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PREFACE.

THis book has been written with the object of pro-
moting the teaching of Physics by what is known as
the Laboratory Method. It embodies the Experimental
Course which has been found suitable for students of the
Eleventh and Twelfth Grades at the Ann Arbor High
School, where the author has had several years’ experi-
ence in conducting large laboratory classes.

It consists of a series of carefully selected exercises,
both qualitative and quantitative in character, in which
full directions are given regarding the preparation of the
apparatus, and the manner of conducting the experi-
ments, together with numerous suggestions about methods
of observing, note-taking, and making inferences from
data. The work is not designed to supplant the ordinary
text-book, as definitions and statements-of principles have
been wholly omitted from its pages. It is recommended
that the study of some suitable elementary treatise on
Physics be carried on in the usual way, the teacher per-
fornﬁﬂg in the presence of the class either the experi-
ments therein described or equivalent ones selecte:1 from
this guide. Such instruction should, in the opinion of ,
the author, precede the introduction of the student to the
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laboratory.
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It is a mistaken supposition, unfortunately prevailing
largely among science teachers, that the Laboratory
Method requires a student to discover for himself the
important laws and truths of the physical world. The
race has been centuries in reaching its present knowledge
of Nature’s laws, and it is evidently unreasonable to
expect the untrained mind of a boy or girl to discover
and formulate in one year, or even in several years, the
principles discussed in an elementary book on Physics.
The office of the school physical laboratory is not one of
_original discovery ; but, in the first place, to put the
student in the best possible position to see what he looks
at, in order that fact—knowviedge may be added to word-
knowledge in the most impressive way by having the
head and hand work and learn together; and, in the
second place, to train the faculties to exactness of obser-
vation, independence and carefulness in forming conclu-
sions, and good judgment in weighing evidence.

It is not necessary, neither is it advisable, that the
whole subject of Physics be studied in a didactic way
before a student enters on his experimental work., All
that is required is that the class instruction on any sub-
ject or topic shall precede the student’s study of that
subject experimentally, for it will be found that only in
this way will the complete significance of the experiment
and its results be fully perceived, and intelligent work
secured to the exclusion of that which is lifeless and
mechanical. No fear need be entertained that the
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student’s interest will be lessened in the least by a
knowledge of what he is likely to see, obtained either
from seeing the experiment performed by the teacher or
from reading about it in the class manual. The author’s
experience for a number of years has convinced him that
the opposite effect is almost invariably produced ; that is,
a livelier and more intelligent interest is kindled thereby.
The student always finds that the close contact with the
experiment in the laboratory reveals to him enough that
he did not see when he witnessed it in the class-room, or
found no mention of in the manual he consulted, to com-
pensate him many times over for the time he now has
put upon it.

There is, however, a large class of experiments that
cannot be performed to any advantage outside of the
laboratory, particularly those of a quantitative character,
involving the verification of physical laws and the deter-
mination of physical constants. On these subjects but
little help is furnished by the ordinary text-books, and
students graduate every year from our High Schools and
Colleges absolutely ignorant of the difficulties in the way
of accurately determining the simpiest physical constant,
or establishing the truth of the most familiar physical law.
To experiments of this kind special attention has been
given in these pages, for it is believed that it is only by
doing this so-called ¢« dead-work ” can a student ever come
to a correct and complete understanding of these laws.
The objection that such work is beyond the students who
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ordinarily study physics in our High Schools is fully met
by the fact that the data appended to Exercises 275 and
276 of this book were taken from the note-books of two
young girls who had no other aid than that furnished in
the problems as given there.

Although in the directions accompanying the exercises
considerable attention is given to the construction of ap-
paratus, the author would not be understood as approving
of converting the physical laboratory into a mechanical
work-shop. The object in giving so many details was
threefold. First, to make it possible for schools, having
but little means for purchasing apparatus, to get together,
in time, through the aid of teacher, students, and local
mechanics, a supply of apparatus that has the one great
merit, “it seldom fails to do that which is required of
it.” Secondly, to show that the verification and the illus-
tration of Nature’s great laws require no elaborately fin-
ished and expensively constructed appliances; but that,
on the contrary, the more simple and inexpensive the
mechanism is, the more satisfactory is usually its per-
formance. Thirdly, to give the student as clear an idea
as possible of the instrument placed in his hands by
putting before him the specifications followed in its con-
struction. The author well remembers that no study of
books ever gave him as clear an idea of the induction
goil as he got from a working-drawing and specifications
of one published several years ago in a well-known scien-
tific periodical.
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Special attention is called to the appendices. In the
first, the author has attempted to outline a method of con-
ducting laboratory work: the equipment of a room, the
selection of apparatus, and the management of large
classes with limited facilities are some of the topics dis-
cussed at considerable length. In the second appendix
there is described a large number of operations, such as
teacher and student are often called on to perform, in re-
pairing, constructing, and adjusting apparatus. Many
very valuable recipes find a place there, all of which have
been thoroughly tried, and are known to be most excel-
lent. In the third appendix is given a very complete list
of such Constants as will be needed or found convenient
in the application of the truths of Physics to the solution
of practical problems. They will also serve as guides
to the student, often indicating to him what degree of
accuracy he has secured in his expérimentation.

It is too much to expect that these pages will be found
free from errors; still it is believed that a fair degree of
accuracy has been secured. Dr. T. C. Mendenhall, Presi-
dent of the Rose Polytechnic Institute, has carefully and
critically read the whole work in manuscript and in proof,
and has contributed many valuable suggestions. The fol-
lowing well-known science teachers have also carefully
read the work in proof, and aided very greatly in giving
it its present degree of accuracy and completeness of
treatment: W. Le Conte Stevens, Packer Collegiate In-
stitute, Brooklyn, N. Y.; J. Montgomery, Kalamazoo Col-
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lege, Kalamazoo, Mich.; E. P. Jackson, Latin School,
Boston, Mass.; J. Y. Bergen, Latin School, Boston,
Mass.; James H. Shepard, Agricultural College, Brook-
ings, Dak.; George B. Merriman, Rutgers College, New
Brunswick, N. J.; J. H. Pillsbury, Smith College, North-
ampton, Mass.; George N. Cross, Exeter Academy, Exe-
ter, N. H.; George I. Hopkins, High School, Manchester,
N.H.; A. C. Boyden, Normal School, Bridgewater, Mass.;
George L. Chandler, High School, Newton, Mass. ; Albert
C. Hale, Boys’ High School, Brooklyn, N. Y.; Arthur M.
Mowry, High School, Salem, Mass.; and many others.

Special acknowledgments are due to A. P. Gage, of
Boston, James W. Queen and Co., Philadelphia, and E. S.
Ritchie and Sons, of Brookline, Mass., for the use of
a number of illustrations. The author would also ac-
knowledge his indebtedness to that great company of
scientific workers who have furnished him, through their
writings, with the material, and sometimes with the
words, for the pages which-follow. Should this imperfect
effort prove itself helpful to that large body of earnest
men and women who are striving to solve the great
problem of ¢ what is the best method of science teaching,”
the author will feel fully repaid for the many laborious
hours of day and night, in laboratory and in study, he
has spent for a number of years in collecting, verifying,
selecting, and adjusting the matter contained in the
laboratory guide which he now offers to the teaching
profession.



TO THE TEACHER.

L
HOW TO USE THIS MANUAL.

1. The plan on which this book is prepared does not
restrict it to any particular theory of practical science
teaching. If you believe that a full course of didactic in-
struction should precede the admission of students into the
laboratory, and that the practical work should be entirely
quantitative, then omit the qualitative and select from the
quantitative such as is adapted to your wants. On this
plan, however, it will generally be found very difficult to
handle large classes, as it necessarily crowds all the prac-
tical work into a small part of the school year, rendering it
nearly impossible to arrange a programme which provides
enough hours per week for each student to enable him to
accomplish much. It would be better to organize the
laboratory work a week or so after the class-room work
has begun, and carry on the two simultaneously. The
didactic instruction will by this plan be in advance of the
practical work sufficiently to enable the student to carry
on his work intelligently. About three hours per week

devoted to class recitations on some good text-book, accom-
IX
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panied by illustrative experiments by the teacher; two to
six hours per week spent in practical work in the labora-
tory ; and one hour per week spent by students in class,
discussing and comparing their reports on this work, is the
plan on which the author has taught physics for several
years with results that are quite satisfactory.

2. If, on the other hand, you believe that the experi-
mental work should precede that of the class-room, a view
held by many of our ablest teachers, you will find that the
Guide contains a very complete collection of experiments,
from which you can select those adapted to your facilities.
These experiments are accompanied by hints on observing,
recording observations, and correctly interpreting data
obtained, so that the labor of supervision will be greatly
reduced, and the burden of preparing the work reduced to
a minimum.

3. It will not interfere with the plan of the book to
omit any exercise not adapted to the laboratory facilities.
It is best to assign work to the student that he has the
genius requisite to do something with. See Art. 596.
The large variety of material from which to choose will
make it possible to make changes each year. Old note-
books will be of less value to new classes if this is done.

4. It may, occasionally, be found desirable to make
changes in a problem to adapt it to a piece of apparatus
of different design from that contemplated in the Guide.
These changes may be explained in the work-room or

class-room, as found most convenient.
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5. Require students to use reference books freely in
studying their practical work. Also encourage them to
make changes in the mode of procedure. See Art. 599,
Rule 4. Tt will not unfrequently happen that a student
will hit on some little modification that will enable him to
secure much more accurate results, mainly for the reason
that he devised it, and therefore could handle it all the
better on that account.

6. It will be seen that the book seldom states what the
results should be. Experience has convinced the author
that more independent and honest work can be secured on
this plan. Let the average student take the ordinary text-
book into the laboratory and work through one of its
experiments, and in the majority of cases he will believe
that he got exactly what the book account said he would,
nothing more and nothing less, notwithstanding the fact
that half of our book-makers, according to Prof. Tyndall,
describe experiments which they never made, their de-
seriptions often lacking both force and truth.

1L
HOW TO SECURE APPARATUS.

1. It is a mistake to suppose that practical work with
large classes necessitates a large and expensive collection
of apparatus. The cost of equipping a Physical Labora-
tory is less than is generally supposed. Nearly every school
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already possesses the pieces that are expensive, as air-
pump, electrical machine, and their many accessories.
When the author decided to introduce the Laboratory
Method in the Ann Arbor High School, he asked the
School Board to do three things: furnish a room with
gas, water, and a few flat-top tables; appropriate $100 to
purchase a few of the simpler devices for making accurate
measurements; and require each student to pay each term
a small fee, the proceeds to be devoted to enlarging the
equipment. The work began with over eighty students,
and now for several years not a dollar has been asked of
the School Board for purchasing apparatus; still the
facilities are rapidly improving each year, and are probably
superior to those of most schools of the kind.

2. In Art. 595 are given many hints regarding appa-
ratus.

3. The majority of teachers have but little time to give
to the construction of apparatus; still, in most cases, some-
thing can be done, especially in putting things together
that were prepared by some mechanic. There is such
work as winding the wire on galvanometer frames and
making the needles for the same, winding electro-magnets
and magnetizing steel magnets made by a local blacksmith,
etc. School Boards are not easily induced to appropriate
money to be expended outside of the district, but they
will generally be found willing to employ a carpenter for
a few days to work for the school. There are a great
many devices described in these pages that such a man
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can make, and just as satisfactorily as if he lived in some
distant city. These instruments may require adjustment,
a statement true of 90 per cent. of all apparatus purchased
of the most noted makers.

4. FEurope is the great storehouse of cheap apparatus,
and under the law, schools can import-for their own use
duty free. In this way a saving of 80 to 50 per cent. can
often be effected. This is especially true in the matter of
lenses, Grenet batteries, balances, weights, etc. This im-
porting can be done through any of the firms referred to
in Art. 596.

I11.
HOW TO MANAGE THE LABORATORY.

1. There are in use two methods of conduecting labora-
tory work, known as the separate system and the collective
system. Under the former each section of two students
would work on different problems, the apparatus going
around in rotation. It is difficult, under this plan, to have
the student’s work conform to a strictly logical order, but
it requires little or no duplication of apparatus. The
collective system is the ideal one. Under it all are engaged
on the same work at the same time. It has this advantage
over the separate system, a teacher can instruct all at once
on any point demanding more than ordinéu‘y care, and will
have more time to devote to the few who may be less apt
in their work. The author would recommend a combining
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of the two methods as better adapted to the circumstances
of most schools. This would involve a duplication of
those appliances which are less expensive, as thermometers,
lenses, mirrors, galvanometers, ete.

2. In Arts. 596, 597, and 599 will be found quite full
directions and suggestions on conducting practical work.
Those which relate to order are very important. The
student should understand that the work-room is not a
play-room, and that every moment of his time must be put
to good use.

3. By arranging the school programme so that stu-
dents taking physics have all their recitations in the
forenoon, it will be possible for them to devote at least two
of their afternoons to the laboratory each week. If pos-
sible two consecutive hours should be spent there, for it
will not untrequently happen that one hour will be too
short to complete a line of investigation, and to stop when
not through is to lose all that has been done.

4. It is recommended that, generally, two students be
permitted to work together on the same problem, as more
than two hands are often required in performing an experi-
ment. This plan will increase the number of students
who can be kept at work. It is doubtful if one person
can look properly after more than twelve students, and
when large numbers necessitate admitting many more than
this number to the room an assistant should be employed.

5. If the students have definite places assigned them
in the room it will conduce to good order. Each student
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should be held responsible for the apparatus put at his
disposal, and if broken or in any way injured through his
fault he should be required to make it good.

6. The work expected each week from the student
should be assigned him a few days in advance, and he
should be required to give it careful study before reporting
for duty, in order that he may not be hampered by igno-
rance of the successive steps in the experiment. The
author does not believe it is wise to restrict all experiments
to those of a quantitative character. He would require
the student to repeat for himself many of the experiments
of the class-room, with the object of bringing him into
actual contact with the things themselves, so that their
properties and relations may become familiar as solid, first-
hand mental acquisitions. Furthermore, there are many
important truths, the establishment of which involves no
exact measurements, that cannot be developed experiment-
ally in the class-room without expensive apparatus, whereas -
a very simple device placed in the student’s hands will
enable him to see the whole matter cleaily.

Iv.
HOW TO SHORTEN THE COURSE.

1. Asis implied in more than one place, this book con-
tains much more work than a student can master in the
time usually devoted to the subject. There is no reason
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why a teacher should not omit any exercise or set of exer-
cises he ¢hooses. It was thought advisable to have the book
fairly complete in its treatment of each subject, that it
might the better meet. the wants of the greater number,
as it often happens that what is adapted to the needs of
one school is not to those of another. All subjects, how-
ever, are not equally important, and circumstances will
often compel the omission of certain questions. The author
would suggest that generally the following topics might
be omitted without seriously detracting from the value of
the course: Secs. I111., IV., V., VI, VIII.,, X,, and XI. of
Chap. I.; VIL of Chap. I1I.; IX. of Chap.IV.; XV, XVL,
and XVII. of Chap. V.; VIL., XVI,, XVII., and XVIII. of
Chap. VI.; X., XI,, and XIII of Chap. VII. From the
other sections select such experiments as bring out most
satisfactorily with the apparatus at command the principles
they are designed to teach. Under many exercises are
found several methods of accomplishing the same thing.
It adds interest to the work to assign different methods
to different students and have them compare results.

2. If both time and appliances are limited, a still further
contraction is possible, and in that case the author recom-
mends that some such selection as suggested in Art. 596
be made. This principle should govern the work at all
times; a few experiments thoroughly studied will be much
more instructive than a great many superficially and hastily
gone over.
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PRACTICAL PHYSICS.

CHAPTER 1.

THE PROPERTIES OF MATTER EXPERIMENTALLY
DETERMINED.

I. EXTENSION. —-MEASUREMENTS OF LENGTH, AREA,
AND VOLUME.

1. Apparatus. — The fundamental principle involved in
all measurements is that of direct comparison with some
assumed standard, the accuracy of the results depending upon
that of the standard, and the methods adopted to insure close
comparisons. Among the many instruments employed in this
kind of investigation may be mentioned the Dividers, Diagonal
Scale, Metre-Rod, Verniered Steel Caliper, Micrometer Caliper,
Spherometer, Outside and Inside Caliper, Graduated Measure,
Beam Compass, Proportional Dividers, Protractor, etc. These
are described in the following articles of this section, their
methods of use explained, and in many cases simple and
efficient substitutes suggested.

2. Exercise. — Measure the distance hetween two points
situated on any plane surface, as a sheet of brass or card-
board.
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This can be done with sufficient accuracy by means of a pair
of Dividers (Fig. 1) and a Diagonal Scale (Fig. 3). Spring
Dividers (Fig. 2) are preferable. ~Any accurately and finely
divided scale can be used; but of cheap scales, the diagonal
scale, boxwood or ivory, is the most suitable for this problem.

Open the dividers, and place one of its points exactly on one
of the given points on the plane surface, and the other point
on the second given point. Now place one point of the dividers
at one of the divisions 1, 2, 3, ete., of the scale, as 2,
being careful to select one that will cause the other point
to fall at 0, or between O and the vertical line bounding
the scale. If the right-hand point falls at 0,
then the required distance is 2 units. If the
right-hand point falls to the right of 0, as at
the diagonal line 3, then the distance is 2.3
units. If the right-hand point falls between
fwo of these diagonal lines, as 3 and 4, then
move the dividers toward the opposite edge of
the scale, keeping the line of the points parallel
to the lines running lengthwise of the scale,
Fie.1. and at the same time the left-hand point in Fre.2.
the line 2, until the right-hand point meets the intersection of
a diagonal line with a horizontal one. Should such a point
be where the diagonal line 3 intersects the horizontal one 7,
then the distance is 2.37 units. This multiplied by the value
of the scale unit, expressed either in inches or centimetres, wili
give the absolute length.

In conveying the measurements to the scale, there is danger
that the dividers may get closed up a little from pressure of
the fingers in holding the instrument. This must be carefully
guarded against. Again, the points of the dividers must be
placed with accuracy on the given points, and no pressure
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applied that would be likely to indent the surface in the least.
Several independent measurements must always be made;
then, by adopting their arithmetical mean, a result differing
less from the exact one is more likely to be obtained. These
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different measurements should all be neatly and accurately
recorded at the time they are made, in a suitable note-book

provided for the purpose, observing some such plan as the
following : —

LINEAR MEASUREMENTS.

Problem. — Determination of distance between two points on card-
board. Sept. 5, 1888.

Method. — Dividers and scale.

Results. —
First measurement ., . . . . . . oo S Sed —
Second g o ldid sty Sorid T et vy e vk
Third f¢ T TR T T

INRERI S A S SV T PSR
MiEahinEmd = d ey, -0

Valueof scaleunit . . . . . . .
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3. Exercise. — Draw on paper three straight lines whose
lengths are respectively 2.34 inches, 3.57 inches, and 1.89
inches.

4. Exercise. — Cut a circle, as accurately as possible, from
cardboard. Measure its circumference by rolling it along a
straight line drawn on paper. DMeasure its diameter, and com-
pute the ratio of the circumference to the diameter.

A pair of dividers and a diagonal scale will be found con-
venient for the purpose.

Make several independent measurements and record the
results.

The record may be made as follows : —

Problem. — Determination of the ratio of the circumference of a
circle to its diameter. Sept. 5, 1888.

Method. — Dividers and diagonal scale.

Results. —
Circumference. Diameter.
First measurement
Second L3
Third 8
Mean
Ratio, ... UErTOTs, 2T SN Pericenit ioflerreny U

The error is the difference between the ratio obtained and the true value, 3.1416.

5. Exercise. — Measure the length and the breadth of one
of the tables in the room, employing both the English and the
French measure. Reduce each to the other, then compare and
point out in how many ways the differences in the final results
may be accounted for.
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The metre-rod, such as is furnished by the American Metric
Bureau, is a suitable instrument for solving this problem. The
results may be recorded as follows : —

Problem. — Determination of the length and breadth of laboratory
table No. . Sept. 5, 1888.
Method. — The metre-rod.

Results. —
Length. Breadth.

First measurement . . _ __ cm, L S 0 1114 in.
Second G
Third &

Mean
Reduced
Difference .

6. Exercise. — Measure the length of a short rod or bar

of wood or metal.
P

3
!IllllII|HII[Ill|lllllHlI’llllllIIIIHII'llllllllllllll!"llﬁ |i'llll'lIll!llllllllllllll[: WWT

Dartivg, Drowm & Sharpe.Providence. R.I r A

|Susin®
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Fie. 4.

If great accuracy is required, it will be necessary to employ
some such instrument as the Verniered Steel Caliper, an
appliance so constructed that measurements as small as fiftieths
of a millimetre can be made by its aid. Figs. 4, 5, and 6
exhibit some of the forms given it; the latter being without
the Vernier, a device for estimating fractional parts of the
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smallest division on the scale. Where the verniered form
cannot be had, for financial reasons, this simpler form may be
used instead, generally with sufficient accuracy, if the fractional
parts of the divisions are carefully estimated by the eye.

ey

e

Fi1e. 5.

To measure the rod, unclamp the screws A and B (Fig. 4),
and slide the jaw C away from D, so that the rod can be
placed between C and D, with its axis parallel to the bar of
the caliper. Then clamp A, and move the jaw C by the slow-

motion screw E till the rod is just firmly held between the jaws
C and D, as it is an easy matter by springing the frame of the
instrament, or compressing the rod, to change the reading one
or more of the smallest units given by it. It now remains to
read on the scale the length of the rod. On C will be seen a
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short scale, called a Vernier, 20 of whose divisions ‘equal 19 on
the bar or limb, the bar divisions being fiftieths of an inch.
Hence, each division of the vernier is 1% of an inch shorter
than each bar division. Therefore, write down the number of
inches and fiftieths of an inch up to the zero of the vernier
scale; then if the zero of the vernier does not register exactly
with a division on the bar, observe which one of the vernier
divisions coincides with a division on the bar, and this gives the
number of thousandths to be added to the guantities already
obtained. Express all fractional parts decimally. Make
several independent measurements, and obtain their mean.
Record the results after the manner described in previous
exercises.

The index on the opposite side of this instrument is ar-
ranged for both inside and outside measurements. The outer
edges of the jaws are rounded for insertion in tubes, or hollow
cylinders ; then, by reading from the index marked inside, the
distance between the outer surfaces of the jaws is given, that
is, the diameter of the tube.

This caliper can also be used for measuring the diameter
of a cylinder, the diameter of a small ball, or the thickness of
plates.

7. Exercise. — Determine the dimensions of a piece of
brass tubing. Compute the lateral surface and the volume.

The best instrument for this purpose is the Verniered
Caliper. Fair results can be got by the direct application of
a good scale.

Enter results in the note-book as follows : —

Problem.—Detem;ination of the dimensions of a piece of brass
tubing. Sept. 7, 1888.
Method. — Verniered caliper.
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Results. —
Outside Inside
Length. Diameter. Diameter.
First measurement. . in. in. in.
Second £
Third £«
Mean .
Computed area = .. .sq. in. Volume = cu. in.

8. Exercise. — Cut from a piece of wire the following
lengths : 5 mm., 1.26 inches, 2.39 inches, 149 mm., 3.06 inches.
With a pair of Cutting Pliers (Fig. 7), or a file, cut off
a piece of wire a little longer than is required. Set the

Fie. 7.

verniered caliper to the required length, and then, with a fine
file, shorten the wire till it fits accurately between the jaws.
A flat scale may be used in place of the caliper by laying
the wire directly on the scale, carefully avoiding parallax in
reading by always sighting across the ends of the wire
perpendicularly to the scale.

9. Exercise. — Measure the diameter of a wire, and also
determine the gange-number.

The diameter can be found by means of the verniered
caliper (Fig. 4), but a better instrument for the purpose is
the Micrometer Caliper (Fig. 8). In using this appliance, it
is necessary to find the pitch of the screw C by observing
the graduation of the linear scale a. This is usually either
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fiftieths of an inch, or half-millimetres. The circular scale on
D is generally divided into 20 parts when the graduation is in
English measure, and 25 when French; so that a circular
division represents 4% X %% = %o of an inch in the one case,
and 3 X 4% = g% of a millimetre in the other. As these
circular divisions are large, it is easy to estimate to quarters of
these spaces. When the screw C is in contact with B, the
zero of the scale on D should be at the zero of the linear
scale a. If this is not the case, the set-serew which holds B
should be changed till the zeroes of the two scales coincide.

- (D

i ey

Brewna
hﬂ-n:- .o

Fic. 8.

Now place the wire to be measured between B and C, and, by
turning D, advance C till the wire is held between B and C;
being careful not to exert undue pressure, as it is an easy
matter to vary the reading one or more divisions of the circular
scalé by springing the frame of the instrument. To get ‘the
reading, observe how many divisions on the linear scale a are
exposed, and what division of the circular scale on D coincides
with the line running lengthwise of the cylinder having the
linear scale. As shown in Fig. 8, we have the following
reading : —
On the linear scale, 4 small divisions = .08 inch.
On the circular scale, 5 divisions = .005 inch.
Total reading .085 inch,
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When the linear scale is graduated to read to fortieths of an
inch, the larger divisions being tenths, then the circular scale is
" divided into 25 parts, and hence the reading is to thousandths.

A simple method of measuring the diameter of a wire is to
wrap it closely around a cylinder whose diameter is large com-
pared with that of the wire, till some 25 or more convolutions
are obtained. Then the diameter will equal the width of the
surface covered divided by the number of turns.

The diameter can also be determined by weighing accurately
a known length of the wire, first having made the ends square

with a file. Then the diameter in centimetres = \/ #, in
.7854dl1

which w = weight in grammes, d = density (see Table II.),
and ! = length in

centimefres. For an

T & y ;
« ° r explanation of this

JRIOROWN & SHARPFR o p

PR T S formula, consult the

& o subject of density as
& presented in any trea-
" tise on Physics.

3 To ascertain the

S gauge-number, a Wire-

‘:‘: Gauge (Fig. 9) is em-

B4

ployed. This consists
of a steel plate with
a gradnated series of

G- 0" notches around the
edge, each one numbered according to some specified table
of wire-gauges. Find, by trial, into which notch the wire
will just fit, and read off the number on the gauge. By
reference to Table VI., the diameter can be approximately

STANDARD o
23 WIRE GAUGE 9.
Y 27 25 g9 30 8%

found.
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10. Exercise. — Measure the thickness of specimens of
the following : Paper, mica, tin-foil, tinsel, ete.

The most suitable instrument for this problem is the microm-
eter caliper. Make several measurements of each specimen,
and devise some convenient form for recording the results.

11. Exercise. — Measure the thickness of a very thin piece
of mica. ‘

This can be done by the aid of the micrometer caliper; but
a more desirable instrument for making such measurements is
the Spherometer (Fig. 10), as
it is less likely to break the
thin plate, and the moment
of contact of the parts of the
instrument with the substance
can be more accurately deter-
mined, as the phenomenon is
independent of the delicacy of
the sensation of touch. This
instrument consists of a metal

platform supported by three
steel legs whose extremities are
the vertices of an equilateral triangle. In the middle of this tri-
angle is a fourth leg, which can be raised or lowered by means of
a fine thread cut uponit. Thisleg passes through the platform,
and terminates above in a finely graduated disk of such a size as
to be tangent to a straight scale which is normal to the plane of
the triangle. A true glass plane must accompany the instru-

Fia. 10.

ment. In the absence of any thing better, a piece of double-
thick French plate glass may be used. When the spherometer
is placed on the plane with the four legs touching it, the zero
on the disk should be exactly at the zero of the straight scale.
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If found not to be in adjustment, loosen the screw A, and
move the disk the necessary amount. In reading the instru-
ment, the pitch of the screw must be known, and also the
number of divisions on the disk. Let us suppose that the pitch
is $ mm., and that the disk is divided into 500 parts; then one
turn of the disk will raise or depress the end of the screw
4 mm., and to turn the disk through one division of its scale
will move the screw } X gk = .001 mm.

To measure the thickness of the mica plate, place the
spherometer on the glass plane, with the mica under the fourth
leg. Turn the screw till the instrument starts to turn on the
plate ‘from the friction of the screw-leg on the plate. To
the reading on the straight scale, add that on the disk, and the
thickness is obtained. Several determinations should be made,
and their average adopted as the true thickness, making a
tabulated record of the work as directed in the previous
exercises.

In some forms of the instrument, the screw-leg terminates
below, in a bent lever very delicately pivoted, the long arm
serving as a pointer. By watching the pointer, the exact
moment of contact with the surface is known.

Instead of adjusting the zero of the instrument, it is probahly
better to take the mean of several readings, when standing on
the plane, without the mica, and then subtract this from the
mean of as many readings taken with the mica under the screw-
leg. Should the reading in the first case be below zero, and
in the second case above, the two must be added.

12. Exercise. — Measure the diameter of a sphere, as a
croquet-ball.

First Method. — Place the sphere between two square-cut
blocks whose faces press against a third block, and measure
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the distance between the first two by means of a good scale.
To avoid errors, the angles of the blocks must be square, and
the thickness of the blocks must not be less than half the
diameter of the ball. Why?

Second Method. — Employ the Outside Caliper (Fig. 11) and
a good scale. This caliper is a kind of compass with curved
legs. By means of a screw, the distance between the inner
faces of the points can be set so that they just glide over the

surface of the sphere. Now apply the points to the scale to
determine the distance between them. This will be the diameter
of theball. Measure the ball in several different positions, record
the results as in previous exercises, and obtain the mean.

This instrument can be used in all kinds of end measure-
ments where actual contact between the instrument and the
object is possible.

13. Exercise. — Measure the depth and also the diameter
of a cylindrical jar, compute its contents, and compare the
result with that obtained by the use of a graduated measure.
Employ both English and French measure.
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To find the depth of the jar, stand vertically in it a lineax
scale, taking the reading on it at the point opposite the lower
edge of a straight-edge resting across the top of the jar. This
measurement should be made at several places, as the bottom
of the jar is not perfectly level. The inside diameter can best
be found by means of the Inside Caliper (Fig. 12). Place
the instrument within the jar, and open it as far as possible.
Apply the points to a linear scale, and find the distance
between their outer faces. The figure shows a form of the
caliper that can be used for both inside and outside measure-
ments.

To compute the volume, apply the formula V = xR2H, in
which = = 3.1416, R = radius, and H = depth.

In the absence of an inside caliper bend a piece of annealed
wire into a U-shape, and use it in the same way as a caliper.
The lack of elasticity will cause the points to stay wherever
placed.

To measure the volume of the jar, ascertain how much water
it takes to fill it, as measured both in and out with a Graduate
(Fig. 264.) In filling the graduate, place it on a horizontal
table, and in taking the reading hold the eye on a level with
the surface of the water.

A simple method of finding the volume of small vessels of
any shape is to subtract their weight when empty from that
when filled with ice-water. This difference, in grammes, will
be the volume in cubic centimetres,
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Record the results after some such plan as the following : —

Problem. — Determination of the contents of a cylindrical jar.
Sept. 7, 1888.

Method. — Linear scale, inside caliper, water, and a graduate.

Results. —

Depth. Diameter. Capacity.
First measurement. . cm. | T e T 001 e AR Iy ' eI, % 8, 0z,
Second & b RN R SRy A a i AR (MR
Third § L L = s T e Al ek - MM AR O g "
v s fie=t : =d ol B2 Y R
Moan 77, N et G AR ol ST R ’ =L
Computed volume . cem. 0Z.
Measured 4 5
Mear™ S ST

14. Exercise. — Copy a scale on glass, brass, or paper.

Thoroughly clean the piece of glass or brass, and coat it
evenly with a thin film of beeswax or paraffine by plunging
it into a dish filled with the melted substance. Fasten both the

Fie. 13.

scale to be copied and the piece of brass or glass to a board by
means of tacks so as to be about 50 cm. apart. In a wooden
bar about 52 cm. long, 2 cm. wide, and 1 cm. thick, insert at
each end, and perpendicular to the length, a stout needle-point
2 cm. long (Fig. 13). Place one of the needle-points of the
bar on the first division of the scale, and with the other point
_draw a line in the wax cutting entirely through it. Next place
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the needle-point on the second division of the secale, and so on
till a scale of sufficient length has been obtained. Every fifth
division should be made a little longer than the others, and
every tenth should be longer still. With a sharp-pointed
instrament add the proper figures. If the scale is on brass,
flow the plate with nitric acid for a few moments, and then
wash in water. If the scale is on glass, place the plate, writing
downward, over a rectangular dish made of sheet-lead, and
containing a spoonful of powdered fluor-spar well moistened
with sulphuric acid. Warm the vessel slightly over a lamp,
being careful not to melt the wax, and set aside for a few hours.
Remove the wax with a cloth wet with benzine. A scale will
be found etched in the glass or brass, as the case may be.

To copy a scale on paper, substitute for one of the needles
on the bar a draughtsman’s right-line pen or a hard lead-
pencil, inserting it in a hole bored through one end of the bar.

15. Exercise. — Test the accuracy of the divisions of a
common linear scale.

To obtain the deviation from a standard scale, employ the
Beam-Compass (Fig. 14). It consists of a graduated bar of
wood or metal, the standard scale, to which are attached by
clamps two points, one of which has a fine adjustment by
means of a tangent-screw, C, causing the index-mark on B
to move in front of a fine scale. The instrument may also
be used in measuring distances between points, in copying
scales, ete. i

Fasten the scale to be tested to a board. Slide the point A
along the bar till the distance between A and B is, roughly,
equal to the distance on the scale to be tested. Then clamp A,
place the point on the scale, and move B, by means of C, till
the points fall exactly on the scale divisions. Use a magni-
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fying-glass to insure accuracy in the coincidence of the points
with the divisions of the scale. Now read the distance on the
beam, and combine it with the reading on C, for the distance
between the scale divisions. Proceed in this way till as much
of the scale as needed has been tested.

The results may be recorded as follows : —

Problem. — Testing the accuracy of a linear scale. Sept. 8, 1888,
Method. — The beam-compass.
Results. —

Scale Reading. Compass-Bar Reading. Scale C Reading. True Distance.

16. Exercise. — Divide a straight line into a number of
equal parts.

PFirst Method. — Through one end of the line to be divided,
draw an indefinite straight line making any angle between 30°
and 45°. Lay off on this line with the dividers as many
equal distances as there are parts required of the given line,
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beginning at the vertex of the angle. Join the last division
with the free end of the given line, and through the other points
of division draw lines parallel to this line. This set of parallels
will divide the line as required.

To draw parallel lines, place one side of a wooden triangle,
such as draughtsmen use, firmly against the edge of a ruler rest-
ing on the paper. Then on sliding the triangle along the ruler,
either of the other sides will move parallel to its first position.

Second Method. — Employ a pair of Proportional Dividers
(Fig. 15). This instrument is a variety of a
double compass with a movable axis, a scale
on the side indicating the ratio of the distance
between one pair of points to that between the
other pair as the compass is opened. It is some-
times furnished with a micrometer adjustment.
The same instrument is also graduated so as to
give the length of the side of any regular
polygon for any given radius.

To divide the given line, set the index at that
division on the scale of the instrument indicating
the required number of parts into which the line
| is to be divided. Now open the dividers till the
distance between the points of the longer legs is
the length of the line ; then the distance between
the other two points is the required part of the
line. Lay this distance off on the line, and the
required division is obtained.

Fre. 15. By reversing the process, a line may be ex-
tended to any number of times its original length. .

17. Bxercise.— Draw a circle on cardboard, and divide it
into degrees.
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This will require the use of a Protractor (Fig. 16), a brass,
German-silver, or translucent horn circle or semicircle divided
to degrees or half degrees. It is frequently provided with an
arm turning about its centre, and so constructed that one edge
of it moves exactly as a radius of the circle. For very accu-
rate work the readings are made by means of a vernier. When
not provided with an arm, a ruler will have to be used instead.

Fie. 16.

Place the protractor on the cardboard circle so that the cen-
tres coincide. Then set the radial arm at zero, and with a
sharp pencil draw a line along the edge cutting the circumfer-
ence of the circlee Now move the arm to the successive
divisions of the scale, and mark as before. Make every fifth
division line longer than the others, and every tenth longer
still. Should the circle be smaller than the protractor, rule the
radial lines as before ; then remove the instrument, and by the
aid of a ruler extend the lines toward the centre till they
intersect the circumference.

18. Exercise. — Draw a triangle on a piece of cardboard,
measure its angles and sides, and also compute its area.

The length of the sides can be obtained by the method of
Art. 2. 'To measure an angle, place the protractor so that its
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centre is exactly on the vertex, and the zero is in one side of
the angle, or that side produced. Now move the arm #till it is
in the other side ; the reading will be the value of the angle.

The area can be computed by the aid of the formula
Vo(p — a)(p — b)(p — ¢), in which p is the semi-perimeter,
and a, b, and ¢ are the sides. An approximation to the area
of the triangle, and in fact of any plane figure, can be obtained
by transferring it to what is known as cross-section paper,
paper divided accurately into small squares of known size, and
counting the number of these squares that the figure includes.
Wherever but part of a square falls within the triangle, the
value of that part will have to be carefully estimated.

Another simple method is to cut the figure out of cardboard,
and compare its weight with that of a square inch or a square
centimetre cut from the same cardboard.

19. Exercise. — Draw on paper a figure bounded by
several straight lines, and determine its area.

Divide the figure into triangles, and compute their areas as
in Art. 18. Check the work by applying the approximative
methods suggested in the same article.

20. Exercise. — Find the volume of any irregular piece of
stone or metal.

First Method. — Measure the volume of water the substance
displaces. To do this readily and accurately, a Cylindrical
Graduate (Fig. 254) and an Erdmann’s Float (Fig. 17) are -
needed. The float is a short glass cylinder, closed at both ends,
and weighted with mercury so as to cause it to take an upright
position in the water. A mark is etched around the cylinder, and
the position of this mark with reference to the scale on the
graduate is the reading to be used. To make a float, select a
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short piece of thin glass tubing, close one end by heating it in
a gas-flame, then introduce mercury or shot sufficient to cause
the tube to float in a vertical position in water. Now close the
other end of the tube by softening the glass and draw-
ing it out to form a hook. A fine thread tied around
the tube at a point which will be below the surface
when the instrument floats in water will serve as an
index. The office of the float is to avoid the error due
to the liquid’s climbing up the side of the cylinder,
rendering it difficult to tell where the upper surface is.

Fill the graduate part full of water, introduce the
float by means of a wire hook, and observe the position
of the line on the float with reference to the scale on
the graduate. By introducing water drop by drop, this reading
can always be made a whole number. In taking readings,
always read to that division on the scale that is in line with two
opposite points of the line around the float. Now remove the
float, and introduce the object to be measured; then replace
the float, and take the readings as before. The difference
between the two readings is the volume. Make several
measurements, varying the quantity of water, and record the
results after some such plan as the following : —

Fie. 17.

Problem. — Determination of the volume of an irregular piece of
stone. Sept. 10, 1888,
Method. — Water, Erdmann’s float, and graduated cylinder.

Results. —
Float-reading before introducing Fioat-reading after introducing
the Stone. the Stone.

First observation
Second £
Third “ 5

MeANT %S orod s
MOMIME., " oo Soine fo ve maih oao o s TGO,
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Second Method. —The volume of a substance whose density
is known can be found in cubic centimetres by dividing its
weight in grammes by the density. Consult Art. 187 and
Table II.

21. Exercise. — Find the volume of a substance soluble in
water, as rock-candy, common salt, etc.

Sugar and saltpetre are insoluble in strong alcohol ; common
salt in sulphuric ether, ete.

22. Exercise. — Find the capacity of a vessel whose form
is that of the frustum of a cone.

If the vessel is a small one its capacity can be readily
obtained by means of a graduated measure. If, however, the
vessel is large, like a water-pail, its capacity is easily com-

puted by the formula %(R2 + 7* + Rr), in which 7 = 3.1416,

H = depth, R = radius of the top, and » = radius of the
bottom. These dimensions are found as directed in Art. 13.
Record the results as follows : —

Problem. — Determination of the capacity of a vessel whose form is
that of the frustum of a cone. Sept. 10, 1888.

Method. — By calipers and scale.

Results.— -
Diameter of Diameter of

Top. Bottom. Depth.
First measurement . . ...CID. cm. cm.
Second s
Third e
Mean

Volume .=, L R e e S L cem,
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II. ESTIMATION OF MASS.

23. Apparatus. — As the mass of a substance — that is, the
quantity of matter in it —is estimated in terms of some quantity
of matter assumed as a standard, as the gramme or avoirdupois
pound, there is therefore needed for its determination a copy
of the standard unit, together with multiples and sub-multiples,
as well as some form of balance for making the comparison.

Fie. 18.

The Balance (Fig. 18) consists of a metal beam supported
on an axis perpendicular to its length, and about which it is
free to turn in a vertical plane. Pans are attached at the
extremities of the beam in such a manner as to move freely
about an axis parallel to the axis supporting the beam. All
the bearings are usually knife-edges of hardened steel resting
on polished agate or steel plates. Attached to the centre of
the beam is a long pointer moving in front of a graduated
scale, to tell the user when the beam is horizontal. In order
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that the beam may not rest on the bearings when the balance is
not in use, a provision is made, such that by turning a mill-
head in front, the beam is lifted from its supports. To protect
from air-currents when weighing, a glass case covers the
¥ balance. This case is sup-
- ported on levelling-screws to
facilitate the adjustment of
the instrument to that posi-
tion in which the pointer is
opposite the middle division
of the scale. Fig. 19 illus-
trates a cheaper form of
balance, which will be found
sufficiently accurate for all requirements of this book. In fact,
the common hand-balance so largely used by jewellers, if
suspended from some simple support, will give, with care and
patience, very good results.
Jolly’s Balance (Fig. 20) is a cheap and efficient substitute
for the beam balance. To construct one, proceed as follows : —
Provide a stout supporting-rod set into a square block for
a base. Suspend, from an arm projecting from the top, a
delicate spiral spring 30 cm. long. Two or three of these
springs should be provided, varying in stiffness. They are
made by winding spring brass wire closely around a cylinder
2 cm. in diameter. Wires ranging from No. 20 to No. 30 may
be used, according to the sensitiveness required. Attach
two small scale-pans as seen in the figure, the lower to be
used in density determinations for weighing objects in water,
an adjustable shelf being necessai‘y to support the tumbler.
On the standard back of the spring, tack a long strip of mirror
on which is a millimetre scale (see Art. 14). Instead of etching
the scale on the face of the mirror, it will be simpler to cut it
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in the amalgam, and then cover the back with black paper. A
paper scale cemented along the edge of the mirror will answer
nearly as well. Just above the scale-pan, attach a small white
bead, or a wire pointer, at right angles to
the spring, to serve as an index. The
scale-reading is where the line joining
the index with its reflection intersects the
scale.

The Weights (Fig. 21), when large,
are made of brass; when small, of either
aluminum or platinum. Each weight has
its value stamped upon it, and should
have its assigned place in a neat box.
In handling them, always use the small
pair of pincers found in the case. The
milligramme weights are not much used
where the balance-beam is graduated.
Their place is supplied by what is known
as' the Rider, a U-shaped piece of wire,
usually weighing one centigramme, that is
placed astride of the beam. If the arms,
for example, are each divided into ten
parts, then the
rider placed at
division six repre-
sents a weight of gl
» six - tenths of a

i Ak centigramme, or 6
milligrammes, placed on the scale-pan. By estimating fractions
of these divisions, or using lighter riders, fractions of milli-
grammes ean be weighed.
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24. Exercise. — Find the weight of a small piece of any
substance.

Set the balance vibrating, with empty pans, to determine
the position of the resting-point of the pointer on the ivory
scale. Since it will take too much time to allow the beam to
come to rest, it is better to determine where the resting-point
would be by observations made on the oscillations. This would
be an easy matter if the resting-point was the middle point of
the arc described by the pointer. But the distance the pointer
swings each side of the resting-point gradually diminishes ;
hence it will be necessary to average a number of oscillations
after the manner described below.

Suppose the ivory scale to be divided into thirty parts. To
avoid the use of signs in distinguishing the deviations of the
pointer to the right or left of the middle division, number
the scale from left to right, the extreme left being marked 0,
the middle 15, and the extreme right 30. Then record five
vibrations of the pointer. This will give the greatest and
the least arc to the side toward which the pointer was first
observed to move. These would be recorded as follows : —

TURNING-POINTS.

RESTING-POINT.
Left. Right. )

First vibration, | 3 | Second vibration,| 25

Third “  |5.3|Fourth “  [22.2| pean= w =14.35.
Fifth |7
Mean . . |5.1 Mean . . .[23.6

Hence 14.35 is the resting-point of the unloaded balance.
By means of the levelling-screws, the balance could be adjusted
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so that the resting-point would be the middle division of the
scale, but it is unnecessary. Now place the article to be
weighed on the left-hand scale-pan, and as near the middle as
practicable. In the other pan, place a weight such as you
estimate will balance it. Now throw the balance in action,
and watch the pointer to determine which pan is the heavier,
since, if the equilibrium is not close, the pointer will move
sharply to one side of the resting-point, whereas, if close, the
resting-point will be seen to be near the middle of the arc
described. If the weight is found too heavy, remove it, and
substitute a smaller one; if too small, a heavier one. Let us
suppose that the twenty-gramme weight is found too heavy.
Then replace it by the ten-gramme weight. If this is found
too light, then add the five-gramme weight; if still too light,
add two more ; if now too heavy, then replace the two-gramme
by the one-gramme ; if now too light, add .5 gramme; if still
too light, add .2 gramme ; if now too heavy, replace .2 gramme
by .1 gramme, and so on. When traced down to centigrammes,
the centigramme rider may be used if the balance has a
graduated beam, and the milligrammes determined.

When the swinging of the pointer shows that the balance is
nearly secured, find the resting-point of the loaded balance in
the same manner as in the case of the unloaded. Let us
suppose that is found to be 13.5. This shows that the right-
hand pan is the heavier.! To determine the amount, place
.001 gramme in the left-hand pan, and again determine the
resting-point. Let us suppose that this resting-point is found
to be 15. Hence it follows that .001 gramme has moved the
pointer through 15 — 13.5 = 1.5 divisions, whereas it was

1 This applies to a balance having the ivory scale below the beam. Where this scale
ie above the beam, the opposite is indicated.
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necessary to move it 14.35 — 13.5 = .85 division. Therefore
the amount to be placed in the left-hand pan, that is, the
amount to be deducted from the weights in the right-hand pan,
is (.85 =+ 1.5) x .001 = .00057 gramme. Finally add together
the weights in the pan, and deduct from the sum .00057 gramme
to obtain the weight of the substance.

To prevent errors in determining the total value of the
weights on the pan, first, add up the values of those which
the empty pockets of the case show to be in use; secondly,
check the same by adding the values of the weights as they are
removed from the pan to the case.

In weighing with fine balances, observe the following precau-
tions : —

1. Remove all dust from the pans by means of a camel-hair
brush.

2. Set the balance in action by turning the mill-head to find
the resting-point of the pointer, as it is not always the middle
division of the scale.

3. When it is necessary to stop the swinging of the beam,
wait till the pointer is directly over the centre of the scale, then
turn the mill-head. To do otherwise jars the instrument, and
injures the bearings.

4. Always stop the swinging of the balance when adding or
removing weights.

5. The position of the observer should be central so as to
avoid any parallax in reading the scale.

6. Always put on weights in the order in which they come
in the box or case, handling them with the pincers, and never
with the fingers.

7. When the weighing is finished, replace the weights in the
box, and in no case leave the balance swinging if there is any
provision for avoiding it.
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8. Avoid all air-currents, and have a firm support for the
balance, so that there may be as little trembling as possi-
ble.

9. Never be in a hurry, as accurate weighing is slow
work.

10. All substances liable to injure the pans, when being
weighed, must be placed in appropriate vessels ; a watch-glass
of known weight will be found very useful for such pur-
poses.

To weigh with Jolly’s balance, place the substance in the
upper pan, and take the reading of the index. Now remove
the substance, and add weights till the same reading is
obtained. The sum of the weights is evidently the weight of
the substance. If, with the weights given, it is found
impossible to bring the index to the same reading, add weights
till a reading less than the required one is obtained, but such
that the smallest weight on hand, when added, brings the index
too low. If, for example, the reading required is 300, and
1 mg. changes it from 299 to 301.5, then the weight required

will be 51—5 of 1 mg., or .4 mg.

25. Exercise. — Determine the weight of a number of
lead balls by weighing five of them separately, selected at
random, finding their average, and multiplying that average
by the number of balls in the lot. Weigh each ball several
times.

The record may have the following form : —

Problem. — Determination of the weight of a number of lead balls.

Method. — Weighing five of them separately, selected at random,
finding their average, and multiplying that average by the number of
balls in the lot. c
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Results. —
First Ball. Second Ball. Third Ball. Fourth Ball. Fifth Ball.

First weighing .
Second ¢
Third 1

Mean .

Average weight of a ball = Weight of lot =

26. Exercise. — Determine how many grains of wheat in a
bushel, 60 pounds, by weighing five lots of 20 grains each, and
from these data determining the average weight of a grain.

Devise a convenient form for recording the results.

27. Exercise. — Determine how much chalk it takes to
write your name on a common blackboard. Also determine
the amount used in writing your name on g slate. Which is the
more economical surface on which to use chalk?

Use the mean of several times’ writing. Devise some
suitable form for tabulating results.

28. Exercise. — Determine the weight of a silver five-cent
piece, and also that of a silver dollar. What is the value of
the silver dollar on the standard adopted for the five-cent piece?

29. Exercise. — Determine the percentage of water in
crystallized sodium sulphate.

Weigh carefully a large crystal of the salt, and then set it
aside for several days in a place where dust is excluded.
The crystal will fall to powder, owing to the escape of the
water of crystallization. Find the weight of the powder, and
then compute the percentage of loss.
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30. Exercise. — Compare the weights of equal volumes of
several substances, expressing each in terms of the lightest
taken as the unit.

Get a competent mechanic to make out of lead, brass, tin,
iron, maple, lignum-vitee, etc., cubical blocks 1.5 cm. on an
edge, that is, blocks of equal volumes, and determine their
weights in the regular way. i

31. Exercise. — Determine the length of a twisted piece of
wire.

Weigh several straight pieces of wire of the same material
and gauge-number, and also measure their lengths. From
these data, compute the average weight of a centimetre of the
wire. Now weigh the twisted piece, and compute its length.

The results may be recorded as follows : —

Problem. — Determination of the length of a twisted piece of wire.

Method. — Weighing and measuring.

Results. —
Length. ‘Weight. ‘Weight per Centimetre.
Wire No. 1
g [13 2
TGN P E, % % oo e e e ee RO SO s e

Weight of the twisted piece, Computed length,

32. Exercise. — Cut a piece of smooth tin-foil of some
simple figure; determine its area and weight. Compute its
thickness, allowing that 1 cem. of tin weighs 7.29 grammes.
Compare the result with that obtained by the use of the
. micrometer caliper. Devise a suitable form of record in the
note-book.



32 PRACTICAL PHYSICS.

33. Exercise. — Make out of aluminum-foil a centigramme
weight.

First find both the area and the weight of a piece of the
foil, and then compute how large a piece will be required to
weigh one centigramme. As the thickness of the metal may
not be uniform, cut the piece a trifle larger than the estimated
one. By means of a fine file, adjust the piece to the required
weight.

34. Exercise. — Measure the cross-section of a capillary
glass tube.

Clean the tube thoroughly by washing it, first in nitric acid,
then in distilled water, then in a solution of sodium hydrate,
and finally in distilled water. To do this, connect a small
glass syringe to the tube to be washed, by half a metre of
rubber tubing ; then, by placing one end of the capillary tube
in a vessel containing the wash, the corrosive liquid is made to
pass backward and forward through the tube without coming
in contact with the hand. After thoroughly washing the tube
with distilled water, rinse it out with alcohol, and then dry it
by passing it back and forth over a gas or spirit flame. Fill
the tube part full of pure mercury by dipping it into a dish
filled with the liquid; lay it on a horizontal surface and by
means of a pair of dividers and a diagonal scale, ascertain
the length of the mercury filament. Pour the mercury out
of the tube into a suitable vessel of known weight, and ascer-
tain its weight. Now the volume of mercury in the tube is
equal to the weight of mercury divided by 13.6, and the cross-
section of the tube equals the volume of mercury divided
by the length of the filament, provided the centimetre and
the gramme are the units used. How would you find the
diameter ?
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I11. IMPENETRABILITY.

35. Apparatus. — The principal appliances needed in the
study of this subject are as follows: Battery-Jar, Cubes of
Wood, Punnel, Funnel-Tube with a Stop-Cock, Rectangular
Prism of Wood, Wide-Mouthed Bottle, Tumbler, Glass Tubing
and a Cylindrical Graduate.

36. Exercise. — Graduate a glass battery-jar of two or
more litres capacity to decilitres by means of a graduated
measure and water, marking the divisions on a paper strip
pasted on the outside. Cut out of wood two cubes, one
decimetre and one-half a decimetre on their edges respectively.
Give each block a coat of thin shellac varnish, made by
dissolving shellac in alcohol, or of hot paraffine. Now fill the
jar about half full of water, and observe by the scale on
the side exactly how much there is. Then place in the jar
these blocks successively, holding the block under water by
means of a slender knitting-needle, and, while submerged, note
exactly the volume of water as shown by the scale on the side
of the jar. Compare the increase of volume with the volume of
the block. Inference.

Owing to the climbing-up of the water on the side of the jar,
it is difficult to get the exact position of the surface. This
may be partly corrected by rubbing a thin film of paraffine on
the inside of the jar opposite the scale.

37. Exercise. — Partly close the throat of a funnel with a
perforated cork. Fit a second cork accurately to a wide-
mouthed bottle with the stem of the funnel passing tightly
through this cork (Fig. 22). DBore a small hole through this
cork of about 2 mm. diameter. Now pour water into the
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funnel, holding a finger firmly over this small hole in the cork.
Observe the difference on removing the finger.
Why would the water not run in at first? What
do you learn from this experiment about water
and air?

As large corks are usually very open, they
should first be boiled in paraffine. In fitting
corks, a flat wood-file and a small round file
will be indispensable.

38. Exercise.— Make a wooden rectangu-
lar prism 5 ecm. by 2 cm. by 20 cm. In a cylin-
drical jar, put 100 ccm. of water. Graduate
the longest edge of the prism to centimetres.
Insert the bar vertically into the water. Mark on the side

Fie. 22.

of the jar the change of level of the water; then remove the
bar, and ascertain what volume of water will produce the same
change of level. How does this volume compare with that
of the part of the bar submerged? Repeat the experiment
two or three times, varying the amount of the bar submerged.
What property does this experiment show that matter pos-
sesses ?

39. Exercise. — Adjust a U-shaped delivery tube to a
bottle containing a known quantity of water, the inner end of
the tube opening beneath the water, and the outer end opening
within a common tumbler (Fig. 23). Pass through the same
cork a funnel-tube with a stop-cock. All these fittings must be
made air-tight. For this reason, a rubber stopper is to be pre-
ferred. Now shut off the stop-cock, and pour into the funnel
a measured quantity of water. Then turn the stop-cock, and
let the water pass into the bottle. Measure the water in the
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tumbler, and compare the amount with that poured into the

bottle. Pour in another known
quantity, and then ascertain the
amount in the tumbler. Continue
in this way till at least five separate
amounts of water have been added
to the bottle. Find the average of
the five amounts of water poured
into the bottle, and also of the five
amounts collected in the tumbler.
Measure the amount of water left
in the bottle, and correct these
averages by the difference between
this amount and the amount in
the bottle at the beginning.

What

Fia. 23.

inference can you make from comparing these averages?

40. Exercise. — Fit a delivery-tube, and also a funnel-tube

Fia. 24.

Measure the air now found in the graduate.

provided with a stop-cock,
to a well-corked bottle
(Fig. 24). Let the deliv-
ery-tube open beneath an
inverted cylindrical grad-
uate filled with water over
a small pneumatic trough.
Pour a known quantity
of water into the funnel-
tube, opening the stop-
cock as soon as the air
has escaped from the
throat of the funnel.
Repeat the opera-
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tion several times, and measure the air in the graduate after each
pouring. Each of these results should be corrected by subtract-
ing from it the capacity of the tube below the stop-cock. Why?
This capacity can be easily determined by closing the end with
the finger, and finding the amount of water required to fill the
tube. Compare the amounts of water and air. Inference.

The funnel-tube may be replaced by a common funnel joined
to a glass tube by a rubber connector. A pinch-cock (Fig.
269) on the rubber will serve for a stop-cock. -

41. EBxercise. — Float a cork on the surface of water.
Cover it with a wide-mouthed bottle, and push the glass vessel,
mouth downward, into the water. What phenomenon do you
observe? Insert one arm of a U-tube made of glass tubing
under the edge of the bottle, and again push it down into the
water. Does the same phenomenon occur as before? What
do you learn by holding a burning match over the outer end of
the U-tube as the vessel is pushed into the water? What is the
lesson from this experiment?

42. Exercise.— Fill a tumbler level full of water. Now
drop in carefully, and one at a time, a number of small nails.
In the fact that the water does not flow over the side of the
vessel, have you an exception to the principle that matter
is impenetrable? State the evidence on which your answer is
based.

IV. DIVISIBILITY.

43. Apparatus. — The appliances needed are Balance,
Weights, and Micrometer Caliper-
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44. Bxercise. — Put two or three drops of nitric acid on a
piece of copper; let it stand till the boiling action ceases, and
then wash it off in a half-litre of clear water. To this add a
few cubic centimetres of ammonia water. The blue discolora-
tion denotes the presence of copper. Have you any evidence
that copper is present in every drop of the liquid? What
physical property do you find belongs to copper? Determine
the amount of copper in each cubic millimetre of the blue
solution by weighing the copper before applying the nitric
acid, and after washing it in the water, and by measuring the
solution.

45. BExercise.— Dissolve .01 gramme of an aniline dye in
one litre of water. By dropping water
from a bottle or a dropper into a gradu-
ated measure, ascertain, by averaging five
trials, the number of drops in a cubic
centimetre of the solution. Now compute
how much aniline there is in each drop of
the colored solution. What property does
aniline possess to a very marked extent?

46. Bxercise. — Weigh accurately a clean silver coin.
Place on it two or three drops of nitric acid, letting it remain
till the action of the acid on the silver ceases. Then wash it
in a tumbler of pure water. Stir the water thoroughly, and
divide it into two parts. To the one add a few drops of a
strong solution of common salt, and to the other add a few
centimetres of ammonia-water. Remembering that common
salt turns a solution of silver milky, and ammonia-water turns
a solution of copper blue, what inference can you draw from
the experiment? Now weigh the coin, and compute how much
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silver and how much copper there is in each cubic centimetre
of the solution.

NoOTE. — American silver coin is 10 per cent copper.

47. Exercise.— Measure with a micrometer caliper the thick-
ness of a piece of mica. Measure the thickness of the thinnest
piece you can split from the original one. Is it due to the lack
of skill, or to some property inherent in the mica, that you are
unable to obtain a piece still thinner?

V. POROSITY.

48. Apparatus.—For the study of porosity, procure a Gas-
Bottle, a Three-Necked Bottle, some Glass Tubing, a Common
Tumbler, a Cylindrical Graduate, and a Florence Flask.

49. Exercise.— Determine whether rubber is porous or not.
Fit a delivery-tube to a‘gas-
bottle (Fig. 26), and let it open
into a three-necked bottle in
which is some water. Through
the middle neck, pass a long
glass tube reaching to the bot-
tom of the bottle. Close the
third neck with a perforated
cork, through which passes a
short piece of glass tubing.
Now put some zine clippings
in the gas-bottle, and cover
¥re. 26. them with dilute sulphuric acid,

one part acid to three of water. Hydrogen gas will be given
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off, which will pass over into the second bottle. If you press
your finger firmly over the end of the tube in the third neck,
you will notice that the water will rise higher and higher in
the second one till it flows out of the top (why?). Remove
the finger, and tie a small rubber balloon over the end of the
tabe. The water in the second tube soon begins to rise, but
does not get beyond a certain point, notwithstanding that the
evolution of gas still continues in the gas-bottle. What be-
comes of this gas? What must be the physical structure of
the rubber?

All the corks must be firmly tied down with stout cord to
prevent them from being driven out by the pressure of the
gas.

50. Exercise. — Test a piece of chamois for porosity.

Tie it over the end of a stout glass tube about
two-thirds of a metre long, and 15 mm. in diameter.
Hold the tube over a large glass vessel, and
with a test-glass (Fig. 27), or some vessel with
a lip, pour mercury into the tube, filling it nearly
full. 'What does this experiment teach about the
structure of chamois? Would very fine shot sub-
stituted for the mercury act in the same way?
Why ? What property of mercury is also revealed
in this experiment?

Fia. 27.

51. Exercise. — Test thin sheets of several substances for
evidences of porosity.

Select two plain tumblers of thin glass and of the same size.
After thoroughly warming one of them, fill it about half full of
boiling water. Now cover the glass with a piece of cardboard,
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and invert the other glass upon it (Fig. 28). After the lapse
of one or two minutes, ascertain if there is any change in the
condition of the interior of the
upper tumbler. What does
the experiment teach regarding
the structure of cardboard?
Now re-heat the water, and
test in a similar manner pieces
of felt, chamois, and wood. In
the case of wood, ascertain in
Fig. 28. what manner a change in the
thickness of the strip affects the phenomenon.

52. Exercise. — Fit to a Florence flask a delivery-tube
leading to an inverted bottle standing over the pneumatic
trough (Fig. 29). Fill the flask, tube, and inverted bottle with

water, and apply heat to the flask. After the boiling of the
water has continued for some time, remove the lamp, and
examine closely the collection-bottle. Whence the gas found
in it? Repeat the experiment, filling the apparatus this time
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with water that has been boiled for some time in an open
vessel. 'What property does this experiment show that water
possesses?

53. Exercise.— Put 75 ccm. of water in a cylin-
drical graduate. To this add 2 ccm. of finely pow-
dered sugar. After the sugar has dissolved, observe
the volume of the solution. Account for the shrink-
age.

(T T (O

Lineju
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54. Exercise. — In a glass tube graduated to
tenths of cubic centimetres (Fig. 30), put 30 cem.
of water. Then pour in very gently, tipping the
tube so that it will flow down the wall of the tube,
20 ccm. of strong alcohol. Hold the finger firmly
over the mouth of the tube, and shake vigorously.
Observe the volume of the mixture. What is the

percentage of shrinkage? What has been previously ¢ *"

proved of water that will assist in explaining this phenomenon ?

V1. INDESTRUCTIBILITY.

55. Apparatus. — The appliances needed are Test-Tubes,
Beakers, Flasks, and a Balance.

56. Exercise. — Prepare a saturated solution of [§
calcium chloride by adding the salt to 20 ccm. of water
until it refuses to dissolve any more. Pour enough of
the solution into a test-tube (Fig. 31) to fill it a little
less than half full. In a similar manner, prepare an Fie. 3L
equal quantity of a saturated solution of sodium sulphate in a
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second test-tube. Place the test-tubes in some suitable vessel
to prevent them from overturning, and determine their united
weight. Now pour one solution into the other, and shake
quickly. Observe the change that takes place. Ascertain if
the weight has changed.

Bottles may take the place of the test-tubes.

57. Exercise. — Support a piece of phosphorus of the size
of a small pea on the end of a wire of the form shown in
Fig. 32. Put about 400 ccm.
of water colored with blue
litmus into a thin beaker of
about one litre capacity. In
this place the wire stand sup-
porting the phosphorus, and
invert over it a Florence
flask, resting its neck on the
edge of the beaker closing its
top, the mouth of the flask
reaching nearly to the bottom
of the colored water. After
thoroughly drying the outside of the apparatus, place it on
one of the pans of a balance, and exactly counterpoise it.
Let it remain undisturbed for twenty-four hours, and then
examine the flask carefully to ascertain what changes have
taken place within it.

Would the same weight be required to counterpoise the
apparatus if no phosphorus had been placed on the wire
support? Has the weight of the beaker and its contents been
diminished by the disappearance of the phosphorus? Have
the phosphorus and some of the air in the flask been de-

stroyed ?
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To prevent ihe evaporation of water from the beaker, the
edge should be coated with paraffine.

58. Exercise. — Fill a test-tube, say 2.5 cm. diameter and
15 cm. long, with water; cover the mouth with the thumb, and
invert the tube in a small beaker
partly filled with water (Fig. 33).
The tube should be full of water, no
air having been admitted in inverting
it. Slip over the tube a short piece
of large glass tubing, as a piece of
lamp-chimney, to support the test-
tube in a vertical position. Place a
small piece of zinc, say .05 gramme,
beneath the mouth of the tube. Pour
into a small beaker a few centimetres
of strong sulphuric acid. Place the
vessel supporting the tube, and also L7t
the beaker of acid, on the pan of a fairly good balance, and
counterpoise them. . Pour the acid into the vessel supporting
the tube, replacing the beaker in the scale-pan. The acid will
act on the zine, and hydrogen gas will be seen to collect in
the top of the tube. From time to time, as these changes
proceed, set the balance in action to ascertain if there is any
gain or loss of matter. Inference.

Caution. — If too much zine is used, the tube will not hold all the
gas evolved.

59. Exercise. — Select two thin glass beakers, each having
a capacity of about 100 ccm. Into one put 50 cem. of a
solution of lead nitrate, and into the other put 25 ccm. of
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a solution of potassium chromate. Place the two beakers on
the pan of a balance, and counterpoise them. Now pour the
contents of one beaker into the other, restoring the beaker to
its place on the scale-pan. Observe the changes which occur,
and determine if they are attended with any gain or loss of
matter.

-

VII. COHESION.

60. Apparatus. — Bar of Lead, Balance, Disks of differ-
ent substances, Funnel with Stop-Cock, Glass Bulb, Spring-
Balance, Crucible, Evaporating Dish, etc.

61. Exercise. — Bore a hole, about 2.5 cm. in diameter, in
a block of wood, and, using it as a mould, cast two disks of
lead 2.5 cm. thick. Dress one surface of each disk to a plane.
Now press the two disks firmly together, giving one of them a
slight twisting motion. In this way, one piece can be made to
hold up the other. What force is brought into action? What
do the facts that pressure, as well as a very smooth surface,
is necessary to the success of this experiment, teach regarding
this force?

62. Exercise. — Measure the cohesion of paper or
wire.

Cut a rectangular piece of the paper to be tested 25 em. long
and 10 cm. wide. Fold over each end, fastening it with glue,
forming a loop or hem. In these insert stout wooden rods
somewhat longer than the width of the paper. Connect the
ends of one of these rods to the hook of a spring-balance by
means of a wire or cord bail. Fasten the other rod to some
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suitable support. Now pull steadily on the ring of the balance,
recording the reading observed at the moment the paper is
parted.

Wire can be tested in a similar manner by fastening one end
to some firm object, and the other end to the hook of the
balance. Compare strength with the cross-section. Ascertain
if length affects the strength.

63. Bxercise.— Compare the cohesion of water, alcohol,
glycerine, etc., by ascertaining the degree to which such
cohesion affects the size of falling drops of the liquid.

Support by a clamp a funnel provided with a stop-cock so
that its stem is about 1 cm. above the surface of a glass sphere.
A small Florence flask with a round bottom, or the bulb of a
common air thermometer, may be used for the sphere. Pour
some of the liquid to be tested in the funnel, and open the
stop-cock so that the liquid will flow at such a rate upon
the sphere as to drop from the under surface at the rate of two
drops per second. Now catch one hundred of these drops in
a beaker, and determine their weight. Make at least three
determinations for each liquid.

Repeat the experiment, changing the drop-rate to one in two
seconds. How is the size of the drop affected?

Ascertain the effect on the drop-size of employing a smaller
glass sphere.

Record the results as follows: —

COHESION.

Problem. — Measurements of drop-size of several liquids. Sept. 17,
1888.

Method. — Weighing one hundred drops of liquid,
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Results. —

DrRoP-RATE, DRoP-RATE,

‘Water. Alcohol. Glycerine. ~ Water. Alcohol. Glycerine.

First trial
Second ¢ . . . .
Third ¢

Mean . . . G

Weight of drop .

64. Exercise. — Measure the force necessary to pull a disk
away from a liquid.

Remove one of the scale-pans from a balance, — the jew-
eller’s form answers the purpose nicely, — and suspend in its
place a glass disk, about 5 cm. diam-
eter, by means of three threads at-
tached at points 120 degrees apart
(Fig. 84). After accurately counter-
poising the disk, place a vessel of
water below it, raising it till the sur-
face of the water touches the under
surface of the disk, being careful to
keep the beam horizontal. Now add
weights to the scale-pan till the disk
is pulled away from the water. These weights must not be
dropped into the pan, as the sudden jar would tend to separate
the disk from the water. Ascertain whether you have pulled a
column of water apart, or pulled the plate away from the water.
Measure the disk, and then compute the force per square
centimetre required to effect the separation.

The disk must be perfectly clean, and in bringing it in
contact with the liquid, first touch one edge, and then gradually
shut down the disk upon the liquid, thus excluding all air

Fie. 34.
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bubbles, and insuring good contact. The threads can be
attached to the disk by means of tough sealing-wax. See
Art. 607.

Try other liquids, as mercury, alcohol, glycerine, etc.

Try successively disks made of brass, tin, zine, ete.

Amalgamate these disks with mercury before measuring the
force required to separate them from mercury.

Measure the force required to separate from water a glass
disk coated with a film of sweet oil.

Construct a comparative table of all the results.

65. Exercise. — Select a soft glass tube about 25 cm. long
and 2 cm. in diameter. Close one end in the flame of a
blow-pipe, and then bend the tube to a V shape with its
branches widely diverging, and the closed arm 3 cm. the
longer. Nearly fill the tube with water, and boil it uniformly
till nearly a quarter has boiled away. Remove the flame, and
close the open end air-tight with a rubber stopper. When cold,
hold the hand against the end of the long arm ; let the water
in the tube fall against it. The water will be found to remain
suspended in that arm on holding it in a vertical position,
instead of falling back to the level of the water in the other
arm, requiring quite a jar to break it away from the end of the
tube. Explain.

66. Exercise. — Dissolve 100 grammes of powdered alum
in half a litre of hot water. Hang in the solution strings,
twigs of plants, or wire forms, and set aside for twelve hours.
Make a careful study of the alum crystal. Diagram one.
Copper sulphate may be substituted for the alum. Make a
mixture of the two solutions in an evaporating dish or saucer,
and set aside till crystallization occurs,
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67. Exercise. — Wet the surface of a strip of glass with a
solution of ammonium chloride. As it begins to dry, examine
it carefully under a microscope. A good botanizing-glass will
answer the purpose.

68. Exercise. — Melt a quantity of sulphur in a Hessian
crucible or common tea-cup. The vessel should be at least
two-thirds full. As soon as the sulphur is melted, set it aside
to cool, leaving it till a thin crust forms over the top. Now
break through the crust, and pour out the liquid interior.
Examine with a common magnifier the interior of the cavity,
determining the form of the crystals.

69. Exercise. — Prepare a saturated solution of common
salt. Pour the solution into a common saucer or an evaporat-
ing dish, and set it aside protected from dust. In a few days,
the bottom of the dish will be covered with crystals curiously
grouped. Make a close study of the shape of the crystals, and
the manner of grouping.

By observing the following directions, quite large salt crystals
can be obtained : —

¢ The salt to be crystallized is to be dissolved in water, and
evaporated to such a consistency that it shall crystallize on
cooling. Set it by, and when quite cold, pour the liquid part
from the mass of crystals at the bottom into a flat-bottomed
vessel. Solitary crystals will form at some distance from each
other, and gradually increase in size. Pick out the most
regular, put them into another flat-bottomed vessel a little
apart from each other, and pour over them a quantity of fresh
solution of the salt evaporated till it crystallizes on cooling.
Alter the position of every crystal once at least every day with
a glass rod, that all the faces may be alternately exposed to
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the action of the liquid, for the face on which the crystal rests
never receives any increase. By this process, the crystals will
gradually augment in size. 'When they have acquired such a
magnitude that their forms can easily be distinguished, the
most regular are to be chosen, or those which have the exact
shape which you wish to obtain. Each of them should be put
separately into a vessel filled with a portion of the same liquid,
and turned by the glass rod several times a day. Whenever it
is observed that the angles and edges of the crystals become
blunted, the liquid must immediately be poured off, and fresh
liquid put in its place; otherwise the crystals will be infallibly
destroyed.”’

70. Exercise. — Procure pieces of mica, Iceland spar, roll
sulphur, common white chalk, alum, coal, feldspar, blue vitriol,
sal ammoniac, galena, pyrites, etc. With a knife, try to split
these substances in different directions. What do you discover
with respect to the relative ease of breaking or splitting each
of these substances in different directions? Study closely the
surfaces exposed at each separation, and see if it indicates
the breaking-up of a structure, or the splitting-apart of two or
more complete structures. Examine the corners ; inshort, note
every thing having any bearing oh the molecular structure’ of
the substance.

71. Exercise. — Classify a number of substances with
reference to their hardness on Mohr’s scale.

Mohr’s scale is the hardness of the following ten substances,
which are ranked as shown by the attached numbers: 1, talc;
2, gypsum; 2.5, mica; 3, calcite; 4, fluor-spar; 5, apatite;
5.5, scapolite ; 6, feldspar; 7, quartz; 8, topaz; 9, sapphire;
10, diamond. ¢ . ;
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To determine the hardness of any substance, draw a file over
it with considerable pressure, and observe whether the depth of
the cut made in the specimen is greater, less, or equal to, that
made in some one of the minerals of the scale. If, for
instance, the cut made in the substance is less than that made
in 6, and deeper than that made by the same pressure of the
file in 7, it ranks in hardness between 6 and 7.

Glass, slate, marble, gypsum, galena, hematite, magnetite,
fluor-spar, copper, silver, steel, etec., are some of the substances
easily obtained for the purposes of this experiment.

VIII. ELASTICITY.

72. Apparatus. — The appliances required for studying
elasticity are such as any one accustomed to the use of tools
can readily make by following the directions given. A stock
of wires, wooden bars, and metal and wooden rods of various
sizes and numbers, will be needed for testing.

73. Exercise. — Study the elasticity of solids when mani-
fested by pressure.

Procure several balls, one each, of wood, glass, ivory, etc.,
each having a diameter of about 2 em. Drop them from the
same height on a marble slab, and compare the heights to
which they rebound. Double the height, and repeat the com-
parison. Triple the height, and compare. Now repeat the
experiment, having coated the slab with a thin film of paste
made of olive-oil and common whiting thoroughly mixed
together. Compare the marks made in the film by the balls
when merely laid on the marble, with those made when the
balls fall from a height. What inference follows respecting
the various substances of which the balls are made?
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74. Exercise. — Show that the amount of extension of a
wire is proportional to its length, and to the weight which
produces the extension, within certain limits, and is inversely
as the cross-section.

)
|
1/
/
/

7/ il
A G i

Fie. 35.

Construct a stout wooden frame of the form shown in
Fig. 35, having the upright at least one metre high. Attach
to it a millimetre scale. Suspend in succession straight pieces
of iron, steel, copper, brass, etc. wires of the same size, from
a hook on the under side of the arm at the top of the vertical
support, fastening to the lower end a scale-pan made of tin or
brass. Fasten to the wire two pointers, A and B, and record
the difference in the readings for the length AB. Now put
some known weights in the pan, and again determine AB. Add
more weights, and again read the distance AB. Continue
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doing this, if possible, till the wire breaks. After cach reading
is taken, remove all the weights, and record the length of the
wire. Tabulate the results. Compare the increase in length
each time with the total weight in the pan, and you should find
that the wire has increased in length proportionally to its length,
and to the load in the pan, up to a certain point; also, that the
wire has returned each time to its original length up to the same
point, and that beyond that point, known as the limit of
elasticity, the elongation is not uniform.

Repeat the experiments, employing a wire of somewhat
larger cross-section, and make the same changes in the weights.
Compare the effects on length with those previously determined.
Inference.

Construct a curve from the data obtained, and point out
how it proves the law. Ior method of constructing curve, see
Art. 598.

75. Exercise. — Determine the laws governing the deflec-
tion of beams.

Construct of wood an apparatus such as shown in Fig. 36.
A and B are pyramidal pieces of hard wood 20 em. high, stand-
ing on the base N, the distance between their upper edges being
determined by means of the linear scale S. M is a bar, wood
or metal, 1 metre long, 2.5 cm. wide, and 5 cm. thick, whose
deflection is to be measured. C is a small clevis made of sheet
brass, placed exactly over the centre of the bar, supporting the
scale-pan F. RLE is a bent lever made of wire, the weight of
which is sufficient to keep its foot in close contact with C as the
bar M deflects. Narrow grooves filed in the wire on top of
the post H will make it easy to secure it in place by meaus
of wire staples. Freedom of motion must be secured with as
little play as possible. K is a scale of equal parts.
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Record the reading of the pointer, then keep adding weights
and recording the reading till a sufficient number have been
made for comparison. Compare the amount of deflection with
the weights applied.

Try a bar of the same material, having double the breadth,
and the same thickness as the first. Inference. Try one
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having double the depth, and the same width as the first.
Inference. Try one having double the length, but the same
width and thickness as the first. Inference.

Construct a curve from the data.

76. Exercise.— Determine the laws of elasticity by torsion.
Construct of wood an apparatus such as is shown in Fig. 37,
making L 90 em. long. W is the wire to be experimented on,
the upper end being squared, and fitted snugly into a metal
plate A to keep it from turning, the lower end passing through
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the pulley E, and entering a round hole in the base M. The
pulley is made with a hub, so that a set screw can be used to
clamp it rigidly to the wire. F is a pointer moving over the
arc D. H and K are common iron pulleys, over which cords
! from the pulley E draw so
A~ that weights placed in the
( pans twist the wire or rod.
The shelves B and C are
placed so that the spaces
AB, BC, and CD are each
equal to 30 em. Observe
the reading of each pointer,
then place equal weights in
the pans, and observe the
change in the readings.
Compare the change at B
with that at C and at D.
Z How does length affect the
amount of twist? Increase
the weights in the pans, and
determine, from the change
in the readings, how the
force applied affects the
twist. Substitute for W a
rod of the same material having a different diameter. Use
the same weights, and determine how a change in diameter
affects the amount of twist.

Fia. 37,
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IX. CAPILLARY ACTION.

77. Apparatus. — Sewing-Needles, small Wooden Balls,
Iron Wire, Soap Solution, Glass Rod, Glass Plates, Capillary
Tubes, Tumbler, Earthen Plate, Balance, Linear Scale,
ete. ;

78. Exercise. — Place a sewing-needle on the surface of a
vessel of water. If carefully done, it will float. A hairpin
bent up slightly at the points may be used to advantage in
letting down the needle so that its two ends touch the water
about simultaneously. Observe carefully the shape of the
surface of the water about the needle. Estimate as well as
you can the area of the cross-section of the depression as com-
pared with that of the needle. A body floats on water when it
displaces a volume whose weight equals that of the body.
Does the needle do it?

Place two needles on the water in positions parallel to each
other, and separated by a few millimetres. Let a drop of
alcohol or ether fall on the water between them, and note the
effect.

If the surface of the water is covered with a powder called
lycopodium, quite large wires can be floated.

79. Bxercise. — Float two wooden balls, of about 15 mm.
diameter, near each other on water. Their surfaces should be
freed from all oily matter by washing them with a solution of
caustic potash. Observe the shape of the surface of the water,
and notice how the balls act toward each other. When quite
close together, let fall a drop of alcohol on the water between
them.
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Coat one of the balls with a thin film of lard, and repeat the
experiment. Study the shape of the water surface.
Repeat after coating both balls with lard.

80. Exercise.— Construct of No. 24 iron wire a ring
6 cm. in diameter, a tetrahedron 4 cm. on each edge, and a
cube 5 cm. on each edge, each wire form having a handle
attached (Fig. 38). In 400 ccm. of cold water that has been

Fie. 38.

previously boiled, put 10 grammes of Castile soap cut up fine,
or, better still, sodium oleate. Put this into a bottle, and
set it in hot water over a gas flame turned low so as to keep
the temperature about constant. Let it remain there an hour,
shaking it occasionally till the 'soap is dissolved. - Set aside
for several hours in a place where it will not be disturbed, and
then pour off the clear liquid, and add to it 270 ccm. of the best
glycerine, shaking the whole thoroughly. Suspend in the vyire
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ring a small loop of fine silk thread, and dip it into this soap
solution. Break the film in the silk loop by puncturing it with
a hot wire, or a piece of blotting-paper, and account for the
shape it takes. Dip the other wire forms in this solution,
and study the film forms obtained. Blow a soap-bubble with a
common clay pipe, detach the bubble, and support it on the
wire ring. Bring in contact with the bubble a second ring, and
you will be able to draw out the bubble into a cylinder.

8l1. Exercise. — It is required to measure the tension of a
soap film.

Support horizontally a knitting-needle or stout wire, AB
(Fig. 39). Cut from a straight, slender straw a piece of
uniform size and 10 cm. long, as CD. Attach to one side
and at the P 2
centre, a { D
light scale- ¢
pan made of
paper. Find ]
the weight
of the straw Fie. 39.
and the attached pan.

Hold the straw against the under side of the knitting-necdie,
and with a small brush introduce a layer of the soap soiution
between them. The tension of the film will now support the
straw. Carefully sift fine sand on the pan till the film breaks.
The weight of the sand, straw, and pan measures approximately
the tension of the film. This divided by twice CD will give
the superficial tension of either surface per unit of length.

oI

82. Exercise. — Study the effect of 2 solution of camphor
on surface tension by placing a piece of camphor of the size
of the head of a pin on clean cold water, and noticing its
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peculiar movements. Touch the water with the finger, slightly
oiled by rubbing it on the hair, and mark the effect. Using
clean water, study the movements of a drop of a solution of
camphor in sulphuric acid. Add other drops, and observe their
behavior towards one another. Using clean water, study the
action of a drop of a solution of camphor in benzole. Repeat
all of these experiments, using warm water in place of cold.

The effect of camphor films on the surface tension can be
learned by covering the surface of the water with lycopodium
powder, then lowering a fragment of camphor into the water,
and observing the effect that the camphor’s touching the
water has on the powder.

83. Exercise. — Suspend, by a thread, from a suitable
support, a glass rod, so that the lower end dips into a tumbler
of water colored with aniline dye or ink, the rod having a
vertical position. Study the form of the surface of the water
around the rod.

Repeat the experiment, using a glass rod thinly coated with
oil.

Repeat these experiments, substituting mercury for water.

Thoroughly clean a strip of zinc by scouring it with a cloth
after it has stood a few minutes in dilute sulphuric acid.
Suspend it vertically in a dish of mercury.

Diagram the appearance of the surface of the liquid about
the rod in each of these experiments.

Lift the rod slowly out of the liquid, observe the liquid just
as the end of the rod separates from it, and then see if you can
account for the various results obtained in these experiments.

84. Exercise.— Cut two plates of glass about 10 cm.
square, and thoroughly clean them, In a large dinner-plate,
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pour some water highly colored with ink or aniline dye.
Support one of the plates in a vertical position in the liquid.
Examine the surface of the liquid about the plate. Now place
in the liquid the second plate, securing it in a position parallel
to the first, and separated from it by about 5 mm. Note
the position of the surface of the liquid between the plates.
Determine the effect of decreasing the distance between the
plates.

Vary the experiment by making the plates touch along two
vertical edges, the opposite ones being separated by about
2 mm. This is readily done by fitting a piece of wood between
the two edges to be kept apart, and then slipping an elastic
band around the two plates.

85. Exercise. — Determine the laws of capillary action.

Cut three capillary tubes of different diameters, 10 cm. long.
Measure their diameters as in Art. 34. Construct a paper
scale graduated to half-millimetres, cutting one end to a
V shape, the zero of the scale being the point of the V. Coat
the scale with transparent varnish, or with a thin film of
paraffine. Fasten a tube to the scale by means of rubber
bands, and then support the apparatus in a vertical position so
that the tube dips into water, the zero of the scale just touching
the water. Now raise the vessel containing the liquid about
1 cm., and then lower it to its original position in order to
wet the interior of the tube with the liquid. Using a
pocket lens to insure greater accuracy, read off the height
of the liquid in the tube. This reading should be taken
to the bottom of the meniscus, and increased by one-gixth
of the diameter of the tube. When the heights have been
ascertained for the different tubes, multiply each result by the
diameter of the corresponding tube. If the measurements
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have all been carefully made, the products will be found to be
nearly equal. What law of capillarity is here shown?

Using one of the tubes, determine the heights to which the
following liquids rise: alcohol, benzine, turpentine, etc. The
tube must be thoroughly cleaned after each experiment (see
Art. 34), and the inner surface must also be wet with the liquid
employed, as was done in the case of water.

A strip of plain sheet-metal may be used instead of the
graduated paper scale. The position of the lowest point of
the meniscus might then be carefully marked on it with a
sharp-pointed instrument, and the distance afterwards meas-
ured with the dividers and scale.

Enter the results in the note-book as follows : —

CAPILLARY MEASUREMENTS.

Problem. — Determination of laws governing capillary action. Sept.

20, 1888.
Method. — [To the pupil. — Give brief summary of the process
used. ]
Results. —
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X. SOLUBILITY.

86. Apparatus. — Small Flasks, Test-Tubes, Thermom-
eter, and Balance.

87. Exercise. — Determine the solubility of a substance,
that is, the number of grammes which one gramme of the
solvent will dissolve, the solution to be saturated.

Fill a small flask, or a large test-tube, half full of the solvent.
Add, in a powdered state, a quantity of the substance to be
dissolved, being sure to add more than will dissolve. Now
raise the temperature somewhat higher than that at which the
solubility is to be determined; if water, it may be brought
to the boiling-point. When the undissolved part no longer
diminishes in quantity, remove from over the source of heat,
and cool it to the required temperature by placing the vessel in
melting ice. When the required temperature is reached, drop
in the solution a crystal of the substance, and there will be
precipitated all the salt in solution over and above that held in
solufion at the saturation point. Pour off into a small Florence
flask of known weight some of this solution, weigh it accurately,
and then, by placing it on a sand-bath, over a lamp or steam-
coil, evaporate all the water, even that of crystallization, being
careful not to hasten too rapidly the evaporation for fear of
loss of material through ¢ spitting.”” When thoroughly dry,
weigh the residue, and obtain the weight of the substance
dissolved. Divide the weight, in grammes, of the amount of
the substance dissolved, by the amount of the solvent
evaporated out of the solution, and the solubility of the
substance is obtained.
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88. Exercise. — Find the solubility of alum in water at
0° C., 20° C., 40° C., etc., to 100° C. Construct the curve of
solubility. See Art. 598,

89. Exercise. — Find the solubility of potassium chloride
in water at 0° C., 20° C., 40° C., ete., to 100° C. Construct the
curve of solubility.

90. Exercise. — Determine the solubility of potassium ni-
trate in water at 0°C., 20°C., 40°C., etc., to 100°C. Construct
the curve of solubility.

91. Exercise. — Determine the solubility of common salt
in water at 0° C., 20° C., 40° C., etc., to 100° C. Construct the
curve of solubility.

92. Bxercise. — Determine the solubility of alum, potas-
sium chloride, potassium nitrate, and common salt, in alcohol
(95 per cent), at 20° C.

93. Exercise. — Determine the solubility of potassium
sulphate in water at the temperature of the room; also of
sodium nitrate. Finally, determine the solubility of sodium
nitrate in the saturated solution of potassium sulphate.
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XI. DIFFUSION.

94. Apparatus. — Test-Tubes, Thistle-Tubes, Battery-Jar,
Four-Ounce Bottle, Parchment Paper, Dialyzer, Porous Cup,
Large Glass Tube, Sheet Rubber, etc.

95. Exercise. — Fill a large test-tube two-thirds full of
water colored with blue litmus. Place a thistle-tube in the
test-tube (Fig. 40), having it reach to the bot-
tom, and pour into it a few drops of sulphuric
acid. A reddish color will be seen at the
bottom of the test-tube. Set the test-tube to
one side, and record, from time to time, the
position of the upper surface of the red-colored
liquid.

Into a common test-tube, pour a little blue
litmus solution, and add to it a drop of sulphuric
acid by stirring, observing the effect on the
color. Apply the truth taught by this to the ex-
planation of the first. Account for the surface
which separates the colored liquids not being
stationary.

96. Exercise. — Measure the rate of diffu-
sion of a substance in water.

Obtain a cylindrical vessel of about 2 litres
capacity, — a common battery-jar will answer; a
wide-mouthed bottle of about 4 ounces capacity, to be known
as the diffusion-bottle ; and a solution of the salt under investi-
gation of some known strength, say, 6 parts by weight in 100
parts of water.
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Fill the diffusion-bottle with the solution to be tested up to
the brim, and place it on the bottom of the large cylindrical
jar. Then pour water into this jar till it rises about 3 mm.
above the top of the diffusion-bottle (Fig. 41). Let the
apparatus remain undisturbed for twenty-
four hours, and at a constant temperature.
Then, by means of a siphon, run off the
contents of the jar into a basin, in which
wash off the outside of the diffusion-bottle
by means of a little jet of pure water, first
taking the precaution to place a small plate
of glass over the mouth so as not to spill
any of its contents into the basin. Evaporate
to dryness the solution in the basin, and determine the weight
of the residue. Comparing this with the result obtained by
using a solution of some other salt of the same strength will
give their relative diffusion.

Fie. 41.

97. Exercise. — Compare the rates of diffusion of potassium
chloride and potassium sulphate.

98. Exercise. — Ascertain if the strength of the solution in
any way affects the rate of ditfusion by using four solutions of
common salt made by dissolving 1, 2, 3, and 4 parts of salt in
100 parts of water by weight.

These four solutions may be tested simultaneously by select-
ing jars and bottles of the same size. The diffusion-bottles
especially must have the same capacity, and the openings must
be of the same size.

99. Exercise. — Wet a piece of parchment paper, and tie
it across the top of a large thistle-tube. Pour down the stem
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of the thistle-tube a-concentrated solution of copper sulphate,
spilling none on the outside of it. Now support the tube by
means of a burette-holder in a beaker of water, so as to have
the liquids at the same level on both sides of the tube to prevent
hydrostatic pressure. Set aside for a few hours, occasionally
observing the relative levels of the two liquids. Explain.

100. Exercise. — Set up an apparatus similar to that of
the last experiment, and substitute a thin starch paste for the
salt solution. Ascertain whether any of the starch passes
through the parchment by testing the water on the outside
with iodine water. A blue color would indicate that there was
starch present. Iodine water is made by dissolving iodine in
water.

101. Exercise. — Separate a mixed solution of common
salt and starch.

Make a wooden hoop about 8 em.
in diameter and 5 cm. deep. Stretch
across it a piece of parchment paper,
making a shallow tray. Such an ap-
paratus is known as a Dialyzer. Pour
the given mixture into this tray, and
float it on pure water in a large battery-
jar or suitable vessel. Set aside for a
few days, and then test the liquid in
the jar for starch, as in Art. 100, and
also for salt, by adding a little of it to
a dilute solution of silver nitrate. A flocculent white precipitate,

Fie. 42.

changing, when exposed to light, to a dirty pink color, would
indicate the presence of salt. Pure distilled or rain water must
be used.
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A good form can be made by cutting off a large bottle
(see Appendix, p. 354) about 5 cm. below the neck (Fig.
42).

102. Exercise. — Cement a small porous battery-cup to a
funnel-tube with sealing-wax, making it
air-tight at the line of junction. Attach ;
the diffusion-tube to a two-necked flask %
which has a jet-tube extending through
the second neck, and reaching below the
surface of some water contained in the
flask (Fig. 43). Fill a large bell-jar
with hydrogen, and invert it over the
porous cup. Account for what takes
place. Now remove the jar from over
the porous cup, and note the effect.
Explain.

For method of preparing hydrogen,
consult ‘¢ Shepard’s Chemistry,”” Exp.
24.

103. Exercise. — Determine the rate Fia. 43,
of diffusion of a gas.

Select a glass tube about 20 cm. long and 25 mm. internal
diameter. By means of emery-powder and water on an old
stove-lid or piece of flag-stone, grind one end so that a glass
plate will close it gas-tight. Mix plaster-of-Paris with water
to a thin paste, and out of it, on a glass plate, cast a disk
about 3 mm. thick. When thoroughly dry, cut it with a
sharp knife to fit the ground end of the tube, cementing it
in with sealing-wax applied to its edges. The outer surface
of the plaster plug should be about 2 mm. below the edge of
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the tube. Avoid getting any wax on the face of the plug.
Paste a millimetre scale lengthwise of the tube, having its zero
at the inner surface of the plaster plug, and give it a coat of
thin varnish to protect it from water. It would be preferable
to etch a scale on the glass. (See Art. 14.) Over the closed
end of the tube, place a glass plate coated with a film of lard
to close it gas-tight ; then, holding the open end of the tube in
the water of the pneumatic trough with one arm of a U-shaped
glass tube passing up within the tube nearly to the plug, lower
the cylinder slowly into the water. The air will escape through
the U-tube, and the cylinder will be nearly full of water. If the
plaster disk should get wet, it will have to be dried before
proceeding further with the experiment. Remove the U-tube
by dropping it down into the water-tank. Now take the
reading of the water-level in the tube to obtain the amount of
air left in it. Then, with a rubber tube, introduce the gas to
be examined, filling the tube down to the level of the water in
the tank. Take the reading again; the difference of the two
will be a measure of the amount of gas. Now remove the
glass cap, and, as the water rises in the tube, lower the tube to
keep the level the same without as within to avoid hydrostatic
pressure. When the water ceases to rise, take the reading of
the water-level.

Let us suppose that the first reading was 2, and the second
100; then 98 measures the amount of gas introduced, and 2
measures the amount of air left in. If the last reading taken
was 25, then 25 — 2, or 23, measures the air which passed
through the porous plug, as against 98, which measures the
amount of gas which passed out in the same time. Hence
$8 = 4.26 is the ratio of the diffusion of the gas under
examination to that of air.
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104. Exercise. — Determine the rate of diffusion of hydro-
gen; also of oxygen.

For method of preparing oxygen, consult ‘¢ Shepard’s Chem-
istry,”” Exp. 7.

105. Exercise. — Tie a rubber membrane
over the mouth of a glass vessel filled with
oxygen gas, and place it under a bell-jar filled
with hydrogen gas, standing on a glass plate.
Account for what takes place. Try air and
common illuminating gas.

106. Exercise. — Fill two wide-mouthed bot-
tles with hydrogen and oxygen respectively, having
previously fitted to them perforated corks through
which passes a glass tube about 60 cm. long.
After connecting these two bottles by the glass
tube, set them in a vertical position (Fig. 44),
with the one containing the hydrogen uppermost. Fia. 44.

After half an hour, remove the corks, and apply

a lighted taper. If a loud explosion follows, it indicates
that the gases have mixed. Why place the hydrogen-jar
uppermost?
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CHAPTER II.
MECHANICS OF SOLIDS.
I. LAWS OF MOTION.

107. Apparatus. — Wooden, Lead, and Glass Balls, Air-
Pump, Spring-Balances, Electro-Magnet, and certain special
appliances to be made in accordance with directions given
hereafter.

108. Exercise. — Procure two balls of light wood of about
25 mm. diameter, place one of them near one end of a strip of
common hemp matting stretched on the floor, and suspend the
other by a string from some suitable support so placed that
the ball just touches the one resting on the matting at a point
a little above the extremity of a horizontal diameter; that is,
the suspended ball must swing clear of the floor. Now pull to
one side the suspended ball till it is, say, 15 em. from the floor,
and let it fall toward the other ball, striking it, and setting it
in motion. Measure the distance the ball rolls on the matting
before stopping. Obtain the average of several trials.

Repeat the experiment, substituting a piece of carpet for the
matting. The suspended ball must be raised the same distance
as before, in order that the force of the blow given to the ball
may be the same as before.

Repeat the experiment on the floor; also try as smooth a
surface as may be available. Tabulate all the results.
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On comparing the distances the ball moves in the different
cases, under equal impulses, with the character of the surfaces
on which it rolls, to what conclusion do you come? What
would you infer would be the result if a surface offering no
resistance were used?

109. Exercise. — Find the resultant of two forces acting
at an angle on a body at a point.

Procure two good spring-balances graduated to quarter-
pounds, and a weight of about 10 pounds. Insert screws, at

] ; . L L] . ’ L] L]

Fia. 45.

intervals of 3 or 4 inches in the frame, about one of the upper
corners of the blackboard, for the attachment of wires to which
the balances are to be fastened. The hooks of the balances
are fastened to a small ring to which is also attached the known
weight (Fig. 45). Trace lines of direction along the wires with
a pencil. If accurately drawn, these will pass through the centre
of the ring on being produced. After reading the indications of
the balances, remove them, extend the lines, and lay off on
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them as many units of length as there are units of weight
indicated by the balances respectively. Through the points
thus located, draw parallels, making a parallelogram of which
the line of direction of the weight will be the diagonal. On
measuring this diagonal, it will be found to be 10 units long,
thus showing, that, if we represent by lines the directions and
the intensities of two forces acting at an angle, the diagonal
of the parallelogram of which these lines are adjacent sides
represents both the direction and the intensity of the result-
ant.

Attach the balances at different points in the frame of the
board, and test the law stated above. Ascertain the effect of
making the angle between the directions of the supporting wires
very small. What do the balances indicate when both are
attached to the same point, that is, the supporting wires are
parallel? What does this show to be the value of the resultant
of parallel forces? Increase the angle between the lines of
direction of the two supporting wires, and determine the effect
on the readings of the balances. Make the angle as large as
possible. 'What would you infer from the last experiment
would be the effect if the supporting wires could be made to
act in exactly opposite directions?

110. Exercise. — Procure three balls of wood of about
25 mm. diameter each, and perforated with a small hole.
Attach each to a cord about 60 ¢m. long, and then suspend the
balls from a piece of board supported in a clamp by inserting
the cords through holes drilled in the board, the distances
between them being such that each suspended ball just touches
the other two. Now draw off two of the balls to equal
distances, and let them fall at the same instant against the
ball at rest. Observe the direction of its motion. For one
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of the balls, substitute an iron one of the same size, and
repeat the experiment. Compare the direction in which the
third ball moves, with that obtained in the first case. Ascer-
tain the effect of changing the angle between the lines
traversed by the falling balls. What is the teaching of this
experiment ?

Glass balls may be substituted for the wooden ones, the cord
being attached to the ball by tying it into a stout cloth
loop cemented to the ball by means of a pitch cement. See
p- 357.

111. Exercise.— Cut out of a board a circular piece 30 ecm.
in diameter,- and divide it by radii into five-degree sections
(Fig. 46), and mount it on a wooden
support. Make four wooden blocks
of the form shown in Fig. 47, each
carrying a pulley about 3 em. in diam-
cter. With small iron clamps, attach
the four pulleys at different places
on the circular board. Knot together
four flexible cords, and place them so
as to draw over the pulleys. To the
free end of
these cords,
attach weights, adjusting both the
weights and the position of the pul-
leys so that the knot rests over the
centre of the board. Tapping the ap-
paratus with the finger will assist in overcoming friction. The
weights may be cut out of sheet lead, and have the form shown
in Fig. 48, or scale-pans can be used, equal lead balls serving as
weights.

Fia. 46.

Fra. 47.
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Now draw a circle on a piece of paper, lay off on it the
position of the cords, and on each
line measure off as many units of
distance as there are unit-weights
attached (Fig.
49). Find by
the rules given
for the compo-
sition of forces
the resultant
of any three of
the forces rep-
resented, and
compare this resultant with the fourth force as to direction
and intensity. Inference.

Vary the positions of the pulleys, and the ratios of the
weights. ‘

Fi6. 48.

Fie. 49.

112. Exercise. — Determine the resultant of two or more
parallel forces acting in the
same direction.

Prepare a rectangular bar
27 cm. long, and having the
uniform cross-section of 1
by 2 em. At the middle,
and at intervals 3 cm. each ol o

]

side of the middle, insert ]
equal pieces of brass wire
of about 2 mm. diameter
and 3 cm. long (Fig. 50).
In each end, insert a piece of brass wire on which a small
lead ball screws, to serve as adjusting weights to correct for

Fia, 50.
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inequalities in the wooden bar. Construct a small clevis out of
brass wire to be used as a support to the bar. With common
bullet-moulds, cast a quantity of lead balls. Drill small holes
through them, and attach small wire hooks so that the balls
may be attached to the bar, or to each other, as desired. A
small pulley, a stout cord with a small ring or scale-pan
attached to one end, and a suitable support, will be needed to
complete the apparatus. Now, with the clevis, hang the bar
by the middle pin, and counterpoise it over the pulley by means
of weights. Move the adjusting weights till the bar is hori-
zontal. Add weights at two points on opposite sides of the
clevis, and place a sufficient number in the pan to balance the
loaded bar. Compare the number added to the pan with
the number attached to the bar. Observe the position of the
clevis, as well as the positions of the pins to which the weights
are attached, and then frame a law expressing these relations.
Test the law by varying the positions and values of the weights.

A second device for determining the resultant can be con-
structed as follows : —

Procure a rectangular bar 1 metre by 5 cm. by 3 cm., of pine,
graduate it to centimetres, screw on each end an ear made of
sheet brass or iron, and suspend it by these ears in a horizontal
position from the hooks of two spring-balances secured to some
suitable support, as the edge of the laboratory table. Take
the reading of each balance, so as to know what allowance to
make for the weight of the bar. Now place on the bar a
sliding-weight of known value, say 5 kg., and take the readings
of the balances for different positions of the weight on the bar.
Correct the readings for the weight of the bar. Examine the
results for evidence of any relation between the corrected
readings and the position of the weight. Compare the readings
with the value of the weight.
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113. Exercise. — Make two lead balls of about 3 cm.
diameter. To do this, make a plaster-of-Paris mould, using
a wooden ball as a pattern.
Suspend them by cords from
a horizontal bar so as just to
touch (Fig. 51). Now draw
one of them to one side, and
let it fall against the other.
How much matter moves
after the impact, and how far
does it move as compared
with the distance the ball
moved before the impact?
Has the amount of motion
been altered by the impact?
What has been changed?
What principles are sug-
gested by this experiment?

Raise both balls equal dis-
tances in opposite direction,
and let them collide, recording the effect. Is this result
inconsistent with the laws of motion? Explain.

Bags of sand can be used as substitutes for the lead
balls.

114. Exercise. — Suspend two elastic balls, ivory, wood,
or glass, by cords, so as to swing in front of a graduated arc
(Fig. 51) for convenience in comparing distances the balls
move through. The balls, when at rest, should just touch
each other. This arc may be cut out of cardboard, and equal
distances measured off on it with a pair of compasses. Raise
one of the balls through any number of spaces, and let it fall
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against the other. Observe the motion of the balls after
impact. Harmonize the result with the third law of motion.
Raise both balls through equal distances in opposite directions,
and let them strike. Explain the result. Raise one through
twice the distance of the other. Explain.

Repeat these experiments after fastening neatly around each
ball a piece of flannel. Explain. Try lead balls. Try iron
balls.

Are the balls perfectly elastic? What effects would be
produced by perfectly elastic balls? What facts support this
conclusion ?

For a method of attaching cords to glass balls, see Art. 110.
It is preferable to suspend each ball by two cords, the ball
forming the point of a V, as the balls will then swing in a
plane.

115. Exercise. — Suspend four or five highly elastic balls
by cords, from a frame, in a manner similar to that described
in Art. 114. Raise one of the balls through an observed
distance on the scale, and let it fall against the adjacent one.
Describe and account for the effect produced.

Substitute lead balls for the ones just used, or else cover
them neatly with flannel or cotton-wool, and repeat the
experiment. Why the difference? What would you infer
would be the result if perfectly elastic balls were em-
ployed?

Consecutive balls must just touch each other when at
rest.

116. Exercise. — Cut out of a board a semicircular piece
having a radius of about 24 em. At the centre of the
semicircle, fasten with its face in the diameter a small
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rectangular piece of polished marble. Draw radial lines divid- .
ing the circle into ten-degree spaces. cr
Suspend from a wire an ivory or other |

highly elastic ball, as glass, of. about
2 cm. diameter, so as just to touch the
marble surface exactly at the centre of
the semicircular board (Fig. 52). Stand ;
a common crayon near the outer end of
any of the radial lines; draw off the
ball, and release it over different radial
lines till you find one by trial so situ-
ated, that, after the ball is reflected
from the marble, it overturns the crayon.
What law expresses the relation you find
existing between the angles of incidence and reflection? Try a
lead ball. Inference.

s

Rl oo
Ry

™ Fie. 52.

II. CENTRE OF MASS. — STABILITY.

117. Apparatus. — Cardboard, Round-bottomed Flask,
Double Cone, Cube, Prism, Pyramid, Pulley, etc.

118. Exercise. — Find the centre of mass of a cardboard
figure.

Cut a slot in a lead bullet with a knife; in the slot place a
thread, and then close it up with a blow from a hammer. Cut
from a sheet of cardboard a piece of any desired shape, and
then suspend it from the edge of the table by inserting a fine
needle through the cardboard as close as possible to the edge.
Be sure that the figure is free to turn freely about the support.
Now hang the bullet alongside of this cardboard figure, letting
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the string press gently against the needle (Fig. 88). Mark
with a sharp-pointed pencil a point below the needle, and
alongside of the thread. Through this point
and the point of suspension, draw a straight
line. In the same manner, locate a second
line by suspending the cardboard from an-
other point. Balance the cardboard figure
on the point of a needle stuck into a cork
for a base, and compare the position of the
point when equilibrium is secured with
the point of intersection of the two lines
drawn. What position does the centre of
mass sustain to the point of suspension
when the cardboard hung from the needle
in the edge of the table?

119. Exercise. — Find the centre of mass of the following
cardboard figures: Square, rhombus, rectangle, circle, and
triangle. What simple relation does this point sustain, in each
case, to the form of the figure, enabling one to locate it by the
aid of the ruler alone?

If the rectilinear figures are suspended by their corners, the
law in each case will be readily seen.

120. Exercise. — Put a quantity of shot in a round-
bottomed flask. Then fill the flask up with paper so that the
shot will not move around on tipping the flask. Now overturn
the flask, comparing its action on being released with that of
one not so loaded. How is the centre of mass affected on
overturning the flask? Where is the centre of mass when the
flask is at rest?
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121. Exercise. — Thrust a darning-needle, eye first, into a
large cork, and try to make the apparatus maintain a vertical
position, the needle-point resting on the point of a pencil.
Account for the failure. Now thrust the
blades of two heavy-handled knives into
the cork (Fig. 54) on opposite sides, so as
to form with each other an inverted V.
Ascertain if the apparatus will now stand
on the end of the pencil. Explain. Would
it answer as well to have the knives perpen-
dicular to the needle? Why? Whenever the apparatus stands
alone, where is the centre of mass?

122. Exercise. — Turn out of wood a double cone 20 cm.
long and 8 cm. in diameter. Make a V-shaped track (Fig. 55)
out of two thin strips of hoard for the cone to roll on, giving
it a length of about one metre, with the point 3 cm. lower than
: the wide end. Now place

the double cone at the

point of the track, and it

will slowly roll toward the
5 higher end. Does the cone
I roll up hill? Where is the

centre of mass of the cone?
Find, by measurement, whether the centre of mass has been
raised or lowered by the motion.

Fia. 55.

123. Exercise. — Determine the law governing the stability
of bodies.

Cut out of hard wood, the heavier the better, a cube 1 dm.
on each edge, a rectangular prism 1 by 1 by 2 dm., and a right
pyramid whose base is 1 dm. square, and whose altitude is
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2 dm. Insert a small screw-eye in a face of each solid opposite
the centre of mass, and to it fasten a stout flexible cord.
Stretch the cord over a pulley clamped to some adjustable
vertical support, attach a scale-pan of known weight, and then
add weights till the solid begins to overturn. In this way,
compare the stability of these several solids as they rest on
different faces successively, and generalize a law from the
results. The height of the pulley should be such as to
make the cord horizontal between the pulley and the solid ;
likewise, the base of the block must be secured against

slipping.
ITII. CURVILINEAR MOTION.

124. Apparatus. — The Whirling-Machine and its Attach-

ments.

125. Exercise. — Attach to a whirling-machine (Fig. 56) a
strong frame, across which is stretched a wire carrying two
equal balls free to slide on it, and connected by a thread.

Fie. 56.

Find, by trial, a position for these balls on the wire, such that,
when the apparatus is rapidly rotated, the balls do not slide
toward the end of the wire.
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Repeat the experiment, using two unequal balls of known
weights. How does the relation of the weights of the balls
compare with that of their distances from the axis of rotation?
What law of curvilinear motion is here illustrated ?

126. Exercise. — Determine the laws for curvilinear motion.

Get a good mechanic to construct an attachment for the
whirling-machine, of the form shown in the figure (Fig. 57), in
which a ball is arranged so as to be clamped to a string which
draws under a pulley, and thus lifts a weight whenever the ball
moves away from the centre of rotation. The weights are lead
disks of equal weight, provided with a slot, so that they can be
placed on the platform attached to the ecord. The
weight of this platform may be taken as the unit
weight. The centre of the weights must be exactly
over the centre of rotation. Let us suppose that
the ball is clamped at 20 cm. from the axis, and a
load of 3 units is placed on the platform, making
4 units in all. Determine the
number of revolutions the drive-

wheel of the machine makes in,
say, 10 seconds, in order just fo
raise the load. As soon as the weight is seen to lift, then
maintain a constant speed, and determine the rate. Use the
average of several trials. Now replace the ball by one twice
as heavy, and at the same distance from the axis; make the
total load to be moved 8 of the unit-weights, and find the speed
necessary to lift it. The number of revolutions will be found
to be the same in each case. Repeat, using other distances
and other weights, tabulating the results. Express as a law
the relation between mass and centripetal force exhibited by
these experiments.
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Again, set the small ball at 8 cm. from the axis, and deter-
mine, as before, the speed of the drive-wheel necessary to lift
a load of 2 units. Compare it with that necessary to lift a
load of 4 units when the ball is 16 cm. from the centre. Also
compare it with that necessary to lift a load of 6 units when
the ball is 24 cm. from the centre. How do the number of
revolutions compare? Express as a law the relation shown
to exist between the radius of the circle traversed by the ball,
and the centripetal force or tension on the cord.

Again, set the small ball at 15 cm. from the axis, and
determine the speed necessary to lift a load of 2 units.
Compare this speed with that required to lift a load of 8
units. What measures the centripetal force in each case?
Express as a law the relation existing between speed, or time
of rotation, and centripetal force.

127. Exercise. — Attach to the whirling-machine a heavy
ring having a diameter of about 30 cm. Suspend by a stout
cord from the top of the ring, so as to hang in the axis of
rotation, a small globe (Fig. 58), such as is
used for aquariums, in which has been placed
some mercury and some colored water. Rotate
the apparatus, and observe the behavior of the
liquids. Explain.

Suspend in a similar manner, in succession,
the following : A skein of thread, a loop formed
of a short chain, a prolate spheroid of wood, an oblate
spheroid, a sphere, a double cone, and a cylinder.

Suspend these geometrical solids from the extremities of
different axes, and ascertain if it makes any difference. Is
there any law regulating their behavior?

Fie. 58,
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IV. ACCELERATED MOTION. — GRAVITATION. —
PROJECTILES.

128. Apparatus. — Smooth Plank, Atwood’s Machine,
Iron Balls, Electro-Magnets, Spring-Gun, ete.

129. Exercise. — Determine the laws of accelerated motion.

Take a straight plank about 5 metres long, and tack along
the centre of it two strips, each having a cross-section of
1 e¢m. square, forming a narrow straight groove with sharp even
edges not over 1 cm. wide. Gradnate one of these strips in
centimetres. Raise one end of the plank 40 cm. higher than
the other (Fig. 59). |
Suspend a heavy ball
by a thread 1 metre
long, for a measurer
of time. With a little
adjusting, this pendu-
lum will vibrate sec-
onds. Now set the
pendulum in vibra-
tion, and at the instant the ball reaches the lowest point
of its arc, let an iron ball of about 3 em. diameter roll down
the groove on the plank, starting from the zero of the scale
on the plank. Mark the point reached by the ball at the
end of the first second. Make several determinations of this
distance. In like manner, find the distance passed over in 2,
3, and 4 seconds respectively. What is the relation between
the distance passed over in successive seconds? How is the
total distance passed over at the end of any second related to
the number of that second? How much is the acceleration?

Fie. 69,
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By what number would you multiply the acceleration in this
case to give that for a body falling freely in space? Compare
the result with the true value. Point out any source of error
in the above method of determining the acceleration.

A stout wire stretched tightly across the room (Fig. 60) may
be substituted for the plank. A simple way to stretch the wire
is to fasten the upper end of it to the appliance commonly used
in tightening the saw in the ordinary buck-saw frame. Place
on this wire a pulley carrying a weight suspended from the
under side. Parallel to the wire, and at a few centimetres

above it, stretch a stout

cord. Pieces of paper
suspended from this so
as to be moved by the
pulley as it runs down
the inclined wire will
serve to measure dis-
tance.
A metronome, such
as musicians employ in
' measuring time, will be
found very serviceable in this experiment.

As it is rather difficult to start the ball and pendulum
simultaneously, it is recommended to hold the ball at the top
of the inclined plane by means of an electro-magnet, with a
piece of paper over the pole, the battery-circuit being closed
by the iron bob of the pendulum being held in contact
with the battery-poles when at the highest point of its path
or swing. Then, on releasing the pendulum, the circuit will
be broken, and hence the ball on the plane will be released
at the same moment. The electro-magnet may be made
by winding two or three layers of insulated copper wire

Fia. 60.
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No. 16,0n a piece of annealed iron 8 cm. long and 2 cm. in
diameter.

The accuracy of the distance traversed by the ball can be
tested by placing a ruler in the groove at the point, and then
ascertaining if the click of the ball against the ruler is
coincident with the expiration of the time as indicated by
the pendulum.

130. Exercise. — Determine the laws of accelerated motion
by means of an Atwood’s machine.

A very efficient Atwood’s machine may be made by a careful
mechanic as follows : —

Mount an accurately balanced metal or wooden wheel of
20 cm. diameter on the top of a heavy wooden column
(Fig. 61) set firmly into a tri-
angular piece of plank, through
which pass three wood or iron
I screws to serve as levelling-
i screws. A fine silk cord passes
1 > over the wheel, carrying two
I weights at its extremities. On
the face of the column, graduate
a centimetre scale 1.5 metre
long, with the zero about'2 cm.
below the lowest point of the
wheel. Construct out of brass
or iron a ring and a shelf, each
provided with a clamp, so that
they may be fastened to the
column at any desired point in
the path traversed by one of the
weights. The weights can be made of lead or brass, and

S
IR g

Fie. 61.
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should be slotted disks of known weight. The platform’ of
one of the weights must be made of iron in order that it may
be attracted by the electro-magnet placed directly under it on
the base. A metronome or clock beating half-seconds, so
arranged that it can be put in circuit with a battery and the
electro-magnet, will be found very desirable, as it will enable
the experimenter to release the weight at the exact beginning
of the interval of time marked by the clock. An iron ball
suspended by a cord of a length to vibrate half-seconds can be
used as a substitute, as in the last experiment. Slotted bars
of lead or brass of known weight, called ‘¢ riders’’ or ¢¢ over-
weights,”’ to be removed by the ring-rest at any desired point,
complete the apparatus.

First. Put equal loads on the two sides of the pulley. Set,
by trial, the ring for arresting the over-weight so that the ring
is reached by the descending weight in one sécond. Set the
arresting-shelf so that it is reached at the end of the second
second. The lower end of the descending weight starts from
zero ; hence its length must be added to the distance that the
ring is below zero, to give the distance traversed in the first
second. The distance between the ring and the shelf decreased
by the length of the weight will be the velocity at the end of
the first second. Why? Compare this distance with that passed
over in the first second. Make several trials.

Secondly. Set the arresting-ring so that it is reached by the
descending weight at the end of two seconds. Set the arrest-
ing-shelf so that it is reached at the end of the third second.
What is the velocity at the end of the second second? Why?
After determining, by repeated trials, the position of 'the
arresting-ring and arresting-shelf, see if you can discover any
fixed relation between the velocity at the end of any second of
time and the number of the second.
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Thirdly. Place weights on the pulley so as to differ by some
known quantity; for example, use 275 grammes and 325
grammes, a difference of 50 grammes. Then the moving-force
is due to this excess, and the mass moved is 275 4 325 4 such
a part of the mass of the pulley as, placed on the rim, would
be equivalent to the whole mass distributed as now from the
axis to the rim. In the case of a solid eylindrical pulley, this
quantity is half of the total mass of the pulley. In the case
of an open wheel, it is approximately the mass of the rim
increased by the mass of the outer half of the spokes. This
can be found by computing the volume in cubic centimetres,
and multiplying it by the density of the substance.! Let the
pulley be represented by 150 grammes. Then the total mass
moved will be 275 + 325 + 150 = 750 grammes. Now deter-
mine, by trial, the position of the arresting-shelf so that it is
reached in one second. Also determine the position of the
arresting-shelf when it is reached in two seconds. Also find
the position when reached in three seconds. What is the ratio
of each of these distances to the first? If the total distance
passed over is represented by s, and the time by ¢, what
formula will represent the value of s in terms of ¢?

Fourthly. Find, as in the last case, the distance passed over
by the descending weight in one second, two seconds, three

1 The value of the pulley can be determined experimentally as follows: Let

a = velocity generated in unit of time, w and w’ = masses attached to the cord,

w” = mass of pulley when considered as placed at the circumference. Then

a=g o W3 e Let s = space passed over by the descending welght in ¢ seconds;
w+w +w”

then g= —20—%
w+ w +w”’
zero of the scale, and adjust by trial the arresting-ring to take off the overweight
(w — w’) coincidently with any subsequent beat of the clock. The distance of the
arrestlng-ring below zero will be the value of s, and the number of seconds elapsed
from the beginning of motion till the ring is reached 1s the value of £. By substituting

these values in the formula the value of "’ can be determined.

. 4g¢%. Place on the pulley the weights w and w’. Set w at the
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seconds, ete. Then, by taking their difference, we have the
distance passed over during the first second, second second,
third second, etc. Find the ratio that each of these distances
sustains to the first.

131. Exercise. — Determine the increment of gravity, using
Atwood’s machine.

Let us suppose that a weight of 275 grammes is placed on
each side of the pulley, and an overweight of 50 grammes
on one side. If the pulley can be represented by 150
grammes, then the mass moved will equal 275 4 275 + 150
+ 50 = 750 grammes, and the moving-force will be due to
50 grammes. The ratio of 50 to 750 equals the ratio of the
moving-force to the force of gravity, and hence equals the ratio
of the velocity the moving-force produces in a second to that

gravity produces, that is, &% = g, in which k is twice the

space the 750 grammes move in one second. Now determine,
by repeated trials, the position of the arresting-ring when
reached in one second. Hence g = k%P.

132. Exercise.— Find the measure of the effect of a force.

First. Using an Atwood’s machine, put on one side of the
pulley, say, 287.5 grammes, on the other 312.5 grammes.
Hence, if the pulley is represented by 150 grammes, there is
moved 750 grammes by a force due to the excess of 25
grammes of one weight over the other. This force acting on
25 grammes would produce a velocity of 9.8 m. in a second,
and the momentum would be 25 X 9.8 = 245. This force
moves 750 grammes, and as there must be an equality of
momenta, then 25 x 9.8 = 750 X velocity acquired. Hence
the velocity acquired by the 750 grammes will be 245 = .326,
and the space passed over during the first second will be
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'3% = .163 metre; that is, if the arresting-shelf is placed at
.163 metre below the bottom of the weight, it should be reached
by the weight in one second. Test it.

Secondly. Using the weights 275 grammes and 325 grammes,
giving a total mass of 750 grammes, and a moving-force double
of the first, being due to 50 grammes, we have 50 X 9.8

= 750 x velocity acquired, velocity = 5—07;2——098 = .653 metre,
and space passed over in one second = 6?03 = .326 metre.

Therefore the arresting-shelf placed at .326 metre should
be reached in one second by the descending weight. Test
it.

It is now seen that a force due to 50 grammes imparts to
750 grammes twice the velocity that a force due to 25 grammes
does ; that is, while the mass remains constant, the velocity
generated in a unit of time varies as the force.

Thirdly. Keeping the force which caunses the motion the
same as in the first case, by putting 100 grammes on one side,
and 125 grammes on the other, making a total load of 375
grammes, one-half of the first load employed, we have 25
X 9.8 = 375 x velocity acquired, from which the velocity
acquired = 253X——759——8 = .653 metre, and the space passed over
= .826 metre. Test it.

Now the ratio of the masses moved in the first case and in
the last is 732 = 2, and the ratio of the velocities produced is
.326
.653
the velocity generated in a unit of time varies inversely as the
mass moved. Change the loads, and ascertain if this statement
is general.

= 4. Hence, while the moving-force remains constant,
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From these considerations, it is evident that the effect of a
force may be measured by the product of the mass moved
by the velocity produced, that is, may be measured by the
momentum acquired in a second.

133. Exercise. — Ascertain if mass affects the velocity of
falling bodies. i

Procure two or three iron balls of different sizes, and as
many U-shaped electro-magnets. Tie the electro-magnets to a
stout stick so that they may be held out of an upper window of
some high building. These electro-magnets should all be in
circuit with a battery of sufficient strength to cause them to
hold up the balls. By breaking the circuit, the balls will all
be released at the same moment, and one standing on the
ground can determine if there is any difference of time in their
reaching the ground. Does a difference of weight perceptibly
affect the time of falling?

Drop from your hand, at the same instant, an iron ball
and a cork one, and ascertain if the conclusion in this case
harmonizes with that previously reached. Then make a paper
cone out of light cardboard, and of sufficient size to hold both
balls. After placing the balls in the cone, the iron one first,
drop it point first. Are the results the same as before?
Explain,

Drop a coin and a paper disk of the same size simultaneously,
comparing the result with that obtained by placing the paper
disk on top of the coin, and dropping them from the hand.
Now place the coin and the paper disk in a long glass tube
sealed at one end, and having a stop-cock fitted to the other.
Such an apparatus is supplied by dealers under the name of
Guinea and Feather Tube. Connect the tube with the air-
pump, and exhaust the air as perfectly as possible. Close
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off the tube, remove it from the pump, invert quickly, and
ascertain if the relative time of falling of the two objects is
affected in any way.

Prepare a set of propositions embodying the truths exhibited
by these experiments.

134. Exercise. — Support a pail of water at an elevation
of two or more metres above the floor. Place in the pail one
end of a rubber tube of sufficient length to reach to the floor.
In the other end of the tube, insert a short piece of glass tubing
drawn out to a jet-point. See p. 8356. Secure this tube in the
jaws of a suitable clamp so that any desirable direction may
be given to it. Start the water flowing through the tube by
suction, and then observe the shape of the path of the stream,
and the horizontal distance reached by it, as the direction of
the jet-tube is changed. Inference. Ascertain the effect of a
change in the height of the pail above the end of the jet-tube.
What forces determine the path of the stream?

135. Exercise. — Determine the path of a projectile.

Construct a spring-gun after the pattern shown in Fig. 62.
The horizontal and vertical pieces are 2.5 cm. thick; N is a
cylinder with tenons of equal length sliding freely through
round holes in the vertical pieces; K is a pin to serve as a
handle; L and M are elastics or spiral springs firmly fastened
to N and the vertical CD. Two wooden balls of the same
diameter are needed. Through each, drill a hole of such a size
that either will slide easily on the tenon F. The tenons on N
should be of such a length, that, when N is drawn back, the
right-hand one will be flush with the face of CD, and the left-
hand one will project a distance equal to the diameter of the
ball. Now draw N back, place one ball on F, and the other
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on the ledge CB opposite the hole at H; then release N, and
it will be seen that both balls will be set in motion at the same
time, one falling vertically, and the other moving as a projectile.
AB must be held in a horizontal position. Compare the mo-
tions of these balls, and the times required to reach the floor.
To picture the path of the projectile, hold the spring-gun so
that the path of the ball will be parallel to a vertical wall, and
distant a few centimetres from it. By watching carefully the
ball, it will be found
possible to insert a
pin in the wall op-
posite some position
of the ball in its
flight, new points
being marked each

trial, as well as
those just located
verified. A line traced through these points will represent
closely the path of the projectile. This can be transferred to a
sheet of paper by ascertaining, first, the vertical distance of
each of these points from the horizontal line passing through
the highest point of the curve, as well as the horizontal
distance from the initial point of the curve; and secondly,
locating them with reference to a corresponding line drawn
on a sheet of paper, reducing each measurement on the same
scale.

V. THE PENDULUM.

136. Apparatus.— A number of Balls to use in con-
structing pendulums.

137. Exercise. — Determine the laws for the vibrations of
pendulums,
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Fasten to each of a number of lead balls, of about 15 mm.
diameter, a stout cotton thread, by cutting in eaeh a slot with
a knife, inserting one end of the thread, and closing it up by a
blow from a hammer. Drill a number of holes, 5 cm. apart,
through a piece of board about 60 cm. long, 5 cm. wide, and
15 mm. thick. Pass the strings through these holes, securing
each in its place with a small
wooden wedge. Support this
board in a horizontal position
in some suitable way (Fig. 63).
These suspended balls will serve
as pendulums, the lengths being
the distances respectively from
the under side of the support
to the centre of the balls, and
easily varied by pulling the strings
through the holes in the support.
Marbles may be substituted for
the lead balls, the strings being
attached by some very adhesive Fre. 63.
cement. -See p. 357.

First. Set one of these pendulums swinging through a small
arc, about five degrees, and determine the number of vibrations
made in thirty seconds by averaging several trials. Now set
the pendulum vibrating through a much larger arc, and deter-
mine the number of vibrations made in thirty seconds. Does
the size of the arc affect the time? Test the conclusion by
extending the time of observation, as well as increasing still

more the size of the arc.

Secondly. Adjust, by trial, the length of one of the pendu-
lums so that its time of vibration is one second. How long is
the pendulum? Adjust another to vibrate in half-seconds ;
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another in one-third of a second. Compare the lengths of
these several pendulums, ascertaining if there is any simple law
connecting the lengths of the pendulums with their times of
vibration. .

Thirdly. Set up two pendulums of the same length, using a
wooden ball for the bob of one, and a metal ball for the other.
Compare carefully their times of vibration. Inference.

Fourthly. Using an iron ball as a bob for a pendulum,
determine carefully its time of vibration. Now place just
below the lowest point traversed by the ball, a pole of an
electro-magnet, and again determine the time of vibration.
Would you infer from the comparison of these times, that an
increase in the force of gravity would affect the time of
vibration of a pendulum?

138. Exercise. — Fasten six lead or iron balls on a stout
string at intervals of 15 cm., forming a compound pendulum
about 105 cm. long. Set the pendulum in vibration, and
determine its time. Find the time of vibration of a pendulum
whose length is the distance of the centre of the lowest ball
of the six from the point of support. In like manner, find the
times of pendulums whose lengths are the distances respectively
of the other balls from the point of support. Set up a pendu-
lum whose time is that of the compound pendulum. Notice
the shape of the compound pendulum when vibrating, and
apply the facts ascertained above to account for it. Which
ball would you remove to shorten the time, and which to
lengthen? Add another ball to the number without affecting
the time. Explain.

139. Exercise. — Suspend from a suitable frame a uniform
strip of wood about 1 metre long, 5 cm. wide, and 1 c¢m. thick,
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by driving into the end of it a small wire staple, forming an
eye through which a knitting-needle can be passed to serve as
an axis of oscillation (Fig. 64). Adjust a pendulum, as in the
last experiment, to
vibrate in the same
time as the wooden
bar. Compare the
length of the pen-
dulum with that of
the bar. Now cuf
from a sheet of lead
a piece weighing
half a kilogramme.
Bend this into a
clasp that will slide
along the bar with
sufficient friction to
stay wherever placed. Having measured off on the bar the

Fia. 64.

length of the pendulum vibrating in the same time, place the
sliding-clasp below that point on the bar, and note the effect
on its time of vibration. Note the effect when the weight is
at the point, and also when above the point.

140. Exercise. — Suspend a wooden bar as in the last
experiment, and adjust a pendulum to vibrate in the same
time. Bore a hole through the wooden strip at the point
marked in that experiment, and support the bar by passing
the needle through it. How does its time of vibration
compare with its previous time? State as a proposition the
relation found to exist between this point and the centre of
suspension.
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141. Exercise. — Suspend a common lath by a cord 10 or
15 cm. long.so as to swing as a pendulum. Adjust a ball-
pendulum to vibrate in the same time. Mark a point on the
lath distant from the suspension-point the length of the ball-
pendulum. Now set the lath in vibration by striking it with
a ruler opposite this point. Compare the effect with that
produced when the lath is put in vibration by a blow delivered
at some other point on the bar. Inference.

VI. FRICTION.

142. Exercise.— Measure the friction between two surfaces
when one moves over the other.

Procure a board ahout 1 metre long and 25 cm. wide, dressed
to a plane, and a rectangular block 12 X 6 X 4 cm. In the
centre of each of any three faces about a corner, insert a screw-
eye for convenience in attaching a cord. Weigh the block,
place on it any convenient number of grammes, attach a
spring-balance by means of a cord; then, keeping the cord
horizontal, apply sufficient force to move the block, reading the
balance just as the block starts to move, and also after motion
has begun. Make several determinations of both the starting
and the moving force.

Repeat the tests to ascertain if the area of the face of the
block resting on the board affects the results.

Ascertain the effect of using a greater weight.

Determine the effect of varying the character of the sub-
stances by placing a plate of glass, iron, brass, ete., on the
board, and cementing to the face of the block a thin sheet or
plate of the same substance. k

~Measure the friction between the surfaces when coated with
some kind of lubricator.
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Make several determinations in each case, and, using the
mean as the most probable value of the force applied, divide
it by the mass moved, to obtain the coefficient of friction.

As a substitute for the balance, the string may be stretched
over a pulley by weights placed in a scale-pan.

VII. THE SIMPLE MACHINES.

143. Apparatus.— A Lever, several Pulleys, a Wheel
and Axle, an Inclined Plane, and a Set of Weights.

144. Exercise. — Determine the law of equilibrium for the
lever.

The apparatus employed
in Art. 112 will be found
useful for this one. When
any other point than the
centre of the bar is taken
as the fulerum, the weight
of the bar can be neutral-
ized by means of a lead
ball made to screw on the
end of the wire inserted in
the end of the bar. A Y-
shaped support (Fig. 65)
will be found convenient, but it is not indispensable, as the
wire clevis-can be used to support the bar.
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Set the fulcrum at any point, and counterpoise the bar.
Suspend any number of weights from a point on one side of
the fulecrum, and a sufficient number from a point on the
opposite side to cause the bar to assume a horizontal position.
Compare the ratio of these weights with that of the spaces
between their points of attachment and the fulcrum. Vary the
weights and their points of attachment. Arrange the apparatus
so that one weight is between the fulecrum and point of appli-
cation of the other weight. What law do you find expresses
the relation between the weights and the arms of the lever?

145. Exercise. — Secure in a vertical position a board
about 1 metre long and 40 cm. wide. Mount on this board a
circular wooden disk of about 20
cm. diameter, so that it can turn
freely about a fixed axis through
the centre. Attach at any two
points of the disk cords which
pass over pulleys (Fig. 66) which
can be given any desired position
on the supporting board by hav-
ing, as their axes, bolts moving
in vertical slots, and fastened by
nuts. To the ends of these
cords, attach scale-pans cut out
of tin plate. Now place known
weights in these pans, and when

F16. 66. the apparatus assumes a position

of rest, measure the perpendicular

distance from the centre of the disk to the line of direction of
each cord, and compare their ratio with that of the weights.
The weights should include the pans, and the position of the




MECHANICS OF SOLIDS. 99

cords should be such that the direction does not pass through
the centre of the disk. Make a number of experiments in
which the weights and the positions of the pulleys are changed.
Express as a law the relation found to exist.

146. E=xercise. — Determine the law for the movable

pulley.

With three small pulleys, some
flexible cord, and two small scale-
pans, set up successively the
arrangements shown in Fig. 67.
Place shot in one of the pans to
counterbalance the weight of the
pulleys, then place known weights
in the two pans, and ascertain
the ratio between them whenever
equilibrium is secured. Account
for the value of the ratio in each
case.

Fie. 67.

147. Exercise. — Determine the law of equilibrium for the
wheel and axle.

A suitable apparatus for

this experiment may be made
by a good mechanic as fol-
lows: —

Procure a piece of hard wood about 15
cm. long, and of about the same diameter.

Turn it down in a lathe so as to have a

Fie. 68.

succession of disks with diameters as the
numbers 1, 2, 3, etc. These disks need not be more than 2.5
cm. thick. Fasten to the circumference of each disk a cord for
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the attachment of weights. The axis, consisting of a piece of
brass or iron rod driven into the ends of the piece of timber,
can be supported from two brackets firmly screwed to the edge
of a piece of plank (Fig. 68). Attach scale-pans to the cords;
place shot in one till equilibrium is secured, then, employing
known weights in the pans, ascertain the law of the machine.

148. Exercise. — Determine the law for the inclined
plane.
Construct an apparatus for this experiment as follows : —
Hinge together two pieces of board, each about 15 cm. wide
and 50 em. long. On the under side of the one to be used as
the inclined plane, fasten thin strips across it at intervals of
2 em. Then, by means of a prop moved along between the
= boards, kept from slipping by
the strips on the upper one, any
desired elevation may be given
to the plane. Fasten a pulley at
the opposite end from the hinge,
so that a cord attached to a car moving along the plane, and
drawing over the pulley, will be parallel to the plane. Place
weights in the scale-pan to counterpoise the car, then add weights
to both the car and the scale-pan, comparing them, when equi-

librium is secured, with the dimensions of the plane.
Fig. 69 illustrates a modified form of this apparatus.



CHAPTER III.

MECHANICS OF FLUIDS, °

I. PRESSURE IN FLUIDS.

149. Apparatus. — Large Glass Tube, Two-litre Bottle,
Metal Tube, Bladder-Glass, Weight-Lifter, Magdeburg Hemi-
spheres, Air-Pump, Glass Tubing, Barometer-Tube, Aneroid
Barometer, small Rubber Foot-Ball, Glass Bolt-Head, Model

of Sprengel Pump, etc.

150. Exercise. — Close with a cork one
end of a brass or tin tube about 1 metre
long and 3 cm. in diameter, and set it
into a wooden block for a base. In the
side of the tube, drill five holes 5 mm.
in diameter, at equal distances apart, and
placed so that the third hole is at the
middle of the tube (Fig. 70). Close these
apertures with corks, and fill the tube with
water. On uncorking the apertures, com-
pare the ranges of the streams, and also
ascertain if they differ in force. Inference.
The water in the tube should be kept at a

T
&)

Fia. 70.

constant level while these comparisons are being made, by

pouring water from a suitable vessel.
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151. Exercise. — Ascertain if the atmosphere exerts
pressure.

Tie firmly a piece of sheet-rubber over one end of a large
tube, tin or glass, about 30 c¢m. long and 5 cm. in diameter.
After filling it with water, invert it in a vessel of water,
keeping the mouth just below the surface. Observe the shape
of the rubber surface. Ascertain the cause of it by substituting
a carefully fitted glass plate for the rubber, and comparing the
force needed to pull it off when the tube is full of water with
that when free from water.

152, Exercise. — Tie a piece of sheet-rubber or tough
paper over one end of a bladder-glass, place it on the table
of the air-pump, and exhaust the air. What fact is proved?

To make a bladder-glass, cut off the bottom of ‘a common
glass fruit-jar (see p. 854), and grind down the edges on a
piece of flat sandstone.

Coat with lard the edges of the glass
resting on the air-pump table.

153. Exercise. — Connect the Weight-
Lifter (Fig. 71) to the air-pump by a piece
of heavy rubber tubing. Account for the
upward movement of the piston with the
heavy weight attached as the air is ex- \
hausted from the cylinder. Measure the
cylinder, and compute how great a weight
can be lifted by the machine. Remove the
piston, and tie a rubber membrane across
the ‘end of the cylinder. Observe the effect on the membrane
on exhausting the air as different positions are given to the
cylinder, varying from vertical 1o horizontal. Inference.

F1e. T1.

Ve
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154. Exercise. — Connect the Magdeburg Hemispheres
(Fig. 72) with the air-pump. Exhaust the air, remove them
from the pump, and then try to separate them.
While thus fastened together, place them under
a bell-jar on the table of the air-pump, exhaust
the air, and observe the effect. What do you
find held the hemispheres together? Ascertain
if the hemispheres can be pulled apart in any
one position more easily than in another. In-
ference.

155. Exercise. — Compare the
pressure exerted by fluids in different
directions.

Bend a stout glass tube about 75
cm. long into the form shown in
Fig. 73 (a), and also three shorter
pieces into the forms shown in (b),
(¢), and (d). In the U-shaped part
of (a), pour enough mercury to rise
about 1 cm. in each arm. Attach
the tube (b) to the lower end of (a)
with a rubber connector, and hold the
apparatus vertically in a vessel of

water, observing the distance of the
mouth of (b) below the surface of
the water, and also the effect on the
level of the mercury in (a). Now
substitute the tube (c¢) for (b), sub-
merging the apparatus to the same depth as before, as
indicated by the mouth of the tube. Note the change in
the mercury level. Try (d). What causes the change of

Fia. 73.
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level? What is the evidence? What truth is proved by
this experiment?

The tubes (b), (¢), and (d) must be filled with water as
high as the mouth, to insure success.

156. Exercise. — Cut a board about 75 cm. long, 15 cm.
wide, and 15 mm. thick. Place it on a table so that it projects
25 cm. over the edge. Spread a large newspaper over the end
on the table, making it as smooth as possible. Now strike the
projecting part of the board with the hand, comparing the blow
necessary to raise the other end of the board with that required
when the paper is removed, or a smaller paper is used.
Explain.

157. Exercise. — Select two test-tubes, such that one
slides easily within the other. Fill the larger one with water,
insert the closed end of the smaller tube, and quickly invert.
Account for the upward movement of the small tube in opposi-
tion to the force of gravity. What is the office of the water in
this experiment?

158. Exercise. — Measure the atmospheric pressure.

Fill a heavy glass tube about 80 cm. long, and closed at one
end, with mercury. To do this, connect to the tube a small
glass funnel by means of a rubber connector. Invert it in a
cup of mercury (Fig. 74) by placing the finger firmly over the
end of the tube to keep the mercury from running out during
the operation. Why does not the mercury all run out of the
tube? Devise some way of showing that it 1s atmospheric
pressure on the mercury in the cup that supports the column
in the tube. Measure the height of the column in the tube
above the level of the mercury in the cup. Incline the
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tube, and again determine the difference of level. Why
the same?

Measure the cross-section of the tube, and then compute the
volume of mercury in cubic centimetres.
Multiply this volume by 13.6, and you
have the weight of mercury in grammes.
Compute what the weight would be if the
cross-section of the tube were 1 scm.,
and the mercury column 76 cm. long.

In filling the tube with mercury, re-
move air-bubbles by sliding down the
tube a slender iron wire.

159. Exercise.— Measure the height
of a building or hill by means of a
barometer.

For this purpose, use an Aneroid
Barometer (Iﬂg 75), as it is more
portable and ———
more sensi- Lo e
tive than the mercurial. Note the
rise or fall of the barometer in hun-
dredths of an inch in passing from
one station to the other, multiply by
9, and the product is the difference
in altitude expressed in feet. If the
pressure is below 26 inches, or the
temperature above 70° F., use 10 for
a multiplier. Many readings at both
stations should be taken, extending
over a period of several days, the averages being used in the
computation,

Fi1e. 75.
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The readings should be taken with the aneroid in a horizontal
position, tapping the face slightly with the finger before taking
them in order to bring the needle into equilibrium. Guard
against parallax in taking the readings, and estimate all
fractions of spaces.

For more accurate methods of measuring heights, consult
Plympton’s ‘¢ Aneroid Barometer,”” published by D. Van
Nostrand, New York.

160. Exercise. — Fill a small rubber foot-
ball half full of air, and place it under a
bell-jar on the air-pump table. Exhaust the
air from the jar; notice the effect on the ball.
Explain.

Substitute a dish of soap-bubbles for the
ball, or an empty bottle with its mouth opening
under water in a tumbler.

What property of air do these experiments
show?

161. Exercise.— Procure a bolt-head, that
is, a stout glass tube with a large bulb on one
end. A strong glass tube fitted air-tight to
a bottle by means of a perforated cork will
make a good substitute. Close the top of an
open-top bell-jar with a good cork, through
which passes this glass tube reaching to the
bottom of a vessel of water within it (Fig. 76). Place the
apparatus on the table of an air-pump, exhaust the air, and
watch the effect. Also observe the effect of admitting the air.
Explain.
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162. Exercise. — Fit to a flask or bottle a good cork, -
through which passes a jet-tube. Connect this tube to an
air-pump by means of a rubber tube, and exhaust the air.
Close the connection between the flask and the pump with a
pinch-cock, disconnect the tube from the pump, and open
the pinch-cock after placing the mouth of the rubber tube in
a vessel of water. Explain.

163. Exercise. — Connect with rubber tubing, as shown in
Fig. 77, a glass funnel, a T-tube, a stout glass tube one metre

long, and a flask to be exhausted.
On the rubber connector, between =——
the T-tube and the funnel,- place

an adjustable pinch-cock. Secure
the apparatus in a vertical position,
with the lower end of the tube
fitting into a vessel which has an
opening on the side a little higher
than the end of the tube. Now
close the pinch-cock, pour mercury
into the funnel, and open the pinch-
cock on the tube leading to the
vessel to be exhausted. Then open

the pinch-cock so that the mercury
falls in a rapid series of drops,.—.
closing the tube, and preventing =5
air from entering from below. As™ " ——
the mercury flows down, the ex-
haustion begins, the air of the tube being carried down by the
mercury drops, and the air of the flask expanding to fill its
place. The mercury can be poured back into the funnel from
time to time, care being exercised to prevent the funnel’s
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becoming empty, as then air would immediately enter the flask.
Search for evidence in the working of this mercury-pump,
showing that the degree of vacuum is improving.

I.. LAW OF BOYLE.
164. Apparatus. — Heavy Glass Tubing, Mercury, etc.

165. Exercise.— Determine the law of the compressibility
of gases.

First. Close one end of a stout glass tube in a gas-flame,
and then bend it into the shape of the letter J, the short
arm bzing the closed one, and about 25 cm. long (Fig. 78).
Lengthen the long arm to 2 metres, using a heavy rubber
connector, and winding it with fine copper wire. Fasten the
completed tube with metal straps to a board set into a block
for a base. Attach metric scales to the arms, placing the zero
of each one on the same level, and just above the bend in the
tube. Now pour in enough mercury just to close the bend up
to the zero of the scales, bringing the mercury to the same
level by jarring the tube. Under what pressure is the air in
the short arm? After this adjusting has been carefully done,
pour in mercury till a reading of about 20 cm. is secured in the
long arm. Record the height of the mercury column in each
arm. Add more mercury and record the readings, proceeding
in this way till the long arm is full of mercury. The difference
of any two corresponding readings, plus the barometer reading
at the time of conducting the experiment, will neasure the pres-
sure on the confined air-column. Why? Compute the pressure
for each observation and multiply it by the length of the con-
fined air-column corresponding to it. If the experiment is care-
fully conducted these products will be found to be nearly equal.
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Tabulate the results.

Express as a law the relation between volume and pressure
exhibited by the experiment. Represent this relation by a
curve (598).

The mercury must be poured in the tube very gently, and
with the tube in an inclined position at first, so that the mercury

stream will not act as a piston, and drive air 1
ahead of 1t into the short arm. 3
Secondly. Fill with mercury to within 20 "
cm. of the end a stout glass tube 80 cm. long, P
closed at one end. Under what pressure is T
the 20 cm. of air in the tube? Close the end ¥

of the tube with the finger, and invert it in 2
vessel of mercury. Accurately measure the

length of the air-column, and also the height Zl;
of the mercury-column, above the level of e &
the mercury in the vessel. What supports the 4"%: ;
mercury in the tube? Observe what the &
barometer-reading is. Why is the mercury- Z

column less in height than that in the barom-

eter? Under what pressure must the air in

the top of the tube be? How does the ratio

of the initial and present volume of the air in

the tube compare with that of the pressures it

is under in the two cases? Make several

experiments with different initial volumes of

air, and ascertain if the same relation holds

good. KExpress as a law the relation discovered.
In order to subject the same volume of air to different

pressures less than one atmosphere, a deep cistern of mercury

will be required. To provide this, close one end of a heavy

glass boiler-tube about 75 cm. long and 2.5 em. diameter, and

F1a. 78.
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insert it in a heavy wooden block for a base. Then, instead of
closing one end of the barometer-tube used by fusion, it would
be better to cement on the end a metal ferrule, into which is
fitted a screw for closing the end. With such an arrangement,
it will be easy to regulate the amount of air enclosed.

III. LAW OF PASCAL.

166. Apparatus. — Brass Tube, Haldat’s Apparatus, Bqui-
librium Vases, Glass Tubing, etc.

167. Exercise. — Procure a piece of brass tubing 25 mm.
in diameter and 25 cm. long. Fit to it a piston made by
winding candle-wick around one end of a piece
of barometer-tube 20 cm. long (Fig. 79). Close
one end with a perforated cork. Drill holes
through the side of the tube at different dis-
tances from the open end, and insert perforated
corks. Fit neatly in all these corks glass tubes
of such a length, and so bent, that their free
ends are all on the same level, and at least 5
cm. above the open end of the brass tube. Re-
move the piston, fill the apparatus nearly full of
water, and then insert the piston, holding the
tube in a vertical position. Compare the heights
of the water in all the tubes as pressure is
applied to the piston. Why does the water rise
in each tube? How does the direction of the
applied pressure compare with that of the motion observed in
the different tubes? What is to be learned from the comparison
of the heights of the water in the tubes? . Express as a prop-
osition the truth developed by this experiment.
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168. Exercise.— Bend a stout glass tube twice at right
angles, making the arms 25 cm. and 12 cm. long respectively,
and the distance between them 50 cm. Set this in a frame so
that these arms are vertical and well supported. Take a glass
tube 25 mm. diameter and 25 cm. long, a lamp-chimney of
about the same length, and a two-litre bottle with the bottom
removed (see p. 354); fit to each of these a cork with two
holes, through which pass two pieces of tubing of the same
bore, so arranged that one of
them can be attached to the
short arm of the U-shaped
tube, and the other can be
closed with a small cork, and
be used as an emptying-pipe
(Fig. 80). Pour mercury in
the U-shaped tube till it rises
8 or 10 cm. in the long arm.
Now attach one of these
vessels by a short rubber con- Fro. 80,
nector to the U-shaped tube,
and pour in water till nearly full. Mark the height of the
water, and also of the mercury, in the long arm. Then replace
this vessel by one of the others, and fill it with water to the
same height as in the first case. In like manner, use the third
vessel. What causes the mercury to rise in the long arm each
time? Is there any evidence to show that it is connected with
the quantity of water in the vessel attached to the short arm?
Any evidence that it is connected with the height? What truth
is taught by the experiment?

169. Exercise. — Cut out of wood a rectangular block
25 em. long, 10 em. wide, and 5 cm. thick. Bore a hole length-
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wise through the stick 2 cm. in diameter. Likewise bore
several holes, 5 cm. apart, through the side of the picee, so as
to connect with the first one. Close the holes with perforated
stoppers, rubber ones if you have them, through which pass
glass tubes bent into various forms, but all terminating in a
line parallel to the stick (Fig. 81). Pour water through one

Fie. 81.

of them till it rises several centimetres in that tube. Compare
the level of the water in the various tubes. What causes the
water to rise in the other tubes? Account for the height
attained in each tube. What truth is taught?

170. Exercise. — Bore a hole in the side of a wooden pail
near the bottom, and insert a stop-cock. A perforated cork,
through which passes a glass tube, may be used as a substitute,
by slipping over the end a short piece of rubber tubing closed
with a pineh-cock. Fill the pail with water, place it on a chair
on the table, and attach a piece of rubber tubing 2 or 3 metres
long to this stop-cock. In the other end of this tube, insert a
jet-tube secured in a vertical position by means of a support
standing on the floor. Open the stop-cock, and observe closely
the attending phenomenon. Explain. ‘

Substitute for the jet-tube a glass tube of sufficient length to
reach to the level of the water.in the pail. Note the height
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to which the water rises. Account for the difference between
the height reached by the water in the tube, and that when
eseaping as a jet. Ascertain what the height of the jet
depends on, by comparing the conditions under which different
heights are obtained.

IV. THE SIPHON AND PUMP.

171. Apparatus. — Glass and Rubber Tubing, several
large Bottles, small Suction-Pump, Air-Pump, etc.

172, Exercise. — Bend into a U-shape a glass tube about
50 em. long. Fill the tube with water, close one end with the
finger, and invert it. Why does not the water run out of
the tube? Now let each end dip into a cylindrical jar partly
filled with water. Place one of the jars on a block of wood,
and observe the motion of the liquid. Is the velocity of flow
constant? When greatest? When least?

Make a second siphon by connecting together two L-shaped
glass tubes with a rubber connector. Ascertain if the apparatus
will work when a small hole is made in the side of the rubber
tube between the two glass tubes. Explain.

Make a third siphon similar to the first, using tubing of
about 1.5 mm. bore to diminish the rate of flow. Connect two
flasks with it, place the apparatus beneath the bell-jar of an
air-pump, and then quickly exhaust the air.

Examine these different experiments, and frame an explana-
tion of the action of a siphon.

173. Exercise. — Make a siphon out of a rubber tube.
Let the outer arm be a few centimetres longer than the inner
one, and measure the amount of flow during five minutes.
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Increase the length of the outer arm, leaving the inner arm
unchanged, and again measure the flow during five minutes.
Again increase the length, and measure the flow. On what
does the velocity of flow depend?

174\&. Exercise. — Determine the law which regulates the
height over which a liquid can be carried by a siphon.

Use a long rubber tube of small bore for a siphon, and
mercury for the fluid. Fill the tube with mercury, and tie up
the ends securely with wire. After placing the tube in
position, with its ends opening in dishes having different levels,
the higher containing mercury, open the ends, and gradually
raise the bend of the tube till a position is reached in which the
flow ceases, but is resumed on lowering it in the least. Compare
the height of this above the surface of the mercury in the higher
vessel, with the barometer reading at the time.

A glass siphon of small bore could be substituted for the
rubber, and the experiment made under the bell-jar of an
air-pump, the reading of the pump-gauge being taken at the
instant the mercury-column breaks in the siphon, and this
compared with the height of this column.

175. Exercise. — Devise a fountain by conducting the
water from a vessel to a jet-tube by means of a siphon. On
what does the height of the jet depend? Why?

176. Exercise. — Construct an intermittent fountain.

Cut off the bottom of a large bottle. See p. 854, Cork the
mouth of the bottle with a perforated cork through which
passes a glass tube, reaching to within 2 or 8 cm. of the end of
the bottle. Support the bottle, mouth downward, in the ring
of the iron stand; place a long test-tube over the glass tube,
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such, that, when the bottle is full of water, the upper surface
is above the test-tube. Arrange a siphon with an adjustable
pinch-cock to convey water from some large vessel to the bottle
at a rate somewhat less than the outlet-tube can empty it. Set
the siphon in operation, and notice the character of the flow
from the bottle. Explain. ;

177. Bxercise. — Select three bottles of about one litre
capacity each, and fit to them corks with
two holes. Only the best corks can be
used. Place two of the bottles on the
table, and the third one on
the floor. Using rubber and
glass tubing, connect them
as shown in Fig. 82. Now
fill the bottles on the table
with water, leaving the one
on the floor filled with air,
and set the apparatus in op-
eration by blowing through
the short tube of the farther
bottle. Explain. Why must
the corks be tight? Find,
by varying the connections,
upon what the height of the
Fia. 82. jet depends.

178. Exercise. — Fit a good cork to an
open-top receiver. Through this cork, pass,
air-tight, a glass tube reaching to the bottom of
a tumbler of water within the receiver. Connect with this
tube a small suction-pump (Fig.83). Ascertain whether water

Fia. 83.
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can be pumped out of the tumbler. Then place the apparatus
on the table of an air-pump, exhaust the air, and ascertain the

effect on the working of the pump. Inference.

V. THE PRINCIPLE OF ARCHIMEDES.

179. Apparatus.— Balance, Bucket and Cylinder Appara-
tus, Cylindrical Graduate, Cylindrical Jar, Air-Pump, etc.

180 Exercise. — Ascertain the effect on the weight of a
substance produced by an enveloping fluid. v

Attach a heavy weight, stone or metal, to an accurate spring-
balance, and take the reading. Lower the weight into a vessel
of water, and again take the reading. Inference.

Repeat the experiment, using a block of wood. Inference.
Under what condition does a substance appear to lose all of its
weight?

Now place the vessel of water on the platform of a balance,
and find its weight. Suspend each of the above articles in
succession from the hook of the spring-balance, submerging it
in the water if possible, and compare the difference in the
weight of each substance caused by being placed in water, with
the change produced in the weight of the vessel of water as
shown by the balance. Account for the apparent loss of weight
in the first two experiments.

Repeat all these experiments, substituting strong brine for
the water. Compare the weight apparently lost with that appar-
ently lost when water was used. Compare the weight apparently
lost by a large piece of metal with that apparently lost by a
small piece of the same substance. Compare the loss appar-
ently suffered by a block of lead with that apparently suffered
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by a block of any other metal of the same size. . On what does
the amount of apparent loss depend?

181. Exercise. — Find the measure of the buoyant force.

Dealers in physical apparatus furnish a piece known as the
Bucket and Cylinder. It consists of a cylindrical brass
bucket, to which is accurately fitted a
brass plug (Fig. 84). Hang the bucket
from one arm of a balance, with the
plug attached below it by means of a
hook and thread. Counterpoise the
two cylinders by weights in the other
scale-pan. Now place a vessel of
water beneath the apparatus, so that
the solid cylinder will be submerged
when the beam is horizontal. Why
is the equilibrinm destroyed? Pour
water into the bucket till the equilib-
rium is restored. How much water is
displaced by the plug? Compare this
amount with that found necessary to
restore equilibrium. How much weight do you find that a
submerged body apparently loses?

182. Exercise.— A second method of finding the measure
of the buoyant force.

Tie a fine thread or hair to a piece of metal or stone, and
suspend it from one end of a balance-beam. Many balances
have a hook provided for attaching any substance in this way.
Weigh the substance ; then bring a vessel of water beneath it,
and find its weight when submerged. The vessel of water can
be supported on a small wooden stool placed over the scale-pan
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so as not to interfere with the movement of the balance.
Determine how much water the substance will displace by
proceeding as in Art. 20. Allowing each cubic centimetre of
water to weigh a gramme, how does the weight apparently lost
compare with the weight of the water displaced? State as a
proposition the truth proved.

183. Exercise. — Determine the principle of flotation.

Weigh a piece of paraffine or varnished wood, then, employing
a graduated cylinder containing water, determine the amount
of water displaced by it when floating. If each cubie centi-
metre of water displaced weighs one gramme, how does the
- total weight of water displaced by a floating body compare with
the weight of that body in air? Infer from this when a body
will float in a fluid. Can the form of a body affect the
displacing power? Make a piece of lead float on water without
attaching any thing to it.

184. Exercise. — Weight a small test-tube, so
that, when placed in a vessel of water, mouth
downward, it will float, maintaining a vertical
position (Fig. 85). Fill a cylindrical jar with
water to within a few centimetres of the top, place
in it the test-tube, and set the apparatus beneath a
bell-jar on the table of the air-pump. Gradually
exhaust the air, letting it re-enter the bell-jar quite
frequently, to determine whether that point has yet
been reached at which the test-tube is nearly on the
point of sinking owing to air having been removed =y
from it. When that point is reached, remove
the jar from the air-pump, and tie over the top
a piece of sheet-rubber. Now, by pressing on the top of
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the rubber, the tube can be made to sink to any desired point
within the jar. Observe the level of the water in the tube as
it is made to occupy different positions by varying the pressure.
Explain the action of the apparatus, pointing out all the prin-
ciples illustrated by it.

In case a sufficiently tall bell-jar is not at hand, the necessary
amount of air can be removed by means of a J-shaped tube,
the short arm of which is about as long as the test-tube. By
holding the test-tube over the short arm of the J-tube as
you let it down into the water, the air will escape through
this tube, water taking its place. After a few trials, it will
be found easy to remove the proper amount.

185. Exercise. — Ascertain if
air affects the apparent weight of
substances.

Place beneath a large bell-jar
on the table of an air-pump a
short - beam jeweller’s balance,
having, in place of the scale-pans,
a large cork or glass float and a
piece of lead accurately balanced
(Fig. 86). Exhaust the air, and
note the effect on the balance.
Repeat several times to make it
certain that the phenomenon at- Fiq. 86.
tending the exhaustion is not
accidental. Explain. How can the weight of an object
obtained in air be reduced to that in a vacuum?
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VI. DETERMINATION OF DENSITY.

186. Apparatus. — Balance, Cylindrical Graduate, Spe-
cific-gravity Bottle, Hydrometers, Florence Flask, Air-Purmp,
Glass Tubing, etc.

187. Exercise. — Determine, by means of a balance, the
density of a solid insoluble in water.

Suspend the substance, by means of a fine thread or hair,
from the hook on the bail of the scale-pan provided for that
purpose, and determine carefully its weight. As in Art. 182,
find its weight in water. From these data determine the volume
of water displaced by the solid. Divide the weight in the air
by the volume, and the density is obtained. This result needs
correcting for temperature, pressure, etc., when great accuracy
is required.

As a check, divide the weight in air expressed in grammes
by the volume in cubic centimetres, as determined by the
method of Art. 20.

Tabulate results as follows : —

Name of ‘Weight | Volume,
Substance. in Air. cem.

‘Weight

Deneity. in Water.

Density. | Average.

Glass .
Iron
Lead
Marble
Copper
ete.
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188. Exercise. — Determine the density of a substance
lighter than water.

As in the last experiment, determine the weight in air, and
also the weight of a piece of lead or other metal of sufficient
mass to sink the specimen in water. Then determine the
weight of the sinker in water, and also of the specimen and
sinker combined. From these data, the volume of the water
displaced by the substance is easily obtained. How? Divide
the weight in air by the volume, and the required density is
obtained.

Check this in the same manner as in the last experiment.

189. Exercise. — Determine the density of a substance
soluble in water.

As in Art. 182, find the weight of an equfll volume of some
liquid of known density in which it is insoluble. This divided
by the density of that liquid will give the volume of the
substance. Why? Now proceed as in Art. 187.

Rock-salt is insoluble in naphtha, rock-candy and saltpetre in
strong alcohol, alum and blue vitriol in oil of turpentine, efec.

190. Exercise. — Determine the density of a liquid.

For accurate work, use the specific-gravity bottle. It is a
small flask holding usually 10, 25, 50, or 100 cem., closed with
an accurately fitting glass stopper, through which is a small
capillary opening. Thoroughly clean the bottle, rinsing it out
finally with strong alcohol, and dry by forcing into it a stream
of air passing through a heated tube. After weighing the
bottle, ascertain its capacity if not already known, then fill it
with the liquid whose density is sought, wiping the exterior of
the bottle dry, and removing the excess of the liquid that
escapes through the hole in the stopper, and find its weight.
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Deducting the weight of the empty bottle, divide the remainder
by the volume of the bottle, and you have the density. This
result, when great accnracy is required, must be corrected for
temperature, etc. Consult Stewart and Gee’s ‘¢ Practical
Physics,’” vol. i.

For approximate work, a small Florence flask may be used,
filling it with water up to a line marked on the neck.

191. Exercise. — Determine the density of a liquid by
weighing a solid in it.

Make a sinker out of a thick piece of glass rod. Fasten it
by a fine thread to the hook on the frame of the scale-pan.
Find the apparent loss of weight of the sinker in water, and
in the liquid whose density is sought. @ What does this
apparent loss represent? Divide the apparent loss in the
liquid by the apparent loss in water, and the quotient will be
the density.

192. Exercise. — Determine the density of a substance in
a state of powder.

Use the flask of Art. 190, find its weight, then re-weigh it
after filling it part full of the powder. Now cover it with water,
place it beneath the bell-jar of the air-pump, and exhaust the
air, the water taking the place of the air within the powder.
If the substance is soluble in water, some other liquid must be
used. On removing the flask from the pump, ascertain the
weight after filling it full of water. Let f = weight of
the flask, w = weight of substance after deducting weight
of the flask, w' = weight of substance when covered with
water, w” = weight of water required to fill the flask when the
substance is removed. Then w' — w = weight of water
added to fill the flask when the substance was in it, and



MECHANICS OF FLUIDS. 123

w’ — (w — w) = weight of water whose volume is that of the
w

substance. Therefore the density = —; v 3
w —w + w

193. Exercise. — Determine the density of a solid with
Nicholson’s hydrometer.

This instrument usually consists of a metal cylinder with
conical ends, to the vertices of which are soldered stout wires.
On the end of one wire is soldered a small
scale-pan, and on the other a perforated
pan (Fig. 87). The lower end of the
cylinder is loaded with shot so that, when
the apparatus is placed in water, it takes
a vertical position with the cylindrical part
nearly submerged.

To use this apparatus, place on the
upper pan a sufficient number of known
weights to sink it to a mark on the stem
just below the scale-pan. Let a represent
the number of grammes required. Then

Fie. 87.

place on the pan the substance whose density is required, and
add weights till the instrument sinks to the mark on the
stem. Let b represent the number of grammes added. Then
a — b = the weight of the substance. Now transfer the
snbstance to the lower pan, tying it on if necessary, and
observe how many weights must be added to the b weights to
sink the instrument to the mark on the stem. Let ¢ represent
b

the number of grammes necessary. Then 2 =2 = density.
c

Why?

194. Exercise. — Determine the density of a substance
with the Jolly balance.
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Solids are weighed as directed in Art. 24, but with the lower
pan attached, and immersed in water. The weight in water is
obtained by placing the substance on the lower pan.

To find the density of a liquid, weigh a solid insoluble in it,
first on the upper pan, then on the lower pan when immersed
in water, and finally on the lower pan when immersed in the
liquid. Then proceed as in Art. 191.

195. Exercise. — Determine the density of a liquid by
means of a Nicholson’s hydrometer.

Weigh the instrument, then place it in water, adding weights
to the upper pan till it sinks to the mark on the stem. The
weight of the water displaced by the instrument will be the sum
of the weights on the pan and that of the instrument. Why?
In like manner, determine the weight of the liquid
displaced, whose density is required. From these
data, the density is easily determined. How?

For corrosive liquids, a glass hydrometer must
be used. In such instruments, the lower pan is
usually omitted.

196. Exercise. — Make out of light wood a
bar of uniform size throughout, having a length
of 30 cm. and a cross-section of 1 sem. Bore a
hole several centimetres deep into one end, and
put in pieces of lead sufficient to maintain the bar

in a vertical position when floating in water, closing
the hole with cement. Lay off on the bar a decimal
scale, the zero at the loaded end. Give the apparatus a thin
coat of paraffine. Now float the instrument in a vessel of
water, and note the division of the scale to which it sinks;
then place it in the liquid whose density is sought, and take the

Fie. 88,
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reading. The quotient of the former by the latter is the den31ty
of the liquid. Why?

For aeccurate determinations, especially of corrosive liquids,
glags hydrometers (Fig. 88) with graduated stems are usually
employed. The method of use is similar to that illustrated
above.

Make a five-per-cent, a ten-per-cent, and a twenty-pel ~cent
solution of common salt, and determine, by
means of the hydrometer of constant weight,
the density of each. Verify the results by
some one of the methods already given. k

197. Exercise.— Fit a rubber stopper with
two holes to a small Florence flask. In this
stopper, insert, air-tight, two glass tubes, each
75 cm. long, and bent twice at right angles at
the end next the cork (Iig. 89), so that the
tubes will not stand so close together. Sup-
port the apparatus in a vertical position,
with the end of one tube dipping into a
beaker of water, and the other into a vessel
containing the liquid whose density is sought.
Carefully measure the capillary effect. Now
gently warm the flask till part of the air is ex-
pelled. When cold, the liquids having ceased
to rise, measure the height of each liquid Fie. 89.
above that in the vessel. The ratio of these heights corrected
for capillarity will be the inverse ratio of their densities.

198. BExercise. — Determine the density of air.
Fit to a stout Florence flask of about one litre capacity a
rubber stopper through which is inserted a good stop-cock.
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Dry the flask, and determine its weight. Then exhaust the air
as completely as possible, reading the pressure-gauge on the
pump as well as the barometer. Weigh the exhausted flask,
then measure its capacity, and compute from these data the
weight of one cubic centimetre of air, that is, its density.
The capacity of the flask can be found by weighing it full
of water.

For more accurate methods, consult Roscoe and Schorlem-
mer’s ‘¢ Chemistry,”’ vol. iii. pt. i.
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CHAPTER 1V.
HEAT.
I. HEAT, AND MECHANICAL MOTION.

199. Apparatus. — Flint and Steel, Fire-Syringe, Tinder,
Bottles, Thermometer, Metal Rod, Tumblers, Mercury, Whirl-
ing-Machine, Air-Thermometer, Condensing-Pump, Air-Pump,
Florence Flasks, Pyrometer, Radiometer, etc.

200. Exercise. — Hold a piece of hardened steel, as the
back of the blade of a large pocket-knife, between the thumb
and forefinger of the right hand, and strike a glancing blow
against the sharp edge of a piece of flint. Observe any
attending phenomena. Examine the substances after
striking them together a few times. Is there any evi-
dence of any quantitative connection between the energy
expended and the heat obtained?

201. Bxercise. — Place a small piece of German
tinder in the cavity at the end of the piston of a Fire-
Syringe (Fig. 90), and force it quickly into the cylinder.
Remove the piston as soon as possible, and examine
the tinder. After each introduction of the piston,
fresh air must be introduced into the tube to supply
oxygen. Fio.9

If the syringe has a glass cylinder, introduce within
it a pellet of cotton-wool moistened with carbon disulphide.
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Remove # after it has remained a few moments, and force in
the piston, keeping a close watch on the tube.
Account for the phenomenon attending this experiment.

202. Exercise. — Fill a bottle of about four ounces capacity
half full of water, and take the temperature with a thermometer.
The water should be at the temperature of the room. Now
cork the bottle, wrap it up in several thicknesses of paper to
keep heat from being communicated to it from the hand, shake
vigorously for an observed number of minutes, and again take
the temperature. Ascertain the effect of increasing the time
of shaking. Is there any evidence of any connection between
the amount of motion and the heat? Devise some way of
showing that the rise in temperature was not due to heat
communicated to the water from the hand.

203. Exercise. — Rub a metal rod vigorously with a piece
of leather for a few minutes, protecting the rod from the
heat of the hand by a paper holder. Touch the rod to a
piece of phosphorus. Inference. Have you any equivalent
for the energy expended in rubbing the rod? TIs there any
evidence of any quantitative relation between the heat devel-
oped and the energy expended? If energy is indestructible,
what would you infer is the nature of heat?

Caution. — Always cut phosphorus under water, and never handle it
with dry fingers.

204. Exercise.— Wrap each of two tumblers with several
thicknesses of paper to keep from them the heat of the
hand. Fill one of the tumblers one-third full of mercury,
and determine its temperature by inserting a thermometer.
Then . pour the mercury rapidly, in a stream as large as a
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slate-pencil, back and forth between the tumblers for five
times, letting the mercury fall from a height of about 25 em.
Take the temperature. Ascertain the effect of ten pourings ;
twenty. Repeat these tests, letting the mercury fall 50 cm.
Inference. i

The mereury should be at the temperature of the room at the
beginning of each set of pourings.

205. Exercise. — Attach to a whirling-machine a brass
tube about 15 cm. long and 15 mm. diameter (Fig. 91). Fill
it half full of alcohol, and close the end with a cork. Rotate

Fre. 91.

the apparatus rapidly, applying a brake made of two pieces
of board hinged at one end with a strip of leather, and also
covered with leather at the places of contact with the tube. In
a few minutes, the alcohol can be made to boil vigorously, as
the experimenter will find ample evidence. Account for the
heat. \
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206. Exercise. — Blow a stream of air with a small bellows
against the bulb of a sensitive thermometer, or the face of a
thermopile (Fig. 114), and record the effect. Explain.

207. Bxercise.— Compress air within the copper reservoir of
the condensing-pump, obtaining as high a pressure as possible.
After the apparatus has stood long enough to acquire the tem-
perature of the room, turn the stop-cock, directing the escaping
air against the bulb of a thermometer, or the face of the thermo-
pile, and record the effect. Whence does the [ﬁ
air, on escaping, acquire its kinetic energy?

Devise some way of proving your answer.
Suspend a thermometer within the receiver

of the air-pump, observing the effect as the
exhaustion proceeds. Explain. A

208. Exercise.— Fit, air-tight, to a Flor-
ence flask a cork through which passes a
J-shaped tube reaching nearly to the bottom
of the flask, and a thermometer with the bulb
at the centre of the flask (Fig. 92). Fill the
flask a little less than half full of water at
the temperature of the room, and hold it sub-
merged in a vessel of boiling water for 30
seconds. Note carefully the effect produced on
both the water of the flask and the thermometer.
Now remove the J-tube, and close, air-tight,
the opening in the cork. Change the water in
the flask for an equal amount of water of the temperature of the
room. Again hold the flask, for 80 seconds, in a vessel of
boiling water, and record the reading of the thermometer.
Account for the difference of temperature in the two cases.
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It will be necessary to hold the cork in the flask, or the elastic
force of the air will throw it out, and break the thermometer.

209. Exercise. — Fasten a metal rod about 30 cm. long to
a wooden block by means
of small wire staples, the
block to be attached to a
I board for a base. To the
opposite end of the board,
J tack a thin piece, to sup-
port an index against
which rests the free end
Ly DS of the rod (Fig. 93). The
pointer may be cut out of tin or brass,
and should have the pivot distant but a
couple of millimetres from the end of the
rod. Place a spirit or gas flame under
the rod for a few minutes, and watch the
effect.

Fasten the end of the pointer, by an
elastic, to a pin, and see if the expanding
rod does work by stretching the elastic.
Whence the energy expended in doing this
work?

210. Exercise. — Place a Radiometer
(Fig. 94) in a beam of sunlight, or in the
light from a gas-jet admitted through an
opening cut in a large sheet of cardboard,
and notice the effect on the instrument.
Try a Bunsen or spirit flame which emits e
heat and but little light. Interpose between the radiometer
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and the source of light 4 chemical tank (Fig. 284) or flat bottle
filled with alum-water, a substance which cuts off but little light
and most of the heat. Substitute a solution of iodine in carbon
disulphide in place of the alum-water, thus cutting off the light,
and but little of the heat. Inference.

II. HEAT, AND CHEMICAL ACTION.

211. Apparatus. — Test-Tube, Thermometer, Saucer, Mor-
tar, ete.

212. Exercise. — Fill a test-tube one-third full of water,
and take its temperature with a thermometer. Fill a second
one one-third full of sulphuric acid, and likewise take. its
temperature. Now pour the acid in a fine stream into the
water, and record the temperature. Inference.

213. Exercise. — Place in a common saucer a lump of
freshly burned quicklime as large as a hen’s egg... Ascertain
its temperature by placing the bulb of the thermometer in
contact with it for a few minutes. - Now fill the saucer with
water, and, after a few minutes, take the temperature of the
lime. Explain. 3

214. Bxercise. — Powder in a mortar some crystals of
cupric nitrate. Spi'ead -the powder thickly on a piece of
tin-foil about 10 cm. square.  Sprinkle .on the powder a
small quantity of water, and quickly . wrap it up in the foil,
pressing down the edges. Notice the changes which follow.
Explain.



HEAT. 133

II1I. CONDUCTION OF HEAT.

215. Apparatus. — Thermometer, Conductometer, Rods
of different kinds of material, Cylinder of Brass, and one of
Wood, Lead Balls, Brass Wire-Cloth, Wooden Cube, Air-
Thermometer, ete.

216. Exercise. — Take the temperature of several different
articles in a room, at about the same distance from the floor,
by holding the bulb of the thermometer in contact with each
successively for a few minutes. Now test the same substances
as to temperature by touching them with the hand. Which
substances feel cold, and which do not? Account for the
differences between the conclusions based on the sense of
touch, and those on the indications of the thermometer.

217. Exercise. — Compare the conductivity of several
substances.

Get a tin-smith to construct a tin dish with small tubes on the
side, in which can be cemented rods of different substances, as
iron, copper, zine, brass,
ete. (Fig. 95). Coat
these rods with a thin
layer of beeswax; then
fill the tank with hot
water, and compare the
rates at which the wax
melts on the rods.

As the four substances
mentioned differ but little in their capacity for heat, the rates
of transference of temperature will not differ much from those

Fi1e. 95.

for transference of heat.
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218. Exercise. — Wrap firmly around a brass cylinder a
layer of writing-paper, hold it in the flame of a lamp, and
record the time required to set the paper on fire. Then wrap a
similar piece around a wooden cylinder of the same size, and
hold it in the flame till the paper burns. Account for the
difference in the times.

219. Exercise.— Compare the thermal conductivity of iron
and copper.

Select a stout wire of each, 35 em. long, twist them together
for about 10 cm., and then insert the twisted end through a
wooden frame, the untwisted
parts being separated (Fig.
96). Attach lead balls or
marbles to the wires at reg-
ular intervals between the
supports, using shoemaker’s

Fie. 96.

wax for the purpose. Place a
spirit-lamp under the twisted part, and record the effect on the
balls. Inference.

220. Exercise.— Support a
piece of brass wire-cloth on the
ring of the iron stand, place a
gas-flame beneath it, and record
the effect on the flame (Fig. 97).
Test for gas above the gauze by
applying a lighted match. Ae-
count for the flame’s not ex-
tending through the gauze at
first. Now let the wire-cloth
cool, then turn on -the gas, and light it above the cloth.

Fie. 97.
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Account for its burning above the wire-cloth, and not below.
Observe the manner in which gum-camphor burns when placed
on the wire-cloth.

221. Exercise.— Compare the conductivity of wood with
the grain, with that across the grain.

Coat uniformly with paraffine three of the faces about one
corner of a wooden cube 5 cm. on the edge. Heat a metal ball
of 2.5 or 3 cm. diameter in boiling water, and place it as
quickly as possible on one of the waxed faces of the cube.
Compare the shapes of the melted spots formed on the different
gides, and account for the difference. The ball must remain
on the block the same length of time in each case. Try cubes
made from pine, oak, maple, etc.

Wipe the water off of the ball before placing it on the
wax.

222. Exercise. — Test the conductivity of water.

Place in a long test-tube some fragments of ice. Fill the
tube nearly full of water, keeping the ice from floating by
means of a small marble or stone. Hold the tube in an
inclined position in a Bunsen or spirit flame, heating the part
near the surface. Compare the temperature of the water at
the bottom with that at the top on its coming to a boil.
Inference. :

In heating the tube, pass it slowly backward and forward
through the flame, as a sudden application of heat is liable to
break the tube. Why?

223. Exercise. — Cork the neck of a large funnel, and
through it pass the stem of an air-thermometer, bringing the
bulb below the surface of the funnel. Support the apparatus
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as shown in IFig. 98. TFill the funnel with water till the bulb

XW of the air-thermometer is covered to the depth of a

m centimetre. Pour a spoonful of ether on the water,
set it on fire, and record the effect on the thermom-
eter. Inference.’

The lower end of the thermometer-tube should
dip into colored water. By warming the bulb
with a gas-flame before introducing water into
the funnel, some of the air can be expelled
from the bulb, so that, on cooling, water will

Fie.98.  gtand at an elevation of a few centimetres in
the tube.

IV. CONVECTION OF HEAT.

224. Apparatus. — Florence Flasks, Glass Tubing, Lamp-
Chimneys, tall Bell-Jar, large Bottle, etc.

225. Exercise.— Fill a large Florence flask two-thirds full
of water, introduce a little powdered cochineal or paper
raspings, and apply heat by placing it on a sand-bath on the
iron stand. Make a careful study of the action of the par-
ticles, to ascertain if any law governs their movements.
Explain.

226. Exercise. — Construct out of glass tubing a rectangle
about 12 cm. long by 50 cm. wide, making the connections
with rubber tubing. A T-tube should be inserted at one corner
for convenience in filling, and to provide for the expansion of
the water. Fill the apparatus with water freed from air by
boiling, and introduce a little powdered cochineal. Now hold
one corner of the apparatus in a vessel of hot water, and
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observe the effect on the water in the tube. Apply ice or snow
to the upper corner of the rectangle, and record the effect.
Make the application at other points. Account for the results.

227. Exercise. — Support a short piece of candle in a
vertical position in the bottom of a common plate. Light the
candle, and place over it a wide cylindrical lamp-chimney.
Pour water into the plate to prevent air entering the chimuey
at the bottom. Note the effect on the flame. Insert a
cardboard partition in the chimney, reaching nearly to the
flame, and note the effect. Soak some porous paper in a
solution of saltpetre, and dry it thoroughly. This is known
as touch-paper, and burns with the emission of considerable
smoke. Hold a piece of burning touch-paper over the top of
the chimney, and make a study of the air circulation.

228. Exercise. — Paste paper over the cracks of a common
chalk-box to make it air-tight. Near one end of the cover,
make a number of small holes in a
circle somewhat smaller than the base
of a lamp-chimney (Fig. 99). In the
centre of this ring, place a lighted
taper. Near the other end of the
cover, cut a hole 25 mm. in diameter.
Place a lamp-chimney over each of
these openings, coating the edge of
each with paraffine to produce an air-
tight joint. Study the air currents
through the apparatus by holding
burning touch-paper over the tops of
the chimneys. Ascertain the effect of closing the top of the
chimney not containing the taper.

Fia. 99.
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229. BExercise.— To a tall wide-mouthed jar, fit a cork
ring supporting a wide glass chimney. Place the jar over a
candle standing in a plate of water. After observing the
effect on ‘the flame, insert in the chimney
a smaller one extending down nearly to
the flame, supporting it by a wire frame
(Fig. 100). Study the air-currents with
touch-paper.

Paper cylinders may be substituted for
the chimneys.

230. Exercise. — Invert a tall jar, at
least 50 cm. high, over a stand support-
ing several tapers
{Fig. 101). The
stand may be made
by inserting a stout
wire into a. circular
piece of board for
a base, supporting
the tapers on wire Fre. 100.
arms made to re-
tain their places on the standard by
the friction of the spiral formed on
one end. Observe the order in which
the tapers are extinguished. Why do
the tapers go out? What is implied
by the order in which they are ex-
tingnished? Ascertain the effect of
introducing fresh air by means of a
tube reaching to the top of the standard, and connected to
a bellows.

Fia. 101.
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231. Exercise. — Test different parts of the schoolroom
for carbonic acid.

Prepare a number of litres of lime-water by stirring quicklime
in distilled water, and, after standing a few hours, filtering
it through porous paper (Fig. 102). Select a clear white glass
bottle, holding, when full, 10} fluid ounces of water. Dry it
thoroughly, and fill it with the air to be tested by taking the
bottle to that part of the room, and sucking out the air in it by
means of a glass tube. Avoid breathing through the tube into
the bottle. Now introduce half a fluid
ounce of clear lime-water, cork the bottle,
and shake vigorously for several seconds.
If, after the air-bubbles have disappeared,
the liquid is not clear, the air examined
contains at least 0.06 per cent of car-
bonic acid. If an eight-ounce bottle
is used, turbidity indicates at least 0.08
per cent. A six-and-a-half-ounce bottle

will show 0.1 per cent; a five-and-a-half-
ounce bottle will show 0.12 per cent. If Fia. 102.

one ounce of lime-water is used, a seven

ounce bottle will show 0.2 per cent; a five-ounce bottle will
show 0.3 per cent; a four-ounce bottle will show 0.4 per cent.
Compare the air of a room which has recently been occupied
by a large class with that of one which has been vacant for
several hours. Test the air at the top, at the middle, and at
the bottom of the room.

Breathe through a glass tube, holding the end in a vessel of
lime-water, and note the effect. Also let a candle burn for a
short time in a large bottle, then remove it, pour in lime-water,
shake the bottle, and mark the effect. Account for the air of
rooms becoming vitiated.
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V. EXPANSION BY HEAT.

232, Apparatus. — Heavy Wire, Pyrometer, Metal Ball,
Caliper, Compound Bar, Florence Flasks, Glass Tubing, Ther-
mometer, etc.

233. Exercise. — Ascertain whether heat affects the length

of a wire.
ﬂ Bend a thick brass or iron wire about 25 cm.
long into a rectangular figure ; cut out of one side
a piece 5 cm. long, and adjust the link so that
this piece fits exactly the place from which it
was taken when at the temperature of the room
(Fig. 103). The ends of the parts must be planes
@ perpendicular to the axis of the wire. Hold the
F16.103.  gtraight piece with a pair of tongs in a flame, and,
when hot, try to insert it in its place in the link. Inference.

234. Bxercise. — Determine the coefficient of expansion of
a metallic rod.

Employ an apparatus of the form shown in Fig. 104, in
which, by means of a compound lever, the expansion is
magnified. HK is a copper tank 30 cm. long, 5 cm. deep,
and 3 cm. wide. This rests on the base of the instrument, and
is prevented from moving towards K by a brace L. In this
tank, place the rod, rest it on short pieces of glass tubing
placed across the bottom. One end of the rod must press
firmly against the end K of the tank; the other end must
press against the flat vertical rod D which is soldered at right
angles to the rod BF supported by the block P, and free to
turn about its axis without play. The bearing at A is made
in two parts, and works in a groove in the rod -BF, preventing
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motion lengthwise. The pointer CE is soldered at right angles
to BF at B, the part BE being heavy enough to cause D to
press firmly against the end of the rod in the tank. The ex-
pansion of the rod will cause the pointer to move over the
scale M, and the space traversed divided by the ratio of BC to
the arm D will be the expansion of the rod. It should be

Fia. 104,

observed that the arm D extends from the centre of the end of
BF to the point of contact of the upper edge of the rod in the
tank with D.

To use the apparatus, measure accurately the rod by laying
it on a finely divided steel scale, then place it in the tank and
record the reading of the pointer and the temperature of the
rod. Now fill the tank with boiling water, and again record
the reading of the pointer and the temperature of the rod or
water. From these data compute the rod’s change in length,
and also its change per unit of length for one degree.

235. Exercise. — Determine the effect of heat on a metal
ball. -
Adjust a pair of calipers so that an iron or brass ball will
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just pass between the points. Again caliper. the ball after it
has stood for a few minutes in hot water. What fact regarding
the effect of heat on substances is shown by this experiment
different from that shown in the last experiment? Compute
the change in volume per degree from the change in diameter.

236. Exercise.— Select two pieces of brass tubing about
8 cm. long each, such that one will just telescope the other.
Fit to each a wooden handle. Heat the smaller tube in a gas-
flame, and try to insert it within the larger one. Heat both
tubes, and then try to insert one within the other. Inference.

237. Exercise. — Fasten together by rivets, at intervals of
2 cm., a strip of sheet-iron, and one of copper or brass, each
15 cm. long and 2 cm. wide. Place this bar on the supports
A and B of the apparatus shown in Fig. 36. Place a spirit-
lamp beneath the centre of the bar. What is implied by the
movement of the indicator? Ascertain the effect of placing ice
on the upper side of the compound bar.

238. Exercise. — Determine the effect of heat on the
volume of a liquid.

Fit a perforated cork to a Florence flask, and insert a glass
tube about 30 cm. long, just reaching through the cork. Fill
the flask and part of the tube full of water, excluding all air-
bubbles. The cork and tube must fit water-tight. Place
the apparatus on the sand-bath of the iron stand. Mark the
position of the water in the tube. Apply heat, and note
the effect. Inference.

239. Exercise. — Determine the coefficient of expansion of
a liquid.
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Close one end of a glass tube 15 cm. long and about 5 mm.
in diameter, by heating the end in a gas-flame. Select one of
uniform bore. Fill the tube part full of some liquid, as water,
alcohol, glycerine, ether, or naphtha, and then tie it to a
chemical thermometer, so that the thermometer-scale may be
used in measuring the liquid in the tube. Support the appara-
tus in a beaker of ice-water, and, when it has acquired the
temperature of the water, ascertain the length of the liquid
column in terms of the spaces of the attached thermometer-
scale. Then plunge the apparatus into a vessel of hot water,
and note the thermometer reading, and the length of the liquid
column after the liquid has ceased rising in the tube. The part
of the tube containing the liquid must be kept in the water so
that all the liquid may be at the same temperature. Compute,
from the data, the expansion per unit of volume for one degree,
neglecting the effect of the heat on the capacity of the tube.

240. Exercise. — Determine the effect of heat on the
volume of air.

Procure a heavy glass tube about 30 cm. long and 2 mm.
internal diameter, one end terminating in a bulb of about
5 cm. diameter. A small Florence flask closed with a good
cork, through which passes a glass tube, will make a fair
substitute. Support the tube in a vertical position, with the
end dipping into a shallow vessel of colored water. Apply
heat to the bulb by either a gas-flame, or by pouring on hot
water. Note the effect. Inference.

241. Exercise. — Determine the coefficient of expansion of
air.

Procure a glass tube about 20 c¢m. long and 1 mm. internal
diameter. Introduce into it an index of mercury 5 mm. long
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by plunging it into a bottle of mercury, and then holding the
finger firmly over the outer end of the tube as you remove it
from the bottle. By inclining the tube, move the index along
to the middle of the tube, and then close one end of the tube
by holding it, in a horizontal position, in a gas or alcohol
flame. Tie the tube to a chemical thermometer so that the
thermometer-scale may be used as one of equal parts in
measuring the length of the confined air-column in the tube.
Place the apparatus in melting ice, and determine the length of
the air-column when the thermometer-reading is zero. Before
taking the readings, tap the tube with the finger to facilitate
the movement of the mercury index. Now place the apparatus
in a vessel of water so arranged that the temperature can be
increased at pleasure, and determine the length of the air-
column for 10° C., 20° C., 80° C., etc. A long shallow dish
should be employed in order that the apparatus may be placed
in nearly a horizontal position to remove the pressure on the
air produced by the index. Such a dish can be easily made
out of sheet-lead, closing the joints with plaster-of-Paris. Heat
the tube by pouring hot water into the dish. Compute,
from the data, the expansion per degree of the air per unit
of volume at 0° C., between 0 degree and 10 degrees, 10
degrees and 20 degrees, 20 degrees and 30 degrees, etc.,
neglecting the errors arising from the effect of heat on the
volume of the tube, and from the lack of uniformity in the bore
of the tube.

242. Exercise. — Fit a perforated cork, through which
passes a glass tube, to a test-tube. As a test-tube will stand
but little pressure, soft and elastic corks must be employed.
Fill the tube with water, recently boiled to expel the air,
half-way up the inserted tube. Pack the apparatus in
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finely broken ice, and watch the water-column for some
time. Remove from the ice, and, with as little delay as
possible, plunge the tube into hot water, recording the effect
on the column. Inference.

243. Exercise. — Close one end of a piece of lead pipe
about 30 em. long and 15 mm. in diameter by flattening it, on
an anvil, by a blow from a hammer. To the
other end, fit a perforated cork, through which
passes a glass tube about 20 cm. long. Bend
the lead into a coil, the plane of which is per-
pendicular to the glass tube (Fig. 105). Now
fill the apparatus with water till it stands at a
height of 4 or 5 cm. in the glass tube. Care
must be taken to exclude all air-bubbles from
the coil. Then pack the apparatus in a freezing

mixture made of three parts of pounded ice, and Fie, 105,
one of common salt. Mark the level of the

water in the tube when first placed in the freezing mixture.
Observe the change in level during the following twenty
minutes. Explain.

244. Exercise. — Prepare an apparatus similar to that
used in Art. 242. - Introduce several pieces of dry ice, then
fill the apparatus with kerosene till the column reaches within a
few centimetres of the top of the tube. Observe the change
of level as the ice melts. Measure the amount of change of
volume ; measure the amount of water produced by the ice.
From these data, compute the density of ice.
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V. THERMOMETRY.

245. Apparatus. — Thermometer, Funnel, Florence Flasks,
Air-Pump, Condenser, Test-Tubes, etc.

246. BExercise. — Test the accuracy of the location of
the freezing and the boiling points on a thermometer-
stem.

To ascertain if the zero-point is accurately located, support
the thermometer in a burette-holder, and pack around the bulb
pounded ice as far up the
stem as the zero- point.
The vessel containing the
ice should have a hole in
the bottom for drainage.
A common funnel will an-
swer (Fig. 106). Wash the
ice thoroughly before using,
so that the melting-point
will not be interfered with
by the presence of foreign
substances. After the ther-
mometer has remained a

Fia. 106, few minutes in the melting

ice, observe the reading of

the thermometer, using a magnifying-glass to estimate fractions
of a degree.

To test the accuracy of the location of the boiling-point,
fit into a wide-mouthed Florence flask a large glass tube, as
a lamp-chimney, placing candle-wick around the base of the
tube, so that steam from the water in the flask escapes only
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from the top (Fig. 107). Hang the thermometer within this
tube, with the bulb 2 or 3 em. above the water in the flask,
and the boiling-point on the stem just above
the top of the tube. On boiling the water
in the flask, the mercury-column is enveloped
in steam, and will be heated quite uniformly.
After the lapse of several minutes, the ap-
paratus having time to become thoroughly
heated, read the height of the mercury-
column, and also observe the barometric
pressure. As the boiling - point is affected
by changes in the atmospheric pressure, to
obtain the true boiling-point for the pressure
at the time of the experiment, apply the
formula ¢t = 100° 4+ 0°.0375 (b — 760), in
which b is the observed barometric reading
expressed in millimetres.

The record may be kept as follows : — et B I
Freezingpoint. . . . _____. Errorof instrument . . _____.
True boiling-point . . ., as computed for pressure of . mm.
Boiling-point observed . .. .. . Error of instrument . . ...

247. Exercise. — Compare the temperature of boiling water
with that of the steam given off.

Boil some water in a flask. Compare the reading of the
thermometer when suspended within the flask, with the bulb
about two centimetres above the boiling water, with that when
the bulb is in the water. Ascertain the effect of placing
rough pieces of glass or stone in the flask. Account for
the difference.
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248. BExercise. — As in Art. 246, locate the freezing-point
on the thermometer-stem. Now hold the thermometer for
some moments in boiling water, and then replace it in the
vessel containing the melting ice, observing again the freezing-
point. Account for the difference.

249. Exercise. — Fill a vessel of about one litre capacity
half full of cold water. Pour into it nearly as much more
boiling water, letting the stream strike a floating cork to break
the fall. Then observe the temperature at the top, at the
bottom, and midway. Now stir the water with the thermom-
eter, and again observe the temperature. Account for the
differences. What precaution does this experiment suggest
should be taken in obtaining the true temperature of a liquid?

250. Exercise. — Assuming that one thermometer is cor-
rect, compare a second one with it, and make out a table of
corrections to be applied to its readings.

Suspend the two instruments side by side with the two bulbs
on the same level. Pack the bulbs in melting ice, and record
the reading of each. On removing the ice, place beneath the
thermometers a beaker of water so arranged that its temperature
can be varied at pleasure by introducing ice or applying heat.
Beginning with ice-water, apply heat, stirring constantly with
a glass rod, and record the readings of the thermometers, as
they hang with their bulbs immersed in the water, for every
change of 10 degrees in the standard, till the boiling-point is
reéached. Conclude the observations by returning the standard
to the melting ice, and recording the reading. Correct the
standard by the deviation of this last-reading from zero.
Reduce all the readings to the same thermometric scale, and
obtain the differences between corresponding ones. These
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differences will be the corrections to be applied to the ther-
mometer under examination to make its readmgs standard.
Enter results as follows : —

Standard . . . . . . . 0°, 100,200, 30°,40°, 50°, 60°,70°, 80°, ete.

Standard corrected .

The one being tested .

Reduced to scale of standard,

Corrections to be applied

251. Exercise. — Determine the general effect of changes
in the atmospheric pressure on the boiling-point.

Fill a small beaker half full of water, and heat it over a lamp
till it nearly reaches the boiling-point. Take the temperature,
and then place the beaker under
the receiver of an air-pump. As
you exhaust the air, note from
time to time the temperature of the
boiling water as shown by a ther-
mometer suspended m it, at the
same time reading the pressure-
gauge of the pump. Inference.

Try alcohol, ether, naphtha, etc.

252. Exercise.— Fill a round-
bottomed Florence flask half full
of water, and heat it over a lamp.
After the boiling has continued for
‘some minutes, and the air has been expelled, remove the flask
from over the lamp, cork tightly, support it in an inverted
position (Fig. 108) on a ring of the iron stand, and pour over
it cold water. Account for the result.
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253. Exercise. — Determine the melting-points of such
substances as tallow, lard, paraffine, beeswax, etc.

Fill, by suction, with the melted substance, a capillary glass
tube having thin walls, and close the end by fusing it in a lamp.
On cooling, you will have a fine opaque thread of the substance
in the tube. Fasten this tube alongside the thermometer so
that the bulb and the substance to be melted will be side by
side. Place a small glass beaker nearly full of water on the
sand-bath over the lamp. As the water approaches the melting-
point of the substance, stir it gently with the thermometer,
watching closely for any change in the appearance of the
contents of the tube. On melting, it loses its opacity; and,
just as soon as that change is observed, the reading of the
thermometer must be taken. Now let the water cool, and
record the temperature at which opacity returns. Repeat the
experiment several times, and use the average of the results.

Suitable capillary tubes can be easily made by drawing out,
in a flame, a piece of soft glass tubing till the diameter is about
one millimetre.

254. Exercise. — Determine the boiling-point of a liquid,
as ether, naphtha, alcohol, turpentine, ete.

Fit to a test-tube of 25 mm. diameter a cork with two
holes. In one of these openings, insert a thermometer, and,
in the other, a glass tube bent at right angles to serve as an
escape for the vapor of the liquid to be tested (Fig. 109).
Fill the test-tube one-third full of the liquid, and insert the
cork, with the thermometer-bulb two centimetres above the
liquid. Apply heat, and, on vapor escaping freely from
the bent tube, take the reading of the thermometer. If the
vapor of the liquid is combustible, apply the heat by means
of an oil or water bath.
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Why not have the thermometer-bulb in the liquid? Try it,
comparing results with those obtained
by the above process. Repeat the
experiment with the thermometer in
the liquid, having first placed in the
test-tube some fragments of some
substance not acted on by the liquid.
Inference.

For most liquids, the temperature
increases 0°.0375 C. for an increase of
one millimetre in the atmospheric
pressure. Hence, to reduce the tem-
perature of the boiling-point obtained
above to that for a pressure of 760
mm., add to it 0°.0375(760 — b), in
which & is the barometric pressure
at the time when the observation was made on the temper-

Fia. 109.

ature.

255. Exercise. — Determine the boiling-point of a satu-
rated solution of some substance, as common salt, saltpetre,
ete.

Proceed as in the last experiment. The thermometer-bulb
must be in the liquid. Why? Pieces of broken glass, or some
substance on which the liquid does not act, must be placed in
the tube. Why?

256. Exercise. — Separate a mixture of two liquids having
different boiling-points, as alcohol and water.

Set up an apparatus like that shown in Fig. 110. In the
first flask, put the mixed liquids. This flask is connected to
the second one by a bent tube of glass, and, in a similar
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manner, the second one is joined to the third. The first flask
is directly over the lamp, the second one stands on a water-
bath, and the third one stands in a vessel of cold water to keep
’ it at a low temper-
ature. The liquid
in the first flask is
made to boil gently,
awvhile that in the
second one is kept
at a temperature

intermediate  be-
) { tween the boiling-
= \ Ll ~ points of the two

1 liquids, a condition

easily determined
by having a thermometer inserted through the cork into the
flask. After a quantity of liquid
has been collected in the third
flask, examine it to ascertain
whether the experiment has been
successful.

A very convenient form of
condenser is shown in Fig. 111,
known as Liebig’s. It con-
sists of a large tube kept filled
with cold water flowing from

some convenient reservoir, g
through which passes the deliv- Fre. 111

ery-tube from the flask containing the liquids to he separated.
The cold water enters the enveloping-tube at the lower end,
and “escapes from the upper end.
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VII. RADIANT HEAT.

257. Apparatus. — Air-Thermometer, Leslie’s Cubes, Flor-
ence Flasks, Differential Thermometer, etc.

258. Exercise. — Determine how the temperature of a
substance affects its power to radiate heat.

Construct of tin or copper a cubical box one
decimetre on each edge, with an
opening in one side for the intro-
duction of water (Fig. 112). Fill
it with water, bring its tempera-
ture to 10° C., and place it at
a distance of, say, 3 em. from a
Differential, or Air, Thermome-
ter (Fig. 113), observing the effect. Raise
the temperature to 20° C., and again read
the thermometer. Similarly test 30° C.,
40° C., ete. Compare the indications of
the air-thermometer with the readings of the mercurial one

i

W

Fie. 112.

in the tank to see if there is any law connecting the two.
‘All air-currents must be carefully excluded.

259. Exercise. — Ascertain how distance affects the inten-
sity of radiant heat.

Construct of tin or copper a tank 5 cm. thlck by 50 cm. square.
Fill this with boiling water, and place it at a distance of a few
centimetres from the face of a Thermopile (Fig. 114), having
a conical mouth-piece to concentrate the heat rays on the
face. Observe the deflection of the galvanometer connected
with the thermopile. Test the effect of increasing the distance
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of the tank from the thermopile. Is the surface which sends
its heat to the pile the same for all distances of the tank?
How does increasing the distance of the pile from the tank
affect the area of the surface radiating its heat to the pile?
‘What law for intensity of radiant heat can be inferred from the
results ?

The greatest distance that the tank should be placed from
the pile is that at which the sides of the conical reflector,

on being extended, just touch the edges of the face of the
tank. A sensitive air-thermometer can be substituted for
the thermopile by adapting to it a funnel-shaped reflector
such as accompanies the pile, supporting it in a burette-
holder.

260. Exercise. — Employing the apparatus of the last
experiment, place a large sheet of cardboard between the tank
of water and the thermometer, and record the effect on the
latter. What inference as to direction of radiation can be
made?
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261. Exercise. — Ascertain if air is essential to the trans-
mission of radiant heat. ¢

Fit a cork with two holes to a large Florence flask. Insert a
thermometer in one of these openings so that the bulb is near
the centre of the flask. In the other opening, fit a glass tube,
connecting it by rubber tubing to a good air-pump. Exhaust
the air as completely as possible, record the reading of the ther-
mometer, then plunge the flask into hot water, and again read
the thermometer. Ascertain how much the thermometer would be
affected if the air were not exhausted from the flask. Inference.

262. Exercise. — Determine the law for the reflection of
heat.

Place a tank like the one employed in Art. 258, filled with
hot water, on a proper support, adjusting the height to that

Fie. 115.

of the bulb of a differential thermometer. Half-way between
.he thermometer and the face of the tank, place a mirror hori-
zontally. Between the mirror and the tank, support a sheet of
cardboard in which a hole 3 cm. in diameter has been cut at
the point where a line joining the centre of the face of the cube
and the centre of the mirror intersects it (Fig. 115). What must



156 PRACTICAL PHYSICS.

be the course of the heat rays which reach the thermometer?
Ascertain if moving either the radiator or the thermometer
affects the readings of the thermometer. What law expresses
the facts observed?

Ascertain if different kinds of reflectors are equally good.

Test the effect of fineness of polish.

Test the effect of increasing the size of the incident angle.

263. Exercise. — Compare the absorptive powers of differ-
ent substances.

Coat with lamp-black one of the bulbs of a differential ther-
mometer by mixing the lamp-black with thin shellac varnish.

PERROT;

' Fie. 116,
Place the blackened bulb in the focus of a concave reflector
such as is frequently placed behind wall-lamps (Fig. 116). At
a short distance in front of the reflector, place the cubical tank
of Art. 258, filled with hot water. Compare the effects of the
heat on the plain bulb and the blackened one.

Try, in succession, the following substances as coverings for
one of the bulbs: India-ink, tin-foil, foil of other metals, etc.
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Arrange the substances tried, in the order of their absorptive
power as shown by these experiments.

A differential thermometer, which will serve for these experi-
ments, may be made as follows : —

Take two small flasks, and join them by a stout glass tube
about 30 cm. long and 1 mm. bore, with its ends bent at right
angles. Seal the flasks with wax to make them air-tight after
introducing within the tube two or three drops of colored
water. Attach a scale of equal parts to the horizontal portion
of the connecting-tube, and mount the apparatus on a support.

A simple way of comparing the absorbing power of substances
is the following : —

Cut two pieces of bright tin plate 10 em. square. Saw in a
narrow board two slits 10 cm. apart, and mount the plates in
them, having first coated the inner face of one of them with the
substance to be tested. Stick with wax, using as little as
possible, balls of equal size on the outside of each at about the
centre of the face. Now place a hot iron, as a soldering-iron,
midway between the two plates. The better absorbent will be
indicated by the melting of the wax holding the ball.

264. Exercise. — Fill the chemical tank (Fig. 234) with
alum-water, place it between the sun and a large reading-glass,
and focus the rays on a sheet of paper. Compare the effect
with that obtained when the alum-water is omitted. Try the
effect of a solution of iodine in carbon disulphide.

265. Exercise. — Ascertain if the radiating surface affects
the rate of cooling.

Take two tanks similar to that of Art. 258, and blacken the
faces of one with lamp-black, leaving the other bright. Fill
each with water at, say, 80° C.; insert in each a thermometer,
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and record the readings every five minutes for half an hour.
Inference.

Two bottles of the same shape and size may be used as
substitutes.

266. Exercise. — Compare the radiating power of sub-
stances.

Using the apparatus of Art. 265, coat one face of the tank
with lamp-black, a second with white lead, a third with white
paper, and the fourth with cotton cloth. Fill the tank with
boiling water, and compare the radiating power of the four
faces by observing the effects produced on the thermometer as
each face is turned successively toward it for five minutes.
The initial temperature of the water in the tank must be the
same for each face.

Four equal bottles coated with the above substances respec-
tively may be used as substitutes.

A radiometer may be substituted for the thermometer in
many of these experiments in radiant heat, the intensity of
radiation being indicated by the speed with which the vanes
rotate.

267. Exercise. — Determine if the rate of cooling of a
body is affected by the amount by which its temperature
exceeds that of the surrounding air.

Take a cylindrical tin can of about one litre capacity, such
as is used in preserving fruit, remove one end by unsoldering
it, and fit to it a wooden cover, through the centre of which is
a small hole of sufficient size to admit the bulb of a thermometer
(Fig. 117). Blacken thoroughly the inside of the can, as well
as the under side of the cover, by holding it in the smoke from
burning gum-camphor. Select a thermometer having a large
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bulb as the object whose rate of cooling is to be studied. Slide
over its stem a cork selected to fit the hole in the cover of the
can, that the thermometer may be supported with its bulb at
about the centre of the vessel. The tin can is designed to
exclude air-currents from the cooling body. To maintain the
surrounding air at a practically constant temperature, sink the
vessel nearly to its top in a large vessel of water. Take
the temperature, which will be that
of the chamber, then introduce
within the chamber the thermom-
eter heated to, say, 80° C., by
dipping it into hot water, care-
fully drying it with a cloth before
putting it in place. Record the
reading of the thermometer for

every half-minute. In a parallel
column, write the differences be-
tween these readings and the tem-
perature of the water. These will
be the excess of the temperature of the object over that of the
surrounding air for each half-minute. In a third parallel
column, write the number of degrees the temperature of the
object has fallen each half-minute. Finally, ascertain the ratio
of the excess of the temperature of the cooling body above the
temperature of the chamber, for each half-minute, to the fall of
temperature during each corresponding half-minute, and place
the results in a fourth parallel column. A comparison of these
ratios will enable you to decide whether the rate of cooling is
m any way connected with the temperature of the surrounding
medium.

Fia. 117,
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VIII. CALORIMETRY.

268. Apparatus.— Beakers, Thermometer, Florence Flasks,
Metal Balls of different substances and of the same diameter,
ete.

269. Exercise. — Show that the capacity of water for heat
is nearly constant; that is, the heat required to raise a given
quantity of water a given number of degrees in one part of the
thermometric scale is able to raise the same quantity nearly the
same number of degrees in any other part of the scale.

Balance two thin glass beakers of about one litre capacity
each, on the opposite pans of a balance, and pour into each
400 grammes of water. Let one be brought to the temperature
of the room, and the other heated to about 60° C. Replace
the beakers on the balance, and adjust the weights which have
been disturbed by evaporation. Now take the temperature of
each, observing the heated ome last. Why? Then, without
delay, pour the heated one into the other, stirring constantly
with the thermometer for a few seconds, and record the temper-
ature of the mixture. The difference between the temperatures
of the mixture and the hot water will be the number of degrees
lost by the hot water. Likewise the difference between the
temperatures of the mixture and the cold water will be the num-
ber of degrees gained by the cold water. The average of the
initial temperatures will nearly equal that of the mixture; the
discrepancy being due to the heat absorbed by the cold beaker,
that lost by radiation, and possibly that the amount of heat
required to raise cold water one degree is different from that
required to preduce the same change in hot water.

Repeat the experiment, with the change that the cold water
is poured into the hot, to ascertain how much the heat in the
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warmer beaker influences the result. Then the heat in the glass
will go to raise the temperature of the cold water, and hence
increase the temperature of the mixture.

In subsequent experiments, methods of correcting for absorp-
tion and radiation are given. These corrections carefully
applied to this problem have shown that the capacity of water
for heat is not strictly constant, but increases slightly with the -
temperature.

270. Exercise.— Mix unequal quantities of water at differ-
ent temperatures, and ascertain the temperature of the mixture.
Compare the result with that obtained by computation on the
supposition that all the heat lost by the hot water went to
the cold water.

To compute the temperature, divide the total number of heat
units in the two quantities of water by the total quantity of
water. '

271. Exercise. — Determine the water-equivalent of a
vessel ; that is, find how much water will equal it in capacity
for heat.

Dry the vessel thoroughly, and let it come to the temperature
of the room, which will be indicated when a thermometer
suspended in it registers the same as when without it. Then
pour in it a known quantity of water, as .4 kg., at a known
temperature, say, 40° C., and record the temperature after the
lapse of about thirty seconds. The fall in temperature is due
to heat having been absorbed by the vessel, and to radiation,
while pouring in the water and stirring. This may be allowed
for as follows: Before pouring the water into the vessel, ascer-
tain the fall of temperature in one minute, then observe the fall
in one minute following the period of thirty seconds allowed for
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the heat to be communicated to the vessel. Then the radiation
rate may be taken as the average of these two losses. One-
half of this will be the loss from radiation during the thirty
seconds, and will be the amount to be added to the observed
temperature of the water in the vessel to give the correct
temperature for the water, and hence of the vessel. The
number of calories of heat consumed by the vessel will be
the loss of temperature on the part of the water, times the
amount of water. This divided by the gain of the vessel will
give the number of calories required to change the temperature
of the vessel one degree, and hence will be the number of
kilogrammes of water to which the vessel is equivalent.

272. Exercise. — Determine the thermal capacity of a
substance, as lead, copper, ete.

Make a loose coil of a known weight of the metal in sheet
form, and suspend it, by a thread, in boiling water for a
sufficient time to acquire the temperature of the water. The
temperature of the boiling water must be observed. Why?
Pour into a beaker, whose water-equivalent has been deter-
mined as in Art. 271, a known weight of water of the tem-
perature of the room, and of sufficient amount to cover the coil
entirely when placed within it. Now transfer to it the heated
coil, stir the water around thoroughly with a thermometer, and
record the reading when it ceases to rise, and also the time
occupied in thus equalizing the temperatures. Keep up the
stirring for one minute longer, that the effect of radiation may
be observed. Half of this loss multiplied by the time occu-
pied in securing equalization must be added to the observed
temperature, to give the correct temperature produced in the
water by the heated coil. Now add to the weight of water
used, the water-equivalent of the beaker, and multiply this by
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the gain in temperature to obtain the number of calories of heat
imparted by the coil to the water and beaker. This product
divided by the number of degrees lost by the coil will give its
capacity for heat.

273. Exercise. — Compare, by Tyndall’s method, the ther-
mal capacities of several metals.

Make a ball out of each of the metals lead, tin, zine, bismuth,
antimony, etc., by the aid of a pair of large bullet-moulds, and
an iron spoon in which to melt the metal. Reduce them to
the same weights by cutting off a part of the ball. Solder a
fine wire handle to each. Mould,
in a shallow pan, a cake of wax
about 5 mm. thick. Support the
cake in a horizontal position by
its edges. Heat the balls in boil-
ing water till they have acquired
the temperature of the water.
Place them simultaneously on the
wax, several centimetres apart, and observe the time occupied
by each in melting through the cake (Fig. 118). Some of the
balls may not get through; in that case, the depth the ball
melts into the cake must be noted. The drop of water adhering
to each ball must be removed before placing the ball on the
wax cake. The handles should be attached at the point where
the weight-adjustment was made, so that like surfaces, in every
case, will be in contact with the wax. Only approximate
results can be secured by this method.

Fie. 118.

274. Exercise. — Determine the specific heat of a liquid.
First Method. — Make a loose coil of some metal, as lead,
whose specific heat is known, and then, proceeding as in
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Art. 272, find its thermal capacity with reference to the liquid in
question by substituting the liquid for the water. The quotient
of the heat capacity when compared with water, by that when
compared with the liquid, will give the thermal capacity of the
liquid with reference to water.

Second Method. — Procure two test-tubes of the same size ;
in one of them pour a few grammes of water, and, in the
other, an equal volume of the liquid under examination. In
each test-tube, insert a thermometer; then place the tubes
in a vessel of water, at, say, 70° C., as indicated by a third
thermometer, and note the time required for the contents of the
tubes to acquire that temperature. As these substances differ
in density, it will be necessary to reduce these times to those
for equal weights by dividing each by the density of the corre-
sponding liquid. The ratio of these times will be the specific
heat of the liquid. Compare the results given by this method,
with those given by the.first.

Try turpentine, ether, kerosene, benzine, glycerine, etc.

275. Exercise. — Determine the latent heat of water; that
is, find the number of calories of heat disappearing during the
melting of one kilogramme of ice.

Pour into a beaker a known quantity of water, say 500
grammes, and raise its temperature to, say, 70° C. Set the
beaker on a board, and observe the fall in temperature during
one minute. Now add ice in small pieces till about 200
grammes have been introduced, constantly stirring the water
with the thermometer. Each piece of ice should be wiped with
a dry cloth before putting it in the beaker, to avoid introducing
any water in the liquid form. The time 6ccupied in putting in
the ice should be as short as possible. As soon as the ice is
melted, take the temperature of the water, and record the time
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occupied. Also obtain the fall due to radiation during the
next minute. The amount of ice introduced is the increase in
weight of the beaker and contents. The following example
will show the method of making the computation : —

Amount of water in beaker . . . . . . . . . 500 grammes.
‘Cemperature of Water w1, | + 00 i b [15%C,

Fall in temperature during one minute . . . . . 13° C.
Temperature of water taken as soon as ice melted . 32° C.

Fall in temperature during next minute. . . . . °C

Time required to meltice . . . . . . . . . . 3 minutes.
Amount of ice introduced . . . . .« . . 179 grammes.
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