and put a stopper
in the mouth of the flask. Invert the flask in a ring support, as
shown in Fig. 228, and pour cold water over it. This will con-
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dense the vapor above the water and reduce the pressure upon its
surface. As a result the water will begin to boil vigorously, showing
that if the pressure is reduced the boil-
ing point is lowered.
This effect of pressure upon
the boiling point is seen upon
the top of a high mountain,
where water boils at so low a
temperature that food cannot be
cooked by boiling. A change
of altitude of approximately
960 ft. makes a difference of
one Centigrade degree in the "
boiling point.  Advantage is Fra. 298
taken of this effect in the mak- ;
ing of sugar, where vacuum pans are used to evaporate the
solution without burning it. In the extraction of glue
from bones and hides the pressure is increased and the
boiling point correspondingly raised.

278. The Spheroidal State. — Whenever water is thrown
upon a very hot metallic surface, a condition called the
spheroidal state is set up. The effect of the heated surface
1s to vaporize a little of the liquid, so that the remainder
does not rest directly upon the metal, but upon a cushion
of steam. This by its constant movement keeps the
liquid in rapid vibration. If the metal surface cools and
the liquid comes in contact with it, a sudden production
of steam is the result. Steam boiler explosions have re-
sulted from the water in the boiler getting low, and then
cold water being suddenly turned on after the boiler had
become red-hot above the water line.

ExperiveNT 135.— Place a smooth tin or brass plate upon a tripod
and heat it with a burner. Drop a few drops of water upon it with
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a pipette. After the spheroidal condition is set up, remove the flame
and let the plate cool. What oceurs when the water touches the plate?

279. Condensation of Vapors.— The condensation of a
vapor to a liquid is brought about by either lowering its
temperature,or increasing its pressure,or both. Sinceevery
liquid has its own boiling point, it is possible to separate a
liquid from substances which it holds in solution by boil-
ing the solution and condensing the vapor. This process
is called distillation.

The essential difference between vapors and gases is one
of temperature and pressure. Some liquids exist in tem-
perate climates as liquids, while in tropical climates they
are gases. Kther is an example. If a'gas is subjected to
great pressure, and at the same time has its temperature
reduced, it reaches a point at which it becomes a liquid.
The air is now liquefied by this method,and forms a colorless
liquid with a temperature of — 191°C. at the atmospheric

pressure. In other words, the boiling point of liquid air at
the ordinary pressure of the atmosphere is — 191°C.

ExpERIMENT 136.— Arrange apparatus as shown in Fig. 229.
Pass cold water in at the lower end of the water jacket and let it run
out at the top. Put a mixture of equal parts of aleohol and water in
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the flask. Boil it until about a third of the mixture is condensed in
the beaker. Remove the flame and test the distillate by setting it on
fire. Test the mixture remaining in the flask in the same way.

280. Fractional Distillation. — Since every liquid has its
own boiling point, it is quite possible to separate a mixture
of several that have different boiling points, by the process
called fractional distillation. When crude petroleum is
distilled, as soon as the boiling begins it is kept at that
temperature until no more distillate comes over. This
most volatile part of the oil having been removed, the
temperature is now raised a few degrees, boiling begins
again, and the petroleum is kept at that temperature as
long as any vapor comes over ; and so on until nothing is
left but a thick sirup. The product that comes off last is
the highest grade of all.

PRACTICAL QUESTIONS AND PROBLEMS

1. How much will a brass box 10 ft. long expand on changing
from 0° to 24°7?

2. Why is platinum wire always used when a wire is to be fused
into a glass tube ?

3. Suppose the point of a Bunsen flame to touch the middle of the
bottom of a Florence flask filled with water. Make a drawing of
the convection currents that will be set up.

4. What will be the volume of a mass of air at 23°, if its volume
at 0° is 625 c.c.?

5. Show by a figure the direction of the trade winds in the northern
hemisphere, and explain the reason for this direction.

6. Explain the bursting of water pipes on freezing.

7. What weight of water will be evaporated from the surface of a
lake 100 ft. square in 10 hours, if an experiment shows that evapora-
tion is going on ab the rate of .003 in. in 30 minutes ?

8. Why is sea water distilled before being used in the boilers of
steamships ?

9. What is the effect of placing a beaker of water at 80° under the
receiver of an awr pump and then exhausting the air ?
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10. The Dead Sea is 1306 feet below the sea level. At what tem-
perature will water boil there? Below or above 100°?

11. Mount MeKinley is 20,464 feet above the sea level. At what
temperature will water boil there?

LABORATORY WORK

1. Prepare two rods of the same length and diameter, one of steel
and one of brass. Fit them to the apparatus shown in Fig. 222, and
determine the coefficients of expansion.

Nore. — The student must not expect to get results that are very
accurate, but the difference in the expansion of the two metals will be
plainly shown.

2. Determine the expansion of water in glass by the apparatus
shown in Fig. 223. Apply heat slowly and take two sets of readings,
one on heating and one on cooling. Take the average of the two read-
ings as the true reading. Male a curve from the results obtained, with
expansion laid off horizontally and temperatures vertically.

3. Determine the melting pointof butter, lard, paraffin, and beeswax.

4. Wrap the bulb of a thermometer with a thin coat of cotton.
Read the temperature. Wet the cotton with water and after a few
minutes read again. Pub on a dry piece of cotton and wet it with
ether and read again. What is the effect of evaporation?

5. Using a hook gauge as shown
in Fig. 230, measure the evaporation
(@) in the room, (b) in the draught of
an open window, (¢) in the open air.
The hook is moved up and down by
the micrometer screw to which it is
3 fastened. The point of the hook should
be lowered beneath the surface of the
water and then raised until it touches
this surface from below. On looking
across the surface of the water as on a
mirror, the slight distortion of the sur-
- face that is caused by the hook touching
s it can be seen very readily.

6. Pour 100 c.c. of water into a flask and then dissolve in it 10 g.
of salt. Distill the solution, keeping the first 10 g. of the distillate
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in one beaker, the second in another, and so on. Test each distillate
for salt by tasting. Pour out the solution left in the flask. Wash the
flask thoroughly and redistill the first 10 g.in which you can taste
the salt. What is the effect of redistilling ?

IV. CALORIMETRY

281. The Measurement of Heat. — In order to measure
the quantity of heat that is given to a certain amount of
water, two things must be considered: the mass of the
water and the change of the temperature.

Since there are different units of mass and different
thermometric scales, several thermal units are possible.
The two most important are defined as follows: the quan-
tity of heat required to raise 1 g. of water through 1° C.
is called a calorie; the quantity of heat required to raise
11b. of water through 1° ¥. is called a British thermal unit
(B.T.U.). French engineers also use a unit 1000 times as
great as the calorie, 7.e., 1 kg. of water is the basis instead of
1 g. The measurement of the heat used in changing either
the temperature or the physical condition of a body is
called calorimetry.

282. Specific Heat.—
ExperiMENT 137. — Select
two beakers of the same
size and fill one of them two
thirds full of water. Pour
the same weight of alcohol
into the other. Make a
stirring fan for each by
cutting two slits in a rec-
tangle of thin copper, and
fitting it on the bulb of
a thermometer as in (a) in Fre. 231
Fig. 231. Put the stirring
fans in the beakers and read. Set both beakers in a tank of hot
water, at 75°% say. Stir the contents of the beakers by twirling the
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thermometer stems between the thumb and finger, and read the ther-
mometers at the end of every minute. Which liguid heats the more
rapidly? The experiment can be made more aceurate by using beakers
of such sizes that the surface of each covered by the liquid inside is
the same.

If, in the above experiment, the liquids have the com-
mon temperature 18° at the beginning of the experiment,
it will be found that when the water reads 50° the alcohol
will read about T0°. If no correction were needed for the
heat given to the beakers it would read 71.5°. This
means that the same heat that will raise a certain mass of
water through 82° will raise an equal mass of alcohol
through 53.5°.

The ratio between the quantity of heat required to raise
the temperature of a certain mass of any substance one
degree, and the amount required to raise the same mass of
water one degree, is its specific heat ; or, the number of calo-
ries required to change the temperature of 1 g. of a substance
1°C., is uts specific heat.

The specific heat of various substances is given in the fol-

lowing table :
TaBLe oF SPECIFIC HEAT

Water 5 s 1.000 Aluminum 0.214
Ice . : . 0.502 Iron . L : 0.113
Steam « . 0480 Copper . . 0.094
Ether SR 0.516 Mercury . : 0.033
Alecohol . . 0.620 Lead . ; i 0.031

283. The Measurement of Heat. — A convenient method
for measuring the specific heat of a body is the method of
miztures. This method depends upon the fact that when
two bodies that are at different temperatures are put
together, the temperature of one will fall and that of the
other will rise until they have reached the same tem-
perature. - It also depends upon the principle that the

o
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heat absorbed by the cool body in heating is exactly the
amount given out by the hot body in cooling.

ExamprLe. — T'wo pounds of fine shot at 90° were poured into one
pound of water at 15° and the resulting temperature was 20°. What
was the specific heat of the shot?

The quantity of heat given out by the shot in cooling = mass x
change in temperature x specific heat. The quantity of heat absorbed
by the water in heating = mass x change in temperature x specific
heat, or
: Mis = M), (49)
hence, since the specific heat of water = 1,

el =2 Sl e

5
=—=.036
or § 140

284. Latent Heat of Fusion. — If heat is applied to a
bealer of crushed ice, it will be noticed that while the ice
is being melted the temperature of the resulting water is
the same as that of the ice, ¢.e. zero. The effect of the
heat is not to change the temperature, but to change the
physiecal state from solid to liquid.

The number of heat units required to melt one unit of
mass of a substance without raising its temperature is the
latent heat of fusion of the substance. When the substance
solidifies, the same amount of heat will be given out.

ExPERIMENT 138. —Pour 500 c.c. of water at 80° into a beaker,
and into this put 150 g. of cracked ice as dry as possible. Stir the ice
until it is melted and take the resulting temperature of the water. It
will be found to be about 43°.

The latent heat of fusion of ice can be found from the
above experiment as follows: The heat given out by
the 500 c.c. of water is used in melting the ice and raising
the resulting water to 43°.

Heat given out by water==500 (80°— 43°) x 1=500 x 87
= 18500 ealories.
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Heat taken up by ice in melting = 150 x Latent Heat
= 150 L calories.

Heat taken up by resulting water =150 x 48 x 1
= 6450 calories.

.. 150 L + 6450 =18500
150 L =12050
=50y

This means that it takes as much heat to melt a pound
of ice as it would to raise one pound of water from 0°
to about 80°.

285. Latent Heat of Vaporization. —When heat is applied
to a beaker of water its temperature will rise until the
boiling point is reached. After this no further increase in
the temperature will take place, however rapid the boiling.
By continuing the experiment the water can all be changed
into vapor. The number of heat units required to vaporize
one unit of mass of a liquid without changing its tempera-
ture is its latent heat of vaporization. When the vapor
changes to a liquid the same amount of heat will be given
out. Experiment has shown that the latent heat of vapor-
ization of water is 537. This means that the heat required
to hoil away one pound of water is 5.87 times as much as
is required to raise its temperature from zero to 100°.

286. Curve of Heat Effects. — A very effective way of
showing the relation between the heat units applied and
the effects produced is that used in Fig. 282. This shows
by a curve the relation between the heat units and these
changes when heat is applied to 1 g. of ice at — 18° until
the latter is changed into steam at 120°. Horizontal dis-
tances represent heat units and vertical distances represent
change of temperature.
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Since the specific heat of ice is .5, Mis =1 x 18x.5=9
calories required to raise the ice to zero.« 80 calories will
be required to melt it; 1 x 100 x 1 = 100 calories to raise
the water to 100°; 537 calories to vaporize it; and, sinde
the specific heat of steam is .48, Mis=1 x 20 x .48 =
9.6 calories to raise the steam to 120°. The total calories

‘Water at 100° Vaporizing

Joa®

—et ],

Tee at 0° Melting e E
% SOH.U.  Waterat 0° 100 H.U.
&3 ~
TiLU. Fia. 232

of heat applied will be the sum of these amounts, or 735.6
calories.

A careful study of this curve will be of great assistance
in understanding the relation between heat units, specific
heat, and latent heat, and will help in the solution of prob-
lems that include these quantities.

PRACTICAL QUESTIONS AND PROBLEMS

1. What are some of the results of the high specific heat of water?
Are they beneficial or not?

2. Suppose a room has the temperature — 1°; what would be the
result of allowing water to freeze in it ?

3. 4 kg. of water at 60° is mixed with 6 kg. at 21°. Find the
temperature of the mixture.

4. Equal weights of water at 90° and mercury at 18° are mixed
together. What is the temperature of the mixture ?

9. A piece of nickel at 100° was dropped into an equal weight of
water at 0° and the resulting temperature was 9.8°. Find the specific
heat of the nickel.

6. What mass of water at 60° will just melt 5 kg. of ice at 0°?

HOADLEY’S PHYS.— 16
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7. How much water at 90° must be mixed with 10 1b. of ice at 0°
to melt the ice and rgise the resulting water to 16°7

8. What quantity of water at 80° will change 10 1b. of ice ab
— 14° into water at 5°?

9. What quantity of steam at 100° will be required to melt 16 kg.
of ice and heat the resulting water to 24°7

10. How many calories will be required to melt 8 g. of ice at zero,
raise the temperature of the resulting water to 100° and vaporize it?
Make a curve to show this.

11. Lead melts at 335°. How much heat must be applied to 8 g.
of lead at 0° to Taise it to the melting point? What would be the
result of applying the same quantity of heat to 8 g. of water at 0°?

12. How many calories would be given out by 10 g. of water at
45° in cooling to zero and then freezing?

13. The end of a steam pipe is put into a beaker containing 500 g.
of water at 0°. How much steam must be condensed to raise the
temperature of the water to the boiling point?

14. Tf 500 g. of copper filings at a temperature of 150° is poured
into 205 g. of water at 0°, what will be the resulting temperature?

15. 100 g. of aluminum is heated to 90° and placed in 300 g. of
alcahol at 169; what is the resulting temperature?

In all the above problems no account has been taken
of the temperature of the containing vessel. It is evident
that this must be taken into account.

16. If 500 g. of boiling water is poured info a copper beaker con-
taining 300 g. of ice at 0° what will be the resulting temperature if
the beaker weighs 125 g.?

17. A roll of sheet lead weighing 650 g. is suspended in boiling
water. It is then transferred to a glass beaker weighing 70 g., in
which there is 300 g. of water at 18° What will be the resulting tem-
perature if the glass has a specific heat of .177 ?

18. A sufficient quantity of heat is applied to 180 g.of ether to
change its temperature from zero to the boiling point (37°). What
effect would the same amount of heat have upon 180 g. of water atzero?

LABORATORY WORK

1. Select two glass beakers of the same size and put in one 300 g.
of hot water and in the other 300 g. of cold water. Take the temper-
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ature of each, and quickly pour the contents of both into a third
beaker. Take the temperature of the mixture. Consider this experi-
ment preliminary and repeat, having previously brought the beaker
which is to hold the mixture to about the temperature the mixture
had in the first experiment, so that none of the heat may go to warm-
ing the beaker. Is the resulting temperature a mean between the
other two?

2. Suspend, by means of a strong thread, a roll of sheet lead in a
beaker of water. Apply heat untii the water boils. Put in a second
beaker sufficient cold water to cover the lead. Take the weight and
temperature of this water. Transfer the lead quickly from the boil-
ing water to the cold and take the temperature after the lead and the
water have come to a common point. Weigh the lead and the beaker
and from the data determine the specific heat of the lead.

3. Weigh a beaker. TFill it two thirds full of water and weigh
again. Heat this to 70 or 80 degrees. Crush some ice fine, getting it
as dry as possible by putting it between the folds of a towel. Take
the temperature of the water and immediately put in the dried ice.
Stir it thoroughly, and when the ice is all melted and the tempera-
ture is constant, read it. Weigh the beaker and contents again to
find the weight of ice added. From the data thus obtained deter-
mine the latent heat of fusion of ice.

4. Arrange apparatus as in Fig. 233, Weigh the water in 4 and
take its temperature. Place the burner under €' and boil the water.
Do mnot put the tube
leading from the trap
B into A until the tube
is heated by the steam
coming out of the lower
end. Boil vigoroasly for
15 minutes, then remove
A, take its temperature,
weigh it, and from the
data thus found deter-
mine the latent heat of
the vaporization of water.

Nore.—The heat used
in heating the beaker A

—
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iy

must be included. This is done by finding the water equivalent of the
beaker —its weight multiplied by its specific heat —and multiplying
this by the change of temperature.

5. Determine the cooling curve for water by heating a beaker of
water to 90° and then removing the source of heat. "Read time and
temperature simultaneously. The best method is to read the time for
every degree of the thermometer. Make the eurve by laying off time
along the axis of X, and temperature along the axis of ¥. This
malkes a very smooth curve and shows conclusively how the rate of
cooling changes as the difference of temperature between the water
and the surrounding air diminishes.

V. HeEAT AND WORK

287. General Law. — We have seen that friction and
percussion both give rise to heat. It is also found that
mechanical work of any kind produces heat. The relation
between mechanical work and heat was investigated by
Dr. Joule, who established the following principle: Zhe
disappearance of a certain amount of mechanical energy
produces an equivalent amount of heat. The converse of
this law is equally true: The disappearance of a certain
amount of heat produces an equivalent amount of mechanical
energy.

288. The Mechanical Equivalent of Heat. — The number
of units of work required to produce one heat unit is
called the mechanical equivalent of heat. Dr. Joule’s exper-
iments determined that the number of foot pounds of work
necessary to heat 1 lb. of water 1° K. is 772, or to heat
11b. of water 1° C. is 1390. This is called Joule’s equiv-
alent. More recent determinations by Dr. Rowland give
778 and 1400 instead.

The method employed by Dr. Joule in his determina-
tion was as follows: A cord attached to a weight was run
over fixed pulleys and wound around the axis of a wheel,
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with paddles at the other end of the axle. This was
arranged so that on letting the weight fall the paddles
were caused to rotate in a known quantity of water in
a vessel. The weight multiplied by the distance through
which it falls gives the mechanical work, and the mass
of water multiplied by the change of temperature gives
the heat units. Joule’s experiment showed that a 10 1b.
weight falling through 77.2 ft. would raise the tempera-
ture of 1 Ib. of water through 1° I.

ExperimeEnT 139. — Place a quantity of water in the flask 4 (Fig.
234). Raise the water
to the boiling point,
and after it has boiled
about a minute remove
the flame and put in a
rubber stopper with tube
as shown in the figure.
Replace the flame, and
the steam formed by
boiling will collect in
the flask above the sur-
face of the water and in-
crease the pressure. As
this pressure increases it
will do work by forcing
water out of the tube.

289. The Steam Engine. — A steam engine is a machine
for transforming the pressure and expansive power of
steam into work. Since the steam is produced by the
application of heat it is in reality a heat engine. So
great, however, are the losses in the burning of the coal,
the expansion of the steam, and the working of the engine,
that the best modern steam engine does not utilize more
than 15 per cent of the energy in the coal.

The principle of a simple form of steam engine is shown
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in Fig. 235. A is a boiler connected by a steam pipe B
with the steam chest ' through the valve D. The live
steam passes from the steam chest through the port &
into the left end of the cylinder, between the ecylinder
head # and the piston P. The pressure of this live steam
forces the piston to the right, and drives the exhaust
steam, on the other side of the piston, out of the port &
under the slide valve 7, and out of the exhaust port H,

which leads either to a condensing chamber or to the
open air.

When the piston has been forced over a part of its
stroke, the slide valve will be moved by its rod » to the
left, closing Z, and the work done during the rest of the
stroke will be due to the expansive power of the steam.
By the time the piston has reached the dotted position the
slide valve will be moved so far to the left that the live
steam will now come into the right end of the cylinder
through @, and the exhaust steam in the left end will go out
of the exhaust port H, through the port Z. The piston
rod R is attached to a crank arm on the main shaft, and in
this way the to-and-fro, or reciprocating, motion of the
piston is changed to the rotary motion of the shaft. On
the shaft is fixed the fly wheel, a heavy wheel, the momen-

S E————
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tum of which serves to give steadiness to the engine; and
the belt wheel, over which runs the belt by which the
motion of the shaft is transmitted to machinery.

If the exhaust steam passes into the open air as it does
in the locomotive, the engine is noncondensing, while if
it passes into a compartment containing water for condens-
ing the steam, it is a condensing engine.

290. The Energy Stored in Coal. — While we look upon
the sun as the present source of the heat received by the
earth, we must not forget that in the vast deposits of coal
found in the earth, we have a storehouse of the sun’s
energy in the past, preserved for our present use. When-
ever a gram of carbon is burned it unites with 22 grams
of oxygen and gives out 8080 calories of heat. Since the
percentage of carbon in anthracite coal is very high, we
may say that if we could use without waste all the heat
given out by burning one gram of coal to heat water, we
could raise the temperature of 8000 grams through 1 Centi-
grade degree, or we could raise 80 grams from zero to the
boiling point. The amount of energy stored in coal may
be seen by considering the fact that the burning of only
2.3 tons of coal will drive a heavy passenger engine and
loaded train—weighing more than 350 tons — from New
York to Philadelphia, a distance of 90 miles.




CHAPTER VIIL
MAGNETISM

291. Natural Magnets. — Certain kinds of iron ore have
the property of attracting iron. Pieces of this ore when
suspended so as to swing freely will come to rest in a
direction pointing toward the magnetic north and south,
and are called natural magnets. The name magnet was
oiven because this ore was first found near Magnesia in
Asia Minor. The ore is called magnetite.

202. Artificial Magnets. — ExperiMENT 140.— Rub a sewing
needle from the middle toward the point across one end of a natural
magnet; then rub the other half across the other end of the magnet.
Hold one end of the needle near some iron filings. They will be
found to cling to the needle. Small bits of iron wire and carpet tacks
may also be picked up with it.

A piece of steel that has the property of attracting iron
as in the above experiment is called an artificial magnet.
This name is not a very appropriate one and is used simply
to distinguish magnets composed of manufactured iron or
steel from natural magnets.

Artificial magnets are made in various forms, as bar
magnets, horseshoe magnets, compound magnets, ete.

293. Permanent and Temporary Magnets. — Magnets
may be classified according to their property of retaining
magnetism. Magnets made of steel have this property to
a great degree and are called permanent magnets, while
those made of soft iron retain very little magnetism and
are called temporary magnets.

248
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294. Polarity. — Expermvext 141.— Lay a bar magnet upon
a table covered with small nails, and then lift it by the middle. It
will be found that the nails cling to the magnet, the greater number
being near the ends, as in Fig. 236.

G T
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The two points near the ends where the most nails cling
are called the poles of the magnet, which is said to possess
polarity. A body possessing polarity is said to be polarized.

ExpERIMENT 142.— Suspend the bar magnet used in the last
experiment by a thread attached to its middle point, and after swing-
ing back and forth for a time it will finally come to rest in a direction
that is nearly north and south.

It has been agreed to call the end which points to the
magnetic north the + or north pole and the other the —
or south pole. The strictly correct names would be north-

seeking pole and south-seeking pole.

295. The Magnetic Needle is a small
bar magnet suspended by a thread or
balanced upon a pivot. Itisused in many
instruments, as in the compass. The
direction in which it comes to rest is _
called the magnetic meridian, and that part of the earth
to which it points is called the north magnetic pole.

Fra. 237 -
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ExperIMENT 148. — Magnetize a sewing needle by drawing it
across the ends of a bar magnet. Begin the stroke at the middle of
the needle and end it at the point, drawing it across the + end of the
magnet. Do this a dozen times. Reverse the needle and draw it
across the — end of the magnet, beginning at the middle of the needle
and ending at the eye. Unravel a fine silk thread, and tie a single
strand around the middle of the needle. When you have balanced
the needle so that it will hang horizontally, fasten the thread in place
by a bit of beeswax or sealing wax, and you have a magnetic needle
that will serve for many experiments. ;

Suspend the needle and find the magnetic meridian. Observe
which end of the needle points north, and notice whether or not it is
the end that you drew over the north end of the magnet.

ExperiMENT 144.— Malke a small bar magnet out of a good-sized
knitting needle. In stroking it with the magnet lay it upon a piece
of board and stroke it with the + end, from the middle to one end of
the needle. Reverse the needle and magnet and repeat. In order to
make a strong magnet, the steel must be stroked a great many times.
Test it with iron filings and nails.

296. Mutual Action of Magnets.—ExpermvENT 145.— Bring
the + end of a bar
* = magnet near the +
~ end of a magnetic
needle and note the
result. Bring the
— end of the mag-
net near the + end
of the needle and
observe. Make the
same experiment on the south end of the needle.

N

Fig. 238

The results of this experiment may be stated in the
following terms : Like poles repel and unlike poles attract
each other. This law is a fundamental one in magnetism
and should be made very familiar.

ExPERT

297. Magnetic and Nonmagnetic Substances.
MENT 146.— Place on the table a collection of a dozen different
materials, — nails, screws, pins, pencils, wire, paper, etc., — and try to
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pick them up with a magnet. Part of them will be picked up, but
upon others the magnet will have no effect whatever.

Those substances that are attracted by a magnet are
called magnetic substances, while those that are not attracted
by it are called nonmagnetic substances. Iron, steel, nickel,
and cobalt are all magnetic. Some ores of iron are mag-
netie, while others are not. Nonmagnetic iron ores can
be made magnetic by being strongly heated, as in the
flame of a blowpipe.

298. Distribution of Magnetism in a Magnet.
MENT 147. —Lay a bar magnet upon a table and hold suspended
above it the sewing
needle magnetized in
Experiment 143, passing
the needle from end to
end. At the middle of
the magnet the needle
will be parallel to it. E -
This is called the neutral Fra. 239
point. At other points
the needle will dip more or less, in all cases pointing to a pole of the
magnet. At two points near the ends the needle stands practically
vertical ; these points locate the poles.

299. The Magnetic Field. Lines of Force.— The strencth
of a magnetic field is measured by the number of lines of
Sforce in a given area, one
line of force per sq. cm.
meaning a field of unit
magnetism. If the like
poles of two magnets of
equal strength repel each
other with a force of one
dyne when one centime-
ter apart, each is called a
unit pole. A field of unit strength would act upon such

Fig. 240.
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a pole with a force of one dyne, and is said to be a field
having one line of force per square centimeter. Magnetic
lines of forece always form closed circuits and take the
path of least resistance. By the direction of lines of force
—shown by the arrows in Fig. 240 —is meant the direc-
tion along which a north magnetic pole would be repelled
if free to move.

Experivent 148. — Lay a bar magnet upon the table and cover it
with a sheet of white paper. Put over this a glass plate and sift iron
filings evenly over it. Rap the plate gently with a lead pencil; the
filings will move at every blow, and will arrange themselves in lines
that show clearly the directicn of the lines of force.

The sieve for this experiment can be made by melting the solder
that holds on the bottom of a tin can, removing the bottom, and tying
over the can, in its place, a piece of thin muslin or cheese cloth.

ExperiMENT 149.— Hold your magnetized sewing needle quite
near the paper used in the last experiment. Notice that 1t places
itself in line with the filings. A magnet only half an inch long, made
from a broken needle, will be better for this experiment.

300. Photographic Method of Recording the Lines of
Force.—If, instead of the glass plate used in Experiment
148, an ordinary photographic dry plate is used, and the
experiment is made in a dark room with a ruby lantern
for light, a permanent record may be made. The dry
plate is placed upon the magnet, film side up, the filings
are sifted upon it, and the plate is rapped with a lead
pencil until the position of the lines of force is clearly
brought out. The exposure is made by burning a match
about a foot above the plate. On developing the plate
in the usual way a negative is obtained from which may
be made prints showing the position taken by the filings.
Fig. 241 gives the magnetic curves in the field formed by
a horseshoe and a bar magnet. The mutual action of the
poles is shown in the straight lines leading away from the
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adjacent north poles and in the short curves between the
north pole and the adjacent south pole.

I'1G. 241

301. The Magnetic Condition of the Earth.— We have
already seen that the + pole of a magnet repels the + pole
of a needle and attracts the — pole, and wvice versa. We
have also seen that the needle tends to set itself in the
direction of the lines of force, and that a magnetic needle,
suspended so as to swing freely, points with its north end
toward the magnetic north. It is evident then that the
earth acts as a great magnet, and that the pole toward
which the north-seeking end of the needle points, is like
the — or south end of a bar magnet. The fact that the
north magnetic pole of the earth and the north pole of a
magnetic needle are of unlike signs has given rise to some
difficulty in giving them names that are scientifically cor-
rect; but the name north for the 4 pole of the needle is

generally adopted.
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302. Inclination or Dip.—In Fig. 239, we see that in
every position but one the needle dips toward one of the
poles. In the same way a needle that has been balanced
horizontally on a pivot and then magnetized, will not
remain horizontal, but will dip toward the nearer pole of
the earth. The angle of dip, that is, the angle the needle
makes with a horizontal line, increases as the distance
from the magnetic equator increases. At the magnetic
equator there is no dip, while at the magnetic poles the
needle will place itself in a vertical direction,

ExperiMENT 150. — Thrust
a knitting needle lengthwise
through a very small cork. Put
a sewing needle through the cork
at right angles to the knitting
needle and close to it. Use the
small needle as an axis for the
large one. Vary the position of
the knitting needle in the cork
until it comes to rest in a hori-
zontal position when the axis is placed on supports of equal height.
Fasten the cork to the needles with melted sealing wax. Magnetize
the knitting needle with a strong bar magnet. Place again on the
supports, and observe the change that takes
place in its position when the + end is
turned to the north.

303. The Dipping Needle. — Figure
213 shows a form of needle that is
used to determine the dip. It is sup-
plied with two scales: one a fixed
scale at the base, and the other a ring
from which the position of each end
of the needle can be read. Miners
use a similar instrument for detecting
the presence of magnetic ores.
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304. Magnetic Terms. —If AB (Fig. 244), is the posi-

tion of the dipping needle, the angle C'AB is called the

angle of dip, and if A B represents the
magnetic intensity 7, AD will repre-
sent the wvertical component V., and
AC the horizontal component H, of
the earth’s magnetic attraction. It
is evident that a needle attached to a
vertical axis can respond only to the
action of the horizontal component.
305. Magnetic Declination. — We
have seen that the magnetic needle
does not point to the true north.
The reason for this is that the north
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pole of the earth and the magnetic north pole do not coin-
cide. The magnetic north pole is about latitude 70° N.,

Fig. 245

place, is the declination.

and longitude 96° W.
By reference to Fig.
245, showing the west-
ern hemisphere, it is
readily seen that in the
Eastern states, as in
Maine, for example, the
needle will point to the
west of the true north,
while in California it
will point to the east of
true north. The angle
between the direction of
the needle at any place,
and the meridian at that

The value of this angle changes
from year to year by an amount which is not uniform, and
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which is called the amnual variation. The declination in
Maine in the year 1900 was 20° W., while in Oregon it
was 20° E.

Nore.— Mr. Samuel Entriken, a member of the Peary North
Greenland Expedition, says that at the most northern point reached
by them, the north end of the needle pointed south of west, and that
the streamers of the Aurora Borealis centered in that direction.

306. The Agonic Line. — The line connecting all places
on the earth’s surface where the needle points to the true

Fic. 246

north is called the agonic line. Its position in the United
States is shown in Fig. 246. Places to the east of this line
have a variation or declination to the west, while places
west of the line have a variation to the east. Since the
magnetic variation is changing from year to year, it is a
matter of great importance in surveying land that the
amount of this variation should be known, and records of
this change are made and preserved. By comparing these
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records it is seen that the agonic line is moving westward,
7.¢. the declination of places east of the line is increasing,
and that of places west of the line is diminishing. The
annual change at Philadelphia is about 4 minutes.

307. Magnetic Induction.— When a piece of soft iron
is put in contact with a bar magnet, it becomes a magnet
itself and will attract iron. When a magnet is dipped in
iron filings or nails and lifts a number of them attached to
one another, each becomes a distinct magnet. This result
takes place even if the nail does noft touch the magnet, and
it is called magnetic induction.

ExperiMENT 151.—Place a bar magnet upon a table and at one
end, in line with it and about an inch away, put a large nail as in
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Fig. 247. Bring smaller nails near the end of the large one and ob-
serve that it attracts them. Test the end of the nail with the mag-
netized sewing needle.

This property possessed by a magnet—of inducing
polarity in magnetic substances that are near to it—is the
basis of a great many magnetic phenomena. By the ap-
plication of this
principle, and that (a)
of the mutual ac- [ 5]
tion of magnets,
the action of a
magnet upon. an
iron ball may be Fro. 248
explained.  Sup-
pose the ball to be at a distance from the magnet, as in
(@), Fig. 248. The ball is practically beyond the influence
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of the magnet and remains in a neutral condition. When,
however, it is brought near the magnet, as in (b), indue-
tion takes place, and the ball becomes polarized, the side
nearest the magnet being & and the other side N. Now
between the IV of the magnet and the & of the ball there
is attraction, while between the IV of the magnet and the
IV of the ball there is repulsion; but as the S of the ball is
much nearer the IV of the magnet than the IV of the ball
is, the attraction is much greater than the repulsion, and
the ball moves toward the magnet.

308. The Inductive Action of the Earth.— The induect-
ive action of the earth can be shown most strikingly by
the following experiment :

LExpERIMENT 152.—Select a soft iron
bar about an inch in diameter and three
or four feet long. Holding it horizontally
in an east and west line, present its ends
successively to the IV and S ends of a
magnetic needle. Both ends will attract
each end of the needle, showing that the
bar is not polarized. Next hold it in the
line of dip, with the lower end at the side
of the needle and mnear the north end.
The needle will be repelled at once, show-
ing thatin this position the baris polarized.
Reverse the bar and make the same test
with the needle, and the bar will show
that its polarity is reversed. Bring the
bar into the first horizontal position and
again it will attract both ends of the
needle, showing that it is not polarized. Place the bar again in the
line of dip and give it one or two sharp blows with'a hammer. Now
place it in the first horizontal position; and on testing it with the
needle it is found to be polarized. Hold it horizontally in an east and
west line and give it a few sharp blows; and it will be found to be
not polarized.
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ExpeErIMENT 153.— Test the steel or iron rods about the building
for polarity. Most of them will be found polarized, especially if they
have been in a vertical position. Test a vertical rod with the mag-
netized sewing needle. If the upper end of the rod attracts the point
the lower end will attract the eye, and vice versa. What is the
polarity of the lower end of the rod? Why?

309. Molecular Magnets. —If we consider the molecules
of iron to be polarized, we can explain this inductive action
as follows. When a piece of iron is not polarized or is in
a neutral condition, we may suppose that the positions
taken by these molecular magnets have no uniform direc-
tion, but that their positions are determined by the mutual
action they have upon one another. When, however, a
magnet is brought near, their mutual action is overpowered
by the greater force of the magnet, they assume parallel
directions, and the iron becomes a magnet.

ExprriMENT 154. — Make twenty or thirty small magnetfs from the
mainspring of a watch. Break off pieces a half ineh long, magnetize

them, and with a strong pointed punch make an indentation in the
middle. Make a support for each by cutting out a disk of sheet lead

Fia. 250

and driving a pin through it to the head. Mount the needles upon
these supports, as in Fig. 250. Set these needles upon a board as near
as they can be placed without touching one anether, and they will
take various positions, as shown in the figure. Now bring one end
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of a strong bar magnet near one end of the board, and at once the
magnets begin to turn in parallel directions. Fig. 250 illustrates an

Fia.
unmagnetized iron bar, and Fig. 251 the inductive action of a mag:
net upon such a bar.
PRACTICAL QUESTIONS AND PROBLEMS

1. How do natural magnets become polarized?
9. Suppose a magnetic needle is attracted by a certain body; does

this prove that the body is a magnetic substance? Does it prove that
the body is polarized ? What is the only action that proves polarity ?
8. What is meant by a uniform magnetic field? Give an example.
4. Make a drawing of a section of the earth, showing the lines of force.
Is the north pole at the surface or below it? What is your proof?

5. The square piece of land shown in Fig. 252
B was surveyed, starting from the point A. The
line 4 B was found to have the direction N. 20° E.
An old survey gave the direction of this line as
N. 16° E. Show by a drawing the effect of run-
ning this out on the old directions, without allow-
ing for a change in the declination.
D 6. Why are scissors, knives, and other steel
Fra. 252 tools often found to be magnetic?

7. What position would a magnetic needle
take if suspended, at the earth’s surface, over the magnetic north
pole? Over the magnetic south pole? At the magnetic equator?

8. Suppese you were fo place a magnetic needle upon a thin cork
disk on the surface of water in a wooden pail. Would it go toward
the north? Why? Make the experiment.

N
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9. What is the effect of iron ore, iron posts, steel wire fences, ete.,
upon the surveyor’s compass ?
10. Why are the iron posts of a fence generally found to be
magnetized ?
LABORATORY WORK
1. Make a bar magnet out of a large knitting needle. Cut two thin
disks from a large cork, and put one on each end of the needle, thrust-

ing it through the middle of the disk. Laya large sheet of glass on a
table, and upon it paste a strip of paper, laid off into centimeter divi-
sions. Lay a bar magnet upon two blocks on the glass so that it will

be at the same height as the needle, and then place the needle at some
scale division as in Fig. 253, and observe results. Repeat the experi-
ment, placing the needle each time 1 em. farther from the magnet as
long as there is any result; and tabulate the results. Make a second
set of experiments by reversing the needle. Make the same experi-
ments with a magnetized sewing needle and a horseshoe magnet.

2. Lay a horseshoe
magnet upon a table.
Pass a light thread
through the eye of a
magnetized sewing
needle, and by careful
manipulation it can be
brought to stand hori-
zontally over the ends
of the magnet, as in
Fig. 254. Explain.

3. Magnetize a number of sewing needles so that their eyes will be
south poles and their points north. Thrust them through very small
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corks, leaving the eye half an inch above. Float three of them in a
glass of water. Notice their positions, and explain. Now bring the
south pole of a bar magnet verti-
cally down over the middle of the
glass. Explain the result. Reverse
the magnet, and repeat. Explain.
Repeat these experiments, using four,
five, and six needles. These are called
Mayer’s floating magnets.

4. Fill a long, narrow test tube
with iron filings. - Shake well to-
gether and put a stopper in the
mouth of the tube fo press them
down. Rub the fest tube, as you
would rub a bar of steel with a bar
magnet, to magnetize it. Test the
tube for polarity, with a magnetic

needle. BEmpty out the filings, and then put them back into the tube
again. Test again. Explain.

5. Magnetize a knitting needle. Determine the polarity of each
end. File a notch at the middle and break it. Examine for polarity
again, and compare with the polarity the needle had before breaking.
Break one of these pieces in the middle and examine for polarity.
Make a drawing of the broken needle, with the polarity of both ends
of each piece marked.

S
6. Suspend a nail from = e N

near one end of a bar mag-

net, as in Fig. 256. Slide a

second magnet over it and

observe results. Reverse the second magnet, and again slide it over
the first. Explain both results.

7. Suspend a horseshoe magnet from the bend and fasten a pail to
the armature, or keeper. Pour sand carefully into the pail until the
keeper is pulled off. Weigh the pail and contents. Put back the
keeper and pail, and pour in nearly all of the sand. Keep adding a
little sand at intervals of an hour or two — letting the experiment ex-
tend over several days if necessary —until the keeper is pulled off,
Weigh again. Has the magnet gained in power? Place the keeper
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and pail on again, and pour in sand until the keeper is pulled
off. Weigh again. Has the magnet made a permanent gain in
power?

8. Examine, by the method of Experiment 148, the magnetic fields
formed by

(a) The end of a bar magnet.

(b) The side of a horseshoe magnet.

(¢) The end of a horseshoe magnet.

(d) Two horseshoe magnets with like poles opposite.
(¢) Two horseshoe magnets with unlike poles opposite.
(f) Combinations of bar and horseshoe magnets.

These records should be preserved either by the photographic
method described in the text, or by taking photographs of the
curves by means of a camera placed vertically above them.

9. On one side of a box fix a clamp of the right shape to hold a
bar magnet, as in Fig. 257. Lay off a centimeter scale along the side
of the magnet from each end.

Make a magnetic needle from

a piece of watch spring, as

in a, by splitting a buckshot

and pinching it on the mag-

net at the middle. Suspend

this needle in a small glass

flask by a silk filament. Set

the flask upon the box so that

a line from the needle to the

magnet will point toward the

north. Now remove the mag-

net and set the needle in vi- Fra, 957

bration by swinging a magnet

from east to west near it. Remove all magnets, or iron, from near the
needle, and count the number of vibrations per minute. These vibra-
tions are due to the action of the earth’s magnetic field alone. Now
fasten the magnet to the box, with the south end exactly opposite the
needle, and again count the number of vibrations per minute. The
increase in the number is due to the field of the magnet alone. Repeat
the experiment after moying the magnet up until the first centimeter
mark is opposite the end of the needle, and so on at every mark until
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the middle of the magnet is reached. From the data thus obtained a
curve can be made which shall show the distribution of magnetism
along a bar magnet. This depends upon
the principle that the force which tends to
b bring the needle back to its position of rest
is proportional to the square of the number
of vibrations. Construct the curve, as in
Fig. 258, by laying off the half length of the
magnetvertically, dividing it into centimeter
divisions, and from these laying off horizon-
tal distances which are proportional to the
square of the number of vibrations at the
different points due to the magnet alone.
These points, a, b, c, ete., are connected
by a line for the curve of distribution of
magnetism. TIs the pole at the end ?

10. Set a straight pole vertically in the ground, and at night set
another in the true north and south line by putting it in line with the
first pole and the north star at a time when the north star is directly
above or below the middle star in the handle of the Big Dipper. On

the following day, set up a magnetic needle on this line and determine
the variation. The result will be only approximate.

11. Fasten a circular card, divided into degrees, on one of the
supports of the instrument shown in Fig. 242, and determine the dip
in your locality.




CHAPTER IX
ELECTRICITY
I. StAric ELECTRICITY

ExpERIMENT 155.— Hold a warm, dry glass rod over a handful
of cork filings, pith
balls, bits of paper,
ete., and the rod
will not affect them.
Rub the rod briskly
a few times with a
piece of silk, and the
light bodies will be-
gin at once to fly to
the rod, will remain
there for an instant, ;
and will then fly Fie. 259
back to the table.

ExperiMeNT 156. — Place a warm, dry sheet of glass over the bits
of paper, supporting it by a book at each end. No effect will
be noticed until
the glass is rubbed
with the silk, when
the bits of paper
will at once begin
to jump to the
glass and back
again.

EXPERIMENT
157. — Repeat Ex-
periment 155, with (1) a stick of sealing wax, (2) a rod of ebonite,
and (3) a hard rubber comb, using a flannel pad for a rubber, instead
of the silk.

Fia. 260
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310. The above experiments show that when glass is
rubbed with silk, or sealing wax with flannel, there is
imparted the property of attracting light bodies. The
first record of this property was made by the Greeks
about 600 B.c. Because they noticed it in amber (elek-
tron) the name electricity has been given to the cause of
these phenomena, and a body that is capable of attracting
others in this way is said to be electrified.

ExpPERIMENT 158.— Malke a wire stirrup as in Fig. 261, and suspend
in it a wooden rod two or three feet long. Suspend this by a silk

thread from a support and present,
near one end, an electrified glass
rod. The wooden rod will be at
once afttracted. Take out the
wooden rod, suspend the glass
rod, and present the end of the
wooden rod; and now the glass
rod moves. Suspend both rods,
and they move toward each other
until they touch.

This experiment shows
that the action that takes

place between an electrified
and an unelectrified body is
mutual.

311. Two Kinds of Electrification. — We have seen that
the glass rod, the sealing wax, and the ebonite rod all
attract other bodies when electrified. Their action upon
one another may be seen in the following experiment.

Fig. 261

ExperiMENT 159. — Electrify a glass rod and suspend it in the wire
stirrup. Bring a wooden rod near it, and it will be attracted. Bring
an electrified ebonite rod near if, and it will be attracted more than
before. Now electrify a second glass rod and bring it near the end of
the suspended rod, and repulsion takes place. Suspend the electrified
sealing wax in the stirrup and hold near it a second electrified stick
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of sealing wax, and repulsion takes place. Hold near it an electrified
glass rod and it is attracted. Hold near it an electrified ebonite rod,
and it is repelled.
From this experi-
ment we see that
while the electrified
glass rod and seal-
ing wax have appar-
ently the same effect
upon an unelectri-
fied body, they act
differently upon one
that is electrified.
When this difference was first observed the kind of elee-
trification produced by rubbing a glass rod with silk was
called vitreous, and that produced by rubbing sealing wax
with flannel, resinous electricity. These are now called

Fia. 262

positive or + and negative or —, respectively. For the
sake of convenience these states of electrification will be
spoken of as positive and negative electricity.

312. Action of Electrified Bodies upon Each Other. — As
a consequence of the action of electrified bodies upon each
other,the following laws may be stated:
I. Bodies charged with like electrici-
ties repel each other.

II. Bodies charged with unlike elec-

tricities attract each other.
Compare these laws with the laws
for magnetic attraction and repulsion.
ExpErIMENT 160. — Cut out a number of
pith balls with a penknife and roll them in
the hands. Use the pith of corn, elder, or,
3 better still, burdock. Suspend one of them
Fra., 263 from a bent glass rod by a fine silk thread.
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Electrify a straight glass rod and bring it near the ball, which will at
once be attracted, cling to the rod for an instant, and then fly away
charged with a + charge. Rub different bodies, such as dry paper, a
rubber comb, dry wood, sulphur, ete., first with silkk and then with
flannel. How are those charged that repel the ball? If a body
attracts a charged pith ball is it a proof that the body is charged ?
313. Measure of Electrical Attraction and Repulsion. —
The force resulting from the mutual action between

two electrified bodies may be expressed by the formula
e % (50)

In this expression @ and ¢ are the electrical charges of
the bodies, and d is the distance between them. DBy
reference to the law of mutual action it will be seen that
the + sign means repulsion and the — sign attraction.

314. Electroscopes. — Any instrument by means of which
we can determine whether bodies are charged or not is an
electroscope. A pith ball arranged as in
Experiment 160 is a pith-ball electroscope.
A common form is the gold-leaf electroscope,
which consists of a glass jar, through the
wooden stopper of which passes a brass rod
terminating in a ball on the outside, and
having two long, narrow leaves of some thin

Fic. 264 metal, as gold foil, attached to the inner end.
Whenever the ball is touched with a charged body the
leaves receive a part of the same charge and diverge in
accordance with the first law, as in Fig. 264.

ExpERIMENT 161. — Make a proof plane by cementing a thin metal
disk to the end of a rubber penholder
(Fig. 265). Put this plane in contact with %
any charged body, and quickly touch the e

knob of the electroscope with it. Rub a
glass rod with silk, touch it with the proof plane, and then bring the
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plane again near the knob of the electroscope. If the leaves diverge
still more they show that the first body was charged positively. If
the leaves fall together somewhat, the probability is that the body is
charged negatively ; but as the repulsion of the leaves is the only sure
test, the proof plane must be charged negatively from sealing wax
and again presented to the electroscope. If the leaves now diverge
the first body was charged negatively.

315. Conductors and Insulators.— ExpermeNT 162.— Wind
one end of a copper wire a meter long around the knob of an elec-
troscope, and attach a brass ball to the other end. Charge the proof
plane from a charged body and touch the ball with it. The leaves of
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the electroscope will instantly diverge. Replace the wire by a silk
thread, and no effect will be seen when the ball is charged. Replace
the silk thread by a damp cotfon thread, and the leaves will diverge
gradually when the ball‘is charged.

Bodies like the wire, which carry the charge readily, are
called conductors ; while those like silk, which carry it with
difficulty, are called ¢nsulators. There are no substances
that are absolute conductors, neither are there any that
are perfect insulators; but the following table gives what
are ordinarily classed as conductors and insulators. The
substances are arranged in the order of their conductivity.

CoNDUCTORS INSULATORS
Metals, Animals, Dry Wood, Glass,
Graphite, Linen, Dry Air, Ebonite,
Acids, Cotton, Paper, Shellac.
Salt Water, Silk,
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The conductivity of bodies depends upon their physical
condition, temperature and moisture haying a decided
effect. Glass becomes a conductor at 200° C.  Air under
normal pressure is a good insulator, rarvefied air is a poor
one. Pure water is a very poor conductor, but is rendered
a good conductor by the addition of a little salt, or a few
drops of acid. Whether bodies are conductors or not also
depends upon the character of the electrical charge. A
single layer of cotton is insulation between two wires car-
rying the current for an electric bell, but is no protection
whatever against the spark from a charged glass rod. In-
sulators are also called nonconductors or diclectrics.

316. Friction develops both Kinds of Electricity. —
ExpEriMENT 163. — Rub a glass rod and an ebonite rod together
much as a mower‘whets his scythe. Test each by bringing it near
the knob of an electroscope. The glass will be found charged posi-
tively, and the ebonite will show an equal negative charge.

317. Can Conductors be electrified by Friction? — If a
brass tube is rubbed with either silk or flannel and then
tested with an electroscope, no evidence of a charge will
be found. This, however, is not a proof that no charge is
generated ; for any such charge would be carried away by
the body of the experimenter as fast as generated, since
both the rod and the body are conductors.

ExperiMeNT 164. — Flip a silk handkerchief against the knob of
the electroscope, and the leaves will be found to separate. The glass
body of the electroscope could not carry away the charge generated
by the friction of the silk on the brass ball. Determine whether the
charge is positive or negative.

ExpErmMENT 165.— Rub a glass tube an inch or more in diameter
with a silk pad. Present the knuckle to a point on the side, and
take off a spark. Do this at various points along the tube. Since
the glass is a nonconductor you discharge only a small area each
time.
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If unlike substances are pressed together and then rap-
idly separated, they will become oppositely charged. This
is seen in the fact that sparks can be drawn from a leather
belt in running machinery, especially in dry weather.

318. Distribution of Electricity. — If a sphere is placed
upon an insulating support, such as a glass rod, and charged
with a certain quantity of
electricity, a proof plane
placed upon any part of its
surface will carry away the
same charge, as is seen by
the equal divergence of the
leaves of an electroscope.
But if an equal charge is
given to an insulated cylinder with rounded ends, the proof
plane will carry a much greater charge away from the
ends than from any other part of the surface. The com-
parative density, or quantity of charge per unit area, is
1eplebented by the distance of the dotted line from the

surface in Fig. 267. From this it appears
that the density is greater at the projecting
parts of a body.

Fra. 267

ExpErRIMENT 166. — Support a short metal eylin-
der upon an insulating stand. Fasten a wire 8 in.
long vertically into the top of the eylinder. From
the top of this wire suspend two pith balls by linen
threads. Suspend two others from the inside of
the cylinder. Charge the cylinder with the charge

- from a glass rod ; the onter set of balls will fly apart,
T1a, 268 while the inner ones will remain undisturbed.

From the above experiment we learn that on an insu-
lated econductor the electrical charge s located on the owt-
side. A comparison of this result with the law of
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repulsion will afford an explanation. It follows from
this law that, with the same charge, as the outside
surface increases the surface density diminishes.

This location of an electric charge on the outside of a
conductor holds good only for a condition of rest. If the
charge is moving, as when a charged body is discharged,
the charge passes through the entire cross section of the
body.

319. The Action of Points. — ExperiMENT 167. — Fix a pin,
at its middle, to the end of a stick of sealing wax. Charge an electro-
scope until the leayes are widely separated. Place the head of the
pin againstthe knob and observe that the leayes gradually fall together.
Hold a pin in the hand and bring its point near the knob of a charged
electroscope. What happens?

If this experiment (with pin and sealing wax) is made
upon a body with a much greater charge than the electro-
scope, a decided current of air can be felt in front of the

point. The density of the charge at the point electrifies
the air particles, which, by the law of repulsion, are at once
driven off. As each particle takes its own charge away, it
is readily seen that a body with pointed surfaces can not be
kept charged, however good the insulation.

320. Electrical Potential. — ExerrmvmenT 168.— Charge two
insulated conductors —tin cans upon glass tumblers will do— with
the glass rod, and connect one of them with a goldJeaf electroscope
by means of a piece of wire provided with an insulating handle.
Notice the extent to which the leaves separate. Remove the wire
from the body and discharge the electroscope. Connect the elec-
troscope with the second body and notice the divergence of the leaves.
Now connect the two charged bodies together and notice that if the
divergence of the leaves of the electroscope was less when connected
with the second body than when connected with the first, they will
now diverge more widely than before when connected with the second,
and wvice versa. On connecting the electroscope with the first body it
will be found to give the same divergence as the second.
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From this experiment we conclude that there has been
a flow of electricity from the body giving the greater
divergence of the gold leaves, to the other. This con-
dition of electrified bodies which sets up an electric
current in a conductor which connects the two bodies
is the difference of potential or the P.D. of the bodies.

If the electrified body connected with the electroscope
is now connected with the earth, the leaves will at once
fall together, showing that the electroscope is discharged.
The quantity of electricity in the body is so small that it
does not, on being connected with the earth, change the
condition of the earth in any perceptible degree. The
earth is — for the sake of reference — assumed as the zero
of potential, bodies positively charged being considered ab
a higher potential than the earth, while those negatively
charged are at a lower potential than the earth. If the
difference of potential between two bodies is kept constant,
the current passing in the conductor that joins them will
be a continuous current, while if the P.D. is not constant,
the current will be only momentary. Potential is analogous
to water pressure, and the current to the flow of water that
takes place in a pipe connecting two bodies of water at
different levels.

321. Capacity. —If two insulated conductors, of the
same shape but of different sizes, are charged to the same
potential, it will be found that the larger one has a greater
charge than the other. This means that there is a differ-
ence in their electrical capacity. The capacity of a con-
ductor may be expressed by the formula

=7
0= (D

in which (' = capacity, @ = quantity, and ¥ = potential.

HOADLEY’S PHYS, — 18
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The word ecapacity as used in electricity has a meaning
different from that usually given to it. We say that the
capacity of a quart cup is a quart, meaning when it s full.
From Formula 51, we see that the capacity of a conductor
is the quantity of electricity on it when its potential is unity.
The quantity that a quart cup can hold is never greater
than its capacity —one quart; but the quantity of elec-
tricity that can be given to a conductor may be many
times its ecapacity, in which case its potential will be more
than unity. Since electricity in its static condition is on
the outside of bodies, a wooden ball covered with metal
foil has the same capacity as a solid metal ball of the
same size.

322. Induction. — ExprrmvexnT 169. — Bring an electrified glass
rod near the knob of an electroscope, and the leaves will begin to

diverge when the rod is a foot or more away. Bring it nearer, and
the divergence is greater. Remove the rod, and the leaves fall

together.

We learn from this experiment that the influence of the
charged rod extends to some distance through the air.
This action of a charged body upon another body in the
electrical field which surrounds it, is called electrostatic
vnduction.

323. To charge a Body by Induction. — In the above ex-
periment we notice that the electroscope remains charged
only so long as the inducing body is near it. It 1s possi-
ble, however, to charge the electroscope permanently, as
follows :

ExprriMeNT 170. — Bring the glass rod near the knob as before,
and when the leaves have separated, touch the knob with the finger.
The leaves instantly fall together. Now remove first the finger and
then the rod, and the leaves again diverge, showing that the elec-
troscope has received a permanent charge.
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To explain this action we must recall the first law of the
action of electrified bodies upon each other: like electrici-
ties repel each other. When
the electrified rod is brought
near the knob, the + of the
rod separates the electricities
in the knob, wire, and leaves
of the electroscope, driving
the like kind, 4, to the leaves,
and holding the unlike kind,

—, near to itself in the knob

as in Fig. 269. When the knob is touched it is put in

contact with the earth, and the + electricity, repelled by
the + of the rod, escapes,
while the —is held &ound.
Fig. 270 shows this condition.
Fig. 271 shows the condition
when the contact with the
earth is broken and then the
glass rod is removed. The —
electricity is no longer bound,

but free, and so passes partly from the knob into the wire

and leaves, which diverge less than before, but with a

charge of — electricity.

From this we see that a body can be charged
by induction, if only some way is provided
by which to carry off the electricity that is
repelled by the inducing body.

The inductive action of a charged body is
well shown in an experiment by Faraday, TR
called the iece pail experiment.

ExperiMENT 171. — Place a thin metallic vessel, like a tin can,
upon an insulating stand and connect it by a wire with the knob of
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an electroscope. Suspend a posifively charged metal ball by a silk
thread and lower it within the can; the leaves at once diverge.
Remove the ball, and they fall
together. Lower the ball again,
and they diverge. Touch the
can, and they fall.  Remove
the finger and then the charged
ball, and the leaves separate,
charged with negative electricity.
Explain.

Discharge the electroscope and
again lower the ball. Observe the

amount of divergence of the leaves. Let the ball touch the inside of
the can. Notice that the divergence of the leaves is not changed.
Remove the ball, and the leaves are still separated, charged with
positive electricity. Explain.

A thorough study and understanding of the foregoing
experiment will give the student a correct idea of the

phenomena of induction.

324. Specific Inductive Capacity. — The quantity of
electricity that can be given to a body by induction depends
upon the extent of its surface, the distance between it and
the inducing body, and the character of the dielectric that
separates them. The property that dielectrics have of
transmitting electrical induction is called their speetfic
inductive capacity. The specific inductive capacity of air
is taken as unity, and that of a few other substances is
shown in the following table.

Fia, 272

Air : 5 1.00 Shellac . ¥ 2.75
Paraffin ; 2.00 Ebonite . . 3.40
India Rubber 2.25 Glass ! : 6.25

Experiment 172. — Suspend a charged ball at a fixed distance
above the knob of an electroscope and observe the divergence of the
leaves. Introduce between the ball and the knob a cake of paraffin,
or a plate of glass, first making sure that it is not electrified, and
notice the change in the divergence of the leaves.
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325. The Electrophorus is a simple and inexpensive
instrument for generating an electric charge, and is more
convenient than the glass
rod and silk pad. A glass
plate is fastened upon a board
by a wooden frame as in
the lower part of Fig. 278.

Upon the glass rests a disk

of brass or other metal hay-

ing an insulating handle. To

generate the charge the glass plate is rubbed with silk;
the brass plate is then placed upon the glass, and the
upper surface of the brass is touched with the finger.
On lifting the brass plate with the
insulating handle it will be found
to be charged with a negative
charge, which may be taken off ag
a spark.

The action of the electrophorus
may be explained as follows. The
glass plate becomes charged posi-
tively when rubbed with the silk.
Since the surface of the glass is
uneven, there are but few points of
contact when the brass disk is placed
upon it, hence the disk becomes
charged by induction as shown in
(@) in Fig. 274.

When the disk is touched the free positive charge
escapes, as in (6) ; and when the disk is removed from the
glass, the negative charge, which was held bound by the
positive of the glass, becomes distributed over the entire
surface, as in (¢).

Rkl o o 1 o o e |
Fra. 274




ELECTRICITY

If a positive charge is desired instead of a negative,
the glass plate can be replaced by one of ebonite or
wax.

326. Condensers. — The principle of induction is used
to give to a body a much greater charge than it would
otherwise receive. :

ExperiveNT 173. —Cut out a sheet of tinfoil six inches square
and place it in the middle of a pane of glass a foot square. Charge
the electrophorus and count the number of sparks that you can make
pass between the disk and the square of tinfoil. Discharge the tin-
foil by touching it. Lift the glass plate from the table and place
under it a second sheet of tinfoil, connected with the earth. Replace
the sheet of glass. Count the number of sparks thabt you can now
make pass into the upper tinfoil. Put one hand upon the lower tin-
foil, and touch the upper tinfoil with the other. Ilow does the con-
denser spark differ from the ordinary?

The simple instrument used in the above experiment
contains all that is essential in a condenser, namely, two
b conductors separated by a dielectrie.

E)!_ The reason for using a condenser is
? that we may increase the quantity
of electricity without increasing
the potential. The quantity of
electricity that can be stored on
each conductor is directly pro-
portional to its area and in-
versely proportional to  the
thickness of the dielectric be-
tween the conductors. A con-
venient form -of condenser of
large capacity can be made by arranging two sets of
sheets of tinfoil as in Fig. 275, and separating them
by putting sheets of mica, or paper soaked in melted
paraffin, between them.

Fig. 275
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327. The Leyden Jar is a convenient form of condenser.
It consists of a glass jar with a wooden stopper, through
which passes a brass rod
terminating outside in a
metal ball and inside in a
chain touching the inner
coating of the jar. The
jar is coated both inside
and outside, to about two
thirds its height, with tin-
foil pasted on the glass.

The jar should be made of
thin glass, to give it greater
capacity, but it is possible
to have the glass too thin,
since it is then more easily Fic. 276
pierced by a heavy charge.

The Leyden jar is charged by holding it in the hand,
or in some other way connecting the outer coating with the
earth, and presenting the ball, connected with the inner
coating, to the source of electricity. It is discharged by
touching the outside coating with one end of a discharger
and bringing the other end near the knob of the jar, when
the discharge will take place in the form of a heavy spark,
as in Fig. 276, . The outer coating should be touched by
:the discharger first, or the heavy spark will tear off the
tinfoil coating.

328. Seat of the Charge. —If the discharger is used
again a short time after a jar has been discharged, a
second and much fainter discharge takes place. This
could not be the case if the charge were located in the
conducting coatings, as they would be discharged at
once.
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ExpErRIMENT 174. — Procure a Leyden jar with movable coatings,
which consists of a cone-shaped glass jar, (a) in Fig. 277, having two
tin cones for coatings, one () fitting the outside and
the other (¢) the inside of the glass. Put the parts
together and charge the jar. Remove the inner coat-
ing with a glass rod and bring it near an electroscope.
It will be found to have no charge. Remove the outer
coat and test in the same way. It has no charge.
Now put the jar together again, and a spark can be
taken from it by connecting the inner and outer
coatings.

These results prove that the coatings act
simply as a means for collecting the charge,
and that its seat is in the glass. As the glass
is a poor conductor, the charge does not all
pass into the coatings at once, when the jar
is discharged. This explains the second
spark, which is called the residual discharge.

329. Battery of Leyden Jars. — We have
learned that the capacity of a condenser is
directly proportional to the surface. The
method usuallyemployed tosecure large capacity with Ley-
den jars is to connect the
outer coatings of a num-
ber of jars to the earth or
to one terminal of an
electrical machine, and
the inner coatings to the
other terminal. In this
way the surface is in- _f§
creased, and a greater Fic. 278
quantity of electricity can
be stored. The spark from such a battery is much thicker
than one of the same length from a single cell.
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330. Electrical Machines; Frictional Machines. — The
early forms of electrical machines were those in which the
charge was developed directly by friction. The most con-
venient of these was the plate machine, which consisted
chiefly of a glass disk mounted upon an axis passing
through its center. The plate was turned by a handle
~and the charge was produced by the friction of a pair of
rubbing pads at one side of the machine, while it was
taken from the plate by a pair of metal combsat the other
side. These combs were supported by an insulated brass
cylinder, which became charged with positive electricity.
To produce any considerable charge, the rubbing pads
were connected with the earth by a chain. On account
of the friction of the brushes, this machine required a
great deal of energy to run it, and partly for this reason
it has nearly gone out of use.

331. Induction Machines. — The simplest form of the
induction machine is the electrophorus. In fact, an in-
duction machine may be considered a continuous elec-
trophorus. Many forms of induction machines are in use.
The Toepler-Holtz machine is shown in Fig. £79. In this
there is a fixed glass disk called the field plate, having
pasted upon the back side four tinfoil disks, 7, connected
two and two by strips of tinfoil. Over these are pasted
sectors of paper. In front of this field plate is a second
glass disk, which rotates upon an axis. On the front face
of this disk there are pasted, at equal intervals, six tinfoil
disks, to the centers of which there are cemented metal
buttons. At the points ¢ and €' on the field plate,
brass rods are fastened. These bend over in front of the
movable plate and are terminated by small metal brushes,
which touch the buttons lightly as they pass along.
A rod AB, having a metal comb at each end, crosses
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diagonally in front of the movable plate, while two col-
lecting combs on opposite sides are connected with two
brass balls, through which pass two rods. These rods
have at their outer ends insulating handles, /£, and on the

inner ends brass balls, or terminals, between which the
discharge takes place. A longer and more intensely bright
spark may be obtained by attaching a Leyden jar to each
terminal. These are shown in place in the figure.

332. Operation of the Machine. — The machine is first
charged by setting the rotating plate in motion and then
sending a spark of + electricity from a charged glass rod to
one of the tinfoil disks on the back of the stationary plate.
This induces a charge on the rotating plate, and when one
of the tinfoil disks on this plate comes in contact with a
brush on the neutralizing rod AB, the + charge passes off
and the — charge of the disk is put in connection with
that of the paper sector on the other side of the machine




STATIC ELECTRICITY 283

by means of the conducting rod ¢. When the disk passes
in front of the comb attached to the handle K, the —
charge is given up to the brass ball which is the negative
terminal. The terminals should be put in contact until a
hissing sound shows that the machine is charged. When
they are separated, a series of sparks will pass from one
_terminal to the other. On examining the two sides of
the machine with a pith-ball electroscope, it will be found
that the side that was charged by a spark from the glass
rod is positively charged, and the other side is negatively
charged. If a spark from a stick of sealing wax is used
to charge the machine, it will be found negative on that
side and positive on the other. A little study of the
sparks that pass between the terminals will show that
the polarity of the machine determines the appearance of
the spark. The main spark is purple in color, and the ends
differ according to their polarity, the negative end being

a minute bright point, while the positive end is not so
bright ; the bright part, however, is longer, being about
an eighth of an inch in an inch spark.

333. The Effects of the Discharge. — The main effects of
the discharge from a Leyden jar, or electrical machine, may
be classed as (@) mechanical work, (&) heat, and (¢) light.

334. Mechanical Effects. — ExperimexT 175. — Hold a thick
piece of cardboard between the terminals of a Holtz machine when it
is connected with the condensers, and set the machine in action. A
spark will pass, and since the card is a nonconductor, the spark will
tear its way through. On examination the hole will be found to
have a burr on each side. This indicates that the discharge passed
in both directions.

ExperIMENT 176.— Set a wire upright in a wooden base, and file
its upper end to a point. Place over this wire a thin test tube, as in
Fig. 280, and bring one terminal of the machine directly over it. Con-
nect the wire with the other terminal, and attach the Leyden jars.
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When the machine is put in operation a spark will pass and pierce the
tube. If the tube is a thick one, several sparks may go from point to
knob over the surface of the glass before it is pierced.

= +  Any nonconductor, if not too thick,
SI== can be pierced by the condenser spark
between the terminals of the machine.
Cardboard, books, seasoned wood, ete.,
should be tried. Try a metal plate
also. Isit pierced? Why?

335. Heat Effects. — The amount
of current that passes when a charged
et body is discharged through a con-

ductor is but small, and the heating of the conductor is con-
sequently little. When the discharge takes place through
a nonconductor, however, the effect is much greater. The
spark itself is evidence of this, since in this case enough
heat is given off to produce light. The spark from an
electric machine is sometimes used to light the gas in
buildings where the chandeliers cannot be readily reached.

ExpErRIMENT 177. — Bring a gas jet between the terminals of a
machine. Turn the handle until the sparks pass, and then turn on
the gas. It is lighted at once. Why?

ExperiMENT 178. — Connect the terminals of the machine with
two wires leading to a board, as in Fig. 281. Put shot on the ends of
the wires for knobs. Between
the knobs put a small pile of
gunpowder. Using the con-
denser discharge, send a spark
between the knobs. The effect will probably be mechanical, scatter-
ing the powder without igniting it. Introduce a piece of wet string in
the circuit, and the spark will ignite the powder.

Fig. 281

336. Light Effects. — The light effects of the discharge
can best be studied at night, though a room that can be
made nearly dark with curtains will do. In the first




