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PRETFACE

THis book was originally written to assist students
preparing for the Intermediate B.Sc. and First M.B.
examinations of the Victoria, University; but the
requirements of these examinations are so nearly
identical with those of other Universrities, and the
courses of Practical Physics given in Public, Technical,
and other Schools, cover so nearly the same ground,
that it is hoped it will prove useful to a wider circle of
students.

The term Intermediate in the title of the book, has
been used to indicate that its standard is higher than
that of the Elementary Text Books; but it is by no
means essential that students should have worked
through an clementary book in order to perform the
exercises described in this volume.

The book is in the main, a reprint of the papers of
instructions which have been issued to the students of
the Owens College during the last five years.
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In order that a large class might be saught siraul-
taneously, it was necessary that the explanations should
contain sufficient detail to allow each student to do his
work without individual supervision ; but, at thessame
time, we had to guard against the danger of giving
such minute instructions as would allow a student to
perform an experiment and obtain regults in a me-
chanical manner, and .without a proper understanding
of what he was doing. '

The experiments have been performed each year by
nearly a hundred students, and have been altered until
experience has shown that the explanations given were
sufficient, and that good results could be obtained,
although the apparatus was in each case reduced to its
simplest form.

The cxercises have been designed in such a way that
it is not necessary to use apparatus identical with that
described in the book. To some extent the educational
value of the book would be increased, if the instru-
ments used differed from those mentioned in the text,
so that the students might have to exercise a little in-
genuity in varying the experiment to suit the apparafui
supplied. Much must however depend on the available
teaching power. If one teacher has to supervise a
great number of students, he will probably find it
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adgantageous to follow the book pretty closely, and to,
work with apparatus not differing materially from thau
described. A

As complete set of Apparatus, details of which will
be‘ found on p. 239 of the Appendix, may be obtained
for about £13, and five or six sets will be sufficient for
classes of thirty students.

The course has been arranged so that an average
student may pass through it in about thirty lessons of
two hours each. It is divided into sections, some of
which are purely explanatory ; the great majority of the
remainder can cach be worked through in one lesson.

Many backward students may with advantage omit
some of the sections which are more advanced than the
rest, and on the other hand, those who already have
some clementary knowledge of Practical Mechanics,
may omit some of the easier exercises in Part II.

Experience has led us to attach the greatest import-
ance to the proper keeping of note-books by the
students, and to ensure this the books should be
examined from time to time. The teacher should also
keep such a record of the work done, as will enable him
to see at a glance how each student is progressing. The
Appendix contains a description of the method we have

adopted to secure this end.
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' We beg to thank Mr. A. Griffiths, M.Sc., and Mr.'J. D.
Chorlton, B.Sc., who have assisted us in reading through
the proofs, Mr. W. W. H. Gee, B.Sc., to whom a few of
the original exercises were due, and the Students who
have worked in the Physical Laboratory of the Owens
College during the past five years, to whose difficultics
and questions we owe the removal of many obscurities

from the pages of our manuseript.

ARTHUR SCHUSTER,

CHARLES H. LEES.
Tug OWENS COLLEGE,

July 1896.
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INTERMEDIATE
COURSE OF PRACTICAL PHYSICS

PART I—DPRETIMINARY
SECTION T
General Instructions

THE exercises in this volume are intended to train the
student’s faculties of observation, and to impress upon his
memory some of the more important laws of Physics,
which are treated in a more abstract manner in lectures and
text-books. Laboratory practice is now generally recog-
nised as an essential part of scientific instruction, but
the educational value of experimental work depends en-
tirely on the care which is bestowed upon it, and the
trouble which is taken to secure accurate results.

Read carefully through the instructions.—To perform
an experiment successfully, it is essential in the first place
to have a clear idea of its object. Students should there-
fove, before beginning an experiment, read carefully
through the instructions and explanations which are
given in the section devoted to it. Tt is only when they
haye rvealised clearly what measurements they are to make.

B 2



4 INTERMEDIATE PRACTICAL PHYSICS PART I

and how these measurements are to he trea‘ed, that they
are veady to hegin,

Note-book of observations and calculations.—Kvery obser-
vation should be written down at once, and exactly in the
form in which it is taken. For this purpose a note-book
should be kept, and the observations entered in it in such
a way, that at any future time the meaning of each entry
will be perfectly clear. Tt is of the greatest importance
that all note-books should be kept in good orvder.

Arithmetical cdleidations.—TIt will eventually save time
if the arithmetical work is also written down in detail
as it oocurs, so that each step may be checked, and
errors of arithmetic more casily traced. It is necessary
both in the observations and calculations, that the work
should show all the figures obtained, even if the last figure
is zero. Thus a length may have to be measured in centi-
metres to the nearest millimetre; if 31 millimetres is
found, it is put down as 3'1 centimetres, and if 40 milli-
metres is found, it should be put down as 4'0 centimetres
and not as 4 only. The two numbers 137 and 13-700 do
not mean the same thing, when put down as the result of
an experiment. The former implies that the result
has been obtained to three significant figures, and that no
attempt has been made to determine the fourth, while the
latter implies that the result has been obtained to five
figures and that the two last figures have been found to
be zero.

Note-book of results.—In addition to the book of
observations and calculations, each student should be pro-
vided with a note-book in which the apparatus used in
any particular exercise, and the theory of the experiment,
should be briefly but clearly described and illustrated
by diagrams, and the result of the experiment stated.
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Stitdents will find that the labour spent on this part
of the work will be amply repaid. Not only will they
more easily remember what they have done, but a future
revision of the work will be an easy task, if their note-books
are kept in good order. It ix convenient if every alternate
page of this book is ruled in squares.

L]

Avoid large errors.—Tn their endeavour to secure good re-
sults, beginners often concentrate too much of thei- attention
on some detail f the work, neglecting to bestow suflicient
care on what to them seems easy. Thus in reading a
thermometer and estimating tenths of a degree, it often
happens that the whole degrees ave read off carelessly and
incorrectly, or in measuring a length attention is paid to
the millimetre, and mistakes are made in the number of
gentimetres.  Such crrors may with a little care be avoided.

Subdivision by eye estimate.—In making a measurement
we must often obtain the last figure by “estimation.”
Thus if a length is measured on a scale divided into
millimetres, the scale shows directly between which two
millimetres the length must lie ; but in most cases that is
not sufficient. Thus in Fig. 1 it is seen at once that the

Fre. 1.

length AB is larger than 5 but smaller than 6, divisions
of the scale which is drawn above it. Everyone will also
see at once, that the end B lies nearer to 5 than to 6 on
the scale, hut some may b2 doubtful whether AB overlaps
5 by more or less than a quarter of a division, After &
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little practice, that doubt disappears, and students will be
able to estimate almost with certainty to a tenth of a
division, and put down 5'3 as the required length.

Parallax —A source of error which is liable to render
many physical measurements inaccurate, may here be
noticed. Supposing the length of a vertical rod is to be
measured on a vertical scale with which it cannot be placed

Ui
Lttt
S e

- = oy Covvent s

A 1{TIIITIIIIIT T
. =7

L.

-

in contact. Fig. 2 will show at once, that unless the eyc
is so- placed that the line of vision is horizontal, an error in
the measurement will occur. The word * parallax ” means
“angle,” and the word has come to be used specially for
the angle formed between two lines of sight such as those
indicated by-the dotted lines in the figure. As the error
committed in reading the scale, depends on that angle,
the error is said to be due to “parallax.” To avoid it, we
must have some means of causing the line of sight to
be horizontal—i.e. perpendicular to the scale. A uséful
device often employed in these cxercises is,illustrated in
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Fig. 3. The Scale is etched on the front surface of a platc
of glass, the back of which is silvered so as to act as 4
mirror. Tt will be shown in Sec. XXII. that a, line
joining an object and its image in a plane mirror, cuts the
latter necessarily at right angles. Hence if the eye is so
placed that the edd of the rod to be measured and its
image just cover each other, the right position for the eye

Fra. s,

bas been found. When the scale can be brought near
to the object to be measured, it is sometimes found
more convenient to adjust the position of the eye until the
image of the eye (i.e. the image of the centre of the
pupil) covers the point of the object to be measured. In
this case also, the line of vision will be at right angles to
the scale.

Accidental and systematic errors.—If an experiment is
repeated, the result obtained is not always the same,
since even when large errors have been successfully
avoided, small differences called accidental errors still
occur owing to the imperfection of our senses or appara-
tus, or to some disturbing influence which has produced
some unintentional change in the apparatus or conditions.
Hence it iy generally advisable to repeat all observations,
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the arithmetical mean of the results obtainea in differont
experiments being probably more correct than any one
result by itself. But no general rule can be given as to
how far it is advisable to continue repeating observations.
There are certain errors called ““ systematic errors,” which
are not got rid of by any number of rpetitions; thus if
a centimetre rule is not correct, a length measured by
means of it will be wrong by a certain amount, however
often the measurement is repeated. Tt will clearly be use-
less to diminish ““accidental errors” heyond the limit at
which we have reason to think “ systematic errors” begin.

Repetition of' observations.—As it is often one of the
most difficult problems of experimental work to determine
the relative importance of systematic and accidental errors,
each exercise will contain instructions when a repetition of
observations seems necessary ; but students should under-
stand that, according to the accuracy of the result which
is required, it may sometimes be necessary to repeat the
observations more often than they are asked to do, and in
other cases, where instructions are given to repeat an
experiment, a single one may be sufticient if only a rough
result is required. What is aimed at in this book is a
fair result, so far as the apparatus used allows it to be
obtained without exceptional skill or trouble.

3y trying in the first instance to understand the reason
for these instructions, and by following in other cases the
advice given them by their teachers, students will gradually
gain sufficient experience to be able to exercise their own
judgment in the disposition and conduct of an cxperiment.
The training of that judgment is one of the principal
objects of a course of Practical Physics.



SECTTON 11
Arithmetical Calculations

THE arithmetical calculations which occur in physical
work can often be shortened by methods which students
will find it advisable to practise. The most useful of these
methods is the process called shortened multiplication,
which may be applied when the product of two numbers
iy required within certain limits of accuracy only. Thus
let a diameter of a circle be measured with a centimetre
scale, and its length found to be 2'14 cms. We shall
assume that the result is correct to the nearest millimetre,
but that different measurements result in slightly different
values, showing that there may be an error in the measure-
ment amounting to "0l em., or to one half per cent. of
the length measured. If the student is required to calcu-
late the circumference of the circle from the measured
diameter, he will have to multiply 2°14 by 7= 314159, but
however many figures in 7 he takes into account, nothing
can alter the fact that his result will be wrong by one half
per cent., if the diameter is measured wrongly to that
oxtent. It follows that it will be justifiable to neglect all
figures of 7 after the third, and to multiply therefore 2-14
hy 314 These two numbers multiplied together give
6:7196, and the possible crror which it is knmvn may
affect the result, renders the second decimal place doubtful.
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The third and fourth decimal places are not only doubtful,
but they possess no value at all, the chances against their
being correct being exceedingly great. Hence to include
them would not only give no additional accuracy, but would
be absolutely misleading. Tt would save time therefore,
without any diminution of accuracy, if we could obtain the
first three figures of the above product without the lust
two, and this we are able to do by means of shortened
multiplication, which we now proceed to explain.

Suppose that it is required to multiply 7239 by 5826,
and that it is known beforehand, that owing to the possible
errors in these numbers, it is useless to find the result to
more than four figures. The customary form of multipli-

cation would be :—
7239
a826
43434
14478
37912

36195

42174414

It would be just as simple, however, to begin hy
multiplying by the first figure on the left-hand side of the
multiplier—in this case 5. This would be better in all
cases, because the most important part of the result would
be obtained first. The work would now run as follows :

7239
5826

36195
5791 ! 2
144,78
43434
|

421741414

i
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If ‘the result is wanted to five figures only, everything
that stands on the right-hand side of the vertical line
drawn above, is useless and need not be written down.
Thus the rule for shortened multiplication will be:—
Begin multiplying by the left-hand figure of the multiplier,
writing out the product completely. Next take the second
fidure of the multiplier, but in the calculation omit to take
any notice of the right-hand figure of the multiplicand, and
place the first figure of the product directly underneath
the right-hand figure of the first line. Next take the
third figure from the left of the multiplier, and commence
with the third figure from the right of the multiplicand,
and so on. It will help the beginner, in practising this
form of multiplication, to make a stroke through the
figures of the multiplicand as they are no longer requirved
The successive steps of the calculation will be as follows :

7230 7234 7284 TR
5826 3825 5826 3826
36195 36195 36195 36195
5784 3784 5784

144 144

42

42163

The line through the 9 of the multiplicand is drawn when
the multiplication by the 5 is performed, in order to
indicate that in multiplying by 8, it should no longer
be taken into account, and as successive products are
formed the successive figures of the multiplicand are
struck out. In the final result the last figure may be
inaccurate by a few units, as will be seen by comparing
the above example with the complete calculation. The
last figure is therefore omitted in writing down the result,
aft if it is 5 or greater than 5, the next figure on the
left is increaged by 1. .
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Multiply by shortencd multiplication :

2587 % 6235
4921 x 3857
8467 x 1304
85928  x 6005

The accuracy of the last figure obtained in shortened
multiplication, may be improved by performing mentally
the multiplications to one more figure than is requived ;
that is beginning in cach case with the figure last struck
out, and including in the first figure written down, the
number which is “carried.”

In the following examples multiplication is performed
on the left hand side, by the process previously described,
while on the right, the numbers carried over are taken
into consideration.

368 568
164 464
272 2272
336 341
20 22
2628 2635

The complete result is 263552, and it is seen that a
material advantage has been gained by the improved pro-
cess.  But students should not try to apply this method of
obtaining increased accuracy before they have become
thoroughly familiar with the simpler process.

Division may be shortencd in a similar manner. .

The following example will explain the method.
Students should write out the division in the ordinary
way, and compare the complete and shortened forms,

~ Divide 7925 by 2693, the result to be correct to four
figures,
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shortened*form :

V603 ) 725 (20429
5386

25390
24237
1153
¢ 1076

o1 ~1

3
e =1

25

The result to four figures would he 2:943, the position
of the decimal point bheing obvious, It will  be
seen, that for the first two figures of the quotient, the
division is carried on as usual, but after that, instead
) . . A
of adding a 0 to the remainder, and multiplying the com-
plete divisor by the next figure of the quotient, the last
figure of the divisor is omitted, in the next step the last
two figures are omitted, and so on.  As in multiplication,
we may obtain more accurate results by taking account
of the number carried from the first of the omitted ficures
in the divisor.
The example worked out in this way would he:
2693 ) 7925 ( 29428

5386

25390

24237

1153

57

76
94

22

~. .
which is correct to five figures.
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The position of the decimal point is always best ascer
tained by carrying out an independent calculation to one
or two figures only.

i ) - 42 7 X 0296 | . .

Thus if the value of o oy in the form of a decimal

were required, a rough approximation to the result would
first be found by calculating out

40 x 03 _ 12

S — — = ‘4
0005 x 6000 3

Next the value of ,,‘,8“,‘:_ irrespective of the decimal place
would be calculated. The number obtained after multi-
plication and division to three figures is 376, and the
approximate value previously obtained fixes the decimal
point, so that the final result may be put down as “376.

A simplification of the arithmetical work is often
possible when large and small quantities enter together
into the calculation. Let, for instance, the product
of 1 + 8 and 1 + € be required, 8 and € being so small
compared to unity, that their product may be neglected.
The complete product would be 1 + & + € + 8¢, and
neglecting the last term we have :—

(1 + 3)1 + ¢) = 1 + & + e (approximately).

More generally, if & ‘and € are both small, so that Se is
negligible compared to ab,

(@ + 8)(b + ¢) :.n(l |«g>b<l {;—’) = ab(l +5+ %)

(approximately).
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The following equations, which are often useful, will

hold whenever 82/a? is a nesligible quantity :
gligible quantity

25
213 —= a‘-‘(l b )
a

25
(G—5):=a2—2a/5=a“<l‘g>

(¢ + 82 = «? +

38

(@ + 8) = a® + 3a% = a3<l + ZZ—)

(0 = 3 =a’ - 3a% = a’<l - ?_8>

. - _ - 8
Va £8 = o+ = = /a(l:tQ—a

2N

All these are ncladed in

(aia)tn = a,*"<li7li—6)

a

As an example we may take a case which will be useful
when barometric pressure has to be accurately determined.
Tt will be shown (Section XII.) that a certain correction
has to be applied to the barometer reading, depending on
the temperature of the mercury column of the barometer.
This correction is — akf, where a is a known number, 4
the observed height of the barometer, and ¢ the temperature.
Under ordinary circumstances the height of the barometer
will be approximately 76 centimetres, and the temperature

nct very far from 15°C., we may therefore write :—

h

!

76 + «
15 + 8

(1]
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where & and § are small nambers and thewr product &8
therefore small compared to i, and as the total correction
is small, it is generally sufficient to neglect «8.

Applying the previous equations we find

ht = (76 + k)(15 + 8) = (76 x 13) + 13« + 7638 (approximately).

If for « and & we write again A —76 and ¢ —15 ve-
spectively, we find

At = 1140 + 15 (h - 76) + 76 (/ - 13)

and if the equation is multiplied by a, the numerical
value of which is 000163, we obtain

aht = 186 + 0024 (b - 76) + 0124 (1 - 157)

Although the right-hand side of this equation looks
more complicated than the left-hand side, b — 76 an”
t — 15 will be small numbers, and the products to be
calculated will be obtained without trouble, especially if
shortened multiplication is used.

The arithmetical mean of two numbers « and & is
defined as 5'-:—” ; the geometrical mean is defined as \/ap.
The arithmetical mean is always greater than the geometrical
mean, for if twice the geometrical mean is taken from
twice the arithmetical mean, the remainder is equal to
(/@ — §/b)* which is always a positive quantity. If «
and ) ditfer only by a small quantity, we may put b =« + §,
and by applying the equation given on p. 15 we find

Vab = Nat +ab =0 S 142

(2

:a(l + 52)

= §a +b)
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The last equution shows that if two quantities @ and b
are so nearly equal, that the square of (¢« — b) can be
neglected in comparison with «? the geometrical mean
may be taken to be equal to the arithmetical mean.

Example I.—If ¢ =2, 6=3 8§="1 € ="1 calculate
apprgximately the value of (¢ + 8) (b -+ €), and find by
how much the result differs from the one which is strictly
accurate. If the product had been required to one per
cent., would it have been sufficient to use the approximate
method ?

Evample 11.

Calculate to two figures the value of

(L3789 ~ (11363
(11363

Erample 1II.—Calculate «71?.';{;; by the approximate
method, and find how nearly the result is correct.

The use of logarithms is a great help in many arith-
metical calculations, and it will be an advantage to the
students, if simultaneously with the present course in
practical work, they obtain instruction in multiplication
and division by logarithms. Tables giving logarithms
to four decimal places will be quite suficient for the
purpose.

(8}



SECTION III
Graphical Constructions

In physical problems mathematical work is often
replaced with advantage by graphical constructions. We
shall illustrate the principle and use of such a graphical
representation by an example. Let the connection between
the scales of two thermometers, one (A) graduated on the
Centigrade scale and reading correctly, the other (B)
graduated according to some unknown scale, be deter-
mined experimentally and exhibited in a graphical form.
In the first place, a number of observations are taken as
described in Section XVI., by plunging the two thermo-
meters side by side into water at different temperatures ;
a number of readings of A, corresponding to an equal
number of readings on B, are thus obtained. These obser-
vations are to be represented by a curve. Draw two lines
(Fig. 4) at right angles to each other, OX horizontal and
OY vertical, each of these two lines being called an axis.
Imagine OX to be graduated in Centigrade degrees, and
OY in degrees of the other scale. If now for instance, A
reads 30° when B reads 24°, take a point marked 30 on
the-scale along OX, and through it draw a line parallel to
0Y. Also take the point 24 on the scale of OY, and
through it draw a line parallel to OX. These two lines
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will intersect at a point P. A similar comparison might
show that 50° on A corresponded to 36° on B, and a
point Q could thus be found exactly in the same way as
P. For each observation one point is obtained, and
when a sufficient number of observations have been taken,
all the points may L» united by a curve. In this case
if both thermometers have been correctly graduated the
curve will be- a straight line MN. Tf MN cuts OY

at the point 6 of the scale, it will show that the
freezing point on the thermometer B is at division 6
of its scale. To find by graphical construction the
position of the boiling point on the thermometer B,
in other words the point corresponding to 100° on the
Centigrade scale, we must draw a vertical line through that
point on OX which reads 100 ; if this line intersect MN
in Z, and if through Z a horizontal line be drawn, this
horizontal line will be found to intersect OY at a point
¢ 2
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corresponding to the reading 66.  Hence the boiling point
on B lies at 66. The thermometer B has therefore been
graduated so that its freezing point is at the division
6, and that 60 degrees of its scale correspond to 100
degrees on the Centigrade scale.

An important point to be attended to in graphical
constructions, is the fixing of the scales according tc which
the axes are to be divided, as the best scale to be used can
only be determined in each particular case. It is often
necessary to take very different scales along the two axes.
The quantity to be measured along OY may, for instance,
he the error of a thermometer, and never exceed 0°1
degree, while the axis of OX may have to include all the
points of the thermometric scale between the freezing and
the boiling points. In that case, one centimetre along
OX may be taken to represent 10°, while one centimetre
along OY may represent only 0°01.

Y

)
- /"'F

N0
\

o

FiG. 5.

The graphical method may also be used occasionally
to correct errors of observations. Thus suppose that in a
comparison of two thermometers, the points P, Q, R, S
(Fig. 5) have been obtained, which, it is seen, do not all
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lie exactly in a’straight line. A straight line may be
drawn however in such a way that the points lie as near
to it as possible, and that straight line will probably more
nearly represent the relation between the thermometric
scales, than a curve which actually passes through the
points. '

Congiderable labour is saved if the paper on which
curves are plotted is ““squared paper,” i.e. is divided into
squares as shown in Fig. 5.



SECTION 1V
Units

ALL measurements in this volume are referred to the
so-called metrical system. The standard of length in this
system is the metre,* which was originally chosen becaase
it was supposed to be one ten-millionth of the distance
between the earth’s equator and the pole. Practically
however the metre is the distance between two marks on
a certain platinum rod kept at Paris, when the temperature
of the rod is 0°C. The metre is subdivided as follows :

1 metre = 10 decimetres

= 100 centimetres
= 1000 millimetres.

Also

10 metres are called 1 decametre
100 N ” ’y 1 hectometre
1000 ’ i ” 1 kilometre.

! There is at present no uniformity in the English spelling of the
metric units, métre, metre, and meter being adopted by different
writers. There is a certain convenience in distinguishing the metre
as a measure of length, from the word meter which is in use to
indicate certain instruments as the gas meter, water meter, or
micrometer. Hence we have adopted the above spelling, which is
also’'the most usual one. But there is no similar reason %or lreeping
to the French gramme, and we shall use the spelling gram instead.
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The rvelation between the English and metric units of
length, to one part in a million is : —

.
1 metre = 3 28090 feet.

From this relation any measurement of length taken
in one system of umts may be reduced to the other, but
the following additional relations, which may be deduced
from the one given, are often-useful. They are of course
correct only to the last figure given.

1 metre = 3937 inches

1 centimetre = 0'3937 ,,

1 inch = 25400 centimetres'
1 foot 3048 ’

1 yard 9144 '

1 kilometre = 0621 miles

1 mile - 1609 kilometres
8 kilometres - miles nearly.

One Decimetre

e Ong Inch

1 One Centimetre

u One Millimetre
Fia. 6.

Students should make thewmselves familiar with the
lengths of a metre, a centimetre, and a millimetre. It is
a very useful exercise to estimate by eye a certain length
in centimetres or millimetres, and then test the estimate
by actual measurement. For this purpose a numbev of
lines should be drawn at random on a sheet of paper,
their length varying from a few millimetres to ten centi-
metres, and an eye estimate made of each length, the

1 Note the zeres at the end (sce page 4).
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estimate put down by the side of each line, and each line
then be measured with a centimetre rule, and the error
made in each case determined. Fig. 6 shows the lengths
of a decimetre, an inch, a centimetre, and a millimetre.

The relations of the units of area and of volume may
be obtained from those of length.

100 squave millimetres
100 ,, centimetres
100 ,» decimetres
10000 ,, centimetres
= 1000000 ,, millimetres
1 cubic centimetre = 1000 cuhic millimetres

1 square centimetre
,, decimetre
1 ,, metre

NI

,y decimetre 1000 ,y centimetres
1 ,, metre = 1000 ,, decimetres
u = 1000000 ,, centimetres.

1 cubic decimetre 1s called a litre.
Sufficient data have already been given to deduce tne
relations between the English and metric systems, but the

following are put down for the sake of reference.

1 square centimetre = (1330 square inches

1 ,, inch = 6451 5, centimetres

1 ,, yard 8361 ,, Metres

1 acre 48410) 5 yards
metres

1 cubic centimetre 0610 cubie inches

It TR
'
<
=
<1

1 litre 6103 ,, vy

1 cubie inch = 1639 ,, centimetres
1 ,, foot == 28315 litres

1 Litre = 176 pints

1 pint = 5679 cubic centimetres
1 quart — 1°136 litres

1 gallon — 4543 litres.

Note and explain in your note-book why the number of
litres given as being equal to one gallon is not, as far as
the last figure is concerned, accurately equal to four times
the number of litres stated to be contained in a quart,
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The metric standard of mass, the kilogram, is the mass
of a certain piece of platinum kept at Paris and is intended
to be the mass of 1 cubic decimetre of water at 47 C.

1 kilogram = 1000 grams
1 gram = 10 decigrams
1 degigram = 10 centigrams

1 centigram 10 milligrams.

»
The expressions decagram, and hectogram for 10 and
100 grams respectively are not much used.

1 kilogram 22046 1bs. avoirdupois

1 gram = 154 grains

1 Ib. avoirdupois = 4536 grams

1 ounce = 28-35 grams

1 grain = (4°8 milligrams.

The following abbreviations are in common use :

b cm stands for centimetre
mm ' ,» millimetre
ce or cub. em. ,, ‘cubic centimetre
gm or grm ' ,,  gram
mgm ) ,, milligram.

When great lengths are measured, it is usual to express
them in kilometres, while small lengths are cxpressed in
centimetres and millimetres, since it would obviously be
inconvenient to have only one unit to express, for instance,
both the distance of two towns apart, and the size of a
small microscopic object. In every case therefore in which
a measurement is given, the unit in which it is expressed
should be clearly stated. But the unit of length enters
also into the measurement of other quantities; thus the
number expressing a certain velocity, or a pressure, or an
energy, would be different according to whether the inch,
the centimetre, or the metre were taken as the unit of length.
To avoid confusion in these cases, the centimetre is always
taken as the unit. Similarly the gram is taken as the
unit of mass, and the second as the unit of time. Numbers
which are referred to these units are said to be expressed
in the C.G.8."(centimetre-gram-second) system.
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SECTION V
The Vernier

Apparatus required. — Two wooden models of verniers,
sliding calipers, block of wood, metal eylinder, barometer
vernier, angular vernier.

If the length of a body AD (Fig. 7) is to be measured
by means of a graduated scale, it will generally happen
that, when the end A is placed opposite the zero of the
scale, the end B falls somewhere between two divisions.
Thus in fig. 7 we should say that the length AB was be-
tween four and five units of the scale, and we might even
judge by estimation that it was about 43 units. If the
mere judgment of the eye is not to be relied on to sub-
divide each scale division but a more accurate method is
required, a contrivance called the Vernier may be used.

\

I

A Bl 1 l 3 4 sl 7 8 9 10
H K
Fia T,

01234???8?1'01'11'21'31'41'5
I l
5

Tet a small scale called the Vernier Scale HK, which
is divided so that ten of its divisions equal in length
nine divisions of the principal scale, he placed against the
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end B of the body to be measured. Looking along the
two scales we sce that generally their divisions do not
coincide, but that the division marked 4 on the Vernier
scale is in the same line with a division marked 8 on the
principal scale. This fact will at once enable us to say
that the length AB is 4'4 units of the principal scale, for
since 10 divisions of the Vernier scale=9 divisions of the
principal scale, 1 division of the Vernier scale="9
divisions of the principal scale, or a Vernier division is
less than a scale division by 1 of a scale division. Hence
the part of AB which extends over division 4. 7.e. the dis-
tance between 4 of the principal scale and 0 of the Vernier,
is greater than the distanee between § of the scale and
1 of the Vernier by °1 of a scale division. Thus :—

Distance between 4 and O =distance between § and 1+ -1 scale div.

= g W  Band 242 v
= I 13 7 and 3+ 3 ”
= s 8Sand4+-4 "

Or the total length of AB=4"4 scale divisions.

The student will easily see in the same way, that if the
eighth division of the Vernier scale instead of the fourth
had been coincident with one of the divisions of the prin-
cipal scale, the length would have been 4-8 ; and generally
after the whole unit has been read off on the principal
scale, the decimal place, or even sometimes more than one
decimal place, may be.found by reading that division on
the Vernier scale, which coincides with one of the divisions
of the principal scale.

ExErcise T

The Vernier “ A ” provided has its divisions of such a
length, that ten of them are equal to nine of the principal
scale. The student should explain in his notebook, how
this Vernier may be used for measurements of length, and
measure by it the length, breadth, and thickness of the
small block of wood provided. )
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Before making each measurement, it is advisable to
estimate the length to be measured as accurately as pos-
sible by eye, the estimation being made by supposing a
division on the scale to be subdivided into ten equal parts.

Record as follows :—

10 Vernier divs. = 9 scale divs.
v 1 ” wo =9, ”
. 1 scale div. exceeds 1 Vernier div. by ‘1 scale div.
Measurement of length of block No. 5:—
Eye estimate of length . . 43
Reading on principal scale . . = 4 0 scale div.
Coincidence at 4th div. of Vernier= -4 ,, ,,

Total . . . 44 ,,

bR
Similarly for breadth and thickness.
Exercise 11
The Sliding Calipers

Examine the Vernier on the centimetre scale of the
sliding calipers provided, and by means of them measure
the length of a brass cylinder (Fig. 8). The reading on

) 3] S 8 7 8 9 10 U 12 13 14 IS
oy y-:u'n, ;M 1 it M

Fia. 8.

the scale when the jaws just touch each other, should
first be taken, then the reading when the jaws just touch
the two ends of the cylinder. The difference is the length
reqiired. Repeat the two measurements.
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Record as follows :—

Reading with cylinder between jaws 2:21-2-22 mean =2-215 e,

v »  jaws together . . 02— 03 ,, = 025 ,,

Length of cylinder No.8 . . . o _:2'19 "

All Verniers are the same in principle, but in some
cases the value of one Vernier division may not be so
evident as it is in the simple case of which Fig. 7 is
an cxample. Take, for instance, that illustrated in
Fig. 9. . There the principal scale is subdivided into
half units, each fifth unit being marked. The length
AB is evidently greater than 25, and less than 3 scale
divisions, and the Vernier cnables the excess over 2'5
to be determined. The Vernier scale contains 25
divisions, which are equal to 24 small divisions of
the principal scale, so that the length of each Vernier

20
15 |
4 5!
Fia. 9.
division is #4 X % = 48 of the scale unit, or a Vernier

division is *02 less than a scale division. The coincidence
is seen to take place at the seventeenth Vernier division,
hence :—

Distance hetween 2'§ and 0 = distance between -0 and 2 + ‘02 scale units
= » ” 35 and 4 4 ‘04 o
= " » 40 and ‘6 4 08 o
= ' ” 4'5and 8 4 08 ,
&e.
Y w110 and s + o3 "
Or the total length AB = 2'.8') + -84 scale units
= 2'84 » "

The meaning of the numbers opposite each fifth divi-
sion on the Vernier scale is now clear If the coincidence
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had taken place accurately at the point marked 3 on the
Vernier, we should have had to add '3 to the reading
on the principal scale next below B, which is 2'5. The
unit on the Vernier is divided into five parts, hence the
value of each subdivision is *02, and as the coincidence
takes place at the second division from the point marked
3, we have to add ‘34 to the rcading of the principal
scale. Reading a Vernier scale of this nature we should
put down—

Eye estimate of length  .° . . . . 29 scale units.
Reading on principal scale . 25 »
Reading of point of coincidence on Vernier. ‘34 ’y
Length AB . . . . . . . 2 84 vy

‘Whenever a Vernier has to be xead the first step
should be to make sure of the value of one division on
each of the two scales.

Lxercisg ITT

The barometer which is suspended in the laboratory,
has a scale on one side divided into inches, and on the
other into millimetres. The Vernier on the inch scale is
divided as in Fig. 9, the unit only being different.

The Vernier “ B” provided, is a model of the barometer
Vernier. Determine by means of it the dimensions of the
block of wood previously measured, putting down the
reasoning and results as in the case of the “ A ” Vernier
above.

Examine the Verniers on both the metre and inch
scales of the barometer, and explain how the former
should be read.

The circular or angular Vernier is used in the same
way to measure angles, e.g., to minutes of arc, on a circular
scale . graduated in degrees only. Examine the model
supplied, explain how it is read, and take a reading with

the movable portion against the stop.
D



SECTION VI
The Spherometer and Screw’' Gauge

Apparatus required.—A spherometer standing on a
glass plate, a brass cylinder, a brass plate, sliding calipers,
a scale divided into centimetres and millimetres, a large
lens, and a screw gauge.

When objects of small size have to be measured
accurately, instruments depending on the moticu of
a screw, c.g., the screw gauge or the spherometer, may
be used.

Study carvefully the construction of the spherometer
provided (Fig. 10). Note that while the screw is turned

Fra. 10

through a whole revo.ution, it is raised through a distance
equal to the pitch of the screw, s.e. to the distance from
thread to thread in a direction parallel to the axis of the
screw. Note also that the circumference of the head is
divided into 100 equal parts, so that decimal parts of a
revolution can be read off.

* Exercise 1
To find the Pitch of the Screw of the Spherometer
A brass cylinder is provided, the length of which must be
measured in the first instance with a millimetre scale,
and estimated to a tenth of a wmillimetre. The length
found thus by estimation should be verified by measure-
ment with the sliding calipers.
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In order to determine the relation between the length of
the cylinder and the pitch of the screw of the spherometer,
place the instrument on a glass plate. Turn the screw
until its point just touches the glass plate. This is readily
done, for if the screw is turned a little too far, the instru-
ment may be made®to rock by slightly tapping it above
one,of the legs. If therefore the point of the screw is too
low to begin with, it can be gradually raised until the
rocking ceases. When the point has been adjusted in this
way, read off the division of the disc which is opposite the
vertical bar. Several rcadings should be taken, the screw
being re-adjusted each time. Next turn the screw so that
its point is raised, counting the number of times the mark
at the zero of the graduations on the head passes the ver-
tical rod, until the brass cylinder can be introduced beneath
the point. Adjust the screw again until the point is
in® contact with the top of the cylinder, repeating the
operation and reading off each time the division on the disc
opposite the rod.

Note.—In order to be able to count the number of complete revo-
lutions readily, it is convenient to provide a white mark at the zere
of the circular disc ; this is casily seen while the screw is turned
round, and each time it passes the vertical bar, a whole #volution
iscompleted. Great care should be taken to obtain the number of
revolutions without error.

(1) Take the mean of the readings when the point of
the screw was in contact with the glass plate, (2) the
number of complete revolutions through which the screw
was turned, (3) the mean of the readings when the point
was in contact with the top of the cylinder. Add (3)
with a decimal point prefixed to (2), and subtract from
“the sum (1) with a decimal point prefixed. The difference
is the number of turns and decimal parts of a turn
equivalent to the length of the cylinder. Divide that
length by the number of turns, the quotient is the pitch
of the screw. The observations and results should be
recorded as follows :—

D 2
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Spherometer No. 12.

Reading for top of cylinder 37 turns 46 divs 3746 turns
’y ,, glassplate 0 ,, 58 58 ,,

(1]

Difference . . . 36-88 ,,
Length of cylmder No. 10 =185 mms.

185
Pltc}l_f?fi 8= 498 mms.

Exkrcisg 1T
To Measure the Thickness of a Brass Plate by
means of a Spherometer

Proceed as in the previous exercise, substituting the
plate for the cylinder, and finding the number of turns of
the screw equivalent to the thickness of the plate. This
number multiplied by the pitch gives the thickness of
the brass plate. Take the mean of two sets of measure-
ments.

Record as follows :—

Plate No. 11.
Reading for top of plate 2 turns 81 divs. = 2-81 turns
» ) » gla,ss pl“t’e o , 88 = o8,
Difference . . . . . . . 223 ,,

Thickness = 223 x ‘498 = 111 mms.
-« Exgercise Ila
To Measure the Radius of Curvature of a

Surface by the Spherometer
Place the spherometer on the glass plate and determine
the zero reading, then place it on the surface and determine
the reading in the same way. If % is the difference of
the readings reduced to cms., » the distance from the
point of the screw to the ends of the legs of the sphero-
meter, and R the radius of curvature of the surface, then
R=(r"412)/2h. ‘
r is most conveniently determined by placing the
spherometer on a sheet of paper with the point of the
screw in contact with the paper and pressing it so that
impressions of the ends of legs and screws are produced.
The measurement can then be made on the paper. Record

as in the previous Exercise.



sect. vi THE SPHEROMETER AND SCREW GAUGE 37

Exercisg 111
Use of the Screw Gauge

The screw gauge (Fig. 11), is the same in principle as the
spherometer, and the pitch of the screw may be determined
as in Iixercise I. ¥f it is only required approximatecly,
unscgew the head, noting that at each revolution it passes
one division of the scale on the stem. When the head has

Fia. 11.

beer screwed off sufficiently to leave about 2 cms. of the
scale on the stem exposed, compare the scale with a milli-
metre scale, and thus find in millimetres the value of a
scale division, t.e. of the pitch of the screw. Having found
the pitch, screw the gauge up, u%ing the finger and thumb
to gently rotate the screw till the ]aws are just in cont&cb
which can be detected by the slight increase of resfstance
to the rotation. Read the last division visible on the
stem, and the division on the head opposite the mark on
the stem from which the stem divisions are drawn. This
is the zero reading. Now insert the body to be measured,
screw up gently till the jaws just touch it, and take again
the readings on stem and head. TFrom the pitch and
these measurements, determine the thickness of the body
measured.

Find by the gauge the thickness of the brass plate
previously measured, and record as follows:—

Screw Gauge No. 2.
Pitch found = 1 mm.

Readmg when Plate 11 between Jaws 112 mms.
s ,» jaws together . K1) .

Thickness of Plate No. 11 . . . 1'11 mms.



SECTION VII
The Law of Moments

Apparatus required.—Moments apparatus, and weights.

Definition.—If P (Fig. 12) be any force and O a point,
then if from O a perpendicular to the direction of P be
drawn, and p be the length of this perpendicular, Pp is
the moment of the force P with respect to the point O.

P

>

e wer———-—-—————

o

Fie. 12.

It has been found convenient to call the moment
positive, if P tends to produce rotation about O in
a direction contrary to that of the hands of a waich,
and negative if with the hands of a watch. Thus if,
in Fig. 13, P’ be the magnitude of a second force
irrespective of sign, the moment of P’ with respect to O
will be — Pp.
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Propnsition.—‘—lt is proved in books on Mechanics that
if a body acted on by forces in one plane only is in
equilibrium, the algebraic sum of the moments of the

PI

forces with respect to any point in their own plane
vanishes; or in other words, the sum of the moments
having positive signs, must be equal to the sum of the
mdments having negative signs.

?-. Soew
M 16 -
P \—\W

N
S

I eiess |
Fia. 14.

ExERCISE

To verify the law of moments in the special case of two
parallel forces, a balanced disc of wood capable of rotating
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about its centre is provided (Fig. 14). Pans in which
weights can be placed are suspended from holes bored in
the disec.

See that the disc is vertical, moves freely about its axis
without touching its supports, and will come to rest in any
position, i.e., is in neutral equilibrium.

Proceed as follows :

(1) Weigh together the scale pan P and the string and
peg p, also the pan W and the string and peg w.

(2) Place the pegs in two holes that lie on the same
diameter of the disc and at equal distances on opposite
sides of the centre, and suspend the pans P and W from
the pegs. Notice that if the weights of the pans and
contents are equal, the disc is in ndifferent equilibrium,
and will remain at rest in any position.

(3) Remove one of the pegs with the attached pan, and
place it in a hole such that the line joining the two pegs
does not pass through the centre of the disc. Place
weights in P and W, and notice that the dise will come to
a position of stable equilibrium, if the line joining the
pegs passes under the centre, but that the equilibrium will
be unstable, if the line passes over the centre of the disc.

(4) In the case of stable equilibrium, read in the glass
scale MG the positions of the strings at A and C, and of
the plumb line in the middle at B. In reading the position
of each string, place the eye in such a position that the
string covers its own image in the mirror (see p. 6,
“ Parallax”). Read both edges of the strings and take
the mean.

() Alter the positions of the pegs, and the weights in
the pans, and take fresh readings.

(6) Reduce the observations as follows: If P, is the
weight placed in the pan the weight of which and ac-
cessories is P, and if p is the perpendicular between: the
string from which P is suspended and the string at B, the
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moment of P+P, about the axis of rotation is (P+P,)p.
This must be equal to the corresponding quantity on the
other side. Hence :—

(P+P)p=(W+W)w

The ratio of the weights P+ P, and W4 W, can be found
with great accuracy, but the difficulty of the experiment lies
in the accurate determination of the perpendiculars. It was
found in one experiment, for instance, that when the ratio
of the weights was 1°187, the inverse ratio of the cor-
responding perpendiculars was only 1'165. The unavoidable
errors of observation combined in this case therefore, to
produce a difference of two per cent. between two numbers
which should be equal. The difference is not more than
wgs to be expected from the necessarily rough method of
measuring the perpendiculars. If the measurement of one
of these was one per cent. too large, and that of the other
one per cent. too small, the error would be accounted for.
Owing to the friction of the axle of the disc in its bearings,
the position of equilibrium is a little uncertain, which will
also tend to produce an error.

Enter observations and results as follows :—

Moments Apparatus No. 6.

Weights in grams. Distances in cms.

Left pan=380-0 |Right pan=30-5 Plumb lineat 0
Ratio Ratio
- left right Error
In left | Total |Inright| Total | right | Toleft [Toright| left | Differ.| ¥
. 80 80 3 605|132/ 970129133 -01| -7
80 | 100 50 | 805! 124 {102 | 12:7 | 125 -01| -7

| &e. &ec.




SECTION VIII
The Pendulum

Apparatus required.-—A simple pendulum with a wooden
rod graduated in centimetres behind it, on which two
millimetre scales engraved on mirrors slide; also a watch
with a seconds hand.

The relation between the length 7 of a simple pendulum,
its time of oscillation #, and the value of the gravitational
acceleration g, is proved in books on Mechanics to be

t = 2nr ,\/z

g

and is independent of the material of the bob.

If, therefore, the time of oscillation of a simple pendulum
of known length is observed, the valuc of g may be found.
The ahove equation gives :—

_ ¥
9=

where 72 = (3:1416)2 = 9370 and {7? = 39°48 nearly.

Note.—By the ‘‘period” or ‘‘complete time of oscillation ™ is
meant the time which a pendulum takes to go through the whole
cycle of motion. If the time is reckoned, for instance, from the
instant of passage of the pendulum through its position of equili-
brium from left to right, the first oscillation is complete only when
the pendulum again swings through its position of equilibrium from
left to right.
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EXERCISE

To determine the Value of the Gravitational
Acceleration

T the apparatus provided, a leaden bullet is suspended
by means of a string in front of a support graduated in
centimetres, on which two glass millimetre scales
with silvered backs slide (Fig. 15). The length
of the pendulum can be ascertained as follows ;
The two glass scales are placed behind the point
of suspension and the leaden bullet respectively,
in such a way that when viewed normally (see
“ Parallaxz,” p. 6) the centimetre divisions on
them coincide with the centimetre lines on the
support. The eye should be placed so that the
leaden bullet covers its own image in the glass scale
“behind, and the positions of its hmhest; and lowest
points 1ead off, centimetres being read on the scale
on the support seen through a strip of the mirror
from which the silvering has been removed, and
millimetres and tenths on the glass scale. The
mean of the two readings gives the point on the
scale which is at the same level as the centre of
the bullet. The position of the upper end of the pendulum
should be read in the same way. The length of the pen-
dulum is the difference between the readings. Three
experiments should be made, the lengths of the pendulum
being approximately 80, 60, and 40 cms.

To find the time of oscillation: Place the clamp from
which the string is suspended, so that the slit separating
the jaws runs at right angles to the direction in which
the pendulum is to swing. Draw the bullet aside (about
5 cps. for the greatest, and half that for the smallest length),
holding it in the displaced position, and observing the
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motion of the seconds hand of a watch held in the hand
just below the bullet, so that both watch and bullet can be
seen at the same time. As the seconds hand passes a
given point (say 60) let the bullet go gently, without
giving it an impulse in any direction. Count one each
time the pendulum comes back to its original position, until
it has performed 100 complete oscillations. Be carefu’ to
count 0 and not 1 as the bullet leaves the hand. When
the proper number is nearly complete, watch again the
seconds hand, and note down accurately the second at which
the number of oscillations is complete. Having observed
whether any entire minutes have elapsed since the begin-
ning of the counting, and if so how many, write down in
your note-book the number of seconds the pendulum took to
perform 100 oscillations. If the pendulum, during its
motion, changes its plane of oscillation considerably, so
that there is danger of its striking against the support, 1t
is a sign that the above directions for starting the pen-
dulum have not been sufficiently attended to, and the
observation must be repeated. The time observation should
be taken twice for each length of the pendulum.
The observations and results are entered as follows :—

I 1 1481 |

Reading of point of support of string a -50 50 50
'y top of bob 82:92 | 5551 | 39-50
' bottom of bob . . .| 8452 | 57:11 | 41:10
centre of bob b . . - | 8372 | 5631 | 40°30
Length of pendulum != (b—a) . . | 8322 | 55'81 | 3980
f 184 148 126
Time of 100 osclllatlo.ns . “ 183 150 127
Mean time of one oscillation 7 . . | 1835 | 1490 | 1265
e, . . . .| 3867 | 2220 | 1600
ye . . . . | 2481|2514 | 2488
'] = 4121/1'“’ = 979 992 983

Correct value . . . . 981
Error . . . -2 +11 + 2
Percentage err or = Error /981 . . -2 +11 2
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Note.—Observe that any error in obtaimng ¢ will lead to double
the percentage error in g, since in calculating g the value of ¢ 1s
squared. Hence, in order that the error should not exceed one
per cent., the time of 100 vibrations should be correct to about
half a second. This cannot be secured with a watch having an
ordinary seconds hand unless several obscrvations are made and the
mean of the results tak -n.



SECTION IX

The Hydrometer

Apparatus required.—A Nicholson hydrometer, a box
of weights, a piece of glass, a picce of wax, and some
salt solution.

Exgroise T
To find the Specific Gravity of a Solid unacted on
by a Liquid of known Specific Gravity.

The mean specific gravity of a substance is the ratio of
its weight in vacuo (or in air so far as the present work
is concerned) to the weight in vacuo of an equal volume
of water.

(1) 7o 1weigh the solid.

=A Fill the hydrometer jar with the liquid
=71..M which we may take to be water, and place the
| hydrometer provided in the liquid. If air
bubbles collect on the hydrometer remove
them by touching them with the end of a wire,
or the observations will be vitiated. Place
weights 2, in the pan A of the hydrometer
(Fig. 16), until it sinks to the fixed mark M.
Arrange the weight on the pan so that the
hydrometer remains vertical. In using the
) weights avoid placing them on the table ; a
~ weight should always be either in the pan or
F1a. 16. in the box. Next remove the weights, place
the solid in the pan A, and add weight w,
till the hydrometer again sinks to M. The difference
w,; —w, between the weights required in the two cases,
will be the weight of the solid.

(2) To find the weight of an equal volume of water.

Remove the weights from the pan A, and place the
solid in the pan B if it is heavier, and in the cage.under
the float of the hydrometer if it is lighter than the liquid,
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taking care that when the hydrometer is placed in the
liquid there is no air bubble under the solid or attached
to the hydrometer. More weight will now be required to
sink the hydrometer to M, since the pressure of the fluid
acting on the solid produces a resultant upwards, which,
by the laws of hydrostatics, is equal to the weight of the
fluid displaced by the solid, i.e. to the weight of a volume
of fluid equal to that of the solid. If w, is the weight
required, the weight of a volume of the fluid equal to that
of the solid is w; — w,, and if o is the specific gravity of
the fluid, the weight of an equal volume of water will
be (wy;—w,) [o.

(3) 7o calculate the specific gravity.

The specific gravity p of a body being the ratio of its
weight to the weight of an equal volume of water, is
cal~ulated by the formula :—
weight of body

P= weight of cqual volume of water

Wy — W,
2.0,
wy — W,
to make it possible to determine both w,-1w, and w;—w, to an
accuracy of 1 per cent.

Record as follows :—

Hydrometer 3, glass block 4, fluid water ¢ = 1.
Dafference.

Hence p = The body should be taken large enough

Weight to sink hydrometer to mark , = 465 gr.
. glass = 344 gr.

»»  with glass in upper pan «, =121 gl.
. fluid = 146 ,,
lower pan «y = 267 gr.
" Welght of equal volume of water = 1'46/¢ = 146
*. Specific gravity of glass No. 4 = :::—4 =236

Repeat the observations in the reverse order. If the
results agree closely, take the mean as the final result.
If not, do a third experiment and take the mean of the
three Yesults.

Determine in the same way the specific gravity of the
piece of wax, placing it when in the liquid in the cage
ander the float.
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Exercise 11
To find the Specific Gravity of a Liquid

Pour out the water from the hydrometer jar, and re-
place it by the liquid (a salt solution) from the cistern
provided. Find the weight required to sink the hydro-
meter to the mark M in the solution. Then remove the
hydrometer from the solution, dry and weigh it. If the
weight of the hydrometer is W, and P is the weight to be
added when it is placed in the salt solution, W+ P is the
weight of the liquid equal in bulk to the immersed portion
of the hydrometer. Similarly if P’ has been added when
the hydrometer is placed in water, W+ P is the weight of
water equal in volume to a weight W4 P of the salt
solution. The specific gravity of the solution will therefore
be

W+P
W+ P
Record as follows :—

Hydrometer No. 3. Weight = 29-85 grs.

Weight to sink it in water = 2'65 gr.  total = 3250 gr.
' s 5y Solution = 460 ,, ,, = 3445
.. Specific gravity of solution = 3435/32-50 = 106

Repeat the observations in the reverse order. 1f the
two experiments lead to results which agree closely, take

the mean as the final value. If they differ much do a
third experiment and take the mean of the three.

[After the observations have been taken, the salt
solution should be poured back into the cistern.]



SECTION X
The Balance. I

Apparatus  required.—Balance, box of weights and
brass cylinder.

Ctudents are supposed to be familiar with the principles
on which balances are constructed.

Fia 17,

A balance (Fig. 17) iz provided, by means of which the
weight of a substance may be determined to the nearest
centigtam. The student should make a sketch of it in
his note-book.

E
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When the balance is not in use the beam is supported
in a horizontal position by the two arms which project
from the top of the pillar, and the under surfaces of the
pans just touch the base board.

Through the centre of the bean. a short triangular
prism of steel or of agate passes, and one of the
projecting edges of this prism constitutes the ¢ knife
edge” about which the beam turns when in use. Two
shorter prisms of steel or of agate are placed at the ends
of the beam, and the top edge of each prism furnishes
the knife edge on which the stirrup which carries each
scale pan is supported.

1t is to preserve these knife edges that the beam of
the balance is lowered when the instrument is not in use,
so that as little weight as possible may rest on each
knife edge.

The base screws allow the balance to be levelled.
The beam and scale pans are brought into the proper
position for use by gently moving the handle A at the
base of the balance to the right. Notice as this is done
that the two plane surfaces underncath the knife edges
of the beam, are raised into contact with the knite edges,
and the beam then raised from the supporting arms,
As the beam rises the knife edges at its ends raise the
pans stirrups, and finally the pans. When the beam is
in its proper position the end of the long pointer attached
to the centre of the beam is just in front of a horizontal
graduated scale attached to the pillar of the balance.
This scale should either be engraved on mirror glass, or
have a small piece of mirror glass in contact with it
behind.

Turn the handle A to the left so as to lower the beam.
Make a sketch in your note-book of the way in which the
knife edge at the end of the beam supports the pan
stirrup.
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When weighings are to be taken attend to the
following instructions :

1. See that the balance swings freely when the beam
is raised, and that when the pans are empty, the pointer
attached to the beam oscillates equally or nearly so, on
the two sides of the centre division of the scale. If not,
screw out a little the small screw at the end of the
beam on that side to which the pointer tends to move.
This will slightly displace the centre of gravity of the
beam, and the pointer may thus be made to occupy a
position near the centre of the scale in front of which
it moves. This position is called the “zero at no
load.”

2. As the scale is some distance behind the pointer, it
is found that by moving the eye to right and left, the
apphrent position of the pointer on the scale alters owing
to parallax (see page 6). To avoid errors due to this
cause, always look at the pointer in the same direction,
which can be secured if it is always made to cover its
own image in the mirror behind the scale or on which
the scale is engraved. It is not necessary that the
pointer should stand exactly at the centre of the scale,
so long as during a set of weighings it is always brought
back to the same zero.”

3. Never place weights on the pans or remove them
from the pans while the pans are raised above the
base.

4. The contents of the boxes of weights are arranged
so as to allow the correct’ weight to be quickly found
by systematic trial. They consist of masses of 10,
5, 2,2, 1 grams; and of 5, 2, 2, 1 decigrams and centi-
grams. If a box is incomplete the fact should be
reported at once. In carrying out an observation, it will
be found most convenient to begin by finding the upper
limit to the weight required. Thus suppose the sub

E 2
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stance weighs 8567 grams. On trial it will be found
that 10 grams is too much. The next smaller weight
5 grams is not enough; the next weight 2 is added
and is still not enough; the second 2 is added and is
found too much; it is therefore ‘eplaced by the 1.
Proceed in this way with the decigrams and centigrams,
trying each weight in descending ovder, and removing a
weight from the pan only when it is found to be too much.
When a weight is removed it should be replaced in ifs
proper position, in the boxr, and not on the table. Move
the weights with the tweezers provided in the box,
never with the fingers.

5. In order to see whether the body is properly
balanced, it is not necessary that the beam of the balance
should come to rest. It is only necessary to observe
whether or not the oscillations are small and take place
symmetrically about the ‘“zero.” The pointer should
never be touched.

If a balance is always to weigh correctly, its arms, i.e.,
the distance of the end knife edges from the central
one—should be equal. As this is never absolutely the
case, means must be taken to determine the inequality of
the arms, and to find the true weight of the substance
independently of the defects of the instrument.

Let a body of true weight P be placed in one pan of a
balance, and let the arm on that side have a length a.
Let the arm on the other side of the balance have a
length b, and let W, be the weight on that side which
will exactly balance P.  Then by the law of moments

Pa = Wlb.

If now P is placed in the other pan, it will require a dif-
ferent weight W, to produce a balance, and we have,:—

Woa = Pb.
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The first equation gives

%

(1)

%=
b

and the second ]

(2)

]

> &

?

Multiplying (1) and (2) we find

"‘_)= \/vaf{

and dividing (1) by (2) P = JWI.W;.

Hénce, even if the balance has unequal arms, the true
weight may be found by taking the geometrical mean
of the apparent weights, found when the substance is
placed first in one pan, then in the other.

In the case of an ordinary balance, the arms are as
nearly as possible of equal lengths, and the weights W,
and W, consequently so nearly alike, that instead of
the geometrical we may take the arithmetical mean
(W, + W,)/2, in accordance with what has been said on
approximations on page 17.

EXERCISE

To find the Ratio of the Arms of a Balance, and
the True Weight of a Body

Proceed as follows :—

1. Place the brass cylinder provided in the left-hand
pan, and find to the nearest centigram the weight required
in the right-hand pan to produce a balance.
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2. Place the cylinder in the right-hand pan, the weights
in the left, and repeat the observation. Time will in the
end be saved if between the two weighings all the weights
are carcfully put back into their proper places in the
box.

Record as follows :—

Balance used, No. .
Box of weights, No. 5.
Brass cylinder, No. 7.

Apparent weight of cylinder when in left pan (W,) = 10027 grams.
” ” " o right ,, (V)= 10020 ,,

.. true weight P = ~'W, W, = 100-24 grams.

a W,
and 5= ’\/W;z A/1°0007 = 1-0004.



SECTION X1
The Balance. II

dpparatus requived.—Balance, stool, box of weights,
brass cylinder, block of wood, sinker, can, and salt
solution.

Exuroise T

To find the Specific Gravity and the Density of a
Solid unacted on by Water.

*The specific gravity of a substance which is not attacked
by water, is found from the apparent weight 2, of a piece
of the substance in air, and its apparent weight ew, when
suspended in water. The apparent loss of weight w, —w,
of a solid when suspended in a liquid, is due to the upward
pressure, which is equal to the weight of a volume of the
liquid equal to that of the solid.

Since
. . Weight of body
Specific gravity = Weight of éqgual Volum% of water
ahd both numerator and denominator of the fraction may
be determined by experiment, the specific gravity may be
calculated. :

As the specific gravity depends on a ratio of two weights,
it is not necessary that the balance should have equal arms
when used for the determination, provided the substance
is always placed on the same side of the balance ; as how-
ever the determination of density requires a knowledge
of tphe true weight, the balance should have the arms
equal.
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Proceed as follows :—

1. Weigh the given solid in air, placing it for con-
venience of working in the left-hand pan.

2. Place a low wooden stool over the left-hand pan,
and suspend the solid by a thin thread from the ring at
the top of the pan, in a can placed on the stool. Till
the can with water, suspend the solid in the water so
that it hangs clear of the sides of the can, and find the
apparent weight. The weight of the silk may be
neglected.

Record and calculate the specific gravity as follows :—

Specific rravit of brass cylinder, No. 9.
Balance used,
Box of welghts No. 5.

Weight of cylinder in air w; . . 10325 grms.
water w, . 91412
Loss of welghb w,y — 1218,
Specific grav1ty of brass 103 25 _ g1
cylinder, No. 9 1213

Repeat the observations in the reverse order. Take a
mean of the results if they agree closely. If not do a
third experiment, and take  the mean of the three
results.

The density.of a substance being the mass per unit
volume, is in the C.G.S. system of units numerically
equal to the specific gravity, since the mass of 1 c.c. of
water is 1 gram.

Calculate the density of brass from the volume and
weight of the cylinder, 'and compare the density so
obtained with the value of the specific gravity found by
the preceding experiment.

For this purpose the diamefer and length of the
cylinder must be measured twice with sliding calipers
and the means taken. The area of the circular base
is equal to 7% where 7 is the radius of the circle. The
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volume is equal to the product of the area of the base
and the length.

Record as follows :—

Brass cy linder No.

0.
Mean diameter ¢ . = 139 cms.
,, radius . = 795 ,,

« Area of base = 314 x 795 x 795 = 1984 s¢. cms.
Length of cylinder . = 618 cms.
Volume = 198 x 6°18 . = 1224 cec.
Weight . i = 10325 grms.

¢ 03 20 _ .
Density of Cylmder ’\Io 9= Sor 843

Since in the measurement of the diameter an error of
half a per cent. might easily have been made, it would be
useless to give the result to more than three figures.
Hence, also, it would be useless to take a more dccurate
vajpe for 7 than 3°14. The intermediate calculations
should be carried on by shortened multiplication to four
figures, in order to insure the accuracy of the third in the
final result.

Note that by reversing the above calculations, the dia-
meter of a cylinder, the length and density of which are
known, can be found by weighing the cylinder.

Exgrcise 1T
To find the Specific Gravity of a Liquid
Find the specific gravity of the given liquid by weighing
the brass cylinder in the liquid, taking account of the
weights in air and in water previously determined.

If w, = weight of solid in air
wy = s sy water
wy =, ’e liquid
then w, — w, = loss of welght in water

weight of an equal volume of water
loss of weight in liquid
weight of an equal volume of llqmd «

.. specific gravity of liquid = 1= 1

and w, - w,

[T

wl -y
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Record as follows :—

Weight of cylinder in air 10325 grms.

. ., in water = 9112 ,, .- Loss = 1213,
’y 'y m liquid = 9040 ,, .. Loss = 12'85.
Specific gravity of liquid = if_?f; = 1059.

Repeat the weighings in the reverse order and take a
mean of the results obtained in the two cases.

Exercise 111
To find the Specific Gravity of a Solid lighter than
Water

To the hook or ring at the top of the left-hand pan of
the balance, attach, by means of a piece of thread about
5 cms. long, the “sinker ” provided. See that when a can
of water is placed on the stool underneath, the top of the
sinker is about 1 cm. below the surface of the water when
the pointer of the balance is at zero. Place weights W,
in the other pan, till the balance is in equilibrium.  Now
place the body, the specific gravity of which is required,
in the raised pan, and again balance by weights W, in the
other pan. W,—W, is then the weight of the body.
Now place the body underneath the sinker in the water,
and balance again by weights W,. W,—W, is then the
apparent loss of weight in water. The specific gravity of

the body is therefore
W2 _ YVJ
W,- W,
Record as follows :—
Specific gravity of wood.
Weight to balance sinker in water W, = 6720 grms.
” " and body in air W, =9291
sinker and body in water Wy = 4590 ,,
Specific gravity of ) _ 92:91 - 6720 _ 2571 _ 547,
block No. 9 9291 = 4590 4701
Repeat the observations in the reverse order and take
n mean of the results obtained.




SECTION XIT
The Barometer

Apparatus required.—Fortin barometer.

In some physical experiments as, e.y., the determination
of sthe boiling point of water, the magnitude of the atmo-

spheric pressure affects the result, and it is there-
fore necessary to measure it. This is done by
means of a barometer, Fig. 18, where AB is a
bent tube open at one end, containing mercury,
which in one branch of the tube reaches up to
a level H, in the other up to the level K ; the
space between H and A being a vacuum. If
a horizontal line be drawn through K, so as to
cut the mercury in the other branch of the
tube at K', then from hydrostatic principles the
pressure at K must, since there is equilibrium,
be the same as at K. The pressure at K is the
atmospheric pressure, the pressure at K’ is
that due to a column of mercury of a height
equal to the vertical distance between H and
K’ Hence the height of this column will
serve as a measure of the atmospheric pressure.

%

SLMIBMDTEMITTISSSESNY >

Fic. 18,

It follows

that what we want to measure in a barometer is the ver-
tical distance between the jfree surfaces of the mercury in

the two limbs of the barometer.
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It remains to discuss the practical question how this
vertical distance is to be measured.

Note in the first place, that as the mercury alters its
level in one limb, it must necessarily do so in the other.
If the cross section of the tube is the same in both limbs,
and the mercury falls a centimetre at H, it must neces-
sarily rise by the same amount at K. Heace
the total diminution in the difference of level
is two centimetres. If the cross section of the
tube at K is greater than at H, then for a fall
of a centimetre at H, the rise at K will be
less than a centimetre; and in general the
simultaneous changes of level will be inversely
as the areas of the free surfaces. If, as in
Fig. 19, the barometer tube is placed in a
trough of mercury, the level in the trough will
alter very little. Hence, to find the height
| of a barometer accurately, we must either

Fio. 19.  measure directly the difference in level, or
: observe the upper surface and know the ratio
of the cross section of the tube to that of the trough. The
first plan is the more accurate one, and is always adopted
in barometers which are used for scientific purposes.

In the most common form of barometer (Fortin’s) a
scale is attached to the tube in such a way that an ivory
pointer marks the level of the zero division. If thisivory
pointer is exactly in contact with the upper surface of
the mercury in the trough, the scale reading, taken in the
manner indicated further on, should give the height of the
barometer. .

EXERCISE
To read the Barometer accurately

To set the mercury to the ivory pownter.—The trough of
meroury is closed at its lower end by a flexible leather bag,
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the bottom of which can be raised or lowered by means of
a screw fixed into the base of the barometer tube. If this
screw is turned, the surface of the mercury in the trough
moves, and may be brought just into contact with the
pointer. This can 1» done to a high degree of accuracy
if the reflection of the pointer in the mercury is watched.
As the mercury is gradually raised, the pointer and its
image approach, and the adjustment is complete when they
appear just to come into contact.

To read the level of the mercury in the tube.—A Vernier
is attached to a movable tube, the bottom end of which
should be first raised clearly above the convex surface of
the mercury, and then carefully lowered until it appears
to be just in contact with the mercury. Parallax is avoided
by keeping the eye always at such a level that the back
lower edge of the Vernier tube appears to coincide with the
front lower edge (Fig. 20). When the setting is made,

Fia. 20

move the eye up and down to be sure that in any position
of the eye no line of light appears between the central
part of the surface of the mercury and the edge of the
tube. Owing to the convexity of the surface there will
be some light at the sides. The Vernier is now read in
the manner deseribed in the exercise “ Vernier.”

As the scale is set vertically once for all, the reading of
the scale and Vernier gives directly the height of the
barometer, but before the atmospheric pressure can be
deduced from it, some important corrections are necessary.
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Correction due to the temperature of the mercury and
scale.—1It is generally agreed to ‘“reduce” the height of
the barometer to that which would be observed, if the
scale and mercury were at a temperature of 0°C., and
tables have been constructed which gi ‘e the correction to
be applied to the barometric height observed at any tem-
perature, in order to obtain the * reduced ” height at u°C.
This correction amounts to '186 cm. if the barometer
stands at 76 cm. and the temperature is 15°, provided
the scale is made of brass or of some metal having about
the same coetlicient of expansion. If no tables are avail-
able, a formula of reduction may be easily found. For, it
a is the apparent coeflicient of linear expansion of the mer-
cury with respect to the material of the scale, the height
h, of the barometer at 0° will become %_at ¢° where

h=hy(l +at). *
The correction to the observed height, 4, is therefore — b t.
If the scale is made of brass, @ may be taken as 0°000163.
When ¢ is higher than 0° C,, the correction has a negative
sign, because the observed height % is greater than the
reduced height A, In most observations it will be suffi-
cient to know the barometric height to 0'1 mm., and %
may be substituted for /4, in the correction, which may
then (see pp. 15, 16) be put into the form
—[*186 4+ 0 0024(h — 76) + 0 O124(¢ - 15°)],

where & represents the observed height in centimetres, and
the correction is also given in centimetres. The second
and third terms will be small, and are casily calculated to
the required degree of accuracy. The expression will in-
troduce errors less than 005 c¢m,, so long as the product
(h—176) (¢t—15) is less than 30, that is if, for instance,
the barometer stands between 73 and 79 cm., and the
temperature lies between 5° and 25°, which is nearly always
the case near the sea level.

The temperature of the mercury should be read on the
thermometer fixed to the barometer, care being taken that
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the presence of the observer while adjusting the barometer,
does not introduce an error by raising the temperature of
the air in the neighbourhood.

Correction for grawitational constant.—The barometric
heights observed at different places are not strictly pro-
portional to the atmospheric pressures, as they depend on
the value of gravity, which differs at different places.
Thus, for the same normal atmospheric pressure, the baro-
meter would stand nearly 4.mm. higher at the equator
than at the pole, because the value of gravity is about *5
per cent. smaller at the former than at the latter place.
The height above the sea level also affects the value of
gravity. In order to make the barometer readings taken
at different places comparable, they are reduced to what
they would be, if the constant of gravitation at the place
of observation had the same value as at the sea level in
the latitude of 45°. The correction in London amounts
to about 4044 cm., in Manchester to 4057 cm. on the
normal height of the barometer.

Correction due to capillarity, etc.—As the diameter of
the tube is smaller than that of the trough, there will be
some error introduced by the convexity of the mercury
surface, the pressure just within the free surface being
greater than the atmospheric pressure. The exact amount
of the correction to be applied depends on various circum-
stances. Barometers which are intended for very accurate
work have tubes which are so wide that the error intro-
duced by capillarity is always small. Wherever possible,
the barometer should be compared with a standard in
which the capillarity correction is eliminated. Errors of
the scale divisions are often more serious than those due
to capillarity, and must be specially determined.

The barometer referred to below has been compared
with «&he standard at Kew, and found to require a
correction of —'010 cm. on the metre scale, and of
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— 0001 inch on the English scale. These corrections
include that due to capillarity and that due to errors of
the scale.

Enter and reduce the observations as follows :—

1.
Barometer reading observed . . . 75235
Attached thermometer reading, . . 17°3C.
Cm,
Correction due to latitude (Manchester) . + 057
Cm,

Capillarity and scale correction . - 010
Correction due to temperature—(1) - 186

(2) +0-0024 x *765= + 002

(3) - 0124x23 = - 029 - 213*

Sum of corrections . . . . . 4057 -223= - 166

Reduced barometer . . 7507

* The temperature correctmn may be calculated directly from
the expression - aht, p. 62, thus :—
000163 x 752 x 17°3 = — 213 cms.

The final value is only given to two decimal places, as
the corrections are not intended to be more accurate.
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Elasticity
To find Young’s Modulus for a Rubber Band

Apparatus required.—Rubber band with wooden centi-
metre scale and two glass millimetre scales, weights,
calipers.

When a body is changed in volume or shape, it is said
to %e strained, the deformation being called a strain.
Strains are generally produced by forces applied to the
surfaces of bodies; the inside portions of the body in that
case, are kept in a state of strain by internal forces acting
between adjacent parts of the body. These internal forces
are called stresses. A stress at any point is measured by
the resultant force per unit surface. A unit force distii-
buted uniformly over a unit surface would therefore be a
unit stress.

The relation between the stresses and the strains they
produce is expressed by Hooke’s Law, which states that
“The stress is proportional to the strain it produces.” This
law holds for small stresses only, but is sensibly correct
for deformations within the limits of elasticity, that is
to say, for stresses which are not sufficiently great to pro-
duce a permanent deformation of the body.

If a wire suspended vertically is stretched by weights,
the strain is measured by the elongation per unit length,
and the stress by the force applied per unit cross section.
If the *wire, originally of length I, were stretched until
its length became L4/, the elongation would be measured

: F
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by i— [f the force applicd were P and the area of
s »
cross section @, the stress would be o

As the sgrain is mecasured by a ratio of lengths, the
numerical measure of the strain will be independent of
the unit of length. This is not the case with the numeri-
cal measure of the stress. The unit of force varies dircctly
as the unit of length adopted, while the unit of surface
varies as the squarc of the unit of length ; hence the unit
of stress will vary inversely as the unit of length.

According to Hooke's law f—l is proportional to ‘i or

P !

=ML
where M is a constant which is called Young’s Modulus
The equation assumes that 7 is small com-
pared to L.

The object of the present exercise is to
illustrate the method by means of which
Hooke’s law may be verified for the longi-
tudinal stretching of wires. As however
in the case of a metal wire, tae stretching is
so small that a microscope would be required
for its measurement, an indiarubber band
which stretches considerably is taken.
Hooke's law under these -circumstances
cannot be expected to apply strictly,
but the exercise will serve to show its
general nature.

An indiarubber band about 50 cms. long
which may be attached to a suitable stand is
provided (Fig. 21). A scale pan is attached
to the lower end of the band, and two pins
ave thrust through the indiarubber so that
the points protrude a little on one side, the
other ends of the pins being cut of. The
distance between the points of the two pins, which for
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convenienoe may be adjusted to about 40 cms., is the
length to be measured while the band is being stretched
by different weights placed in the pans. In order that
this distance may be accurately determined, two millimetre
scales etched on the front of mirror glass are fixed to the
stand, so that one scale is behind cach of the pins, A
strip of silvering is removed from each mirror in order that
the centimetre divisions on the stand may be seen.  The
centimetre divisions on each scale should be made to coin-
cide with the centimetre divisions on the stand.

The positions of the pins are read on the scales, parallax
being avoided by means of the mirror. It is most con-
venient for the purpose if the scales are placed so that
sthe pins move just along the edges of the divisions,

The load in the pan should be gradually increased to
250 grams by the repeated addition of 50 grams, and
then diminished to zero in the same way. The rvesults
should be entered as follows :—

Rubber band No 3. Diameter = 42 cm.

| Readimg Readmg 1 Distanee

‘ Weight. of upper of Jower § hetween : A
\ pin. mn. H mns ;
i 1 N
i . R i !
| pan only 1263 5384 | 4319 |
i I . D e i . ! 4
y A+ 00 grms . 1204 5788 . 4404 176
5 b 100, 1328 5998 4670 01":6
N 1366 6242 | 4576 0 500
.+ 200, 1404 6302 | 5098 | 52
o 4230, . 456 6809 5353 | S0
5o+ 2000, . 1417 6540 5123 ‘ 593 1
. 4 150 . 1376 6286 49°10 So1
w4+ 100 . 1339 6045 4706 | 180
., o+ B0, © 1303 5829 45261y
pan only 1272 5624 | 4352 l

Each number in the column headed A is the difference
between the two numbers above and below it respectively

F 2
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in the preceding column, and it will be seen from them
that the addition of equal weights produces a greater and
greater effect on the length of the string as the load
increases, the first addition of 50 grams only producing an
elongation of 1-75 cms., while the elor zation produced by
the increase of the load from 200 to 250 grams was 255
cms.  Another fact which appears from inspection of tne
last column in the above table, is that for the same load
the length is slightly larger as the weights are taken off,
than it was as they were being added. When the weights
are entirely removed the string has been permanently
lengthened.

53}
P
Plv4
)f
/'
g
< po’d
"0 //,
A
4
A
A
y
V (l
43 700 Crs. 500 300
Fi1a. 22.

Represent the result graphically.—The result of the
experiments will be rendered more apparent to the eye
by plotting the observations, as described in Section III.
Horizontal distances may be taken to represent the
weights placed on the pan, while vertical distances indi-
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cate in cms. the excess of the length of the string between
the pins over a length somewhat less than the smallest
length measured. If the student’s note-book is divided
into em. squares, it will be found convenient to take the
length of one side of a square to represent an elongation of
5 or 1 em. on the vertical axis, and a weight of 10 or 20
grams on the horizontal axis (Fig. 22). The lines drawn
through the points observed arc slightly curved, which
shows that Hooke’s law is not strictly true.

‘We may however find an approximate value for Young’s
modulus of elasticity for indiarubber when the load is
small. If » is the radius of the string, m»% is the area
of the cross section. An increase of weight of 50 grams
produced an increase of length from 43°19 to 4494 cms.

10— -0403. The

peany
corresponding sfress in grams weight per sq. cm. was
;',2 and 2r was measured to be ‘42 em. Hence the
stress = ;(if,—yz = 363 grams weight per sq. cm. =
363 x 981 dynes per sq cm., and Young’s Modulus =
‘;(1'(373 = 9000 grams per sq. cm. = 9000 x 981 dynes per
5q. cm.

Measure the diameter of the indiarubber string by
means of the screw gauge, calculate Young’s modulus, and
record as follows :—

Rubber band ‘¢ A.”

Hence the strain is measured by

Length with pan + 50 grams . 44°94 cms.
’ 'y only . 43°19 ,,
[ ] —_——
Extension for 50 grams . . 175,
.t Strain = 1°75/43°19 . .= 0403
Radius of rubber = "42/2 . . =21 cm.
.. Area of cross section = m* . =138 sq. cm.
Stress = 50/°138 . . . . =363 grams per sq. cm.
.*. Young’s Modulus . . . =9000 ,, s
=9000 x 981 dynespersq. cm.
=8,830,000 ,, 1

,
Repeat the experiment with the two wires suspended
from the ceiling, loading the one provided with a vernicr.



SECTION X1V
Boyle's Law

Apparatus required.—A closed glass tube connected by
rubber tubing with a similar open tube, both capable of
being moved up and down a vertical graduated scale.

Definition.—The law of Robert Boyle, published in
1662, states that the volume of a mass of gas at constant

Pl Pl

A

B

Frc. 23, Fio. 24

temperature varies inversely as the pressure to which it is
subjected.  Thus consider the air enclosed by mercury in
the shorter limb AB of the hent tube, Fig. 23. Tf the
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tap at A is opened the mercury assumes the same level
in both tubes. Let now the tap be closed. A mass of
air of volume which we will call V, will be isolated in AD
at atmospheric pressure—-.e. at the pressure corresponding
to the height of therbarometer at the time, which is, let
us say, P centimetres of mercury. If mercury be now
poured down the longer limb, until the difference in the
levels of the mercury in the two tubes (ser Fig. 24) is p
centimetres, the pressure to which the gas is now subjected
is P 4 p, and the volume of gas in the tube AB will
decrease, becoming equal, say, to V'.  Boyle’s Law states
that :—

vV _P+p

\7/ - ])
or VP = V(P + p),

which signifies that the product of the volume of a given
mass of gas at constant temperatwre and the pressure to
which it is subjected, is @ constant however one of the two
quantities s varied.

EXERCISE
To verify the above Law

An apparatus by means of which the pressure on a gas
may be varied at will is necessary. A bent tube, such as
Fig. 23, would serve the purpose, but as it is difficult to
keep stopcocks tight, the end A is better closed. The
apparatus shown in Fig. 25 has been found convenient to
illustrate the law. A is a closed glass tube connected
with an open glass tube B by means of indiarubber tubing.
Between the glass tubes is a vertical millimetre scale 3,
on which the difference of levels of the mercury columns
in the tubes may be read off. A and B are attached to
movable boards which can be suspended by hooks from
the different holes in the stand carrying the vertical scale,
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and thus raised or lowered In this way the pressure to
which the gas in the closed tube is subjected can be
varied. Attached to the board carrying the closed tube
is a thermometer, on which the temperature of the air is
indicated, and it will be assumed that the air in the tube
AB is at the same temperature. In
moving the board to which A is attaclied,
care should be taken not to heat the
tube with the hand.

Before commencing the experiment
read the barometer.

Place the tubes A and D about the
middle of the stand, as shown in the
figure. Read on the scale, using the
T-square provided, (a) the position of
the inside of the top of the closed tube
A, (b) the level of the mercury in that
tube, and (¢) the level of the mercury
in the open tube B. In each case the
highest point of the convex surface
should be read as indicated in Fig. 20,
p- 61. The bore of the tube A may
be assumed to be sufficiently uniform to
enable the difference of the first two
readings to be taken as proportional to
the volume of air in the tube.

Fia. 2. Read the thermometer attached to
the board A.

Now move the board carrying the open tube B to the
next higher position, and take readings as before. Con-
tinue raising B step by step, taking readings each time,
till it is as high as it can be. To further increase the pres-
sure to which the gas in A is subjected, lower A step by
step, taking readings as before, till it is at its lowest posi-
tion, then raise it to its middle position, and bring down
B to the same level. Take readings again in this condition.
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Now lower B so as to take readings of volume under
diminished pressure, and continue the process till B gets
to its lowest position. Then begin to raise A, and after
having taken it as high as it is possible without the mer-
cury being poured oyt of B, bring both A and B back to

the middle positions, and take readings.

Record and calculate as follows :(—

Barometer 7526 e Apparatus No. 4
, ! |
Closed tube, Open I ! Volume e?]::%t:}f ! - ! Product
— tube. | Temp of pressures’ ‘lotul') : of pres-
Top. Mercary. M‘Tm") A ~ ?Ri?d pressure &\:':]?lli;lncd
s cms s, ! ' Umi_
6189 | 901 | 5697 | 16 1168 | TG 8232 085
P 6I%Y | 3100 | 6370 197 1089 I ]4 70 8996 , 980
C 6189 | 5195 | 7455 | 198 994 | 22:63 9786 i 973
6180 | 5265 | 8335 | 199 924 ‘ 3090 106°16 | 980
3190 : ‘ |
4189 1 (
3191 | 2455 | 8L 16 | 202 736 | 56:61 13187 © 972
41-90
5190 ,
6189 | & i
61-89 | 40:92 | 5698 | 2009 1197 , 706! 8232 984
6189 | 47°43 © 4025 | 209 14 46 718] 6808 983
6189 | 4500 3210 | 210 1599 --13-8C| 6146 983
8187 | 5949 2857 2238 -30°98) 4428 989
! &e. ‘ : |
¢ 6189 | 4991 5697 | 212 | 11:08 7061 82:32 985 |
! | i

It is seen that the errors of observation render the
result doubtful to about 1 per cent., which is probably due

to the difticulty of measuring the volume correctly.

Taking distances along a line from left to right in your
note-book to indicate pressures, and along a line up and
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down to represent volumes, draw a curve connecting the
observed volumes of the gas with the pressures, as
follows :—

26— T

24 \

[ 20 40 60 80 100 120 140
Pressures

The curve thus obtained is a rectangular hyperbola.

From the two observations nearest to atmospheric pres-
sure calculate approximately the eclasticity of the gas at
that pressure. Since clasticity = /'™ and stress in this
case = increasc of pressure, while strain = fractional
decrease of volume, we have clasticity
increase of pressure

" tractional decrease of \olume .
=82:32-6R 08 = 1424 = 82 cmsy, of mercury
14 46 - 11 97 249
T1446 1446
=1,090,000 dynes per sq. cm., since 75 cms. of mercury =one million
dynes per sq. cm.
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SECTION XV

Determination of the Freezing and Boiling Points
on a Thermometer

Apparatus required.—Two thermometers, a freezing
point can, and a boiling point tube.

The object of these exercises is to test the indications
of two thermometers at the temperatures of melting ice
and of boiling water.

Exercise 1
Determination of the Freezing Point

Two thermometers, one with a Centigrade, the other with
a Fahrenheit scale, and a canister, perforated at the bottom
(Tig. 26), are provided. This vessel is to be filled with
small pieces of ice, the smaller the better, and a small can
placed underneath so as to receive the water drained off
the melting ice. The surface of the ice should be level
with the top edge of the vessel. With a rod of cross sec-
tion equal to that of the thermometer bulb, make a vertical
hole in the ice underneath the spring clip fixed to the can,
which is intended to hold the thermometer. The hole
should be of such a length that when the bulb is inserted
so as to‘reach the bottom of it, the scale division marking
the freezing point is at the level of the top of the canister.
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Now insert the thermometer carefully into the opening
made.  1f the eye Is placed in such a position (Iig. 27)
that the top of the can is foreshortened into a straight line,
the freezing point should just be visible. Tap the thermo-
meter lightly with a pencil and reac the indication of the
thermometer when it has become quite steady, estimating
to tenths of a degree. If the thermometer stands versical,
while the line of sight is horizontal, errors due to parallax
are avoided.

Fia. 26. Fia, 27

The correction of « thermometer at « given temperature
is that quantity which has to be ADDED to the reading to
get the true temperature.

Hence, if a Centigrade thermometer reads 0°3 when
placed in melting ice, which has a temperature of 0’ C.,
the correction is — 0°3.

Determine the correction at the freezing point for each
of the thermometers provided, and record as follows :—

Fahrenheit, No. 7.

Observed freezing point . . . . 31°8.
Correction at freezing point . . ]
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Centigrade, No. i,

Observed freezing point . . . . 0°
Correction at freezing pomnt . . . £00

Exurcise 11
Determination of the Boiling Point

The determination of the error of a given thermometer
at the boiling point is, for various reasons, a little more
complicated than the corresponding task of finding the
error at the freezing point. Tt is on this account that the
determination of the freezing point has been carried out
before that of the boiling point, although the reverse order
is the one gencrally adopted in accurate thermometry.

Fia. 28

The boiling point cannot be determined by placing the
thermometer in boiling water as the temperature is
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affected by impurities in the water. The steam arising
from the water is found, however, always to have the
same temperature, so long as the barometric pressure
remains the same.

The apparatus used in making “he determination is
shown in Fig. 28 with the thermoweter inserted, and its
inner construction will be clear from Fig. 29, where the
arrows indicate the course of the steamn. The steam
rising from the boiling water passes through the cylin-
drical tube into which the thermometer is inserted, and
then through an outer jacket, the object of which is to
protect the inner vessel against the cooling action of the
atmosphere. It is important that the pressure of the
steam in contact with the thermometer bulb should be
known. If the opening through which the steam escapes
is moderately wide, the pressure will be sufficiently near
the atmospheric pressure to be taken as equal to it; but
when great accuracy is required, the apparatus is provided
with a manometer to determine the pressure in the inner
tube.

Before proceeding to find the error of the thermometer
at the boiling point, the temperature at which water boils
under the atmospheric pressure at the t{ime must be
calculated.

On the Centigrade scale, 100° is defined as the tempera-
ture of the steam arising from water boiling under the
barometric pressure of 76 cms. of mercury, at the sea
level in the latitude of 45° the mercury being at the
temperature of freezing water.

On the Fahrenheit scale, 212° is defined to be the tem-
perature of the steam arising from water boiling under a
barometric pressure of 29-905 inches at the sea level in
the latitude of London, the mercury being at the freezing
point.

The two pressures, one indicated by a barometric
height of 76 cms. at latitude 457, the other by a height
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of 29°905 inches at Greenwich, are identical, hecause
although 76 cms. is equal to 29922 inches, the gravita
tional constant is not quite the same in the two places
owing to the difference in latitude.

Tf the barometric pressure is known, and differs from
the normal, the boiling point may be calculated from the
experimental fact that a difference of 1 cm. pressure of
mercury produces approximately a difference of 0°37 C.
or 0°66 F. in the boiling point ; the boiling point being
raised by an increase, and lowered by a decrease of
pressure.

This rule will give the boiling point correct to 0702 C.,
for pressures varying between 73 and 80 cms. TIf the
barometer stands below 73 c¢ms.—as, for instance, when
the place of observation is considerably above the sea
level ——tables which give the relation between the boiling
poinv and the barometric pressure should be consulted.

The boiling points on the two thermometers should now
be found as follows :—

(1) Insert carefully one of the thermometers into the
apparatus (Fig. 28), so that the nominal boiling point is
about one or two divisions above the short cork slipped
on to the thermometer to support it, and wait till the water
hoils.

(2) While the thermometer is taking up its final tem-
perature, read the barometer according to the instructions
given in Section XIL., applying the corrections.

(3) Watch the thermometer for two or three minutes
after it has apparently stopped rising. If the thread does
not appear above the cork, the thermometer must be
slightly raised. When its indication has become steady,
push the thermometer down till the end of the thread is
only judt in sight; then read the temperature indicated,
estimating to '1°

G
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(4) Make corresponding observations with the other
thermometer, reading the barometer once more to check
the previous result.

The results are entered and reduced as follows :—

Normal height of Barometer . . . . 76 00 ems

Observed Height . . . . .75 24 s,

Corrections . . . . . - 17,

Observed height corrected . . . . . 7507,

Difference . . . . 093 cm.

Corresponding De;no»wn of oxling Point, Faht. =66 > 93=0"6
’ » » Cent. = 37 x *93 = 0°-3

-

Fahrenheit, No. 7.

PR — - ——— o

! |
! Freezing . Boilimg point at !
| I point. ’ TH10T ems. pressure. |
. _ B ; !
|
| Truevalue . . . . 32 211 i
[ Observed value . . .3 212°4 }
Corrections 40 ~1°0 '
i
(’m/[g/;'a«lc‘, No. 7.
: Freezing Boiling pomt at !
} pomt 75 07 cs, pressure, |
% R e e e 1 - -
. True value . . . . 0’ 99°+6 |
!
. Observed value . . . 0’0 99°2
| [
. _ . — 1
Corrections . . . .+ 000 +0°4 |




SECTION XVI
Correction and Comparison of Thermometers

Apparatus required.—Two thermometers, the errors of
which at the freezing and boiling points are known, and a
vessel for heating water.

In this exercise the indications of the two thermometers,
for which the corrections at the freezing and boiling points
have been previously determined, are to be corrected and
compared at intermediate temperatures.

Take one of the brass cans supported on legs which raise
it to a suitable height for heating over a Bunsen burner,
and fill it with tap water, having a temperature probably
lower than that of the room. Hold the two thermometers
which are to be compared, together in the left hand,
with their bulbs immersed, and with the help of a stirrer
held in the right hand, or by using the thermometers them-
selves as a stirrer, bring the water to a uniform temperature,
Roead off the indicated temperatuves.

Heat the water by means of a burner placed under the
:an, until the temperature is about 20° C.  Remove or turn
downtheburner, and after thoroughly stirring the water, read
the thermometers. Repeat the observationsat temperatures
about 30°% 40° and 50° C. At the higher temperatures,
the burner should be turned down and left under the can,
in order to keep the temperature of the water constant for
a minute before the thermometers are read. The stirrer
should be used continuously but not violently.

Convert the Fahrenheit readings into readings on the
Centigrade scale, ayd tabulate as follows :—

G 2
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{ Il
Fahrenlieit Centigrade ’ Fahr, converted | Difference

No. 7. No. 7. | to Cent. | I O
, ] |
31°8 ; 00 - 071 |0
60 -2 ! 15 6 +15 7, | - 1
737 ’ 22 -9 23 2 )
88 '3 30 -9 ! 31 -3 - 4
102 °1 385 | 38 0 - 4
12] 6 49 3 i 49 7 - 4
212 4 99 -2 100 -2 - 10

!

The errors to which a thermometer is liable may be
classified under three heads :—

(1) Errors in the freezing and boiling points.

(2) Errors due to the inequality of the bore of the
thermometer tube.

(3) Errors of graduation.

The magnitudes of the errors at the boiling and freezing
points, are easily determined, as in the previous exercise.

Errors due to inequality of the bore may be
corrected by a proper graduation of the tube. If the bore
of the thermometer tube had the same width throughout,
the maker would simply have to divide the distance
between the freezing and novmal boiling points into 100
(or 180) parts, to get a correct scale of temperature ; but
wherever the bore is narrower, the degrees should be
further apart, if an equal number of degrees is to corres-
pond everywhere to an equal apparent increase of volume
of the mercury. 1In thermometers intended to read
correctly to a small fraction of a degree, the stem, before
being graduated, is ¢ calibrated ” ; that is to say, the widthy
of the bore at different points are compared by measuring
the length of the same thread of mercury at those points.

But even then errors of graduation may be present,
through the divisions not being placed exactly where they
should be.
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In the thermometers provided, the divisions are equal
in length, and errors due to inequality of the bore may
therefore exist. It is required to find how much of the
observed difference between the Centigrade and Fahrenheit
thermometers, is dl to the errors at the freezing and
boiling points, which are known, and how much to
inequalities in the bores of the tubes.

We correct, in the first place, the readings of the thermo-
meters for the known errors at the freezing and boiling
points, by the following graphical method :—

Turn the note-book in which results are recorded, so that
the longer side of the page goes from left to right. Tet
distances from left to right vepresent degrees on the
thermometer, and distances up and down the corrections
to be applied to the readings. As the corrections may be
cittbr positive or negative, draw the axis of temperature
half way up the page. Next fix the scales.  Tf the note-
book contains twenty lines parallel to its shorter side, it
will be possible to represent the whole range from freezing
to boiling water on a Fahrenheit scale if each division is
taken to equal 10°. Hence if the left-hand corner of a
square touching the axis of temperature is taken to corre-
spond to 32° the right-hand corner of the square in the
axis of temperature will correspond to 42° and so on. The
scale of corrections is conveniently chosen so that the side of
each cm. square represents 0°1°. In the example given
in the preceding section, the Fahrenheit thermometer No.
7 read 31°'8 at the freczing point, and 212°4 when it
should have read 211°°4. Take a point therefore in the
horizontal axis corresponding to 31°8 (this will be a little
to the left of the vertical axis), and pass vertically upwards
to the second division, which represents the correction
4-0°2.  Similarly at the point corresponding to 212°4,
¢o down vertically to the tenth line, which represents an
error of —1°0. Join the two points by a straight line,
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the correction at any reading is then equal to the verti-
cal distance from the point representing that reading,

+‘2I\
t

32 212°F

-10
Flu. 20a !
to the joining line. The point of intersection of the
straight line with the horizontal axis, gives the tempera-
ture (about 62°), at which the thermometer reads correctly.
A similar line should now be drawn for the Centigrade
thermometer. Here the origin may conveniently be called

0°, and the horizontal side of each square may represent 5°C.

Determine in this way all the corrections to the original
readings, and construct a table as follows :—

FAHRENHEIT, No. 7. CENTIGRADE, No. 7. ! corrected
e F. Differ-
I Ob- ‘.Cor‘rcc-l Cor- 1 Ob-  Correc-| Cor- reduced (“,nvclg
| served.  tion. ! rected. | served, g tion. | rected. to €. T
V- — - P I et
P38 4002820 o0 00 0 +0°-0
602 - 0 602 136 -+, 157 | 157 | + 0 |
(73T - 1 TG 229 0 401 230 | 23] -
| 883 — 2 881 309 ¢ 41 3100 | 312 -2 |
1021 - 3018 B85 | +-2) 387 | 388 | - 1
1216 — 4 1202 493 | +2 | 495 | 49% -1
2124 - 102014 992 | +4 996 | 96 | £00
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The difference between the two thermometers-is, as the
table shows, reduced almost to the errors of observation,
and the principal source of the difference between the un-
corrected readings of the two, is therefore to be found in
the somewhat large ®rror of the Fahrenheit thermometer
at the boiling point. So far as these observations go,
they do not point to any serious errors of calibration.

When a thermometer is raised to a high temperature,
and then quickly cooled, the bulb does not contract at
once to its original volume, but requires a considerable
time, towards the end of which the diminution is taking
place very slowly. In consequence of this, thermometers
which have been heated considerably in the process of
manufacture, often show a gradual rise of their freezing
points for years afterwards. Tt has been found that
thermometers which after being raised to a high tempera-
ture®are cooled very slowly, do not show this alteration in
their freezing points and the best thermometers are now
treated in this manner. Such thermometers, however,
show still a temporary lowering of the freezing point after
being heated to the temperature of boiling water. The
extent of this lowering depends on the nature of the glass,
and must be determined if temperatures are to be
measured correctly to less than a tenth of a degree.

Clinical thermometers, which are still often made of a
kind of glass which produces a large variation of the zero
point, should be tested from time to time, if they are
required to indicate the temperature accurately.

ExaMpPLE.—A clinical thermometer has been tested and
found to have a correction of +0°'3 at 95° F. and —0°-2
at 105° F. Assuming that the bore of the tube is
uniform, what is the correction at 98° F.?



SECTION XVI1I
Specific Heat. I
The Water Calorimeter

Apparatus required.—Calorimeter, two Centigrade ther-
mometers, and a small flask.

An apparatus used for measuring quantities of heat is

i I

Fia. 30

called a calorimeter. The calorimeter used in
the present exercise, consists of a small vessel
made of sheet copper, supported on corks and
placed inside a larger vessel (Fig. 30), which
protects it against irregular changes of tem-
perature due to air currents, and to some
cxtent from loss of heat due to radiation
and conduction to the air. Quantities of
heat are measured by the increase of tem-
perature of a known mass of water, placed

,inside the calorimeter, the amount of heat

necessary to raise 1 gram of water from 9°'5
to 10°5 C. being taken as the unit (called a
gram-degree).

As the successful handling of a calorimeter
requires some skill, we begin with the simple

exercise of mixing known quantities of hot and cold water,
and determining the temperature of the mixture. This
will enable us to verify that the amount of heat necessary
to raise the temperature of 1 gram of water 1°C. at any
temperature is with sufficient accuracy for our purpose
equal to 1 gram-degree defined as above.
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EXERCISE

If a quantity M of§ warm water at a temperature T, be
mixed with a quantity m of colder water at a temperature
t, and if @ be the temperature of the mixture, the mass
M of warm water has lost a quantity of heat which, if we
assume that the heat required to raise one gram of water
one degree is the same at all temperatures, is expressed in
gram-degrees by M(T—6), while the cold water has
gained an amount of heat m(6 —t), and if there has been
no other gain or loss of heat, these quantities must be
equal. Hence

M(T - 6) ==m(08 - ¢t) . . . (D

fromu which equation @ can be calculated.

It has been assumed that the quantity of heat required
to raise a certain mass of water through one degree, is the
same whatever the temperature, and this is not strictly
true ; but to the degree of accuracy attainable in ordinary
calorimetrical experiments, the error thus introduced is
inappreciable.

It is required to find how far the value  determined
from equation (1), agrees with that found by observation.
The experiment is carried out as follows :—

1. Two Centigrade thermometers are used, one to
observe the temperature of the hot water, the other that
of the cold water in the calorimeter, and it is necessary to
determine whether there is any difference of the indications
of the two thermometers when at the same temperature.
The hot water in the experiment will be heated to about
50° C,, and the thermometers should be compared at that
temperature. Fill with warm water one of the vessels
used 'iv the comparison of thermometers, adjust the
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temperature to about 50° C., place both thermometers
inside, stir the water well, and read the temperatures
indicated.

Note the difference thus :—

- . ~ - SOV

| Thermometer No. 47 . . . 52°-4
" 24 . . . 52°-3
Difference No. 47-—-No. 24 = 0°1 I

2. Weigh the calorimeter empty. Place an additional
50 grams on the balance pan, and pour into the calori-
meter sufticient water to again produce a balance. If too
much has been poured into the calorimeter, add weights
till a balance is produced. The difference between “the
total weight and that of the calorimeter alone, is the
weight of water added.

Place one of the thermometers in the water in the
calorimeter.

3. In the same way weigh out 50 ‘grams of water in a
two-ounce flask, introduce the second thermometer, and
heat slowly on a retort stand covered with wire gauze,
over a small Bunsen burner.

4. While the water in the flask is heating, stir the
water in the calorimeter, and see that its temperature is
steady.

5. When the warm water is at about 50° C., remove the
flame, stir carefully but thoroughly with the thermometer,
watching the latter all the time.

6. Read and note the temperatures of the water in
the calorimeter, and of the warm water in the Hask,
estimating to {;th degree, then take the thermometer out
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of the tlask, shake the water adhering to it back into the
flask, and pour the water quickly into the calorimeter.

7. Stir the water in the calorimeter and watch the
thermometer closely as it rises; read to y%th degree the
highest temperature it*reaches.

8. There will be some water left in the flask; the
amount which has been poured out should be found by
again weighing the flask and contents, and subtractnw
lhe weight found from the total weight.

The success of the experiment will depend on the quick-
ness with which it is performed ; and a first trial will
probably not give a satisfactory result. Tn that case
repeat the experiment, but work out «l/ the results,
whether they seem satisfactory or mnot, making a note,
however, of the reason why a particular experiment is not
consic'ered trustworthy. As the hot water should he
poured into the calorimeter directly the thermometer in
the flask is read and taken out, no time is left to put the
reading down on paper until the final temperature has also
been read off. As the experiment will be useless if the
temperature of the warm water is not correctly recorded,
proceed as follows. First read and record the whole
number of degrees indicated by the thermometer in the
hot, water, leaving the decimal place open. The tempera-
ture will only vary a few tenths of a degree while this is
done. Then read the decimal of a degree and empty the
flask. The decimal is easily remembered until time is
found to write it down.

Calculate by equation (1) what the temperature 6 of
the mixture ought to be, and record as in the first
column below :—

Calorimeter used No. 6.

Thermomctm in warm water, No. 47.
v calorlmetor, No. 24,

Mass of flask :m(l warm water . .| 750 | 755 | grams.
Ve 'y left. m it . 255 | 26°1 '
’ warm watel used (M) . 495 | 494 ’s
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Temperature of warm water observed on |

No. 47. . 52°3 | 550 | C.
’lemperature of warm water reduced to

No. 24 (T) . .1 52>2 ) 549
Mass of calorimeter and cold water. | 71 1 | 989 | grams.

vy 'y alone . . 121 1210 '
Mass of water in calorimeter (m) . *. 50 ‘0 | 779 '
Temperature of water in calorimeter (1) . | 17°2 1 155 | C.

,, mixture observed . 33°9 | 302

Tcmperamre of mixture caleulated with- '

out water equlvalent of calorimeter®(6) - 34°-6 | 308
Temperature of mixture calculated with | |

water equivalent of calorimeter (6') . 34 2 304
Temperature calculated — Temperature | |

observed . . . . i 31 =2

The difference between the observed and calculated
values is due to three causes, all tending to make the
observed temperature smaller than the calculated one.
In the first place, the warm water is cooled by contact
with the cooler neck of the flask and with the air $vhile
it is being poured into the calorimeter. Secondly, the
warm water heats not only the water in the calorimeter,
but also the calorimeter itself, the stirrer, and the
thermometer in the calorimeter.  Thirdly, the -calori-
meter loses part of its heat by radiation and conduction
to the air.

We may easily determine the magnitude of the effect
produced by the second cause. If w is the mass of
the calorimeter and ¢ its specific heat, then wec is its
thermal capacity, or, as it is called, its ¢ water equivalent,”
i.e. the mass of water which would require the same
amount of heat to raise its temperature 1°C. that the calori-
meter does. The specific heat of copper is nearly °1; the
weight of the calorimeter and stirrer in the above example
was 21°1 grms., neglecting the weight of the cork feet ;
hence the water equivalent is 2°1 grms.; the water
.equivalent of the thermometer is approximately ‘5 grms.
The thermal capacity of the calorimeter and accessgries is
therefore 2'6 grms.  This should be added to the mass
of water in the calorimeter, in order to get the full
capacity 526 (m) of the matter heated, and the calculation
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of @ repeated. . When this is done the calculated valuo
of ¢ becomes 3472 C.

Perform another experiment, using about 75 grams of
water in the calorimeter, and tabulate the results of
the two experiments ad shown above.

It will be seen that by taking into account the
water equivalents of calorimeter and thermometer, the
difference of the calctilated and observed temperature
has been reduced to about one half its previous value.

The agreement between observed and calculated tempera-
tures is sufficient to justify the assumption we have made
in the calculation, that the quantity of heat necessary to
raise a given mass of water 1°C. is the same whatever the
initial temperature of the water.
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Specific Heat II—Watier Equivalents

Apparatus required.—Calorimeter, two Centigrade ther-
mometers, and a flask.

The water equivalent of a body is the mass of water
which would require the same amount of heat to raise its
temperature one degree that the body requires. The object
of the following exercises is to show how its value may be
determined experimentally.

Exercise 1
To find the Water Equivalent of a Calorimeter

This can be done to a suflicient degree of accuracy by
pouring some warm water, the temperature of which has
been observed, into the empty calorimeter and noting the
fall of temperaturce of the water. First weigh the calori-
meter and stirrer, then place a thermometer in it.  Allow
the thermometer to remain for a few minutes, then
observe the temperature ¢, and remove it. Put into
the flask provided, an amount of water which, when
poured into the calorimeter will just cover the bulb of
a thermometer placed in the calorimeter. Place a thermo-
meter in the flask and heat to a temperature T about 35°
C, then remove the flame and stir the water well. As
soon as the temperature is steady, pour the water quickly,
but carefully, from the flask into the calorimeter. Keep
the thermometer in the flask with one hand while the water
is being poured out, and then put it quickly into the calori-
meter, and use it as a stirrer. Its temperature will be
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seen to fall rapidly through a small range due to the
calorimeter and stirver taking up from the water an amount
of heat, which is equal to w (6 - 1) where w is the water
equivalent of the calorimeter and stirver, and € the final
temperature.  After the first rapid fall, the temperature
will diminish owing to radiation and conduction, and in
ovder that this cooling should be slow, and thevefore easily
distinguished from the first rapid fall, which alone concerns
us, the temperature of the warm water should not be higher
than ahout 35° The amount of water poured into the
calorimeter is regulated by the fact that the smaller the
quantity the greater the fall of temperature, and therefore
the more accurate the experiment ; on the other hand, the
quantity of water when in the calorimeter must be suflicient
to cover the thermometer bulb completely.  Also the parts
of the calorimeter not in direct contact with the water
shoulfl be heated by conduction to the temperature of the
water ; and, as they are at the same time cooled by contact
with the air, errors will be introduced if a very large por-
tion of the calorimeter is not in contact with the water.
With the apparatus provided, it will be found that a quan-
tity of water filling the calorimeter to about one third its
full contents will give sufficiently accurate results.

At the end of the experiment, weigh the calorimeter
with the water it contains. Since the weight of the
calorimeter has been previously determined, the mass of
water (M) is thus ascertained. The heat given up by
this mass is M(T - @), hence, neglecting the small amount
of heat given up or absorbed by the thermometer,

w(8 - 1) = M(T - 8),
or the water equivalent w =M(T—6)/(0—1¢).
Repeat the experiment and record as follows :—

Calorimeter used No. 6 ; Thermometer No. 24.
lempua.ture of calorimeter (¢) . . . N Vi
'y ,» warm water \T) . . L1348 &31
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v

Temperature of water after introduction into | | l

calorimeter (6). . . o 13205
Mass of calorimeter, stirrer and water . <1605 0724 gras,
' caloumetex and stirrer . . R R i | »
5, - water used (M) 156 8 | 527 '
Water equivalent w of calorimeter (1 by | |
experiment . . 20 ! 21 ,
Water equivalent w  of calorimeter by | [ |
weighing . . l 197 | [ T

.

The value deduced from the observations, may be checked
by calculating the water equivalent by tuking the product
of the weight of the calorimeter, and the specific heat of
copper which is about ‘1. This gives 1'97, a number
which agrees, within the errors of experiment, with the
observed value,

Exgrcise 1T

To find the Water Equivalent of a Thermometer

Fill the calorimeter with sufficient water to cover the
bulb of a thermometer placed inside it so as just not to
touch the bottom. The quantity of water should be
determined by weighing the calorimeter empty, and with
the water in it. Observe and record the temperature of
the water. Heat the thermometer, the water equivalent
of which is to be determined, in a vessel of water to about
80°C., then take it out, dry the bulb with a cloth, and
immerse it in the water of the calorimeter, noting its tem-
perature just before immersion. Observe the rise of
the temperature of the water by means of the thermometer
which stands in the calorimeter.

Repeat the experiment.

The student should write down the equation giving the
water equivalent v, in terms of T the temperature of the
heated thermometer, ¢ the initial, € the final temperature
of the calorimeter, M the total mass of water heated, i.e.
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the water in the calorimeter and the water equivalent o
the calorimeter, and from the observations calculate th
water equivalent.

Record as follows =

Calorimeter No. 6.
Thermometer in calorimeter No. 24.
Water equivalent thermometer No. 25.

Mass of water in calorimeter. . . . |281 30 grams
Water equivalent of calorimeter . . .l 20 } 20 .
Total water equivalent (M) . . . 301 ;320 .
Temperature of heated thermometer (T) . 1782 79°2 | C.
Initial temperature of calorimeter (¢) . .| 1847 17°:3 | C.
Final temperature of calorimeter (8) . . 1193 18°3| C.

.*. Water equivalent of thermonieter 25 -1 46, 5| gram.

The last two exercises are examples of the two genera
methods in use in calorimetry. In the first exercise :
quantfty of heat was determined by the decrease o
temperature of a given mass of water from which it wa
abstracted, in the second by the increase of temperatur
of a mass to which it was imparted




SECTION XIX

Specific Heat. III.—Determination of Specific
Heats by the Method of Mixtures

Apparatus  required.—Calorimeter, heater and two
thermometers.

The exercise in this section consists in finding the
specific heat C of a solid, by heating a known mass M to
a temperature T, and quickly immersing it in a mass m
of a liquid at a temperature ¢, and which has no chemical
action on the solid. If ¢ is the specific heat of the liquid,
0 the water equivalent of the calorimeter and the thermo-
meter, and 6 the final temperature of the mixture, then,
equating the quantity of heat lost by the hot body to that
gained by the calorimeter, we have

C.M(T =~ 8)=(r.m + w)(6 - 1)

This equation shows us that if the specific heat of either
the solid or the liquid is known, that of the other can be
found by the above method.

In the following exercise the specific heat of marble is
found by mixing it with water the specific heat of which
is 1. Putting ¢ = 1 in the above equation we find

C.M(T - 8)=(m + w) (8 - 1)

An apparatus in which the marble can be hected to a
temperature near the boiling point of water is provided.
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The marble is placed in a tube A (Fig. 31), which by
means of a stopper P is fitted into an outer vessel K, con-
taining water. The stopper should be taken out to see
that the outer tube is about one-third full of water, then
replaced. *

The apparatus is provided with a tube B through which,
when the water is heated, the steam cscapes. This tube

Fra, 31 Fia. 32,

should be of such form and length, that when the vessel is
tilted, as in Fig. 32, so as to deliver its contents into the
calorimeter, no water escapes. Test that this is so before
commencing the experiment, then proceed as follows :—

1. Weigh out suflicient marble to fill the inner tuke of
the heater about two-thirds full, place about one haif of
the marble in the tube, then put in the thermometer and
pack the rest of the marble round it.

2. Place the heater on a retort stand and light the
Bunsen burner. Place a can under the end of the bent
tube to catch any water coming from it. Lower the flame
so as to keep the water just boiling, while the rest of the
preparations are being made.

H 2
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3. Weigh the calovrimeter and stirrer. Pour into the
calorimeter sufficient water to fill it a little over half full
and weigh again.  Place in it a thermometer, and observe
the temperature when it has become steady.

4. When the water in the heater has been boiling for
a few minutes, the temperature of the thermometer in the
marble will be found to keep steady somewhere about 99°
or 100° C. (possibly if the barometer is very high, slightly
above 100° C.).  When this has been the case for five
minutes, record the temperature. Read and record the
temperature of the calorimeter, then take the thermometer
out of the heater, remove the heater from the stand with
the help of the baize wrapped round it, and quickly empty
the marble into the calorimeter, removing the thermo-
meter from the calorimeter for an instant while the marble
is being poured in. The heater should be kept as short a
time as possible in the neighbourhood of the calorimeter,
as it will heat that vessel by radiation.

H. Stir the marble and water in the calorimeter well,
and read the temperature to which the thermometer placed
in it rises.

6. Repeat the experiment.

Enter and reduce the observations as in the following
example of a determination of the specific heat of iron.

Calorimeter used, No. 16.

Thermometer in Heater No. 35.
,, Calorimeter No. 43.
Mass of iron bormgs (M) . .| 50 [ 551 ; grams
Mass of water in calorimeter (m 92 2 0+,
Water equivalent of calorimeter and !
thermometer (previously determme(h 50 50 ’e
Total water heated . . .97 2 109°1 .
Temperature of iron (T) . . . 1991 92
’s ,, calorimeter (¢) . . 1182 191
,y mixture (8) . . L2278 235
Spocnﬁc Heat of iron calculated . . ‘117 116
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Note.—Instead of weighing out the marble and water used
separately, we might first weigh the calorimeter empty, then when
ﬁlE:d with the water, and finally at the end of the experiment when
it contains both water and marble.

As regards the precdutions to be taken and the accuracy
to be expected, we remark that the rise of temperature
in the above example was 46 C. An error of reading of
one-tenth of a degree would therefore produce an error of
2 per cent. in the calculated specific heat. This, then, is
the accuracy at which we might reasonably aim. The dif-
ference of temperature recorded by the thermometer will
not be in error to that extent owing to the errors of the
thermometer at 0° and at 100°, which therefore need not
be known. Similarly the thermometer in the heater will
not, as a rule, show an error so great as 1° near the
boiling point. If in the above example, the temperature
of the iron had been 100° instead of 99°1 as indicated by
the thermometer, an error of about 1'5 per cent. would
have resulted, as the iron would have cooled through 77°2
instead of 76°'3, as assumed. If the error of the thermo-
meter at the boiling point is known, it may, however, be
taken into account. The weights should be correct to less
than 1 per cent., that is to say, to about half a gram.

No account has been taken of the loss of heat from the
calorimeter by radiation, which takes place after the
marble has been introduced and before the final tempera-
ture is measured. On the other hand, there is a gain of
heat by radiation from the heater, which will tend to
counterbalance this loss.  See p. 106 for a simple method
of applying a correction to the observed results.

The same method of procedure may be adopted in other
cases, e.g. to find the specific heat ¢. of a liquid, given that
C. for a solid on which it has no chemical action.

If the two act chemically on each other, the solid may
be enclosed in a closed glass or other vessel on which the
liquid has no action. The heat absorbed or liberated by
the vessel must then be taken into account.



SECTION XX
Latent Heats

Apparatus required.—Calorimeter, thermometer, ice,
flask, delivery tube, and condenser.

When a substance is to be converted from the solid into
the liquid, or from the liquid into the gaseous state, a
certain amount of heat has to be supplied to the substance,
which produces no change of temperature. This amount
of heat is called the Latent Heat of fusion or of evapora-
tion respectively.

In either case it is generally found by passing the sub-
stance in its hotter state into a cool calorimeter, the
temperature of which is raised in consequence. From
the increase of temperature of the calorimeter the amount
of heat imparted to it may be calculated. This amount
of heat has been given up by the hot substance in changing
its state, and in further cooling to the final temperature
of the calorimeter. If the specific heat of the substance
is known, the second portion of this heat can be calcu-
lated, and the Latent Heat, which is the first portion, may
be found by subtraction.

Exgrcise T

Determination of the Latent Heat of Fusion of
Ice or Latent Heat of Water

In this case the usual process is reversed, and the ice at
0" C. introduced into a calorimeter containing water at
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a few degrees above the temperature of the room. -In
consequence of the heat absorbed by the ice in melting,
the temperature of the water in the calorimeter falls.

Weigh the calorimeter provided, and place in it
sufficient water at abotut 20° C. to fill it a little over half
full.  Weigh again to find the water contained. Place
a thermometer in the water and record its reading. Select,
a piece of ice about 10 grams in weight from the ice pro-
vided, dry it with blotting paper, and place it, without
touching it with the fingers, in the calorimeter. Move it
about in the water by means of the stirrer, keeping it all
the time under water.

Take readings of the thermometer every half minute till
the temperature ceases falling and begins to rise.

Weigh the calorimeter and contents again.

Repeat the experiment.
t M is the mass of ice at 0° C.,

” latent heat of water,
m o, mass of water in the calorimeter,
t initial temperature of calorimeter,
0 final
wo,, water equxvalent of ‘calorimeter and thermomaber,

the heat loot by the calorimeter
=(m +w)(t - 0)
and the heat absorbed by the ice
=M.L+M.0=DM(L+6).
These two amounts of heats must be equal.
Hence

L_{u;il)( _p)_e.

Record as follows :—

Weight of calorimeter c« oo 551 531 grams
N »» and water . 2011 | 2157-2 v
' ,, water (m) . 1460 | 162°1 v

TR ca.lornneter a,nd oontents a,f end 214-3 | 2312
ice added (M) | L1392 149
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Water equivalent of calorimeter (w) . 55 553 gramne
Total water (m + w) . . . {1515 | 1676
Initial temperature (£) . . . . 223| 233C.
Final temperature (8) . L) 182 184 C.

!

Latént heat of fusion of ice or laterlt;( - .
heat of water . Ay ‘goi 196

LXLRCISL 1T
Determination of the Latent Heat of Evapordtion'
of Water or Latent Heat of Steam
Weigh the calorimeter and stirrér and the cotidensing’
vessel provided, then fill the calorimieter to within' 2 c¢ms.
of the tép with water at the temperature of the room, and
weigh again.

'/ S\

\y\\\y\\\\\\\\\\\

Test whether the flask and rubber-tipped delivery tube
can be arranged as shown in Fig. 33. The rubber should
fit loosely into the end of the condenser, so thut the joint
can easily be made or broken. It need not be steam
tight. Disconnect the condenser from the delivery tube
and boil the water in the flask gently, the steam being
allowed to escape into the air.
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Observe the temperature of the water in the calorimeter,
and! at a given instant to be noted, place the calorimeter
in position, inserting’ the end of the delivery tube into the
top of the tube of the condenser. The steam condenses
and the water in the calorimeter rises in temperature.
Observe the thermometer every half-minute, keeping the
water well stirred, and when the temperature reaches 30° C.
remove the delivery tdbe from the condenser.

Observe the temperature of the calorimeter every half
minute for 2 minutes after the highest temperature has
been reached, then remove the condenser, dry its outside
surface, and weigh it with its contents again.

Write down the equation to determine the Latent Heat
of steam, using the symbols I, m, ¢, &c., with the meanings
given below.

Tabulate the observations as follows -

First Experiment. Second Experiment.
3h 3om-5 16°+6 steam on 4h 25m-3 13°0 steam on
3h 33m-5 29°-5 steam oft’ 4h 27m-5 31”7 steam off
34m 31° 28 3371
345 30°-7 28m-5 33°-3
35 30°5 20 330
L35 307 205 328
36 303 30 32°5
305 32°:3
First Second
Experiment. Experiment.
grams, grams,
Weight of calorimeter en:ipty . . . H46 550
AEEETERN ’e and water . . 1619 1531
Hence mass of water (m) . . . . 1073 98°1
Weight of condenser empty . . . 400 40°1
Weight of condenser and water after con-
densation of steam . . C . 429 137
{-/[Venc:e' mass of stemih condensed (3f) . . 29 3-6
ater equivalent of calorimeter and con- .
denser (w) . . . . . . 94 95
Total water equivalents . . . . 11687 107-6
Tyitial tempetdture of calorimeter (/). . 16°'8 13°0/
Hiighest temperature of calorimeter () . 31°0 333

Hence latent- heat L of steam at 100° C.
(uncorrected for cooling) . . - 910 831
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Students will notice that the temperature continues to
rise for a short time after the steam is cut off. This is
due to the fact that it takes some time for the water in
the condenser to give up its heat till its temperature
becomes equal to that of the water iu the calorimeter.

It is necessary to point out some sources of error to
which these experiments are liable, and for which no
allowance has been made. In the: first place it was as-
sumed in the calculation that the steam condensed at
100° C., and unless the barometer stands exactly at 76 cms.
this will not be correct. Since however a change of
three centimetres in the height of the barometer
will only change the calculated value of the latent
heat by one unit, and other probable errors cause much
larger differences, it is not necessary in an experiment
of this kind, which does not lay claim to great accuracy,
to take account of the variations of the boiling poi-.t of
water due to changes of pressure.

A considerable error is introduced by the assumption
that the heat which enters the calorimeter, all serves to
heat up the water, and that none escapes by radiation,
conduction, and convection,

In accurate calorimetric experiments a so-called * cooling
correction ” has to be applied to the final readings of the
thermometer, to give the temperature which would have
been observed if all the heat had been retained in the
calorimeter. The methods of finding and applying this
correction are outside the range of this book, but we
shall in the present instance show how a rough estimate
of it may be made. It is for this purpose that students
have been instructed to read the thermometer after it
has reached its maximum. Referring back to the
examples given, it will be found that in the first
experiment the thermometer fell 07 during the next
two minutes after reaching its highest point. This
fall indicates that the amount of heat lost by the
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calorimeter owing to convectibn, d&c., was sufficient
to lower its temperature 07 in two minutes. The
interval of time between the introduction of steam, and the
thermometer reaching its highest reading, was 34 minutes,
and if during the whole of that time, the loss of heat had
been the same as at the end of the experiment, the
heat lost in the 3} minutes would have caused a fall of the

thermometer amounting to - X*%=1%2. But the heat
g 2

lost: by the calorimeter depends on the excess of its tem-
perature above that of the surroundings. At the be-
ginning of the experiment the calorimeter was at the same
temperature as the air surrounding it, and therefore no
heat was lost, but as the temperature of the calorimeter
rose higher, more and more heat was given up. If the
amount of heat lost by radiation increases in proportion to
the rise of temperature, the average loss per unit time over
the whole interval, is only half the loss per unit time
at the end of the experiment. Approximately, therefore,
the loss of heat due to radiation, from the time steam
was introduced, to the time the thermometer reached its
highest point, is only half the amount stated above,
1. it produced a fall of temperature of 0°'6, which is the
cooling correction required. In this experiment therefore
the highest temperature reached would have been 31°6 if
the calorimeter had been protected against all loss.
Similarly in the second experiment the highest reading
of the thermometer would have been 33°7.

Correct the observations in this manner for cooling,
and calculate the latent heat with the corrected tempera-
tures, entering the results as follows ;

Highest temperature of calorimeter cor-
rected for cooling . . . 31°:6 337
Latent heat of steam (corr ectul) . . 536 504

This exercise on the latent heat of steam has been
introduced here, as it forms a useful exercise in calorimetric
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work, but accurate resulfs cannot be expected unless very
greéat precautions are taken. The simple apparatus here
described is found to give more consistent results than
other forms, in which the steam is led directly into the
water without a condenser being used. The results may
be rendered more accurate by weighing the condenser
empty and with the water condensed in it apart from the
calorimeter in a more delicate balande.

The first experimemt given above, has led to a result
which is very near the truth, while the value obtained
in the second experiment, differs rather more than usual
from the correct number. Students should have no diffi-
culty in obtaining results which do not show errors greater
than 3 per cent.

As the condensed vapour is not brought into con‘act
with the liquid of the calorimeter, the same apparatus
and method may be used to determine the latent heat of
vaporisation of any liquid.

If the latent heat of vaporisation L, the specific heat
C, and the boiling point T of a liquid are given, the same
apparatus and method would serve to determine the
specific heat ¢ of any liquid used as condensing liquid in
the calorimeter. The equation connecting these quantities
with the initial temperature ¢ and final 6 of the calori-
meter being :

ML+ CT=8) = (me = w) (8 - 1)
¥xercisg ILI

Determine, by the method used for steam, the Latent
Heat of vaporisation of Carbon Tetrachloride. Given
boiling point = 77° C., specific heat = -2,

Record as in previous case.



SECTTON XXTI
Melting and Boiling Points

Apparatus required.—Test-tube with naphthalene, two
thermometers, flask, carbon tetrachloride, water bath, and
condenser.

If a crystalline solid is heated, it is converted at a
certain well-marked temperature into a liquid, which if
allo.;ed to cool, solidifies again at the same tempera-
ture. This temperature is called the melting point of the
solid, or the freezing point of the liquid. If the solid is non-
crystalline or amorphous, like wax and the fats, the change
from solid to liquid, or wice versd, takes place gradually, so
that it is difficult to state at what temperature the solid
melts, or the liquid freezes.

Exgrcise 1

Determination of the Melting Point of
Naphthalene

The test-tube provided contains a quantity of naphtha-
lene, in which the bulb of the thermometer is embedded.

Support the test-tube in a clamp, and place under it on a
tripod, a beaker containing water. Lower the test-
tube into the beaker, till the water outside reaches up to
the level of the surface of the naphthalene inside the tube.
Place a thermometer in the water in the beaker.
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Raise the temperature of the water to 70° C., then
lower the flame, and continue the heating slowly, watching
the naphthalene carefully, to see when it begins to melt

TR AN

av points in contact with the walls of the test tube.
When this occurs note the temperature of the water and
keep it constant by further lowering the flame or removing
it entirely. Keep the thermometer and mass of unmelted
naphthalene attached to its bulb in motion, and observe
the reading on it every half-minute, noting that it remains
nearly constant while the solid is melting.

‘When the naphthalene round the bulb of the thermo-
meter begins to melt, and allows the mercury to be seen,
observe the temperature, and take this temperature as the
melting point. Observe the temperature for three minutes,
during which it will be found to rise.

Now remove the beaker, dry the outside of the test-
tube, and allow it to cool by losing heat to the air, ob-
serving the temperature every half-minute till the sub-
stance is solid. The temperature will be found to remain
constant while the liquid is solidifying, but will decrease
at other times. Take the constant temperature as the
freezing point of the liquid.
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Compare the two results obtained as follows :—

Melting point . . . . . . . =788C.
Freezing point . . . . . . . =78"7C.

Draw a curve shoving the rise and fall of temperature,
from six half-minute intervals before, to six half-minutes
after, the melting and freezing respectively.

In the same way if heat is supplied to a liquid, at
a definite temperature depending on the atmospheric
pressure at the time of observation, the liquid is
converted into vapour, remaining at the same tempera-
ture till the whole of it is vaporised. The temperature
indicated by a thermometer in the liquid itself, is slightly
influenced by dissolved salts and by the nature of the
vessel, but that indicated by a thermometer in the steam,
is dependent on the liquid and the pressure only.

This latter temperature is called the hoiling point of
the liquid under the observed pressure.

Exercise 11

Determination of the Boiling Point of Carbon
Tetrachloride.

Pour sufficient carbon tetrachloride into the flask pro-
vided to form a layer about 2 cms. in thickness, and
support the flask on a shallow water bath in such a way
that the level of the surface of the water outside, is a little
above that of the liquid inside. Insert into the flask
through the cork a thermometer, the bulb of which should
be about 2 cms. above the surface of the liquid, and a
delivery tube, the other end of which passes into the neck
of a small flask, placed in cold water to serve as a con-
denser. (Fig. 34.)

Heat the bath slowly, observing the temperature every
minute. When the liquid begins to boil, turn down the
flame so that the boiling goes on gently. Notice that the
indication of the thermometer remains constant. The
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temperature indicated is the boiling puoint of the liguid
under the atmospheric pressure at the time, which should
be read on the barometer. Reduce the observation to

Fia, 84.

76 cms. pressure by using the known fact, that the
boiling point of carbon tetrachloride changes 0°'4 C. for a

variation of 1 cm. in the pressure.

Observed boiling point at 74 9 cms. . . . 76°7.C.
Calculated 'y by . . . T7°1 G
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To Determine the Coefficient of Expansion of a
Gas with Tempega.ture, the Pressure remaining
Constant.

Apparatus required.—Graduated capillary tube con-
taining air, closed by sulphuric acid index, water-bath,
thermometer.

When the pressure to which a gas is subjected remains
constant, the volume v, the gas occupies at any tempera-
ture ¢°C. is given in terms of the volume », at 0°C. by the
equation v =v,(14at), where a is a constant known as

I'1a. 84a

the “coefficient of expansion of the gas at constant
pressure.”

It is the object of the present exercise to determine the
quantity a.

The capillary tube supplied is closed at the end from
which the graduations start. It contains air enclosed by

1
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a column of strong sulphuric acid, which extends a few
millimetres up the wider tube attached to the capillary
tube. The acid serves as an index and keeps the air dry.

Place the tube nearly horizontallv in the water-bath
supplied, the closed end being slightly higher than the
open one, and fill the bath with tap-water, the end of the
wider tube being kept well above the surface of the water.
Place a centigrade thermometer in the water and stir well.
When the indication of the thermometer is constant, read
the tempcrature and the position of the sulphuric acid
index in the capillary tube. If ice is available, add
sufficient to the water to lower its temperature to 10°C,,
and repeat the observations of temperature and volume.
Then pour out the water and surround the tube with ice.
When the temperature has fallen to 0°C., read it and the
volume. Place a Bunsen burner under the water-bath
and raise the temperature to 10°C., remove burner and
repeat the observations, after stirring the water well.
Continue the process, taking readings of volume and
temperature at about 20° 30° 40° 50°, 60°% and 70°C.,
before each reading stirring the water well and keeping
its temperature constant for a few minutes by turning
down the burner. Now add cold water to the bath, so as
to reduce its temperature by steps of about 10°C. to that of
the air, reading temperature and volume at each step.

Record the observations graphically, taking distances to
the right in the squared paper of your note-books to
indicate temperature, and distances upwards to indicate
volumes.  Draw through the points so obtained the
straight line which best represents the observations.

By means of this straight line, read the volumes v, at
50°C. and v, at 0°C. Divide the former by the latter,
subtract 1 from the quotient and divide the difference by
50. The quotient is the coefficient of expansion of the
gas at constant pressure a ; the expansion of the glass of
the tube and the slight change of pressure due to the
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motion of the sulphuric acid up the wide tube being

negligible.
Record the calculation as follows :—
\ Tube B.

r, =10°20 scale divisions of tube
50— 1205 ’y 2 ER]
0 _ . V50 _y—-
=18l o1=asl,

* = =002,

- a=rg 00362

At the conclusion of the exercise pour the water out of
the water-bath so as to leave the gas tube dry.

3 2
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To Determine the Dew Point and the Relative
Humidity or Fraction of Saturation of the Air.

Apparatus required.—Daniell hygrometer, ether.

The air generally contains water vapour, and the tem-
perature to which the air has to be cooled in order that
the vapour may condense on bodies with which it comes
into contact is known as the Dew Point. It is the
temperature at which the amount of vapour present at the
time would be sufficient to saturate the air.

The Daniell hygrometer supplied consists of an inverted
| j-shaped tube, with the legs unequal in length and each
provided with a bulb. The lower bulb is generally silvered

Fra- 3ib.

or gilded, and within it the bulb of a small thermometer
is placed. The upper bulb is covered with muslin. The
whole tube has been exhausted so that it contains a
volatile liquid and its vapour only. At the commence-
ment of the exercise the hygrometer should be tilted so
that the whole of the liquid is in the lower bulb. Allow
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the instrument to stand in the air to be tested, which in
the first instance should be outside air, for ten minutes
before using. Then read the thermometer in the lower
bulb and that outside, generally on the wooden stand of
the instrument. If the two 1cadings do not agree, we
shall take the thermometer within the tube as correct, and
apply a correction to the readings of the outer one so as
to bring its readings into agreement with the inner one.

Now place the hygrometer in the shade at a point where
there is free circulation of air. Pour a little ether over
the upper bulb so as to saturate the muslin, and keep it
saturated during the experiment. Notice that the ther-
mometer in the lower bulb shows a fall of temperature.
Shake the instrument occasionally so as to stir the liquid
in the bulb, and watch the outer surface of the bulb for
the first trace of moisture deposited on it. This will be
mos* easily detected by looking at the image if an object
seen by reflection is the silvered or gilded surface. When
the first trace of moisture appears, the image will become
dim. Read immediately the temperatures on the inside
and outside thermometers.

Allow the cther on the muslin to evaporate completely.
The temperature of the hygrometer will then rise slowly.
Shake the instrument at intervals so as to stir the liquid
in the bulb, and watch the instant when the film of
moisture on the bulb disappears. Read immediately both
thermometers.

Take the means of the readings of each thermometer.
That for the inner thermometer is the Dew Point. Correct
those of the outer one if necessary, and find from a table
of the saturation pressure of water vapour at different
temperatures,! the pressures corresponding to the Dew
Point found, and to the corrected temperature of the air.

Since the amount of vapour present at the latter
temperature was sufficiené to saturate the air at the

1 See Table, p. 249.
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observed Dew Point, the relative humidity or fraction of
saturation is equal to the quotient of the former of these
pressures by the latter.

Record as follows : —

DanieLL HYGROMETER B.
Readings of thermometers after standing.
Inside thermometer 19-2°C.
Outside 18'8°C. .-, Correction to outside thermometer = *4°C.

Readings for Dew Point. Vapour Pressure.
Inside . . 12+4° 126° mean 125 1'U8 cms. mercury
Outside . . 174 174 » 174
Correction to outside ' ‘4

178 14,

=—="75.

.. Relative Humidity or} 1-08
1-44

Fraction of Saturation
The same method is used in determining the relative
humidity of the air of a room, but the observer should

keep at a little distance from the instrument except when
taking an observation, in order not to affect the result.



PART IV
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SECTION XXITI
Reflection at a Plane

Apparatus required.—Drawing board, mirror and sup-
port, sighting rod, and cm. scale.

Formation of Images by a Plane Mirror

Let Q be a small object in front of a reflecting surface

AO (Fig. 85). Ihaw rays QO, QO &c. from Q. These
will be reflected according to the laws of reflection, along
OR, O,R,, so that in each case the incident and reflected
rays and the normal to the reflecting surface at the point
of incidence are in the same plane, and the two rays
make equal angles with the normal on opposite sides of it.
It can be proved by elementary geometry that these
reflected rays when produced backwarde, will all intersect
in a point g, such that a line ¢Q is at right angles to the
reflecting surface, and the point ¢ as far behind the
surface as Q is in front.
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To an eye placed at any point E, the reflected rays will
therefore appear to come from ¢, and.the point ¢ is called
the image of Q.

Exercise.
To verify that the image is as far behind a plane reflect-
ing surface as the object is in front.
(1) By the siyhting method.

Place a pin Q vertically in front of a strip of mirror A,
which is supported on a horizontal drawing board by a clip,
so that its reflecting surface is vertical (Figs. 36 and 33).

To find the position of the image ¢, use the apparatus
skown in Fig. 37. P, P, is a bent rod with two needles

’?' 'Pz
Fia. 37,

or pins at its ends parallel to each other. Shut one eye
and place P, P, in such a position (Fig. 38), that when
the open eye is about 20 cms. behind P,, the points of the
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pins P, P, and ¢ are in the same straight line. Mark the
positions of P, and P,. Repeat the experiment with the
eye in different positions. Draw a line on the paper along
the silvered surface of fhe mirror at which the reflection

P

Fia. 38.

takes place, and take away the mirror. The lines joining
the poiats P, and P,, P, and P,, &c., should, when pro-
duced, all intersect in the same point ¢, and gA and QA
will be found to be ncarly equal to each other. Owing to
the refraction of the light through the glass in front of the
silvered surface, the image will be about % of the thickness
of the glass nearer to the reflecting surface of the mirror
than the calculated position. (See Fig. 42, p. 122.)

(2) By the parailax method.

Place the mirror A and pin Q as before. The image of
Q will be ¢ (Fig. 39). Look straight at the mirror with
one eye only, placed so that the pin Q nearly covers the

image ¢. Place a pin Q vertically, so that the upper part
of it appears continuous with the image ¢ of the lower part
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of the pin at Q, seen in the mirror. Q" will then be on
the line passing though ¢ and the eye, but it may be in
front of or behind ¢. Now move the eye to the left so that
the mirror is looked at obliquely. If the needle Q' appears
to the right of the image ¢, it is too near the mirror, if to
the left as in the figure, it is too far away. In the former
case move it a few millimetres further away from the
mirror in a direction perpendicular to the mirror. Place
the eye again so that Q nearly covers its image ¢, and sec
that Q' still appears to be continuous with ¢. Move the
eye again to the left and see whether the two still appear
continuous. If not, move the pin again, and repeat the
observations. By this method, a position of the pin will
be found such that, whatever the direction in which the
eye looks, the image ¢ of the lower part of the pin Q, and
the upper part of the pin Q' appear to be continuous. The
shifting of the image ¢ and the pin Q' over each other,
when the latter is not in its proper position, is called paral-
lax. When there is no longer parallax, draw a pencil line
on the paper to mark the position of the silvered surface
of the mirror. Measure the distances of the pins from this
line by means of a glass millimetre scale, laid on the paper
with the graduations on the under surface, or with a wooden
scale placed on edge so that the graduations extend to the
surface of the paper.

Repeat the experiment with Q at different distances
from the mirror.

The student should make a reduced copy in his note-book
of the lines on the drawing paper, and state the observed
lengths of AQ, Ag, &c., in each case.



SECTION  XXIII
Refraction at a Plane
Apparatus required.—Drawing board, glass cube, sight-
ing rod, and drawing instruments.
Explanation of the Laws of Refraction

Let IO (Fig. 40) be a ray of light in air, which falls at
O on a surface MM’ of glass or water.

Fra. 10

With centre O describe a circle IMM’, draw the normal
NON' to the surface MM’, and II' perpendicular to ON.
The ray IO on entering the lower medium which is optically
denser than the upper, will continue in the plane containing
ON and Ol (first law of refraction), but will be bent
towards the normal NN’

Let OR be the refracted ray, then the angle TOI’ is
called the, angle of incidence, and the angle ROR’ the
angle of refraction. Through R the point of intersection
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of the refracted ray and the circle draw the line RR’ per-
pendicular to the normal and intersecting the normal in R’.

It has been found experimentally, that the ratio of the
lines II' and RR’ to each other is the same whatever the
angle of incidence. If the first medium is air, this ratio
is called the refractive index pu, or index of refraction of
the second medium. The index of refraction is different
for rays of different colours, incroasing from red through
the yellow, green, and blue to the violet. The following
table gives for several media the approximate refractive
indices for yellow light :—

Diamond 244 to 275
Flint glass . . . . . . 1-58 to 164
Crown glass . . . . . . 153 to 1-56
Bisulphide of carbon . 168
Water . 1-33

We may therefore take the index of refraction of crown
glass as £, and of water as 4.

The ratio IT’ to OT in the right-angled triangle 1O’ of
the above figure, is called the sine of the angle 10T". Simi-
larly the ratio RR’ to OR is the sine of the angle ROR’,

Hence :—

hid
Sine angle of incidence _ OI _ II _ OR
Sinc angle of refraction ~ RR’~ RR’ * 0L
OR
but OR = OI, and r_ refractive index,
RR/
. Sine angle of incidence

. ——-—.~ = refractive index.
Sine angle of refraction

This is the second law of refraction, called after its dis-
coverer Snell’s Law.

Exgrcise 1
To verify Snell's Law

Place the cube provided on the paper with the line
drawn along one surface parallel to an edge vertical. By
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means of the sighting rod P, P, (Fig. 41), sight the lower
part of the line R from three positions on the opposite

R h]
I8
M 20 N’
P\
1
\t)
A
- Fio. 41

side of the cube to the line. The directions of the three
emergent rays P P, P'P,’, &c., are thus obtained. Mark
on the board, MM’ the projection of the refracting surface,
and R the projection of the vertical line on the cube, and
take away the cube. Produce PP, backwards until it meets
the face of the cube in O. Jom RO. RO will be the
ray incident on MM’, which on emergence passes through
PP, Diaw RN normal to MM, and produce P,0 to
intersect RN in I.

By a general law in Optics, the course of a ray can be
reversed without altering its path, hence if the ray going
from R to P, takes the pa.th RO, OP, a ray going from
P,to R would take the path P, ,0, OR. In the latter case,
since RN is normal to the surface MM’, OIN would be
the angle of incidence, and ORN the angle of refraction.
Hence by the law of refraction

-——-- . = refractive index
sine ORN ’
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ON ; ON
o1’ and sine ORN = R

ON OR _OR
0L “ON T 01

Measure OR and OI, calculate their ratio, repeat for
rays at other inclinations to the surface MM’, and record
as follows:—

but sine OIN =

Hence index of refraction =

Cube, No. 20.

OR. o1, | OROI=p |
—— e | e - .

449 3:00 150

479 318 151

4-98 330 151

If it is found that OR/OI is the same whatever the
direction of the emergent ray, Snell’s law will have beei
verified.

It will be found that the various sighting lines PP,
P,'P,, &c., when produced backwards, intersect nearly at
the same point I on the line RN. This is due to the fact
that if the point O is not far from N, the ratio OR to OI
is nearly equal to the ratio NR to NI, which ratio is there-
fore nearly equal to the refractive index.

The student should draw a reduced diagram in his note-
hook, and should give the lengths of all the lines measured,
and the refractive index calculated from each pair, as above.

We can now understand why in reflection at an ordinary

Ml ek rccmmcamamananasa}

g ¢ A

Fia, 92,
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mirror, the image is not quite so far behind the reflecting
surface, as the object is in front. The rays from Q (Fig.
12) are refracted at the surface of the glass on entering
and emerging, and this causes the reflected ray to appear
to come from ¢/, and not from ¢, where Aqg = AQ.

Exercise 11
Geometrical Construction for the Refracted Ray
It has been seen that if the index of refraction of the
denser medium is u, the line IT" (Fig. 40) is u times RR/,
hence if the ray IO and the index u were given, the
direction of the ray OR could be found by measuring
along OM a length equal to IT" divided by u, and
letting fall from the end of this length, a perpendicular
to MM/, cutting the circle IMM’ in R. This method
involves drawing for each incident ray the perpendicular
1T, weasuring it, and cutting off from OM a length equal
to IT'/u. The following method is more convenient.
With centre O (Fig. 43) draw two circles with radii pro-
portional respectively to the indices of refraction of the two
media, 7e. 1 and . Let the ray- IO, traversing the medium
of index 1 cut thecircle of radius 1 in T.  Let fall from T a

F1a. 48

perpendicular IN to the surface of separation of the two
media, and produce this perpendicular upwards to cut the

K
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circle of radius p in K. Join KO and produce to R ; OR
is the refracted ray in the medium of index u.
For, sine OIN = ON/OI, and sine OKN = ON,0K
sine OIN ON 0% OK
" sine OKN ~ OI "ON~ O =%
and angle OIN = angle of incidence
» s OKN = ,, ,, refraction.

Hence the construction makes the sines of these angles
have the proper ratio to each other.

The student should draw in his note-book, using the same
pair of circles, the refracted rays corresponding to rays
incident at angles of 10°, 20° &e., 80°, on the surface of a
medium of which the index of vefraction is 1'55, and should
notice that the refracted rays due to rays incident at angles
nearly 90°, make with the normal angles much less than 90°.

If we consider rays in the dense medium to be incident
at O from all directions, only those which make am angle
with the normal less than a certain limit, will be refracted
into the rare medium. This limiting angle is called the
Critical Angle, and the rays which are incident at angles
greater than the critical angle, are cntirvely reflected, re-
maining in the dense medium and constituting the  totally
reflected rays.” So long as an incident ray is capable of
producing a refracted ray, the construction given above,
carried out in the reverse order, will give the direction of
that refracted ray, but it will be found to fail when the
angle of incidence in the denser medium is greater than a
certain limit, as in the case of the ray R,0 (Fig. 43).
The normal through K, the point in which the ray produced
cuts the circle of radius p, does not cut the circle of radius
I, and must be produced downwards to cut the outer circle
again in K, and K,  be joined to O. OK,’ is then the
totally reflected ray corresponding to the incident ray R,0.

The student should draw the refracted rays produced
by rays incident at 10° 20°, &c., 80° on the inner surface
of a medium of index = 1'55.



SECTION XXITV

Lenses and Mirrors. 1

. Apparatus required. —Drawing instruments.

Lenses are transparent bodies, bounded by two surfaces
which are generally spherical.

The line joining the centres of the two spheres of which
those surfaces are parts, is called the axis of the lens.

We distinguish two kinds of lenses, according to their
action on a parallel beamn of light.

I. Lenses which change a parallel beam of light into a
convergent one, as in Fig. 44, are called converging lenses.

A B C
Fic. 44, Frc. 45.

Converging lenses always have their thickest part in the
middle.  The three lenses given in Fig. £5 are converging
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lenses. One of the bounding surfaces is always convex to
the outside, the other may be convex (A), plane (B), or
concave (C) ; but if it is concave, the curvature of the con-
vex surface must be greater than that of the concave one.

The point to which the rays of light falling on the lens
parallel to the axid, converge after refraction, is called a
principal focus. There are two principal foci, one on each
side of the lens, since a parallel beam of light may fall on
the lens from the left or from the right. If the media on
the two sides of the lens are the same and the lens is thin,
the two foci will be at equal distances from the lens.

The distance of either focus from the lens is called the
focal length of the lens. The geometrical constructions and
formulee which ave given in this Section, apply only when
the thickness of the lens is so small compared to the focal
length, that it becomes immaterial whether the focal length
is measured from the surface of the lens, or from some point
inside. If the figures which follow were accurately drawn
to scale, the lens would appear almost as a line. In order
to distinguish convex and concave lenses, we shall draw the
lenses with an exaggerated thickness, but in dotted lines ;
while the position of the actual lens is given by a straight
line drawn in full: thus in Fig. 46 the lens is really

Fia. 46.

represented by the line HK, and the two curved lines only
indicate that the lens is a convex one. The incident and
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refracted rays are therefore drawn straight up to the
line HK. The same holds in all the figures which
follow. .

II. Lenses which change a parallel beam of light into
a divergent beam, as in Fig. 47, are called diverging
lenses.

Diverging lenses always have their thinnest part in the
middle, as in Fig. 48. One of the bounding surfaces is

_H/
,.—"‘\j/V'/A
T )
Lot "" A
R
~ -~
——»a":.~‘\; t‘\\
_—>——-—-7=_— <
K\
A B Cc
Fia, 17, IO TR EN

always concave, the other may be concave (A), plane (B),
or even convex (C); but in the last case the concave surface
must have a greater curvature than the convex one.

The point ¥ (Fig. 47), from which the heam of light seems
to diverge after refraction, is called a principal focus, the
other focus being at the same distance from the lens on
the opposite side.

Converging lenses are somectimes called convex, and
diverging lenses sometimes coneave, lenses.

If a pencil of light diverging from a luminous point Q,
fills a lens HK (Fig. 19), the quantity '/qa is called the
divergence of the incident pencil with respect to the lens.
1f the pen~il after refraction converges to Q', the quantity
/@ is called the convergence of the emergent pencil.
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Since the medium on the two sides of the lens is the
same, there are two foci, F; and F,, on opposite sides

I'16. 40

of the lens and at equal distances from it, and the quantity
1/ap, or }/ar, is called the converging power of the lens.
In order to make our statements definite, we take for the
point A, the point at which the plane passing through the
edge of the lens HK cuts the axis ; but the relations which
are given below between the distances of the object and
image, are only approximate, and the errors committed
are of the same order of magnitude as the thickness of
the lens, so that these distances might, without appreciable
difference in the error, be mecasured from the surface of
the lens. The distance of the image from the lens can he
calculated from the following proposition, which is the more
nearly correct the thinner the lens.

Convex lenses increase the convergence, or diminish the
divergence, of an incident beam by a constant quantity,
which 1s equal to the converging power of the lens.

In order to show how this proposition is applied, we
distinguish three cases.

(1) If the luminous point is nearer to the lens than the
principal focus (Fig. 50), the pencil after passage through
the lens, will still be divergent, but its divergence will be
diminished.
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The divergence of the incident beam is !',q, the converg-
ing power of thelensis!/yp,. Hence, the divergence of the

Fie. 50.

emergent beam is !/pq — !/ar,. Thus, according to the
ahove proposition,

1 1 1

AQ TAQ T AF,

(2) Tf the luminous point is further from the lens than
the principal focus (Fig. 49), the converging power of the
lens will be greater than the divergence of the pencil, and
the emergent pencil will therefore be convergent, the con-
vergence being given by the equation :—

1 1 1

fa 5l
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(3) Tf the incident beam is convergent, its convergence
will be increased by the lens (Fig. 51). Hence :—

1, 1.
AQ" AT,

A
AQ ™
Geometrical Constructions

Let F AT, (Fig. 52) be the axis of the lens, F, and F, the
focal points, A the centre of the lens, and let Q be a point on

p > ,I' \\l

H

N )
|

} N

a R v
\‘ lll Pl

M

the axis to the left of the lens and PQ a line perpendicular
to the axis. It is required to find the position and size of
the image of PQ.

Through P, draw two rays, one PA through A the
centre of the lens, and produced in the same direction
after passing through the lens, the other PL parallel to the
axis, meeting the plane through A perpendicular to the
axis, in the point I. This ray, aftci refraction at the lens,
passes through ¥,. The image of P will be at the point
of intersection P’ of the two rays LF, and PA. This point
of intersection may be either on the F, or right side of
the lens, in which case the image is veal and inverted, or
on the F, or left side (Fig. 53), in which case the image is
virtual and erect. The first will be found to be the case if Q is
to the left, the sccond if it is to the right of F,. Through
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P’ draw P'Q’ perpendicular to the axis. P’'Q’ isthe image
of PQ. If the rays LF, and PA have to be produced to
the left to intersect, draw the portions LP’, PP’ of them
to the left of the lens, and the image P'Q’, dotted. By
considering each ray in this case to be reversed in direction,

b4 =mmmeeee- D
s
”
”"

2
..‘I'I-‘
[ >)
>
7

Fra. 58.

the construction gives the position of the real image PQ
produced by rays which if the lens were not present, would
form an image P'Q’.

Work out the following examples by the conyergence and
divergence method, and by the geometrical method, giving
diagrams :-—

A convex lens has a focal length of 12 centimetres.
Find the positions of the images corresponding to objects
at distances of 60, 24, & 6, 2 centimetres respectively to
the left of the lens.

The position of the image produced by a concave leus,
if the position of the object is given, can be found with
the help of a proposition similar to one given above.

Concave lenses increase the divergence, or diminish the
convergence, of an incident beam by a constant quantity,
which “s equal to the diverging power of the lens.
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‘Write out the equations which determine the positions
of the images in the three following cases:

(1) The incident pencil is divergent

(2) The incident pencil converges to a point beyond the
lens, but nearer to the lens than the principal focus.

(3) The incident pencil converges to a point beyond the
lens and further from the lens than the principal focus.

Find the position of the images formed by a concave
lens of focal length 12 cms. of objects placed at 60, 24, &,
6 and 2 cms. to the left of the lens.

Carry out also the geometrical construction for each
case, remembering that parallel rays incident on the l2ft
surface of a concave lens, appear on emergence to proceed
from the focus on the left of the lens.

Spherical mirrors are of two kinds :—

I. Those which convert a parallel beam incident on
them into a convergent beam. They are concave towards
the incident beam, and their converging power, t.e., the
reciprocal of the focal length, which is the distance from
the mirror to the point to which the parallel beam con-
verges after reflection, is equal to twice the reciprocal of
the radius of curvature of the mirror.

Converging mirrors increase the convergence or diminish
the divergence of @ beam they reflect by an amount equal to
the power of the mirror.

TI. Those which convert a parallel beam incident on
them into a divergent beam. They are convex towards
the incident beam, and their diverging power is equal to
twice the reciprocal of their radius of curvature.

Dwverging mirrors increase the divergence or diminish the
convergence of a beam they reflect by an amount equal to
the power of the mirror

Find the positions of the images formed by a concave
and a convex mirror respectively of focal length 12 cms.,
when the object is placed 60, 24, 8, 6, and 2 ¢ms. to the
left of the mirror.



SECTION XXV
Lenses' and Mirrors. II

Determination of the Focal Lengths of Lenses
and Mirrors.

Apparatus required.—Drawing board, a convex and a
concave lens, a convex and a concave mirror, slit, stop,
screen, and sighting rod (Fig. 54).

N Exgrcisr T
To find approximately the focal length of a convex lens,

arrange the lens and a small screen with their centres
above a straight line ruled on a sheet of paper fixed to

the drawing board. Incline the board so that light from a
window or from a distant object outside, may pass through
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the lens and fall on the screen. Vary the distance of the
screen from the lens until a distinct image of the object
is obtained. Measure accurately the distance from the
centre of the lens to the screen. This will be the focal
length, if the lens is thin. Record as follows :—

Lens No. 10.
Focal length from image of object outside = 7°4 cms.
1

Exercise 11

At the end of the board, near one edge of the paper,
place a pin upright, and about 10 cms. away from the
board place a luminous burner so that the pin may be well
illuminated. Draw a line across the paper passing through
the pin-hole. Place the centre of the lens vertically above
this line about 10 ems. behind the pin, and place the screen
at the other end of the line. Adjust the positions of lens
and screen until a distinct image of the pin is obtained on
the screen.

Measure the distance of the pin from the lens (u), and
of the screen from the lens (+), and calculate the focal
length as in the following table :—

Lens No. 10.

Divergence  Convergence

of mecident of refracted Convergimg Focal

Experi- Ly v beam beam power of length
ment.  cms, cms. 1w 1o lens. cms.
1 9056 3679 110* 027* 137 73
2 1256 177 079 ‘056 ‘1356 T4
3 1720 1295 058 078 136 74
Mean . . 74

* These numbers may be found most easily by reference to the table of 1e
ciprocals on p. 246,

The numbers in the last column should be nearly equal
to each other.

Notes.—1. Care should be taken to place the plane of the lens at
right angles to the line joining object and image, otherwise the
image will have coloured edges, and will be nearer the lens than it
should be normally. A considerable error may thus be introduced.
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2. Even with the lens properly placed the image may be in-
distinct and surrounded by a coloured fringe, which is due to the
fact that the focal length is different for light passing through
different parts of the lens (spherical aberration), and for differently
coloured rays (chromatic gherration). By inserting coloured glasses
between the light and the object, the trouble arising from chromatic
aberration can be diminished ; but the determination of the focal
length is then more difficult as the light is weakened. By inserting
stops of different diameters the effects of spherical aberration may
be diminished and the image made much sharper.

For the pin substitute the slit provided, placing it
vertical in the position occupied by the pin. Place the
screen in such a position that the image is most distinct,
then insert the stop with the wider opening so as to block
out the light coming through the edges of the lens, and
notice that the image becomes sharper. Insert the stop
with the smaller opening, and observe that the position of
the screen for which the image is most distinet can now be
found with greater accuracy. Take observations of « and
v, and tabulate the results as before.

Exercise IIT

When the object is nearer to a convex lens than the
principal focus, no real image is formed; but when the
eye is placed on the opposite side of the lens to the object,
on looking through the lens a virtual image on the same
side of the lens as the object, is seen. In order to find its
position, the sighting rod, or the parallax method may be
used. Place the slit half way between the principal focus
and the lens, place the tlame behind the slit, and look at
the image from two positions on the opposite side of the
lens to the slit, one on ecach side of the axis, using the
sighting rod as in the previous exercises, to find the
position of the virtual image. Measure the distances of
the object (x) and image (v) from the lens. Repeat the
experiment with the slit placed at a distance from the lens
cqual to about two-thirds of the focal length. Calculate
the results as in the following example :—
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Lens No. 10.
Divergence Diveigence
of cident of refracted Conveiging  Focal
Hxperi- u » beam. heamn. power of  length.
ment. cms cms. 1u 1 Icns. cms
1 390 856 256 ‘1.7 ‘139 72
2 580 256 172 039 133 75

Mecan . . 3
Exercise 1V

The image formed by a concave lens is virtual, and
cannot be projected on a screen ; its position can, however,
be determined by the usc of the sighting rod.

Substitute for the convex lens of Exercise 111 a con-
cave lens, and take two observations with the slit about
25 and 35 cms. from the lens. Calculate out and arrange
the results as in the following example :—

Lens No. 7.

Divergence Divergence

of incident  of refracted Diverging Foeul

Expen- v v beam. bheam. power of length,
ment, cms, cs Hu 1/, lens. cms
1 364 79 027 127 100 100

2 24-0 71 ‘042 ‘140 098 102
Mean . . 101

Exercisg V

Verify the result obtained for the concave lens, by
placing it in contact with a convex lens of less focal
length, and determining the focal length of the combina-
tion by method I. The power of the concave lens will be
equal to the difference between the powers of the convex
lens and of the combination Record as follows :—

Focal length of convex lens = 7°4.-. converging power = 1/7-4="136
=1/27:0= 037

,, combination=270.". -* ,, ”
=099

” "

.. Diverging power of concave lens No, 7
Focal length of concave lens No. 7=101 cus.
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Exercise VI

Determine the foca* length of a concave mirror by sub-
stituting it for the convex lens, and a small screen about
1 cm. diameter for the screen used in Exercise 1, pro-
ceeding as described in that exercise.

L

XERCISE V1T

Determine the focal length of the concave mirror by
placing a pin or slit about 20 cms. away from the mirror
and a few cms. on one side of the axis. Place the screen
so that the edge of it is in the axis, and move it to or
from the mirror till a distinct image is seen on it. Pro-
ceed as in Exercise 11, then calculate the focal length of
the wirror from the distances of object and image
from it.

Exercise VIII

Determine the focal length of the concave mirror by the
method described in Exercise ITI, placing the pin or slit
nearer to the mirror than the focus, and using the sighting
rod.

Exercisg IX

Determine the focal length of the convex mirror by the
method described under Exercise I'V.



SECTION XXVI
Lenses and Mirrors. III

Bxperimental Verification of the Relation between
the Sizes of an Object and its Image formed by a
Lens, and by a Concave Mirror.

Apparatus required.—Drawing board, slit, lens, concave
mirror, stop, screen, and instruments.

Let A, (Fig. 55) be the centre of a converging lens, and
let Q be the image of a point Q. Then since 1/A,Q is the
divergence of the incident beam, and 1/A;Q’ the conver-

...
~el
-

F16. 55.

gence of the emergent beam, the relation between the
positions of image and object is given by the equation

1 11
ST ¢
A1Q+A1Q,’ 7 (1)

where 1/f is the converging poWer of the lens.
Let PQ be a small linear object placed at right angles
to the axis of the lens, and let P',Q" be the image. When
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the lens is thin, the line joining P and P,” will pass through
the point A,, and the triangles A|PQ and A P/'Q" will be

similar. Hence :—

TP AW .
Yo CAQ . . (2

or, expressed in words, the ratio of the sizes of imaye und

object 4s equal to the ratip of their distances from the leus.

EXERCISE

In order to verify equation (2), perform the following
experiments :

1. Take a convex lens and determine its focal length
approximately, by holding it not less than 5 metres away
from a source of light a flame or a window, and finding
the position of a screen behind the lens, when the image
of the source on it is most distinct.

Measure the distance from the lens to the screen.  This
is the focal length approximately.

2. Measure the length («) of the slit in the screen pro-
vided, and place the screen near the left-hand edge of the
drawing board, with the slit horizontal. At a distance
from the screen 2 or 3 cms. more than twice the observed
focal length, place the lens in its support. Place the stop
provided near the lens, so that the light passes through
the centre of the lens only. Put a luminous flame behind
the slit, and find the position of the screen when the image
of the slit on it is most distinet. Mark the positions of
slit, lens and screen. )

Measure the distances of the slit () and screen (v) from
the lens.

3. Measure the .length (0} of the image of the slit by
means of compasses or a glass scale.

Keeping slit and lens fixed repeat the adjustment of
the screen twice, marking the position found and measur-

L
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ing the length of the image of the slit each time. Take
the mean of the .two sets of observations.

4. Move the screen till its distan e from the slit is less
than four times the obscrved focal length of the lens.
Notice that there is now no position of the lensin which a
good image appears on the screen.

5. Place the screen near the iight hand edge of the
board.

There are now two positions of the lens, in each of
which a distinet image of the slit is projected on the
screen. Measure the distances of the slit and screen from
the lens and the size of the image of the slit in each case,
making the adjustment twice, and taking the means of
the measurements.

Experiment thus shows that for a given distance between
an object and a screen there are two positions of tl.e lens
such that an image of the object is thrown on the screen,
provided the distance between the object and the screen is
more than four times the focal length of the lens.

If with the screen at Q' (Fig. 55), A, is a position of
the lens for which a sharp image of an object at Q is
formed, it may be easily proved that the second position
of the lens is at A, such that QA,=QA,. 1In that case
P,Q, will be the image of PQ.

Now
QP,_QA,_QA,.
QP T QA, QA
Also
QA, _QP
QA, QP
hence
Qr,_ QP
QP " QP
or

QP =VQ'P, QP
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Expressed in words thix means that if the object and
sereen are kept al the same distance from each other, and
the two positions of the lens are found such that images
of the object are projedted on to the screen, the geometrical
mean of the lengths of the images is equal to the length
of the object.

Record as follows -—

Focal leifgth of lens = 81 c¢ms.
Length of slit (a) =20

2

wo b "o ’ rfu ! b * hja I

I— 4__..im ey

181 107 s w0 10 /0|
333 10°7 HOoB2 65 \ 33
06, 334 - 440 0 15 625 313

Gec.netrical mean of the two values of 4, for a distance
of 14 cms. between slit and screen = \/() 25 % 6D =201,

Proceed in the same way to verify that for the concave
mirror the sizes of object and image are proportional to
their distance from the mirror. The slit and screen will
now both be on the concave side of the mirror, and slightly

displaced in opposite directions out of the axis of the
mirror.



SECTION XXVII
Refraction of Light through a Prism

Let AT (Fig. 56) be a ray of light incident on a prism,
the refracting angle of which is a. Tt will be refracted
along IR, and if ¢ and # are the angles between the
normal NI and the rays outside and inside the prism re-
spectively, we have by the laws of refraction

sing = usmr . . . (N

where p is the index of refraction of the material of the
prisim.

F1a. 56.

At R the ray is refracted again and passes out of the
prism in the direction RB. If ¢' and +" are the angles
between the normal NR and the ray outside and inside,
the equation

sin?’ = usin)” . . . . (2)
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will hold for the refraction at emergence. In the triangle
CIR the three angles must together be equal to two right
angles, and hence the apgles CIR and CRT must together
he equal to
1807 — a ., . .
but
CIR =90° - »
and ’
CRL w0 - o,
henee
CIR + CRI = 180" - (» + 1) . .4

By comparing (3) and (4) it is seen that

’

a=14r (9)
The three equations
S = usin . .(1)
sin ¢ = psiny’ . . . . (2)
a=17r+r . . . . 0)

determine completely the path of a ray through a prism if
its refracting angle a, and its index of refraction g, are
known. Thus if the first angle of incidence () is given,
r may be calculated from (1), next " may be calculated
from (5), and finally " from (2).

One case is of special importance, namely that in
which the ray passes symmetrically through the prism
as in Fig. 57. Tn this case »=1"and from (1) and (2)
i=1"; hence from (5) r=a/2.
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The Deviation of the ray by the prism is the angle
through which the ray is rotated by the prism. 1f Al
is the original direction of the ryy (Fig. 56), and RB
its direction after passing through the prism, the angle
between AI and RB measures the deviation of the ray.
We may obtain this angle by calculating the deviation
of the ray due to the first, and that due to the second,
refraction separately, and adding the results together. Thus
the angle NTK is equal to ¢, the angle NIR is equal to »;
and since the angle RIK is the deviation at the first
refraction, this deviation is equal to (i—r). Similarly
at the second refraction the deviation is (¢"—+"), and hence
the whole deviation D is given by

De(i-r)+ @ -)=G+)-(r+r)=0G+7)-a . (6)

Tf 7 has been found by equations (1), (2), (F), the
deviation can be calculated. It is found that for a given
incident ray, there is one position of the prism in which
the deviation is less than in any other position; this is
called the position of mintmum deviation. It may be
shown that the position of minimum deviation is the one
in which the ray passes symmetrically through the prism
(Fig. 57), that is to say when, as explained above,

t=1andr =

(7)

Wi e

the deviation given by (6) becomes in that case
D=2-a

or:

D

) ta
2

(8)

and as sin i = psin», we obtain by using (7) and (8)

D+a

. .o
sin 5 = ksing . . . (9)
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If D and o are measured, this equation will determine the
refractive index pu, for

. + a
. sin —5
p=——
sin =
2

Numerical Example.—The angle of a prism is 60°, and
its refractive index 1'6.* Calculate the angle of incidence
t when a ray of light passes with minimum deviation
through the prism.!

ExrFRCISE
Geometrical Construction for the Emergent Ray

Let C be the refracting angle of the prism (Fig. 58).
With centre C and radii 1 and u, where w is the refractive
index of the material of the prism, draw two circles.

Fia. 58.

Let a ray parallel to A,C be incident on the left-hand
surface of the prism. From the point A; where A,C

! See table of sines, p. 247.
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cuts the inner circle, draw A L perpendicular to the first
face of the prism and produce this perpendicular till it
meets the outer circle in A, Join A;'C and produce to
again meet the outer circle in B;". Then, by the geometrical
construction proved on pp. 123 and 124, A,'CB,’ is parallel
to the refracted ray. Draw B,'M perpendicular to the
second face of the prism, and let B{M cut the inner
circle in B;. Join CB,; CB, is parallel to the emergent
ray.

Let AT be a ray parallel to A,C, incident on the first
surface at I. Draw IR through I parallel to A,'CB/,
cutting the second face in R. Through R draw RB
parallel to CB,. This line is the emergent ray correspond-
ing to the incident ray AT

Find, by this method the emergent rays corresponding
to rays incident on the first surface of a prism of index
1'6 and angle 60° at angles of 30%, 40° 50°, and 60°
respectively.



SECTION XXVITII
EXERCISE

Determination of the Refractive Index of a Glass
Prism

Apparatus required.—Drawing board, prism, two lenses,
slit, screen, boards, and protractor.

It will be necessary to obtain, in the first instance, a
beam of light the rays of which are parallel. 1f a narrow
slit is placed so that its centre is coincident with the
principal focus of a lens, the rays coming from the centre
of the slit will leave the lens parallel to the line joining
the centre of slit and lens; the rays diverging from any
other point of the slit will be approximately parallel among
themselves, but inclined to the axis of the lens.

Fra. 53,

A small wooden board AB (Fig. 59), along which a lens
L and a screen containing a vertical slit S can slide, is
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provided. Place the lens near the end of the board, and
find the position of the screen, such that the image of a
distant object is seen sharply defined on it. If necessary,
fasten lens and screen to the board by means of pins
passing through the small holes in the corners of the
supports. A combination of slit and lens which in this
way produces a parallel beam of light, is called a colli-
mator.

Place another lens L and a screen 8’ down the middle
of which a vertical line is drawn, on a similar board, so that
the focus of the lens is in the centre of the screen. If
necessary, attach the lens and screen to the board by pins.
If this arrangement, which we shall call the focussing board,

L L s’
F e :
= —
F1a. 60.

the collimator, and a luminous flame F (Fig. 60) are placed
so that the centres of the screen, lens, slit and flame are
in a straight line, a sharp image of the slit should appear
on the screen.

EXERCISE.

Tn order to determine the refractive index, the angle of
the prism has first to be measured.

Place the prism and focussing hoard in such positions
(Fig. 61) that the beam of light is reflected from one of the
faces AB, of the prism, and forms a sharp image of the slit
along the centre line of the screen. Rotate the prism back-
wards and forwards a little to see that the image moves as it
ought to do, and is not a spurious image due to internal
reflections. When you are satisfied as to this, draw a line
along one edge of the base on which the prism is mounted.
Now turn the prism, without moving the focussing board,
until a sharp image of the slit again appears in the same
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position, the reflection now, however, taking place from
AC instead of from AB, and draw another line along the
same edge of the basg. The angle hetween these two
lines is that through which the prismn has been rotated,
which, it will be seen, is 180°—a, if o is the angle of the

prism.
Er— ——— L A vC\

) :uv B
=
s
Fia. 61,

Proceed now to the measurement of the deviation pro-
duced by the prism, which is the second quantity necessary
for calculating the refractive index.

Place the prism so that the light from the collimator is
refracted through it, as in Fig. 614 ; the angle which has

Ay

F16. 61aA.

been measured being the refracting angle C. Find the posi-
tion of the focussing board, such that the spectrum produced
by the prism appears on the screen. On turning the prism
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round a vertical axis this spectrum will be found to change
its place, but that position of the prism which gives the
smallest deviation of the spectrim is easily obtained.
With the prism in this position adjust the focussing board
till the yellow of -the spectrum falls on the central line
of the screen, then mark.the position of the board by a
pencil line drawn along one of its edges.

Remove the prism and mark similarly the direction of
the focussing board when it points directly to the col-
limator, as in Fig. 60, so that the image of the slit is seen
on the central line of the screen.

The angle between these two lines on the drawing board
is the angle of minimum deviation.

Repeat the adjustments and measurements and record
as follows :—

Prism No. 6.

Angle of prism « = [ 59°5 ([ %60°
Angle of minimun deviation D = | 48 48°
[.—.—— ——
Sum (D + a) = I 1075 | 108
:—:_ = 29°"7 and 30° . sin ; = 4941 | 500 !
Die_537andse . sin DL < | 5060 | 809
sin 212
"= - = 8.0§— ‘ =;8-29=l'ﬁ‘)
sing = 403 = 163 and 500 2,

Mean value of p = 1'62.

If a spectrometer is available, with a telescope which
revolves over a graduated circular scale, and a prism table
whose rotation can also be measured, the above observations
should be repeated with the instrument, the angles of the
prism and of minimum deviation being read to the higher
degree of accuracy which the instrament permita,

1 See table of sines, p. 247.



SECTION XXIX

On Vision with the Naked Eye and through a
Magnifying Glass

Ir an object or the image of an object formed by a lens,
is looked at with the naked eye, its apparent size may be
measured by the ratios of its linear dimensions to its
distance from the eye.

For if in Fig. 62, AB is an object, ab the image formed
on the retina, and if O is a point in the eye such that a

Fig. 62.

ray AO going towards O will continue along the same line
Oa, we obtain in the similar triangles OAB and Oab the
relation

ab _AB AB

6; = O——A or ab= OKOa.

The distance Oe is the same whatever the length or distance
of AB, and hence the length ab of the image on the
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retina is proportional to %—2 and this fraction we may call
the apparent length of the line AB.

It is here assumed that there is in the eye a point
having the property ascribed to the point O, and it can be
shown that the assumption is justified.  This point
is situated in the crystalline lens near its back surface,
and by means of it we may find the image of a luminous
point A simply, by drawing a straight line AO and
producing it to the retina.

When we speak of the distance of an object from the
eve, we should, strictly speaking, measure it from the
point O, but we shall commit no appreciable error by
measuring it from the front surface of the cornea.

It is found by experience, that we can focus the eye so
as to see distinctly objects lying within a certain range
of distance.

The nearest point to which we can focus is called the
“near point,” and the farthest point is called the “far
point ” of the eye.

A normal or “emmetropic” eye has its far point at
an infinite distance, and its near point 25 cms. from
the eye.

Eyes which cannot focus for distant objects are called
short-sighted or “ brachymetropic,” and the smaller the
distance between the eye and the farthest point of distinct
vision, the greater is the degree of short-sightedness. For
such eyes the near point is generally nearer than 15 cms.
Eyes having their near point farther than 30 cms. are
called long-sighted or “ hypermetropic,” and their owners
require spectacles to read or write with comfort. A
long-sighted eye will often be able to focus rays which are
convergent.

A common defect of the eye consists in one of its
refracting surfaces not being accurately spherical but
more curved in some directions than in others ; the eye is
then said to be astigmatic. When this defect is very
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decided all luminous points will appear drawn out into a
line. Tt is investigated by determining the nearest
distance of distinct visisn for each of a number of lines
radiating from a point. . For an astigmatic eye these
distances are not the same.

The apparent size of an object depends on its distance
from the eye. We shall therefore see a small object under
the most favourable comxditions if we place it as near the
eye as possible, that is to say, at the nearest point of
distinet vision.

If D,, is the nearest distance at which we can focus, and
a the linear size of an object, /D, will be the greatest
appavent size of the object, when seen distinctly with the
naked cye.

We may now determine the advantage gained by
looking at a small object through a convex lens placed
close 1o the eye.

RN

s

4o

Fra. 63

If AB is an object (Fig. 63) pliced between a convex
lens HK and its focus F, the rays BO and BH proceed
after passing through the lens in the direction 60 and
bH, and appear to come from the virtual image b of B.
ab is therefore the virtual image of AB, and f)-izf—,—f
(Section XXIV.).
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¢ the eye is close to the lens, Oa may be taken
as the distance of the image from the eye, hence
the apparent size of the image w'll be equal to ; 0"’, which
is the same as the apparent size of the object would be if
the lens were removed, the eye remaining in the same
position. The advantage we gain by the lens lies therefore
in the fact that we may, consistently with distinct vision,
bring the object nearer to the ey« than we can without a
lens.

The magnification of the lens is defined as the ratio of
the apparent size of an object as seen through the lens, to
the apparent size when the object is looked at with the
naked eye under the most favourable circumstances, that
is to say, when at the nearest point of distinet vision.
‘We have, therefore, the relation

m =

AB,AB_D, D( 1
OA™ D, 0A~ "\OF Oa)

by (2) p. 129, Sect. XXIV.

Although we should obtain the greatest magnification
by making the distance Oa as small as possible, i.e., equal
to D,, in which case m= + 1, and if D, has its normal
value 25 cms., is known as bhe ‘ magnifying power ” of the
lens, it is better, when optical instruments are to be used
for a considerable time, to adjust the disiance of the
virtual image so that it is as far away from the eye as
possible, for in that case the muscles of the eye are at rest,
and the eye suffers least fatigue.

If the eye is normal, so that it can focus for parallel
rays, we may place the object AB at the focus, and OA
becomes equal to OF the focal length of the lens. We

then find the magnification m = =2

As Dy, is always the same for the same eye, fhe magni-
fication obtainable under these circumstances with different
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lenses, is inversely proportional to the focal length of the
lens. Hence - is called the power of the lens. It will be

seen from the above equation that no advantage is gained
when the lens is used so as to fatigue the eye least, unless
the focal length of the lens is less than the least distance of
distinet vision ; for if f is larger than D,, m will be less
than one, and the apparent size of the image as seen
through the lens, will be,less than the apparent size of the
object as seen with the naked eye.

It will appear from the above that in order to obtain
2 magnification of 3 for instance, the nearest point of
distinct vision being 21 cms. from the eye, we should
require to use a lens of 7 cms. focal length.



SECTION Y¥XX

Determination of the Near and Far Points of the
Eﬁa, and the Ma.%mﬁcation produced by a Lens,
a Microscope, and a Telescope.

Apparatus required.—Two strips of wood hinged together
on which slide two mounted lenses having focal lengths of
about 16 and 7 cms., two lenses mounted together to form
a combination of focal length between 2 and 4 cms., two
small screens of squared paper and a large and twe small
mirrors at 45° to the slides.

Exercisg, 1

Determination of the Nearest and Farthest Points
of Distinct Vision.

Place one of the graduated screens A near the further
end of the slide provided, and at the near end, the single
lens of focal length about 7 cms. on the screen B with the
small eye hole in it (as in Fig. 64 ¢ with B’ removed).
, Determine the focal length of the lens by adjusting the
screen A until a distinct image of an object outside is
formed on it by the lens. Measure the distance of the
screen A from the centre of the lens. Now move the
screen A away from the lens.

Bring the eye close up to the lens and slowly move the
screen nearer to the lens until the small central square of
the squared paper is seen distinctly.
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With a little practice and by moving the screen slowly,
it will be possible to determine with considerable accuracy
the point at which the kye first begins to see the square
distinctly. Measure the distance dy of the screen from
the lens.

Place the eye once more against the lens and move the
screen nearer and nearer until the square ceases to look
sharp and distinct. Measure again the distance d,
between the screen and the lens,

Fic. vda. Fio. 64b.

Repeat both measurements three times with each eye.

Notice whether, by moving the screen farther or nearer
than the limits of distinct vision, the horizontal lines
remain sharp, while the vertical ones become indistinct or
vice versd@. Record whether this is the case or not, and
draw your own conclusions as to the astigmatism of your
eyes.

In order that the measurements should be trustworthy
the screen should be well illuminated. This is best secured
by the student standing with his back obliquely towards a
window or a gas flame so that the shadow of his head does
not fall on to the screen. Record as follows :—

M 2
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Facal length of lem observed =/ =71 cms.

]
. Power of lens = r— ‘141.

i ! !
P b Ae- [
11 1 | commo-! "
" I)! :ob, dition J "
i . Power, ! ;
I

-

! S ‘ " d,

)
Il [UHEN cms,

S

‘

E |
|
' 1
Eye. a dy |
|

]

| ¢ CINR, | cms,
1 i
)

!

J‘ 70 51 i
Right 69 5°) X |
| 70 50. ' |
Means 70 51143 197 ] 002 | 036 | 054 | 50:0 1178
i | i
: , 63 47 '
Left 41 61 1 4% »
62| 49 ‘ !
| Means ! '21 48 i ‘161 2081 020 | 067 | 047 ’150'0 149
e | |

The calculations for the nearest and far thest points of
distinct vision D, and Dy are conducted as follows : —

The divergence of the beam incident on the lens from
the screen at a distance dy is 1/d;, while that of the beam
which enters the eye from the image at the farthest point
of distinct vision is 1/D,  This decrease of divergence has
been produced by the lens of focal length f, i.e. of power
1/f, hence

11 1 1 1 1
AR DR A A

The calculation for D, is carried out exactly in the
same way.

If & is the distance between the point O of the eye and
the retina (Fig. 62), the power of the eye as a focussing
instrument is %;-}-} or -11)/+;— according as the eye is
adjusted for its farthest or nearest point of distinct vision.
The difference between these two quantities, i.e. Tl,-” —,3,-/
may therefore be taken as a measure of the power of the
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eye to change its focal length. This is the power of
accommodation of the eye, entered in the last column of
the above table. '

Exercise 11

To Measure the Magnification produced by a Lens
or Slmple Microscope.

Place a graduated screen A a few centimetres from the
hinged end, and the lens and screen B provided with the
small hole and mirror inclined at 45°, at the hinged end
of the top slide, with the mirror over the hinge. Open
out the slides at the hinge until they are approximately at
right angles to each other, hold them so that the upper
slide goes forward and the lower to the right, and place a
second graduated screen A’ on the lower slide at the
observed nearest distance of distinct vision for the right
eye from the edge of the inclined mirror (as in Flg 64a,
with B’ removed). With the plane of the small mirror on
the lens screen B perpendicular to that of the slides, and
its edge opposite the centre of the hole in the screen, place
the right eye close to the edge of the mirror aud look
through the small eyehole in the screen at the graduated
screen A behind it. Move up the screen A until it is as
close to the lens as possible without the divisions on it
becoming indistinct. Now move the eye sideways a milli-
metre or so, and notice that as the eye moves the magnified
image of the screen behind the lens disappears and the
screen A’ on the other slide is seen. Place the eye so
that both screens are seen at once, the one by reflection in
the mirror and the other through the lens, altering the
angle between the slides if necessary to effect this. Move
the eye up and down to see if one image moves over the
other. If so, there is parallax and it must be removed by
moving the screen A behind the lens, to and fro. When
there is no parallax, observe how many divisions of the
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scale A’ seen by reflection, go to make up one of the
ma.gmﬁed divisions of the qcale A seen through the lens.
This is the magnification produced by the lens. Make the
adjustments three times and take the mean of the observa-
tions. Measure the distance from the edge of the mirror
to the screen A’ seen by reflection in it. Move the screen
A’ 3 or 4 cms. further away, again focus the screen A
seen through the eyehole and 1:peat the observations.
Again measure the distance of the screen A’ from the
edge of the mirror. Then move it to the end of the slide,
focus the other screen A and repeat. If possible, take
one of the observations with the screen 25 cms. from the
edge of the mirror. Tabulate as follows : —

Drtee |
“m-1.

! Magnifieation |
.

Distance from mirror to screen A
seen by reflection in it.

RS | TR

19 5 cms. 38 70
25, ! 4 h 70
20, 70

(

Repeat the observations with B’, the compound lens or
“ eyepiece,” and screen with mirror at 45°

Exgrcise 111

To Measure the Magnification of a Compound
Microscope.

To obtain greater magnification than has hitherto been
obtained, construct a compound microscope by arranging
a graduated screen, A, the stand and lens B’ used in Exer-
cise IT, and the single B lens with mirror at 45° attached
to its stand, in order on the top slide as in Fig. 64a.

Adjust-the distance of the screen A behjnd the further
lens until a distance image is seen through the eyehole of
the lens stand B near the eye. The lens near the eye is
known as the eve-lens or eveniece. and that near the screen
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the object lens or objective of the microscope. Place the
graduated screen A’ on the right slide, 25 cms. from the
edge of the mirror at 4°, and determine the magnification
of the compound microscope as was done previously for
the single lens. Measure the distance between the two
screens B and B’ carrying the lenses. Increase this
distance 4 or 5 cms. and repeat the determinations. Read
as follows :— .

i
Distance between screens B and B'. Magnification. i
16 cms. 12 ‘

20 14

Exercisg 1V
T. Measure the Magnification of a Telescope.

To construct a telescope, arrange the lens in the screen
with a large opening C, and the eyepiece B', used in
Exercise II, in order on the top slide, and the large mirror
D, inclined at 45° on the cross slide as in Fig. 64b.

Move the screen with the larger opening for the lens,
known as the object lens or objective, until a distinct
image of an object outside is seen through the eye lens or
eyepiece. Move the mirror on the cross slide till a distinct
image of the same object is seen by reflection in it and in
the small mirror attached to the eyepiece. Determine the
magnification when used to look at a scale with divisions
10 cms. long placed 10 or 20 metres away, by the method
used previously for the single lens. Measure the distance
aparf of the lens screens. Record as follows :—

I
Distance to scale. 1 Distance between screens. ’ Magnification.
]l)' metres ‘ 16 cms. 62
E ”» l 15 60
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SECTION XXXI
Th.e Sonometer

Apparatus required.—Sonometer, C and D tuning forks
and small balance.

The object of this exercise is to verify experimentally
the laws of transverse vibrations of strings or thin wires
kept stretched in such a way that the tension remains
constant during the vibration.

Definition.—The frequency of a vibration is the number
of co.nplete vibrations which take place in one second.

) .
n = .-T/ \/"{;
gives the relation between the frequency of vibration n,
the stretching force £, and the mass per unit length m of
the wire.

The formula expresses a number of laws which may be
tested experimentally.

The equation

Exercise T

If the stretching force remains constant, the
number of vibrations per second varies inversely
as the length of the string

A steel pianoforte wire is stretched on the sonometer
hoard provided (Fig. 65), and is furnished with a spring
balance indicating the stretching force, and a bridge, which
when placed under it at any point just supports it
without altering the tension, thus enabling a shorter length
of the string to be set into vibration. The upper edge of
this bridge is provided with several notches at different
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heights, and that particular notch should be used which
gives the requisite support to the wire without increasing
the tension.!

Fia. 65.

Find the lengths of wire which vibrate in unison with
two tuning forks of known frequencies, and thus see how
far the first law expressed by the above equation is verified
by experiment.

The length of wire in unison with the tuning fork
giving the lower note is first found as follows:—A light
hoop-shaped “rider” of paper is wound round the middle
of the sonometer wire, and the tuning fork is set into
vibration, This is done by striking the end of the fork
on the knee ; it should not on any account be struck on
the bench. The stretching force is then adjusted till the
note given hy the wire when vibrating is a little lower
than that given by the fork. The fork is again struck on
the knee, and the groove at the lower end of the handle of
the fork is placed against the wire at one end, and %the
fork is slid slowly along the wire towards the middle, until
a position is reached at which the rider is thrown into
violent agitation. The wire will then be vibrating in tune
with the fork. The bridge is then placed in the position
occupied by the handle of the fork. Whether the hridge.
is correctly placed is then tested by placing the vibrating
tuning fork on the bridge, or on the sonometer board
under the wire, and noting the effect on the rider. If it

1 A second wire is often provided which may be tuned to a de-
sired note, and be used as the standard of reference instead of the
fork.
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is set into violent motion the bridge is correctly placed.
If not, it should be moved one or two millimetres to the
left or right, and the effect again tested. When the
proper position has been found, the length of the wire
vibrating should be measured.

The experiment should be performed three times and
the mean taken, then observations should be made with
the second fork and a stcond set with the first, and the
results entered as in the following example :—

Fork. Frequency. | Rutio. Le‘x:] rle‘.‘" Rutio
C 256 519 ems.
518 _ )94

I} 288 11125 | 46:1 ,, | 46°1

C 256 517,

A0 AN
001 x 100
Difference = ‘001, or ——l-:l%.)—*z ‘1 per cent.

Exxkrcise IT

F8r wires of the same length the frequency of the
vibration varies directly as the square root of the
stretching force

Tune the whole length of wire so that it is in unison
with the D fork. This is best done by setting the fork in
vibration, holding the handle down on the sonometer
boavd, and varying the stretching force till the rider moves
violently.

Observe the value of the stretching force. Then
diminish the force till the wire is in unison with the C
fork, and again read the balance. Make a second observa-
tion with the D fork. The observed ratio of the forces
should be corrected for the error of the spring balance at
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zero, which will be determined subsequently (sec p. 169),
and the results arranged as follows :—

) I . ! | Stretching Force i lbs, .
| Fok re- | Ratio, | -———-— -~ N Force, Ratio.
’ ueney. I l()bserved Zero, ‘(Jorle( ted
| - | - - — —————
’ Do o288 | 210 5| 205 453
Co2ss s 170 165 | 406 }zg_.l 123
; Do o288 i b boery i 438

Ditference — 002 = 2 pex cent

ExEgrcise ITI

For the same frequency, the length varies directly
as the square root of the stretching force

Measure the length of wire vibrating in unison with the C
fork as in the last experiment. Diminish the tension to about.
three-fourths of its former value, place the bridge under the
wire, and find the length of wire which is now in unison
with the C fork. Lower the stretching force again to
about half of its original value, repeat the observations,
and tabulate as follows :—

I Stretching force in 1bs,

T /Torce | Ratios | 1e0Ethe | pygiog
imysmved Zero. | Corrected. l

[}

i

t

(

|
R, . —_—
|

|

T 170 | 5 | 165 | 406 | 557
i |

T, 137 | 132 | 363 3~39 502 90
| _

T, . 95 | 96 | 300 T4 | 418 75
I
i 1]

| . i

The differences are chiefly due to the uncertainty of the
values of the stretching force.
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Exercise IV

Determination of the frequency of vibration of a
tuning fork

If the stretching force and the mass per unit length of
the vibrating wire arc known, the equation given above,
p- 163, will allow us to calculate the frequency of the
wire, and hence the frequency of a tuning fork which is
in unison with the wire.

The stretching force is adjusted till the whole length of
the wire is in unison with the C fork, and the stretching
force is then read off on the spring balance. The adjust-
ment is then repeated, the force again read and the mean
taken. The length of wire v1blatmg is then measured,
the tension in the wire relieved, the wire taken off, and at
the marked places, the vibrating ‘length of wire cut off
with pliers and weighed, and the mass per unit length
calculated from the length and total mass.

The sonometer board should now be held vertical, so
that the spring balance is vertical and unloaded, and the
reading for no load taken. In the example quoted it was
found to be 5, and this correction was applied to all read-
ings of the stretching force before use was made of them.

Bccord as follows : —

N SO C e
|
|

Stretching force in 1bs ; '
) v — 3 Length, | Weight
Fork. i Vibration l ongii pod

| Observed |

Zero C ornctcd
’ mean.

!
-

|
, |

65 557 |30 |
|

C 236 17:0 5
»

I
|

Whenever a formula which establishes a numerical rela-
ticnship between different quantities is used, it is necessary
to express each quantity in the same system of units.
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In the equation

l —_

n=g /L
7, l, and m depend on the unit of length, and if ! were
measured in centimetres, and m taken to be the mass of
the string per foot of length, a correct result would not
be obtained. Adopt the centimetre as the unit of length
throughout. The numerical value of f, the stretching
force, depends on the unit of force which, if the
gram is taken to be the unit of mass, is the dyne. In
the nstrument provided, this force may be indicated in
terms of the pound weiyht. We convert this first into
grams by use of the fact that one pound is equal to 454
grams (see p. 25), then the grams to dynes by use of the

fact that the weight of one gram is equal to a force of
981 dynes. We find thus:—

t=1651bs. = 165 x 454 <981 = 7,350,000 dynes.

m= 5';—5? = 00896,

3

Coao L [7350000_ 1 \/
"M =586 A/ 00896 111F A/ 820400000
=257.

For a standard C fork the number of vibrations per
second is 256.

By taking two wires of the same material but of
different radii, it may be verified experimentally that for
the same stretching force the frequency varies inversely as
the radius of the wire, i.e. as the square root of mass per
unit length.

A wire of another material, e.g. brass may also be used
to verify this statement.



SECTTON XXXII
Resonance

Apparatus required.—Resonance tube and tuning forks.

If a tuning fork is held near the open end of a resonator,
the resonator will resound if the note it can emit is the
same as that of the fork. If the resonator consists of the
air within a cylindrical tube closed at one end, the note it
emits has a wave-length X approximately four times the
length 7 of the tube, ¢.c.

A = 4l nearly . . . . (D)
or more accurately
A= 4( + "3d) . . . .oy
where d is the inside diameter of the tube.

The relation between the velocity of sound V, the

wave-length A, and the frequency =, is given by the equation
V =nar . . . . (2

If, therefore, two of the quantities—the frequency of a
tuning fork, the velocity of sound in air, and the wave-
length A in air of the note emitted by the fork—are
given, the third can be calculated from (2).

Comlining the equations (1) and (2), we obtain the
relation

V = 4nl,
or more accurately
V = 4u(l+ -3d) . . . . (3)
which can be tested experimentally if V and n are known.

N
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The velocity V of sound in air varies with the tempera-
ture, according to the equation

but may be calculated with sufficient accuracy (see p. 15)
from the equation

V=330+6 . . . . .4

when ¢ is the temperature of the air in centigrade degrees,
and V is measured in metres per second.

EXERCISE.

To determine the velocity of sound in air.

The two brass tubes provided telescope into each other
(Fig. 66), so that the length of the column of air within
the tube may be altered. The outer tube fits into a

|

B

Fro. 66.
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circular hole in a wooden base, and can oe lifted away
from the base. The,exercise consists in adjusting the
length , till the resonance is strongest, finding the velocity
of sound from the observation and comparing its value
with that calculated from equation (4). The length of the
tube should be altered and the adjustment and measure-
ment repeated three or four times.
Record as follows :—
Tempexature of air =164 C.
Fork C, 256 vibrations per second.
Observed length of resonating column of air 3'2)'6 cms.
35
326

1

=)

Mean . . 32',

Diameter d of tube 24 ¢m. .. 3d = 7

’

Corrected length = 332 cms.

*. Velocity of sound in air at 16-4°C. =4 x 256 x 33-2
= 34100 cms. per sec.
= 341 metres per sec.

But by equation (1)

V =330 + 67 metres per sec.
=330 + 98
= 3398 metres per second.
Difference = 12 metres = -3 %.
Observations should be made in the same way with the
D fork, and the results recorded as above.

Remove the tubes from the base and support them in
the air so that both ends are open. Adjust to the length
which resonated to the -256 C fork, and show that ths
tube when open at both ends resonates to the 512 C, 7.e
the octave of the first note. Vary the length slightly till
the resonance is most complete.

Verify the same fact for the octave of the D fork.

Record as in the above exercise, making the diameter
correction for each end of the tube.

N 2






PART VI
MAGNETISM






SECTION XXXIII
Magnetisation

A pparatus required.—Magnetoscope, bar magnets, iron

and steel wire,

The “ magnetoscope ” provided (Fig. 67) consists of a
small piece of magnetised steel watch-spring, gummed to

a st. ip of paper, and suspended in a glass bottle
by means of a silk fibre. The use of the paper
is to reduce or * damp ” the oscillations of the
magnet by the resistance the air offers to its
motion.

Bring a magnet near the instrument and
notice that after its removal the magnetised
spring returns to a definite position, such that
the end marked N points a little west of north,
thus behaving like a compass needle.

Show experimentally that one end of any
magnet attracts one end of the needle and
repels the other; and that this action is not
diminished by iutroducing between the magnet
and the needle, sheets of glass, wood, zine, &e.

Bring a piece of stecl watch-spring about
5 ems. long, which has been hardened by

F1a. 6%

heating to redness and quenching in water, towards the
magnetoscope. It has little or no effect on the needle.
Lay the spring on the bench, and magnetise it by stroking
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it once from the middle to the ends simultaneously, with
two bar magnets, the one in the right hand having the
end which attracts the N end of the needle downwards,
the one in the left having the end which attracts the S
end downwards.

Show that after one stroke the right hand end of the
spring attracts the S and repels the N, and the left hand
attracts the N and repels the S end of the needle of the
magnetoscope.

Repeat the stroking, and show that these attractions
and repulsions increase with each stroke up to a certain
point, when the spring is magnetised as strongly as it can
be with the magnets used.

Suspend the spring by means of a fine silk fibre, and
observe that it sets itself in the same direction as the
needle of the magnetoscope.

Calling the ends which point to the north the N ends,
those which point to the south the S ends, show that like
ends of the needle and watch-spring repel, while unlike
ends attract, each other.

Take a piece of soft iron wire, about *5 mm. diam., and
about 5 cms. long, which has been well annealed by
being heated to redness and allowed to cool slowly, stroke
it with the magnets as before, and show that it acts
only feebly on the needle. Lay it, pointing east and
west, on the bench, at some distance from any magnets,
and tap it sharply several times with a pencil. Show that
it has now lost its magnetism.

Take a short bar magnet, a little longer than the needle
of the magnetoscope, determine which end of it attracts the
N end of the needle, and lay it alongside and parallel to the
needle, with that end to the north. Bring one end of the
soft iron wire nearly into contact with one end of the
magnet, and the other end as near as possible to the corre-
sponding end of the needle. That end of the needle is
strongly attracted, and this will still be the case if the
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wire is reversed, thus showing that the end of the wire
farther from the pole of the magnet, is magnetised in the
same way as that pole.*

Remove the magnet, and show that the wire is only
feebly magnetised.

Repeat the experiment, this time bringing the end of
the wire into contact with the end of the magnet and
notice that the effect is increased.

This action of a magnet on a piece of iron near it,
whereby the iron behaves for the time being as a magnet,
is called Magnetic Induction.

Replace the iron wire of the above experiments, by a
hardened steel spring, and notice that the action of the
steel on the magnetoscope needle is much less intense,
but that the steel continues its effect when the magnet is
removed. The iron in the presence of the magnet is more
“ suchptlble of being magnetised than the steel, but the
steel is more * retentive” of its magnetism than the
iron.

The magnetic behaviour of a bar of iron or steel
may be imitated by means of a closed test tube nearly filled
with iron filings. Place a magnet at each end of the tube
so that tube and magnets are in one straight line, and the
magnets have unlike ends towards each other. Rotate the
tube about its axis. The iron filings become magnetised,
and set themselves with their greatest lengths along the
line joining the poles of the two magnets, The tube there-
fore acts as a magnet, and this action continues so long as
the filings are not shaken. On shaking, the action ccases.
Test these statements by exper: iment.

Show that a piece of iron wire, if tapped or bent in the
neighbourhood of a magnet, becomes magnetised.

The fact that magnetic needles point to the north,
indicates that the earth itself is a large magnet, having
its N at{racting parts in the northern hemisphere, and if
this is the case it ought to be possible owing to the
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magnetic effect of the earth, to magnetise a piece of iron by
simply tapping or bending it.

Take a piece of unmagnetised irun wire, place it on the
bench with its length north and south, and tap it or bend it.
Tt will be found to be a weak magnet. The same is found
if the wire is held vertical, but not if it is placed horizontal
with its length east and west.

Dip the piece of magnetised watch-spring into iron
filings, and notice that the filings adhere to the ends only,
and not to the middle. Break the spring into two pieces,
and show that filings will adhere to the ends of each piece.
Place the two pieces together again on a piece of gummed
paper, and show that the middle no longer takes up
filings. Explain what conclusion as to the constitution of
a magnet could be drawn from these observations,

A body which behaves like iron with respect to magnet-
ism is called a ‘magnetic” or ‘“ferromagnetic” body.
Cobalt and nickel are ferromagnetic bodies.

The student should record in his note book the experi-
ments made and their results, giving diagrams of the
apparatus used.



SECTION XXXIV
Magnetic Forces

Apparatus required.—Bar magnets, small compass, and
muslin bag with iron filings.

It. is evident from the preceding experiments, that a
magnetic body in the neighbourhood of a magnet is acted
on by forces due to that magnet, and that a small compass
needle placed at any point will set itself in the direction
of the force at that point.

It has been proved by experiment, that the action of a
magnet on a small compass needle, is nearly the same as
that of two magnetic masses of opposite kinds, situated
near the ends of the magnet.

If the magnet is in the form of a long thin wire, the
magnetic forces appear to emanate from two points known
as ‘“poles” near the ends of the needle. A magnet for
which this were strictly true would be called a ‘“simple
magnet.” No magnet we meet with in nature is a simple
magnet, and the expression “pole,” when it refers to
ordinary bar magnets, is used to indicate the region of the
magnet, from which “lines of force” (see Exercise IIL)
seem to diverge.
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Exercise T
To find in a long bar magnet the positions of
the regions which may be considered the
Poles

Place the magnet in the middle of a sheet of paper on
a drawing board. Draw a pencil line round the magnet
to mark its exact position, and 1emove it.

Place the compass needle on the board and notice the
direction in which it points when no magnets are near it.
A vertical plane through the needle is called the “magnetic
meridian,” and the direction in which the head of the ncedle
points ““ magnetic north.”

Replace the magnet and place the compass about a em.
from one end of it (Fig. 68). Rotate the drawing board till

Fiu, o8

the needle is in the magnetic meridian, with its pointed end
to the north. Mark on the paper close to the compass
box, the direction in which the needle points, and after
removing the compass, draw in that direction a straight
line through the point occupied by the centre of the needle.
This straight line will be found to cut the geometrical axis
of the magnet, at a point about s of the length of the
magnet from the end. Repeat these observations at
eight different positions round one end of the magnet.
The eight lines thus determined meet in a region which
may be called a “ pole ” of the magnet.

Repeat the observations at the other end of the magnet
to obtain the position of the other pole.”
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Measure the distance between the poles and find for
the magnet used, the ratio of the distance between the
poles, to the total length of the magnet.

Record as follows :—

Length of magnet . . . . 120 cms.
Distance between poles . . , 10°F
Ratio = l“l =8

12 3

Exercise II

To find the direction of the resultant Action of
two equal and opposite magnetic Poles on a
small magnetic needle placed at any point

It is explained in text books, that if a magnetic pole
could be isolated from its accompanying pole of opposite
kind, i* would act on a similar isolated pole with a repul-
sive force inversely proportional to the square of the
distance of the poles apart. If the poles are of unlike
kinds, the force is an attraction following the same
law. Hence, to find the direction of the vesultant force on
an isolated pole at any point, due to the two poles of a
magnet, we must compound the two forces, one an attrac-
tion and the other a repulsion, due to the two poles. Let
A and B be the poles of the magnet in the previous experi-
ment, and let the direction of the resultant force be
required at a point P (Fig. 69). Join PA, PB and measure

F

P!

. [}

.7 1

Pl ‘
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. \

.’ \

.

A" B
Lg 8]

Fia, 69.
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the lengths AP, BP. Suppose the isolated pole at P to be
of the same kind as A. Then the force at P due to A is
a repulsion, and that due to B is an attraction. Produce
AP to F,, and in BP take F,, such that PF, and PF, are
proportional to 1/AP? and 1/BP? respectively. Complete
the parallelogram of which PF, and PF, are intersecting
sides. Let the fourth corner be R. Then PR is the
direction of the resultant force at P, due to the action of
the two poles A, B.

Determine in this way the directions of the resultant
forces at four points in a line parallel to AB.

Put the magnet again in position, and place the small
compass with its centre over one of the points P. Then if
there were no magnetic forces acting save those due to
the poles A and B, the needle ought to set itself along the
line PR.  As the influence of the earth on the compass
is not very small cumpared to that of the magn-~t, the
drawing board should be turned in making this experi-
ment, so that the compass needle when at P points to
the north, as the effect of the earth in disturbing the
experiment is then least. Even when this is done, it will
be found that the compass does not set itself accurately
along PR, and it will thus be seen that the action of a
magnet is not identical with that of two poles alone.

Mark on the paper the direction in which the needle
sets.

Determine experimentally in this way the direction of
the forces due to the whole magnet at the four points
selected.

Draw to scale in your note-book a diagram showing the
positions of the four points with respect to the magnet, and
indicate the directiviis of the forces due to the poles alone
by dotted linés, those due to the entire magnet by full lines.

By taking a large number of points, the directions of the
resultant force due to the poles alone eould be found
all over the paper, and be compared with those found
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as above for the magnet itself, but the method of
determination would be too long. By making use of the
fact that iron filings, under the influence of the entire
magnet, set themselves with their lengths along the
direction of the resultant force, we can readily determine
these directions, and thus see the nature of the “field of
force ” due to the magnet.

EXercise TIT

To find the Lines of Force due to magnets in

various positions

Take a short bar magnet, lay it on the bench, and
alongside it place slabs of wood of the same thickness as
the magnet. Over the magnet and slabs lay a piece of
parafined paper, and secure it by weights. Shake
from the muslin bag a few iron filings on to the paper,
tap it gently with a pencil, and notice that the filings set
themselves along certain lines, which are ¢ lines of force.”
When the curves are distinct pass over the paper a
Bunsen flame to melt the paraffin and fix the filings.
Compare the curves thus obtained with the drawing of
the lines of force due to two poles, given in the text
books.

Determine in the same way the lines of force between
two magnets placed in the same straight line, first with
unlike poles about 5 cms. apart, then with like poles 5
cms. apart. Also determine the lines between one end of
a bar magnet and a bar of soft iron 3 cms. from the end,
with its axis perpendicular to that of the magnet.

Reduced diagrams of the lines of force in each case
should be copied into the ncte-book.

Examine the curves obtained carefully,.and endeavour
to show from them, that magnetic actions may be explained
by supposing tensions acting along the lines of force (i.e.
supposing lines of force to be like elastic bands), and
pressures at right angles to them.



SECTION XXXV
Magnetic Survey of the Laboratory

Apparatus required.—Magnetometer.

If a compass needle is suspended so that it can move
freely in a horizontal plane above a vertical axis, it comes
to rest in the magnetic meridian, 7.e. in the direction of
the lines of horizontal magnetic force at the point of sus-
pension. By placing the needle at different points in the
laboratory, it is possible to determine whether the lines of
magnetic force are all parallel to each other. Tt is
generally found that this is not the case, owing to the
presence of iron in the walls, floors, etc., of the room, and
it becomes of importance to know exactly the direction
of the lines throughout the room. Since however the
records of most current-measuring instruments depend on
the magnitude of the earth’s horizontal magnetic force,
it is advisable to determine at a number of points in
the room, both the direction and magnitude of this force.
The direction is determined readily as above, and the
relative magnitudes of the forces at different points may
be found, by allowing the magnetic needle to oscillate in
a horizontal plane about the vertical axis of suspension,
ohserving the times of oscillation T, and using the fact that
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I
=2 .
r=s \/MH

where I is the moment of inertia of the suspended system
about the axis of suspension, M is the magnetic moment of
the magnet, and H is the horizontal component of the
earth’s magnetic force. Thus if Iand M are kept constant,
the times of oscillasion will vary inversely as the square
roots of the magnetic fields, or the fields will vary inverselv
as the squares of the time of oscillation.

ExERrcISE

The circular box provided contains a magnetised needle,
which is suspended by a fibre so that it can oscillate

above a graduated circular scale placed in the bottom of
the box (Fig. 70). To the needle a long thin pointer is
attached, both ends of which fall over the graduated
scale. Readings of each end of the pointer are taken
at each observation, and the mean taken in order to
eliminate any error which might be introduced owing
to the needle not rotating about an axis through the
centre of the scale. The zeros of this scale are placed
in a direction perpendicular to that of the projecting
centimetre scales. Place the box so that these scales
are perpendicular to that wall of the laboratory which
runs most nearly north and south. Raise the fibre by
means of the wire at the top of the tube till the needle

0
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swings freely over the scale, and after observing a few
swings lower the fibre when the needle is near the
centre of a swing, then raise it again. Repeat this
raising and lowering till the swing is entirely stopped,
then raise the needle and read both ends, noting whether
the north end is east or west of the zero of the scale,
and take the mean of the readings on both sides.

Set the needle oscillating over an arc not exceeding 45°
and count the time of five or ten complete oscillations.
Repeat the observation three times and take the mean.

Determine in this way the directions and relative
magnitudes of the magnetic force at the points marked
1, 2, 3, 4, on the plan of the laboratory on the laboratory
notice board.

Arrange the results as follows, drawing also a plan of
the Jaboratory in your note-book.

Position. Direction. Time of oscillation. 'i{‘?
1 10° & 775 seconds 0166
2 11° E 825 ,, ‘0147
3 19° B 78 ‘0164
i .
4 ‘i PR T, 10166

From this table it is seen that there are disturbing
causes at work near positions 2 and 4. In order to
investigate their nature, observations should be made at
points near these positions, and sufficiently elose together
to enable the lihes of force to be drawn from the results,
It will generally be found that the irregularities are thus
traced to iron gas or water pipes, or beams in the fabric or
fittings of the laboratory.
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Determination of the Magnetic Moment of a
Magnet and the Intensity of a Magnetic Field

Apparatus required.—Magnetometer, magnet, and oscil-
lation box.

The determination involves two experiments, one the
‘“ ogcillation cxperiment,” which gives the product, the
other the ““deflection experiment,” which gives the quotient
of the two quantities required.

Exercise I
Oscillation Experiment

Suspend the magnet horizontally, in the box provided
(Fig. 71), by means of a fine silk fibre, and see
that it can oscillate freely in a horizontal
plane.

Place the box at one of the positions marked
on the plan of the laboratory, deflect the
magnet about 20° fromits position of equilibrium
by means of another magnet, determine
the number of seconds the magnet takes to per-
form ten complete oscillations, and divide by 10 Fia. 71.
to get the time of one oscillation. Take three
observations and let T be the mean time of one oscillation.

The value of T is connected with the dimensions, mass,
and magnetic moment of the magnet, and the intensity H
of the earth’s horizontal field, by the equation

I
T =2 \/ ¥in
where M is the magnetic moment, and I depends solely on
the shape.and mass, and is called the moment of inertixn, of
the magnet. In the case of a rectangular bar if m isx the

o2
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mass, 2a the length, and 25 the breadth, the moment of
inertia is given by the equation :—
a4+ 2

I=m

The magnetic moment of a simple magnet, having two
points as poles, is equal to the product of the strength of
each pole and the distance between them. In the case of
bar magnets we must content ourselves with the experi-
mental determination of the magnetic moments.

From the above equations we deduce

472 4x? a? + b2
MH = “fE=TE Mg

in which M and H are unknown, T has been found by
the preceding observations, m, a, b can be found by
weighing and measuring the magnet.!

Exercise 11
Deflection Experiment

Adjust the magnetometer provided so that the needle
oscillates freely above the graduated circle. Rotate the
box till one end of the needle comes to rest over a zero
division. The other end of the ncedle will then be either
over or not far from the other zero division. The line
joining the zeros will then be in the magnetic meridian,
and the projecting centimetre scales on the box will point
magnetic east and west, with sufficient accuracy for the
present purpose.

Read both ends of the needle, noting whether the read-
ings are east or west of the zeros.

Place the bar magnet, of which the time of oscillation
has just been found, on the scale projecting to the west,
with its north end pointing towards the circular box.
The magnetometer needle will be deflected out of the
magnetic meridian. Bring it to rest by lowering
and raising the fibre. Vary the position of the
magnet till the deflection is about 45° then take readings

1 The equation may also be used as a basis for the comparison of
the magnetic moments of magnets allowed to oscillate in the same
Place and their times of oscillation observed,
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of each end of the magnet and of the magnetometer needle,
noting in the case of the latter whether the readings are
cast or west of the zeros,

Now reverse the magnet on the scale, placing it at the
same scale readings, The direction of deflection of the
needle will be reversed. Read the deflection.

Remove the magnet from the west, and place it at
the same distance to the east of the box.

Takereadings, reverse the magnet, and again takereadings.

Find the reading of the centre of the magnet on each
scale by taking the means of the end readings. With a
beam compass measure the distance apart of these central
readings. This is twice the mean distance d of the centre
of the magnet from the needle.

Find by the table (p. 241) the tangents of the angles of
deflection observed, and take the mean.

If M is the magnetic moment of the magnet, 27 the
distance between its poles, which may be assumed for the
purpose of the present exercise to be five-sixths of the
length of the magnet, H the horizontal intensity of the
cartl’s magnetic force, and tan 6 the above mean,

;\{[ = (,,':2_‘]]2)? tan 6.

From the value of M/H thus determined, and the
value of MH previously found, the values of both M and
H can be calculated.

Arrange observations and results as follows :—

Oscillation Experiment
Magnet No. 4. Position 2 in laboratory.
Length of magnet = 6 ems. .0 a =3 and «? = 90
Bréadth.. ,,  — 048 ,, .. b= ¢ 12 06
at P = 906
Yt o W) = 302

Mass ®,, ,, =116 grams. '.;'(a'-' + W) = 334
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Times of oscillation = 705, 7°0, 6:95. Mean = 70 seconds.
4n? 4 x 987 3948
™= g g - %

MH = 334 x 806 =26 8.

Deflection Experiment
\l.lbnetometcl No 4. DPosition 2 in lal,omtm\

l

" Position of Magnct No. 4. | Pointer Readings Deflections. §
. e o R @ !

! Ends, i % Mean
| %o tan 6.
——— == Middle. North. | South. Nnr(h. South | Mean, &

Lo | =

N, 8. i !

| 1

= o I

|
s
|
|

Zevo! 0 2:5W.
110 170 140 West [43°2 E. ‘45-4 W, 4d2 | 4397 430

170 110|140 ,, 430W. 404 E. 430 42:9 | 42:9 '0'%")‘_’.')

lv

10 170,140, 42TW. 402K, 427|427 427
! Zero, 0 2:5 W,
i
- \
Distance 2 from 140 West to 140 East = 2804 cms.
:I = 1402 cis P =196

=]
4

, ‘ |
170 110 [ 140 Kast 428K, 452W. 428 42:8 | 428 92|
! i : !

|

=23 =25 o= 6
A — 2 =190
M 190y <0 _
3 om0 = 1193
Hence
MH

H at position 2 = ‘150
and M?:MH.%:%-S x 1193 = 31970,

M of maguet No. 4 =179,
Magnetic moment per gram of magnet No. 4 = 179/11:06 = 16°3.
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SECTION XXXVII
ExERcisE
Action of Currents on Magnets

Apparatus required.—Simple cell, compass box, con-
necting wire, and connectors.

Two plates of copper and zinc and a jar are provided
(Fig. 72). Half fill the jar with very dilute sulphuric

Fia, 72,

acid and insert the plates, taking care that the acid does
not touch the upper part of the plates where the wires
are attached, and that the plates do not touch each other.
Connect the terminals of the cell thus formed, by means
of “connectors,” to the ends of a piece of thin copper
wire about a metre long.

() Single Horizontal Curredt.

Place the small compass on the table, taking care that the
wire from the cell does not pass near it.  Rotate the
compass box till the pointed end of the needle comes over
the mark N of the dial. Arrange the wire from the cell
so that about one third of its length lies in the magnetic
meridian above the needle, and the rest of it is at some
distance :from the compass. Now bring down the length

- which is parallel. to the needle, towards the needle, and
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notice that the needle is deflected. Note the position
taken up by the needle, when the wire touches the glass of
the compass box. Reverse the wirs, so that the current
now passes in the opposite direction-over the compass box.”
Notice, that on bringing down the wire, the needle is
deflected by an equal amount in the opposite direction to
what it was in the previous experiment.

Raise the plates out of the liquid.

‘When a current passes through a wire, it creates in the
neighbourhood of the wire a magnetic field, the lines of force
of which arve circles with their centres in the wire and their
planes perpendicular to it. The direction in which «
north magnetic pole would be moved along these circles, if
it were placed in the magnetic field, is related to the direc-
tion of the current in such a way, that if we suppose a
righted-handed screw (e.g. a corkscrew) to be driven along
the path of the current, the direction in which the screw
is rotated is that in which the pole would be moved, u.e. is
that of the magnetic force.

Using this rule, determine from the observations the
direction in which the current in the wire flows, and hence
which terminal of the cell is the positive one.

Place the wire in a groove running magnetic north and
south in a piece of wood and the compass over the groove,
so that the north end of the needle is directly over the N
mark of the dial. Now insert the plates in the liquid and
notice that the deflection is equal and opposite to that
obtained when the current passed in the same direction
above the needle. Raise the plates, reverse the direction
of the iron in the groove, insert the plates and observe
that the deflection is reversed.

Raise the plates, place the wire east or west of, and as
close as possible to, the compass box, keeping it parallel to
the magnetic meridian, and in the horizontal plane through
the needle. Notice that on lowering the plates the current
now appears to have no effect on the needle,
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Record these observations, and show that they are all
in agreement with the above rule.

(b) Single Vertical Current.

Pass the wire through the vertical hole in the stand
provided, and arrange it so that some length of it, both
above and below the hole, is vertical. Place the compass
needle so that its centre is close to, and west of the wire, and
its north end over the N mark of the dial. Lower the
plates into the liquid and observe the position of the
needle. Repeat the observations with the centre of the
needle, east, north, and south, respectively, of the wire,
showing that where deflections of the needle are observed,
the deflections are in the opposite direction when the
direction of the current through the wire is reversed by
reversing its connections to the cell.

Show that the observations can be explained hy the
fact that the earth’s magnetic force tends to set the needle
in the magnetic meridian, and that it is the resultant of
this force and the force due to the current, which deter-
mines the direction of the needle. Draw diagrams, showing
in each case, (1) the direction of the force on a north pole
due to the current, (2) the direction of the force due to
the earth, (3) the resultant force on the supposition that
the magnetic force due to the current is equal to that due
to the earth. ’

(¢) Multiple Currents.

Place the wire again in the horizontal groove and the
compass over it, and determine the deflection of the needle
due to the current in the wire on inserting the plates in
the liquid, when the other parts of the circuit are at some
distance. Now dquble the wire so that a length of it
pusses back over the compass. Notice that the deflection
of the needle is increased, and that by arranging the wire
50 that it passes twice under and twice over the needle.
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the effect is again increased. By winding a wire a great
number of times in this way about a magnetic needle,
an extremely small current can be detected.

Show that when a wire is bent sharply back on itself
the effect of a current flowing in it on the needle is
small, even when it is brought near the needle, so long as
the two parts of the bent wire are at nearly the same
distances from the needle.

Hence when a wire carrying a current in the-
neighbourhood of a magnetic instrument is to produce
as little effect as possible on the instrument, the wire
should be arranged so that mnear the instrument it is
folded back on itself, so that the current in one part
flows in one direction and in the other in the opposite.
The unit in which electric currents are measured is the
“ Ampére.” TIts value is such that the intensity of the
magnetic field produced by a unit current flowing through
a wire bent into the form of a circle of radius » is, av the
centre of the circle, equal to 7r/5r.

(d) Galvanometers.

An instrument in which the action of a current on a
magnetic needle is used to measure the strength of the
current, is called a galvanometer.

It can be shown that if the wire of a galvanometer is
sufficiently far away from the magnetic needle, and the
instrument is placed with the plane of the wire in the
magnetic meridian, the current required to produce a
given deflection of the needle, is proportional to the tangent
of the angle of deflection. A galvanometer which satisfies
this condition is called a *tangent galvanometer.” It
serves to compare the strengths of electric currents, and
if the radius of the circle formed by the wire and the
number of turns are known, the curreiit may be measured
in “ Amperes,”



SECTION XXXVIIT
The Voltaic Cell and Tangent Galvanometer

Apparatus required.—Two Leclanché cells, tangent gal-
vanometer, resistance coils, plug key, and connecting wires.

Each voltaic cell possesses a certain power of driving
an electric current against the resistance offered by a
circuit. This power, known as the Electromotive Force
of the cell, depends on the materials composing it,
that is on the nature of the liquid and of the plates,
but not on the shape of the plates or their positions in
the liquid. Thus, two cells composed of plates of copper
and zine in dilute sulphuric acid would have the same
Electromotive Force, although one cell might have plates
twice as large as the other, or twice the distance apart.

The unit in which electromotive forces are measured is
called a “ Volt.”

The current which a cell can send through a circuit,
depends on the Electromotive Force driving the current,
and on the Resistance which the circuit opposes to the
passage of the current. This Resistance is the sum of
two, that offered by the cell itself, and that offered by
the circuit outside the cell.

By Ohjm’s Law, the current generated is equal to the
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Electromotive Force in the circuit, divided by the resist-
ance of the circuit. If we call E the Electromotive Force
of the cell, B its resistance, called tne *internal resistance,”
R the resistance of the rest of the circuit or the ‘ external
resistance,” and C the current generated, then

C=E/B +R).

1f the cell were of the simple kind used in the experi-
ments in the previous paper, B would be nearly propor-
tional to the distance of the plates apart, so that by
decreasing this distance, the current which the cell would
send through any circuit of which it formed a part could
be increased. B would also be nearly inversely propor-
tional to the area of the plates, so that by increasing the
size of the plates the current in the circuit would again be
increased.

EXERCISE
To Determine the Internal Resistance of a Cell

The coil of the small tangent galvanometer provided
(Fig. 73) consists of three or four turns of wire. The
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needle is suspended in the middle of the coil by a long
silk fibre. To the needle are attached a paper “damper ”
and a pointer at right angles to the needle. The angles
through which the pointer is deflected are read off on a
scale underneath it graduated in degrees.

Place the galvanometer on the bench in such a position
that the needle is in the plane of the coils, and the
pointer therefore at right angles to that plane. Adjust
the levelling screws till the needle rotates freely. Read
the positions of the ends of the pointer, which should not
differ greatly from zero. If they do, note whether they
are north or south of the zeros.

Call these the zero readings.

The Leclanché cell plov1ded is composed of a zinc and of
a carbon rod dipping into saturated solution of ammonium
chloride. Connect one terminal of the cell through the
plug key to one terminal of the resistance coil marked
“2 ohms” provided. Connect the other terminal of the
cell, and the other terminal of the resistance coil, to the
terminals of the galvanometer. When binding serews are
not provided on the cell, use * connectors.”

When the pointer has come to rest take rea/dmg% of
each end, noting whether a reading is north or south of the
zero.

Interchange the connections at the cell, so that the cur-
rent now passes through the galvanometer in the opposite
direction, and take readings again. Now disconnect the
resistance coil from the wires and connect the free ends of
the wires together. Again take readings. Reverse the
cell once more and take readings.

Repeat the observations with the coil in circuit.

Disconnect the cell, and take readings of the zero of the
galvanometer. These ought to cofncide with the previous
readings,
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Record and reduce the observations as follows :—

(ialvanometer No. 3. Cell No. 1. Coil No. 4.
READINGS. ANGLES OF DEFLECTION. l =
| 2 [Mew,
Experiment. - \ | Co & | with
East. ‘ West./| Bast. | West. Mean.| Mean. 5 eoil ‘
i

- —— ;.4\,,,,‘[ . - — |
Zero . . . .10 2’ 8. | ; ‘ ‘ ;
8 e N | e as 4T ! l
With coil | ! 480" 1111 :

“

48 518, 48 ' 49 485

66N eTS. || 66 . 65 . 6hD
Without coil '

l

|
!
468, 4Nl 40 0 47 140'5

With coil 1470 | 107

\
} I
} 655 | 219 ¢ 1'09 ‘

|

\
i [

Uess lean | o3 oo
|

\

| 1
IZem. ) o i2s.‘ : 1

If R is the resistance of the coil, B that of the cell
connecting wires and galvanometer, in the experiment with
the coil in circuit we have :—

104

Current with coil in circuit = -
B+R

In the experiment without the coil we have similarly :—

Current without coil = ]ﬁ

Dividing the second of these equations by the first we
oet—
° Current without coil _ B + R _ 1 R,

" Current withooil ~ B ' B

The ratio of the currents observed is equal to that of
the tangents of the angles of deflection, hence, substituting
the values of the tangents from the table, we have :—

1 See table of tangents, p. 251.
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219 _ . R
TR
LR _110
"B 109

o B=RMY - 99R,
110
Hence, the value of B can be found if that of R is
known. X

The unit in which resistance is measured is the “ Ohm,”
and the coil R has a resistance of 2 ohms. Hence B of
cell No. 1, connecting wires and galvanometer = 198
ohms.

As the resistance of the galvanometer and connecting
wires is extremely small compared to that of the cell, we
may take B to be the resistance of the cell.

Repeat the above observations with another cell.

Next connect the two cells in series, 7.e. connect the
carbon of one cell to the zinc of the other, and determine
the resistance of the combination, using as external resist-
ance two of the 2 ohm coils connected in series.

The résistance of the cells in series should equal the sum
of the resistances of the two cells.

Now connect the two cells in parallel, i.c., connect the
two zines together and the two carbons together, attaching
one of the wires from the galvanometer and resistance to
the zincs, and the other to the carbons, and determine the
resistance of the combination. Tn this experiment use the
1 ohm coil provided.

The resistance of the cells in parallel is about half that
of each cell.

Nuserican Exercise.—Find, by calculating the current
in each case, which is the better way to connect two similar
cells, each having a resistance of 2 ohms, in order to get
the greater current, when the resistance in the external
circuit is |, 2, 4 ohms respectively.



SECTION XXXIX

Measurement of Resistances by the Resistance
Bridge

Apparatus  required.—Resistance bridge, astatic gal-
vanometer, Leclanché cell, plug key, resistance coils, and
connecting wires.

Currents in Multiple Circuits

‘When the current can proceed along two or more paths,
between any two points of a circuit, it divides, and part of
it goes along each path. If R,, R,, &c., are the resistances
of each of the paths, 1/R,, 1/R,, &c., are called the * con-
ductances ” of the paths, and the current along each path
is proportional to the conductance of that path. The con-
ductance of the paths together is equal to the sum of the
conductances of all the paths, and the ratio of the current
through one path to the total current is equal to the con-
ductance of that path, divided by the sum of the conduct-
ances of all the paths.

These statements may be proved as follo s :—

Ohm’s Law, applied to a length of wire through which a
current flows, and in which there is no generator of electric
current, states that the current is equal to the Llectro-
motive Force or difference of potential between any
two cross sections, divided by the resistance between
the same sections. Thus, if two points, A and B, having
a difference of potential V, are joined by a number
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of wires having resistances R;, R,, ete.,, and if the currents
through these wires are ('v C,, etc., respectively, we have
the eqlmtmns

C, = V/R, C,= VR, (= V/Ry cte,

Calling the conductances K,, K,, ete, the equations
become
C =K V; (,=K,V; ;= K,V ete.
3

Hence the currents through the separate wires are pro-
portional to the conductances.

Adding up the equations, remembering that the whole
current C is equal to the sum of the currents C, C,, C,,
tflowing through the separate wires, we find

C= (K + K, + Ky+ . . . . )V.
Hence
ClC=KAK, + K, +K, . . )

If we had a single wire, such that with the same
difference of potential V between its ends, the same
current £ would flow through it, the conductance K
would be given by the condition

= KV.
Hence
K=K, + K, 1 K, |
and
1_1 1 1
T{_l{,*’. R* . C

where R is the resistance of the single wirve.

¢ cell, having an EMF of 1'47
volts (a volt being the unit of Electromotive Force or
difference of potential) and an internal resistance of
2 ohms, has its terminals connected by each of two wires of
resistance 1 and 2 ohms. Find the total current flowing
from the cell and the current in each wire.
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The Resistance Bridge

Let a cell C be connected to the system of wires AR,
BR, so that between the points A and B the current
proceeds along the paths AR;B, AR,B (Fig. 74).

(¢

R,

Rg
Fia. 74.

Then a certain difference of potential exists between the
points A and B, and if we suppose A to be at a higher
potential than B, the potential will vary along each of the
wires AR, B, AR,B from its value at A to its value at B. Let
R, be a point on the wire AR;B. Then there must be
some point on the wire AR,B, which is at the same
potential as R,, and if the terminals of a galvanometer
were connected to R, and to the point on the other wire at
the same potential, there would be no current through the
galvanometer. Let R,be thepoint at the sane potential as R,
and let us find the relation between the resistances of AR,
and BR,, AR, and BR, in order that this may be tl.e casc.

By Ohm’s law, we know that the EMF or difference of
potential, between any two points in a conductor carrying
a current, is proportional to the resistance of the conductor
between the two points.
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Henze we have

difference of potential between A and R, _ resistance of AR,

do. TAand B “do. ARB
Similarly

difference of potential hetween A and R, _ resistance of AR,

T do. Aand B B do. AR, B

Now, if R, and R, are a. the same potential the fractions
on the lcft sides of these equations are equal.  Hence,
cquating the right members, we have

resistance of AR, resistance of AR,

Ao, ARBT TTdo. ~ AR,B
from which it follows that

resistance of AR, _ resistance of AR,

" do. RB T do. R,B

Hence, if we know the ratio of the resistances of AR,
and R,B, and find that a galvanometer connected to R,
and R, gives no deflection, we know also the ratio of the
resistances of AR, and R,B.

The Astatic Galvanometer

In the tangent galvanometer, it was seen that the force
due to the current passing through the coil and tending to
deflect the needle from the magnetic meridian, was opposed
by the force on the needle due to the magnetism of the
earth. I by any means we could diminish the force on the
needle due to the earth, then with the same current flowing
round the galvanometer coils, we should get a greater deflec-
tion, that is our galvanometer would be more sensitive.
In the astatic galvanometer this is secured by attaching
the needle within the coil rigidly to another needle nearly
like it, outside the coil, but with its poles turned the
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opposite way. The forces on the needles due to the earth
act in opposite directions, and it is only the difference
between these forces which now opposes the deflection of
the needle. On the other hand, by the fundamental laws
given in Sect. XXXVIL., the forces due to the current tend
to produce rotations in the same direction. The galvano-
meter is thus rendered much more delicate, and the needle
moves when a very small current passes through the coils.

EXERCISE

The astatic galvanometer provided (Fig. 75) is to be
placed on the teble with the plane of the windings parallel

Fia. 75.

to the needles when the latter hang freely, and rotated
in a horizontal plane and adjusted by means of the
levelling screws, till the upper needle moves freely over
the small scale between the stops and comes to rest with
one end over the middle division of the scale. Whewu this
is the case tho coils are in the magnetic meridian.

Connect a Leclanché cell through a plug key K to the
screws A, B of the Resistance bridge (Figs. 75 and 76).
The plug must be taken out when observations are not
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being made. In the gap P place the 1-ohm resistance
coil provided. In Q place a piece of No. 34 copper wire
1 metre long. Connect one terminal of the galvanometer
to G, and attach to the other terminal a wire C, the other
end of which is connected to the terminal of the sliding
contact of the bridge wire, or, if there is no slider, is
inserted in a cork in such a way that by holding the cork
in the hand, the end of the wire can be brought into
contact with the wire of the bridge.

—_

\\
o /7
K PZ o} 21Q
A | b
c
Fie. 76,

Insert the plug K, and make contact for an instant
between C and the middle of the bridge wire. The needle
of the galvanometer will probably be deflected. Alter the
point of contact of C with the wire till, on making or
breaking contact, no effect is observed on the needle. Take
a reading of the position of C on the scale under the wire.
Repeat this determination three times, and take the mean
« of the readings. If the bridge wire is uniform and 100
divisions long, the resistances of the two parts, AC and
CB, are in the ratio 2 to 100 — 2, and if P is the resistance
of the coil, Q that of the wire, we have

Q_100 -2
Q_100-=
or
Q=P(.1_0_0_1)-
xr

If P is known this gives the value of Q.
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Take a piece of No. 29 platinoid wire, 30 cms. long,
and place it in one of the gaps of the bridge, and deter-
mine its resistance.

Similarly determine the resistances of 15 cms. of the
same wire, and of 30 cms. of No. 25 wire, and 40 cms. of
No. 31 iron wire.

The resistance of a wire of length /, and diameter d, is
proportional to !, and inversely nroportional to «? and

depends, in addition, on the material of the wirc.

., . Resistance x ¢ tion .
The quantity =0 " iy called the resistivity

or specific resistance of the material of the wire. It repre-
sents the resistance of a cube of the material of 1 cm. edge.
Determine by the wire gauge the diameters of the wires
used.
From the observed resistances and the dimensions (see
table, p. 239) of the wires calculate the specific resistances,
and tabulate as follows :—

Bridge No. 2 Galvanometer No. 4. Coil No. 5
Resistance of coil No. 5 = 102 ohms = P.

|

0 s
: .. Resist- 1 cms, Cross 'n .
Wire. e Resistance wire ance of diameter| scction Resiot x soction
§ do.  coll wire |of wirc. | of wire length.
100 ¢cms, copper| 748 346 ‘858 023 00043 *000,001,4
No. 84.
30 cros. platinoid |
No. 29.

15 cms. do.
30 cms. platinoid
No. 25.

40 cms. iron . .
No. 34.

It will be evident from the observations, that the

specific resistance of platinoid is considerably gr-ater than
that of copper.




SECIION XL

Comparison of Blectromotive Forces by
Potentiometer

Apparatus  reguired. — Astatic  galvanometer, wire
stretched on scale, a storage cell, other cells, a key, and
connecting wires.

‘We have seen that when a current passes along a wire,
any two points of the wire differ in potential, by an amount
which is equal to the product of the current passing
through the wire, into the resistance of the wire between
the two points. Suppose we have a cell, the EMF of
whish is equal to this difference of potential, and we
connect the negative terminal to the point of the wire
which has the lower potential. The terminal of the cell
and the connecting wire attached to it, are then at the
same potential as the point of the original wire with which
the connecting wire is in contact. If we connect the
positive terminal of the cell with the other point by means
of a second wire, no current will flow along this wire
through the cell, since the two ends of the wire are at the
same potential, but if the second connecting wire be made
to touch any other point of the original wire, a current
will flow through the cell, the direction of the current
depending on the side of the former point at which contact
is made. By placing a galvanometer in series with the
cell, the position of second point of contact in the wire for
which no current through the cell is produced can there-
fore be found. If then the resistance of the original wire
between the two points of contact, and the current through
the wiry are known, the EMF of the cell which is the
product of the two, may be found. If the cell be replaced
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sy another having a different EMF, the distance between
‘he points of contact of the connecting wires for no current
.hrough the cell will be different, and if the current through
she wire is the same in the two experiments, the ratio of
she lengths of wire between the points of contact in each
:xperiment, will be the ratio of the electromotive forces of
’he cells. .
ExErcise
A thin platinoid wire AB is stretched along a gradu-
ated scale, and the ends of the wire are connected
through a plug key K to the terminals of a storage
sell C (Fig. 77). Care must be taken to ascertain that the
stretched wire is of a

C sufficiently high resist-
K V//____I ance to prevent the

storage cell from send-
A A ing too I?.rge a current
3 3 j through it, and running
down rapidly.  The
plug K must be in-
p G serted only when an
Fie. 77. observation is being
made.

The Leclanché cell D, which is to be tested, is placed
in series with an astatic galvanometer G, in such a way
that the negative pole of the cell (the zinc) can be con-
nected by the wire E and a sliding contact to that end of
the stretched wire which is connected to the negative pole
of the storage cell (the pole painted black) or to any
other point on the wire., The wire F, attached to the
galvanometer, can also be connected to the stretched wire
by means of a second sliding contact.

Bring E into contact with the end of the stretched
wire, and find a point along the wire with which F may be
connected, without the galvanometer needle being d-flected.
Take the reading of the point. Now place E at the division
10, and repeat the determination. Similarly with E at
20, 30, etc., till F reaches the other end of the scale.
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Now substitute for the Leclanché a Daniell cell, and go
through the same series of observations. Replace the
Leclanché, and repeat the original observations.

The object of this repetition is to eliminate errors due
to a possible decrease of the current from the storage cell
during the experiment. The point E is moved along the
stretched wire, so as to get rid of errors due to the want
of uniformity of the wire, since we are about to assume
that the resistance of the wire between any two points is
proportional to the distance between the points, and this
is only true if the wire is uniform.

Tabulate the observations as follows :—

Wire No. 2. Storage cell No. 4. Galvanometer No. 1.
— - I IR R
Cell. i Reading E | Reading F. | Difference. Mean.
Leclanché l Ocwms. | 70.2 cms. | 702 cms.
No. 3. i 10 798 698
20 90°1 701
'30 999 699 700
Daniell ! 0 550 550
No. 5. ; 10 64-8 548
20 75°1 551
.30 839 539
40 92-8 528 543
Leclanché 0 710 710
No. 3. 10 808 708
20 910 710
i‘ 30 100-7 707 709
. i |
. EMF Leclanché 704 _ 120,

EMF Daniell = 543

Take observations for a simple cell of zinc and copper

in dilute sulphuric acid, and then again for the Leclanché

cell, giving the whole of the observations and results in

tabular form as above. Note that the EMF of the simple
cell varies rapidly.



SECTION XLI
The Passage of Currents through Electrolytes

Apparatus required.—A water voltameter, storage cells,
and a tangent galvanometer.

‘When an electric current is sent through certain liquids
between electrodes on which they have no chemical action
the liquids are decomposed into two constituents, one of
which appears at each electrode. Such liquids are called
electrolytes. The amount of decomposition produced is
proportional to the amount of electricity sent through the
liquid, a relation which is known as Faraday’s first law of
electrolysis. If a current C flows for ¢ seconds, “he
amount of electricity which has passed in the time is C¢,
and if m grams of the electrolyte are decomposed we have

m = KC¢

when K is a constant depending on the nature of the
liquid.
Exgrcise

The electrolyte to be decomposed in the present exercise
is water, to which a little acid has been added to render
it electrolytic. The water is placed in an N-shaped glass
tube provided with two platinum electrodes through which
the current enters and leaves the liquid. The gas which
ascends from one electrode collects in the closed limb of
the tube, and its volume is indicated by the graduations
on the tube or on the stand. Such an arrangement is
called a water voltameter (Fig. 78).

To verify that the amount of gas liberated is propor-
tional to the product of the strength of the current, into
the time for which it has passed, fill the closed tube of the
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voltameter and the middle tube with dilute acid up to
top of the middle tube by tilting it, and connect the
voltameter, two storagd cells, a plug key as a convenient
make and break, a tangent galvanometer, and a 2-ohm
coil in series. In order that the hydrogen may collect in
the closed tube, the platinum foil in that tube should be
connected to the negative, .. black terminal of the
storage cell. Take the reading of the zero of the
galvanometer. Insert’the key, and observe whether the
deflection on the galvanometer is readable, and the rate

Fia. 78

of production of gas such that one centimetre of the
tube is filled in one or two minutes. Increase or de-
crease the resistance in circuit till this is the case.

Take the time at which the gas reaches the 1 em. mark
ou the glass tube, read the galvanometer when the gas
reaches 1'5 em., obcrve the time at the second cm., read
the galvanometer, take the time at the third em., read
the galvanometer, and finally take the time at the
fourth cm.

Find the tangents of the angles of deflection on the
galvanometer, multiply each by the time which the current
has taken to generate the c.c. of gas, and show that the
three products are approximately equal.

Tilt the tube so as to refill the closed limb with the

1]
! The correction due to the difference of level of the liquid in the
twa tubes may in the above experiments be neglected,
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dilute acid. Alter the resistance in the circuit so as to
get a current of different amount and repeat the observa-
tions.  Show that the products of the tangents of the
angles of deflection into the times, in the second series of
experiments, are identical with those in the first,
Tabulate your observations as follows :(—
Tube 3. Galvanometer 5.
Hydrogen collected.

f c.c. Time. égctz;‘(gl 1! Detlection. j Tangent. x'l':fli"gx:;ts.
! HOM. s, T ’ B

O R B NN
30 | a730| B | 2B 52 | 380

! 7 70 28:0 53, 371

i 40 18 40 J = j

J

Temperature of gas 18 C. Barometer 752 cms.
Sumilarly for the other observations.

If the nature of the gas collected in the closed tune is
known, the above experiment may be used to determine
the constant of the tangent galvanometer used, .. to
determine the multiplier which converts the tangents of
the angles of deflection into amperes.

Let, for example, the gas in the above experiment be
hydrogen.  Then since 1 ampere flowing for 1 second
liberates "118 c.c. of hydrogen at 76 ems. and 18° C, and
the volume generated in a given time has been observed,
the current which passed can be found, and by comparison
with the tangents of the angles of deflection, the current
which would give a deflection of 45° can be calculated.

Caleulate the constant of the galvanometer, tabulating
your work as follows :—

Mean of times x tangents = 375,

Volumes at 75'2 cms. pressure = 1'cec.
Volumes reduced to 76 cms. pressure =75/76 c.c.
75

.*. Constant of galvanometer =~ /(375 x '118) = 223,

76 ————
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SECTION XLII
Electrification

Apparatus required.—Glass and ebonite rods, rubbers,
electroscope, electrophorus, insulated spheres, and cans.

Before commencing this exercise, students should make
themselves familiar with the elementary laws of electrical
attraction and repulsion, explained in text books.

The experiments are to be performed in the order here
indicated, the distribution of the electric charges at
the different stages shown by diagraws in the note-books,
and reasons given for the effects which are observed.

Before commencing, the glass and ebonite rods and the
rubbers should be dried.

I. Electrification by Friction

a. Rub a glass rod with silk, and hold it over some
small pieces of paper on the bench. They are attracted,
showing that the rod is electritied.

2
b. Rub an ebonite or a sealing wax rod with flannel, and
show that it is electrified.

c. Suspend an electrified glass rod horizentally by means
of the silk thread provided, and show that another electri-
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fied glass rod repels it. Similarly two electrified ebonite
rods repel each other.

d. Show that an electrified ebonite rod attracts an elec-
trified glass rod more than an unelectrified ebonite rod does.

II. Electroscope
The electroscope provided (Kig. 79) is surrounded by a
metal case, in order that the leavcs, or in some forms the
single leaf hanging in front of a plate, may be affected as
little as possible by electrified bodies in the
neighbourhood.

a. Charge the instrument by bringing an
BG4l electrified glass rod into contact with the
oescdl  circular disc or plate at the top.

0000

DT b. Bring an electrified glass rod near the
plate without touching it, then remove it again.
Record what takes place.

Fia. 79.

c¢. Bring a strongly electrified ebonite rod towards the
electroscope. If the charge given to the electroscope was
not too large, the leaves will collapse and again diverge.
Remove the ebonite, and discharge the electroscope by
touching the plate with the hand.

d. Bring an electrified glass rod near but not touching
the plate of the discharged electroscope. Touch the plate
with the hand for an instant and then remove the glass rod.
The leaves diverge. Explain the reason for this. The
electroscope is said to have been charged by “ Induction.”

e. Bring an electrified glass rod towards the plate of the
electroscope ; the leaves will collapse and again diverge.
Bring a charged ebonite rod towards the plate, and the
leaves diverge further.

Compare these observations with those of b and ¢, and
give the reason for the difference,
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III. Blectrophorus

a. Charge the electroscope by touching it with an
electrified glass rod.

(Fig. 80) by rubbing it with flannel. Place the
plate oh the ebonite, touch it for an instant with
the finger, and then raise it by means of the
insulated stem.

b. Excite the ebonite disc of the electrophorus !

Fia. 80.

¢. Bring the plate of the electrophorus near to that of
the electroscope. The leaves of the electroscope diverge
further. If the ebonite disc be brought near the electro-
scope plate, the leaves collapse and again diverge. Give
the reason for these results.

IV. “Induction”

a. Place two uncharged insulated brass knobs in con-
tact. Bring the charged plate of the electrophorus near
one of them. Without touching the knobs separate them
while the electrified plate is near, and show by bringing
them in succession near the plate o the charged electro-
scope, that they are charged differently.

b. Bring the knobs into contact, and show that neither
has now any effect on the electroscope.

¢. Discharge the electroscope, and place on a block of
paraftin, the can with which you are provided, and by means
of a thin wire connect it to the plate of the instrument.

If the plate of the electroscope is firm enough the can
may he placed directly on it.

d. Charge the electrophorus, and bring the plate
gradually down into the can. The leaves of the electro-
scope diverge and the divergence increases till the plate is
well within the can, then remains the same even if the

Q 2
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plate be made to touch the inside of the can. If the plate
be removed and the ebonite disc of the electrophorus be
now brought similarly into the can by means of the silk
threads attached to it, the leaves diverge as before.

e. Charge the electrophorus, but leave the plate in
contact with the ebonite, and bring the two together into
the insulated can. No effect is produced on the electro-
scope, showing that although botl. the ebonite and the
plate are charged with electricity, the external effects of
the charges neutralise each other.

On account of this property of neutralising each other,
which the different kinds of electricity possess, one is
called “positive ” and the other “negative ”; glass, when
rubbed with silk, is said to be positively, ebonite rubbed
with flannel to be negatively, electrified.

When electricity is generated by friction, equal quantities
of positive and negative electricities are produced.

This can be proved by connecting a can, containing a
smaller insulated can in which an ebonite rod can rotate
against cat skin, to the plate of the electroscope.

If the ebonite is rotated, electricity will be produced by
friction, but so long as the ebonite remains in the inner
can, the leaves of the electroscope remain in contact. They
diverge if the rod with its negative charge is withdrawn.



SECTION XTLIII
Potential and Capacity

Apparatus  required.—Electroscope, insulated metal
plates and glass plate.

Before commencing the experiments, students should
read the account of Potential and of Capacity given in
som. text-book.

I. Potential

The divergence of the leaves of the clectroscope depends
on the difference of potential between the leaves and the
surrounding case.

Place the electroscope on an insulating stand (a cake of
paraffin), connect the plate and case, and charge by bring-
ing the charged plate of the electrophorus several times
into contact with that of the electroscope. Although a
large charge is given to the electroscope, no divergence
of the leaves occurs.

Disconnect the plate and case, touching each to dis-
charge them completely.

Give a succession of charges to the case, and observe
that the leaves diverge. Stop the charging when the
leaves are slightly diverged, touch the plate of the electro-
scope, and observe that the lecaves diverge furgher,
although: the hand is in contact with the plate of the
electroscope. Explain the cause of this by a diagram.
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Remove the hand, and discharge the case by touching
it. The leaves collapse partially. Discharge them more
completely by touching the plate.

Place an inverted metal can on the top of the case of the
electroscope, go that the plate of the instrument is almost
entirely surrounded by metal. Repeat the above experi-
ment, and notice that a strong charge can now be given to
the case without the leaves diverging. Explain this.

Touch the case and can, so as to discharge them.
Remove the can, and give the leaves a small positive
charge, by touching the plate with the plate of the
clectrophorus. If the charge is too great, allow some of
it to leak away by touching the plate with a strip of paper.
Show that on bringing the recharged plate of the
electrophorus near the plate of the electroscope, the
divergence of the leaves increases. Charge the case
by the electrophorus, and notice that as the charging is
continued, the divergence of the leaves diminishes to zero
and then increases. On now .bringing the plate of the
electrophorus near that of the electroscope, the divergence
of the leaves diminishes. Explain this by means of
diagrams.

Discharge the case, and again charge the electroscope,
so that the leaves diverge a little. Touch the case, and
notice that the divergence is increased. State the reason
for this.

II. Lines of Force

Connect the plate of the clectroscope by means of a
thin wire to one of the smaller vertlc&l insulated metal
plates (Fig. 81).

Take a piece of thin wire, about 6 cms. long, and attach
to one end by means of a little gum, a single cotton fibre
about 2 cms. long, obtained by pulling to shreds a piece of
cotton thread. Charge the metal plate, and hold
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the wire so that the cotton fibre is nearly in contact
with the plate. Notice that the fibre sets itself so
as to be perpendicular to the surface of the plate. Move
the fibre round the plate, and along the wire connecting
the plate to the electroscope, without touching them. Note
the direction which the fibre takes at the edgbs of the plate
and along the wire. Owing to the presence of the charge

JlL

Fia. 81.

on the plate, an opposite charge is induced on the end of
the fibre, the charge of like kind to that on the plate
being conducted though the fibre and wire to earth. The
charge at the end of the fibre is attracted by the plate,
and the short length of fibre near the end sets itself along
the lines of force.

III. Variation of the Potential round a Charged
Conductor

Remove the electroscope from the insulating stand
and place it on the bench. The case will now be
connected through the bench to earth, and its potential
will therefore be zero. Hence the divergence of the leaves
will indicate the potential of the body with which they are
connected. If that potential is positive, then a positive
charge brought near the plate of the electroscope increases
the divergence, if it is negative the charge decreases the
divergence of the leaves of the instrument.

The potential of an insulated positively charged conductor
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not in the neighbourhood of other conductors is positive,
and the potential at points in the air surrounding the con-
ductor diminishes on all sides. To show this, charge the
larger of the metal plates (Fig. 81) by means of the electro-
phorus. Connect ‘one of the smaller plates to the
electroscope, and move it, by means of the insulated
handle, towards the charged plate. The leaves diverge,
and the divergence increases as the plates approach. Show,
as above, that the potential of the smaller plate is positive.

To charge the larger- plate negatively by means of the
electrophorus, place the plate of the electrophorus on the
ebonite, and instead of touching it to take away the nega-
tive charge, connect it for an instant, by means of an
insulated wire held by a sealing wax handle, to the large
plate. The negative charge then goes to the metal plate.
"Raise the plate of the electrophorus, touch it, and repeat
the above operations.

Prove, as above, that the potential of the metal plat~ is
negative, and that the potential increases algebraically on
all sides of the negatively charged metal plate.

IV. Capacity

Connect the large pl-‘e to the electroscope, remove the
smaller plate to some distance, and touch it. Charge the
larger plate and electroscope, the divergence of the leaves
of which indicates the pntential to which the two have
been charged. Now bring the smaller plate, which is at zero
potential, towards the larger plate; the divergence of the
leaves of the electroscope diminishes, hence the potential of
the large plate diminishes. We have seen above, that the
potential of the smaller plate increases. Thus the two
plates mutually influence each other. Touch the sma'ler
plate, and notice that the divergence again diminishes. If
the plates are very near together, on touching the smaller, the
divergence of the leaves can be diminished to a very small
amount. To cause the original amount of divergence, it
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is necessary, if the smaller plate be kept connected to earth,
to give a great number of charges to the larger plate, or
to remove the smaller plate from the larger. The quantity
of electricity which it is necessary to give to a conductor,
in order to raise its potential by unity above that of
neighbouring earth-connected conductors, is called the
“ Capacity ” of the conductor in its particular surround-
ings ; and we see from the above experiment that the
capacity of the arrangcment is increased by bringing the
plates nearer together. On account of the large capacity
of a plate close to another plate connected to earth, the
system is called a “ condenser.”

If a negative charge is given to the smaller plate which
was touched, its potential will be negative, and there will
be some point between the plates which has the potential
of the earth.

Discharge the electroscope and charge one of the
sma’ler metal plates negatively, as described on the previous
page, giving the other plate the positive charge. Place
the two plates on opposite sides of the large plate, and
about 4 cms. apart. Move one of them about parallel to
the others till the divergence of the leaves is zero. The
large plate ought, if the charges ot the outer plates are
equal, to be half way between them. If the charges are
not equal, the position will be nearer the plate having the
smaller charge.

V. Influence of the Dielectric between the Plates

Arrange the two smaller plates opposite each other with
a plate of glass between them. Connect one by means of
a wire to the electroscope. Charge it, and touch the other
plate, so as to bring its potential to zero. Withdraw the
glass plate suddenly, and notice that the divergence of the
leaves of the electroscope increases. Show from this
experiment that the dielectric constant of glass is greater
than thac of air,
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Wg pllopose in this appendix to give some information which we
hope will prove useful to teachers.

Students, when entering a Physical Laboratory, require some 1n-
struction concerning their note-books and the proper treatment of
apparatus. The following regulations, which are issued to the
students of the University at the beginning of each session, my
serve as a guide to the teacher.

REGULATIONS

1. LEach student should provide himself with two note-books.
(1) A note-book in which to record observations as they
are taken and to make rough calculations. This
must be available for inspection when required. No
observations are to be taken, or calculations made,
on loose sheets of paper.
(2) A note-book in which to write out carefully the method
of working and the results obtained. Alternate
pages of this book should be divided into squares.!

II. He should also be provided with the following drawing
instruments :—pen and pencil compass, spring bow dividers,
boxwood rule, having diagonal and protractor scales, a six-
inch steel rule divided into millimetres and inches.

IIT. Each student is responsible for the apparatus he is
using, and all pieces of apparatus must at the end of the class
be left in the same condition, and in the samne place, in which
they were found.

1 For the sake of uniformity it is desirable that note-bouks of the
same kind should be used by students.
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IV. Each piece of apparatus is numbered, and students must
enter in their note-book the number of each piece they use.
Students failing to comply with this Regulation are liable to be
made responsible for any damage which cannot be traced to its
author.

V. Students are not allowed to leave an exercise and proceed
to another, until their work has been found satisfactory and
approved. A description of the approved exercise and results
should then be written in the second or principal note-book.

VL. The principal note-hook of each student will be examined
from time to time, and the character of the records made in it
will be taken into acoount in making out the class list at the
end of the course. ’

The exercises described in this volume need not necessarily be per-
formed in the order in which they are given, and by judicious
arrangement, a considerable saving in apparatus may be effected.
Thus it will be found posgible, with the help of five or six sets of
apparatus, to teach thirty students, by having five or six different
cxperiments going during each lesson. The principal difficulty will
be found at the beginning of the session, when all students start from
the same level. 1f, however, they possess, as they should do upon
entering on a Laboratory Course, some knowledge of Theoretical
Mechanics, the exercises in Part IT. may be taken in almost any order.
After a few weeks, as some of the students will have-had to repeat
the exercises, and others will have gonemahead quickly, they will
be separated sufficiently to allow the exercises to be taken in the
order given.

In order that this separation of students should not become too
great, some of the more difficult exercises may be omitted by those
who have fallen behind. It is better for a weak student to be made
to repeat the same exercise until he has mastered it, than for him
to be allowed to perform experiments he does not understand.

To enable the teacher to arrange the work of the class satisfactorily,
he should keep a clear record of what each student has done.
The following method ,has proved satisfactory. :

The names of the students are entered in a column at the left
hand of a sheet of paper ruled in columns, each of which refers to
a meeting of the class. KEach student thus has a square assigned
to him for each date of meeting, and in this square the number of
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the section of the book at which he happens to be working, is
entered. "'When a student has performed an exercise, and his result
has been considered satisfactory, the sign-is entered in the square
above the number of the section. When the experiments and the
results have been written out neatly in the note-book, and have been
approved and initialled by the teacher, a vertical stroke is added,
and the resulting sign + above the number of the section indicates
that the exercise is complete. The following table will show the
appearance of such a ‘“Work Sheet.” Reference to it will show
at once that student A has completed sections 6 and 7, that he
has performed the exercises of sections 5 and 8 satisfactorily, but
has not yet shown the results written out in proper form, and
that he was absent on Oct»ber 30.

October
Name. l
\ 2 | 9 6 2 30
|
+ + - !
| .
+ | ++ ++ |+
B oo, 7 85 69 | 10 11
|
+ + + -
[ O 5 6 78 8 9
+ -
D ...l 5 5 6 6 7
, + + + + -
E........... I 8 9 75 6 10
| e
+ + -
Foa. 6 7 a 5 8
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SECTION I

Teachers will find it useful to get students to practice sub-division
by eye estimate, and the following method may be adopted. Rule
on paper a number of hnes beginning and ending sharply, and
varying in length from about 5mms. to about 3 cms. Then place a
sharp mark at random on each line, and let the students estimate the
distance of the mark from one end of the line, in tenths of the whole
length. Theestimate may then be verified by direct measurement.

SECTION V.—The Vernier

Both ‘A’ and ‘B’ scales and verniers are marked on the same
piece of apparatus, the distance apart of the divisions of each scale
being 1 em. The ‘A’ and ‘B’ observations therefore check each
other.

As an additional exercise the volume of the block of wood may
be calculated.

SECTION VI.— The Spherometer and Screw Gauge

A spherometer with its legs about 4 cms. apart, and a serew
gauge capable of measuring up to 15 or 2 cms., are sufficient.

SECTION VIIL.—The Law of Moments

The prices given on page 246 include separate supports for the
apparatus required in Sections VII.,, VIIIL., and XIII. The fittings
of the laboratory benches may enable these separate stands to be
dispensed with ; but there is an advantage in having each instru-
ment portable and complete in itself. The discs are 25 cms. in
diameter. The pegs should project just sufficiently from the discs
to prevent the strings touching the discs.

SECTION VIIL.—The Pendulum

Bobs of different materials may be taken, in order to prove that
the value of g obtained is independent of the material of the bob.
If there is no clock with a seconds-hand in the class-room,

watches cuitable for the experiment may be obtained at a cost of
2s. 6d. or 2s. 9d.
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SECTION IX.—The Hydrometer

The hydrometer which has been found most suitable for the
purpose, has a total weight of 55 grs. The hollow cylinder,
which serves as a float, has a length of 9 cms, a diameter of
2:8 cms., and is made of thin sheet brass.

The glass jar has a height of 33 cms., a diameter of 6 or 7 cms.,
and is filled with the liquid to such a level that when the hydro-
meter sinks it rests on the bottom of the jar before the upper pan
touches the surface of the liquid.

Students sometimes get into difficulties by not placing the weights
symmetrically in the pan. The hydrometer will then lean over,
and the friction against th~ sides of the jar will make the weighings
unreliable.

SECTION X.—The Balances 1

The balance is of brass and has arms about 15 cms, long. It will
earry about 200 grams, and is sensitive to half a centigram,

SECTION XI.--The Balance. II

A piece of wood soaked in melted paraffin is convenient for
Exercise III.

SECTICN XIIL—The Barometer

This section has been added because many lahoratories are pro-
vided with a good barometer, and it is useful to medical students
and others to be able to read such an instrument. The section,
may, however, be omitted where a suitable barometer is not avail-
able. A very simple instrument, which may easily be made in the
laboratory, will be sufficient for the purposes of Section XV.

SECTION XIII.—Blasticity

Round vuleanised rubber chord about 5 mms. diameter are suit-
able. The common hexagonal iron weights are quite accu.ate
enough for this exercise.

If note-books with pages ruled in squares are used, the curves
may be drawn in the note-book. Otherwise, curve paper may be
obtained from any large stationer.
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SECTION XIV.—Boyle's Law
Care should be taken that the indiarubber tube is sufficiently
strong. Otherwise, on increasing the pressure the indiarubber will
expand, and the surface of the mercury in one or other of the tubes
may sink out of sight, so that it cannot be read off. Canvas lined
pump tubing is suitable.

SECTION XV.—Freezing and Boiling Points

Paper scale thermometers, which are rarely half a degree wrong,
may be obtained at a cost of about 1s. from several firms.

SECTION XVI.—Comparison of Thermometers

The vessel for heating the water consists of a brass can, 8 cms. in
diameter and 10 cms. deep, standing on three legs at a convenient
height for heating with a Bunsen burner.

The calorimeter in the specific heat exercises is made of thin
copper, is 5 cms. in diameter and 9 cms. deep, and weighs 50 grams.
It is supported on three cork legs, in an outer brass vessel 8 cms. in
diamec%er and 12 cms. deep.

SECTION XVII.—Specific Heat. I

An exercise may be introduced here to show the gradual cooling
of the water in a calorimeter. For this purp.se fill the calorimeter
to two-thirds its height with water at ~bout 50°, keep the water
well stirred, and take minute readings of a thermometer placed
in it.

SECTION XIX.—Method of Mixtures

The tubes A and K are of brass, A ‘2.cms. diameter, 16 cms. long,
K 4 cms. diameter, 18 cms. long.

It is convenient to determine the specific heat of a good con-
ductor, so that the body will quickly give up its heat to the water
in the calorimeter. Metal borings or turnings are suitable, but we
have found marble to answer best on the whole. Small pieces of
quart: which are unsuitable for optical purposes, and therefore of
no value, may easily be obtained and used for the purpose. It is
an advantage occasionally to vary the substance used.

As another exercise, the specific heat of a liquid may be determined
by heating a solid of known specific heat, and plunging it into the
liquid.

R
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SECTION XX.—Latent Heats

It is only with some hesitation that we introduce the exercise on
the latent heat of steam, us a simple apparatus does not give very
satisfactory results. The arrangement recommended has been
adopted after carefully trying all the methods usually given, and
finding them unsatisfactory. The condenser here introduced has
the additional advantage that the latent heats of the vapours of
other liquids, e.g. alcohol and benzene, may be found with the same
apparatus. It is made of thin sheet brass and thin brass tubing.

SECTION XXI.—Melting and Boiling Points

Naphthalene has been chosen for the determination of the melting
point, wax and paraffin, generally used for this purpose, not having
definite melting points.

Alcohol is not suitable for the determination of the boiling point,
as it absorbs moisture, and boils at temperatures which differ
according to the amount of water present.

SECTION XXIa.—Hxpansion of a Gas at Constant
Pressure

The capillary tube has a bore of 1 em. and a length of about
20 cms., the wider tube is ‘7 cm. diameter.

SECTION XXIs.—Dew Point and Fraction of
Saturation

The ordinary Dauniell Hygrometer is sufficient for this exercise,

SECTION XXIIL.—Reflection

Strips of mirror glass 5 cms. long and 1 ¢m. broad answer the
purpose. The sighting rod consists of two needles soldered into a
brass wire about 14 cms. long.

3

SECTION XXIIL—Refraction

The cubes used in this exercise, as well as the prisms used in
Section XXVIII., may be obtained from most dealers, The edges
of the cubes are 45 cms. long, and parallel to one edge and 1 cm.
from it a line is scratched with a diamond.
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SECTION XXV.—Lenses and Mirrors. II

The convex lens used is the ordinary 3 in. focus circular double
convex lens, and the concave lens the ordinary 6 in. circular double
concave lens of the spectacle makers., The mirrors are of diameter
2 and focal length 3 or 4 inches.

SECTION XXVI.—Lenses and Mirrors. III

The lens is the 3 in. focus double convex lens, and the mirror of
3 or 4 in. focus.

SECTION XXVIII.—Refractive Index of a Glass Prism

The lenses of collimator and sighting board are the ordinary
5 in. focus circular double convex lenses. The prism is 4 cms. long
and each edge of the base 1s 2'5 ems.

SECTIONS XXIX axp XXX.-Vision

These Sections are somewhat more advanced, and may be omitted
by m .ny students. They are introduced chietly for the benefit of
medical students. The method, though simple, gives good results,
especially for the near points. Teachers will probably be surprised
to find how many students ave short-sighted without knowing it,
and in how many cases the left eye differs @pusiderably from the
right eye. When the teacher can spage sufficient time to check
the numbers, it will be of great interest to keep a record of the
results obtained in Exercise I. of Section XXX. The authors will
be glad to receive the statistics, when a sufficient number of eyes
have been examined.

SECTION XXXI.—The Sonometer

The equations given in this and other exercises should of course
be explained to the students in lectures. No. 29 S.W.G. pianoforte
wire is used on the sonometers, which have their bridges about
50 cms. apart. Tuning forks may be obtained from musical instru-
ment Jdealers, or from any manufacturer, e.g. Messrs. Valentine and
Carr, Bowden Street, Sheffield.

SECTION XXXII.—Resonance
A paper .ube sliding along a vertical glass tube, or one brass tube
sliding within another, make good resonators.
R 2
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SECTION XXXIV.—Magnetic Forces

The magnets used in mapping the lines of force are 10 cms. long,
1-2 broad, and 5 thick. The compass is the small ¢ charm compass’
of the shops.

For comparison with the lines of force due to a magnet, the lines
due to two unlike poles should be drawn and suspended in the
laboratory. See Sir J. J. Thomson’s Mathemetical Elements of
Electricity, p. 61, or Maxwell’s Electricity, vol. i. p. 170.

SECTION XXXV.—Magnetic Survey

The circular box of the magnetometer is 13 cms. in diameter, and
the suspending fibre 18 cms. long

A plan of the laboratory should be drawn, and the points at which
the observations are to be made, indicated on it. If the direction
and intensity of the force at one point be given, they can from the
observations be found at the other points.

SECTION XXXVI.—Magnetic Fields

To support the oscillating magnet which is about 6 cms. long,
form a double loop at the end of the fibre, by doubling it back on
itself twice, and tyi»x a knot at the point where the single and
the quadrupled fibres join.

SECTION XXXVIIL.—Action of Currents

Ordinary insulated wire sold in coils as electric bell wire
makes very good connecting wire. The compass is that used in
Section XXXIV.

Connectors for joining the ends of two wires together may be
obtained from any electrical screw and terminal maker.

'SECTION XXXVIIL—Voltaic Oell and Tangent
Galvanometer

Leclanché cells, size No. 3, with the carbon enclosed in a porous
pot, and with an internal resistance of about 2 ohms, are most
suitable, The tangent galvanometer has 3 coils of 1, 3 and 12
turns. of 8 cms. diameter, and a suspension 16 ems. long.
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SECTION XXXIX.—The Resistance Bridge

The wire of the bridge is 50 cms. long.

The wires, the specific resistances of the materials of which are
determined in this exercise, may be obtained as follows : —

Copper : Mr. Wm. Rickard, Ashbourne Road Mills, Derhy

Iron: Sold in bobbins as binding wire by ironmongers.

Platinoid : The TLondon Electric Wire Co., Playhouse Yard,
London.

SECTION XLI. --Electrolysis

This exercise may be omitted by the ntore elementary students,
or where no suitable battery is available.

By connecting the storage cell so that the oxy, {,(.n is collected
in the closed tube, an additional exercise may be made.

SECTION XLII. —-Blectrification

The single gold leaf form of electroscope, in which the top edge
of the leaf is folded over to form a loop through which the support.-
ing wire passes, answers best, as the leaf is not bent by the
dwvergence, it merely rotates about the wire.

SECTION XLIIIL.—Potential and Capacity

The brown secaling wax known as ‘“Parcel wax” is best for
insulating the condenser plates of Fig..81.

Simple experiments on electromagnetic induction may be carried
out with an astatic galvanometer, a few turns of wire, and a magnet.

Most of the apparatus for this volume can be supplied by Mr.
George Cussons, Technical Works Broughton Manchester, and
231 Strand, London. Some of it is, however, of such a simple
nature that it could be made by any local worker in wood and metal.

If supplied in sets, the cost is approximately as follows :—
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Mechanacs . . . . . . . . .
This includes : Vernier models, sliding -callipers,
spherometer, small brass cylinder, glass scale and plate,
pendulum and stand, hydrometer with jar and box of
weights, balance, large brass cylinder, can and sinker ;
elasticity apparatus, with stand complete, and apparatus
for Boyle’s law. .
Heat . .
Apparatus for bmhng pomts, fr-,c/mg pomt,s, qpemﬁc
heat, latent heat, and melting and boiling points.
Light .
Drawing table on foldmg legs, mirror and support
sighting rod, glass scale, glass cube, lenses, slit, stops and
screens.

Sound
Sonometer, two tumn" f01 ks, and resonance tube

Magnetisin
Magnets, marvnetoscope stecl and iron w1re, magneto-
meter, and oscillation can.

Current Electricity . .

Compass needle and stand, tangent and astnhc galv:mo-
meters, one 2 ohm and one 1 ohm resistance coil,
Leclanché cell, Resistance bridge and resistances, poten-
tiometer, small storage cell (9s.).

Electrostatics . . . .

Electroscope, electr ophorus, Sllk ﬂannel and fur
rubbers, ebonite, can, and condenser plates.

Total . . . . . . £12

15

12

16

6

6

—
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DENSITIES (APPROXIMATE).

Copper. . . . . . . 89 | Alcchol . . . . . . 79
Cor o . 2 | Mercury . . . . . . 136
Glass Crown . 2:5—27 | Water . . . . . . . 10

,, Flint 32—-39 | Benzene . . . . . . ‘88
Iron . . . . . . . 78 | Airat20°C.&76cms.press. ‘0012
Leed . . . . . . . 11'4 | Hydrogen ' ,y "000089

MEeLTING POINTS.

Paraffin . . about 56°C | Sulphur . . . . . 115°C
Naphthaline . . . . &) Lead ... . 326
Rose’s Alloy . . . . 95

BorLiNg PoiNTs.
Alcohol 78° Carbon Tetrachloride 77° Water 100° C.

SpEcIFIc HEATS (APPROXIMAIL).

Brass . . . . . . . 094 | Alcohol e ... B8
Copper. . . . . . . °092 | Carbon tetrachloride . . 2
Glass . . . . . . . 19 Mercury . . . . . . 033
Iroom . . . . . . . ‘113 | Water. . . . . . .10
Leed . . . . .,. . 031

LATENT HEATS.

Water (0°) . . . . . 80 Alcohol vapour (78°) . . 209
Steam (100°) . . . . . 539



No.

18
19
20
21
22
23
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INDICES OF REFRACTION.

Glass Crown. . . 148-155 {1331 for red light.

, Fint . . . 153196 } Water | ).343 for violet light.
Alcohol . . . . 135136

Aic. . ... . 10003

ViBRATION NUMBERS.

Highest visible radiation 76 x 10“ per sec.
Lowest ,, y . 39 x 104 |,
Sodiumlight . . . . . . . . . . . . &Flx10%
Highest audible musical note . . . . . about 40,000 ,, ,,
Lowest tH] tH] i L 1 »
D of musical scale . . . 288 | C of musical scale 256 ,, ,,

Vrocrries oF Sounp AT 0° C.

Tron. . . . 500,000 em/sec. | Air . . . . 33,100 cm/sec.
(Hlass . . . X )y Hydrogen . . 128,000 ,,
Water . . . 140.000 ,, | Carbonic acid. 26,000 ,,

TERRESTRIAL MAaNETISM, 1906.

Declination varies from 16° W. in Greenwich to 23° W. in Galway.
Dip from 67° in Greenwich to 72° in Orkney.
Horizontal Intensity from 18 in Greenwich to ‘15 in Orkney.

DiaMETERS AND CROSS-SECT"ONS 0F WIRES OF STANDARD WIRE
GAUGE.

Diam.  Cross-section. | No. Diam. Cross-section. | No. Diam. Cross-section.
‘122 cm. ‘0117 eq. cm. | 24 °0569 cm. 00245 sq.cm. | 80 ‘0815 cm. °000779 sq.cm.
‘02, -00811 25 0508, ‘00208 , |81 ‘0205 ,, 000682 ,,
0914 ,, 00657 96 ‘0457 ,, 00164 ,, |32 0274 ,, 000501 ,
0813 ,, 00519 , |27 -0417 ,, 00136 ,, |83 ‘0254 ,, 000507
0711 , 00397 ,, 28 0876 ,, ‘00111, 84 -0284 ,, -000420 ,,

0610 ,, 00202 , |20 0345, 000937 , |35 0213 , 000858

ELECTRICAL RESISTIVITIES OR SPECIFIC RESISTANCES (in ohms
per cm. cube).

Copper . . . . 16x10-6| Acids . . . . . . about 5
Irom . . . . . 96x10-6 | Salt Solutins . . . , 20
Platinoid . about 40 x 10-6 |
DieLECTRIO CONSTANTS.
Air 1 Glass 3—8 Paraffin about 2



TABLES

TABLE OF SATURATION PRESSURE OoF WATER VAPOUR.

249

| | i
8, " 88, » | .
* | ecms, «rfr&scrcury. Temp. cms.tﬁrle)[ercury. Temp ,ems, 01? L?[seicury.
i |
i
46 I 10° 02 20° 175
49 11° 08 21° 1:86
53 12° 105 22° 198
57 13° 112 23° 2:10
61 14 1-20 24° 2:23
63 15° 128 25° 237
70 16° 136 26° 251
75 17° 145 27° 267
‘80 18° 155 28° 283
‘86 19° 165 29° 299
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. — 1

n ne Vn —

n

1 1 100 1-00

2 4 141 *50
3 9 178 333
4 16 200 *250
5 25 224 *200
6 36 2:45 ‘167
7 49 266 ‘143
8 64 283 ‘125
9 81 300 ‘1m
10 100 316 100
11 121 3-32 *0909
12 144 346 0833
13 169 361 0769
14 196 374 0714
15 225 3-87 0667
16 256 400 0625
17 289 412 0588
18 324 424 0556
19 861 436 0526
20 400 447 0500
21 441 4'58 0476
22 484 469 0455
23 529 480 0435
24 576 490 0417
25 625 500 0400
26 676 510 0885
27 729 520 0870
28 784 529 0857
29 841 5'89 .345
30 900 548 0333
81 961 | 557 0323
32 | 1024 | 566 -0318
33 | 1089 | 574 0308
34 1156 583 0294
35 1225 592 +0286
3 | 1208 | 600 | 0278
37 1369 6°08 0270
38 | 1444 | 616 *0268
39 1521 624 0266
49 1600 632 0260
41 1681 640 0244
42 1764 648 +0288
43 1849 6°56 0238
44 1936 663 0227
45 2025 671 0222
46 2116 878 0217
47 2209 686 0218
48 2804 693 0208
- 49 2401 7-00 0204
50 2500 707 *0200

TABLES

- 1
n? /. —
A'n 7
2601 714 ‘01961
2704 721 01923
2809 728 ‘01887
2016 735 01852
3025 742 ‘01818
3136 748 ‘01786
3249 7455 ‘01754
3364 762 01724
3481 7°68 *01695
3600 775 01667
3721 781 *01689
3844 7-87 ‘01613
3969 794 ‘01687
4096 8:00 01563
4225 806 ‘01638
4356 812 *01515
4489 819 ‘01493
4624 825 ‘01471
4761 8:31 ‘01449
4900 837 01429
5041 8:43 01408
5184 849 01389
5829 854 *01370
5476 8:60 *018b1
5626 866 01333
5776 872 01316
5929 877 01299
6084 8-83 01282
6241 889 01266
6400 894 01250
6561 900 ‘01235
6724 906 01220
6889 911 01205
7056 917 01190
7225 922 01176
7896 927 01163
7569 938 *01149
7744 938 01136
7921 943 ‘01124
8100 949 01111
8281 9-54 +01099
8464 9'59 01087
8649 964 01075
8836 970 01064
025 975 *0106°
9216 980 01042
9409 985 01081
9604 990 *01020
9801 995 01010
10000 | 10-00 01000
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w = 31416, n2 = 9'870.

Angle. Sine. Tangent. Angle. Sine. Tangent.
1° 0-017 017 46° 0-719 1-086
2 *085 035 47 781 1-072
3 *052 *052 48 743 1111
4 *070 ‘070 49 *755 1150
5 *087 ‘087 50 766 1192
6 ‘105 '105 51 T 1235
7 122 128 52 788 1-280
8 ‘139 ‘141 53 799 1-327
9 *156 ‘158 54 -809 1-376

10 ‘174 176 55 ‘819 1-428
n ‘191 194 76 *829 1483
12 *208 213 o7 *839 1'540
13 *225 +231 58 '848 1°600
14 ‘242 ‘249 59 *857 1664
15 259 *268 60 *866 1732
16 *276 *287 61 875 1804
17 +292 *306 62 *883 1-881
18 *309 *825 63 *891 1-063
19 +326 ‘344 64 899 2:050
20 *342 ‘364 65 *906 2:145
21 *358 384 66 914 2:246
22 *375 404 67 +921 2:356
23 801 424 68 027 2:475
24 407 445 69 ‘034 2:605
25 423 *466 70 940 2747
.
‘6 438 *488 71 046 2 904
27 454 *510 72 051 3-078
28 470 *532 78 056 3-271
29 *485 *954 74 061 3:487
30 *500 o77 ™ 969 3782
81 *515 *601 78 ‘070 4:011
32 *530 625 77 974 4331
33 545 649 78 ‘978 4706
34 +559 675 79 ‘082 5146
85 *574 *700 80 *985 5671
86 -588 727 81 *088 6-314
87 *602 754 82 *990 7115
38 *616 "781 88 998 8144
39 629 *810 84 *995 9514
40 ‘643 *839 85 ‘996 1148
41 *656 '869 86 +098 148
42 *669 900 87 999 1911
43 *682 '088 88 *999 286
4 695 966 89 1000 573
456° 107 *000 90° 1-000 o







INDEX

Aberration chromatic, 141
spherical, 141

Ampére, 204

Angle of prism, measurement
of, 155

Apparatus, cost of, 246

Apparent size of object seen
direct, 157

Approximations, 15

Avithmetical calculations, 9

Astatic galvanometer, 213

Astigmatic eyes, 158

Axis of lens, 131

Balance, 49
ratio of arms of, 52
Barometer, 59
corrections for gravity and
capillarity, 63
coréxéections for temperature,

vernier, 33
Boiling point on thermometers,
to detertiine,79
change due to pressure, 81
of carbon tetrachloride,

111
Boyle’s law, 70
Brass, epecific gravity of, 56
density, 56

Cu]ii)ers, 31
Calorimeter, 88

dimensions of, 241
Capacity, electrostatic, defined,

Carbon tetrachloride, boiling
point. of, 111
Cell, voltaic, 201
Chromatic aberration, 141
Collimator, 154
Coefficient. of expansion of gas,
113, 242
Condenseg" electrostatic, 233
C,guductance defined, 210
of conductors in series or
in parallel, 211 )
Construction, geometrical, for
refracted ray, 129
for image formed bylens, 136
for ray passing through
prism, 151
Constructions, graphical 18
Convergence of a pencil of light
cfined, 133
Converging lenses, 131
Converging power of lens, 134
Cooling correction, 106 o
Critical angle, 130
Current, electric, unit of, 204
Currents, electric, action on
magnets, 202
compared by tangent gal-
vanometer, 204
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Currents, electric, measured by
water voltameter, 220

Curvature, radius of, by sphero-
meter, 36

Density of brass, 56

Deviation of refracted ray, 150
measurement of, 155
minimum, 150

Dew point, 116

Dielectric constant, 233

Divergence of pencil of light,

133
Diverging lenses, 133 .

Earth, the, a magnet, 185
Elasticity, 65 X
Electrification by friction, 225
Electrolysis, 220
Electromotive force, 205
comparison of, 217
Electrophorus, 227
Electroscope, 226
leaf of, 245
Emmetropic eyes, 158
Errors, accidental, 7
systemaitic, 8
Estimate of sub-divisions by eye,
5, 239
Eye, far and near points, 158
determination of, 162
Expansion coefficient of gas.
113, 242

Field of magnetic force defined,

intensity determined, 197
produced by electric cur-
rents, 202
Focal length of convex lenses,
determination of, 139
concave lenses, determina-
tion of, 142
mirrors, 143
Focus defined, 132

Force, lines of magnetic, 191
Fraction of saturation, 116
Frequency of vibration
defined, 171
determined, 173
Freezing point, determination
of, 77

salvanometer, astatic, 213
tangent, 204 N
(Gas, expansion coefficient of,
113, 242
Glass, specific gravity of, 47
Graphical construction, 18
for refracted ray, 129
for image formed by a lens,
136
ray passing through prism,
151

Gravitational acceleration, de-
termination of, 43

Hooke’s law, 65
Horizontal force, earth’s mag-
netic, determined, 197

Humidity, 116
Hydrometer, 46

dimensions of, 240
Hygrometer, 116
Hypermetropic eyes, 158

Images, formation by reflection,
121

Induction, electrostatic, 227
magnetic, 185
Instructions, 3
Internal resistance of cell, deter-
mination of,

Latent heat of water, 103
steam, 104
Length, relation between Eng-
lish and metric .neasures
of, 26



INDEX 255

Lenses, 131, 243

Line of force, magnetic, 191
electrostatic, 230

Long sight, 158

Magnet, simple, defined, 187
Magnetic bodies defined, 186
field due to electric currents,
202.

induction, 185
meridian, 188
moment, 195
survey of laboratory, 192
Magnetisation, 183
Magnetometer, 192
Magnetoscope, 183
Magnification of lens, 165
of microscope, 165, 166
of telescope, 161
Magnifying power of lens de-
fined, 160
Mass, relation between lnglish
and metric measures of, 25
Melting point of naphthalene
etermined, 109
Minimum deviation of ray re-
fracted through a prism
explained, 150
determined, 155
Mirrors, plane, 121
spherical, 138, 143
Moments, law of, 38
magnetic, 195
Multiple circuits, 210
Multiplication, shortened, 10

Negative electricity, 228
Note books, 4, 236

Olrx, the upit of*resistance, 208
Ohm’s law, 205

Parallax, 6
Parallax method of finding the
position of an image, 123

Parallel conndetion of cells, 209
Pendulum, 42
Poles, magnetic, 187
Positive electricity, 228
Potential, electric, 229
variation near a charged
conductor, 231
Power of lens, 134
combination of lenses, 142
Prism, refraction through, 148
Prisms, where to obtain, 243

Record of eye tests, 243

work done by students, 237
Reflection, plane, 121
Refraction, plane, 125

through prism, 148
Refractive index, 126

determination of, 153
Regulations, 236
Repetition of observations, 9
Resistance,internaland external,

defined, 205

bridge, 212 |

of cell determined, 206

of wire determined, 214
Resonancg tube, 177
Regsultant magnetic force, 189
Retentiveness, magnetic, 185

Salt solution, specific gravity of,
48

Screw gauge, 37
Series, cells connected in, 208
Short sight, 158
Shortened multiplication, 10
Sighting method, of finding the
Eosition of image formed
y reflection, 122, 143
by refraction, 127
by lens, 144
Simple magnets defined, 187
Sizes of object and image, 144
Snell’s law, 126
Sonometer, 171
Sound, velocity of, 177
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Specific gravity of a solid deter-
mined, 46, 55
lass determined, 47
iquids determined, 47, 57
Specific heat of liquid, 241
he;ga, methods of mixture,

Spherical aberration, 141

Spherometer, 34

Steam, latent heat of, 104

Stops, use of, 141

Surface, relation between Eng-
liFh and metric meusures
or,

Survey, magnetic, 192

Susceptibility, magnetic, 185

Tables, 247

Tangent galvanometer, 204
Telescope, magnification, 167
Tension along lines of force,

Thermal capacity defined, 92
Thermometers, change of zero,
7

comparison 83
Thermometers, determination of
boiling point, 79
freezing point, 77
errors of, 84
Total reflection, 180

‘INDEX

Tuning fork, determination of
frequency, 173

Unit of current, 204
electric resistance, 208
electromotive force, 205

Units, 22

Velocitv of sound, 177

Vernier, simple, 29
barometer, 33
circular 33

Vibration of strings, 171

Vision, 157

Volt, 205

Voltameter, 221

Water equivalent, definition of,
of 9%a\lorimeter _determired,
of %ltlermometer determined,

Water, ?atent heat of, 102

W'eiihts, use of, 51
Work sheet, 238

Young’s modulus, 66
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