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PREFACE TO THE SERIES

In bringing before the public these laboratory manuals, it has
been the object of the authors to provide a course of instruc¬
tion for carrying out a progressive series of experiments in
Physics and Electrical Engineering, arranged so that the usual
apparatus at the disposal of a laboratory, though not especially
designed for any particular experiment, may nevertheless be
used with advantage in a variety of ways.

Able courses of instruction in experimental work have
already appeared, and have done a vast amount of good ;
but as these usually require expensive apparatus made and
arranged for each experiment, they have not become so

generally useful as otherwise might have been the case,

especially in such instances where the scope of the work
undertaken, precludes all possibility of separate and special
apparatus being provided for each independent experiment.
In technical work this is more particularly the case, seeing that
in actual practice a set of instruments must be put to very

divergent uses, in order that results may be obtained quickly
and with sufficient accuracy for commercial work. This use
of apparatus for ends not specially intended, is in itself a

training of considerable importance, to any student who will
afterwards, in his daily life, have to so adapt for different
purposes, such instruments as may be available at the time.
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It has not, however, been forgotten that most apparatus thus
used is too often placed under circumstances inconsistent with
accurate work, and to this end very careful instructions will
be found in the more advanced volumes, for guarding against
such disturbing influences as time, situation, temperature, and
magnetic forces; this being too often neglected in general labo¬
ratory and commercial work, it being frequently forgotten that
a set of apparatus arranged for a particular test, is sometimes not
only a centre of disturbance itself, but is liable to disturbance
from other apparatus in use in its neighbourhood. The
precautions thus indicated are of especial importance in
technical work, where the disturbing influences are of such a

powerful nature, as may be found in engine-rooms and dynamo
houses, where high and varying temperatures and leakage
magnetic lines are very prevalent.

Another way in which an alteration has been effected is to,
as far as possible, arrange experiments where a student working
alone, may be able to obtain satisfactory results. In a large
proportion of the existing laboratory manuals, groups of
students are expected to work together; but a number of
years of practical experience with students of all kinds has
convinced the authors, that habits of individual accuracy and
self-reliance can only be acquired by separate and unaided
work. Of course, in advanced work it is often necessary, that
two or more students should work together, in order that
simultaneous observations should be taken; but it is most
desirable that students so combined, should have had con¬

siderable individual training and experience.
It is particularly desirable that every experiment should be

repeated until a set of consistent results have been obtained.
In this way only, can experience and accuracy be acquired.

This series is divided into two courses, to which Vol. I. is
a general introduction. The future volumes will contain the
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advanced work in both Physics and Electrical Engineering,
and it is intended, that students should be able to take either
the one or the other, thus specializing in Physics or Electrical
Engineering; but they may combine the two courses with
advantage, where time will admit.

J. HENDERSON.
S. JOYCE.

Manchester, 1895.



PREFACE

The want of a book on elementary physical laboratory work,
containing instructions for the performance of various quanti¬
tative experiments, and which does not either assume the
possession of apparatus other than that which any physical
laboratory worthy of the name ought to possess, nor yet deal
with refinements and corrections, necessary for very accurate
work, but which would only discourage and confuse an

elementary student, has led the author to publish in book
form the instructions which he has been in the habit of giving
to students working in his own laboratory, in the hope that
they may be found useful for students starting a course of
practical physics.

The main object of the book is to teach students to make
careful and accurate observations; but more especially to train
them to record their results in a neat and scientific manner,

and to discuss these results, learn their full meaning, and be
able to make a clear and logical report upon them.

The book is solely intended for use in the laboratory, and
assumes either that the student has some knowledge of physics,
or that he is attending a series of lectures in conjunction with
the laboratory work. The instructions have been made as

general as possible, so that the experiments can be performed
with apparatus to be found in any properly appointed physical
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laboratory; and it is hoped that they will greatly assist the
demonstrator, by giving him more time to help the students
in the discussion of their experimental results, which before
was occupied in giving separate instructions to each group of
students, respecting the particular experiment on which they
were to be engaged.

Another feature of the book is the general adoption of
graphical methods in the discussion of experimental results.
In every experiment, where possible, the student is required
to draw curves from his results, and to make deductions there¬
from. The value of graphical methods is so well recognized,
that it does not require to be dwelt on further.

Beyond a few diagrams of connections, etc., woodcuts of
apparatus have not been included, as it is thought better for
the student to make sketches for himself from the actual

apparatus employed. As regards the experiments themselves,
there is no particular order in which they come, as, except in
one or two cases,'they are independent of one another; and
in a large laboratory it is, of course, impossible for all the
students to work at the same experiment simultaneously.

In conclusion, the author desires to acknowledge the
assistance he has derived from the laboratory manuals of
Kohlrausch, Nichols, Stewart and Gee, and from Everett's
" Physical Constants;" also from the laboratory instructions
in use at the Heriot-Watt College, Edinburgh, by his friend
and former professor, Dr. R. Mullineux Walmsley.

JOHN HENDERSON.

Municipal Technical School, Manchester,
July, 1895.



CONTENTS

PAGE

General Instructions i

Chemical Physics Experiments 4

I.—General Physics.
Number of
experiment. Experiment.

1 Curve plotting . 5
2 The vernier . . . . 7

3 The spherometer 7
4 Determination of the sensitiveness of a balance 9

5 Determination ofg by means of a pendulum 10
6 ,, the section of a tube 11

7 ,, the density of solids 12
8 ,, the specific gravity of solids 13
9 „ „ of liquids ... . . . . 14

10 ,, specific gravity by Nicholson's hydrometer . 15
11 ,, ,, by specific-gravity bottles . . 16
12 ,, ,, by Jolly's balance .... 18

II.—Magnetism.

13 Magnetic curves 21

14 Distribution of the earth's magnetic field near a mass of iron . 22

15 Distribution of magnetism in a bar magnet 23
16 Determination of the dip 24
17 Law of inverse squares 26
18 Proof of the law of inverse squares by method of oscillations . 27 .. ^
19 Comparison of magnetic moments by deflection method ... 28'
20 „ ,, by vibration method ... 30
21 Determination of H 30



xii Contents.

III.—Electricity.

Number of
experiment. Experiment. page
22 Calibration of a galvanometer by known resistances .... 34

23 Proof of the law of the tangent galvanometer 35
24 Calibration of a galvanometer by comparison with a standard . 37

25 To prove Ohm's law, No. 1 method 38
26 ,, No. 2 method 39

27 ,, No. 3 method 40
28 Measurement of the E.M.F.'s of cells, deflection method. . . 41

29 ,, ,, potentiometer method . 43

30 Comparison of chemical and magnetic methods of measuring
current 44

31 Comparison of thermal and magnetic methods of measuring
current 45

32 Measurement of resistance by direct comparison 47
33 „ by Wheatstone wire bridge ... 47
34 Experiments on the laws of resistance 49

3-5 Measurement of resistance by the post-office bridge .... 50
36 Determination of specific resistance 53
37 Variation of resistance with temperature 54

38 Measurement of the resistance of a battery 55
39 ,, electrolytic resistance 56
40 Experiments with shunts . 58
41 Determination of the sensitiveness of a reflecting galvanometer . 59

42 ,, constant of a tangent galvanometer. . . 61
43 Calibration of a galvanometer as an ammeter 62
44 ,, ,, a voltmeter ....... 64
45 Experiments on magneto-electric induction 65
46 The magnetization of iron 67

IV.—Heat.

47 To test the bore of a thermometer-tube 70

48 Comparison of thermometers ............ 71
49 Reading and correcting the barometer 72

Verification of the fixed points of a baaawneter ...... 73
51 Determination of the coefficient of expansion of a liquid by the

specific-gravity bottle 74
52 Determination of the water-equivalent of a calorimeter ... 76



Contents. xiii
Number of
experiment. Experiment. page

53 Determination of the radiation constant of a calorimeter ... 77
54 >> specific heat (method of mixtures) .... 78
55 ,, the temperature of a flame 79
56 ,, the specific heat of liquids (method of cooling) 80
57 ,, the melting-point of a solid 81
58 ,, latent heat of water 82
59 ,, latent heat of steam 83
Go „ the heat of combination of sulphuric acid and

water. 84
61 Determination of the heat of a solution of a salt 86

V.—Light.

62 Graphical construction for rays from a mirror' 87
63 Determination of the focal length of a concave mirror .... 89
64 ,, ,, convex lens, No. 1 . . 90

65 „ „ „ No.' 2 . . 91
66 „ ,, concave lens .... 93

67 Graphical construction for the rays through a prism .... 94
68 To make a cardboard spectrometer 95
69 Determination of fx for glass 96
70 „ /x for a glass prism 98
71 ., fx (microscope method) 99
72 fx for a glass lens 100

VI.—Sound.

73 Boyle's law 102
74 Determination of the pitch of a tuning-fork 103
75 „ velocity of sound in air 104
76 Graphical representation of beats 105
77 Tuning a wire by beats 106
78 The monochord 107
79 Graphical construction for reflected and refracted waves . . . 108
80 Graphical representation of interference phenomena . . . . no

Logarithms—Antilogarithms—Tables of Squares—Reci¬
procals — Tangents—Sines —■ Conversion Tables — Con¬

stants 113



ELEMENTARY PHYSICS

GENERAL INSTRUCTIONS.

When the student is set an experiment, the first thing he
ought to do is to carefully read over the instructions, until he
is perfectly familiar with both the object and method of carry¬
ing out the experiment. Simply glancing over the instructions
is not sufficient. Some students are so eager to use (?) a piece
of apparatus, that they will at once commence pottering away
with it, without the least idea of the meaning of the experi-

"ment. This habit cannot be condemned too strongly, as it is
very bad both for the student and the apparatus. It is some¬
times not a bad plan for the demonstrator to orally examine
the student with regard to the experiment to be performed
before allowing him to use the apparatus.

When the apparatus has been fitted up and the experiment
commenced, the student should tabulate his results, at the time
they are obtained, neatly in a small note-book for the purpose.
This is a point where many students go wrong; in the mad
haste to obtain "results," scraps of paper, backs of envelopes,
even the table itself, are used for jotting down data on, which
the student intends to copy into his book afterwards. The
result of this process is too often that the results get lost or
mixed up, and the experiment has to be performed all over
again, entailing a great waste of time, which could easily have
been avoided had a little care and method been employed in
recording the data. Every student should be provided with
two note-books, one a cheap one for rough work and calcu¬
lations, and another larger one, interleaved with squared paper,

b

m



2 Elementary Physics.
for a properly inked in record of the experiments, with sketches
of apparatus, curves, deductions, or remarks ; no results being
entered into this book until they have been passed by the
demonstrator.

Neat sketches, dimensioned if possible, should be made of
the apparatus employed, and in cases where deductions or
remarks on experiments are required, these had better be
drafted out in the small note-book and shown to the demon¬
strator before writing them up in ink, as it is of the utmost
importance that the student should develop a clear and concise
style of discussing experimental results.

In instruments involving the reading of a pointer which
moves over a graduated scale, a mirror is often placed below
the pointer, and the reading taken so that the pointer covers
its image in the mirror; this ensures that the position of the
eye relatively to the pointer is the same for each' reading, and
thus avoids an error due to " parallax."

When making any observation, should the reading be at
some intermediate point between two scale divisions, the
student must try to estimate the amount by the eye; this,"
after a little practice, may be done very accurately, the
fractions being always expressed in decimals.

In many calculations the use of the logarithms or the slide
rule will greatly help the student, and he should learn their
use, as well as that of tables of squares, reciprocals, etc.

The question as to how many decimals a result ought to be
carried out to, is one on which the student often makes a

mistake, and frequently results will be carried out to seven or
eight places of decimals, when probably the result is not
accurate to the third place. An example will illustrate what
is meant, and show how it may be avoided. Suppose the area
of cross-section of a wire is required, the volume and length
being known. The volume is, say, ioo'oo c.c., and the length
io*21 cm., the measurements in each case being correct to
the second place of decimals; hence the area, obtained by
dividing the volume by the length, may be worked out
arithmetically to 9794319, etc., cm. ; but since the measure¬
ments are only correct to two places of decimals, we have no
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right to carry the arithmetic any further. For instance, the
length might be 10 211 cm., in which case the quotient would
work out 9793, etc., showing a difference in the third figure.
Therefore no calculation should be carried further than the
number of decimals in the least accurate factor of it.
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CHEMICAL PHYSICS EXPERIMENTS.

In a course of experiments intended specially for chemistry
students, many of the experiments may be omitted, and certain
modifications made on others, so as to better meet their
requirements.

The following alterations on experiments are suggested :—

Experiments 9-13 should be performed with aqueous solu¬
tions of various strengths of different salts, and a table con¬
structed showing how the specific gravity varies with the
percentage of salt dissolved. In experiment 40 the connection
between the amount of dilution and the conductivity can be
investigated for various electrolytes. By using copper as a
standard, the electro-chemical equivalents of zinc, iron, lead,
hydrogen, etc., may be determined in experiment 43. Experi¬
ment s 1 may be changed for the determination of the boiling-
points of various liquids, and curves obtained showing the
connection between the strength of solution and the boiling-
point. Experiments 52, 55, 57-62 may be performed with
various chemicals.



I.

GENERAL PHYSICS.

x. Curve Plotting.

In any experiment in which you wish to compare two sets of
data, in order to find whether or not there is any connection
between them, the simplest way is to do it graphically. Two
lines or " axes," XX' and YY', are drawn so as to intersect one
another at right angles at O.

One set of data are re¬

ferred to one axis, and
the other set to the other.
Each axis is divided up
into a number of equal
parts, starting from O in
each case, the size of a
division depending en¬
tirely on the range of the Yi
data supplied; nor do the
scales on the two axes require, generally, to be alike. The
horizontal distances OX or OX' are known as " abscissae,"
while the vertical distances OY or OY' are termed " ordinates."
All abscissae measured in the direction OX, and all ordinates
in the direction OY are positive (+); all measured in direction
OX' or OY' are negative ( —).

When a curve is to be plotted, first find what the range of
the numbers is, and thus settle the scale to be adopted;
always make it as large as possible. Since the paper supplied
for plotting curves on is ruled with two sets of lines at right
angles to one another, every tenth line being heavier than the
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others, the determination of t.he scale is easy. When marking
the scale, only write down the value of every tenth division,
and do not mark the actual numbers to be plotted, on the scale.
Having got the scales marked, start with the smallest number
to be plotted horizontally, and find where that number occurs
on the scale; then find where the corresponding ordinate
number occurs on the vertical scale, and make a small cross
at the intersection of two perpendiculars to the axes drawn
from these points. Since the paper is ruled for you, it will not
be necessary to draw the perpendiculars, as the position can
easily be found by referring to the ruled lines. Continue in
this way until all the points have been found. Draw a con¬
tinuous curve (not a zigzag line), so as to pass through all the
points as nearly as possible.

Should the line joining the points be straight, then the two
sets of numbers are varying proportionally.

As an exercise, plot a curve from the following numbers,
taking values ol A as absciss®, and B as ordinates:—

A. E. A. B.

+ 12 4- 0 4- 10 4- 5000
+ 14 4- 1000 0 4- 35°o
+ 16 + 2000 - 7 4- 2000
+ 20 4- 3000 - 9 4- 1000
+ 25 + 4000 — 12 0

+ 30 4- 5°oo - 20 — 3000
+ 38 + 6000 - 30 - 5000
4~ 5° 4- 7000 - 48 — 7000
+ 65 4- 8000 - 67 — 8000
+ 90 4- 9000 - 80 - 8500
+ IIO + 9500 - 95 — 9000
4-I30 +i0000 —140 — IOOOO

-t-100 4- 9600 - 87 — 9000
4- 80 + 9000 - 55 — 8000
4- 65 + 8500 - 34 - 7000
4- 5° + 8000 — 20 — 6000
4- 40 4- 75°° — 3 — 4OOO
+ 20 + 6000 + 5 - 3000

4- 12 O
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2. The Vernier.

Preliminary.—The vernier is attached to instruments in
order to increase the accuracy of reading the scale. One
form consists of a small scale which slides along the main
scale, and is so divided that 10 divisions on the vernier
correspond to 9 divisions on the scale, so that each division
on the main - scale is yy larger than each division on the
vernier.

Method.—(r) Set the zero on the vernier at the points A,
B, C, etc., on the main scale.

(2) Read the last division on the main scale below the
point j now look at the vernier, and it will be seen that there
is one division on the vernier which coincides with one of the
scale divisions. The number of this vernier division gives the
fractional part of a scale division by which the reading exceeds
the last division on the scale. That this is so can be seen as

follows : suppose the zero of the vernier is between the 5 and
6 on the main scale; also that the 4 on the vernier coincides
with the 9 on the scale. Then the reading is 5-4, because
since the vernier divisions are yy less than the scale divisions,
and the 4 coincides with the 9, then the 3 on the vernier will
be yy scale division above the 8 on the scale, the 2 on the
vernier above the 7 on the scale, the 1 on the vernier jy-
above the 6, and the zero yy above the 5, which is the fraction
required.

3. The Spherometer.

Preliminary.—This instrument is used for measuring the
thickness of small objects, such as a thin glass plate, or for
finding the radius of curvature of a curved surface.

The spherometer consists of a framework supported on three
legs equidistant from one another and of equal length;
through the centre of the frame, and the same distance from
each of the legs, is a screw, with a circular scale attached to
the top, so that the distance through which it moves when the
top is turned can be accurately measured.
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Apparatus.—You require the following apparatus :—
(1) A spherometer, and a true plane surface.

• (2) A set of glass plates.
(3) A curved surface.
(4) A measuring-rod.
Method.'—(1) Place the spherometer on the plane surface,

and adjust the centre screw till the point just touches the
surface; this can be easily done, because the spirometer will
"wobble" if the screw is the least thing too long. Note the
reading on the circular scale; this is the zero reading (A).

(2) Raise the screw, and place one of the glass plates under
it; adjust till the point just touches the surface of the glass
plate. Note the reading on the scale (B). The difference
between readings A and B represents the thickness of the
plate.

(3) Repeat several times for each of the substances supplied,
and tabulate thus :—

Substance. A. B. Thickness
(A-B).

(4) In the case of a curved surface, the zero is first obtained
by means of the level plate as above, and the spherometer is
then adjusted so that the three legs and the screw all touch
the curved surface; then if d represents the length through
which the screw has been moved (i.e. A—B), and /= distance
between the legs of the spherometer, it can be shown that the
radius r of the surface may be calculated as follows :—

(5) Measure the distance between each of the legs of the
spherometer, and take the mean (I).

(6) Repeat (4) for various positions on the curved surface,
and tabulate your results thus :—
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Surface. a. b. d
(a-b). P. r.

Take the mean of the values of r obtained above.

4. Determination of the Sensitiveness of a Balance.

Preliminary.—In a delicate balance, attached to the beam
there is a long pointer which moves over a scale, and which
enables a very accurate comparison of weights to be made.
When the weights on the scale pans are equal, and the balance
set oscillating, the pointer moves over an equal number of
scale divisions on either side of the zero.

The following experiment is to determine the weight in one
pan necessary to make the pointer move through one division
on the scale.

Apparatus.—You require—
(1) A balance.
(2) A box of weights.
Method.—(1) With the scale pans empty, set the beam oscil¬

lating, and note the amplitudes of, say, three complete swings,
calling swings to the right of the scale zero +, and to the
left — . The algebraic mean of these numbers gives the
true zero of the balance; call it + A according as it is to right
or left of scale zero.

(2) Place a small weight (g grammes) in one pan, and
again find the zero of the balance as above; this is + B
according as it is to right or left of the zero on the scale. The
algebraic difference between A and B, say c, represents the
number of scale divisions that ^•■grammes in one scale pan

gwill turn the balance through. Hence -will be the value in

grammes corresponding to one scale division.
(3) Repeat (1) and (2) with equal loads of 2— 5— 10 —
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20 — 50— 100 grammes in the scale pans, and obtain the
sensitiveness for each case.

Tabulate thus :—

Load on scale
pans.

A. S- B. c.

Sensitiveness
£
c

(4) Plot a curve with values of load in the scale pans for
g

abscissae and - for ordinates.
c

5. Determination of g by means of a Pendulum.
Preliminary.—The determination of the acceleration due

to gravity by means of pendulum experiments depends on the
following relation: that the time in seconds (t) of a double
vibration of a pendulum, length (I), in a place where the
acceleration due to gravity g, is—

2 tt \/ - Hence g = 4""/
g P

Apparatus.—This consists of—
(1) A metal ball suspended by a long thread, for a

pendulum.
(2) A stop-watch.
(3) A measuring-rod.
Method.—(1) Behind the pendulum place a sheet of paper,

with a long vertical line drawn on it, so that the thread of the
pendulum coincides with the line.

(2) Set the pendulum swinging through a small arc, and
take the time required for 10 double vibrations, by means
of the stop-watch. Calculate the time of one double
vibration.

(3) Measure the length of the pendulum (/) in cms.,
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measuring from the point of suspension to the centre of
the ball.

(4) Repeat above at least six times, giving the pendulum
various lengths, and tabulate your results thus :—

/. t. t-. s-

Take the mean of all the values of,g- obtained above.

6. Determination of the Section of a Tube.

Preliminary.—You are required to determine the mean
area and diameter of a given tube. In order to do this, the
tube is filled to various levels with water and weighed; then
since 1 c.c. of water weighs 1 gramme, the volume v of the
water in the tube may be calculated; but v = area x length,
therefore if the lengths of the columns are measured, the mean
area of the tube may be calculated.

Apparatus.—(1) The tube whose area is required.
(2) A balance, weights, and measuring-rod.
Method.—(1) If the tube is open at both ends, close up

one of the ends, and weigh the tube empty = (w0).
(2) Fill in a little water, measure the length of the column

(I), and weigh again (a/,).
(3) Add a little more water, again measure the total length

(/) of the column, and weigh the tube and contained water.
(4) Repeat above till the tube is completely filled. Tabulate

your results thus :—

WO- IV1. Wl—WQ.
Weight of

water added
each time.

Increase of
length each

time.
Mean area.
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The values in the fourth and sixth columns are obtained by
subtracting from each of the values in (w1 — w0) and (/)
respectively, the one previous. The values in the last column
give the mean areas at different portions of the tube, and the
mean of these values gives the mean area of the whole tube.

If the tube is a burette (i.e. is already graduated in c.c.),
and it is desired to verify the graduations, the same method
may be employed, filling up equal volumes, as marked on the
tube, and weighing to find the correct volume ; in this way
a table of corrections can be made for use with the burette.
In this experiment the temperature of the water should be
taken, and if not at 40 C., the volume occupied by one gramme
must be obtained from the table at the end of the book.
Instead of using water for the experiment, mercury may be
employed with advantage should it be available, the weight of
1 c.c. of mercury at o° C. being 13*596 grammes.

7. Determination of the Density, or Specific Gravity
of Solids.

Preliminary.'—The density of a substance is defined as the
mass of unit volume, and to determine it for any given solid
we must first weigh it to get the mass (M), and then find
the volume (V) which it occupies, the value of gives the
density. Also since the specific gravity of a body is the ratio

weight of substance , . , . - . ,
—;—: p - , , and the weight of unit volume
weight of equal volume of water
of water (1 c.c.) is 1 gramme, this number also represents
the specific gravity.

Apparatus.—You are supplied with—
(1) The solids whose densities are required.
(2) A glass containing-vessel.
(3) A graduated pipette.
(4) A balance and weights.
Method.—(1) Weigh the solid; let the weight — M.
(2) Make a mark on the side of the glass vessel, and fill it

with water up to the mark.
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(3) Place the solid in the water; the level of the water will
now have risen above the mark. By means of the pipette,
withdraw some water from the vessel until the level of the
water is again at the mark. Note the volume of water with¬
drawn (V); this is the volume of the solid.

(4) Repeat above once or twice, carefully drying the solid
each time before placing in the water, also taking care to
remove any air-bubbles that may have formed on the surface
of the solid when it is immersed. Should the solid be lighter
than water, it may be attached to a sinker, the volume of which
may be obtained by a separate experiment and allowed for.

(5) Repeat above with the various solids supplied, and
tabulate your results thus :—

Solid. M. V.
M
V

Should any of the solids have a regular shape, the volume
may be estimated from the dimensions, and compared with
that obtained by experiment.

8. Determination of the Specific Gravity of Solids by

weighing in Air and Water.

Preliminary.—The specific gravity of a solid is the ratio
between its weight and the weight of an equal bulk of water.
In order to find the latter, the body is placed in water and
weighed; the difference between its weight in air and in water
is due to the upthrust of the displaced water, i.e. to the weight
of a volume of water equal to that of the solid.

Apparatus.—The following apparatus is required :—

(1) The solids whose specific gravities are to be determined.
(2) A vessel of water.
(3) A balance, weights, and some silk thread.
Method.—(1) Suspend the solid from one scale pan of the
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balance by means of a piece of silk thread (or fine wire), and
find its weight (wl).

(2) Place the vessel of water under the solid so as to com¬
pletely submerge it. Remove weights until it is again balanced ;
let the weight in water = w.,.

(3) Repeat above several times for each of the substances
supplied, and tabulate your results thus :—•

Solid. W\. W-2-

Specific gravity
IV1

1Ul — if2

(4) If the solid is lighter than water, it must be attached to
a sinker of known weight (si). Then if wx = weight of the
substance in air, w2 = weight of the substance and sinker in
water, and s2 = the weight of the sinker in water. Then
(w1 + si) — w2 is the weight of water displaced by substance
and sinker, and (j-, — si) = weight of water displaced by the
sinker alone; hence (w1 + si) — w.2 — (s2 — s2) = weight of
water displaced by the substance alone, and this divided into
the weight of the substance in air gives its specific gravity.

Care must be taken to remove any air-bubbles that may
have formed on the surface of the substance when immersed
in water.

9. Determination of the Specific Gravity of Liquids.
Preliminary.—The following method of comparing the

weights of equal volumes of liquid and water consists in
finding the apparent loss in weight of a solid in the liquid, and
comparing it with the apparent loss in water.

Apparatus.—You are supplied with—
(1) The liquids whose specific gravities are required.
(2) A balance and weights.
(3) A glass containing-vessel.
(4) A glass sinker.
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Method.— (i) Attach the glass sinker to one of the pans of
the balance, by means of a silk thread or fine wire. Counters-
balance it with sand in the other pan.

(2) Fill the glass vessel with one of the liquids, and place it
under the sinker so as to completely submerge it.

(3) Add weights to the pan from which it is hung until
equilibrium is restored. Let the weight required = w.

(4) Repeat several times for each liquid.
(5) Fill the vessel with water, and let w1 = the weight

required to restore balance.
Tabulate your results thus :—

Liquid. IV. 1V\.

Specific gravity*
7V

1V±

10. Determination of Specific Gravity by Nicholson's
Hydrometer.

I. Specific Gravity of Liquids.
Preliminary.—The method of measuring consists in finding

the apparent loss of weight of the hydrometer in the liquid,
and comparing it with the loss in water.

Apparatus.—You require—
(1) The hydrometer and weights.
(2) Large glass immersion-jar.
(3) A supply of various liquids.
Method.—(1) The weight of the hydrometer (li), if not

known, must be found.
(2) Fill the glass jar with one of the liquids, place the

hydrometer in, and add weights to the upper pan until it sinks
to the mark on the stem. Note the weight added = w.

(3) Repeat several times for each of the liquids supplied.
(4) Repeat with water in the jar, and let w, be the weight

required to sink the hydrometer to the mark. Tabulate thus:—
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Liquid. IV. TVl.
Specific gravity,

w + h
w\ + h

II. Specific Gravity of Solids.
Method.—(i) Fill the glass jar with water, and float the

hydrometer in it; add weights to the upper pan until it sinks
to the mark on the stem. Place a small piece of one of the
solids in the upper pan, and remove some of the weights (w)
until the hydrometer floats with the mark on a level with the
surface of the water; the weights removed represent the
weight of the solid.

(2) Take the solid from the upper pan and place it in the
lower, taking care that no air-bubbles adhere to the surface.
The hydrometer will now rise, and the mark will be above the
level of the water, in consequence of the upthrust due to the
water displaced by the solid. Place additional weights (wl) in
the upper pan till the proper level is again reached, then w1
represents the weight of an equal volume of water.

(3) Repeat several times with each of the given solids, and
tabulate your results thus :—

Solid. 1U. IV
Specific gravity,

IV

7V\

11. Determination of Specific Gravity by Specific-
Gravity Bottles.

There are two kinds of specific-gravity bottles, one con¬

sisting of a flask, which contains a known volume of liquid
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when filled up to a mark on the neck; the other, a bottle with
a ground-glass stopper, which is perforated through the centre
with a small hole, the bottle being filled full of liquid and then
the stopper placed in, the displaced water escaping through
the hole in the stopper, leaving the bottle full and free of air-
bubbles.

I. Specific Gravity of Liquids.
Preliminary.—This determination consists simply in weigh¬

ing equal volumes of liquid and water, and taking the ratio of
the weights.

Apparatus.—You are supplied with—
(1) A specific-gravity bottle.
(2) A balance and weights.
(3) A supply of various liquids.
Method.—(1) Carefully dry the bottle, if wet inside, by

blowing air into it through a glass tube connected with a foot
bellows. Some bottles are provided with a counterpoise the
exact weight of the bottle; it is better, however, to dry the
bottle and counterbalance with sand.

(2) Having got the bottle counterbalanced in the scale pan,
fill it with one of the liquids, carefully dry the outside if wet,
and weigh it (w).

(3) Repeat several times with each of the liquids, taking
care, each time a change of liquid is made, to wash out the
bottle with a little of that liquid before filling it.

(4) Repeat using water, and let the weight of the water in
the bottle = wv Tabulate your results thus :—

Liquid. IV. IV1.
Specific gravity,

w

w1

II. Specific Gravity of Solids.
Method.—(1) Dry and counterbalance the bottle as before.

c
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(2) Powder down some of the solid, put a little into the
bottle and weigh it; let the weight be w.

(3) Fill up the bottle with water, and weigh again, weight
= wx. This must be done carefully by putting in a small
quantity of water first, so as to damp the powder and prevent
it from floating on the surface.

(4) Empty out the water and powder, and weigh the bottle
full of water; let the weight of the water = w...

(5) Repeat several times for each of the solids given, and
tabulate thus :—

Solid. w. W\. W2' Qwi -w) W2 — («/i—w)
Specific gravity,

w

W2—QWI—7V)

The number (w1 — w) represents the weight of water added
in (3), and w.2 — (w1 — w) is the weight of a volume of water
equal to that of the solid.

12. Determination of Specific Gravity by Jolly's
Balance.

I. Specific Gravity of Liquids.
Preliminary.—Instead of using a beam balance for deter¬

mining the weights of substances in air and water, a spring
balance may be employed. Also provided the limit of elasticity
of the spring is not exceeded, the extension of the spring is
proportional to the weight attached to it, and where the ratio
of two weights only is required, as in the' determination of
specific gravity, the extensions of the spring may be used
instead of the actual weights.

Jolly's balance consists of a long spiral spring with a pointer
attached to one end, mounted in front of a vertical scale, so
that the extension of the spring may be measured.

Apparatus.—You have the following apparatus supplied :—
(1) A Jolly's balance.
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(2) A glass vessel and sinker.
'

(3) A supply of liquids.
Method.—(1) Attach the glass sinker to the end of the

spiral, and note the reading of the pointer (x).
(2) Fill the vessel with one of the liquids and place it under¬

neath the sinker, so that the latter is completely immersed.
Note the reading of the pointer (y)

(3) Repeat several times for each of the liquids supplied.
(4) Put water in the vessel, and note the. reading; let it

= Tabulate your results thus :—

Liquid. X. y> z- (y-x) (z-x.)
Specific gravity,

y-x
z—x

The values (y — x) and (z — x) represent the relative values
of the weights of equal volumes of liquid and water respec¬
tively.

II. Specific Gravity of Solids.
Preliminary.—Instead of a sinker, two scale pans fixed

together, one above the other, are attached to the spiral, the
lower pan being kept permanently immersed in water.

Method.—(1) With the lower pan in water and the upper
in air, note the reading of the pointer (x).

(2) Place a small piece of one of the solids in the upper
pan, and note the reading on the scale (y).

(3) Transfer the solid from the upper to the lower pan, and
again note the reading (z).

(4) Repeat several times for each of the solids supplied.
Tabulate your results thus :—
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Solid. X. y- 0. (x-y.) O-o.)
Specific gravity,

(x-y)
(y-z)

The value of (x — y) represents the weight of the solid, and
(jv — z) that of an equal volume of water.

Specific Gravity.

Should it be required to determine the specific gravity of a
solid which is soluble in water, then the specific gravity is
taken with reference to some liquid which has no action on
the substance, the result so obtained being multiplied by the
specific gravity of the liquid, which must be determined by a
separate experiment.

In the foregoing determinations it has been assumed that the.
water is at its maximum density point, 4° C.; as this is seldom
the case, the temperature of the water must be taken, and the
value of the specific gravity obtained above multiplied by the
density of water at that temperature, which may be got from
the tables at the end of the book.



II.

MAGNETISM.

13. Magnetic Curves.

Preliminary.—In this experiment you have to investigate the
magnetic field round various magnets. In order to do this,
iron filings are employed to map out the field, the filings
arranging themselves along the lines of force, and thus enabling
their direction to be determined.

Apparatus.—You are supplied with—
(1) Two bar and two horseshoe magnets.
(2) Two soft iron bars and a ring of soft iron.
(3) A sheet of cardboard or glass, and some iron filings in a

box with a perforated lid.
Method.—(1) Take one of the bar magnets and place the

sheet over it; sprinkle some filings on the top, and tap it
gently. Sketch the arrangement of the filings.

(2) Place the bar magnet vertical, and obtain the field at the
end.

(3) Obtain and sketch the arrangement of the filings in the
following cases :—
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6 7 88

(cEE E3) EE5)vsi rs J V—si in y

In all the diagrams the lines are supposed to run from north
to south. Show this by means of arrows.

14. Distribution of the Earth's Magnetic Field near
a Large Mass of Iron.

Preliminary.—You are required to find how the paths of the
earth's lines of force are modified by the presence of a large
mass of magnetic material—as, for instance, an iron pillar.

Apparatus.—You have supplied to you—
(x) A compass-needle fitted in a box, provided with sight-

tubes (see Fig. 1).
(2) A board for marking positions on.
Method..—(1) Place the board close to the pillar, thus :—•

9 10

II 12

D
w

S > N

E
A

(2) Place the compass-box near A, and turn it till the sight-
tubes come opposite the N. and S. points of the compass.
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Make a mark on the board at the end of each of the sight-
tubes, and join them by a line.

(3) Repeat with the compass a little nearer the pillar, placing
the sight-tube that was at A in 2, at the mark nearest the
pillar; continue till you trace a line from A to the pillar.

(4) Start again at B, and repeat above. Proceed in this way
till you have mapped out the field all over the board. If there
had been no disturbing cause, the lines would have been prac¬
tically parallel to one another.

15. The Distribution of Magnetism in a Bar Magnet.

Preliminary.'—In a bar magnet, although the lines of force
leak out all along the bar, there are two points near the ends
from whence they issue in greater numbers than from any
other part; these points are known as the poles of the magnet.
The distribution of the magnetism may be investigated by
determining the force necessary to detach a small iron arma¬
ture from different parts of the bar. A piece of very soft iron
is attached to a spiral spring, which is fastened to a drum, by
the rotation of which the spring can be raised or lowered, the
angular rotation of the drum being a measure of the force
required to detach the iron armature.

Method.—(1) Find the middle point of the bar, place it
exactly underneath the spiral, and lower the latter till the
armature just touches the magnet. Since there is no attraction
at this point, the reading on the dial connected with the drum
gives the zero of the instrument.

(2) Push the magnet along 1 cm., and turn the dial to zero;
then carefully wind up the spiral, and notice the reading on
the dial when the iron leaves the magnet. The difference
between this and the zero reading is proportional to the force
required to detach the armature.

(3) Proceed as in (2), taking a reading at every centimetre
from the centre of the bar.

(4) Repeat above readings on the other end of the bar.
(5) Tabulate your results thus
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North End. South End.

Distance
from

centre, D.

Zero
reading,

Z.

Reading
when iron
detached,

T.

Values of
T-Z.

Distance
from

centre, D.

Zero
reading,

Z.

Reading
when iron
detached,

T.

Values of
T-Z.

(6) Plot two curves, one for each end of the magnet, with
the values of D for abscissae, and T — Z for ordinates. What
deductions would you make from the shape of the curves ?

r 6. Determination of the Dip.

Preliminary.—The " inclination," or dip, is the angle which
the magnetic lines of force due to the earth make with the
horizontal. In order to determine its value at any particular
place, we use a magnetic needle pivoted so that it is free to
move in a vertical plane. If the needle is placed so that the
plane of its motion coincides with the plane of the magnetic
meridian, and if it is perfectly balanced, and its magnetic axis
coincides with its longer geometric axis, then the needle will
set in the direction of the lines of force, and the angle between
this and the horizontal gives the angle of dip. Since the above
conditions are not always fulfilled, several readings must be
taken to eliminate the errors, the chief of which are the fol¬
lowing

(1) The unsymmetrical pivoting of the needle.
(2) The unsymmetrical magnetization of the needle.
(3) The plane of motion not coinciding with the plane of

the magnetic meridian.
Apparatus.—You are supplied with the following appa¬

ratus :—

(1) A dip-needle with graduated circle.
(2) A compass-needle.
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(3) Two bar magnets.
Method.—(1) Determine the direction of the magnetic

meridian by means of the compass-needle.
(2) Replace the compass-needle by the dip-needle, so that

its plane of motion coincides with the magnetic meridian.
(3) Load the lower end of the dip-needle with a piece of

cork, so that it points straight up and down; now adjust the
scale until the upper end of the needle points to 90°

(4) Remove the cork and needle, and carefully magnetize
the latter by means of the two bar magnets, using the method
of divided touch.

(5) Replace the needle, and note the readings at both ends.
(6) Reverse the needle in its pivots, and again read both

ends.

(7) Remove the needle, and reverse its polarity by means of
the bar magnets; replace, and take the readings at its ends.

(8) Reverse the needle in its pivots, and repeat the readings.
(9) Tabulate your results thus—-

End A a North Pole. End A a South Pole.

First position. Reverse position. First position. Reverse position.

Upper-end
reading.

Lower-end
reading.

Upper-end
reading.

Lower end
reading.

Upper-end
reading.

Lower-end
reading.

Upper-end
reading.

Lower-end
reading.

The mean of all the above readings gives the mean dip.
The reversal of the needle in its pivots corrects for any want
of symmetry in the magnetization of the needle, also for any
lateral eccentricity in pivoting. The reversal of the polarity
corrects for any longitudinal eccentricity in pivoting.
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17. Law of Inverse Squares.

Preliminary.—In attempting to prove this law by means of
a bar magnet, we must remove one of the poles out of action,
otherwise it will interfere with the results; and since it is
impossible to magnetize a bar so that it shall only have one
pole, we must arrange to cancel the effect of the other pole.
This can be done more or less effectively by using an apparatus
of which the following is a diagram :—

AB is a long bar mag¬
net, hinged at A and free
at B; it is arranged so that
A can slide up or down
ED in a slot, thus bring¬
ing the pole B nearer or
further from the magneto¬
meter C. The pole at A,
being immediately above
the needle, does not exer¬

cise any directive influence upon it.
Method.—(1) Remove AB, and set the apparatus so that

the pointer of the magnetometer comes to zero.
(2) Replace AB with the end A near the top of the slot.

Observe the distance CB and the deflection of the magneto¬
meter.

(3) Lower A so that B moves away about 1 cm. from C, and
again take readings of distance and deflection; repeat until B
is near F.

(4) Tabulate your readings thus :—

Distance CB. CB2.
1

C&
Magnetometer

deflection d. Tan 5.

The force with which the magnet acts on the magnetometer
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needle is proportional to the tangent of the angle of de¬
flection.

(5) Plot a curve with values of for abscissae, and tan 8
for ordinates. Show how the curve proves the law; also
account as well as you can for any irregularities you may
observe in the curve.

18. To prove the Law of Inverse Squares for a
Magnet Pole (Oscillation Method).

Preliminary.-—-The object of this experiment is to prove
that the force,which a magnet pole exerts at any point varies
inversely as the square of the distance of the point from the
pole; the field strength at any point being proportional to the
square of the number of vibrations per second of a suspended
magnet at that point.

Apparatus.—You are supplied with—
(1) A long bar magnet.
(2) A small suspended magnetic needle.
(3) A measuring-rod.
(4) A stop-watch.
Method.—(1) Suspend the magnetic needle so that it hangs

in the magnetic meridian.
(2) Place the bar magnet, with its axis in the magnetic

meridian, in a line with the needle; set the needle vibrating,
and note the number of vibrations (11) which it makes in a
certain time (/), also measure the distance from the pole of the
magnet to the centre of the suspended needle.

(3) Move the magnet about 1 cm. from the needle, and
again note the time it takes to make a certain number of
vibrations, and the distance from the pole to the centre of the
needle.

(4) Repeat (3), gradually increasing the distance between
the needle and the magnet, taking about ten different positions.

(5) Remove the bar magnet altogether, and note the time
the needle takes to make a certain number of vibrations under
the influence of the earth's field alone.
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(6) Tabulate your results thus :—

Distance of
pole from
needle, D.

Number of
vibrations

of needle, n.

Time taken
to make 11

vibrations, t.

_ . n
Ratio

= N.

Number of
vibrations of

needle in
earth's field,

n'.

Time taken
to make 11'
vibrations,

t'.

Ratio

= H.

The values N and H are the number of vibrations per
second, respectively, under the two conditions.

(7) Calculate the following table from the above:—

D2.
X

D2 N2. H2. N3—H\

The values N2 give the square of the number of vibrations
due to the united effect of the earth and the magnet; hence to
get the effect due to the magnet alone, the earth effect must
be subtracted, giving the column N2 — H2.

(8) Plot a curve having for abscissae values of and for
ordinates the values N2 — H2; show how the curve proves the
law; also account as well as you can for any irregularity in the
shape of the curve as the value of D gets greater.

19. To COMPARE THE MOMENTS OF TWO MAGNETS.
Preliminary.—This method of comparing the moments of

two magnets depends on the fact that the force exerted by a
magnet at a point on its axis is proportional to its moment;
also, if a magnetometer needle is placed at the point, the
tangent of the angle of deflection is a measure of the force due
to the magnet. The method consists in comparing the tangents
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of the angles of deflection produced by two magnets placed
similarly with regard to the needle.

Apparatus.—You are supplied with—•
(il The magnets, the ratio of whose moments is required.
(2) A magnetometer needle.
(3) A scale for marking the positions of the magnets on.
Method.—(1) Set the magnetometer needle to zero.
(2) Place one of the magnets (A) with its axis pointing

E. and W., and its centre a measured distance due east of the
needle. Note the distance and the deflection.

(3) Turn the magnet end for end, keeping the centre still in
the same position. Note the deflection.

(4) Repeat (2) and (3) with the magnet occupying a similar
position due west of the needle.

(5) Repeat (2), (3), and (4) with the other magnet, its -centre
being placed the same distance from the needle.

(6) Repeat (2), (3), (4), and (5) with the magnets at various
distances from the needle.

(7) Tabulate your results thus:—

Magnet.

Distance
from

centre of
magnet to

needle.

Deflections.

Tan 8.East. West.
Mean

deflection,
8.To right. To left. To right. To left.

(8) Compare the moments by taking the ratio of tan S of A,
to tan § of B at each distance, and tabulate thus :—

Distance. Ratio of tangents.
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20. To compare the moments of two magnets

(Vibration Method).
Preliminary.—If a magnet is caused to vibrate in a magnetic

field, the square of the number of vibrations per minute depends
on the magnetic moment of the magnet, its moment of inertia,
and the field strength. In comparing the magnetic moments of
two magnets by noting the squares of the number of vibrations
which they make in a given time when oscillating in the same
magnetic field, if the moments of inertia of the two magnets
are not the same, they must be calculated and allowed for.
In the following method this difficulty is overcome.

Method.—The two magnets are placed in a light frame
which holds one vertically above the other and parallel to it.
The frame is suspended by a fibre, and caused to vibrate about
a vertical axis—

(1) When similar poles of the magnets point in the same
direction.

(2) When opposite poles point in same direction, and the
number of vibrations per minute % and «2 is observed in each
case. Hence, if we call Mj and M2 the moments of the magnets,
we have that—

Preliminary.—The object of this experiment is to determine
the value of the horizontal component of the earth's magnetic
field, the result being expressed in lines of force per square
centimetre. In order to do this, advantage is taken of the
two following relations.

(1) When a short bar magnet is placed at right angles to the
magnetic meridian, with its centre on a line with the centre
of a suspended magnetic needle, and at a distance d from it
along the meridian, then if the deflection of the needle is a

Mj + M2
w~-

Mx
_ n? + n.?

M, ill — nl

21. Determination of H.
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degrees, it can be shown that the following is approximately-
true

M
g = d% tan a (1)

where M = magnetic moment of the magnet; and
H = the horizontal intensity of the earth's magnetic

force.

(2) If the bar magnet is suspended by a fibre, and allowed
to oscillate about it as a vertical axis; and if T = time of one

double vibration, and I = moment of inertia of the magnet;
then—

MH - (2)

Hence, dividing (2) by (r), we have—
47r'"I

TV3 tan a

and, extracting the square root, get H.
Apparatus.—The following apparatus is supplied to you :—
(1) A bar magnet.
(2) A reflecting magnetometer, lamp, and scale.
(3) A box, with means of suspending the magnet, for taking

the time of oscillation in.

(4) A measuring-rod.
(5) A balance and weights.
(6) A stop-watch.
Method.—(1) Arrange the scale so that it is parallel to the

mirror of the magnetometer, and the spot is at the zero.
(2) Place the magnet at right angles to the meridian, and

with its centre in a line with the centre of the suspended
needle and at a distance d from it. Note the reading of the
spot on the scale.

(3) Turn the magnet end for end, and again read the
deflection.

(4) Place the magnet in a similar position on the other side
of the needle, and note deflection.

(5) Turn the magnet end for end, and read deflection.
(6) Repeat above for various distances of the magnet from
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the needle. Measure the distance between the scale and
mirror, and express it in scale divisions (/). Tabulate your
results thus

d. d\

Magnet to right of
needle.

Magnet to left of
needle.

Mean
deflection,

a.

Value of
a

Deflection
to right.

Deflection
to left.

Deflection
to right.

Deflection
to left.

2/.

g
The value - = tangent of the angle between the perpendicu¬

lar from the mirror to the scale and the ray of light, but this
angle is twice the angle through which the mirror has moved,
and for small angles half the tangent of an angle may be
taken as equal to the tangent of half the angle, hence
8

= tan a.

(7) Attach the bar magnet to the suspending fibre in the
box and set it oscillating; note the time it takes to make 10
double vibrations, and calculate the time required for 1 double
vibration.

(8) Take the measurements of the magnet and weigh it.
The moment of inertia may now be calculated thus:—

/ P r2\
I for cylindrical magnets = ^ — + — J w
I for rectangular magnets = ^ ^ + b ^ w

where I = length in cms., r — radius in cms., b = breath in
cms., and is) = weight in grammes.-

Calculate the value of MH and H. Tabulate thus :—-
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M
H MH. Hs. H.

Having got the value of H, the value of M may also be
calculated.

)



III.

ELECTRICITY.

22. To calibrate a galvanometer by using known
Resistances.

Preliminary.—In order to obtain the connection between the
deflections of a galvanometer and the relative values of the
currents passing through it, we may compare the deflections
with the reciprocals of the total resistance of the circuit under
various conditions, the latter being proportional to the current
when the E.M.F. is constant.

Apparatus.—You have the following apparatus given you:—
(f) The galvanometer to be calibrated, whose resistance is

known.

(2) A box of known resistances.
(3) A battery of constant E.M.F. and low resistance.
(4) A reversing key and wires.
Method.—Connect up the apparatus thus :—

(1) Insert sufficient resistance to give a small deflection on
the galvanometer. Note the deflection and the resistance in
the box. Reverse the current in the galvanometer, and note the
deflection.
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(2) Diminish the resistance so as to increase the deflection
by a few degrees. Note the resistance and deflection. Reverse
current, and again note deflection.

(3) Proceed in this way till you come to the end of the
galvanometer scale.

(4) Tabulate your results thus :—

Galvanometer deflection.
Resistance in Constant

resistance in
circuit.

Total
resistance in
circuit, R.

Value of

To right. To left.
box.

(c) Plot two curves on the same sheet with values of —7
R

for abscissae, and one with deflections to right and the other with
deflections to left for ordinates. These curves are the calibra¬
tion curves for the two sides of the scale of the galvanometer,
and from them we can see the connection between the
deflections and the currents producing them.

[Note.—The constant resistance in the circuit is that of the
galvanometer battery and wires, but if the two latter are small
compared with the resistance in the box, they may be
neglected.]

23. To Prove the Law of the Tangent Galvanometer.

Object.—You are required to prove that the tangent of the
angle of deflection in a tangent galvanometer is proportional
to the current. We know, from Ohm's law, that if the E.M.F.
in a circuit remains constant, the current varies inversely as
the resistance of the circuit. Hence, by comparing the tan¬
gents of the angles of deflection with the reciprocals of the
total resistances of the circuit, we can test the above law.

Apparatus.—You are supplied with—
(1) A battery of constant E.M.F. and low resistance.
(2) A tangent galvanometer of known resistance.
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(3) A box of known resistances.
(4) A reversing key and wires.
Method.—Connect the apparatus thus :—

(1) Arrange the resistance so as to get a small deflection;
note the deflection and resistance. Reverse the current, and
again observe the deflection.

(2) Repeat (1), gradually diminishing the resistance in the
box, and noting the resistances and deflections.

(3) Tabulate your results thus :—

Constant
resistance
in circuit.

Total
resistance 1

Deflection of galvanometer.
Tan 8.

in box. in circuit,
R.

R
To right. To left. Mean, 8.

[Note.—The constant resistance in circuit is that of the
galvanometer. That of the battery, if small, may be neglected.]

(4) Plot a curve with values of tan 8 for absciss® and ^
for ordinates.

Deductions—

(1) Show how the curve proves the law.
(2) Produce the curve till it cuts the vertical axis, and show

how from it you may deduce the battery resistance.
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24. Calibration of a Galvanometer by Comparison
with a Standard Galvanometer.

Object.—When the connection between the current flowing
in a galvanometer and the deflection produced is determined,
the galvanometer is said to be calibrated. In the following
method this is done by connecting in series with the uncali-
brated galvanometer (A), one whose law is known; then, by
comparing the deflections of the two galvanometers, we can
obtain the calibration curve of the galvanometer A.

Apparatus.—You are supplied with the following apparatus:—
(1) The galvanometer (A) whose calibration is required.
(2) The standard galvanometer (a tangent galvanometer,

i.e. one in which the currents are proportional to the tangents
of the angles of deflection which they produce).

(3) An adjustable, but not necessarily known resistance.
(4) A reversing key (to be arranged so as to reverse the

current in galvanometer A, but not in the standard).
(5) A battery of constant E.M.F.
Method.—Arrange the apparatus thus :—■ %

(1) Adjust the variable resistance so as to get a small
deflection on galvanometer A; note the deflections on both
galvanometers. Reverse the current in A, and again note the
deflections.

(2) Alter the resistance so as to increase the deflection on
A by five or six divisions; read both galvanometer deflections.
Reverse current in A, and read again.

(3) Repeat (2), gradually increasing the current till you come
to the end of the scale of A.
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(4) Tabulate your readings thus :—

Deflections of
standard

galvanometer.
Tan 5.

Deflections of A.

To right. To left.

(5) Plot two curves on the same sheet, having for abscissas
the deflections of A, and for ordinates the corresponding values
of tan S.

25. To prove Ohm's Law (No. i Method).
Preliminary.—According to Ohm's law, the current in a

simple circuit is equal to the ratio of the E.M.F. acting in
the circuit to the total resistance of the circuit. In the follow¬

ing experiment the resistance of the circuit is kept constant,
E

and you are required to show that the ratio — is also constant.

Apparatus.—You arc given the following apparatus :—

(1) A battery of several cells of equal and constant E.M.F.
and small internal resistance.

(2) A galvanometer of known law, or one in which the
connection between the current and the deflection produced
is known.

(3) An adjustable but not necessarily known resistance.
(4) A break-circuit key and wires.
Method.— Connect the apparatus in simple series thus:—

(1) With all the cells in
series, arrange the adjust¬
able resistance till you get
a conveniently large deflec¬
tion on the galvanometer.
Note the deflection and the

number of cells.
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(2) Removing one cell, repeat (1), keeping the resistance
unaltered.

(3) Continue removing cells one at a time, till there is only
one in circuit, noting the number of cells and the deflections
produced.

(4) Tabulate your results thus :—

In the above table, N is proportional to the E.M.F. of the
battery. If the galvanometer deflections are not proportional
to the currents, then another column must be added, giving
the currents proportional to the deflections in D, and these

N
numbers employed in the ratio — instead of the values in the

column D.

26. To prove Ohm's Law (No. 2 Method).
Preliminary.—In this experiment, the total E.M.F. in the

circuit is kept constant, and since E = CR, you are required
to show that the product CR is also constant.

Apparatus.—You are given the following apparatus :—
(1) A battery of constant E.M.F. and low internal resist¬

ance.

(2) A galvanometer of known law and resistance.
(3) A box of known resistances.
(4) Break-circuit key and wires.

Number of cells,
N.

Deflections of galv.,
D.

t. • N
Ratio, jj

Method.—Connect up the
apparatus thus :—

(1) Unplug sufficient re¬
sistance to get a small de¬
flection on making the

circuit. Note resistance and deflection.
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(2) Diminish the resistance so as to increase the deflection
by a few degrees, and again note resistance and deflection.

(3) Proceed in this way until you come to the end of the
galvanometer scale.

(4) Tabulate your results thus :—

Resistance
in box.

Constant
resistance
in circuit.

Total
resistance
in circuit,

R.

Galvanometer
deflection,

a.

Values of
.

1

6

Values of
Ra.

If the galvanometer deflections are proportional to the
current, the values R8 ought to be constant; if the galvano¬
meter deflections are not proportional to the currents, then the
proportional currents corresponding to the deflections must be
obtained either from the known law of the instrument or from
a calibration curvg, and must be used instead of 8.

(5) If CR is a constant, then C varies inversely as R. Now

plot a curve with values of R for ordinates and values of
O

for abscissae, and show how the curve obtained proves the law.
[Note.—The constant resistance in circuit is the resistance

of the galvanometer, battery, and wires; but if the resistance
of the battery and wires is small compared with R, it may
be neglected.]

27. To prove Ohm's Law (No. 3 Method).
Preliminary.—In this method of verifying the above law

the current in the circuit is kept constant, and you are required
to show that the ratio of the E.M.F. to the resistance is also
constant.

Apparatus.—You are supplied with—
(1) A battery of several cells of equal E.M.F. and low

internal resistance.

(2) A galvanometer of known resistance.
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(3) A variable known resistance.
(4) A break-circuit key and wires.
Method.—Connect up the apparatus thus :—
(1) Using all the ceils in

series, adjust the resistance
until you get a convenient
deflection.. Note the num¬

ber of cells and the deflec¬
tion.

(2) Remove one cell, and alter the resistance until you get
the same deflection. Note the number of cells in series and
the deflection.

(3) Repeat (2), removing one cell at a time until there is
only one left. Note the number of cells in series, and the
corresponding galvanometer deflection in. each case.

(4) Tabulate your results thus :—

Galvanometer
deflection.

Number of
cells in series,

N.

Resistance in
box.

Constant
resistance in

circuit.

Total
resistance in

circuit, R.
Ratio, ^

Since N is proportional to the E.M.F. of the battery, then
the ratio

^ should be constant. Also plot a curve with values
of R for abscissae and values of N for ordinates, and show
how the curve proves the law.

[Note.—The constant resistance in circuit consists of the
resistances of the galvanometer, battery, and wires; if, however,
the. two latter are small compared with R, they may be
neglected.]

28; Measurement of the E.M.F.'s of Cells
■ (No. 1 Method).

Preliminary.—This method of measuring the E.M.F.'s
of cells depends on the fact, that if the total resistance (R)
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is the same for any two circuits, then by Ohm's law, the
currents in these circuits must be proportional to the E.M.F.'s.

Apparatus.—You are given the following apparatus :—

(1) The cells whose E.M.F.'s are to be measured.
(2) A standard cell (i.e. one whose E.M.F. is known).
(3) A galvanometer of known law.
(4) A large but not necessarily known resistance.
(5) A break-circuit key and wires.
Method.—Connect up the apparatus thus :—

(1) Adjust the controlling
■'WAAAAr—v magnet of the galvanometer

I until you get a convenient
j j y J deflection on the scale with

* one of the cells in circuit.
Note the name of the cell and the deflection.

(2) Replace this cell in turn by the others, including the
standard, noting the name of the cell and the deflection in
each case.

(3) Repeat (1) and (2) with the controlling magnet in
various positions, so as to get different sets of readings.

(4) Tabulate your results thus : —

Name of cell.
Deflection with

cell, Di.
Deflection with
standard, D2-

Di
Ratio, E.M.F. in volts

The numbers in the last column are obtained by multiply¬

ing the ratio jy by the E.M.F. in volts of the standard cell.1^2
It is assumed above that the deflections of the galvanometer
are proportional to the currents; if this is not so, the relative
values of the currents corresponding to the deflections must be
obtained and used instead of them. It is further assumed
that the difference in the resistance of the various cells is very
small compared with the total resistance of the circuit, so that
the latter is practically constant throughout.
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29. Measurement of the E.M.F.'s of Cells (Potentio¬
meter Method).

Preliminary.—In this method a steady current is maintained
in a long uniform wire—the potentiometer wire, and since it
is of uniform section, its resistance, and therefore the fall of
potential along it, is proportional to its length. Two points
are found on it, the potential difference (PD) between which
is equal to the E.M.F. of one of the cells, and the distance
between the points (Dx) is measured; another pair of points
at a distance (D„) apart are then found, the PD between
which is equal to the E.M.F. of a standard cell. The ratio of

^=7 is the ratio between the E.M.F.'s of the two cells.

Apparatus.—You are given—
(x) The cells whose E.M.F.'s are to be measured.
(2) A potentiometer wire.
(3) A battery of constant E.M.F. to maintain a steady

current in the potentiometer wire.
(4) A galvanometer and wires.
(5) A standard cell.
Method.—Connect up your apparatus thus :—

AB is the potentiometer wire, and F the battery sending a
steady current through it. C is one of the cells whose E.M.F.
is required, S is the standard cell.

(1) Find a point E on the wire AB such that, on placing
the wire from C there, no deflection is obtained on the
galvanometer.

A X E D

F
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(2) Find a point D on AB such that, on the wire from
the standard cell being placed there, no deflection is obtained
on the galvanometer.

(3) As a final test, place the wires from C and S at E and
D simultaneously, and if the adjustments are accurate, no
deflection should be obtained.

(4) Measure the distances AE and AD, then—
E.M.F. of C AE
KM.F. of S ~ AD

and since the E.M.F. of S is known, that of C may be calcu¬
lated in volts.

(5) Repeat above, replacing C in turn by each of the other
cells.

(6) Tabulate your results thus:—

Name of cell.
Balancing

•distance for cell
C, Di.

Balancing dis¬
tance for standard

cell, D2.
■p f. D!Ratio, ^

E.M.F. of cell C
in volts.

[Note,—The battery F must have a larger E.M.F. than
either C or S. Also the cells C and S must be connected, so
as to oppose the cells F.]

30. Comparison of Chemical and Magnetic Methods
of Measuring Currents.

Preliminary.—In this experiment you are required to com¬
pare the rate of decomposition of water with the deflections of
a tangent galvanometer, both these quantities being propor¬
tional to the current.

Apparatus.—You are supplied with the following appa¬
ratus :—

(1) A water-voltameter, constructed so that the volume of
gas evolved may be measured.

(2) A tangent galvanometer.
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(3) A stop-watch (an ordinary watch with seconds hand
will do).

(4) An adjustable but not necessarily known resistance.
(5) A battery of constant E.M.F.
(6) A break-circuit key and wires.
Method.—Connect up the apparatus thus:—-
(1) Adjust the resistance

till you get a small deflec¬
tion on the galvanometer.

(2) Send this current
through the circuit for a
measured time, and note the
galvanometer deflection and the amount of gas evolved.

(3) Diminish the resistance and repeat (2), noting in each
case the time, the deflection, and volume of gas evolved. Take
about ten readings.

(4) Tabulate your results thus :—

Galvanometer
deflection, .6.

Tan 3. Total volume of
gas evolved, V.

Time in seconds,
T.

Quantity of gas
evolved per

second, rjr

(5) Plot a curve with values of tan S for ordinates and
values of 7js for abscissae. What would you deduce from the
shape of the curve ?

31. Comparison of a Thermal and Magnetic Methods
of Measuring Current.

Principle.—When a current is sent through a tangent galva¬
nometer, the current is proportional to the tangent of the
angle of deflection. It has also been shown, by Joule's experi¬
ments, that the heat produced in a given time when a current
flows through a wire is proportional to the square of the
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current and to the resistance of the wire. In the following
experiment the resistance of the wire is kept constant, the
current alone being varied, and you are required to compare
the tangents of the deflections of the galvanometer with the
square root of the rate of production of heat in the wire.

Apparatus.—You are supplied with—•
(1) A battery of constant E.M.F.
(2) A tangent galvanometer.
(3) A calorimeter stirrer and thermometer.
(4) A variable resistance and key.
(5) A stop-watch.
Method.—(1) Connect up the apparatus in simple series.
(2) Stir the water in the calorimeter, and notice the tem¬

perature, T°.
(3) Switch on the current and start the stop-watch at the

same instant; allow the temperature to rise about 50; switch
off the current and stop the watch; stir, and take the tem¬
perature, Tj0.

(4) Repeat the above with various currents, always taking
the time required for a rise of about 5°

(5) Tabulate your results thus :—

T°. Ti°. Ti°-T°. Time in
seconds, t.

Galvanometer
deflection, 8.

Tan 8./TjO—T°
t

. . . .

Since the heating effect is proportional to the square of the
current, the current will be proportional to the square root of

/ T — T°
the rate of rise of temperature, or y/ — -

/ 'p _ q°
(6) Plot a curve with values of y/ 1 ^ for abscissae

and tan 8 for ordinates. What do you deduce from the shape
of the curve ?
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32. Measurement of Resistance by Direct Comparison.
Preliminary.—This method of measuring resistances depends

E
directly on Ohm's law, that R = — If the E.M.F.'s and
currents in two circuits are the same, then the resistances of
the circuits are also the same; or if the E.M.F. and current
in any circuit is known, and part of the circuit is replaced by
another resistance, then if the E.M.F. and current still remain
unaltered, the replacing resistance is equal to that which it
has replaced.

Apparatus.—The following apparatus is supplied :—

(1) The resistances to be measured.
(2) A variable known resistance.
(3) A battery of constant E.M.F.
(4) A galvanometer.
(5) A double-current key and wires.
Method.—Connect up the apparatus thus :—

(1) With one of the unknown resistances in x, depress Ku
observe the deflection, and release K,.

(2) Now depress the other key, K2, and adjust R until you
get the same deflection. Note the resistance in R.

(3) Proceed in this way with all the unknown resistances,
the value of the unknown resistance being equal to the
resistance in R which gives the same deflection.

33. Measurement of Resistance by Wheatstone Bridge.
Preliminary.—The Wheatstone Bridge is an arrangement

by which the resistances of two coils can be compared, and
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its action depends on the two principles : (i) That the fall of
potential down a uniform wire is proportional to its resistance ;
and (2) that no current can flow between two points at the
same potential. , The following is the diagram of connec-

going by A, C, and B to F, and part along the uniform wire
EF. The galvanometer has one terminal connected to C,
and, with the wire attached to the other, you tap along EF
until you find some point, D, which is at the same potential as
C; i.e. when the galvanometer is connected across CD, no
deflection is obtained. Then the following relation must hold:
The resistance from E to C must bear the same ratio to that
from C to F as the resistance ED does to DF. But the
resistance from E to C is practically that due to the coil A,
and from C to F the coil B; also D divides the uniform wire
EF into two parts; hence the resistances of the parts are
proportional, to their lengths, ED and DF. Therefore we
have—

A _ED
B _DF

and if the resistance of one of the coils is known, the other
can be calculated.

Apparatus.—You are supplied with—
(1) A Wheatstone wire bridge.
(2) A battery.
(3) A galvanometer and wires.
(4) Two coils whose resistances are required.
(5) A standard coil of known resistance.
Method.—(1) Connect up the apparatus as in previous
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diagram, placing the two unknown coils in the spaces A and B,
and find the ratios of their resistances."

(2) Interchange A and B, and again calculate the ratio;
take the mean of the two ratios.

(3) Replace one of the coils by the standard coil, and
determine the resistance of the other in ohms.

(4) Calculate the resistance of the coil which you have
replaced by the standard from the results of (2) and (3).

(5) Connect the two coils in series, and determine the
resistance. Compare this measurement with the sum of the
separate resistances of the coils as determined in (3) and (4).

(6) Connect the two coils in parallel, arid determine the
resistance. Compare this with the calculation for the two in
parallel.

34. The Laws of Resistance.

Preliminary.—The resistance of a wire depends directly on
its length, and inversely on its cross sectional area; the value of
the resistance in ohms being = p where I = length, A = area,A.

and p = a constant depending on the nature of the substance,
and termed the'specific resistance, being the resistance in ohms
between the opposite faces of a centimeter cube of the sub¬
stance. In the following experiment you are supplied with
three cases, each containing a set of wires—one set, all of the
same length and material, but of different diameters; another,
all the same diameter and material, but different lengths ; and
the third, all the same diameter and length, but of different
materials; and you are required to verify the above laws.

Apparatus.—You require, in addition to the above—
(1) A Wheatstone wire bridge.
(2) A battery, galvanometer, and wires.
(3) A standard resistance.
Method.—Measure the resistance of each of the wires in

turn (see instructions for the use of the Wheatstone wire
bridge), and tabulate your results thus

e
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I. Variation of Resistance with the Area.

Diameter. Area, A. Resistance, R. Values of RA.

The diameters of the wires are marked on them.

IL Variation of Resistance with Length.

Length, L. Resistance, R.
L
R

The lengths of the various wires are marked on them.

III. Variation of Resistance with Material.

Substance. Resistance.

Show how, in the first two tables, the values of RA and

^ verify the laws.

35. Measurement of Resistance by the Post-Office
Bridge.

Preliminary.—In the case of the Wheatstone wire bridge,
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supposing the galvanometer terminals were fixed permanently
to C and D ; then a balance could be obtained by varying one

of the coils, A or B, until ^ This is practically what
.D JJr

is done in the post-office bridge. Instead of a wire, EF,
there are six coils, arranged as shown below, so that any of
them can be'short-circuited at pleasure.

D1
en Z®--•

4QOO 200Q £000", 1000 /500 200

1000 100 10 !0 100 !000!0 100 1000

The galvanometer is connected across CD, and the battery
across EF, as in the other case.

If equal resistances are unplugged in ED and DF—say io
to ro, or ioo to ioo, etc.—that corresponds to the galvano¬
meter terminal being connected to the middle point of the
stretched wire in the first case; and then, when there is a
balance, the resistance in B = resistance in A. If, however,
you have roo to io—i.e. ioo in DF and ro in ED—or rooo
to io, etc., that corresponds to the point D being nearer one
end of the wire than the other; and then, when a balance has
been obtained—

DF B
DE — A

In the post-office bridge keys are provided for the battery
and galvanometer circuits, as shown in the diagram, the con¬
nections being made to D' and F', instead of to D and F,
thereby including the keys in the circuit.

Apparatus.—You are supplied with the following
(t) A post-office bridge.
(2) Galvanometer and shunt, if necessary.
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(3) A battery.
(4) A set of coils whose resistances are to be measured.
Method.— Connect up the battery, galvanometer, and un¬

known resistance as above. A being the unknown resistance.
(1) With ro ohms in DF and ED. Alter the resistance

in B until you get a balance. If you cannot get an exact
balance, the true resistance may be found by interpolation
thus : Find two resistances 1 ohm apart, one being too small
and the other too large; i.e. one gives a deflection to one
side of the scale, and the other to the other side. Observe
the deflections ; let be the deflection with the smaller of the
two resistances Rlf and S2 the deflection with Ri + 1 ohms.
Then if R is the true resistance—

(2) Alter the proportional arms ED and DF successively to
100 : 10, 100 : xoo, 1000 : 10, 1000 : 100, 1000 : 1000, and
determine the resistances of each of the coils supplied in all
the above cases.

(3) Tabulate your results thus :—

Number of
coil.

Resistance in
proportional arms. Resistance

giving
«3l.

Resistance
giving

02.
5l. 02*

Calculated
resistance

of coil.
ED. DF.

(4) Deduce from the above results which is the most sen¬
sitive arrangement of proportional arms for any given value
of A.

[Note.—When trying to get a balance, should the galvano¬
meter be sensitive, it is better to keep it shunted until the
final test is to be made.

The temperature at which the test is made ought also to
be specified.]
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36. Determination of Specific Resistance.

Preliminary.—The resistance of a wire is directly propor¬
tional to its length and inversely to the area of its cross-
section, and the value in ohms is equal to the length divided
by the area and multiplied by a constant, which depends on
the nature of the material, and is known as the specific resist¬
ance. We have, therefore, R = p—., where R = resistance
in ohms, I = length in cms.; A = area in sq. cms., and p =

specific resistance; hence p = , or it is the resistance in
ohms between the opposite faces of a centimetre cube of the
substance. To determine p for a wire, we measure the resist¬
ance and mean area of a known length, and calculate as
above.

Apparatus.—You are supplied with—-
(1) The wire whose specific resistance is required.
(2) A Wheatstone wire bridge, galvanometer, battery, and

standard resistance-coil.
(3) A measuring-rod, micrometer wire gauge, balance, and

box of weights.
Method.—(1) Measure the resistance of the wire in the

ordinary way.
(2) Measure the length of the wire between the points

where the terminals catch it. It may be best to cut the wire
at these points.

(3) Measure the diameter of the wire by means of the
micrometer gauge at at least ten different places, and take
the mean. The area = 078d\ Should the wire be covered
with silk or cotton insulation, this may be removed by heating
in a solution of caustic potash, which will remove the coating
without injuring the wire. On no account must the wire be
scraped with a knife.

(4) In order to check the area obtained above, the wire
M

should be weighed. The area being equal to where
M = weight in grammes, / = length in cms., A = specific
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gravity, which may either be obtained from a table, or deter¬
mined by weighing in air and water—

weight in air
weight in air — weight in water

the mean of the areas obtained above is taken, and the specific
resistance calculated.

(5) Also calculate—
(a) The specific resistance in inch measure,
(b) The resistance of the wire per gramme.
(c) The resistance of the wire per pound.
(d) The resistance of the wire per cm.
(e) The resistance of the wire per yard.

37. Variation of Resistance with Temperature.

Preliminary.—The following experiment is to determine
the effect of variation of temperature on the electrical resist¬
ance of a wire. The wire is insulated and wound on a hollow
metal bobbin, into which a thermometer is inserted; the
resistance is then measured at various temperatures, and the
percentage variation of resistance for a rise of temperature
of i° C. calculated.

Apparatus.—You are supplied with—
(1) The wire whose resistance-variation is required,
(2) A Wheatstone wire bridge, galvanometer, battery, and

standard resistance-coil.

(3) A heating apparatus and thermometer.
Method.—(1) Connect up the apparatus as in the Wheat-

stone bridge experiment, and measure the resistance cold.
Note the resistance and temperature.

(2) Gradually heat up the coil, and measure the resistance
at every io° rise of temperature, care being taken to steady
the temperature when a reading is being taken. Continue
this till the temperature rises to 90° C.

(3) Allow to cool slowly, measuring the resistance at every
io° fall of temperature.
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(4) Tabulate your results thus :—

Heating. Cooling.

Temperature. Resistance. Temperature. Resistance.

(5) Plot two curves, one for heating and one for cooling,
on the same sheet, with temperatures as abscissae and resist¬
ances as ordinates. Draw a mean curve between them, and
calculate the percentage variation of resistance for a rise of
i° C. at various parts of this curve.

38. To Measure the Resistance of a Battery (Ammeter
and Voltmeter Method).

Preliminary.—In this method of measuring battery resist¬
ance, the difference between the potential at the terminals of
a battery, on open circuit, and when giving out a known
current, is observed. The drop in the potential represents the
volts used up in forcing the current through the battery itself,
and is known as the " lost volts " (Iv). By Ohm's law, there¬
fore— ,

Lost volts = current in the battery x battery resistance
Hence r*>-^

where rh = battery resistance and c = current.
Apparatus.—You are supplied with—
(1) A battery whose resistance is to be measured.
(2) An ammeter.
(3) A voltmeter.
(4) A variable but not necessarily known resistance.
(5) A break-circuit key and wires.
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Method.—Connect up the apparatus thus—
V - Voltmeter; A = ammeter.

(1) Take the voltmeter reading
with ammeter circuit broken.

(2) Close ammeter circuit, and
take readings of bojth ammeter and
voltmeter.

(3) Repeat (1) and (2) with
various rasistances in the ammeter

circuit.

(4) Tabulate your results thus :—

Voltmeter ready¬
ing on open
circuit, E.

Voltmeter read¬
ing on closed
circuit, PD.

Current, c.
Battery

resistance, r

(5) Plot a curve with " lost volts" for abscissse and values
of current for ordinates.

39. Measurement of Electrolytic Resistance.
Preliminary.—Ordinary methods of measuring resistance

cannot be employed in this case, as polarization occurs at the
electrodes, producing a back E.M.F., which would be measured
as an increase of resistance. A method must be employed,
therefore, in which polarization is either destroyed or allowed
for. In the following method the assumption is made that in
successive readings with the same current the polarization
remains, constant.

Apparatus.—(1) A long glass tube, with two electrodes, one
of which is movable, containing the liquid.

(2) A galvanometer.
(3) A battery of constant E.M.F.
(4) A variable known resistance, key, and wires.
(5) A burette and measuring-rod.
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Method.—Connect up the apparatus thus :—

(1) Starting with the electrodes
a considerable distance apart,
switch on the current, and observe
the deflection.

(2) Move the.(upper electrode
nearer the lower one through a
measured distance; the galvano¬
meter deflection will now increase.
Insert resistance in the box until
the deflection i? brought back to
the value obtained in (r). The
resistance inserted will be equal to the resistance of, the
column of liquid through which the upper electrode has .

moved.

(3) Repeat above with the electrode at different part's of
the tube.

(4) Tabulate your results thus

Galvanometer
deflection.

Resistance
inserted.

Distance electrode
moved through.

(5) In order to calculate the specific resistance, p, of the
liquid, the area of the tube must be found. This is done by
emptying out all the liquid, and filling it in again from the
burette 50 cc. at a time, measuring the length in the tube
which 50 cc. occupies, the mean area being the volume
divided by the length. The specific resistance is then—

RA
p = -r

where p = specific resistance, R = resistance in ohms of a
column of length I and area A.

The specific resistance corresponding to each of the readings
taken above is now calculated and tabulated thus :—
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Length of
liquid column.

Resistance. Area. Specific
resistance.

The temperature at which the above readings were taken
ought also to be specified.

40. Experiments with Shunts.
Preliminary.—When a current flows through a divided

circuit, the currents in the two branches are inversely as the
resistances. If a shunt of resistance Rs is applied to a

galvanometer of resistance R^", then, if Cs is the current in
the shunt, and Cg the current in the galvanometer, you are
required to show that—

9L =

Cg Rs

Apparatus.—You are supplied with—
(1) A galvanometer of known resistance.
(2) A box of known resistances, Rr.
(3) A coil of resistance, r, about 100 times that of the

galvanometer.
(4) A battery, key, and wires.
Method.—Connect up the apparatus thus :—

r
✓ S/N/VWV ■■ ^

(1) Disconnect the shunt coil Rj, and take the deflection
on the unshunted galvanometer.

(2) Connect the shunt across the terminals of the galvano-



Electricity. 59

meter, and arrange it so as to have as large a resistance as

possible. Note the deflection and the value of the shunt
resistance.

(3) Gradually diminish the shunt resistance, in each case
noting the deflection and shunt resistance.

(4) Tabulate your results thus :—

Shunt resistance. Galvanometer deflection.

(5) Plot a curve with values of shunt resistance as abscissae,
and galvanometer deflections as ordinates. Show how, from
the curve, we can get the relative values of galvanometer and
shunt currents. Taking a few sets of readings from the curve,
prove that—

Cs
= -Rg

Cg Rf
Also calculate the resistances for a shunt box for the galvano¬
meter, so that yv, tuo) or ttnnr °f the total current may go
through the galvanometer.

41. Determination of the Sensitiveness of a Reflecting
Galvanometer.

Preliminary.—The sensitiveness of the galvanometer here
determined is the current in amperes required to produce a
deflection of 1 scale division on a scale placed at a certain
known distance, the control and size of a scale division being
both specified.

Apparatus.—(1) A galvanometer, lamp, and scale, the
resistance of the galvanometer being known.

(2) A resistance box containing at least 10,000 ohms, key,
and wires.

(3) A battery of known E.M.F., and low resistance.
(4) A stop-watch.
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Method.—Arrange the apparatus thus :—

(1) Connect the standard cell across the 10,000 ohms.
(2) Across part of the 10,000 ohms, say 10 ohms, connect

the terminals of the galvanometer, which must have a very
high resistance compared with 10 ohms. Note the galvano¬
meter deflection.

(3) The potential difference between the terminals of the
galvanometer may be taken as xwVW °f the E.M.F. of the
standard cell. Dividing this by the resistance of the galvano¬
meter gives the current flowing through it, and dividing
again by the number of scale divisions deflection gives the
mean current required to produce \ scale division deflection.

(4) Repeat above with various resistances between the
galvanometer terminals, all of which, however, must be small
compared with the galvanometer resistance.

(5) Tabulate your results thus : —

Resistance
across

battery
terminals, R.

Resistance
between
galvano¬

meter

terminals, r.

Galvano¬
meter

deflection,
8.

Galvano¬
meter

resistance, g.

E.m.F. of
standard
cell, E.

PD at

galvano¬
meter

terminals,

£e.

Current in
amperes
per scale
division,

rE

Rj>8
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(6) Measure the distance between the scale and galvano¬
meter mirror, also the length of a scale division in cms.

Set the galvanometer needle vibrating, and take the time of
a double vibration.

(7) Express the sensitiveness of the galvanometer thus :—
A current of A amperes gives a deflection of 1 scale division

on a scale d cm. distant, the value of a scale division being
s cm., and the time of 1 double vibration of the needle being
t sees.; where A is the mean of the numbers in the last
column above, and d, s and t are determined in (6).

42. Determination of the Constant of a Tangent
Galvanometer by Copper Deposition.

Preliminary.—In the tangent galvanometer, from its con¬
struction we know that the current is proportional to the tan¬
gent of the angle of deflection which it produces, and its value
in amperes is equal to the tangent of the angle of deflection
multiplied by some constant which depends on the dimensions
of the instrument and on the strength of the controlling field.
This constant may be determined by sending a known current
through the instrument, and observing the deflection, 8, which

current
it produces; then the constant = The current is

measured by sending it through a copper voltameter, connected
in series with the galvanometer, for a measured time; and
since one coulomb of electricity deposits 0-000326 gramme of
copper on the kathode, the current can be calculated from the
gain in weight of the kathode in a given time.

Apparatus.—You are supplied with the following :—
(1) A tangent galvanometer.
(2) A battery of constant E.M.F.
(3) A copper voltameter.
(4) A balance.
(5) A stop-watch.
(6) Variable resistance, reversing-key and wires.
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Method.—Connect up the apparatus thus :—

(—© 1fcz©
©MAWOWH | I | I (—^

(1) Arrange the resistance so as to get a deflection of about
45° on the galvanometer.

(2) Remove the kathode plate from the voltameter, carefully
dry, and weigh it.

(3) Replace it in the voltameter, switch on the current, and
at the same instant start the stop-watch.

(4) Let the current run for at least 15 minutes, reversing
the current in the galvanometer once every minute, and noting
the deflections. Should the current vary, the resistance must
be altered so as to keep the deflection as nearly as possible
constant.

(5) At the end of 15 minutes, switch off the current and
simultaneously stop the stop-watch, remove the kathode plate,
very carefully dry, and weigh it.

(6) From the increase in weight and the time during which
the current was flowing, the current may be calculated.

(7) Find the mean deflection, and dividing its tangent into
the current gives the galvanometer constant.

(8) Repeat above at least three times with various
deflections.

(9) Disconnect the galvanometer, and take the time of one
double vibration of the needle, in order to specify the relative
value of the control.

43. Calibration of a Galvanometer as an Ammeter.
Preliminary.—To calibrate a galvanometer as an ammeter

you first obtain the relative calibration curve, i.e. the curve con¬
necting the deflections with the relative values of the current.
Then, by means of a standard current-measuring instrument
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or by copper deposition, determine the current required to
produce any one deflection. From the relative curve you can
then make out a scale of amperes corresponding to the
deflections.

Apparatus.—You are supplied with the following:—
(1) The galvanometer to be calibrated, whose resistance is

known.

(2) A battery of constant E.M.F. and low resistance.
(3) A variable known resistance.
(4) A standard current-measuring instrument or copper

voltameter, and wires.
Method.—Connect the apparatus thus:—
(r) Arrange the variable

resistance so as to get a
small deflection on the gal¬
vanometer. Note the re¬

sistance and deflection.

(2) Repeat (1) with
gradually diminishing resistance till you come to the end of
the galvanometer scale.

(3) Tabulate your results thus :—

Galvanometer
deflection, D.

Resistance in
box.

Constant resist¬
ance in circuit.

Total resistance
in circuit, R.

Values of

(4) Connect the current-measuring apparatus or voltameter
in circuit, and determine the current necessary to produce any
one deflection.

(5) Plot a curve with values of D for ordinates and ~ for
absciss®.

(6) Fi;om the curve, see what value of ^ corresponds to theJK.

deflection obtained in (4). Call it K. Then, if we call C the
K. 1

current* -a will be the value of — corresponding to 1 ampere.
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— corresponding to 2 amperes, and so on. So that now a

scale of amperes may be marked along the ~ scale.K.

(7) The time of a double vibration of the galvanometer-
needle should now be taken and marked on the curve, in order
to specify the relative value of the controlling force.

44. To Calibrate a Galvanometer as a Voltmeter.

Preliminary.—In the following experiment, you first obtain
the relative calibration curve, i.e. the curve connecting the
relative values of P.D. at the galvanometer terminals with the
deflection produced. Then, finding the exact value in volts
required to produce any one deflection, we can, from the
curve, construct a scale of volts corresponding to the galvano¬
meter deflections.

Apparatus.—You have the following apparatus :—

(1) The galvanometer, which must be of high resistance.
(2) A set of coils of known resistance.
(3) A potentiometer-wire of known resistance.
(4) A battery, to maintain a steady current in the potentio¬

meter.

(5) A standard cell and wires.
Method.—Connect up the apparatus thus : —

(1) With one terminal of the galvanometer connected to B,
take a series of readings of galvanometer deflection as the
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terminal C is moved towards A. Note the resistance between
B and C, and the corresponding deflections.

(2) In series with the galvanometer, connect the standard
cell so that it will oppose the current due to the large battery;
and now find two points on AB where the P.D. due to the
large battery is equal to the E.M.F. of the standard cell, i.e.
when the galvanometer terminals are connected to those points,
no deflection is observed. [Note.—The potentiometer-wire
will allow you to get an accurate adjustment.] The resistance
between the two points is noted; from this and from the
known E.M.F. of the standard, the resistance between the
terminals of which there is a P.D. of 1 volt can be calculated.

(3) Plot a curve with galvanometer deflections for ordinates
and corresponding resistances between its terminals for
abscissse.

(4) On the horizontal scale, 1 volt can be written opposite
the calculated resistance in (2); and then, since P.D. is pro¬
portional to resistance, the rest of the scale may be marked in.

(5) The time of one double vibration of the galvanometer-
needle should now be taken and marked on the curve, in order
to indicate the relative value of the controlling force.

45. Magneto-electric Induction.

Preliminary.—Whenever the number of magnetic lines of
force passing through a circuit is altered, an E.M.F. is induced
in that circuit, the direction and magnitude of which depend
on the nature and rate at which the change takes place, but
which only lasts during the change. If a sensitive galvano¬
meter is connected in series with the circuit, the current pro¬
duced by the E.M.F. will cause the galvanometer-needle to
deflect. In the following experiments the galvanometer is
said to be used " ballistically," i.e. the first swing of the galvano¬
meter-needle is proportional to the quantity of electricity sent
through it, provided the swing is small, and the whole discharge
takes place before the needle begins to move. The first swing
may therefore be taken as a rough indication of the magnitude
of the induced current.

p
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Apparatus.—You are supplied with—
(1) A sensitive galvanometer.
(2) A coil of wire, the direction of the winding being known.
(3) A bar magnet with marked poles.
(4) A battery.
Method.—(r) Connect up the apparatus thus :—

(2) Bring the N. pole of the magnet up to the end A of the
coil; note the magnitude and direction of the first swing of the
galvanometer-needle. (The galvanometer must be far enough
away for the magnet to have no direct effect upon it.)

(3) When the needle has come to rest, withdraw the magnet,
and make the above observations.

(4) Repeat (2) and (3) with the S. end of the magnet.
(5) Repeat (2), (3), and (4), introducing the magnet (a)

half, and (b) completely inside the coil.
(6) Repeat (2), (3), (4), and (5) at various speeds.
(7) Bring up the N. pole of the magnet at right angles to the

axis of the coil, and at various points along the axis.
(8) By means of the battery, determine the direction of the

current in the coil when the galvanometer deflects (a) to the
right, (b) to the left, expressing it as clockwise or counter¬
clockwise as looked at from the end A.

(9) Determine in each case the polarity of the end A due
to the induced current in the coil.

(xo) Tabulate your results thus : —

Pole of mag¬
net towards

A.

Direction of
motion.

Relative
speed.

Galvanometer deflection.
Polarity of A

due to induced
current.To right. To left.
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Deduce the main facts of magneto-electric induction from

the above data.

46. The Magnetization of Iron.

Preliminary.—When a current is sent through a coil of wire
which contains an iron core, the latter becomes a magnet;
and in the following experiment you are required to determine
the manner in which the strength of this magnet varies with
the magnetizing force, this being proportional to the current
in the coil.

In order to do this, the current is passed through a tangent
galvanometer, from which we can get the relative values of the
various currents, while the iron core is arranged to deflect a
magnetometer-needle, the tangents of deflection of which are
proportional to the strength of the magnet, i.e. to the number
of lines of force passing through the iron.

Apparatus.—You are supplied with the following appa¬
ratus :—

(1) The magnetizing spiral and iron core.
(2) A battery capable of giving a large current.
(3) A tangent galvanometer.
(4) A variable liquid resistance.
(5) A magnetometer.
(6) A reversing key and wires.
Method.—Arrange the apparatus thus:—

71 i

Care must be taken to so place the tangent galvanometer G
that it is not influenced by the magnet S. M represents the
magnetometer needle.

(1) If the iron core is permanently magnetized to begin
With, it must be demagnetized. This may be done as follows ;
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With a large current flowing in the spiral, rock the reversing-
key K backwards and forwards, so as to reverse the current in
S. Keeping the key in motion, gradually diminish the current,
and finally stop it; the bar will then probably be found to be
completely demagnetized.

(2) With a large resistance in R, switch on the current.
Note the deflection on the tangent galvanometer and magne¬
tometer.

(3) Without breaking the circuit, diminish the resistance
slightly, and again observe the deflections.

(4) Proceed in this way till all the resistance in R has been
cut outj then gradually increase the resistance again, repeating
the readings, until R is again a maximum.

(5) Break the battery circuit, and note the deflections.
(6) Reverse the current, and, starting with a maximum

resistance in R, repeat (3), (4), and (3).
(7) Finally, reverse the current again, and repeat (3).
Tabulate your results thus

Galvanometer Tan 5. Magnetometer Tan a.deflection, d. deflection, a.

When the deflections of the galvanometer or magnetometer
are to the right, call them +, and when to the left, — ; put
the sign before each reading in the table.

(8) Plot a curve with the values of tan 8 for absciss® and
tan a for ordinates, remembering that everything + is
measured to the right hand of the vertical axis or above the
horizontal, and everything — to the left of the vertical or
below the horizontal axis.

On examining the rising curve, it will be seen to rise slowly
at first as the value of tan a increases, then very rapidly, and
then slowly again. At this last part of the curve the iron is
said to be getting " saturated," i.e. for a large increase in the
magnetizing force there is only a small increase in magnetic
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effect. As the current is diminished, it will be seen that the
falling curve lies above the rising one, or the magnetic effect
appears to lag behind the magnetizing force, and when the
current is reduced to zero, there is a large permanent effect;
this lagging of the magnetism has received the name of
" magnetic hysteresis." The value of tan a, when the current
has been brought back to zero, is a measure of the number
of lines of force remaining as permanent magnetism, or is
sometimes called the " remanence."

When the current is reversed, the value of tan a rapidly
decreases, although still +, until it finally becomes zero, i.e.
the iron has been completely demagnetized, and the — value
of the magnetizing force required to reduce the magnetometer
deflection to zero is a measure of the force with which the
remanence has been held in, and it is called the "coercive
force." On further increasing the — magnetizing current, the
bar is magnetized in the opposite direction, and the above
effects are again observed. When the whole curve is drawn
in, it will be found to enclose an S-shaped space, the area of
which is proportional to the amount of work done in carrying
the iron through a complete " cycle " of magnetization, as the
above process of magnetizing and demagnetizing is termed.
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HEAT.

47. To test the bore of a thermometer-tube.
Preliminary.—In the following experiment you are required
to test whether or not the bore of the thermometer-tube given
you is uniform.

Method.—(1) Holding the thermometer inverted in one
hand, strike the hand sharply against the other so as to detach
a small thread of mercury from the main column. [Note—Be
careful not to strike the thermometer, or else you will break it.]

(2) Carefully jerk the thermometer until the small thread is
near the top of the tube.

(3) Measure its length on the scale by noting the readings
at its ends Tx0 and T2° and subtracting one from the other;
also calculate the scale-reading at the centre point of the
thread.

(4) Jerk the thread down the tube through a distance equal
to its own length, and repeat the readings; continue in this
way until the thread of mercury has traversed the whole length
of the tube.

(5) Tabulate your results thus

Reading at
upper end of
thread, T]°.

Reading at
lower end of
thread, T20.

Length of
thread,

L = Ti°-r20.

Values of
1

L

Centre point of
thread,

T2°+!
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Since the volume of the mercury in the detached thread
remains constant during the whole experiment, its length will

vary inversely as its area. Hence the values j- will be pro¬
portional to the areas of the tube at the centre points of the
thread.

(6) Plot a curve having for absciss® the values in the last

column and for ordinates the values of y. From this curve
J-i

it will be seen whether or not the tube is of uniform bore.

[Note.—Care must be taken to keep the temperature of the
thread constant during the experiment, otherwise its expansion
or contraction will affect the results.]

48. Comparison of Thermometers.

Preliminary.—You are required to compare the readings of
two thermometers, one of which is a Centigrade and the other
a Fahrenheit.

Apparatus.—You are supplied with—
(1) The two thermometers to be compared.
(2) A vessel of water and the means of heating it.
(3) A clamp to hold the thermometers, and a stirrer.
Method.—(1) Place the thermometers in the water and

clamp them so that they are equally immersed (if great
accuracy is required, they should be completely covered with
water).

(2) Heat the water to the boiling-point, and take the highest
readings on each thermometer.

(3) Allow the water to cool slowly, and take falling readings
on the thermometers for every 50 on the Centigrade thermo¬
meter till the temperature falls to that of the room. The
cooling may be hastened at the end by pouring cold water
into the vessel; it may also be continued down to ou C., if
necessary, by putting some ice into the vessel. Before each
reading the water must be well stirred, in order to ensure its
having a uniform temperature throughout.
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(4) Tabulate your results thus :—

Centigrade reading. Fahrenheit reading. Fahrenheit readings
reduced to Centigrade.

(5) To obtain the numbers in the last column, the following
relation is employed :—

(F° - 32)1 = C°
(6) Plot a curve having for ordinates the values in the first

column and for abscissae the numbers in the last column.

49. Reading and Correcting the Barometer.
Preliminary.—Since the height of the barometer is influenced

by temperature as well as pressure, it is necessary, when com¬
paring the pressures at two different places, that the readings
should be reduced to a common temperature, this being
usually o° C. Again, in a barometer with a fixed scale it is
necessary to keep the level of the mercury in the reservoir
constant, since the numbers on the scale represent distances
measured from a particular level, this being usually indicated
by a small ivory pointer, and should the mercury in the
reservoir not be at this particular level, it must be brought to
it by means of the small screw connected with the flexible
bottom of the reservoir. The reading of the upper level is
now taken by means of the vernier, care being taken to avoid
parallax, the temperature on the thermometer attached to the
instrument also being read. The height of the barometer
corrected to the standard temperature is now calculated, using
the following formula :—

H0 = H,(i — at°)
where H0 = height corrected to o° C., He = height at a
temperature t° C., and a = o'ooor8, the coefficient of expan¬
sion of mercury.
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For accurate work, the expansion of the scale must also be
taken into account; its length must be reduced to the standard
temperature by adding Ht/3t°, where /3 = coefficient of expan¬
sion of the scale, which for brass = o'ooooig. The final
formula becoming—

H0 = H,(i - a/0 + (it°)
There are other corrections, which, however, cannot be taken

into account here.
Take the barometer-reading on both the inch and centi¬

metre scales, and make the above corrections.

50. Verification of the Fixed Points of a Thermometer.

Preliminary.—In the graduation of thermometers there are
two fixed points, the temperatures of which are easily repro¬
duced ; one is the melting-point of ice, and the other the
temperature of the steam from water boiling at a known pressure.
These two points having been determined, the space between
them may be divided into 100 equal parts as in the Centi¬
grade scale, or 180 parts as in the Fahrenheit scale, provided
the tube is of uniform bore.

I. Melting-point of Ice.
Apparatus.—You are supplied with-
(1) The thermometer to be tested.
(2) A zinc vessel with a perforated bottom to allow the

water from the melting ice to drain off.
(3)' A block of ice.
Method.—(1) Breakup the ice into small pieces, and fill the

zinc vessel with them.

(2) Place the thermometer in the ice so that the mercury
in the stem is covered with ice, allow to stand for five minutes,
and then lake the reading. If the thermometer has been
previously graduated, calculate the difference between the
reading and.the zero point on the scale ; this gives the correc¬
tion to be applied to the readings, and is + when it has to be
added to the reading, and — when it has to be subtracted.
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II. Boiling-point.
Apparatus.—This determination is usually made in some

modification of the apparatus employed by Regnault. The
thermometer is placed in a tube through which steam passes,
and which is carefully steam-jacketed to keep the temperature
constant. A barometer is required to register the pressure.

Method.—The thermometer is placed in the tube, and the
water in the lower vessel is boiled. If the thermometer passes
through a cork, it must be cut thin so as to prevent any length
of mercury being out of the steam vessel. If the apparatus is
made of glass, then the thermometer may be completely en¬
closed. The bulb of the thermometer must not dip into the
water, as this may be at a higher temperature than the steam.
When the mercury has ceased rising, the reading is taken, and
the barometer read. From the barometer reading the tempe¬
rature of the steam can be calculated by the following formulae
obtained from Regnault's experiments :—

T = ioo + o'o37s(H0 - 760)
where T = temperature of the steam; H0 = the height of the
barometer reduced to o° C., and is calculated from the height
at t° C. thus :—

H0 = H,(i - af)
Hs = height of the barometer at the temperature of the room
f C. ; and a = 0*00018, the coefficient of expansion of mercury.

If the thermometer is a Fahrenheit one, t° must be converted
into Centigrade degrees, as in the above formula it is in
degrees Centigrade. From the reading of the thermometer
and the calculated temperature of the steam the correction of
the thermometer is obtained as before.

51. Determination of the Coefficient of Expansion of
a Liquid by the Specific-gravity Bottle.

Preliminary.—In this method of measuring the expansion
of liquids the volume of liquid is kept constant, and its mass
determined at different temperatures. A small correction has,
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however, to be employed, on account of the expansion of the
glass vessel.

Apparatus.—You are supplied with the following apparatus:—
(1) A glass stoppered specific-gravity bottle.
(2) A vessel of water and the means of heating it.
(3) A balance, thermometer, and stirrer.
Method.—(1) Carefully dry the specific-gravity bottle and

weigh it (w0).
(2) Fill the bottle with cold water, noting its temperature,

dry the outside, and weigh (w,).
(3) Heat the. water in the vessel about 50, and, steadying the

temperature, stir well, and again fill the bottle. Note the
temperature of the water in the vessel when you filled the
bottle, dry, and weigh.

(4) Repeat above at different temperatures about 5° apart
till you reach 6o° to 70° C.

(5) Tabulate your results thus :—

^0- 101.
Weight of water

in bottle,
W = iv1 — wq.

Temperature
T°.

(6) Plot a curve having for abscissae values of T° and for
ordinates values of W.

From this curve the coefficient of apparent expansion is
calculated as follows :—

If Wx and W2 are the weights of the water contained in the
bottle at temperatures Tx° and T20, and a the coefficient of
apparent expansion, we have that—

W, - W,
" ~

Wo(T„° - Tj°)
to this must be added o-oooo2, the coefficient of expansion
of glass, since the true expansion = apparent expansion
+ expansion of the containing-vessel. Calculate the coefficient
for various temperatures.
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52. Determination of the Water-equivalent of a Calori¬
meter.

Preliminary.—In all thermal experiments involving the use
of a calorimeter, it is necessary to know how many units of
heat are absorbed in heating up the calorimeter, stirrer, and
thermometer; this is usually expressed as the number of
grammes of water which would be raised through the same
number of degrees by the same quantity of heat, and is known
as the water-equivalent of the calorimeter.

Apparatus.—You are supplied with—
(1) A calorimeter and stirrer.
(2) Two thermometers reading to one-tenths of a degree.
(3) A balance and weights.
(4) A supply of hot water.
Method.—(1) Carefully dry and weigh the calorimeter, let

the weight be = w0.
(2) Fill about two-thirds full of cold water and weigh again,

weight = wx.
(3) Stir, and take the temperature (T°) of the cold water;

pour in some hot water temp. (T3°), stir, and take the highest
reading of the thermometer in the calorimeter (0°).

(4) Weigh the calorimeter and contained water, weight
=%%

(5) Tabulate your readings as follows :—•

W0. W\. 1U<1.
Weight of cold

water,
M — wi — WQ.

Weight of hot
water,

m — zt>2 — -

ti°. t2°. e°.

(6) Assuming that no heat has been lost by radiation, we
have-

Heat lost = heat gained
m(T° - 6) = M(0 - T,0) + W(0 - Tj°)

where W = water-equivalent.
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(7) Calculate W from your readings by the above formula.
The experiment ought to be performed at least three times,
and the mean taken.

[Note.—The temperatures of the hot and cold water must
be taken immediately before the mixture, both having been
well stirred previously ; also the temperature of the hot water
should not be more than 20° C. above that of the cold.]

53. Radiation Constant of a Calorimeter.

Preliminary.—In experiments involving the use of a calori¬
meter, one of the sources of error is due to the heat lost by
radiation. The amount of heat lost depends on the nature of
the surface, and on the excess temperature of the calorimeter
above that of the surrounding space. In the following experi¬
ment, the calorimeter is filled with warm water, and time read¬
ings of the temperature are taken. For great accuracy, the
temperature of the space round the calorimeter ought to be
taken simultaneously with the other temperature ; this, however,
may be assumed to remain constant, since the space round the
calorimeter is surrounded by a large mass of cold water. A
cooling curve is plotted from the readings, from which and
the known weight of water in the calorimeter the average rate
of loss of heat at any temperature can be estimated.

Apparatus.—You require the following apparatus :—

(1) A calorimeter and thermometer.
(2) A water-jacketed containing-vessel to place the calori¬

meter in.

(3) A balance and stop-watch.
Method.—(1) Carefully dry and weigh the calorimeter.
(2) Fill the calorimeter about two-thirds full of water, and

weigh again.
(3) Heat the water up to about 40° C., and place the calori¬

meter into the containing-vessel.
(4) Take time readings of the temperature for every i° of

fall. Also take temperature of the space surrounding the
calorimeter.
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(5) Tabulate your results thus :—

Temperature of Time. Temperature of
calorimeter. surrounding space =

Weight of water
in calorimeter

(6) Plot a curve with temperatures for ordinates and time
for abscissae.

(7) From the curve determine the time which the calori¬
meter occupied in cooling from 40° to 38°, 38° to 36°, and so
on for every 2° of fall. Multiplying the weight of water in the
calorimeter by the number of degrees of fall of temperature—
20 in this case—and dividing by the time in seconds occupied
by that fall, gives the average rate of cooling at the inter¬
mediate temperatures, 390, 370, etc.

(8) Plot another curve with the intermediate temperatures
390, 370, etc., for abscissa, and the average rate of loss of heat
for ordinates. This curve gives the radiation constant, at any
temperature between 40° and that of the space surrounding
the calorimeter.

54. Determination of Specific Heat by the Method of
Mixtures.

Preliminary.—You are required to determine the number
of units of heat required to raise the temperature of one
gramme of a given substance i° C. by means of the method
ofmixtures. The solid, on which water does not act, is heated to
a known temperature in a vessel surrounded by a steam-jacket;
it is then dropped into a vessel containing a.known weight of
water at a known temperature, and from the above data and
the resultant temperature the specific heat may be calculated.

Apparatus.—(1) The solid whose specific heat is required.
(2) A calorimeter, stirrer, and two thermometers.
(3) An apparatus for heating the solid.
(4) A balance.
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Method.—(i) Weigh the solid, weight = m.
(2) Weigh the calorimeter empty = w0.
(3) Weigh the calorimeter two-thirds full of water = wv
(4) Heat the solid by suspending it in the hot chamber,

along with a thermometer, to a temperature T°.
(5) Stir the water in the calorimeter and take its temperature,

t°. Quickly lower' the hot body into it, stir, and take the
highest value of the resultant temperature, 6°.

(6) Tabulate your results thus

1)1. wo.
weight of cold

water,
m = 7{q —KJQ.

t°. t°. 0°.

(7) If the water-equivalent of the apparatus W has not
been determined, it may be calculated by multiplying the
weights of the calorimeter and stirrer by their specific heats, and
adding the weight of the mercury in the thermometer-bulb
multiplied by its specific heat.

(8) Calculate the specific heat thus :—
Heat lost = heat gained

ms(T° - 0°) = M(0° - f) + W(0° - t°)
where 5 = specific heat.

(9) Repeat the above experiment at least three times, and
take the mean of the results.

This method of determining the specific heat is also appli¬
cable to liquids which have no action on water; if chemical
action does occur between the liquid and water, some other
liquid of known specific heat on which it has no action may be
substituted for water. The same applies to soluble solids.

55. Temperature oe Flames.
In the measurement of very high temperatures, an ordinary

thermometer is useless, and some special device has to be
employed.
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The following method is similar to that for the determi¬
nation of the specific heat of a solid, so that the instructions
do not require to be repeated. A small metal ball of copper
or platinum is held in the flame until it reaches the tempera¬
ture of the flame; it is then suddenly dropped into the
calorimeter, and from the rise of temperature, the known
specific heat of the substance, and the weights of cold water
and metal ball, the temperature of the ball can be calculated.

Specific heat of copper = C095
Specific heat of platinum = 0^0373

56. Determination of the Specific Heat of Liquids
by the Method of Cooling.

Preliminary.—The quantity of heat in a liquid depends on
its mass, temperature, and specific heat. In two liquids,
therefore, of equal mass and at the same temperature, the
relative quantities of heat are directly as the specific heats;
also if these liquids are allowed to cool under precisely similar
conditions, the times occupied in falling through a certain
range of temperature are directly as the specific heats. Hence
if one of the liquids has a known specific heat, as water, that
of the other can be determined.

Apparatus.—You are given—
(1) A copper cooling vessel to hold the liquid, also a con-

taining-vessel for the above surrounded by a water-jacket to
keep the outside temperature constant.

(2) Thermometer and stop-watch.
(3) A balance and weights.
Method.—(1) Dry and weigh the cooling vessel, weight = w0.
(2) Fill with a known volume ofwater, and weigh again = wx.
(3) Heat the water to about 70° C., place the vessel in

the cooling chamber, and take time readings of the temperature
for every i° of fall. Continue these readings till the tempe¬
rature is near that of the room.

(4) Empty out the water, dry, and re-weigh the vessel.
(5) Fill with a volume of the liquid equal to that of the

water ; weigh again = w2.
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(6) Heat up to about the same temperature, and again take
time readings of the cooling.

(7) Tabulate your results thus :—

Temperature. Time. Temperature. Time.

(8) Plot two curves on the same sheet, one the cooling
curve of the water, and the other of the oil, taking times for
abscissae and temperatures for ordinates.

(9) Calculate the specific heat at different parts of the
curves.

(10) The specific heat thus calculated assumes that both
the mass and volume of the two liquids are equal. If, however,
the liquid has a density differing from that of water, the masses
will be unequal, as the volumes have been taken equal to
ensure equal cooling surfaces. Hence the result obtained
above must be multiplied by the ratio -ass watey in order

mass of liquid
to allow for the difference in specific gravity.

57. Determination of the Melting-point of a Solid.

Preliminary.—In the following experiment you are required
to determine the temperature at which paraffin wax melts.

Apparatus.—You are supplied with—
(1) A thermometer and vessel of water.
(2) Some paraffin wax.
(3) A glass tube and Bunsen burner.
Method.—(1) Take the glass tube, and, heating it in the

flame of the Bunsen burner till it is soft, remove from the
flame and draw it out; if you now break it in the capillary
part you will have two glass tubes, the ends of which taper
down to capillary tubes.

(2) Melt some paraffin wax and suck it up into the
capillary tubes, allow it to solidify, and then seal the capillary
end by holding in the Bunsen flame.

g
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(3) Fix the two filled tubes, one on either side of the
thermometer, so that the ends come on a level with the bulb
of the thermometer, and place in a vessel of water.

(4) Heat up the water slowly, keeping it well stirred, and
note the temperature at which the paraffin wax in the tubes
begins to melt. Continue heating until all the wax is melted,
then allow to cool. Note the temperature at which the wax

begins to solidify. Take the mean of the readings as the true
melting-point.

(5) Repeat the above once or twice, and discuss the reasons
for the difference (if any) in the melting and solidifying
temperatures.

58. Latent Heat of Water.

Preliminary.—When ice at o° C. is heated it melts and
forms water at o° C., the temperature remaining constant until
all the ice has been melted, provided the mixture is kept
properly stirred. The heat thus absorbed by the ice, and
which does not produce a rise of temperature, goes to supply
the energy required for the conversion of the solid into liquid;
the quantity of heat required to convert one gramme of ice at
o° C. into water at o° C. being called the latent heat of water.

Apparatus.—You are supplied with—
(1) A calorimeter and stirrer.
(2) A thermometer.
(3) A balance and supply of ice.
Method.—(1) Dry and weigh the calorimeter; let the weight

=

(2) Fill it about two-thirds full of water and weigh again
= wx.

(3) Break off two or three small lumps of ice, carefully wipe
them dry from any water that may have formed on the surface,
and drop them into the calorimeter, having first stirred the
water and read its temperature T°. Stir until all the ice is
melted, and note the resultant temperature 6°.

(4) Weigh the calorimeter again; weight = w2.
(5) Repeat the above several times with various tempera-
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tures for the water, and various sizes of lumps of ice. Tabulate
your results thus :—

IVQ. IVJ. IV2.
Weight of hot

water
m — iv\ —wq.

Weight of ice
M = IV%-Z£/p

T°. (P. L.

The value of the latent heat (L) is calculated thus :—

Heat lost = heat gained
m (T° - 6°) + W(T° - 6°) = ML + M(0° - o°)

where W = water-equivalent of the calorimeter, stirrer, and
thermometer, and may be obtained either by a special experi¬
ment or by calculation.

59, Latent Heat of Steam.

Preliminary.—When water at ioo° C. is converted into
steam at ioo° C., it requires to be supplied with a certain
quantity of heat in order to affect the change. The number
of units of heat required to convert one gramme of water at
roo° C. into steam at ioo°C. is known as the latent heat of
steam.

Apparatus.—You are supplied with—
(1) A boiler.
(2) A calorimeter, stirrer, and thermometer.
(3) A balance and weights.
The pipe from the boiler is supplied with a steam trap, to

prevent water being carried over from the boiler to the calori¬
meter.

Method.—(t) Weigh the calorimeter empty, with stirrer;
weight = w0.

(2) Fill the calorimeter about two-thirds full of cold water
and weigh again; weight = w-y.

(3) Stir the water in the calorimeter and take its tempera¬
ture f.
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(4) Place the steam-pipe into the water, stir carefully, and
watch the thermometer. When the temperature has risen
about 10° take out the steam-pipe, stir, and read the highest
temperature, 6°, indicated by the thermometer. [Note.—Before
the steam-pipe is introduced into the calorimeter, any water
that may have collected at the end must be removed.]

(5) Weigh the calorimeter and contained water; weight
= w2.

(6) Repeat above several times with different quantities of
water.

(7) Tabulate your results thus :—

WQ. W\. W2'
Weight of cold

water,
M = W\—WQ.

Weight of hot
water,

m — 7t»2—wi •

t°. 0°.

The water-equivalent of the calorimeter, stirrer, and ther¬
mometer (W) may either be determined experimentally or
calculated.

(8) The latent is calculated as follows :— .

Heat lost = heat gained
mL + m{ioo - 6) = M(0 - t°) + W(0 - t°)

where L is the latent heat.

60. Determination of the Heat of Combination of

Sulphuric Acid and Water.

Preliminary.—The object of the following experiment is to
determine how the heat of combination of sulphuric acid and
water varies with the percentage of acid. The experiment
must be made in a glass vessel, since the acid would act on a
metal one; also both liquids must be brought to the same
temperature before mixing. The heat of combination can
then be calculated from the known weight of the mixture, its
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specific heat, and the rise in temperature. The specific heat
varies with the proportion, of acid, and must be known for
each experiment. The following is a table of values :—

Percentage of total weight ") ^ .

of mixture of H2S04 f ° 2 4 6 >0 20 30 40 50 60 70 75 80 83 90 95
Specific heat 1 -98 -97 -93 -92 '84 -76 '68 '6o 'S3 '47 '44 '42 '39 '37 '35

Apparatus.—(i) Two burettes, one containing strong
H,S04 and the other water.

(2) A glass calorimeter, stirrer, and two thermometers.
Method.—(1) Choose any convenient weight for the mixture;

since this is constant for each experiment, it will be determined
largely by the size of the calorimeter. Now calculate a table
of volumes of water and H2S04, such that the weight of the
H,S04 may be 2/, 4%, 6%, etc., of the total weight of the
mixture. One gramme of water = 1 c.c., one gramme H2S04
= -54 c.c. Tabulate your values thus:—

Total weight
of mixture.

% H2S04 of
total weight.

Weight of
water.

Weight of
H2SO4.

Volume of
water.

Volume of
h2so4.

(2) Fill the calorimeter first with the water, and then the
acid required for the 2/ solution, stir, and take the resultant
temperature. The temperature of the liquids before mixing
must always be taken.

(3) Repeat (2) for the 4%, 6%, etc., solutions, and tabulate
your results thus :—-

Temperature
of liquids

before mixing.
Total weight
of mixture. % H2SOj. Specific heat

of mixture.
Resultant

temperature.
Heat

generated.

(4) Obtain the water-equivalent of the calorimeter and
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stirrer either by experiment or calculation, and allow for the
heat lost in this way in each experiment.

(5) Plot a curve with percentage of acid for abscissae and
heat generated for ordinates.

Calculate the chemical formula for the hydrated acid at the
maximum heat of combination, H - 1, O = 16, S = 32.

61. Heat of Solution of a Salt.

In dissolving certain salts in water, a considerable quantity
of heat is absorbed, and the temperature of the solution is
lower than that of either the salt or the water. This absorp¬
tion of heat is due to the same cause as the absorption of heat
by ice when melting, and the number of units of heat absorbed
per gramme of salt dissolved may be termed the latent heat of
solution of the salt.

In this experiment the processes are exactly the same as in
the determination of the latent heat of water, except that the
temperature of the salt must be taken before placing it in the
calorimeter, and that temperature will replace that of o° in
the formula given there; also if the salt is not at the same
temperature as the water, its specific heat must be known.

The quantity of salt must be small compared with that of
water, otherwise the specific heat of the resultant solution will
have to be taken account of.
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62. Graphical Construction for Rays from Mirrors.

Preliminary.— The following diagrams, to be drawn to
scale by the student, will assist him in understanding the
formation of images by variously shaped reflecting surfaces.
The constructions depend on the two laws of reflection :

(1) The plane of the incident and reflected ray is the same;
(2) the angle of reflection is equal to the angle of incidence.

Apparatus.—You require—
(1) A drawing-board and sheet of paper.
(2) A pair of compasses and protractor.
Method.—I. Plane Surface.
(1) Draw any line, AB,

to represent the surface,
and take any point, P,
in front of it.

(2) Draw any two rays,
PC and PD, from P to
AB, at D and C draw
perpendiculars to the sur¬
face, DE and CF. At
C and D draw CG and

DH, so as to make the
angles FCG and EDH
respectively equal to the angles PCF and PDE. Project GC
and HD backwards till they meet at P'. The point P' is the
image of the point P.

(3) Join PP', and on measuring P' will be found to be as
far below AB as P is above it.
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II. Concave Surface.

(1) Draw an arc of about 3" radius, and with a centre C.
Through C draw CO, the principal axis of the mirror. At a

point about 1" from C draw an object, AB. Join CA and
CB and project them to D and E; then CD and CE are
normals to the surface at the points D and E, and any ray,
AD or AE, is reflected back on itself. Project DC and EC
backwards.

(2) From A and B draw any other pair of rays, AF and BG.
Join CF and CG. From F and G draw FH and GK, so as
to make the angles CFH and CGK respectively equal to the
angles CFA and CGB. Then, where FH and GK cut FC
and GC produced, in H and K, the image HK is formed of
the object AB.

(3) Measure the distances of AB and HK from the centre
C, and show that the relative sizes of object and image are
directly as their distances from the centre of the mirror.

III. Convex Surface,
F
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(1) With a radius CO draw an arc of a circle, and draw
CO, the principal axis. At some point on the axis produced
draw an object, AB. Join AC and BC. Draw any other two
rays, AD and BE; join CD andCE and produce them beyond
the arc. At D and E draw DF and EG, making angles with
CD and CE, produced equal respectively to the angles which
AD and BE make with them. Project DF and EG back¬
wards till they cut CA and CB respectively in H and K. Join
HK; then a virtual image of the object AB is formed at HK.

In the last two cases prove that—
1

1 1 _ 1 _ 2
/ /1 F R

where p and px are the distances of the image and object from
the mirror, F its focal length, and R its radius of curvature,
by taking the numbers from your drawing.

63. The Focal Length of a Concave Mirror.

Preliminary.—If an object is placed in front of a concave
mirror at a distance from it greater than its radius of curva¬
ture, then an image of the object will be produced between
the centre of the mirror and the principal focus, and if p and
p\ be the distances of the object and image respectively from
the mirror, and F the fccal length, it can be shown that—

Also if the object be placed at the centre of ..the mirror, then
an inverted image of the object, equal to it in size, will be
formed at the same point, and if r — radius of the mirror,
then—

r — 2F.

Apparatus.—-You are supplied with—
(1) A concave mirror.
(2) A slit illuminated by a gas flame.
(3) A measuring-rod and screen.
Method.—I. (1) Placing the mirror some distance from the



go Elementary Physics.

slit, arrange the screen so as to catch the image of the slit.
Measure the distance of the slit and screen from the mirror.

(2) Repeat, with the slit at various distances from the
mirror. Tabulate your results thus :—

h A- f.

II. (1) Fix the slit and screen abreast of one another, and
as close together as possible.

(2) Move the mirror until the image of the slit is thrown on
the screen, i.e. till p = pv Measure the distance of the slit

y
from the mirror; then, since F = -, calculate the focal length.

2

64. Determination of the Focal Length of a
Convex Lens.—No. 1.

Preliminary.—You are required to find the focal length of a
convex lens by the following methods

I. Parallel Rays.
When rays of light from the sun pass through a convex lens,

the point to which they converge is the principal focus of the
lens, and the distance between the principal focus and the
centre of the lens is the focal length of the lens.

Apparatus.—You are supplied with—
(1) A set of convex lenses.
(2) A measuring-rod and screen.
Method.—If sunlight is available, find the point to which

the rays converge after passing through the lens, and measure
the distance from the centre of the lens. Should sunlight not
be available, a source of light at a considerable distance may
be taken instead. Find the focal lengths of all the lenses
supplied in this way.

II. Conjugate Foci.
Preliminary.—If the distance of the source of light is
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relatively near, then the focal length may be obtained from
the following relation :—

1 11

%-} ~ F
where j> is the distance of the source from the lens, the
distance of the image of the source from the lens and F =
focal length. It must be remembered that in this formula
every distance reckoned to the right of the lens is +, and
everything to the left — ; hence the focal length of a convex
lens is negative.

Apparatus.—-You are given—
(1) A set of convex lenses.
(2) A slit illuminated by a gas flame.
(3) A screen and measuring-rod.
Method.—(1) Focus the image of the illuminated slit on

the screen, and measure the distances from the centre of the
lens to the slit and screen.

(2) Repeat (1), with the lens at various distances from the
slit.

(3) Repeat (1) and (2) for each lens supplied, and tabulate
your results thus :—

Lens. P- Pi- f.

65. Determination of the Focal Length of a
Convex Lens.—No. 2.

Preliminary.—You are required to determine the focal
length of a convex lens by the following methods

I. The Focometer Method.
If the two conjugate foci of a lens are equidistant from it,

the image of an object placed at one focus will be equal to it
in size and inverted. If the distance between the two foci
is measured, the focal length is equal to one-fourth of it.

Apparatus.—You have the following apparatus supplied :—
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(1) The lenses whose focal lengths are required.
(2) A slit illuminated by a gas flame.
(3) A screen and measuring-rod.
Method.—(1) Draw on the screen a line the same length

and breadth as the slit. '»

(2) Placing the lens between the screen and the slit, shift
the screen and lens until the image of the slit coincides exactly
with the drawing on the screen. Measure the distance between
the slit and screen; this distance is four times the focal length.

(3) Repeat above for each of the lenses.

(4) Starting from the formula J— ^ = p s^ow t^at t^le
above relation holds.

II. Byfocussing an object in two positions.
Preliminary.—The objection to the previous methods of

measuring the focal lengths is the difficulty in measuring the
distances p and pu on account of the thickness of the lens.
In the following method this difficulty is overcome. The
method is to fix the screen and slit at a certain distance from
each other, and then, with the lens between them, find two
places where the lens will produce a sharp image of the slit
on the screen. Then if / = distance between the slit and
screen, and a = distance between the two positions of the lens,
the focal length—

P - a2

Method.—(1) Place the screen in front of the illuminated
slit, then place the lens between them and focus the slit on
the screen; mark the position of the lens. Now move the
lens either nearer or further from the slit, until you again
get it focussed on the screen; again mark the position
of the lens, and measure the distance through which it has
been moved. Should you not be able to find two such
positions for the lens, increase the distance between the slit
and screen and try again.

(2) Repeat with various distances between the slit and
screen.
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(3) Repeat (1) and (2) for each of the lenses supplied, and
tabulate your.results thus :—

Lens. I. a. f.

66. Determination of the Focal Length of a

Concave Lens.

Preliminary.—Since the focal length of a concave lens is
positive, and therefore virtual, it cannot be measured directly,
as in the case of the convex lens. The two following methods
of measuring it depend on the displacement of the image of an
object produced by a convex lens when the concave lens is
placed in the path of the rays.

Apparatus.—You are supplied with—
(r) A set of concave lenses and a convex lens.
(2) A slit illuminated by a gas flame.
(3) A screen and measuring-rod.
Method.—I. In this method the two lenses, supposed thin, are

placed in contact, and act as a compound lens. If the focal
length of the compound lens = F, and that of the convex lens

=f\then it can be shown that ^ ~ where f is the
focal length of the concave lens. Hence we have—

The convex lens must of course be strong enough to over¬

power the divergent effect of the concave lens.
(1) Find the focal length of the convex lens by the method

of conjugate foci.
(2) Place the concave and convex lenses in contact, and

find the focal length of the combination by the same method.
(3) Repeat (2) several times for each lens, taking various
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values for p and pv the distances of the lens from the conjugate
foci. Tabulate your results thus :—

Lens. A Pi¬ ts. r. f-

II.—In this method an image of the slit is first formed
by the convex lens, and the concave lens is then placed
between it and the image, thus throwing it further back.
If / = distance between the concave lens and the second

position of the image, and I1 ■= distance between the concave
lens and the first position of the image, then the following
relation holds :—

iii

f=J~J
wheref = focal length of the concave lens.

(1) Produce an image of the slit by the convex lens alone.
Note the position of the image (P).

(2) Place the concave lens between the convex lens and
P, so as to throw P further back. Measure the distance
between the concave lens and the first position of P = I1, also
the distance between it and the second position of P = I.

(3) Repeat the above several times for each lens with
various values for I and l\ Tabulate your results thus

1. f-

67. Graphical Construction for the Rays through a
Prism.

Preliminary.—The following construction is to enable you
to determine the path of a ray of monochromatic light through
a glass prism, the index of refraction of which is f.
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Apparatus.—You are supplied with—
(1) A drawing-board and sheet of paper.
(2) A pair or compasses.
Method.-—(1) Draw an equilateral triangle ABC to repre¬

sent the prism.
(2) Draw a ray, DE, incident on the side AC at any angle.

(3) With E as centre, and any radius not greater than EC,
describe a circle cutting DE in F; through E draw GH a
diameter perpendicular to AC, and from F drop a perpendicu¬
lar FK on HG.

(4) Divide KF into three equal parts, and mark off a length,
EL, on EA equal to two of these parts; from L draw LM
perpendicular to EA, and meeting the circle at M. Join EM,
and produce till it meets the line AB at N; then EN represents
the path of the ray DE through the prism.

(5) By a similar construction at N, draw the path of the
ray as it emerges from the prism, it being borne in mind,
however, that now the ray is passing from glass to air; hence
instead of § we have the ratio f.

68. To make a Cardboard Spectrometer.

Preliminary.—Some of the experiments on light require a
spectrometer in order to perform them accurately. Since this,
however, is a rather expensive piece of apparatus, the following
arrangement may be employed for elementary work instead,

A
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and if care is taken in making it, very good results may be
obtained.

Apparatus.—You are supplied with—
(1) A brass circle graduated in degrees mounted on a

wooden board, with a rotating arm which can be removed, and
one edge of which, being a radius of the circle, is employed as
a ruler.

(2) A sheet of cardboard or stiff paper.
, (3) A pair of compasses, drawing-pins, etc.

Method.—(1) Draw a circle on the cardboard a little over
6" diameter, and cut out the circle with a pair of scissors.

(2) With the same point as centre, describe a set of circles
with the following diameters:—6", 5", 4J", 4", 3", 2", 1^.", 1",
and -J-".

(3) Cut a small hole at the centre of the circles and place
the disc on the board inside the graduated brass circle, so that
the centre of the circle coincides with the centre of the disc,
pin it down with drawing-pins, and place the radial ruler on
the top.

(4) Place the edge of the ruler at zero on the brass scale,
and draw a line between the 6" and 5" circles. Proceed round
the circle, drawing lines for every degree. Let every fifth
line project slightly inside the 5" circle, and every tenth line
draw from the 6" to the 4§" circle. Number every tenth
degree, and ink in. The inner circles are drawn to enable the
student to easily centre anything that has to be placed in the
middle of the disc.

69. Determination of jx for Glass.
Preliminary.—When a ray of light enters a new medium,

the ratio of the sine of the angle of incidence to the sine 01
the angle of refraction is called the index of refraction of the
medium. It can also be shown that the index of refraction

= —where a = critical angle of the substance. Both
sin a

these methods are employed to measure /*.

Apparatus.—You require—
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(1) The card-board spectrometer.
(2) A cube of glass, and a few pins.
Method.—I. (1) Place the glass cube with its centre over

the centre of the disc.

(2) Place two pins one at either end of a degree line, as
PiP„, on the side AB of the cube.

(3) Looking at PaP2 H K „

through the cube from the
side CD, fix two pins, P3P4,
in the 5" and 6" circles re¬
spectively, so that P1P2P3P4
appear to be in the same
straight line. Draw lines
on the disc to mark the

positions of the faces AB
and CD.

(4) Project the line P4P2
till it meets the line AB at

E, join P4P3, and project till
it meets the line CD in F,
join EF ; then PiP2EFP.jP,, represents the real path of the ray.

(5) Through O draw OH perpendicular to the surface AB,
and OK parallel to EF; then angle HOP4 = angle of incidence,
and angle HOK = angle of refraction.

(6) Repeat above with various values for the angles of
incidence and refraction, and tabulate thus :—

Angle HOPi. Angle HOK. Sin HOPi. Sin HOK. /i.

II. (1) Paste a strip of paper over half of one face of the
cube, and place the cube on the disc with this side vertical
and the paper edge at the centre O.

(2) Place two pins, P4 and P2, in the 5", and 6" circles
respectively on one side, BD, of the cube, then look through
the side AC for the reflection of PiP2 at the point O in the

H
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side AB. Slowly turn the cube round, always keeping the
paper edge at the centre O, until the reflection of PjPa at O is

just on the point of vanish¬
ing as seen from the side
AC. Place in the two pins
P3P4, so that PiP2OP3P., all
appear to be in the same
straight line.

(3) Draw two lines, AC
and BD, to mark the posi¬
tions of the sides of the
cube.

(4) Join and pro¬
ject till it meets AC in F ;
join EO and FO.

(5) Project OE and OF to G and H respectively ; then
angle HOG is twice the critical angle. Repeat several times,
and tabulate your results thus

HOG. a. Sin a. fi.

70. Determination of /x for a Glass Prism.

Preliminary.—-When a ray of light passes through a prism,
the angle of which is known, so that the angular deviation of
the ray is a minimum, then it can be shown that—

. A + D

/"■ =
sin —

2

where A = angle of the prism, D = angular deviation of the
ray, and /j. = the index of refraction.

Apparatus.—You are supplied with—
(1) The cardboard spectrometer.
(2) A glass prism and a few pins.
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Method.—(i) Place the prism on the disc, with its apex at
the centre of the circles, and draw two lines to mark the
positions of the sides containing the angle; continue these to
the degree circle and read off the angle of the prism, A.

(2) Place the prism over the centre of the disc and fix two
pins, PjPo, one at either end of one of the degree lines, on the
side AC of the prism.

(3) View PXP2 through the prism from the side AB, and
slowly rotate it round
until the deviation of the

ray is a minimum, i.e.
when, no matter in which
direction the prism is
rotated, the ray always
moves in the same direc¬
tion.

(4) Place two pins,
P3P4, one at either end of
a degree line, so that
P4P0P3P4 all appear to be
in the same straight line.

(5) Remove the prism, and draw a diameter, PiP5, across the
circle; then the angle P3OP5 is the angle of minimum
deviation, D.

(6) Repeat above, with the prism in various positions, and
. tabulate your results thus :■—

a. d. c. a+dbin
2

Q- ASm- JX.

71. Determination of ^ (Microscope Method).
Preliminary.—The following method is based on the fact

' that if an" object is looked at through H layer of refracting
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medium, its apparent position is altered in the ratio of -,
h

where /x - index of refraction.
Apparatus.—You are supplied with—
(1) A microscope.
(2) A sheet of glass and measuring-rod.
Method.—(r) Make a mark on a piece of paper, place the

latter on the stage of the microscope, and focus the microscope
for the mark. Measure the distance between the mark and
some part of the sliding tube of the microscope.

(2) Place the glass plate over the sheet of paper, and again
focus for the microscope for the mark. Note the distance
the movable tube of the microscope has been moved through
= a.

(3) Measure the thickness of the glass plate = t; then
(t — a) is the apparent position of the mark. Hence—

t
It, =

t — a

(4) Repeat above for various magnifying powers of the
microscope.

72. Measurement of the Index of Refraction of a
Lens.

Preliminary.—The following method of determining the
index of refraction of a lens, from the measurement of the
radii of curvature of the surfaces and the position of two
conjugate foci, depends on the relation that—

I_i = (fi - i)(~- -)
py p \R S /

where p andpl are the distances of the two foci from the lens,
fx the index of rc fraction, R the radius of curvature of the
surface nearest the slit, and S the radius of curvature of
the other surface. The proper signs + or — must be given to
the numbers p and px; also the radius of a surface convex to
the rays of light is and one concave to the rays tj. <

The conjugate foci are determined in the usual way, and
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the radius of curvature is measured by means of a sphero-
meter.

Apparatus.—You are supplied with the following appa¬
ratus :—•

(1) The lens whose index of refraction is to be measured.
(2) A slit illuminated by a gas jet.
(3) A spherometer.
(4) A screen and measuring-rod.
Method.—(1) Determine the radii of curvature of the

surfaces of the lens (see instructions for the use of the
spherometer). Tabulate your results thus :—

Side of lens. d. I. -

(2) Place the lens in front of the slit and focus it on to the
screen ; in this way determine p and pu the distances of object
and image respectively from the lens.

(3) Repeat (2), with the lens in various positions.
(4) Calculate /j. for the various values of p and px from the

formula—

taking the mean radius of each side from the sets of readings
obtained by the spherometer.
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73. Boyle's Law.

Preliminary.—This law states that, provided the tempera¬
ture of a gas be kept constant, the volume varies inversely as
the pressure. In the apparatus provided for verifying the
above law, a small quantity of air is contained in a tube
graduated so that the volume of air in it can be measured, and
connected to a reservoir of mercury, by raising or lowering
which, the pressure on the air in the tube can be varied, it
being proportional to the difference in level between the
mercury in the tube and in the reservoir.

Apparatus.—In addition to the above piece of apparatus
you require a barometer.

Method.—(1) Arrange the reservoir so that the mercury is
at the same level in it and in the air-tube, i.e. the enclosed air
is at the pressure of the atmosphere. Read off the volume of
the air enclosed in the tube, also take the barometer reading in
cms. The barometer reading may be assumed to remain con¬
stant during the experiment, and the pressure represented by
its height must be added to the pressure represented by the
difference in level of the mercury in the tube and reservoir, in
each case.

(2) Raise the reservoir slightly; measure the difference in
the levels, also the volume of the enclosed air.

(3) Repeat above for several positions of the reservoir, and
tabulate your results thus :—
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Barometer
reading, H.

Volume of air
enclosed in tube,

V.

Difference
between mercury

levels, D. •

True pressure,
P = H + D. Values of ~r

(4) Plot a curve wilh values of P for absciss® and ~ for
ordinates. Show how the curve verifies the law.

74. Determination of the Pitch of a Tuning-fork.

Preliminary.—The method here adopted for determining
the number of vibrations per second of a given tuning-fork
consists in making the tuning-fork trace out a curve on a

piece of smoked glass which is moved in front of it, and then
counting the number of complete waves it makes in a given
time.

Apparatus.—(1) The tuning-fork whose pitch is to be
determined, with light style attached to one prong.

(2) A sheet of smoked glass.
(3) A small pendulum and stop-watch.
(4) A convex lens, source of light and screen.
Method.—(1) Fix the tuning-fork firmly in its holder so that

the style touches lightly on the glass.
(2) Arrange the small pendulum immediately in front of the

fork so as to swing in the same direction as that in which the
prongs move, and with a small style attached to make a mark
on the glass.

(3) Set the pendulum swinging, and bow the tuning-fork,
then rapidly slide the glass sheet from below the fork.

(4) Repeat above several times till you get a good curve.
The wavy curve obtained thus will be crossed at a series of

points by transverse lines made by the pendulum.
(5) Again set the pendulum swinging, and by means of

the stop-watch take the time of a complete swing. Hence
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calculate the time which will elapse between two consecutive
cross marks on the curve.

(6) Place the glass sheet in front of the gas jet so as to
illuminate it, and by means of the lens throw a magnified
image of the curve on the screen. The number of complete
waves between two consecutive cross marks can now be easily
counted, and the number per second calculated.

(7) Repeat above for various curves and for various parts of
the same curve, and take the mean of all the results.

In taking the time of vibration of the pendulum the style
should be attached, and should cross the glass plate as in the
actual experiment. In order to correct for any alteration in
pitch of the tuning-folk due to the style, it can be sounded
over a resonance tube or with a monochord, first with, and
then without the style, and the alteration in pitch can be
calculated from the number of beats per second, the number
being the difference between the two vibration numbers.

75. Determination of the Velocity of Sound in Air,
and the Wave-length of a Given Note.

Preliminary.—In this experiment you are given a tuning-
fork of known pitch, and you are required to determine the
length of the sound-wave it produces, and the velocity of
propagation of the wave in air. In order to determine the
wave-length the fork is sounded over a tube closed at one end,
the length of which is varied until it resounds to the fork; the
tube then behaves like an organ pipe closed at one end, and
the wave-length will be four times the length of the pipe; then,
since v = n\—where v = velocity of sound, n - pitch, and A. =

wave-length—we can determine the velocity of propagation of
the sound. Since the velocity depends on the temperature,
the thermometer reading must be taken.

Apparatus.—The following pieces of apparatus are
required:—

(1) A glass tube open at both ends, and a vessel of water.
(2) The tuning-fork of known pitch.
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(3) A thermometer.
Method.—(1) Place the glass tube with one end dipping

into the vessel of water.

(2) Sound the tuning-fork over the open end of the glass
tube, and move the latter up and down in the water until it
resounds loudly to the note given out by the fork. Clamp it
in this position, and measure the distance from the open end
of the tube to the surface of the water inside it.

(3) Repeat the above several times, and take the mean of
the results as the true length of the tube. Read the thermo¬
meter.

(4) Calculate the wave-length and velocity of the sound, as
above. Also calculate the velocity of the sound at o° C., the
ratio of the velocities at two different temperatures being
proportional to the square roots of the absolute temperatures.

Note.—The length of the glass tube must be expressed in
feet if the velocity is required in feet per second.

76. Graphical Representation of Beats.

Preliminary.—When two systems of waves, the frequencies
of which are slightly different, meet, then on taking their
algebraic sum it is found that there are a series of points
where the two waves add together to produce a double effect,
and another set of points where they interfere. In the case
of sound-waves this gives rise to the phenomena of " beats,"
the number of beats per second being equal to the difference
in frequency of the two notes. The effect may also be shown
graphically.

Apparatus.—(1) A drawing-board and sheet of paper.
(2) A pair of compasses and protractor.
(3) A measuring rod.
Method.—(1) Make two "templates" for the two waves.

To do this, draw a circle about 1 inch in diameter.
Draw a diameter and produce it beyond the circle CB.
(2) Take any length, AB, as the wave-length and divide it into

eight equal parts, representing o°, 450, 90°, 135° 180°, etc.; the
points corresponding to 30° and 60°, etc., may also be marked
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on AB, and at these points raise perpendiculars to AB, one
half above AB and the other half below AB.

(3) Mark off the corresponding angles on the circle, and from
these points on the circle draw parallels to the diameter so as

to cut the perpendiculars from AB. Make a mark where lines
from corresponding angles meet, and on joining these points
by a line a simple harmonic curve will be obtained. With a

pair of scissors cut along the curve, and thus a " template " of
the complete wave has been produced, and may be used for
drawing a series of waves.

(4) Repeat the above, making a second template the same
as the first, except that the wave-length should be about three-
quarters AB. By means of the templates draw two series of
waves, one on top of the other, about a long horizontal axis,
both starting from the same point. Draw a third curve which
represents the algebraic sum of the two sets of waves about the
horizontal axis, point out the beats in this curve.

Preliminary.—The object of the following experiment is to
tune a wire stretched on a sounding-board, to give out the
same note as the tuning-fork supplied.

Apparatus.—The following apparatus is supplied :—
(1) A wire stretched on a sounding-board, and a movable

bridge.
(2) A tuning-fork.
Method.—(1) Strike the fork and pluck the wire, and see if

there is any great difference in the pitch of the two notes. If

90

77. Tuning a Wire by Beats.
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so, then alter the tension of the wire till the pitch of the notes
does not differ very largely, the wire giving the lower note.

(2) If the wire and tuning-fork are sounded together very
rapid beats will probably be heard. Now place the movable
bridge under the wire so as to alter its length slightly. The
beats will probably be slower; if'not, then the bridge must be
moved so as to lengthen the vibrating segment, or else the
wire must be slackened slightly.

(3) Continue moving the bridge till the beats get very slow,
and finally vanish; the wire and the fork then give out the
same note.

If any difficulty is experienced in hearing the beats, they
may be distinctly felt by placing the hand on the sounding-
board.

78. The Monochord.

Preliminary.—You are required to determine the time of
vibration of a tuning-fork by means of a monochord. In order
to do this, the tuning-fork and monochord are sounded
together, and the latter is tuned to give the same note as the
fork. The pitch of the note can then be calculated from the
monochord, since the following relation holds :—

where 11 = pitch, r = radius of the wire in cm., / = length of
the vibrating segment in cm., t = tension in dynes, i.e.
weight in grammes on the wire X 981, and d = density of the
wire.

Apparatus.—(1) The monochord, consisting of a wire
stretched on a sounding-board with one end passing over a

pulley and attached to a small scale pan.
(2) The tuning-fork whose pitch is required.
(3) A measuring-rod and micrometer wire-gauge.
Method.— (1) Sound the monochord and tuning-fork

together, and roughly adjust the pitch of the wire by putting
weights on the scale pan till it is a little lower than that of the
fork.
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(2) Now tune the wire to give out the same note as the
fork, by the method of beats, using a movable bridge for fine
adjustment.

(3) Measure the length of the vibrating segment and note
the weight in grammes in the scale pan ; this, together with the
weight of the scale pan itself multiplied by 98 r, gives the
tension in degrees on the wire.

(4) Measure the diameter of the wire by the wire-gauge,
taking the mean of at least ten readings, and calculate the
mean radius r.

(5) The density of the wire may be got either from a table of
specific gravities, or may be determined by weighing in air
and water.

(6) Repeat (2) and (3) with various weights in the scale
pan and different lengths of vibrating segment. Tabulate
your results thus :—

Tension in
grammes.

Tension in
ihinminr, /.

r. d. 71.

The mean of the values in the last column give the pitch of
the tuning-fork.

79. Graphical Construction for Reflected and
Refracted Wave-fronts.

Preliminary.—The following constructions give a means of
determining the nature of the wave-front of a wave after
reflection or refraction, whatever the nature of the surface or
the curvature of the wave-front before incidence may be.

(I.) Reflection.
Let AB represent the incident wave-front.
From AB draw normals to the surface so that they pass

through CD, the reflecting surface. Cut off equal portions
from the normals and join all the points together; this gives
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EF, and represents the wave form had there been no reflecting
surface. At each point where a normal from AB cuts CD, as
centre, draw a circle with the distance between that and the

point where the same normal cuts EF, as radius. The
common tangent to the above circles, GH, gives the reflected
wave-front.

Repeat the above construction for the following cases
(1) AB and CD both convex.
(2) AB convex, and CD plane.
(3) AB convex, CD concave.
(4) AB concave, CD convex.
(5) AB concave, CD concave.
II. Refraction.
Let AB be the incident wave-front, and CD the refracting

surface.
Draw normals to AB through CD, cut off equal portions,

and join the points by the'line EF; this represents what the
wave-front would be if there was no refracting surface. From
each of the normals from the part between CD and EF cut off
a portion equal to its length divided by /r, the index of
refraction. Thus if da is the length of one part between CD
and EF, cut off dd, such that da' = —.



iio Elementary Physics.

Joining all the points obtained in this way gives GH, the
wave-front in the refracting medium.

Repeat the above construction for the following cases
(1) AB and CD both convex.
(2) AB convex, CD plane.
(3) AB convex, CD concave.
(4) AB concave, CD convex.
(5) AB concave, CD concave
Take = 1 '5.

80. Interference Phenomena.

Preliminary.—If two centres of disturbance are giving out
waves of the same length and amplitude, then when these two
systems of waves meet the resultant effect at any point will be
the algebraic sum of the separate effects; thus at one series of
points the effect will be doubled, while at another it will be
zero, or the two waves are said to interfere. In the following
experiment you are required to show graphically the result of
two systems of spherical waves meeting, and to draw in the
interference bands.

Apparatus.—All that is required is a sheet of drawing-
paper, a drawing-board, and a pair of compasses.

Method.—(1) Take any two points about an inch apart as
centres, and round these describe a series of circles alternately
full line and dotted, the circles increasing in radius always by
the same amount, about J inch.
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(2) The two sets of circles will intersect, and wherever a
full-line circle belonging to one system crosses a dotted circle
belonging to the other make a small mark; these represent
points where the two waves interfere, and will be seen to mark
out a series of curves round each of the centres of disturbance.
These are now to be drawn in, and show the position of the
interference bands.
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Logarithms.

0 1 2 3 4 5 6 7 8 9 12 3 4 5 6 7 8 9

10 0000 0043 0086J0128 017c 0212 0253 0294 0334 0374 4 8 12 17 21 25 29 33 37

II □414 0453 04920531 0569 0607 0645 0682 0719 0755 4 8 11 15 19 23 26 30 34
12 0792 0828 08640899 °934 0969 1004 1038 1072 1106 3 7 10 14 17 21 24 28 31
13 1139 1173 1206:1239 1271 1303 1335 1367 1399 I430 3 6 10 13 16 19 23 26 29
14 1461 1492 IS23.I553 1584 1614 1644 1673 1703 1732 3 6 9 12 15 18 21 24 27
IS 1761 I790 1818 1847 1875 1903 I93i 1959 1987 2014 3 6 8 11 14 17 20 22 25

l6 2041 2068 2095 2122 2148 2175 2201 2227 2253 2279 3 5 8 11 13 16 18 21 24
17 2304 233° 2355 2380 2405 2430 2455 2480 2504 2529 2 5 7 10 12 15 17 20 22

18 2553 2577 2601I2625 2648 2672 2695 2718 2742 2765 2 5 7 9 12 14 16 !9 21

19 2788 28lO 2833:2856 2878 2900 2923 2945 2967 2989 2 4 7 9 11 13 16 18 20

20 3oi° 3032 3054 3°75 3096 3118 3139 3i6° 3181 320I 2 4 6 8 11 13 15 17 19

21 3222 3243 3263 3284 33°4 3324 3345 3365 338S 3404 2 4 6 8 10 12 14 16 18
22 3424 3444 3464 3483 3502 3522 354i 3560 3579 3598 2 4 6 8 10 12 14 15 17
23 3617 3636 3655 3fi74 3692 37i 1 3729 3747 3766 3784 2 4 6 7 9 11 13 15 17
24 3802 3820 3838,385° 3874 3892 3909 3927 3945 3962 2 4 5 7 9 11 12 14 16
25 3979 3997 4014 4031 4O48 4065 4082 4099 4116 4133 2 3 5 7 9 10 12 14 15

26 4ISO 4166 41834200 42l6 4232 4249 4265 4281 4298 2 3 5 7 8 10 11 13 15
27 4314 4330 434614362 4378 4393 4409 4425 4440 4456 2 3 5 6 8 9 11 13 14
28 4472 4487 4502,4518 4533 4548 4564 4579 4594 4609 2 3 5 6 8 9 11 12 14
29 4624 4639 4654 4669 4683 4698 4713 4728 4742 4757 1 3 4 6 7 9 10 12 13
3° 4771 4785 4800 4814 4829 4843 4857 4871 4886 4900 1 3 4 6 7 9 10 11 13

31 4914 4928
5°5S

4942 4955 4969 4983 4997 5011 5024 5038 1 3 4 6 7 8 10 11 12

32 505I s°79 5092 5105 5119 5132 5145 5159 5172 1 3 4 5 7 8 9 n 12

33 5i8S 5198 5211 5224 5237 5250 5263 5276 5289 5302 1 3 4 5 6 8 9 10 12

34 5315 5328 5340 5353 5366 5378 5391 S4°3 54i6 5428 1 3 4 5 6 8 9 10 11

35 5441 5453 6465 5478 549° 5502 5514 5527 5539 5551 1 2 4 5 6 7 9 10 11

36 5563 5575 5587 5599 5611 5623 5635 Ss47 5658 5670 1 2 4 5 6 7 8 10 11

37 5682 5694 5705 5717 5729 574° 5752 5763 5775 5786 1 2 3 5 6 7 8 9 10

38 5798 5809 5821 5832 5843 5855 5866 5877 5888 5899 1 2 3 5 6 7 8 9 10

39 59" 5922 5933 5944 5955 5966 5977 5988 5999 6010 1 2 3 4 5 7 8 9 10

40 602I 6031 6042 6053 6064 6075 6085 6096 6l07 6117 1 2 3 4 5 6 8 9 10

41 6l28 6138 6149 6l60 6l70 6l80 6191 6201 6212 6222 1 2 3 4 5 6 7 8 9
42 6232 6243 6253 6263 6274 6284 6294 6304 6314 6325 1 2 3 4 5 6 7 8 9
43 6335 6345 6355 6365 6375 6385 6395 6405 6415 6425 1 2 3 4 5 6 7 8 9
44 6435 6444 6454 6464 6474 6484 8493 6503 6513 6522 1 2 3 4 5 6 7 8 9
45 6532 6542 6551 6561 6571 6580 6590 6599 6609 6618 1 2 3 4 5 6 7 8 9

46 6628 6637 6646 6656 6665 6675 6684 6693 6702 6712 1 2 3 4 5 6 7 7 8

47 6721 6730 6739 6749 6758 6767 6776 6785 6794 6803 1 2 3 4 5 5 6 7 8

48 6812 6821 6830 6839 6848 6857 6866 6875 6884 6893 1 2 3 4 4 5 6 7 8

49 6902 69II 6920 6928 6937 6946 6955 696. 6972 6981 1 2 3 4 4 5 6 7 8

5° 699C 6998 7007 70l6 7024 7033 7042 7050 7059 7067 1 2 3 3 4 5 6 7 8

51 7076 708i 7093 7IOI 7no 7Il8 7126 7135 7143 7152 1 2 3 3 4 5 6 7 8

52 7l6C ji6i 7177 7185 7193 7202 7210:7218 7226 7235 1 2 2 3 4 5 6 7 7
53 7243 7251 7259 7267 7275 7284 72927300 73°8 7316 1 2 2 3 4 5 6 6 7
54 7324 7332 7340 7348 7356 7364 7372j738o|7388 7396 1 2 2 3 4 5 6 6 7
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Logarithms.

0 1 3 3 4 5 6 7 8 9 X 2 3 4 5 6 7 8 9

55 7404 7412 7419 7427 7435 7443 7451 7459 7466 7474 I 2 2 3 4 5 5 6 7

56 7482 7490 7497 7S°5 7513 7520 7528 7536 7543 7551 I 2 2 3 4 5 5 6 7
57 7559 7566 7574 7582 7589 7597 7604 76l2 7619 7627 I 2 2 3 4 5 5 6 7
58 7634 7642 7649 7657 7664 7672 7679 7686 7694 7701 I I 2 3 4 4 5 6 7
59 7709 7716 7723 7731 7738 7745 7752 7760 7767 7774 I I 2 3 4 4 5 6 7
60 7782 7789 7796 7803 78lO 7818 7825 7832 7839 7846 I I 2 3 4 4 5 6 6

61 7853 7860 7868 7875 7882 7889 7896 7903 7910 7917 I I 2 3 4 4 5 6 6
62 7924 7931 7938 7945 7952 7959 7966 7973 7980 7987 I I 2 3 3 4 5 6 6
63 7993 8000 8OO7 8OI4 8c2I 3028 8035 8041 8048 8055 I I 2 3 3 4 5 5 6
64 8062 8069 8075 3082 8089 8096 8l02 8109 8116 8122 I I 2 3 3 4 5 5 6
65 8129 8136 8142 8149 8156 8162 8169 8176 8182 8189 I I 2 3 3 4 5 5 6

66 8195 8202 8209 8215 8222 3228 8235 8241 8248 8254 I I 2 3 3 4 5 5 6
67 8261 8267 8274 3280 8287 8293 8299 8306 8312 8319 I I 2 3 3 4 ' 5 5 6
68 8325

8388
8331 8338 8344 8351 8357 8363 8370 8376 8382 I I 2 3 3 4 4 5 6

69 8395 84OI 8407 8414 8420 8426 8432 8439 8445 I I 2 2 3 4 4 5 6
70 8451 8457 8463 8470 8476 8482 8488 8494 8500 8506 I I 2 2 3 4 4 5 6

71 8513 8519 8525 8531 8537 8543 8549 8555 8561 8567 I I 2 2 3 4 4 5 5
72 8573 8579 8585 8591 8597 8603 8609 8615 8621 8627 I I 2 2 3 4 4 5 5
73 8633 8639 8645 8651 8657 8663 8669 8675 8681 8686 I I 2 2 3 4 4 5 5
74 8692 8698 8704 87IO 8716 8722 8727 8733 8739 8745 I I 2 2 3 4 4 5 5
75 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802 I I 2 2 3 3 4 5 5

76 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859 I I 2 2 3 3 4 5 5
77 886S 8871 8876 8882 8887 8893 8899 8904 8910 8915 I I 2 2 3 3 4 4 5
78 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971 I I 2 2 3 3 4 4 5
79 8976 8982 8987 8993 8998 9004 9OO9 9015 9020 9025 I I 2 2 3 3 4 4 5
80 9031 9036 9042 9047 9053 9058 9063 9069 9074 9079 I I 2 2 3 3 4 4 5

81 9085 9090 9096 9IOI 9106 9112 9117 9122 9128 9133 I I 2 2 3 3 4 4 5
82 9138 9143 9149 9154 9159 9165 9I70 9175 9180 9186 I I 2 2 3 3 4 4 5
83 9191 9196 9201 9206 9212 9217 9222 9227 9232 9238 I I 2 2 3 3 4 4 5
84 9243 9248 9253 9258 9263 9269 9274 9279 9284 9289 I I 2 2 3 3 4 4 5
85 9294 9299 93°4 9309 9315 932° 9325 933° 9335 9340 X I 2 2 3 3 4 4 5

86 9345 935° 9355 936° 9365 9370 9375 9380 9385 9390 I I 2 2 3 3 4 4 5
87
88

9395 9400 9405 94IO 9415 942c 9425 9430 9435 9440 O I 1 2 2 3 3 4 4

9445 945o 9455 9460 9465 9469 9474 9479 9484 9489
9538

O I 1 2 2 3 3 4 4

89 9494 9499 9504 95°9 9513 9518 9523 9528 9533 O I 1 2 2 3 3 4 4

90 9542 9547 9552 9557 9562 9566 9571 957° 9581 9586 O I 1 2 2 3 3 4 4

91 9590 9595 9600 9605 9609 9614 9619 9624 9628 9633 O I 1 2 2 3 3 4 4

92 9638 9643 9647 9652 9657 9661 9666 9671 9675 968O O I 1 2 2 3 3 4 4

93 9685 9689 9694 9699 9703 9708 9713 9717 9722 9727 O I 1 2 2 3 3 4 4

94 9731 9736 9741 9745 9750 9754 9759 9763 9768 9773 O I 1 2 2 3 3 4 4

95 9777 9782 9786 9791 9795 9800 9805 98O9 9814 9813 O I 1 2 2 3 3 4 4

96 9823
9868

9827 9832 9836 9841 9845 9850 9854 9859 9863 O I 1 2 2 3 3 4 4

97 9872 9877 988I 9886 9890 9894 9899 9903 9908 O I 1 2 2 3 3 4 4

98 9912
9956

9917 9921 9926 993° 9934 9939 9943 9948 9952 O I 1 2 2 3 3 4 4

99 9961 9965 9969 9974 9978 9983 9987 9991 9996 O I 1 2 2 3 3 3 4



Ii6 Elementary Physics.
Antilogarithms.

0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 J>CD 8 9

•oo 1000 1002 1005 1007 1009 1012 IOI4 1016 1019 1021 O O 1 1 1 I 2 2 2

"01 1023 1026 1028 1030 io33 1035 IO38 1040 1042 1045 O O 1 1 1 I 2 2 2

'02 1047 1050 1052 1054 1057 1059 1062 1064 1067 1069 O O 1 1 1 I 2 2 2

■03 1072 1074 1076 1079 1081 1084 1086 1089 1091 I094 0 0 1 1 1 I 2 2 2

•04 1096 1099 1102 1104 1107 1109 1112 1114 1117 1II9 0 I 1 1 1 2 2 2 2

*°5 1122 1125 1127 1130 1132 JI35 II38 1140 1143 II46 0 I 1 1 1 2 2 2 2

'06 1148 1151 "53 1156 ii59 1161 H64 1167 1169 1172 0 I 1 1 1 2 2 2 2

•07 "75 1178 1180 H83 1186 1189 II9I 1194 1197 H99 0 I 1 1 1 2 2 2 2

•08 1202 1205 1208 1211 1213 1216 1219 1222 1225 1227 0 I 1 1 1 2 2 2 3
•09 1230 1233 1236 I239 1242 1245 I247 1250 1253 1256 0 I 1 1 1 2 2 2 3
•10 1259 1262 1265 1268 1271 1274 1276 1279 1282 1285 0 I 1 1 1 2 2 2 3

•11 1288 1291 1294 I297 1300 1303 I306 I3°9 i312 131s 0 I 1 1 2 2 2 2 3
"12 1318 1321 1324 1327 1330 *334 1337 1340 1343 1346 0 I 1 1 2 2 2 2 3
•13 !349 1352 1355 1358 1361 1365 1368 1371 1374 1377 0 I 1 1 2 2 2 3 3
•14 1380 1384 1387 1390 1393 1396 I4OO 1403 1406 1409 0 I 1 1 2 2 2 3 3
'IS 1413 1416 r4I9 1422 1426 1429 1432 1435 1439 1442 0 I 1 1 2 2 2 3 3

'l6 1445 1449 1452 T455 1459 1462 I466 1469 1472 1476 0 I 1 1 2 2 2 3 3
'17 1479 1483 i486 1489 1493 1496 150° I5°3 1507 1510 0 I 1 1 2 2 2 3 3
•18 1514 I5I7 1521 1524 1528 I53I 1535 1538 1542 1545 0 I 1 1 2 2 2 3 3
•19 1549 1552 1556 1560 1563 *567 I570 1574 1578 I58I 0 I 1 1 2 2 3 3 3
*20 1585 1589 1592 1596 1600 l60j 1607 1611 1614 1618 0 I 1 1 2 2 3 3 3

•21 1622 l626 1629 ifi33 1637 164I 1644 1648 1652 1656 0 I 1 2 2 2 3 3 3
*22 1660 I663 1667 1671 1675 1679 1683 1687 1690 1694 0 I 1 2 2 2 3 3 3
•23 1698 I702 1706 1710 1714 1718 1722 1726 1730 1734 0 I 1 2 2 2 3 3 4
•24 1738 1742 1746 1750 1754 1758 I762 1766 1770 !774 0 I 1 2 2 2 3 3 4
•25 1778 1782 1786 1791 1795 1799 1803 1807 1811 1816 0 I 1 2 2 2 3 3 4

•26 l820 1824 1828 1832 1837 I84I 1845 18-19 1854 1858 0 I 1 2 2 3 3 3 4
■27 1862 l866 1871 i875 1879 I884 1888 1892 1897 1901 0 I 1 2 2 3 3 3 4
•28 1905 I9IO 1914 1919 i9?2 1928 1932 1936 T94i 1945 0 I 1 2 2 3 3 4 4
•29 I950 1954 1959 1963 1968 1972 1977 1982 I986 1991 0 I 1 2 2 3 3 4 4
•30 1995 20OO 2004 2009 2014 20l8 2023 2028 2032 2037 0 I 1 2 2 3 3 4 4

'31 2042 2046 2051 2056 2061 2065 2070 2075 2080 2084 0 I 1 2 2 3 3 4 4
•32 2089 2094 2099 2I04 2109 2113 2Il8 2123 2128 2133 0 I 1 2 2 3 3 4 4
"33 2138 2143 2148 2153 2158 2163 2l68 2173 2178 2183 0 I 1 2 2 3 3 4 4
"34 2188 2193 2198 2203 2208 2213 2218 2223 2228 2234 I I 2 2 3 3 4 4 5
'35 2239 2244 2249 2254 2259 2265 227O 2275 2280 2286 I I 2 2 3 3 4 4 5

■36 2291 2296 2301 2307 2312 23r7 2323 2328 2333 2339 I I 2 2 3 3 4 4 5
"37 2344 2350 2355 2360 2366 237i 2377 2382 2388 2393 I I 2 2 3 3 4 4 5
•38 2399 24O4 2410 2415 2421 2427 2432 2438 2443 2449 I I 2 2 3 3 4 4 5
'39 2455 246O 2466 2472 2477 2483 2489 2495 2500 2506 I I 2 2 3 3 4 5 5
■40 2512 2518 2523 2529 2535 2541 2547 2553 2559 2564 I I 2 2 3 4 4 5 5

'41 2570 2576 2582 2588 2594 2600 2606 2612 26l8 2624 I I 2 2 3 4 4 5 5
•42 263O 2636 2642 2649 2655 266l 2667 2673 2679 2685 I I 2 2 3 4 4 5 6
'43 2692 2698 2704 27IO 2716 2723 2729 2735 2742 2748 I I 2 3 3 4 4 5 6
"44 2754 276I 2767 2773 2780 2786 2793 2799 2805 28l2 I I 2 3 3 4 4 5 6
'45 2818 2825 2831 2838 2844 2851 2858 2864 2871 2877 I I 2 3 3 4 5 5 6

•46 2884 289I 2897 2904 2911 2917 2924 2931 2938 2944 I I 2 3 3 4 5 5 6
"47 2951 2958 2965 2972 2979 2985 2992 2999 3006 30I3 I I 2 3 3 4 5 5 6
-48 3020 3027 3034 3041 3048 3°S5 3062 3069 3076 3083 I I 2 3 4 4 5 6 6

'49 3°9° 3097 3105 3112 3"9 3126 3133 3141 3148 3155 I I 2 3 4 4 5 6 6



A ntilogarithms. 117

Antilogarithms.

0 1 2 3 4 a e 7 8 9 1 2 3 4 5 6 7 8 9

'5° 3162 3170 3x77 3184 3192 3199 3206 3214 3221 3228 1 1 2 3 4 4 5 6 7

'Si 3236 3243 3251 3258 3266 3273 3281 3289
3365

3296 3304 1 2 2 3 4 5 5 6 7
•52 33" 33'9 3327 3334 3342 335° 3357 3373 3381 x 2 2 3 4 5 5 6 7
'53 3388 3396 3404 3412 3420 3428 3436 3443 3451 3459 1 2 2 3 4 5 6 6 7
'54 3467 3475 3483 3491 3499 3508 3516 3524 3532 354° x 2 2 3 4 5 6 6 7
"55 3548 3556 3S65 3573 3581 3589 3597 3606 3614 3622 1 2 2 3 4 5 6 7 7

'S6 3631 3639 3648 3656 3664 3673 3681 3690 3698 3707 1 2 3 3 4 5 6 7 8
'57 3715 3724 3733 374i 3750 3758 3767 3776 3784 3793 1 2 3 3 4 5 6 7 8
•58 3802 38x1 3819 3828 3837 3846 3855 3864 3873 3882 1 2 3 4 4 5 6 7 8
'59 3890 3899 3908 3917 3926 3936 3945 3954 3963 3972 1 2 3 4 5 5 6 7 8
'60 3981 399° 3999 4009 4018 4027 4°36 4046 4055 4064 1 2 3 4 5 6 6 7 8
•61 4074 4083 4093 4102 4111 4121 4130 4140 4x5° 4159 1 2 3 4 5 6 7 8 9
•62 4169 4I78 4I88 4x98 4207 4fi7 4227 4236 4246 4256 1 2 3 4 5 6 7 8 9
'63 4266 42764283 4295 43°5 45x5 4325 4335 4345 4355 1 2 3 4 5 6 7 8 9
•64 4365 43754385 4395 4406 44x6 4426 4436 4446 4457 X 2 3 4 5 6 7 8 9
'65 4467 4477:4487 4498 4508 4519 4529 4539 455o 4560 I 2 3 4 5 6 7 8 9

•66 4571 4581I4592 4603 4613 4624 4634 4645 4656 4667 I 2 3 4 S 6 7 9 10
•67 4677 4688 4699 4710 4721 4732 4742 4753 47°4 4775 I 2 3 4 5 7 8 9 10
•68 4786 47974808 4819 4831 4842 4853 4864 4875 4887 I 2 3 4 6 7 8 9 10
•69 4898 49094920 4932 4943 4955 4966 4977 4989 5000 I 2 3 5 6 7 8 9 10
•70 50x2 5°23j5°35 5°47 5058 5070 5082 5093 5X°5 5117 I 2 4 5 6 7 8 9 11

■71 5«9 5T4°|5I52 5164 5176 5188 5200 5212 5224 5236 I 2 4 5 6 7 8 10 11

•72 5248 5260:5272 5284 5297 5309 5321 5333 5346 5358 I 2 4 S 6 7 9 10 11

'73 537° 5383:5395 5408 5420 5433 5445 5458 547° 5483 x 3 4 5 6 8 9 10 11

'74 5495 5508:5521 5534 5546 5559 5572 5585 5598 5610 x 3 4 5 6 8 9 10 12

'75 5623 56365049 5662 5675 5689 5702 5715 5728 574X I 3 4 S 7 8 9 10 12

•76 5754
5888

57685781 5794 5808 ^821 5834 5848 5861 5875 I 3 4 5 7 8 9 11 12

'77 5902|59i6 5929 5943 5957 5970 59845998 60I2 X 3 4 5 7 8 10 11 12

•78 6026 60396053 6067 6081 S095 6109 612416138 6152 I 3 4 6 7 8 10 11 13
•79 6l66 6i8o[6i94 6209 6223 6237 6252 6266:6281 6295 I 3 4 6 7 9 10 11 13
•80 6310 6324:6339 6353 5368 6383 6397 64126427 6442 X 3 4 6 7 9 10 12 13

■81 6457 6471 6486 65OI 0516 6531 6546 6561,6577 6592 2 3 5 6 8 9 11 12 14
•82 6607 6622-6637 6653

6808
6668 5683 6699 67x46730 6745 2 3 5 6 8 9 11 12 14

■83 676I 0776 6792 6823 6839 9855 6871 6887 6902 2 3 5 6 8 9 11 13 14
•84 6918 6934 6950 6966 6982 6998 7ci5i7°3iI7°47 7063 2 3 5 6 8 10 11 13 15
•85 7079 7096 7112 7129 7145 7161 7i78|7i94j72iij7228 2 3 S 7 8 10 12 13 15

•86 7244 7261 7278 7295 73x1 7328 7345173627379:7396 2 3 5 7 8 10 12 13 15
•87 7413 743o 7447 7464 7482 7499 75x6 7534755117568 2 3 5 7 9 10 12 14 l6
■88 7586 7603 7621 7638 7656 7674 769ii7709,7727|7745 2 4 5 7 9 11 12 14 l6
•89 7762 7780 7798 7816 7834 7852 787oj7889'7907!7925 2 4 5 7 9 11 12 14 l6
•90 7943 7962 793o 7998 8017 8035 8o54i8o72!8o9i 8lIO 2 4 6 7 9 11 13 15 17

•9i 8128 8147 8166 8185 8204 8222 8241182601827918299 2 4 6 8 9 11 I3iI5 17
■92 8318 8337 8356 8375 8395 8414 8433 8453:8472 8492 2 4 6 8 10 12 I4|I5 17
'93 8511 8531 8551 8570 8590 8610 8630 8650^8670 869O 2 4 6 8 10 12 14'16 18
'94 8710 8730 8750 8770 879O 8810 8831 885i;8872 8892 2 4 6 8 10 12 I4!i6 18
'95 8913 8933 8954 8974 8995 9016 9036 9057 9078 9099 2 4 6 8 10 12 xs'x7 19

I

•96 9120 9141 9162 9183 9204 9226 9247 9268 9290 9311 2 4 6 8 11 13 I5|I7 19
'97 9333 9354 9376 9397 9419 3441 9462:9484 9506 9528 2 4 7 9 11 13 I5;I7 20
•98 9550 9572 9594 9616 9638 9661 9683 97°5|9727 975° 2 4 7 9 11 13 16 18 20

•99 9772 9795 9817 9840 9863 9886 9908199319954 9977 2 5 7 9 11 14 i6|i8 20



i iS Elementary Physics.
Squares.

1*1

1*2

I "3
I "4
i*5

1 "6
17
1-8
i'9
2 "O

2*1

2*2

2-3
2-4
2-5

I'OOO

1*210

i'44°
1*690
1*960
2*250

2-560
2*890
3*240
3'6I°
4*000

4'410
4*840
5*290
5760
6-250

1*232
1-464
1-716
1

2-280

3'1
3"1
3'2
3'3
3*4
3'S

3'6
3'7
3'8
3'9
4-0

4*1
4-2
4'3
4'4
4'S

4-6
47
4-8
4'9
S'o

S'l
5'2
5'3
5'4

9-060

9-610 9-672

1-040

i'2S4

1742
2-016
2-310

2*5922
2-924
3-2763
3-648
4-040

4'452
4*884
5 *33^ 5
5-808 _

6 '300 6

2*6 6*7606*812
2*7
2*8

2*9
3'°

7*2907*344
7*840 7*896
8*410
9*000

10*24
10*89
11-56
12-25

12-96
13-69
14-44
15-21
16-00

16-81
17-64
18-49
I9'36
20-25

21 *l6
22*09
23*04
24 *OI
25*00

26*OI
27*04
28 '09
29*16

*624
2*958
_'3*2
3*686
4*080

i*O6I

1*277
1*513

769
2-045
2'341

2-657
2'993
3'349
3*725
4-121

4'S37
4'973
5'429

4'494
4-928
_ "3^2
5-8565-905

-3506-401

6-864
7-398
7'9528

5268
9*120

6*917,6*970 7
7*453 7 *5o8 7

'009
*585

9*181

10*30
10*96
11*63
12*32

i3*o3
13*76
14*52
15*29
16 *oS

16*89
1772
18*58
19*45
20'34

21*25
22 *18

23*14
24*11
25*10

26*11
27*14
28 '20

29*27

9*734

io'37
11 "02

11*70
12*39

13*10
13-84
14-59
T5'37
16*16

16-97
17*81
18 *66
19*54
20 *43

2i'34
22*:

23*23
24*21
25*20

26.21
27'25
28*30

9*797

io'43
11*09
11*76

1*082

1*300
I*538
1796
2*074
2*372

2*690
3 '028 3

3-3863
3-764 3
4*162 4

1*103

1*323
1-563

'823
2*103
2*403

2723
■063 3
•423
8033
2034

4-580
5-oi85
5-4765
5-954 6
6-452 6

4-623 4
0635
-5235
003
•503

8 *066 8
8 *644 8
9*242 9

10*50
11*16

. .n'83
12-4612-53

13-18
13-9!
14-67
15-44
16-24

13-25
13-99
1475
15-52
16-32

17-0617-14
17-8917-98
I8*75|I8*84
I9*62|i97i
20*52 2D*6l

21*4421*53
22*37;22*47
23'33'23 '43
24*30,24*40

25'30|25'4C
26 *32' 26 '42
27*35,27*46
28 "41:28'52

29-38 29-48.29-59

x-124 I -145

1-346

1-850
2*132 2*161
2-4342-465

2-756
3-098
3-4603

•842
•244

617 s
101 6

6-5546-6056

_ -570 s-1
6*052 6*ioi

•023
-5637

7*076 7*129
*618 7*r

123
'703
303

8*180

9*860 9*923

10-56
II *22

II*90
12*60

I3'32
14*06
14*82
15-60
16 *4

17*22
18*06
18*9:
19*80
207c

21*62
'56

23*52
24*5°
25*5o

26*52
27-56
28*62

6

1-369
1-613
1-8/7

2789
■133
■497
881 3

4-2854

*666 4*709
-1085-153

10-63
II':

11*97
12*67

13*40
14*14
14*90
15*68

o 16*48

i7'3i
18*15
19*01
19-89
20*79

1*166

1*392
1638
1*904
2*190
2*496

2*822
168

3*534
•920
•326

4*752
5-198

*664
6*150
-•656

6737
8-2378

-

8218

7*182 7*236
•728 7 784

8762 8*<
9*3649*425

10*05
10*69
11-36
12-04
12-74

13-47
14-21
14-98
1576
16-56

17-39
18-23
19*10
19*98
2o*r~

2172 21 *8i
•66

23*62
24*60
25-60

26 *63
27*67
28-73

22-75
23-72
24*70
2570

29 *7029*81

1*188

1*416
1*664
1*932
2 *220

2*528

2*856
3*204
3*572
3*960
4-368

1-796
5-244
5-712
6'2CO

6708

•294 8-352

9-4869-548

IO'II

10*76
11*42
12*11

12*82

13*54
14*29
15*05
15-84
16-65

17-47
18-32
19*18
20*07

21*90
22*85
23-81
24*80
25*81

2673 26*83
27*77
28*84
29*92

28*94
30*03

1 s 3 4 5

2 4 6 8 10

2 5 7 9 11

2 5 7 10 12

3 5 8 11 13
3 6 9 12 14
3 6 9 12 15

3 7 10 13 16
3 7 10 14 17
4 7 11 15 18

4 8 12 16 19
4 8 12 16 20

4 9 13 *7 21

4 9 13 18 22

5 9 14 19 23
5 1° 15 20 24
5 10 15 20 25

5 " 16 21 26
5 11 16 22 27
6 11 17 23 28
6 12 ;8 24 29
6 12 18 24 3°

6 13 19 25 3i
1 1 2 3 3
1 1 2 3 3
1 1 2 3 3
1 1 2 3 3
1 1 2 3 4

1 1 2 3 4
1 2 2 3 4
1 2 2 3 4
1 2 2 3 4
1 2 2 3 4

1 2 2 3 4
1 2 3 3 4-
1 2 3 3 4
1 2 3 4 5
1 2 3 4 5

1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 5

1 2 3 4 5
1 2 3 4 5
1 2 3 4 5
1 2 3 4 6



Squares.
Squares.

ug

S'S

s'6
s"7
5'8
5*9
6'o

6'i
6'2
6'3
6'4
6'5

6-6
6 7
6-8

6-g
7'°

7'i
7-2
7'3
7'4
7'5

7-6
77

3° '25

3i '36
32*49
33 '64
34'8i
36*00

37*21
38-44
39-69
40*96
42*25

43-56
44-89
46-24
47-61
49-00

5041
51-84

30-36

3x*47
32*60
33 76
34-93
36-12

30'47

3f58
3272
33-87
35-05
36-24

37-33 37'45
38-56 38-69
39-82
41-09
4278

43-69
45-02
46-38
4775
49-14

50-55
5['98

53'29 53'44
5476
56-25

5776
59-29

54'91
56-40

7*8 60*84
7*9 62*41

64*00

57*91 58*06 58*22
59-4459-605975

8-o

8-3
8-4
8-5

8-6
87
8-8

8-9
9'o

9'i
9'2
9'3
9'4
9'5

9-6
97
9-8
9'9

165-61
67-24

70-56
72-25

73-96
75-69
77 44
79-21
8l*00

82*81
84*64

88*36
90*25

92*l6
94*09
96*04
98*OI

30-58

3170
32-83
33'99
35-i6
36-36

30-69 30-80

31-81 31-92
32-95
34'11
35'28
3648

37-58 3770
38-81 38-94

40*2039-9440-07
41-2241-34
42-5142-64

43-82
4s'i6
46-51
47-89
49*28

50-69
52-13
53-58
55-o6
56-55

6i*oo

62-57
64*16

6577
67-40
69 *06
7073
72 *42

74'i3
75-86
77*62
79'39
81*18

82*99
84*82
86*68
88-55
90-44

92 75
94-28
96-24

6i-i5|6i'3i
62 -73162-88
'64'32j644-8
65-93 66* 10
:67-57
69*22
70'90
72'59

41*47
42*77

43-96 44-09
45'29 45 43
46-65,46-79
48 "02 48*l6
49-4249-56

50-8450-98
52-2752-42
5373 53-88
55'2o
5670

74'3°
76-04
7779
79-s7
81-36

83-17
85-01
86-86
8874
90-63

92-s4
9448
9643
98-41

6773
6979
7i*06
72 "76

74-48
76*2i
77'97

55'35
,56-85

58-37
59-91
61-47
63-04
64*64

66*26
67*90
69-56
71-23
72-93

74-65
76-39
78*15

33-06
34-22
3540
36 -60

37-82
39 '06
40*32
41 *6o
42*90

44*22
45-56
46-92
48*30
49*70

51*12
52-56
54-02
55-50
57-00

79-7479-92
81-5481-72

83-36
85'i9
87-05

9274
04-67
g6 *63
98*60

83-54
85-38
87*24
89*11
91*01

92'93
94-87
96-83

30-91

32-04
33-18
34-34
35-52
36-72

37-95
39-19_
40-4540-58
4173,41-86
43-o3;43-i6 43-30

i
44-36|4449
45 70 45-83
47 -0647-20
48-4448-58
49-8449-98

58-52
60 *06
6l*62
63*20 6-
64*80

66*42
68 *06
69*72
71*407
73*ic

74-82
76-56
78-32
8o*io
81 *90

83-72
85-56
87*42
89-30
91-20

31-02

32-15
33-29
3446
35-64
36-84

31-14

32-26
3341
34-57
3576
36-97

51-27
52 71
54-17
55-65
57-15

5i'4i
52-85
5472
5s-8o
57-30

58-68
60 *22

61
3-36

64 *96

66-59
68 -23
69*89

* "57
73'27

75*00
76-74
78-5°
80*28
82*08

44*62
45-9746-10
47-3347-47
4872
50-13

146:

58-83
60-37
61-9,
63-52
65-12

66-75
68-39
70*06
71*74
73'44

75*17
76-91
78*68
80 *46
82*26

31*25

32-38
33-52
34-69
35-88
37-09

38-07 38-19 38-32
39-31 39-4439-56

40*70!40*83
41*99 42*12

43*43

44-76

51-55
53-00
54-46
55-95
57-46

58-98
60-53

12 *09
63*68
65-29

66-91
68-56
70*22
71-91
73-62

75-34
77-09
78-85
80*64
82-45

83-9184-09 84-27
8575 85'93 86-12
87-61 87-8:* 87-98

89-87
91789i-39 91-58

93-12193-3293-51
95-o6]95'26!95'4597'o2s97 *22:97 *42

oci99-2o99-4o

50-27

5i70
53-14
s4'6x
^'io
57'sl

s9t4
60'68
62*25!
63-84
65-45

67'08
68*72
70'39
72*08
73*79

75*52
77*26
79*03
80*82
82-63

84-46

9370
95-65
97-6i..
99*60 99*80

1 2 3 4 5 6 7 co co)
1 2 3 4 6 7 8 9 10

1 2 3 5 6 7 8 9 10
1 2 3 5 6 7 8 9 10
1 2 4 5 6 7 8 9 11
1 2 4 5 6 7 8 10 11

1 2 4 5 6 7 9 10 11

1 2 4 5 6 7 9 10 11

1 3 4 5 6 8 9 10 11

1 3 4 5 6 8 9 10 11

1 3 4 5 6 2 9 10 12

1 3 4 5 7 8 9 10 12

1 3 4 5 7 8 5 11 12

1 3 4 5 7 8 9 11 12

1 3 4 5 7 8 10 ir 12

1 3 4 6 7 8 10 11 13
1 3 4 6 7 8 10 11 13

1 3 4 6 7 9 10 11 13
t 3 4 6 7 9 10 12.13
1 3 4 6 7 9 10 12 13
1 3 4 6 7 9 io|i2 13
2 3 5 6 8 9 11 12 14

2 3 5 6 8 9 11 12 14
2 3 5 6 8 9 11 12 14
2 3 5 6 8 9 11 13 14
2 3 5 6 8 1 > 11 13 14
2 3 5 6 8 10 11 13 14

2 3 5 7 8 10 11 13 15
2 3 5 7 8 10 12 13 15
2 3 5 7 8 10 12 13 15
2 3 5 7 8 10 12 14 15
2 3 5 7 9 10 12 14 15

2 3 5 7 9 10 12 14 16
2 4 5 7 9 11 12 14 16
2 4 5 7 9 11 12 14 16
2 4 5 7 9 11 13 14 16
2 4 5 7 9 11 13 14 16

2 4 5 7 9 11 13 15 16
2 4 6 7 9 11 13 r5 17
2 4 6 7 9 11 13 t5 17
2 4 6 8 9 11 13 !5 17
2 4 6 8 10 11 13 is 17

2 1 6 8 10 12 14 15 17
2 4 6 8 • 10 12 i; l6 l8
2 4 6 8 10 12 i; l6 l8
2 l 6 8 10 12 iz l6 l8



I 20 Elementary Physics.
Reciprocals of Numbers from iooo to 9999.

0 1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9

10 O'OOIOOOO 99OI 9804 9709 9615 9524 9434 9346 9259 9174 9 18 27 36 45 55 64 73 82

II 0*0009091 9OO9 8929 8850 8772 8696 8621 8547 8475 8403 8 15 23 30 38 45 53 61 68
12 0*0008333 8264 8197 8130 8065 8000 7937 7874 7813 7752 6 13 19 26 32 38 45 51 58
13 0 '0007692 7634 7576 7519 7463 7407 7353 7299 7246 7194 5 11 16 22 27 33 38 44 49
14 0 *0007143 7092 7042 6993 6944 6897 6849 6803 6757 6711 5 10 14 19 24 29 33 38 43
IS 0 '0006667 6623 6579 6536 6494 6452 6410 6369 6329 6289 4 8 13 17 21 25 29 33 38

16 0*00:6250 6211 6173 6135 6098 6061 6024 5988 5952 5917 4 7 II 15 18 22 26 29 33
17 0*0005882 5848 58145780 5747 5714 5682 5650 5618 5587 3 6 IO 13 16 20 23 26 29
18 0'0005556 5525 5495:5464 5435 5405 5376 5348 5319 5291 3 6 9 12 15 17 20 23 26
19 0*0005263 5236 52o8j5i8i 5155 5128 5102 5076 5051 5025 3 5 8 11 13 16 18 21 24
20 0*0005000 4975 4950 4926 4902 4878 4854 4831 4808 4785 2 5 7 10 12 14 17 19 21

21 0*0004762 4739 4717^695 4673 4651 4630 4608 4587 4566 2 4 7 9 11 13 15 17 20
22 0*0004545 4525 45054484 4464 4444 4425 440S 4386 4367 2 4 6 8 10 12 14 l6 l8

23 0*0004348 4329 43104292 4274 4255 4237 4219 4202 4184 2 4 5 7 9 11 13 14 l6
24 0*0004167 4149 41324115 4098 4082 4065 4049 4032 4016 2 3 5 7 8 10 12 13 15
25 0*0004000 3984 3968 39S3 3937 3922 3906 3891 3876 3861 2 3 5 6 8 9 11 12 14

26 0*0003846 3831 38173802 3788 3774 3759 3745 3731 3717 1 3 4 6 7 8 10 II 13
27 0*0003704 3690 3676 3663 3650 3636 3623 3610 3597 3584 1 3 4 5 7 8 9 II 12

.28 0*0003571 3559 3546 3534 3521 3509 3497 3484 3472 3460 I 2 4 5 6 7 9 IO II

29 0*0003448 3436 3425 3413 3401 339° 3378 3367 3356 3344 I 2 3 5 6 7 8 9 IO
3° 0*0003333 3322 33II'3300

I
3289 3279 3268 3257 3247 3236 I 2 3 4 5 6 7 9 10

3i 0*0003226 3215
1

3205 3195 3185 3175 3165 3I553I45 3135 I 2 3 4 5 6 7 8 9
32 0*0003125 3115 3I06 3O96 3086 3077 3067 30583049 3040 I 2 3 4 5 6 7 8 9
33 0 *0003030 3021 3012 3003 2994 2985 2976 2967 2959 2950 I 2 3 4 4 5 6 7 8
34 0*0:02941 2933 2924.29x5 2907 2899 2890 2882 2874 2865 I 2 3 3 4 5 6 7 8
35 0*0002857 2849 2841 2833 2825 2817 2809 2801 2793 2786 I 2 2 3 4 5 6 6 7

36 0*0002778 277O 27622755 2747 274c 2732 2725 2717 2710 I 2 2 3 4 5 5 6 7
37 0*0002703 2695 2688 2681 2674 2667 2660 2653 2646 2639 I I 2 3 4 4 5 6 6
38 0*0002632 2625 2618 2611 2604 2597 2591 2584 2577 2571 I I 2 3 3 4 5 5 6
39 0*0002564 2558 255i2545 2538 2532 2525 2519 2513 2506 I I 2 3 3 4 4 5 6
40 0*0002500 2494 2488 2481 2475 2469 2463 2457 2451 244s I I 2 2 3 4 4 5 5

4i 0*0002439 2433 2427 2421 2415 2410 2404 2398 2392 2387 I I 2 2 3 3 4 5 5
42 0*0002381 2375 237Q 2364 2358 2353 2347 2342 2336 2331 I I 2 2 3 3 4 4 5
43 0 *0002326 2320 23I5I23°9 2304 2299 2294 2288 2283 2278 I I 2 2 3 3 4 4 5
44 0*0002273 2268 2262 2257 2252 2247 2242 2237 2232 2227 I I 2 2 3 3 4 4 5
45 0*0002222 2217 2212 2208 2203 2198 2193 2188 2183 2179 O I 1 2 2 3 3 4 4

46 0*0002174 2l69 2165 2160 2155 2151 2146 2141 2137 2132 O I 1 2 2 3 3 4 4
47 0*0002I28 2123 2119 2114 2110 2105 2101 2096 2092 2088 O I 1 2 2 3 3 4 4
48 0*0002083 2079 2075 2070 2066 2062 2058 2053 2049 2045 O I 1 2 2 3 3 3 4
49 0*000204I 2037 2033 2028 2024 2020 2016 20I2 2008 2004 O I 1 2 2 2 3 3 4
5o 0*0002000 1996 1992 1988 1984 1980 1976 1972 1969 196s O I 1 2 2 2 3 3 4

5i 0'000I96l 1957 1953 1949 1946 1942 1938 1934 1931 1927 O I 1 2 2 2 3 3 3
52 0*0001923 I9J9 1916 1912 1908 1905 1901 1896 1894 1890 O I 1 1 2 2 3 3 3
53 0*000l887 1883 1880 1876 1873 1869 1866 1862 1859 I8S5 O I 1 1 2 2 2 3 3
54 0*000l852 I848 1845 1842 1838 1835 1832 1828 1825 1821 O I 1 1 2 2 2 3 3

N.B.—Three zeros follow the decimal point in the reciprocal of any four figure whole number
except the number iooo.

Note.—Numbers in difference columns to be subtracted, not added-



Reciprocals of Numbers from iooo to 9999. 121

Reciprocals of Numbers from iooo to 9999.

0 1 2 3 4 5 6 7 8 9 1 2 3 4 a 6 71 8 9

55 0 *0001818 1815 1812 1808 1805 1802 *799 1795 1792 1789 0 1 1 1 2 2 2 3 3

56 0*0001786 1783 1779 1776 1773 1770 1767 1764 1761 1757 0 1 1 1 2 2 2 3 3
57 0*0001754 17s1 1748 174s 1742 *739 1736 1733 1730 1727 0 1 1 1 2 2 2 2 3
58 0*0001724 1721 1718 171s 1712 1709 1706 1704 1701 1698 0 1 1 1 i 2 2 2 3
59 0*0001695 1692 1689 1686 1684 1681 1678 167s 1672 1669 0 1 1 1 i 2 2 2 3
60 0*00:1667 1664 1661 1658 1656 1653 1650 1647 164s 1642 0 1 1 1 i 2 2 2 3

61 0*0001639 1637 1634 1631 1629 1626 1623 1621 1618 1616 0 1 1 1 i 2 2 2 2

62 0*0001613 1610 1608 1605 1603 1600 *597 159s 1592 1590 0 1 1 1 i 2 2 2 2

63 0*0001587 1585 1582 1580 1577 *575 *572 1570 1567 1565 0 0 1 1 i 1 2 2 2

64 0*0001563 1560 1558 i5s5 1553 1550 1548 1546 i543 1541 0 0 1 1 i 1 2 2 2

65 0*0001538 1536 1534 is3i 1529 *527 1524 1522 1520 1517 0 0 1 1 i 1 2 2 2

66 0*0001515 1513 is11 1508 1506 *5°4 1502 1499 1497 1495 0 0 1 1 i 1 2 2 2

67 0*0001493 1490 1488 i486 1484 1481 *479 1477 1475 1473 0 0 1 1 i 1, 2 2 2

68 0*0001471 1468 1466 1462 1460 1458 1456 1453 14s1 0 0 1 1 i 1 2 2 2

69 0 *0001449 1447 1445 1443 1441 *439 *437 1435 1433 1431 0 0 1 1 i 1 2 2 2

70 0*0001429 1427 1425 1422 1420 1418 1416 1414 1412 1410 0 0 1 1 i 1 1 2 2

7i 0*0001408 1406 1404 1403 1401 *399 *397 139s *393 *39* 0 0 1 1 i 1 1 2 2

72 0*0001389 1387 1385 1383 1381 *379 *377 1376 *374 1372 0 0 1 1 i 1 1 2 2

73 0*0001370 1368 1366 1364 1362 1361 *359 1357 1355 *353 0 0 1 1 i 1 1 2 2

74 0*0001351 1350 1348 1346 1344 1342 1340 t339 *337 *335 0 0 1 1 i 1 1 1 2

75 0*0001333 1332 1330 1328 1326 1325 1323 1321 *3*9 1318 0 0 1 1 i 1 1 1 2

76 0*0001316 1314 1312 1311 1309 1307 1305 1304 1302 1300 0 0 1 1 i 1 1 1 2

77 0*0001299 1297 129s 1294 1292 1290 1289 1287 1285 1284 0 0 0 1 i 1 1 1 1

78 0*0001282 1280 1279 1277 1276 1274 1272 1271 1269 1267 0 0 0 1 i 1 1 1 1

79 0*0001266 1264 1263 i26l 1259 1258 1256 1255 1253 1252 0 0 0 1 i 1 1 1 1

80 0*0001250 1248 1247 *245 1244 1242 1241 1239 1238 1236 0 0 0 1 i 1 1 1 1

81 0*0001235 '233 1232 1230 1229 1227 1225 1224 1222 1221 0 0 0 1 i 1 1 1 1

82 0*0001220 1218 1217 1215 1214 1212 1211 1209 1208 1206 0 0 0 1 i 1 1 1 1

83 0*0001205 1203 1202 1200 "99 1198 1196 "95 "93 1192 0 0 0 1 i 1 1 1 1

84 0*0001190 1189 1188 1186 1185 1183 1182 1181 "79 1178 0 0 0 1 i 1 1 1 1

85 0*0001176 1175 "74 1172 1171 1170 1168 1167 1166 1164 0 0 0 1 i 1 1 1 1

86 0*0001163 1161 1160 "59 "57 1156 "55 "53 1152 1151 0 0 0 1 i 1 1 1 1

87 0*0001149 1148 "47 "45 "44 "43 1142 1140 "39 1138 0 0 0 1 i 1 1 1 1

88 0*0001136 "35 "34 "33 "31 1130 1129 1127 1126 1125 0 0 0 1 i 1 1 1 1

89 0*0001124 1122 1121 1120 1119 1117 1116 i"5 1114 1112 0 0 0 1 i 1 1 1 1

90 0'oooi iii iiio 1109 1107 1106 1105 1104 1103 iioi 1100 0 0 0 1 i 1 1 1 1

91 0*0001099 1098 1096 1095 1094 1093 1092 1091 1089 1088 0 0 0 0 i 1 1 1 1

92 0*0001087 1086 1085 1083 1082 1081 1083 1079 1078 1076 0 0 0 0 i 1 1 1 1

93 0*0001075 1074 1073 1072 1071 1070 1068 1067 1066 1065 0 0 0 0 i 1 1 1 1

94 0*0001064 1063 1062 1060 io59 1058 1057 1056 1055 1054 0 0 0 0 i 1 1 1 1

95 0*0001053 1052 1050 1049 1048 1047 1046 *045 1044 1043 0 0 0 0 i 1 1 1 1

96 0*0001042 1041 1040 1038 1037 1036 io35 1034 io33 1032 0 0 0 0 i 1 1 1 1

97 0*0001031 1030 1029 1028 1027 1026 1025 1024 1022 1021 0 0 0 0 i 1 1 1 1

98 0 '0001020 1019 1018 1017 1016 ioi5 1014 1013 1012 ioii 0 0 0 0 i 1 1 1 1

99 0 *0001010 1009 1008 1007 ioo6|ioo5 1004 1003 1002 iooi 0 0 0 0 o 1 1 1 1

N.B.—Three zeros follow the decimal point in the reciprocal of any four figure whole number
except the number iooo.

Note.— Numbers in difference columns to be subtracted, not added.



122 Elementary Physics.
Natural Tangents.

•0° •1° •2" .30 •4° •5° •6° •7° •8° *9°

o° •0000 0017 0035 0052 0070 0087 0105 0122 0140 0157
i •0175 0192 0209 0227 0244 0262 0i79 0297 03h 0332
2 •0349 0367 0384 0402 0419 0437 o454 0472 0489 0507
3 •0524 0542 0559 0577 0594 0612 0629 0647 0664 0682
4 •0699 0717 0734 0752 0769 0787 0805 0822 0840 0857
5 •0S75 0892 0910 0928 0945 0963 0981 0998 1016 1033
6 •1051 1069 1086 1104 1122 "39 "57 1175 1192 1210

7 •1228 1246 1263 1281 1299 1317 1334 1352 i370 1388
8 •1405 1423 1441 1459 1477 1495 1512 1530 1548 1566
9 •1584 1602 1620 1638 1655 1673 1691 1709 1727 1745

io •1763 1781 1799 1817 1835 i8s3 1871 1890 1908 1926
ii •1944 1962 1980 1998 2016 203S 2053 2071 2089 2107
12 •2126 2144 2162 2180 2199 2217 2235 2254 2272 2290
13 •2309 2327 2345 2364 2382 2401 2419 2438 2456 2475
14 '2493 2512 2530 2549 2568 2586 2605, 2623 2642 2661
'5 •2679 2698 2717 2736 2754 2773 2792 2811 2830 2849
16 •2867 28S6 2905 2924 2943 2962 2981 3000 3019 3038
17 •3057 3076 3096 3»5 3134 3153 3172 3191 3211 323°
18 •3249 3269 3288 3307 3327 3346 3365 3385 3404 3424
19 "3443 3463 3482 3502 3522 3541 3561 3s8i 3600 3620
20 •3640 3659 3679 3699 3719 3739 3759 3779 3799 3819
21 ■3839 3859 3879 3899 3919 3939 3959 3979 4000 4020
22 •4040 4061 4081 4101 4122 4142 4163 4183 4204 4224
23 •4245 4265 4286 43°7 4327 4348 4369 439o 441 i 4431
24 •4452 4473 4494 4515 4536 4557 4578 4599 4621 4642
25 •4663 4684 4706 4727 4748 4770 479i 4813 4834 4856
26 •4877 4899 4921 4942 4964 4986 5008 5029 5051 5073
27 •5095 5117 5139 5161 5184 5206 5228 525° 5272 5295
28 •5317 5340 5362 5384 5407 5430 5452 5475 5498 5520
29 "5543 5566 5589 5612 5635 5658 5681 5704 5727 575°
3° "5774 5797 5820 5844 5867 5890 5914 5938 596i 5985
31 •6009 6032 6056 60S0 6104 6128 6152 6176 6200 6224
32 •6249 6273 6297 6322 6346 6371 6395 6420 6445 6469
33 •6494 6519 6544 6569 6594 6619 6644 6669 6694 6720
34 •6745 6771 6796 6822 6847 6873 6899 6924 6950 6976
35 ■7002 7028 7054 7080 7107 7133 7159 7186 7212 7239

36 •7265 7292 7319 7346 7373 7400 7427 7454 7481 7508
37 •7536 7563 7590 7618 7646 7673 7701 7729 7757 7785
38 •7813 7841 7869 7898 7926 7954 7983 8012 8040 8069
39 '8098 8127 8156 8185 8214 8243 8273 8302 8332 8361
40 •8391 8421 8451 8481 8511 S541 8571 8601 8632 8662

41 •8693 8724 8754 8785 8816 8847 8878 8910 8941 8972
42 ■9004 9036 9067 9099 9i31 9163 9195 9228 9260 9293
43 •9325 9358 9391 9424 9457 9490 9523 9556 9590 9623
44 •9657 9691 9725 9759 9793 9827 9861 9896 993° 9965



Natural Tangents. 123

Natural Tangents.

•0° •1° •2° .go .40 ■5° •6° •7° •8° •9°

45° I '0000 0035 0070 0I05 OI4I 0176 0212 0247 0283 0319

46 i-°355 0392 0428 O464 050I 0538 0575 0612 0649 0686

47 1-0724 0761 0799 0837 0875 0913 0951 0990 1028 1067
48 1-1106 1145 1184 1224 I263 1303 1343 1383 1423 1463
49 1-1504 1544 1585 1626 I667 170S 1750 1792 1833 1875
5° 1-1918 i960 2002 2045 2088 2131 2174 2218 2261 2305

Si 1 -2349 2393 2437 2482 2527 2572 2617 2662 2708 2753
52 1-2799 2846 2892 2938 2985 3032 3079 3127 3175 3222
53 1-3270 3319 3367 3416 3465 3514 3564 3613

"

3663 3713
54 ■•3764 3814 3865 3916 3968 4019 4071 4124 4176 4229
55 1-4281 4335 4388 4442 4496 455° 4605 4659 4715 4770

56 1 -4826 4882
5458

4938 4994 505I 5108 5166 5224 5282 534°
57 i'5399 5517 5577 5637 5697 5757 5818 5880 5941
58 1-6003 6066 6128 6191 6255 6319 6383 6447 6512 6577
59 1 -6643 6709 6775 6842 6909 6977 7045 7"3 7182 7251
60 1-7321 7391 7461 7532 7603 7675 7747 7820 7893 7966
61 1 -8040 8115 8190 8265 8341 8418 8495 8572 8650 8728
62 I -8807 8887 8907 9047 9128 9210 9292 9375 9458 9542

63 1 -9626 97" 9797 9883 9970 0057 0145 0233 0323 0413
64 2-0503 0594 0686 0778 0872 0965 1060 "55 1251 1348
65 2T445 1543 1642 1742 1842 1943 2045 2148 2251 2355

66 2-2460 2566 2673 2781 2889 2998 3109 3220 3332 3445
67 2-3559 3673 3789 3906 4023 414.2 4262 4383 4504 4627
68 2-4751 4876 5002 5129 5257 5386 5517 5649 5782 5916
69 2-6051 6187 6325 6464 6605 6746 6889 7034 7179 7326
70 2-7475 7625 7776 7929 8083 8239 8397 8556 8716 8878

71 2 -9042 920S 9315 9544 9714 9887 0061 0237 0415 0595
72 3-0777 0961 1146 1334 1524 1716 1910 2106 2305 2506
73 3-2709 2914 3122 3332 3544 3759 3977 4197 4420 4646
74 3-4874 5105 5339 5576 5816 6059 6305 6554 6806 7062
75 3-732I 7583 7848 8118 8391 8667 8947 9232 9520 9812

76 4-0108 0408 0713 1022 1335 1653 1976 2303 2635 2972
77 4-33I5 3662 4015 4374 4737 5107 5483 5864 6252 6646
78 4-7046 7453 7867 8288 8716 9152 9594 0045 0504 0970
79 5-1446 1929 2422 2924 3435 3955 4486 5026 5578 6140
80 5-67I3 7297 7894 8502 9124 9758 0405 1066 1742 2432

81 6-3138 3859 4596 535° 6122 6912 7920 8548 9395 0264
82 7-II54 2066 3002 3962 4947 5958 6996 8062 9158 0285
83 8-1443 2636 3863 5126 6427 7769 9152 0579 2052 3572
84 9-5I44 9-677 9-845 10-02 10*20 10-39 10-58 10-78 10-99 II-20

85 n-43 n-66 11-91 12-16 12-43 1271 13-00 13-30 13-62 I3-95

86 14-30 14-67 15-06 15-46 15-89 *6*35 16-83 I7-34 17-89 18-46
87 19-08 1974 2045 21-20 22'02 22*90 23-86 24-90 26-03 27-27
88 28-64 30-14 31-82 33-69 35-80 38-19 40-92 44-07 47-74 52-08
89 57-29 63-66 71-62 81-85 95-49 114-6 143-2 191-0 286-5 573'Q



124 Elementary Physics.
Natural Sines.

•0° •1° •2° .30 •4° •5° •6° •7° •8° .90

o° 0000 0017 0035 0052 0070 0087 0105 0122 0140 0157

I OI75 0192 0209 0227 0244 0262 0279 0297 0314 0332
2 0349 0366 0384 0401 0419 0436 0454 947i 0488 0506
3 0523 0541 0558 0576 0593 0610 0628 0645 0663 0680
4 0698 071S 0732 0750 0767 0785 0802 0S19 0837 0S54
5 0872 0889 0906 0924 0941 0958 0976 0993 I0II 1028

6 1045 1063 1080 1097 1115 1132 1149 1167 1184 1201

7 1219 1236 1253 1271 1288 1305 1323 1340 1357 1374
8 1392 1409 1426 1444 1461 1478 1495 I5I3 1530 1547
9 1564 1582 1599 1616 1633 1650 1668 1685 1702 1719

10 1736 1754 1771 1788 1805 1822 1840 1857 1874 1891
11 1908 1925 1942 1959 1977 1994 2011 2028 2045 2062
12 2079 2096 2113 2130 2147 2164 2181 2198 2215 2232
13 2250 2267 2284 2300 2317 2334 2351 2368 2385 2402
14 2419 2436 2453 2470 2487 2504 2521 2538 2554 2571
15 2588 2605 2622 2639 2656 2672 2689 2706 2723 2740

16 2756 2773 2790 2807 2823 2840 2857 2S74 2890 2907
17 2924 2940 2957 2974 2990 3007 3024 3040 3057 3°74
18 3090 3io7 3123 3140 3156 31/3 3190 3206 3223 3239
19 3256 3272 3289 33°5 3322 3338 3355 3371 3387 3404
20 3420 3437 3453 3469 3486 3502 35i8 3535 3551 3567
21 3584 3600 3616 3633 3649 3665 3681 3697 3714 3730
22 3746 3762 3778 3795 3811 3827 3843 3859 3875 3891
23 3907 3923 3939 3955 3971 3987 4003 4019 4035 405I
24 4067 4083 4099 4«5 4131 4147 4163 4179 4195 42IO
25 4226 4242 4258 4274 4289 4305 4321 4337 4352 4368
26 4384 4399 4415 4431 4446 4462 4478 4493 4509 4524
27 4540 4555 4571 4586 4602 4617 4633 4648 4664 4679
28 4695 4710 4726 4741 4756 4772 4787 4802 4818 4833
29 4848 4863 4879 4894 4909 4924 4939 4955 4970 4985
30 5COO 501S 5030 5045 5060 5075 5090 5io5 5120 5135

31 5I50 5165 51S0 5195 5210 5225 5240 5255 5270 5284
32 5299 5314 5329 5344 5358 5373 5388 5402 5417 5432
33 5446 5461 5476 549° 5505 5519 5534 5548 5563 5577
34 5592 5606 5621 5635 5650 5664 5678 5693 5707 5721
35 5736 575° 5764 5779 5793 5807 5821 5835 5850 5864
36 5878 5892 5906 5920 5934 5948 5962 5976 5990 6004
37 6018 6032 6046 6060 6074 6088 6101 6115 6129 6143
38 6157 6170 6184 6198 6211 6225 6239 6252 6266 6280
39 6293 6307 6320 6334 6347 6361 6374 6388 6401 6414
40 6428 6441 6455 6468 6481 6494 6508 6521 6534 6547
41 6561 6574 6587 6600 6613 6626 6639 6652 6665 6678
42 6691 6704 6717 6730 6743 6756 6769 6782 6794 6807
43 6820 6833 6845 6858 6871 6884 6896 6909 6921 6934
44 6947 6959 6972 6984 6997 7009 7022 7034 7046 7059



Natural Sines. 125

Natural Sines.

•0° •1° ■2° • go .40 •5° •6° •7° •8° .go

45 7071 7083 7096 7 108 7120 7133 7145 7157 7169 7l8l
46
47
48
49
5°

7193
73H
7431
7547
7660

7206
7325
7443
755S
7672

7218
7337
7455
7570
7683

7230
7349
7466
758I
7694

7242
736I
7478
7593
7705

7254
7373
7490
7604
7716

7266
7385
7501
7615
7727

7278
7396
7513
7627
7738

7290
7408
7524
7638
7749

7302
7420
7536
7649
7760

51
52
53
54
55

7771
7880
7986
8090
8192

7782
7891
7997
8100
8202

7793
7902
8007
8111
8211

7804
7912
8018
8121
8221

7815
7923
8028

8131
8231

7826
7934
8039
8141
8241

7837
7944
8049
8151
8251

7848
7955
8059
8161
8261

7859
7965
8070
8171
8271

7869
7976
8080
8l8l
8281

56
57
58
59
60

8290
8387
8480
8572
8660

8300
8396
8490
8581
8669

8310
8406
8499
8590
8678

8320
8415
8508
8599
8686

8329
8425
8517
8607
8695

8339
8434
8526
8616
8704

8348
8443
8536
8625
8712

8358
8453
8545
8634
8721

8368
8462
8554
8643
8729

8377
847I
8563
8652
8738

61
62

63
64
65

8746
8829
8910
8988
9063

8755
8838
8918
8996
9070

8763
8846
8926
9003
9078

8771
8854
8934
901 I
9085

8780
8862
8942
9018
9092

8788
8870
8949
9026
9100

8796
8878
8957
9033
9107

8805
8886
8965
9041
9114

8813
8894
8973
9048
9121

8821
8902
8980
9056
9128

66
67
68
69
70

9135
9205
9272
9336
9397

9143
9212
9278
9342
94°3

9150
9219
9285
9348
9409

9157
9225
9291
9354
9415

9164
9232
9298
9361
9421

8171
9239
9304
9367
9426

917s
9245
93"
9373
9432

9184
9252
9317
9379
9438

9191
9259
9323
9385
9444

9198
9265
9330
9391
9449

71
72
73
74
75

9455
95"
9563
9613
9659

9461
9516
9568
9617
9664

9466
9521
9573
9622
9668

9472
9527
9578
9627
9673

94/8
9532
9583
9632
9677

9483
9537
9588
9636
9681

9489
9542
9593
9641
9686

9494
9548
9598
9646
9690

9500
9553
9603
9650
9694

95°5
9558
9608
9655
9699

76
77
78
79
80

97°3
9744
9781
9816
9848

9707
9748
97«S
9820
9851

97"
9751
9789
9823
9854

9715
9755
9792
9826
9857

9720
9759
9796
9829
9860

9724
9763
9799
9833
9863

9728
9767
9803
9836
9866

9732
9770
9806
9839
9869

9736
9774
9810
9842
9871

9740
9778
9S13
9845
9874

81
82
83
84
85

9877
9903
9925
9945
9962

9880
9905
9928
9947
9963

9882
9907
993°
9949
9965

9885
9910
9932
995i
9966

9888
9912
9934
9952
9968

9890
9914
9936
9954
9969

9893
9917
9938
9956
9971

9895
9919
9940
9957
9972

9898
9921
9942
9959
9973

9900
9923
9943
9960
9974

86
87
88
89

9976
9986
9994
9998

9977
9987
9995
9999

9978
9988
9995
9999

9979
9989
9996
9999

9980
9990
9996
9999

9981
9990
9997
I* OOO

nearly.

9982
9991
9997
I'000

nearly.

9983
9992
9997
I'OOO

nearly.

9984
9993
9998
I 000
nearly*

9985
9993
9998
I'OOO
nearly.



CONVERSION TABLES, CONSTANTS, ETC.

To convert inches to centimetres x 2*54
cm. to inches X 0*3937
grains to grammes X 0*0648
grammes to grains X 15*432
oz. (avoir.) to grammes X 28*35
grammes to oz. (avoir.) X 0*0353
lbs. to grammes X 453*59
grammes to lbs. X 0*0022
gallons to c.c. X 4541

The weight of 1 grain = 63*57 dynes
„ 1 oz. — 2*78 X io4 „

1 lb. = 4*45 Xio5 „

,, I gramme = 981 ,,

1 foot-pound = 1*356 x io7 ergs.
1 kilogrammetre =9*81 X io7 ,,

1 joule = io7 ,,

1 Hp. = 7 *46 x io9 ergs, per sec.
1 watt (volt ampere) = io7 „

To convert common into Naperian logs X 2*3026
,, Naperian into common „ x 0*4343

"£*" (Manchester) = 981*34
Latitude (Manchester) = 530 29'
Length of seconds pendulum (Manchester) = 99*430 cm.
7T " = 3*1416
Area of a circle = 0*7854 (diam.

Specific Gravities.

Aluminium — 2-6 Oak 07 to I'O
Brass = 8'i to 8'6 Chalk i*8 to 2.8

Copper 8-5 to 8-g Glass (crown) = 2-5 to 27
Iron - 7-8 Glass (flint) = 3'° to 3.5
Lead n'3 Alcohol = 0-806*
Platinum = 21'5 Mercury = I5-596
Silver = 10-5 H2SO, 1-85 sato(
Zinc = 7'i HNO3 i'S6
German silver — 8-5 HC1 I'27 )
Cork = 0'24 Turpentine at 15° = 0-87
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Density of Water at different Temperatures ° C.
4° = I-00000 15° = 0-99915
6° = 0-99997 17° = 0-99884

io° = 0-99974 20° = 0-99827
12° = 0-99955 25° = 0-99713
14° = 0-99930 30° = 0-99577

Manchester, 1900, a.d.

Dip = 69°
Declination = i8° West of North

H = 0-1712

E.M.F. of Cells in Volts (Approx.).
Daniell = 1-079
Grove =1-9
Bunsen = 1-9
Leclanche = 1-4
Clark = I -434
Secondary = 1-85 to 2-1.

Specific Resistance (C.G.S. Measure).
Percentage increase

of res. per is C. of temp.
0-388
o-453
0-387
0-072
0-03I
O-O44
0-021

nil (approx.)

Copper
Iron
Lead
Mercury
Platinum silver
German silver
Platinoid ...

Manganin ...

1642 X io-9 ohms
9611

19420
94070
24390
20990
32800
46678

Specific Resistance (Inch Measure).
Copper =
Iron =

German silver =

Platinoid =

Manganin =

0-64 microhms
4-15
8-3°

15-5°
17-2

Electro-Chemical
Element.

Silver
Copper (cupric)

,, (cuprous) =
Iron (ferric) =

,, (ferrous) =
Nickel
Zinc =

Lead =

Tin (stannic) =
,, (stannous) =

Hydrogen =
Oxygen =
Water =

Equivalents.
Grammes per coulomb.
= 0*001118
= 0-0003279
= 0*000655
= 0*0001934
= 0*0002900
= 0*0003042
= 0*0003367
= 0*001071
= 0*000304
= 0*000609
= 0*00001035
= 0*00008286
= 0*00009321
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c.c. per coulomb at o° C. and 760 mm.

Hydrogen 0-1156
Oxygen 0-0578
Water °'I734

Coefficients of Cubical Expansion.
Glass = 0-0000258
Alcohol = o-ooii

Water = 0-000022 at 50 C. to 0-00755 a' IOO° C.
Mercury = 000018

Specific Heats.

Brass 0-094 Glass 0-19
Copper 0-094 Alcohol 0-58
Zinc ... ... 0-094 Mercury ... ... 0-034
Iron ... ... 0-113 Turpentine ... 0-43
Silver 0-057 Paraffin oil ... 0-434

Heat Constants.

Latent heat of water (gramme degree Centigrade) = 80
,, ,, (pound ,, Fahrenheit) = 143

Latent heat of steam (gramme degree Centigrade) = 536
,, ,, (pound „ Fahrenheit) = 966

Mechanical equivalent of heat = 772 ft. lbs. per 0 F.
= 1390 ,, °C.-

,, „ = 42400 gramme0 C

Indices of Refraction for Sodium Light.

Crown glass = I-51
Flint glass = I-54 to I'71
Water = 1-33



INDEX.

Balance, determination of the sensitiveness of the, 9
, Jolly's, 18

Bar magnet, distribution of magnetism in a, 23
Barometer, reading and correcting a, 72
Battery resistance, measurement of, 55
Beats, graphical representation of, 105

, tuning a wire by, 106
Bore of a thermometer tube, testing the, 70
Bottle, the specific gravity, 16
Boyle's law, 102

Calibration of a galvanometer as an ammeter, 62
as a voltmeter, 64

— by comparison with a standard, 37
by known resistance, 34

Calorimeter, radiation constant of a, 77
, water equivalent of a, 76

Cardboard spectrometer, to make a, 95
Coefficient of expansion of a liquid, 74
Comparison of chemical and magnetic methods of measuring current, 44

magnetic moments (deflection method), 28
(vibration method), 30

thermal and magnetic methods of measuring current, 45
thermometers, 71

Concave lenses, focal length of, 93
mirrors, focal length of, 89

Constant of a tangent galvanometer, 61
Construction for rays from a mirror, 87

through a prism, 94
reflected and refracted waves, 108

Convex lenses, focal length of (No. 1), 90
(No. 2), 91

Correcting barometer reading, 72
Curve plotting, 5
Curves, magnetic, 21

Density of solids, 12
Determination of the coefficient of expansion of a liquid, 74

—— the constant of a tangent galvanometer, 61
the "dip," 24
the E.M.F. of cells (deflection method), 41
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Determination of the E.M.F. of cells (potentiometer method), 43
— the focal length of a concave mirror, 89

lens, 93
of a convex lens (No. 1), 90

(No. 2), 91
" g" by the pendulum, 10
" II," 30
the heat of combination of H2S04 and water, 84
the heat of solution of a salt, 86

1 the latent heat of steam, 83
of Water, 82

the melting point of a solid, 81
the pitch of a tuning-fork, 103
the radiation constant of a calorimeter, 77
the section of a tube, 11
the sensitiveness of a balance, 9

0f a reflecting galvanometer, 59
the specific gravity of a liquid, 14

solid, 13
specific gravity by Nicholson's hydrometer, 15

by specific gravity bottle, 16
* by Jolly's balance, 18

specific resistance, 53
heat (method of mixtures), 78

(method of cooling), 80
the temperature of a flame, 79
the velocity of sound in air, 104
the water equivalent of a calorimeter, 76
fx (microscope method), 99
(x for glass, 96

• fx for a glass prism, 98
/x for a lens, 100

Electrolytic resistance, measurement of, 56
Electromotive force, determination of (deflection method), 41

(potentiometer method), 43
Expansion coefficient of a liquid, 74
Experiments on the laws of resistance, 49

magneto-electric induction, 65
with shunts, 58

Fixed points of a thermometer, 73
Focal length of a concave mirror, 89

lens, 93
convex lens (No. 1), 90

(No. 2), 91

"g," determination of, 10
Galvanometer, calibration by known resistance, 34

— by comparison, 37
as an ammeter, 62
as a voltmeter, 64

determination of the sensitiveness of, 59
, tangent, determination of the constant, 61

Graphical construction for rays from a mirror, 87



Index. 131

Graphical construction for rays through a prism, 94
for reflected and refracted rays, 108

representation of beats, 105
of interference phenomena, no

Gravity, specific, bottle, 16
, Jolly's balance, 18
^ liquids, 14
, Nicholson's hydrometer, 15
, of solids, 13

c< II," determination of, 30
Hydrometer, Nicholson's, 15

Index of refraction, determination of, for glass, 96
prism, 98

(microscope method), 99
for lenses, 100

Interference phenomena, no
Inverse squares, the law of, 26

, proof of the law of, 27

Jolly's balance, 18

Law, Boyle's, 102
of the tangent galvanometer, 35

Laws of resistance, 49
Liquids, co-efficient of expansion of, 74

, specific gravity of, 14
, heat of, 80

Magnetic curves, 21
field near a mass of iron, 22
moments, comparison of (deflection method), 28

, (vibration method), 30
Magnetism, distribution in a bar magnet, 23
Magneto-electric induction experiments, 65
Measurement of battery resistance, 55

of resistance by direct comparison, 47
Wheatstone bridge, 47
P.O. bridge. 50

Melting point of a solid, 80
Monochord, 107

Ohm's law, proof of (No. 1 method), 38
(No. 2 method), 39
(No. 3 method), 40

Pitch of a tuning-fork, 103
Post-office bridge, 50

Radiation constant of calorimeter, 77
Resistance, measurement of, by direct comparison, 47

, by Wheatstone bridge, 47
, by P.O. bridge, 50

, laws of, 49
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Resistance, specific, 53
} variation with temperature, 54
, battery, 55
, electrolytic, 56

Salt, heat of solution of a, 86
Section of a tube, determination of the, 11
Sensitiveness of a balance, 9

of a reflecting galvanometer, 59
Shunts, experiments with, 58
Sound, velocity in air, 104
Specific gravity by Jolly's balance, 18

by Nicholson's hydrometer, 15
of bottle, 16

• of liquids, 14
of solids, 13

heat (method ot cooling), 80
(method of mixtures), 78

resistance, 53
Spectrometer, cardboard, 95
Steam, latent heat of, 83

Temperature of a flame, 79
Thermal and magnetic methods of measuring currents, 45
Thermometer tube testing, 70

fixed points, 73
Thermometers, comparison of, 71
Tuning-fork, pitch, 103

Velocity of sound, 104
Vernier, 7

Water equivalent of a calorimeter, 76
, latent heat of, 82

Wheatstone bridge, 47
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