Puspa Shrestha

Best Quality Resource Site for Class 11 And 12 Students
(Based on Updated Curriculum 2077)

Puspa Shrestha PDF Collections

Best Quality Resource Site for Class 11 And 12 Notes
Students (Based on Updated Curriculum 2077) Books

Model Questions
fma PUSPas.com.np L §

PDF

This PDF was downloaded
from puspas.com.np

Visit our website for more
materials.

fe PUSPAs.cOM.NP

Follow us on:
&3 AR Dinesh @ puspas.com.np 0 Puspa Shrestha


https://puspas.com.np/
https://puspas.com.np/
https://www.youtube.com/ardinesh
https://puspas.com.np/
https://www.facebook.com/puspas.com.np
https://www.youtube.com/ardinesh
https://puspas.com.np/
https://www.facebook.com/puspas.com.np
https://puspas.com.np/
https://puspas.com.np/
https://puspas.com.np/
https://puspas.com.np/

T —————————

Certlflcate Level

I’stws l'ractlcal'

U.P. Shrestha




=g

e P e " dia v s




Certificate Level
Physics Practical Guide




I T vt P




ﬂhcf)\(’)\ a

Recommended as g Practical Text for classcs XI & XII
by Higher Secondary Board

~—% 
Certificate Leve]

Physics Practical Gulde

[Also for PCL T.U.]

By
Prof. U.P. Shrestha

Ratna Pustak Bhandar
Kathmandu, Nepal



e et i
\

Reprint: 2076

Published by: Ratna Pustak Bhandar
© The Author
Ilustrated by: Sirjana Shrestha and Archana Shrestha

- Printed at: Sthapit Offset Press, Kathmandu

—_—
‘Certificate Level Pliysics Practical Guide
ISBN : 99933-0-141-8 '

y




Preface to First Edition

This book is my first attempt to meet the requirements of students preparing for the
Intermediate Examinations of Tribhuvan University. In spite of a number of books
available in the market, not a single covers thevsyllabus of this University completely. So,
the need of a suitable Practical text book has been long felt. This is a response to this
need. Unnecessary details in theory & procedure have been avoided. If the book be
found really useful to those for whom it is intended, I shall think my labour rewarded
and will try my best to bring forward some more books in the subject.

In the end, I cannot but thank Sri Ratna Prasad Shrestha of Ratna Pustak Bhandar,
who has undertaken to publish this book.

Manju Nivas, Tripureswar U.P. Shrestha
Kathmandu
Bhadra, 2024




Preface to the 16t.h Revised Edition

This Practical Text has been written to cover the latest syllabus of the PCL students of T.U, Classeg
X1 and XII of the Higher Secondary Education Board of HM.G., Nepal and most of the experimengs for
I.Sc. students of Kathmandu University. The book has been thoroughly revised. '

As there is a growing tendency of the external examiners to ask viva questions related to the
cxperiménts done by a student in the examination, a number of some typical questions have been givep g
the end of each major chapter short answers to which have been given in the appendix at the end. This, |
hope will inspire the students to think further about the experiments. This is the special feature of thig
edition.

Besides some typical numerical problems are also given. So ilt is my special request to the teachers
in charge of the laboratories to encourage the students to practise these exercises after every experiment so
that they may acquire skill and thorough understanding of the experiments performed. I hope the present
edition will serve the pﬁrpose of the students preparing for the examination of T.U., K.U. and Higher
Secondary Board. |

In spite of the best care, it is just possible that some errors, printing mistakes might have crept in. I
will be thankful if the same be brought to the notice of the author or the publisher. Suggestions for
further improvement will be thankfully and gracefully acknowledged and incorporated in the next edition.

I heartily thank Mr. Govinda P. Shrestha of M/S Ratna Pustak Bhandar for taking painstaking
efforts for kindly publishing the book and for providing all necessary facilities toward its preparation.
Further 1 am grateful to all my colleagues who have given me helpful suggestions all the time,
Mr.. Rohit Shrestha for Computer Designing and Mr. K.D. Manandhar of Color Wave Offset Printing for

bringing out this book in the present form.

U.P. Shrestha
Bansbari, Kathmandu
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| Chapter 1
Introduction

1. Introduction

Physics is the science of accurate measurement,

"When you can measure what _
you know something about it, and when you can not measure it, when you cannot
express it in numbers, your knowledge is of a meagre and unsatisfactory kind. It may
be the beginning of a knowledge, but

You have scarcely in your thought advanced to
the stage of Science."

— Lord Kelvin
Measurement is such an important part of Practical Physics that it may lead a student to hurriedly
take certain measurements possible before he understands the reason for doing so without even studying
the apparatus he used. But he must realise that every experimental exercise has for its object the
elucidation of the physical principles involved. He should bear in mind the theoretical aspect of the
experiment and at every step of data collection, he must try to understand what he is doing and why he is
doing so. Preferably he should spend some time in setting up the apparatus and studying carefully its
mponent parts so that he may acquire a thorough knowledge of the
instrument and some dexterity in its manipulation.

Instruction for writing a Practical Note Book.
The following particulars must be carefully noted while writing a Physics Practical Note Book.
1. Form of the Account

The account should be presented on the following lines

(1) Date of the experiment (i)  Object of the experiment
(i)  Brief theory (iv)  Procedure
(v)  Observations (vi) Results

(vii) Discussion

2. Recording of Observations

Observation must be noted down directly on the loose leaf Ph
an envelope or some other scrap of paper. This is not only a waste of time but may lead to serious
error. Some selective copying out, like a table of data summarising the main results, may be desired
occasionally. But when results are co that all the original measurements be
retained.

ysical sheets and never on the back of
pied, it is important

General Comments on the Account

the acco
ide

Besides this, any one else, familiar with the experi
standard can be achieved with bare mi

unt in six months or a year's time later, will be able to remember and follow what was done,

ment should be able to follow your working. This
nimum of description provided you. '



(a) give clear diagrams, properly labelled defining all notations.
() record your results in a tabular form heading each column with the name or symbol of the Quantity
followed by the units. -

(c) label the axes of graphs, giving the scale with units.

(d) make adequate separation between sets of measurements giving each set a clear and, if necessary, 5
detailed title. ‘
Mention any precautions you take. A critical survey of the sources of inaccuracy in the experimen jg

valuable and should be included in the discussion. All working out of 'results should be shown by,
calculations should be clearly separated from measurements. Theoretical formula should only pe

quoted and not worked out.

In all electrical experiments, circuit diagrams are essential to a clear description.

4. Arithmetic

It is often the object of any experiment to obtain a number, and the correct working out
of that number is just as important as the taking of the measurements. The result of careful
measurements is often ruined by careless working out. Any one is liable to make an arithmetical
mistake, but there is a remedy, namely, to check the calculation. Checking is part of the

calculation. |

5. Measurements are often made of the variation of one quantity y with another quantity x and the pairs
of the values plotted on a graph. Whenever possible, the quantities plotted are chosen so that the

graphis a

St. line y = mx
or y =mx + C.
In practice, all the points may not lie exactly on a straight line.

The final result of the experiment is usually obtained from the value of the slope m or-less often —
the intercept C. So we need to know the best values of these quantities and the error in each.

N.B. while drawing graphs, it should be remembered that the independent variable should be plotted
along the x—axis, and the dependent variable along the y-axis. Besides scales should be properly
chosen so as to use as much space of the graph paper as possible. The axis should be labelled and the
units given. The points plotted should be marked with crosses or with a dot and a circle using a
sharp, hard pencil.

6. The observed value should be check¢d with the standard value and the percentage error calculated as

\ % error = Difference between observed and standard value « 100
standard value

The results must be given to a sensible order of accuracy stating its proper units.

Theory of Graphs

The 'graph is a very simple and quicker method of checking the observations and hence the results of
an experiment. Hence whenever possible it is always advisable to draw a graph between two variables,

mvol.ved in an exper?ment. While drawing graphs connected with experiments in Certificate Level
Physics, students are likely to come across the following types.




1. St. Line Graphs

(a) Any physical equation of the form
y = mx ..(a)

represents a st. line passing through the origin. For example, t2

—

from the pendulum equation t = 21 = where t is the

period, [ is the effective len

. gth of the pendulum and g the
acceleration due to gravity. A

2
we get t2 = e [

which is similar in form to y = mx,

If 2 is plotted along the vy axi
obtained.

(b)

Any equation of the form

y=mx + C ...(b)

C being a constant, represents a st. line not passing m
through the origin. For example, for a convex lens,

or

or

.+«(b)

which is of the form y = mx

Parabolic Curve

Any equation of the form | ‘

y2 = 4ax
_ Where 4a is a constant. In a simple form t
y2 = kx

represents a parabola. For example, from the pendulum
equation,

42
228y -2)

A parabolic curve is obtained when t is plotted against /

Hyperbolic Curve

Any equation of the form xy=k...3) (kisa constant)

v

Fig. 1.3
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represents a hyperbola, For example, from the Boyle's law equation
PV =K
, -.(3)

or P=KV

< |+—

p p
Fig. 1.4 " Fig. 1.5

1 . -
The graph of v against P represents a st. line passing through the origin.

Interpolation and Extrapolation

Knowing the value of one quantity on the x—axis, the corresponding value on the y—coordinate can be
easily determined from the graph. The given value of x is marked on the abscissa. A vertical line is drawn
from the point to cut the graph. From the point of intersection a horizontal broken line is drawn to cut
the ordinate. This value of the ordinate gives the required value. If the point of intersection lies on the
graph, the value of y is said to be determined by the process of interpolation. If it lies on the extension of
the graph, the value of y is said to be determined by the process of extrapolation.

Error and Order of Accuracy

An experiment cannot be regarded as complete unless a result is obtained along with an estimate of
its error. The importance of such an estimate is that it indicates how much reliance is to be placed in the
result. In particular, we cannot decide if the difference between two results is very significant unless we

have an estimate of the error in each case.

The practical work in Physics is subjected to various errors.

Systematic and Random Error

(i) Random error — It may be due to incorrect judgment of the observer. It is equally likely to be
positive or negative.
Random error may be detected by repeating the measurements. Furthermore by taking more and more
readings, we obtain from the arithmetic mean a value approaching closer and closer to the true value.

(ii) Systematic error — is one which is constant through a set of readings. It may be due to faulty or
incorrectly adjusted instruments. Systematic error often arises because the expcrimemal
arrangement is different from that assumed in the theory, and the correction factor which takes
account of this difference is ignored. An even more common source of systematic error is inaccurate

apparatus.




F""’ this reason systematic errars are potentially more dangerous than random errors. Large random
errors if present in an experiment will manifest themselves in a large value of the final estimated

error. Thus everyone is aware of the inaccuracy of the result and no great harm is done. However the
concealed presence ol a systematic error may lead to an apparently reliable result, given with a small
estimated error which is in fact seriously wrong. There is no general rule for finding and eliminating
systematic errors. It is a matter of thinking about an experiment and drawing on past experience. In
general one should always suspect an apparatus and if necessary calibrate is against a standard of known
accuracy.

If errors and uncertainties are present in an ex

. 4 periment, they should be taken into account while
calculating the final result. For example, '

(i) The length. of a rod measured is as 6.25 cm by a vernier callipers calibrated in mm and cm. and
whose venires constant is 0.01 cm. The length should be actually recorded as 6.25 + 0.01 cm since

the readings can be estimated to the nearest 116 of a mm i.e. 0.01 cm to denote the possible range
6.24 10 6.26 cm. - ' |

(i) Nextif a solid weighs 25.65 gm, it should be recorded as 25.65 + 0.001 gm. |

Peicentage Error

In a calorimetric experiment, if the initial temperature is recorded as 20.5 + 0.1 °C, the % error is
0.1 : ’ e '
205 % 100 i.e. 5%. If they are added, the result is 60.7 + 0.3 having a % error about 0.5%. If subtracted,

the result is 193 + 3 which is an error of about 1.5%.
The diameter of a wire as measured by a screw gauge is found to be say 0.68 + 0.01 mm. Thc' %
error is about 1.5%.

; . Ttdz Y . ;
In calculating the area 4 d# is involved. Thus the error in

d2 = (0.68 + 0.01) — (0.68)2 =+ 2 x 0.68 x 0.01 approx.

0.68 x0.01

” 2X
_ a2
% error in d (0.68)2

% 100 = 3% approx.

which is twice the % error in d.
Percentage errors in Products and Quetients.
In measuring the young's modulus of elasticity of a wire, we use the formula:

wgl
= (1
y % e ' (1)

Suppose the error in ®, g, [, r and x are denoted by dw, dg, dL, dr and dx, the % error in Y can be
found out by taking the logarithm of both sides, and then differentiating,
from (1) Log Y =log W + log g + log L — log 7 — 2log r - log x (2
dy_dw dL 2dr dx
= = s — =
y w L r

X
2d d
%errorz(gx)x100:(d—w+d—L 1 —x)x 100
y w L X

Hence,

...(3)

r

also see appendix.




Chapter 2
Units of Measurements

terms of some units known as fundamental units. Thege are
these, there are other units used for measurement of areq

All Physical quantities are measured in
s. They can be expressed in terms of fundamental unjg

the units of length, mass and time. Besides
volume, force etc. They are called derived unit

In practice there are two systems of units

(i) C.G.S. (Centimeter, Gramme, Second System) units.
h is now the Internationally accepted systen,

(i) M.K.S. (Meter, Kilogram, Second System) units whic 10 .
also called system International, S.I. System used for Scientific measurements and the other is

(iii) F.P.S. (Foot, Pound, Second System) units. This is the Briti;h system specially used i,

Engineering scale. Now S.I. system has been widely followed in Engineering scale also.

(i) Length
(@ C.G.S.: The centimeter is the unit of length
(b) S.I. : The meter is the unit of length

Submultiples

10 millimeters (mm) = 1 centimeter (cm)
10 cm = 1 decimeter (dm)

10 dm = 1 meter (m)

1000 m = 1 kilometer (km)

Conversion

| 1in =254 cm

12 in. (or 1 ft.) = 30.48 cm.
1 m=39.37 in.

1 km = 0.624 mile
. 1 mile = 1.61 km
(ii) Mass »
The unit of mass in one gm in C.G.S. system and 1 kg. in S.I. system
10 milligram (mgm) = 1 centigram (gm)
10 cgm = 1 decigram (dgm)
10 dgm or 1000 mgm = 1 gram (gm)
1000 gm = 1 kilogram (kg.)
Conversion
1 Pound (Ib) = 453.6 gm
1 ounce (0z) = 28.350 gm
1 kg=221Ib.
(iii) Time
The unit of time is one second in both the systerﬁs.




used.

For rough measureme

Measurement of Length

Measurement of Area

The area of certain figure can be determined by

(1)
(1)
(111)

applying formula
using graphical method (For irregular figures)
weighing method

Units of area in C.G.S. system - one sq. cm. (1 cm2)

S.I. system —  onesqg. m. (1 m?)

F.P.S. system —  onesq. ft. (1 ft2)

Some standard formulae for area to remember:
(1) a square = (side)2
(i)  arectangle = length x breadth
(iii)

a parallelogram = base x altitude
(iv)

a triangle = %base x altitude

v) a circle = 7t (radius)?

(vi)  an ellipse = mab = 7t (Semi major axis X Semi minor axis)
(vi1)) Surface area of a sphere = 4nr2, where r is the radius of the sphere
(viii) Surface area of a cylinder = 2mrL, where r is the radius of the ¢

cylinder.

2.1 Meter Scale

nt, ordinary scale, divider and scale, simple capallipers are used whereas for

accurate measurements, Slide or vernier callipers, Screw gauge, Spherometer, Travelling, microscope are

ylinder L is the length of the

It is a strip of wood (usually boxwood), 1m long and graduated in cm. and mm. It is used for
measuring length roughly. To measure the distance between any two points, it is placed edgewise along
the points such that one point lies against a cm. mark and the reading of the mark against the second
point is taken. The difference between the two readings gives the distance between the two points.

The scale should always be placed edgewise, and not flat, o

as otherwise due to the thickness of the scale it is likely the
reading taken be a bit short or long depending on whether the
eye is towards the left or right of the point. The error due to
this is called error of parallax.

Let us measure the length MN (fig. 2.1) which is actually

S cm when the meter scale is placed flat, it will be seen that the _

vertically positioned points M and N may not be close to the
division lines. Hence the accuracy of the division depends on
the position of the eye with respect to the points. If the eye is a
little on the left as at O, the reading will be a bit shorter than

M /P N
1 9 3 4 56 1 8
llillllllllllllllll lllllIllllllllllllllmllllllllllllllllllllllmlIHIIHHllHIIH“
A B
Fig. 2.1




the correct reading at M, whereas if the eye is on the right as at P, the reading will be a bit Jop,

. ger than
the reading at M. For a correct reading, therefore, the eye should always be placed vertically aboy

€ point,
It the second point coincides exactly with the full division or a subdivision, the length can be eas;)
determined, but if it falls between any two mm. divisions, the fraction of a mm can be d

etermineq
approximately by eye estimation, but will not be accurate. . :

For accurate determination, we use a device, called the Vernier.

2.2 The Vernier

The Vernier is a small scale which 0

slides.along the main scale. Its function is r ’
to enable a more accurate reading to be ‘

made. The vernier scale is so graduated that
n divisions of it are equal to (n — 1) or A
(n + 1) divisions of the main scale. Hence a .
vernier division is a little shorter or longer Flg.' 2.2
than a main division.

Let S be the value of the smallest division of the main scale and V that of a vernier division.
Suppose n divisions of the vernier coincide with (n — 1) divisions of the main scale, then,

nV=m-1)S
n -1 Vo <. S
or V=»(T)S=(I—H)S—S—n
S-V:§
n

The quantity S — V (the difference between a main scale and a vernier scale division is constant for_a
given device and is called the vernier constant (V.C.). It is also known as the least count of the
vernier. Thus

Yiernier BEISENE £7.0.) = Value of 1 main scale division :g

No. of division of the vernier

Measurement of Length by Using Vernier

In order to measure the length PQ A

(say the length of a small cylinder), 1’ 2‘_ 3| 4’ Sl 6! 7‘ 8’ 9l 10’ J
one end P of the cylinder is first placed , ’ l l

opposite to the zero of the main scale.  prrrrrrrrrrr ) J

The two divisions between which the  p Q 0 1 234 's5s'%'7'8 '9 )10

end Q lies are noted. The vernier is

Fig. 2.3
slided such that its zero just touches Q. 3 |

It will be seen that some vernier division say 5 exactly coincides with a main scale division and
suppose Q lies between the 3rd and the 4'h main scale division. On comparing the 5 vernier division 0
and 5 with the scale division is 5 times the vernier constant. Since the 5t vernier division coincides with

the 8th division mark on the main scale, the fraction between 3 and Q is 5a where a is the vernier
constant, ’

the length of the cylinder = (3 + 5a) cm.




/N

jaw D is fixed to the sliding vernier frame

2.3 Vernier Callipers

It consists of a pair of callipers (fig. 2.4) having a main scale
scale divisions are graduated on a steel strip AB which forms the main s
sides. A steel jaw C projects at right angles to the strip and is fixed at one of the ends A. Another similar

and moves to and fro along the scale. Two other jaws P and Q
for measuring the internal diameter of a hollow cylinder. The

and D. A clamp screw 'S' is provided to fix the vernier to the
scale as and when required. The apparatus is so constructed that when the two jaws are in contact the zero
of the vernier coincides with the zero of the main scale and the distance through which the two jaws open
out gives the length of the object.

and a vernier scale. Here the
cale. The vernier V slides on its

are projected upwards and these are used
object to be measured is held between C

T T o
10 .11 12 13 14 15 [

H|III]|I[I]IHII'IIII IIII'IIHIHIIllll[lllil' o

Fig. 2.4

Zero Error and its Correction

If the zero of the vernier coincides with the zero of
there is no error and the hence no correction in necessa
the instrument due to which it reads either a little more or a little less than the correct value, depending on

whether the zero of the vernier lies a little to right or a little to the left of the zero of the main scale. This
is called the zero error which is positive in the former case and negative in the latter.

the main scale when the two jaws are in contact,
ry. In case they do not coincide there is an error in

If positive, the error should be subtracted from the mean reading the instrument reads. Thus if the
instruments reads 4.39 cm. and the error is + 0.05 cm, the actual length will be 4.39 — 0.05 = 4.34 cm.

If the error is negative, the actual length will be 4.39 + 0.05 = 4.44 cm. The quantity (i.e., 0.05

cm in this case) is called the zero correction which should always be added algebfaically to the observed
reading to get the correct value.

How to use a Vernier

(1) Find the number of smallest divisions in 1 cm on the main scale and hence note the value of 1
smallest scale div. (S.D.)

(i) Find the no. of divisions on the vernier scale which coincide with a definite no. of divisions of the
main scale div. Express it in terms of the value of one main scale div. This gives the value of the
vernier constant (V.C.)

(iif) Note the zero error by bringing the two jaws of the callipers together in contact and write the zero
correction.

(iv) Place the object to the measured between the jaws and adjust the movable jaw so as to grip the
object gently without any undue pressure.

(V) Then note the main scale reading before the vernier zero and also note which of the vernier divisions
coincides with a mm division of the main scale.




Experiment No. 2.1
Of lhe given‘ ;

i

(@) To use a Vernier Callipers to determine the length, the external and in{ernal diametey
tube and calculate its internal volume. Verify it by using a graduated cylinder.

(b) To determine the depth of the given hollow cylinder (calorimeter) with the help of Vernje, i lipe,
s,
1. Apparatus Required

(i) Vernier Callipers

(i1) Given tube (ii1) Calorimeter.

2. Theory
The vernier constant (V.C.) of the callipers is the value of the difference between a vernier divisig,

and a main scale division expressed in terms of the value of 1 main scale division (S). Hence if n Vernie,

divisions coincide with (n — 1) main scale divs.

1......... division coincides ... ( o
n-1 1

Difference between a main scale and 1 vernier div. = 1

. 1 . o
Vernier Constant (V.C.) = o Value of 1 main scale division =
Length of the tube = Main scale reading + vernier reading + Instrumental error

Let [ = length of the tube
d; = external diameter of the tube

dp = internal diameter of the tube

We have external Volume =f dq 2]

internal = - dp?1
4
Volume of the tube = External Volume — Internal Volume

_Too T
=3 di%-7 2

-TEA n
= 1 (d12=dp2) = 71 (d) +dp) (d1 - dp)

3. Procedure
(i) The vernier constant of the instrument is determined in the usual way and the zero error if any is

noted.
The experimental tube is next introduced lengthwise between the jaws of the callipers and held tight

(ii)
between them. The main scale reading immediately before the zero of the vernier is noted. Then the
no. of divisions of the vernier coinciding with a certain main scale division is counted and noted.
This reading multiplied by the vernier constant gives the value of the vernier reading which when
added to the main scale reading gives the total value of the length of the tube. Another reading for
its length is taken. This is repeated five times and the mean is calculated. The zero correction if any

is applied.

10




(iii) Similarly the reading for the external diameter of the tube are taken at five different places along its
Jength taking two observations at each place along two mutually perpendicular diameters, this time
placing it vertically instead of lengthwise in between the jaws. The mean diameter is taken and the
zero correction applied as before. ‘

Fig. 2.5

Fig. 2.6

(iv) To measure the internal diameter of the tube, the outward projected points of the jaws P and Q of the
callipers (fig. 2.6) are introduced inside the given tube. The jaws are opened till projected points
touch the diametrically opposite walls of the tube. The reading is taken. This is repeated 5 times by
rotating the tube about its axis. '

(v) The end B of the strip AB is kept at the top of the calorimeter and the Jaw CD is opened to introduce

the strip T till its end touches the bottom of the calorimeter. The reading is taken. This observation
is repeated 5 times and the mean is taken. This gives the depth of the calorimeter.

0
4. Observations Z}I VEPa

Value of 10 divisions of the main scale =

......... mm
......... ldiv..........=......... mm
Vemier_divs. coincide with ......... main scale divs (n)
| (v)
Vernier constant (V.C.) =S -V = %

S. Zero Error

The zero of the vernier coincides with or is to the left or is to the right of the zero of the main scale
by x div. ’

Instrumental error =0
or —xXx V.C.
or +xx V.C

Zero correction =0
6r +x X V.C.

or —xXx V.C.

1
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Table No. 2.1

[ No.of [ Obs. for Reading of the . Total Apparent m
Obs Main Scale Vernier Value of a+b cm mean ¢m Hies Ced
b cm (a) Scale V V = (b)cm m
I ' T
2
3 Length [ |
4 |
2 |
I T
2
3 Ext. diameter d
4 a
5
1
2
3 Int. diameter dy
4
5
6. Calculation
V=§/(dl+d2)(d1—d2) = rrrrrenes CC.Z vrnrnnnn. C.C. = verernnnn c.c

Error and Order of Accuracy
Usually a reading error of + | vernier division is likely to occur in any vernier instrumental. Besides,

" in a vernier callipers, an error may also arise while setting it due to variable pressure. The vernier is |
accurate enough to detect such small irregularities. These should be looked for. 5

The percentage error in V is the sum of the % errors in / and d.

- Precautions
The zero error must be carefully determined before any measurement. :
|

Extra pressure should not be applied to the jaws while holding the object to be measured.

The vernier should be tightly screwed in position before removing the object from the gap.

Exercises
What is a vernier and why is it so called ?

Define a vernier constant and the least count.
Why is it necessary to take more readings for the diameter than for the length ?

AW N~

Look at the given: _ .
(a) Scale (b) Thermometer (c) Stop watch

State the least count in each case.
Suppose you have a vernier callipers with the 20 main scale divisions amounting to 10 mm.
vernier division coincide with 19 m.s. divs. Calculate the vernier constant.

(]
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2.4 Screw Gauge (Micrometer)

Limitation of a Vernier Callipers

ge is shown in fig. 2.7.

[t consists of a U-shaped body of solid metal
A. The other arm is attached to a hollow cylinder
main scale. An accurate screw moves inside this h
which the cylinder is rotated.

» One arm of which has a fixed plug having a plane face
with a straight scale etched on it. This is known as the
ollow cylinder. The head of the screw carries a cap by

The leveled edge C of the cylinder has a circular sca
the head of the screw is turned, the circular scale
the screw moves towards or away from the plan
linear one.

le with 100 equal divisions engraved round it. As
MmOoves across the fixed line of reference and the end of
e face A. Thus the rotatory motion is converted into a

Instrumental Error

When the zero of the circular scale does not ¢

oincide with the zero of the main scale, the apparatus is
said to have an instrumental error.

(i) If the zero of the circular scale is below the base line by x divisions.

The instrumental error = x x L.C.
Correction = —x x L.C. (Least Count)

(i) If the zero of the circular scale is above the base line by x divisions

Instrumental error = — x x L.C.

Correction = +x x L.C. (Least Count)

Back-Lash Error

Sometimes the screw may not s (M]M Ojl . 3C§/“]2
properly fit in the nut due to some looseness ; A
or fault between the screw and the nut. In L
such a case, equal amount of rotation of the
screw head in opposite direction may produce
unequal amount of linear motion of the
point of the screw. Error due to this
uncertainty is called Back—Lash error. It can
be avoided by turning the Screw always in
the same direction while taking a reading.

Fig. 2.7

Experiment No. 2.2

To use a micrometer screw gauge to determine (a) the cross section of the given rod. (b) volume of a
steel ball.

1. Apparatus Required

(1) Micrometer screw gauge (ii) A glass rod (ii1) Steel ball

13




gl lled by the screw ~
. . i istance travelle € SCrew gauge in o 1
The pitch of the screw Is defined as the linear distanc y ne Compe

rotation of the circular scale. It is denoted by the letter P Thfa L.lC. is tl;e ?s,t?s?gz Stri;/,:lled by the Serey

when the circular scale is rotated through only one of its circular scaie  then the leag Coum:

(L.C.) is given by 5
Pitch

L.C. = No. of circular scale divs.

P
N

If x be the linear scale of the rod, y be the circular scale reading, then

Required diameter of the rod _(or of the Steel ball)

d = (Linear scale reading + Circular scale reading x L.C.) £ Instrumen
3

d2
Cross—section of the rod = % (or vol. of the ball) = 6

tal error = (X +y X LC) 4 em’;

3. Procedure
(i) The value of 10 smallest divisions of the main scale is found out, from which the value of ong.

div. is calculated. The total no. of circular divisions is noted. 7
(ii) The linear distance through which the circular scale moves along the main scale for 4 Complet'e;

rotations of its circular head is found out, from which the distance for 1 complete rotation g
calculated. This gives the Pitch of the screw. Hence the Least count 1s determined. »

(iii) The instrumental error is next found out.

(iv) The given rod (or the ball) is held tight between the plane faces. The reading of the main scale
immediately before the circular scale is read. The circular scale reading is next taken. ]

(v) Two readings in direction at right angles to each other are taken for each position.

(vi) Operations (iv) and (v) are repeated for at least 5 positions.

4. Observation

Value of 10 smallest divisions of the main scale = ... .. m.m.
: L 10 |
...... woo Levossoooodivision ... =Tomm
: , 10 |
In 4 complete rotations, the circular scale moves through .....7... divs. of the main scale
. 4 . y
In 1 complete rotation, v divs. = cershe... MM
Pitch P = .. ==... mm. T

No. of circular scale divisions = N = .. ..} divs.

Pitch P {

L.C. (Least t=
(Least count) No. of cir. scale divs. ~ N~ ;.

Instrumental Error

The zero of the circular scale is below or above the base line by x divs.

Instrqmental erto=+Xx XL.C. or +x x L.C.

Correction =—x X L.C. or +x x L.C.



Diameter of the Rod (or the Ball)

Table No. 2.2

— 5 ; : ale o Fy Total = Apparent Corrected
. of Direction Main Scale Circular Value of y \
N(())bs Reading Scale yXLC.mm | x+yxL.C.| meandcm | meand cm
X mm Reading y =d mm.

—_— <

I

i D ssmen o

I

4

S | '

L ] ‘
. nd?
(@) Cross—section of the rod=="—sq.mm=.... . sq.cm. = ......... sq.m
1 q q
nd3
(b) Volume of the ball = 6 Cu.mm-=... . OB = it cu.m
Precautions

(1) The screw should not be pressed too hard while finding the zero error or the diameter.

(2) The diameter should be measured in two mutually perpendicular directions.

3) The screw should always be turned in the same direction in order to avoid the back—lash error.

y
@)

diameter is the sum of the error in re

The zero error should be checked carefully and correction with proper sign should be applied.
Error and Order of Accuracy

The gauge pressure is Jjust increased and the reading is noted. T

he error in the measurement of the
ading the micrometer open and c|

osed.

Exercises
%

1.

&~ W

9]

Define Pitch and Least count of Screw gauge. How can the

least count be made smal] ?
What is Back—

lash error ? How is it eliminated ?

What is a Screw gauge ? Why is it called a

In Measuring the diameter of
perpendicular to each other at a

Micrometer Screw gauge ?

a wire, why should You take two readings in directions mutually
single place ?
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spherometer

A spherometer works on the prin
to measure the thickness of a Plate an
surface. The screw in this case is ar
horizontally and turns through a tripod.

The spherometer consists of a metal tripod provided w1th\3 o ;
equidistant pointed metal legs, A, B, C. It has an accurately c.ut scre &M —
lly a pitch of 1 ey

ending in a pointed central leg. The screw has genera

' S
ciple of a screw. It can be u'sec: %——; .
d also the radius of a spherica

ranged vertically instead of

mm. or % mm. It carries a circular scale at its top. The circular scale
has generally 50, 100 or 200 equidistant divisions. The position of 1

the circular scale may be read from a linear vertical scale .f]XCd to one
outer leg at right angles to the circular scale. The vertical scale 1s

O

graduated in mm. .
The instrument is levelled when all the four legs touch a plane : B
surface such as that of a glass plate. The three pointed legs of the -Fig 98

tripod are equal in length. Their tips form an equilateral trjangle and
lie in the same plane.

When all the four legs are at the same level, the zero of the , .
circular scale must lie against the zero of the vertical‘(Pitch) scale. In this case there i1s no zero error |

otherwise there is some zero error. For this purpose, the spherometer is placed on a glass plate.

Experiment No. 2.3

To use a spherometer to determine the

(i) thickness of the given plate.
(it) radii of curvature of the given watch glass.

1. Apparatus Required
(i) Spherometer  (ii) Base plate (iii) The given test plate  (iv) Watch glass.

2. Theory ' '
. . . . ’ i

The pitch of the screw is defined as the linear distance travelled by the screw in one complete rotation

of the circular scale. It is denoted by the letter P.

The least. count of Fhe apparatus is the smallest distance measurable by means of the apparatus. In the
spherometer it is the distance travelled by the screw when the circular scale is rotated through its one |
circular scale division. Hence if P be the pitch of the screw and N be the circular scale divisions, then the

least count L.C. is given by
Pitch P

L.C. (Least count) = ——— ¢
o.of cir. scale divs. N — "'

.If:; .bel the no: Oﬂf] c° ;Ile;el rot?tionshmade, and y be the no. of additional circular scale division
required in lowering the central leg from the initial position on the test pjat . .
. . e to the f the
base plate, the thickness of the plate is then given by: g Lt

Required thickness = (x x P + y X L.C.) mm.
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(1)

(ii)

(iii) The given test plate is placed on the base

(iv)

(v)
(vi)
4.

Procedure

The value of 10 smallest divisions of the main (line

ar) scale is found out, from which the value of 1
div. is calculated. The total no. of circul

ar scale divs. is noted.

Then the circular scale is lowered from a particular position on the linear scale through 4 complete

rotations downward and the distance through which it moves is read from the scale. Then the pitch is
calculated and hence the least count is determined. ‘

plate. The spherometer is placed so that the central leg lies
on the base plate. The central leg should just touch the test
g the rockey motion of the spherometer when the central leg just
e confirmed by introducing a thin piece of paper in between the
f the paper can not get in, the leg has touched the test plate. -

In this position, the initial circular scale reading on the test plate is noted.- The test plate is
removed. The total no. of complete rotations lowered is noted. The final reading of the circular scale

is also noted when the central leg just touches the base plate. This operation is repeated 5 times on
one side of the plate.

on the test plate and the three outer legs
plate. This can be tested by observin
touches the test plate. It may also b
tip of the central leg and test plate. I

The plate is turned over and the above 5 readings are repeated. ‘
The mean of these readings is taken. This gives the thickness of the plate. =

Observations

Value of 10 smallest divisions of the main scale = ﬁ_.@ mm.

Value of | smallest division of the main scale =

In 4 complete rotations, the circ. Scale moves through «=Z-... divisions of the main scale.

In I complete rotation, .~t..... divs. of the main scale.
Pitch of the screw = ... (P)= ... [....
No. of the circular scale divs =N = .70
P L= ™" & oy e
Least Count (L.C.) =N = A mm. T B \
‘_/' ;/).’ _/
Table No. 2.3
No. | Initial circular| No. of Value of Final circular No. of Value of |  Total Mean
of | scale reading | complete| complete | scale reading additional N =N x| thickness | Thck-
obs.| on the test | rotations | rotations = x | on the base c.ircular scale | | o mml| =+ ness
plate (a) made (X) | x P. mm (]) plate (b) | divs. N = (a-b) 2) (2) mm
1 ’/23 ;_;f)
“wr
2 !
3
4 {
LS
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The test plate is turned over

[ 6
.
8
9
10 —

(i) Radii of curvature of the given watch glass

1. Apparatus
(i) Spherometer  (ii) Base plate (ii1) Watch glass

2. Theory

Same as in the previous expt, Add the following; The radius of curvature R of the given watch glagg
is given by
2
a2 h
R=6n*2
where 'a' is the distance between any two outer legs of the spherometer, h is the depth through which the
central leg is lowered from the curved surface to the base plate.
3. Procedure
Operations (i) and (ii) are the same as in the previous expt.

(iii) The watch glass is placed on the base plate with its convex side upwards. The initial circular scale
reading on the base plate is noted, the total no. of complete rotations made is also noted. This
operation is repeated 5 times.

(iv) Next the initial reading is taken on the base plate and final reading on the concave surface, the total
no. of complete rotations made being noted.

(v) The dis.ta.nge between any two outer legs is measured by pressing the spherometer legs on a sheet of
paper, joining the prick marks.

(vi) The radius of curvature is then calculated by using the above given formula.
4. Observations
As in the above experiment

Table No. 2.4: <Convex Surface

No. | Initial circular| No. of Value of Final circular No. of Value of

of | scale reading | complete complete scale reading additi
: ‘ g itional = depth | depth
obs. | on the convex | rotations | rotations made | on the base | circular scale EIC N h = ?l) +|h n[zm
.C. mm =

Total Mean

surface (a) | made (x) | = x P mm (1)| plate (b) | divs. N = (a-b) 2) (2) mm
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Table No. 2.5: Concave Surface

No. | Initial circular| No. of Value of Final circular No. of Value of | Total | Mean
of | scale reading | complete complete scale reading additional N =N x | depth h'| depth
obs.| on the base | rotations | rotations made | on the concave | circular scale | L.C. mm| = (1) + hy
plate (a) made (x) | =x X P mm (1) surface (b) | divs. N = (a-b) (2) (2) mm | mm

]

5

3

4

5

Error and Order of Accuracy

The screw must always be turned in the same direction to avoid Back-lash error.

Another error may arise when the zero of the circular scale is above (+ve) or below the zero line of

the vertical scale (—ve) when the four legs are complanar.

Correct reading = Observed reading — (+ zero error)
The error is likely to occur as a result of a reading error of + 1 circular scale division.

The percentage error in R is the sum of the errors in a and h.

Exercises

1.

2
3
4
5.
6
7
8

In a spherometer, the screw has 20 threads to a cm. and the no. of divisions on the circular scale is
100. Calculate the least count.

What do you mean by pitch and least count, zero error and Back-lash error in a spherorﬁeter.
Why is a spherometer so called 7 |

How can the accuracy of a spherometer be increased ?

How will you determine the volume of a glass plate ?

When is the zero error (a) positive (b) negative ?

How will you avoid the Back-lash error in a spherometer ? |
A spherometer has its linear scale graduated' in 2 divisions to a mm. and the circular scale has:
(1) 100 divisions

(ii) 50 divisions

The circular scale moves through 1 div. in each rotation calculate the Pitch and the L.C. in each
case. '
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2.6 Measurement of Area

etermined by applying formula mentioned: In the case of

The arca of spular figure can be d . :
e e s gy I the area is best obtained by dray,

irregular figures where the area is bounded by an irregular curved line,
the figure on a squared paper and counting the number of gmall squares.

of an inch, each small square =0.01 sq, in_ j¢ it

ing 4

If the squared paper (graph paper) is ruled every teznth
is ruled; every tenth of cm, each small square = 1 mm~ = 0.01 sg. cm.

The total area of the figure = no. of small squares X area of 1 small sq.uare.‘The boundary line
will generally cut through several small squares and it is enough if less than half is omitted and more thyy,

half is counted as one.
Area of an irregular figure: — Graphical method.

A piece of graph paper is fixed on a drawing board. The given figure is placc?d on the graph paper ang
its outline is drawn. If n be the no. of each small square included within the outline and x = value of each

small square, then area of the figure = nx.

Weighing Method

The given figure on a sheet of metal is of thickness say x c., x is determined by slide callipers or a
screw gauge. ‘

Mass of the sheet m = vol. x density
= area X thickness X density = ax X s
where a = area of the sheets

s = density of the material

m
A==
XS

Experiment No. 2.4

£y

To determine the value of 7 with the help of a piece of a graph paper.

) 1. Apparatus Required

(i) Graph paper  (ii) Instrument box

2. Theory
' ]A circle is drawn on a graph paper. If A be the area of the circle graphically, r the radius of the
circle. ’
A = mr2
poA_ns
T2 2

- where n = no. of small squares included within the circle,

s = value of | small square,

20




3. Procedure
(1) A graph paper is fixed on the drawing board.
(i) A circle of about 3 cm. radius is drawn on the graph paper with the help of a compass.

(111) The circle is div

ided into four quadrants by drawing two mutually perpendicular diameters. Then the
no. of the sm

all squares intercepted by the boundary line is counted in each quadrant. Besides there

may be a few small squares cut by the boundary line. While counting these, half or more than half of
a small square is counted as one, and less than half is neglected.

(iv) Operations (ii) and (iii) are repeated thrice by drawing circles of different radii.

4. Observations

100 small squares in the graph paper = 1 sq in or 1 sq. cm. = 1_(1)6 =0.01 sq. in or sq. cm.

Table No. 2.6

No. of| No. of No. of

No. of incomplate | Total | Grand | Total area of | Radius | m= | Mea
circle | quadrants complete small sqgs. counted | No. | Total | the circle sq.| of the Alf2| nn
small squares as full cmA. circle r

1 I
11
111
I\

2 I
I1
11
vV

3 l
11
11
v

¢ _
Correct value of m = 27 =314 ..... (@)

Observed valueof m=.................... (0)

% error =

Exercises

1. Find the mass per unit area of the given piece of paper.

21



2.7. Measurement of Volume . :
The volume of a certain body is expressed in cubic cm. (c.c) in C.G.S. unit'and cubic ft. (¢y ftyin

F.P.S. unit
1. Volume of Regular Bodies
(i) a cube = (length)3
(ii) a cylinder = mr2h where r is the radius of the cylinder
h is the length of the cylinder.

(iii) cone = % nr2h r is the radius of the base.

h is the height of the cone.
(i) Volume of the irregular bodies:
The volume of irregular bodies may be determined in the laboratory by any one of the following

ways: 4
Mass = Volume x Density

Mass

Volume = Density

(i1) Applying Archimedes' principle,
Apparent loss in wt. (in C.G.S. unit) when immersed in water = Vol. of the body.

(iii) Displacement of water.

Experiment No. 2.5

To determine the Volume of a Solid by Displacement of water.

1. Apparatus Required

(i) A measuring cylinder, (ii) A piece of thread or a rod.

2. Theory

Any solid insoluble in water when completely immersed in water displaces its
own volume of water. Hence if X c.c. be the reading of the water level in the
cylinder before the introducing of the solid and y that after introducing of the solid
then the volume of the solid body '

V=(y-x)cc

3. Procedure

(i) The measuring cylinder is partly filled with water and the reading of water level
is noted.

M\'h THH @

(i) The given solid is tied to a piece of thread and is immersed in th ' :
shown in figure 2.9. e cylinder as Fig. 2.9

22
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(iii) The reading of water level is again noted after the introducing of the solid.

(iv) Operations (i), (ii), (iii) are repeated 5 times by adding some more water into or taking away some
water from the cylinder.

4. Observations

Value of 10 divs. of the measuring cylinder =

. Value of 1 div. of the measuring cylinder =

Table No. 2.7

Reading of Water Level _ Difference Mean
Before introduction of solid x c.c.| After introduction of solid y c.c. | V=y—x c.c. 'V c.c.

No. of obs.

4

5

Error
Here the error may arise due to defective observation taken at the lower meniscus of water. It may,

however, be eliminated by taking the reading exactly at the lower meniscus, which may vary slightly for
different observers.
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Chapter 3
Measurement of Mass

Mass and Weight

The quantity of matter contained in a body is called its mass. The force of attractipn e)fened on it by
the earth is called its weight. This pull is directly proportional to its mass. As weight is a pull, it i
represented in unit of force. Weight changes from place to place depending on the value of acceleratjoy
due to gravity at the place where as its mass is sensibly constant.

Unit of Mass

The Standard Kilogram and Pound: The standard unit of mass is the ki!ogram, a block of
platinum preserved at the International Bureau of Weights and Measures near Pal.’lS. Th'e kilogram ig
divided into one thousand equal parts called grams, the gram being the mass of | cubic centimeter (| c.c)
of pure water at 4°C.

Then 1 kilogram (kg) = 1000 gram (gm).
I gm = 1000 miligram (mg).
The standard pound is defined in terms of the relation, 1 /b =4.536 kg.
I /b =160z =453.6 gm.
I oz = 28.35 gm.
I kg =2.205 Ib
Weight Box: It is a wooden box which has suitable compartments generally covered with velvet

to contain standard weights, weights should be properly handled with forceps or tongs only, thus

avoiding chances of soiling. The number punched on the weights indicates their values. Riders of bent

aluminum wire usually in mg are also provided. The weight should be placed in their proper places, after
use. _

C e
%

XK BalaTlce\_\cﬁ)
. Fig. 3.1
The weights in a weight box are arranged in the following order:
Weight in gm: 100, 50, 20, 20, 10, 5, 2, 2, 1
Weight in mg: 500, 200, 100, 50, 20, 20, 10, 10, 5

For higher accuracy, riders are used.




An Ordinary Balance
The Common Balance

Itis an instrument which provides us with a ready means of measuring the mass of a body. We do

not measure the weight of a body directly with it. What we do is its mass is determined by comparison
with a standard mass, called a weight in a Weight Box.

The common balance is just a lever with its fulcrum at the mid point.

The essential parts of an ordinary balance are:

A horizontal rigid beam B usually of aluminum or brass or nickel plated iron graduated on either

side. It runs freely about a fixed point of support at the fulcrum which is a sharp edge standing on a
flat plate of steel or agate fixed on the top of the pillar of the balance.

Two scale pans of equal weight are suspended from stirrups (or hangefs) carried by knife edges at the
two extremities of the beam.

The beam: has two smaller nuts C at its ends. Any one of them or both may be adjusted as
necessary to keep the balance of the two sides of the beam.

The pillar: It is a vertical central rod P on the top of which the central knife edge of the beam
rests on the plate. It can be raised or lowered by the base key K turning it to the right or left.

The pointer and the scale: There is a light aluminum or steel tapering strip held at the middle

of the beam with its pointed end vertically downwards and capable of moving over a graduated short
scale (above A) usually of ivory with its zero at the middle.

The plumb line and levelling screws: The plumb line L suspended alongside the pillar

points to the conical metal piece at the base such that when the pillar is vertical, the plumb line bob
and the metal cone appear in line with each other.

There are three screws fixed at the vertices of an equilateral triangle at the base of the balance.
Levelling is done by the help of these screws.

The whole apparatus is enclosed in a rectangular wooden casing with glass sides, making the balance
vesible from outside and making it independent of external air currents.

To keep the instrument free from moisture, drying agents like calcium chloride are sometimes kept
within the enclosure.

Principle of Weighing

Let A and B be the two knife edges while C is the l C I
fulcrum. When AB is horizontal, the turning moments A
of the two forces (Weight of the body and wt. of the
standard weights), called the Resistance and Effort
respectively are equal.

Thus, mgx/ =m'gx!

where m and m' are the masses of the resistance and
effort and [ and [' are the corresponding lengths of the ‘ —-
arms. But since [' =1 m m

Fig. 3.2

m = m' i.e. the mass of the load = mass of the
balancing weight
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Rules to Observe in Weighing

I. Observe carefully whether the parts of the balance are in their proper place and specially Whethe, th ]
stirrups are over the knife edges. 1

2. Level the apparatus properly. . '
3. Take out the pans, clean them with a dry cloth and reset them in their places.

4. Always place the standard weight on the R.H.S. pan and the load (to be weighed). op the |
L.H.S. pan.

Begin with a weight greater than that of the body and try weights in a gradual diminishing order.

6. Do not place weights on the pan or remove them from the pan while the beam is swinging, bu['
bring the beam to rest by turning the handle before adding or removing weights.

7. Do not handle the wei ghts (both large and small) with your fingers but use the forceps only. Touch
of the hand should always be avoided. |

8. Count the weights on the pan and note down the total. Check also the vacant places in the box and |
make sure that these total agrees with the previous one. . ' oo

10. If the body to be wei ghed is hot, wait till it becomes cold.

Experiment No. 3.1

To weigh a body by the method of equal deflection

1. Apparatus Required v
(i) Balance, (ii) Weight box, (iii) The given body

2. Theory

See Principle of weighing

3. Procedure

(1) The front door of the glass case is opened. The balance»is levelled properly with the help of the
levelling screws. Then the plumb line is adjusted. ’

(ii) The base key is gently raised and the pointer observed if it moves freely over the scale or not.

(iii) The beam is lowered. The screw riders (only one or both) should be adjusted. The beam is raised
again and observe whether the pointer moves over equal divisions on both sides of the central
mark. In observing the pointer, the line of sight should be perpendicular to the scale, thus avoiding
parallax.

(iv) The body to be weighed is placed in the middle of the L.H.S. pan and a we;j ght greater than the
probable maximum weight of the quy is placed in the middle of the R.H.S. pan.

(v) The beam is cautiously raised and the deflection of the pointer noted. Left deflection indicates
~overweighing while the right deflection indicates under weighing the beam is then lowered and
weights are adjusted accordingly. The weights in the descending order are tried till the pointer
oscillates over equal divisions on either side of the middle of the scale showing thereby that the
weights on the two sides have been balanced.
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(vi) Results are entered in a tabular form as shown below.

(vii) The weights are removed from the pan and re

placed in their proper positions in the weight box and
the door of the balance closed. ' ’

4. Observations
Table No. 3.1
wts. on the R.H.S. pan gms. mgms.
gms. mg.ms To the left
50 X To the right too small
20 X To the right ' too large
20 + 20 e To the right too large
20 + 10 X To the right too small
20+ 10+5 2 To the right too small {
20+ 10+2 X To the right too large
20+ 10+ 1 =31 X To the right too small
500 | To the right - too small
500 + 200 To the right too small
500 + 200 + 200 To the right | too small
500 + 200 + 200 To the left too large
500 + 400 + 50 To the left too small
500 + 450 + 20 + 10 equal on either side Balanced
Total mass of the body = 31 gm and 980 mg = 31.980 gm
Precautions
1. The beam should be lowered when the pointer during oscillation is crossing the middle of the scale.
2. The heavy weights are placed in the middle and smaller ones around them.
3. The weights are to be taken out or placed on the pan only when the beam is at rest.
4. Always a forcep is to be used in lifting the weight.
5. The beam is to be lowered when the expt. is over.

How to use a Rider

Every sensitive balance has its ri ght arm usually divided into 10 equal parts. A rider (generally of

10 gmms) placed on any one of the marks is equivalent to adding 1 mg on the right. Placing the rider on
the 5th mark means addition of 5 mg on the right and so on.

Experiment No. 3.2

To verify the principle of moments and hence determine the weight of the given body.

Apparatus Required

(i) A meter scale (ii) Knife edge (iii) Slotted weights  (iv) Twin thread  (v) Unknown body
Theory

Principle of Moments

The Principle of Moments states that "if a body is in such a rotational equilibrium that it will

neither rotate nor rotate at a uniform rate, the sum of the clockwise moments is equal to the sum of the
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anti—clockwise moments." This Principle ma

unknown force acting on a body in equilibrium."

In the diagram if P and Q be two forces actin

the point O then by the Principle of moments.
Px OA=Qx OB

If W be the unknown load and W' be the known load, and if W and W'

A

B

0
A

P

Fig. 3.3 (a)

body in equilibrium about O, then

3. Procedure

1. A meter scale is taken. Its center of

a

2. Then two equal wts. of say 10 or 20
from the C.G., distances OA and O

calculated as in equation (1).

3. Operations (2) is repeated by suspending two une
the C.G., always keeping the scale horizontal. Th

y be utilised to find the magnitude and directiop of 4
N

g at A'and B of a rigid body are in €quilibriym, aboy,

Fig. 3.3 (b)

W x OC=W'xOD

OD

= —— ¢ W'

oC

two wts. about the C.G. and adjusting the distances as found necessary.

4. Lastly the unknown load is suspended on one side and the know

5. Observations are tabulated as follows

Table No. 3.2

acting at C and D keep the

gravity (C.G.) is marked by balancing it about a knife edge.

gms. each are suspended from two points at equal distances
B are noted. The moments of the forces about the C.G. are

qual wts. from two points at required distances from
is is repeated again by suspending more than one or

n body on the other.

F

(1)

)

No. of Wts. on the Distances from Sum of moments of Unknown
obs. C.G. of forces on the load
- ' [ &
Left of C.G. W | Right of C.G. W W W %&& Remarks ]
| S .
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Precautions

edge exactly at its C.G.

PO

Error and Order of Accuracy

The C.G. of the scale should be carefully marked. The scale must bc allowed to rest on a sharp knife

The wts. should be suspended away from the C.G.
In the position of equilibrium, the meter scale should be horizontal.

The loop of the thread in each case should be parallel to the marking on the scale.

The expt. should not be performed under the fan.

The error in noting the distance of the point of suspension of the weight from the C.G. of the scale.

Experiment No. 3.3

To verify the Iaw.of Parallelogram of forces and hence determine the weight of the given body.

1. Apparatus Required

(i) Parallelogram Law Apparatus (Board with suitable pulleys),

(i1) Necessary slotted weights of 10 gms, 20 gms, 50 gms, etc.

(i11) Twine thread.

2. Theory

The Law of Parallelogram of forces states that if two forces acting simultaneously on a particle, be
represented by two adjacent sides of a parallelogram, their resultant will be represented by the diagonal of

the parallelogram drawn from the same point.

If the two forces be denoted by P and-Q and 6 be the angle between them, their resultant is given by

R2 = P2 + Q2 + 2PQ cos 0

If this relation is found to be true, the law is
verified.

Otherwise, if P, Q and R be the forces
represented by OA, OB and OC of the parallelogram
OACB, when in equilibrium, the sides of the
parallelogram OACB should be proportional to the
forces acting along them so that

_Q_ R
“0OB~ OC

If the relation (2) is found to be true, the law
is verified.

= .
Al (2)

3. Procedure

:. (1)
1. C 2
}
P Q
D
R
Fig. 3.4

(i) The given apparatus is fixed on the wall of the room. The clamps with pulley are fixed as shown in

fig. 4.4. A sheet of paper is fixed on the board.
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ied i i are passed ove
(ii) Three suitable piece of twine thread are taken and tied into a knot at O. Two pieces P r

the pulleys 1 and 2. ~ r pulleys 1, 2 and
(iii) Weights of say 25 gms are suspended from the portions of the thread passing over pulleys 1,

the knot. : f the thread may be distinctly
(iv) Some lighting arrangement is made so that the shadow of the po.rtlons of the tion of the STfBw o

visible on the paper. Pencil marks are made on the paper, one just at the posl D. These are marked

the knot, two each on the shadow of the portions represented by OA, OB and OD. Thes ' ’

1, 1,

1.

(v) The distance between the pulley is slightly increased or decreased. Operafiotr.l (i);h(:) ::((:jil(i))a?;:
represented changing the weights in operation (3) to some-other values. This 1mth. zp or 3 sets of
are marked 2, 2, 2. In this way about 5 sets of observations are taken. After this 0

observations are taken by suspending the unknown load X in place of P, Q or R. B
(vi) The sheet of paper is removed and fixed on the drawing board. Pencil marks (1, 1, 1) are joined to the

position of the knot. The line OD is produced backwards tq C so thai OC is not less than 35
cms. Taking OC as the diagonal, draw a paralielogram OACB with the help of set squares.

R

. P Q R
(vii) OA, OB and OC representing P, Q and R respectively are measured. The ratios OA’ OB’ OC are
calculated.

(viii) Operations are noted as shown below:

Table No. 3.3
No.of | Pgm. | Qgm. | Rgm. | OAcm. | OBcm. | OC cm. P Q | R Remarks '
obs OA OB OC
1 25 25 25
2
3
4
5 ,.
6 X ‘
7 X | .
8 x | I N R
Conclusion
winm £ _Q R
Thus since OA = OB=0C

The law of Parallelogram of forces is verified. Otherw
OB, in each of the observations, the law can be verified by

Precautions

IS¢ measuring the angle 0 between OA and
checking the valid:ty

: of the relation
R2=p2, Q2 + 2PQ cos 6.

The board should be perfectly vertical,

The pulley should be frictionless.

1

2

3. Hangers should not touch the boaid.

4. Suitable scale (neither too large nor oo small) should be
5

chosen.

The direction of the forces should be shown by arrow heads
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of the thread and completing the parallelogram.

Error and Order of Accuracy

Hence the error may creep in while making pencil marks on the paper at the position of the shadow

Exercise

1.

A SR

10.
11.
12.

13.
14.

(M)

Distinguish between Moment of a force and Momentum of a body. State their units and dimensions.
What is Torque ?

What is a Couple of forces ?

Three forces in one plane act upon a rigid body. What are the conditions for equi]ibrium ?

State the principle of moments. How would you apply the principle to determine the sp. gr. of a
solid ?

What is Center of gravity of a body ?

A rod weighs 40 kg. With a 15 k

g WL at one end, it balances at a point 4 m from the same
end. Find the length of the rod.

Two bodies in free space have masses of 6 k

g and 9 kg respectively and are 8 m apart. Where is their
Centre of mass ? :

A nail projects horizontally from a vertical wall. A string is attached with its head and the string is

pulled at an angle of 60° to the wall with a force of 10 kg wt. Calculate the force tending to bend the
nail and the force tending to pull the nail out of the wall.

Distinguish between vectors and scalars. Give three examples of each.
State the law of Parallelogram of Forces, Triangle of Forces and Lami's theorem.

Suppose the rain is falling vertically downwards. State why a person holds his umbrella straight
while standing and at some angle while walking ?

Define force. State its units and dimensions.
Suppose two forces of 25 N and 80 N simultaneously act on a body. What will be the maximum
and minimum force ?

Experiment No. 3.4

To determine the coefficient of Friction between the given surfaces by

Horizontal plane method,

(ii) Inclined Plane method.

(i) Horizontal plane method

1.

Apparatus Required

(il) Friction apparatus adjustable for Horizontal and Inclined Position (i) Spring Balance
(iii) Scale (iv) Standard Weights of 25 and 50 gms. (v) Weight Box.
Theory

According to one of the laws of limiting friction, the force of friction (F) is directly proportional to

the normal reaction (R).
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i.e. Foe< R
F=pR

_E
=R

.. (D)

or

uR
where  is called the coeff. of friction between the given
surfaces. Eqn (1) is similar to y = mx which is the eqn.
of a st. line passing through the origin. Hence the graph
of F against R should be a st. line passing through the
origin. From the graph, u may be found out from the
slope.

=
i
7|

Fig. 3.5

3. Procedure

(i) The friction table is levelled properly with the help of a spirit level.

(i) The wooden box and the scale pan are separately weighed in a spring balance or an ordinary rough
balance. The weights are noted.

(iii) The wooden box is placed on the table and its position is marked by a pencil or chalk. One end of a
piece of twine thread is tied to the hook on the box and the other end, after being passed over a pulley
at the end of the table, is tied to the scale pan. The portion of the thread between the hook and the
pulley should be made horizontal.

(iv) Now a known weight say 50 gm is placed in the box. Weights from the weight box are gradually
added on the scale pan until the box slides over the table with uniform velocity on gentle tapping.
The weights are noted.

(v) Operation (iv) is repeated for at least 5 or 7 observations, each time increasing the load on the box
by 50 gms. Observations are noted as shown below.

(vi) Then a graph of F against R is plotted and p in calculated from the graph also.

4. Observation
wt. of the box =wj = ...... gms
wt. of the scale pan=wp = ......... gms

Table No. 3.4
Surfaces in | No. of | Wt on the Normal Wt on the Force of o rﬂw“ﬁ)\]:'m—ﬂ ]
contact obs box a gms Reaction scale pan. friction n=_|
R =w+a gms gms. F=ws+b R
l B S R SSS——NS
2
Wood 3
on 4
Wood 5
6
7 e— — ~— —~
From the graph,
F_
u = R = ieiieeaen
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(ii) Inclined Plane Method

1. Apparatus Required

Friction Apparatus adjusted for inclined position.
2. Theory

When the wooden box of wt. wgis just on the point of the 4
sliding down the inclined plane, suppose 0 is the angle of inclination

of the plane. The wt. wg will be vertically downwards through the
C.G. of the box ;

Then resolved part of wg along the direction opposite to the
normal reaction

R =wgcos 6 ...(1) o =
The resolved part of wg down the plane = wg sin 6 i
. Fig. 3.5 (a)
F=wgsin 0 : ... (i)
Dividing (ii) by (i) | . B
. F
F . Si
L_wesin® . o
R wg.cos 9
_E_ . o _AB
h=g=tan = 0A ’ Ox\Wg cos 0
0 N A
Fig. 3.5(b
3. Procedure &350

(1) The wooden box is placed somewhere on the inclined plane and its position is marked.

(ii) The inclination is gradually increased more and more until the box begins to slide down with a slow
uniform velocity. The height AB and the base OA are measured and 0 is calculated.

(iii) Operation (ii) is repeated for at least 5 or 7 times with different wts. placed on the box. The height
and the base are measured each time and tan 0 is calculated.

4. Observations
Table No. 3.5

Surfaces in contact | No. of obs. gm. | Wts. on the box gm. | Height AB cm. | Base OA Mean _@T
—OA

Precautions

(i) The horizontal table should be horizontal and clean.
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(i) The thread between the pulley and the box should be horizontal.
(i11) The scale pan should not touch the working table.

(iv) The box on the horizontal table should be tapped gently.

Errors and Order of Accuracy

The line with the greatest and the least slopes which agree with the plotted points are drawn. Then
the error in w is found from the variation in slope.

Exercise

1. What is friction ?

2. Distinguish between Static friction, Sliding friction and Rolling friction.

3. Define coefficient of friction and Angle of uniform slip.

4. State the laws of Limiting friction ?

5. State the significance of friction in everyday life ?

6. What happens to the eﬁergy expended against friction ?
Why should one take short steps than long ones while walking on ice ?

8. A 800 N - piano is moved 15 m across the floor by a horizontal force of 250 N. Find the coeffs. of
the friction. What happens to the energy expended ?

9. A body of mass 20 kg just slides down a rough inclined plane of 5 in 13. Calculate the coeffs. of
friction.

10

. A body of mass 25 kg slides down an inclined plane without acceleration when the horizontal is 10°.
Find the acceleration when the inclination of the body when the inclination is changed to 30°.

Hydrostatics

Density: The density of a substance may be defined as its mass per unit volume and is expressed in
gms. per c.c. in C.G.S. unit [bs. per cu. ft. in F.P.S. unit, kg m=3 in S.I. units

If M be the mass of the substance and V its volume, density D is given by
D= % gm/c.c. in C.G. S units or kg/m3 in S.I. units

or [bs. cu. ft. in F.P.S. units

Specific Gravity: The Sp. gr. of a substance is defined as the ratio of the weight of a certain
volume of the substance to the weight of an equal volume of pure water at 4°

) c. It is also known as
Relative density and is expressed as

wt. of a certain volume of the substance
wt. of the same volume of water at 4 °C

Sp. gr. =

wt. of unit volume of the substance
~ wt. of the unit vol. of water at 4 °C

or

Density of the substance
~ Density of water at 4 °C
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_ Density of the substance Density of water at t °C
Density of water at 4 °C Density of water at 4 °C

= Observed sp. gr x Sp. gr of water at t °C

Since density of water at 4 °C = | gm/c.c. in C.G.S. unit, or 1000 kgm=3 in S.I. units. The Sp. gr.
of a substance is numerically equal to its density in C.G.S. units.

But in F.P.S unit, density of water = 62.5 in F.P.S units.

g = Density of the substance
- 62.5

Density of the substance = § x 62.5 in F.P.S. units

Density has a unit but Sp. gr. has no units.

Sp. gris a pure number.

The density of a substance is different in different system of units but its Sp. gr is the same in all
systems since it is a pure number and dimensionless.

Density of water is different at different temperature.

Experiment No. 3.5

To verify Archimedes' Principle

1. Apparatus Required

(i) A sinker (a piece of solid glass or a metal piece or piece of porcelain),
(i) Hydrostatic Balance with weight box and Hydrostatic Bridge.
(iii) A measuring cylinder.

2. Theory

Archimedes' Principle states, "When a body is wholly or
a volume of a liquid equal to the volume of the immers
is equal to the weight of the liquid displaced."

partly immersed in a liquid, it will displace
ed portion and will lose a part of its weight which

Thus let wt. of the sinker in air = w gm. wt.
......... water = wp gm. wt.
Loss of wt in the water = (w —wy) = ......... gm. wt.

density of water at lab. temp. = p¢ (from physical table)

Volume of the water displaced when the sinker is completely immersed in it = V c.c.
wt. of the water displaced = V x p; gm. wt

where p; = density of water at the lab. temp.
According to the Archimedes' principles we must have
(W-wpg=V xpg
W-w=VXp
3. Procedure

(1) The sinker is suspended from one arm of the Hydrostatic balance and weighed in air, taking care to
place a piece of suspension wire on the other arm for compensation.
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(i) The sinker is then allowed to immerse completely in water contai‘ned in & beakOgacec ?I‘nhthetli)lndge
across the pan of the balance. It is counterpoised by putting weights on the diheegan- Thus the wt,
of the sinker in a water is noted.

(i) The measuring cylinder is taken. It is filled slightly more than half of the water. The.mmal reading
of the water level is noted. The sinker is tied with a piece of thread and is alloyved to
completely immerse in water in the measuring cylinder. The final readiqg of the vyater }evel 1S noted
after immersing the sinker. The difference between this and the previous reading gives the total
volume of the sinker and hence the volume of the water displaced by it when completely immersed

in water.

(iv) Operations (ii) and (iii) are repeated about 5 times. Then mean volume is found out.

(v) Temperature of water is noted and density of water at the lab. temp. is found out from the tables.

4. Observations

wt. of the sinke

Loss of wt. in water = w — wy =

Temp. of water in the lab =t °C =

Density of water at the lab. temp. = p¢

(from phys

rinair=w =

water = wj| =

ical tables) = .........

Obs. for the vol. of the sinker

Table No. 3.6

gm. wt
. gm. wt.
...... gm. wt
oy
Fig. 3.6

Reading of the water level
No. of obs. before after V = Difference = (b —a) c.c. | Ve
introducing the sinker (a) | introducing the sinker (b)
1
2
3
4
5

Volume of water displaced=V c.c. =

wt. of water displaced =V xpy=......... gm. wt.

Experimentally,

Conclusion

we have

W-w| =V Xp;

Hence Archimedes' Principles is verified.
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Experiment No. 3.6

To determine the sp. gr. and the length of the given Tangle of wire.

1. Apparatus Required
(1) Tangle of wire. (ii) Hydrostatic Balance, wei ght Box (iii) Beaker

(iv) Hydrostatic Bridge (v) Suspensions wire (vi) Screw gauge

2. Theory
Let the wt. of the tangle of the wire in air = w gm. wt.

Let the wt. of the tangle of the wire in water = W] gm. wt.

Loss of the wt in water = w — W1 gm. wt. = wt mass of water displaced.

= Vol. of water displaced x density of the water gm. wt.
W =W =vol of the tangle x Pt
where p¢ is the density of water at the lab temp.

or

: f the triangle w
density of the tangle = —YL O B I )
y & wt of water displaced ~ w — w1 X P )
and vol. of the tangle of wire = = ; Ll
t
or  cross section X length = v ; =
t
4 Pt
= 4 (w-wjp)
- ndz X Pt

This gives the length of the tangle.

3. Procedure

(1) The given tangle of wire is first of all weighed in air. Then it is sus
the stirrup at the left arm of the hydrostatic balance. An e
right arm of the balance.

pended by a piece of wire from
qual length of the wire is placed on the

(i) A beaker containing water is placed on the bridge placed across the left pan. The tangle is allowed to
immerse and thus its weight when b immersed in water is noted. Then the sp. gr. is calculated.

(iii) The diameter of the wire forming the tangle is measured by means of a screw
positions and observations are entered. The mean diameter is found to be 'd'
the wire is calculated by using the formula given under the theory above.

gauge at S different
cm. Then the length of

4. Observations
wt. of the tangle inair=w =...... gm. wt.

wt. of the tangle in water =w| = ...... gm. wt.
Loss of wt. in water = w —wj =

= wt. of water displaced.
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I T . J—
p- gr w—wlxsl .

Where S, is the sp. gr of the water at the lab. temp.

For measuring the diameter, the observations are recorded as in expt. on diameter measurement by
screw gauge.
4w =wi)

Let the diameter, obtained =d = ...... cm. using the equation [ = 2dZp, Thus the length of

the tangle of wire can be calculated.

Experiment No. 3.7

To use a Hydrostatic Balance to determine the Specific ‘gr avity of
(i) a solid heavier than and iﬁsaluble’ in water
(ii) a solid lighter than and insoluble in water
(iii) a liquid
(iv) a solid heavier than and soluble in water.

The sp. gr. of substance may be defined as:

S = wt. of a certain vol. of the substance
wt. of an equal vol. of water at 4 °C

wt. of a certain vol. of the substance 2 wt. of the same vol. of the water at t °C
wt. of the same vol. of water at t °C wt. of the same vol. of water at 4 °C

_ wt. of a certain vol. of the substance % S
wt. of the same vol. of water at t °C "~ "'

where S; is the sp. gr. of water at the laboratory temp t °C

The sp. gr. of a substance may be determined by using a Hydrostatic balance which is an ordinary
Physical balance with a little extra arrangement of a Hydrostatic bridge placed across a pan without
touching any part of the balance. This enables us to weigh a body while immersed in water or any other
liquid in a beaker placed in the bridge.

(i) a solid heavier than and insoluble in water

Theory

The solid is first weighed in air and then in water. The temp. of water is
‘noted by a thermometer. Calculation is made according to the following
theory:

Wt. of the solid in air = w gm. wt.

Wt. of the solid in water = w gm. wt.

Loss of wt. in water = w — w| = gm. wt.
= wt. of an equal vol. of water displaced,

wt. of the solid S
wt. of equal vol. of water displaced bl

Sp. gr. of solid =

w

=—X 8
W — Wi

where S; is the sp. gr. of water at the lab temp.
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Precaution

The solid while being immersed should be com
side of the beaker. A piece of the threa
other pan for corpensation,

(ii) a solid It{t"ucr than and insoluble in water
Theory |

pletely within the liquid and should not touch any
d equal to that used for suspending the solid should be used on the-

The solid being lighter than water cannot be im
auxiliary solid which when tied with the experimental
water. The solid is first of al] weighed in air. The sinke
be weighed with the solid in the air and the former im
tied together and weighed. Th
theory is used:

mersed in water. So a sinker is used. This is an
solid will sink in water. It should be insoluble in
r is attached to the solid such that the system may
mersed in water. Lastly the solid and the sinker are -
¢ combination is immersed together in water and weighed. The following

wt. of the solid in air = w gm. wt,

wt. of the solid in air + sinker in water = wy gm. wt.

wt. of the solid in water + sinker in water =

W2 gm. wt.
Loss of wt. in water = (W] —wp) gm. wt.
Sp. gr. of solid = wt. of the solid w

: X =—x S
wt. of eq. vol. of water displaced St W1 -—-wp t
Precaution

If the solid containg some
water to remove all the air bub
not desirable.

pores in it, before taking the third weight, it should be heated in boiling
bles in it, otherwise the air bubbles also will exert some upthrust which is_

(iii) a liquid
Theory

In ofder to determine the sp. gr. of liquid by H
insoluble in liquid and in water is taken. It is weighed i
result is calculated according to the following theory.

ydrostatic Balance, an auxiliary solid which is
n air, in water and in the experimental liquid. The

Theory
wt. of the solid in air = w gm. wt.
wt. of the solid in water = w; gm. wt.
wt. of the solid in liquid = wy
Loss of wt. in liquid = w{ — wy
= wt. of equal vol. of liquid displaced
and loss of wt. in water = w — wj = wt. of the equal vol. of water displaced -

- wt. of liquid W -wy
Sp- gr. of liquid = wt. of equal vol. of water = W= w) o

Precautions

as in (i) above
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1

(iv) solid heavier than and soluble in water.

Theory

In this case, the definition giv
wt. of a certain vol. of the solid

Sp. gr. of a solid = " h e "same vol. of water at 4 °C

en above should be slightly modified.

_ wt. of acertain vol. of the solid wt. of the liquid
Wt of the same vol. of liquid — wt. of the same vol. of water
_ wt. of a certain vol. of th(la sq]id « Sp. gr. of liquid

wt. of the same vol. of liquid

This we are doing since the solid is soluble in water.

The solid is weighed in air and then in the experimental liquid.

wt. of the solid in air = w gm. wt.

wt. of the solid in liquid = w1 gm. Wt
m. wt. = wt. of equal vol. of liquid displaced.

Loss of wt. in liquid=w -wj 8

Sp. gr. of the solid with the respect to liquid = W w1

L W .
Hence the sp. gr. of the solid with respect to water = 7777077 X SP- 8T of the liquid.

The sp. gr. of liquid is determined as in (iii) above.

Exercise

1. (a) Define density and the sp. gr.
(b) Why is the density of one substance different from that of the other ?

(c) What is the unit of the density and sp. gr?

Does density depend on temperature ? If so, how ?

2,
State Archimedes' Principle. What is Buoyancy ?

4. Can you know by applying Archimedes' Principle whether a given body is solid or hollow 7 If,, so,
how ?

5. State the law of floatation.

6. Why is it necessary to heat cork in boiling water, while determining its sp. gr. ?

7 What is the difference between a Hydrostatic balance and an ordinary Physical balance ?

8. Why is it necessary to apply temperature correction in sp. gr. determination ?

9. Can you determine the diameter of a glass rod using a Hydrostatic balance ?

10. How will you determine the Sp. gr. of a wooden cube without using a balance ?

11. Is it easier to float in fresh water or in sea Water ? Why ?

12. Why should the air bubbles stick to the side of a solid when immersed in water be removed ?
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(1)
(i)

[ -

Problems

A body weighs 25.5 gms in air and 15.9 gms. in water. Find its volume and sp. gr.

A porcelain piece weighs 12.5 gms. in air and 7.9 gms. in water and 8.8 gms. in a liquid. Calculate
the volume of the porcelain and sp. gr. of the liquid.

A metal cube of side 2.5 cm. suffers a loss of weight of 9 gms. Find the density of the liquid.

A piece of wax weighing 4.4 gms. in air is attached to a piece of lead and the two together are found

to weight 19.88 gms. in water. If the weight of the piece of lead alone in water is 20.48 gms., find
the Sp. gr. of wax.

A piece of alloy consisting of gold and silver weighs 20 gms. in air and 18.7 gms. in water. How
much gold is there in the alloy ? '

[Given: Sp. gr. of gold# 19.3 and that of silver = 10.5]

A silver ornament, suspected to be hollow, wei ghts 288.75 gms. in air and can displace 30 c.c. of
water. Given the sp. gr. of silver to be 10.5, find the volume of the cavity.

A piece of lead weighs 100 gms. in water. What does it weigh in air ?

[Density of lead = 11. 3 gm/c.c.]
Experiment No. 3.8
To use a specific gravity bottle to determine the
Sp. gr. of a liquid (ii) Sp. gr. of a solid (iii) Diameter of steel balls.
Sp. gr. of Liquid'
The Sp. gr. of a solid a liquid may be determined by using a Sp. gr. bottle also. The Sp. gr. bottle

is a small flat bottomed glass with a narrow neck. It has a ground glass stopper having a capillary bore
running through its length. If the stopper is carefully inserted into the bottle filled to its top with a
liquid, the excess liquid will escape through the hole in the stopper leaving the bottle completely filled
with the liquid.

The bottle is first of all washed with dilute sodium hydroxide, then dilute nitric acid and finally rinsed

with distilled water. It is filled with water. It is weighed after soaking water from the outer surface by a
piece of cloth. Let it be wj. Water is poured out. It is dried by passing hot air into it. It is cooled and

weighed.

It is then filled with the experimental liquid and weighed again. The result is calculated as follows.
Theory

Wt. of the empty bottle = w gm. wt.

Wt of the bottle + water = W1 gm. wt.

Wt. of the bottle + liquid = wp gm. wt.

Wt. of water = wi — wp gm. wt.

Wt. of the same vol. of liquid = wpy — w gm. wt.

W9 — W
Wil -—-W

Sp. gr. of liquid = X St

Fig. 3.8
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(i) Sp. Gr. of Solid
Theory

The Sp. gr. of a solid may be defined as

wt. of a certain vol. of the solid _ Wt. of a certain vol. of tthfcsolld xS
~ wt. of the same vol. of water 4 °C wt. of the water at

t

where, St is the Sp. gr. of water at the lab temp. t °C

The Sp. gr. bottle is cleaned as in (i) above. It is weighed empty. Abogt one third or 1on'e ffgunh orj it
is filled with the solid in question. It is weighed again. The remaining portion Qf Fh(? bottle is filled with
water. (If the solid is soluble in water, in water, some liquid in which the solid is msolub.le, should be
used). It is weighed. The contents of the bottle are poured out. It is filled completely with water and
weighed once more. The result is calculated as shown below:

Wt. of the empty bottle = w

Wt. of the bottle + solid = wy

Wt. of the bottle + solid + water filling the rest of the bottle = w2

Wt. of the bottle + water filling the bottle completely = w3

Wt. of solid =w] - w

Wt. of water alone filling the bottle compietely =Ww3-—-W

Wt. of water filling the bottle partly (when the solid was inside) = wp — w

Wt. of that much water whose volume is the same as that of the solid itself
= (W3 -w)—(wp—-wq)

wt. of solid xS
wt. of water displaced .

Sp. gr. of solid =

W] - W S
= X
(W3 —w) = (wp—wp) ¢

Precaution

There should not be any air bubbles in the bottle while weighing it with water. It should be held in
the neck.

(iii) Diameter of Steel Balls
Procedure as in (ii) above.
Theory
Wt. of the empty bottle = w
Wt. of the bottle + n balls = w

Wt. of the bottle + n balls + water filling the rest of the bottle = wo

Wt. of the bottle + water filling the bottle completely = wj

wt. of water alone filling the bottle = w3 —w
Wt. of water filling the bottle partly when the balls were inside =Wy —w
wt. of that much water whose volume is the same as that of n balls
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=(W3-wW) - (wg - wi)
= WL of water displaced

= vol. of water displaced x St, where St is the Sp. gr. of water at temp t.
vol. of n balls x St. = (W3 —w) - (wy — wi)

vol. of n balls = (w3 - W)S— (wg -~ wy)
t

or vol. of 1 ball =~ W3 =W) = (Wp —wj)
n X St

But vol. of a spherical ball = §d3 where d is its diameter.

162(13_(W3—W)—(W2—w1)

n X St
6 (W3 - w) — (wg — w
d3 = s, 2 1 from which d may be calculated.
Experiment No. 3.9
To use a Nicholson's Hydrometer to determine the sp. gr. of

(i) asolid
(ii) a liquid
(a) without weighing the hydrometer (b) weighing the hydrometer.
1. Apparatus Required
(i) Nicholson's Hydrometer (ii) a tall jar (iii) Wei ght box
(iv) solid (v) a bent wire or a slotted card board.

A Nicholson's hydrometer is a constant immersion type of hydrometer. Its working depends on the
principle of floatation which states:—

"When a body floats in a liquid, the weight of the floating body is equal to the weight of the liquid
displaced".

It consists of a hollow metal cylinder with a solid stem attached to its upper end. The upper end
carries a pan at its top. The stem has a scratch mark at one position along its length. The cylinder has a
conical bowl at its lower end. The bow! has a horizontal platform and is made heavy by making it a solid

piece or filling it with lead shots so as to bring down its centre of gravity to enable it to float vertically
in a stable way in any liquid in which it is placed.

All solder joints should be made air tight.
2. Theory

The sp. gr. is defined as the ratio of a certain volume of the substance to the wt. of an equal volume
of water at 4 °C.

Let the wt. reqd. to sink the hydrometer up to mark in water = w gm. wt.

43



3
(i)

(i)

i
W — W]

s g B

W2 — W

. (1)
where Sy is the Sp. gr of water at temp. of the laboratory. A
. Procedure _
i) The tall jar is filled with water. The bent wire or the slotted cardboard is placedon - D
the upper end of the jar. The hydrometer is floated vertically without touching the @

ﬁ

Wt reqd. to sink the hydrometer upto mark in water with solid on the upper pan = W1 gm. wy

wt. reqd. to sink the hydrometer upto mark in water with solid on the lower pan = W2 gm. wt
Loss of wt. in water = wp — w :

= wt. of an equal volume of water displaced.

wt. of the solid
wt. of an equal vol. water 4 °C

sp. gr. of solid =

bent wire or the slotted cardboard or the side of the jar. There should not be any
air bubbles on the body of the hydrometer.

. . Fig. 3.1
Standard weights are gradually placed on the upper pan so as to sink the g .10

hydrometer upto its index mark. The wts. are noted. Let the total wt. be ®.

(iii) The weights are removed. The experimental solid taken should not be so large as to sink the

hydrometer without placing any wts. on the upper pan. Then wts. are again placed on the upper pan

with the solid on it so as to sink the hydrometer upto the same index mark as before. Let the total
wt. be wj.

(iv) The solid is then transferred to the lower pan. Again sufficient wts. are placed on the upper pan té

(v)

sink the hydrometer upto its index mark. Let this wt. be w2.

The temp. of water in jar is noted. The Sp. gr. of water at the lab. temp. is obtained from the tables.

(vi) Substituting the known values in the eqn. (i) the Sp. gr. is calculated. The operation may be

4.

repeated for a second set of readings.

Observations
wt. reqd. to sink the hydrometer upto mark in water = w gm. wt.
wt. reqd. to sink the hydrometer upto mark in water with the solid on the upper pan = w{ gm. wt.

wt. reqd. to sink the hydrometer upto mark in water with the solid on the low

er pan.

=Wy gmowt= ...
wt. of the solid inair=w-wj=...... gm. wt= ... ..
Loss of wt.'in water = wp —wq gm. wt. = ......... gm. wt = wt. of the displaced water.
Temp. of waterinthe lab=t°C=.........
Sp. grof wateratt°C=.........

f th lid _ B =1 X S, =

Sp. gr. of the soli “Wa—wy T




5. Precautions

(i) The hydrometer must be allowed to float vertically.

(ii) There should be no air bubbles on the body of the hydrometer. If there be air bubbles, they should be
removed by means of a brush. Besides it is advisable to suspend the solid from, instead of

directly placing it on, the lower pan, because it is likely that there may be air bubbles on the |
surface of contact between the solid and the lower pan.

(iii) If the solid taken contains pores in it, it should be heated about 10 to 15 minutes in boiling water

50 as lo remove air bubbles it may contain before placing it on the lower pan, otherwise air bubbles
may exert upthrust, which may affect the result appreciably.

(iv) If the“solid is soluble in water, the jar should be filled with a liquid in which the solid is insoluble.
The final result obtained must be multiplied by the Sp. gr. of the liquid taken.

(ii) a liquid (a) withoutvweighing the hydrometer

Apparatus Required
Same as for solid.

To d:ctermine the Sp. gr. of a liquid without weighing the hydrometer, an auxiliary solid which is
insoluble in water and in the experimental should be taken.

The auxiliary solid is placed on the upper pan and the necessary weights are placed on the upper pan

so as to sink the hydrometer in water upto its index mark. The solid is then transferred to the lower
pan. Placing wts. of upper pan, the hydrometer is again allowed to sink upto its index mark in water.
The operations are repeated in the experimental liquid. Observations are noted as shown below:

Theory and Observations

Let the wts. reqd. to sink the Hydrometer in water upto its index mark with the aux. solid on the
upper pan = wj =

wts. reqd. to sink the Hydrometer in water upto its index mark with the same solid on the lower
pan = wp =

Loss of wt. in water = wy — w| = wt. of water displaced.

Similarly,

wts. reqd. to sink the Hydrometer in the liquid upto its index with the same solid on the upper
pan = w3 '

wts. reqd. to sink the hydrometer in the liquid with the same solid on the lower pan = wy,

.........

Loss of wt. in liquid =wg-w3=......... = wt. of the same volume of liquid displaced.

wt. of the liquid _Wgq-w3 o
wt. of the same vol. of water — wp — w ~ !

Sp. gr. of the liquid =
(ii) a liquid (b) weighing the hydrometer

Apparatus Required

Same as (i)

The hydrometer is first weighed in a rough balance. It is then allowed to sink up to its index mark in
water and then in the experimental liquid. The observations are noted as shown below:
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Let. wt. of the Nicholson's hydrometer =W .........
Wis. reqd. (o sink the hydrometer upto its index mark in water=wq = .........

wis. reqd. (o sink the hydrometer upto its index mark in liquid=wp = ......
wt. of the body floating in the water = W + w| = .........
= wt. of the water displaced and wt. of the body floating on the liquid = W + Wy
= wt. of the liquid displaced.

with temp. correction

wt. of the liquid _W+wp
wt. of the same vol. of water displaced W + w |

Sp. gr. of liquid =

N.B. Determination of the wei ght of the Nicholson's Hydrometer.

~ Hints: The Sp. gr. of a liquid is determined by using the Hydrometer without weighing it, Using
the same liquid another set of readings is taken as in (ii) (b) above.

W+ w .
=2 S =
W + W1

where S, wj and wy being known, W can be calculated.

The S =
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Chapter 4

Measurement of Time

4.1 The main principle in the measurement of time is based on the fact that a pendulum has a definite

ction of clocks and watches. In a watch, minute hand
ol of a balance wheel which keeps oscillating by a
'hen wound and released supplies the necessary energy

period of oscillation. It is used in the constru
and the second hand move under the contr
mechanism attached to a spring. The spring w

for oscillation.

4.2 The simple Pendulum

An ideal simple pendulum is a heay
inextensible but perfectly flexible, we
called the bob, is suspended by a fine t

4.3 Effective length

It is the distance between the point of suspension and the centre of gravity of the bob.

4.4 Amplitude

y particle suspended from a rigid support by means of an
ightless string. In practice however a small heavy metal ball,
hread from a stand to serve as a simple pendulum.

It is the maximum angular displacement of the bob from its undisturbed position on either side.

4.5 Time period

It is the time taken for a complete oscillation means two swings — one forward and the other

backward.

Experiment No. 4.1

(@) To study the relation between the length and time period of a simple pendulum

(b) To plot a graph between | & t as well as between | and t? and determine the length of Seconds

pendulum

(c) To determine the value of 'g' in the laboratory.

1. Apparatus Required
(i) A simple pendulum
(iii) Stop watch or clock

2. Theory

A simple pendulum is a heavy
material bob suspended from a rigid
support by means of a light, inextensible
and flexible string.

A Seconds pendulum is that
pendulum for which the time period
i.e. time for one complete oscillation is
2 seconds. The time period 't' of
oscillation of simple pendulum is
given by

(it) Clamp and thread
(iv) Meter scale.

-—

5
N ——" N {
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Fig. 4.1
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(=2n '\/ A where t = time period.
g

= effective length | -
= distance between the point of support and the centre of gravity of the bob.

£ = acceleration due to gravity '
2 - LI
or 12=(%)x1 (1)

which resembles the equation of a st. line passing through the origin.

Hence the graph of I and t2 should be a st. line passing through the origin.

[ cms
, s AR e = SIS L
~ from (1) g =4n 7 <002
For a Seconds pendulum, t = 2 secs.

1

from (1) above, 4 = 4m2 g
-8 L0

2

The length of the second pendulum can be determined in the laboratory by extrapolating the

value of / corresponding to t2 = 4 from the graph of / and 2 corresponding to t = 2 from the graph
of / and t.

3. Procedure

(i) The vertical diameter of the bob is determined by means of a vernier callipers 5 times and the mean s
taken.

(i) The length L of the pendulum is taken from the point of Support to the lower edge of the bob so that

the effective length is obtained by subtracting the vertical radius from L. The effective length is
adjusted to be 40 cm. for the 5t observation.

(iii) The bob is displaced slightly from ori
out by means of a stop watch or clock
calculated.

gin?l .position. The time for 20 complete oscillations is found
, this is repeated twice for each length. The time period is then

(iv) Operations (ii) and (iii) are repeated for
observations are entered as shown below.

(v) Graph of (i) / and t (ii) [ and (2
each graph,

effective ]engths_60 cm. etc. Seven observations are taken,

» are drawn. The length of the Seconds pendulum jg extrapolated from

4. Observations

Vertical ()= ..., cm.
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Table No. 4.1

No. of | length L bet the point Effective Time for 20 Time t? Lz Mean g= .41,7;;2L2
obs. of support and lower length oscillations | period ' Lz t
edge of the bob. = L em. [ =L-rcm t secs. t secs. t
| 40 +r 40 |
2 60 +r 60 | ...
3 80 +r 80 | ..
_\,
4. 100 4+ r 100 | ...
5. g 120 + r 120 | ...
6. 140 + r 140 | ...
7. 160 + r 160 | ..
' Calculation
(1) From the graph of  and t2, we have
Ll e when t2 = 4
. the length of the second pendulum= .. ... .. cm
Also from the graph of / and t, we have
1= R when t = 2 secs.
the length of the second pendulum=......... cm.
l
(2) Thus mean value of—2 S
cm.
=42 x> ... = m/sec?
& t sec2
] I ! 1
| é i
o i = '
2 ! = 1
= — —_— »
o - 100 O P 100
Fig. 4.2 (a) Fig. 4.2 (b)
Precautions

1. The amplitude of vibration should be very small, within 4° if possible.
2. The stop clock should be started and stopped carefully.

While drawing graphs, scale should be so chosen as to cover the whole paper.
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Errors and Order of Accuracy

i iti . The no. i
The error in timing occurs when the clock is started and when it leStt(r);szc(i) thher: igfeswlngs
should be large enough to diminish the error. Due 'to the finite size C;ulum ” in,creascd ITor iy
measuring I. If the clamp is not rigid enough, the effective length of the pen .

The change in the slope of the line, 2 caused by lines of greatest and least siope 18 Tounddyly i,
error in g is then

2
4R error in slope

Exercises

1. What is a Simple Pendulum ?
Define effective length time period and amplitude of vibration ?
Distinguish between gravitation and gravity.

What do you understand by acceleration due to the gravity ?

vk W N

If your pendulum bob were a hollow one and half filled with mercury, will the effective length
increase or decrease ?

Why should the amplitude of vibration be as small as 4° ? |
What is the value 'g' in your lab. Should it be 9.8 m/s2, more or less than this ?

What type of graph do you expect between (i) [ and t, (i) / and t2, and why ?

© ® N o

Is it possible to determine the height of a place using a pendulum ? If so how ?

10. Calculate the length of the Seconds' Pendulum at a place where the value of gis(a)9.8 m/s2 (b)9.7
m/s2

I1. The following table gives the value of T, the timing of a complete small angled oscillation of a
simple pendulum corresponding to its various lengths.

12. A second Pendulum at a place where g is 9.8 m/s? is taken to another place where g is 9.75 m/s2.
How many seconds will it gain or lose day ?

13. Calculate the period of oscillation of a simple pendulum of length 15 m with a bob of mass 1.2 kg.
What assumption is made in this calculation ? (g = 10 m/s2). If the bob of this pendulum is pulled
side a horizontal distance’of 15 cm and then released, what will be the value of the kinetic energy and
(ii) the velocity of the bob at the lowest point of the swing ? (iii) After 50 complete swings, the

maximum horizontal distance of the bob has become 7.5 ¢m, what fraction of the initial energy has
been lost ? )

’

14. What is simple harmonic motion ? State its characteristics.

15. What is Compound Pendulum ?
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Chapter 5
Atmospheric Pressure

5.1 Atmospheric Pressure

Y the atmospheric air due 1o its own weight, It is measured in terms of the
mercury column that it can suj i

s PPort and is expressed in dynes/cm2 or Newton/meter2. The atmospheric
pressure (p) is given by P = hq - R (i) where h is the height of the mercury column, d the
density of mercury and 'g' the acceleration due to gravity. The standard value of P at the sea level

corresponds to the value of h €qual to 76 cm. or 76 m. of mercury. It is called the normal atmospheric
pressure or standard atmospheric pressure in (i) d and g are constants, Press. poh.

Hence it is usually measured in terms of the hej ght of the mercury column that in the unit of force.
Barometer

Itis an instrument used for measuring the atmospheric pressure.

Experiment No. 5.1

To study the parts of Fortin's Barometer and determine the atmospheric pressure in the laboratory.
1. Apparatus Required @
Fortin's Barometer

2. Description of the Apparatus

The Fortin's Barometer has a metre long glass tube filled with pure and dry

mercury. It is inverted over a trough of mercury, closed at its lower end. The leve] V ----- 1078
mercury in it can be raised or lowered by means of a base screw. The empty space 0 Q77
between the top of the tube and the mercury meniscus is called the Toricellian M -aeee ] 76
Vacuum. 75

o |
3. Theory

The Barometric height is the distance of the mercury meniscus and the leve] C-----
of mercury in the trough. The pressure due to this column of mercury is the
atmospheric pressure at the time of observation. If H = observed Barometric © "
height at the room temp. t, H = Barometric height corrected to 0 °C then,

I T T T I T OO N I I I OIIIT TTTITY

B-----

Hy=H¢ {1 - (y - o) t} where y = coeff. of real expansion of mercury

0. = coeff. of linear expansion of the scale. R::‘:::

Pressure exerted = Hipyg = Hy{ I-(y-a)t}pyg, po—density of mercury at 0 °C.

g = acceleration due to gravity
4. Procedure I =
()~ The vernier constant is determined . The room temp. is noted. B e .
(i) The vernier scale is adjusted by the rack and pinion arrangement and kept just Fig. 5.1
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above the mercury meniscus.

i B 1 & s Ce i nOth.
(iii) The reading of the main scale and the vernier scale Is

(iv) Operations (ii), (iii) and (4) are repeatcd 5 times.

(v) The room temp. is again noted at the end of the expt.

5. Observations

Value of ... divs. of the main scale = ....oovne
vernier coincide with 24 divs. of the main scale

value of 1 div. ..o BE g g o 5i'® 25 divs. of the

25
: 24
Difference bet. a vernier and a main scale div. = (l - 95

Vernier constant (V.C.) = (1 - 25%) x value of 1 smallest div.

. % value of 1 smallest div. of the main scale.

~25
Temp. at the start of the expt. =t} °C
............ end ......... t1p °C
tp+t
Average temp. during the expt: 12 2_te
Table 5.1
No. of Reading of the value of vernier | Total reading | Mean H; | Hg = H {1-(y-o)t}

obs | main scale | vernier scale scale reading

wm A W N -

Precautions
The Barometer should be vertical ?
2. The ivory pin should just touch the mercury surface.
The zero of the vernier should be so adjusted as to graze tangent;ially along the upper meniscus of
mercury.
Oral Questions
1. Whatis a Barometer ?
What is an Aneroid Barometer ?

What is the average atmospheric pressure ?

-l

What is the average atmospheric pressure on your body.
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5. What is the unit of Atmospheric Pressure 7

6. How is it that water does not boil exactly at 100°C at Kathmandu ?

7. Why do you use mercury in a Barometer ? Could you use water ?

8. Will the barometer reading be the same always ?

9. Whatare the uses of barometer reading ?

10. How does the barometer help to determine the boiling point of water ?

&

Experiment No. 5.2

To use a Boyle's Law Apparatus to
(i) Verify Boyle's Law.

(ii) Determine the Atmospheric Pressure in the laboratory without reading Barometer.
(i) To verify Boyle's Law

1. Apparatus Required
(1) Boyle's Law Apparatus
(2) Fortin's Barometer

(3) Thermometer.

Description of the Apparatus: The Boyle's Law apparatus

consists of a long glass tube graduated in c.c. and provided
~ with a stop cock L, the other end being connected by means
of a pressure tubing to a similar glass tube PP, open at the top
and exposed to the atmosphere. The closed tube is usually
fixed while the tube PP can slide along a vertical scale and
can be fixed at any desired position. Some part of the tubes and the
entire pressure tubing are filled with clean and dry mercury. A
certain volume of air is introduced into the tube LL' by opening
the stop cock. The position of the Hg. leveis in both the tubes can
be read on the graduated metre scale fixed on the board holding the
tubes.

2. Theory

- Boyle's Law states

"Temperature remaining constant, the volume of a certain
mass of gas varies inversely as its pressure”.

Mathematically it may be stated as V o 15 where v is the vol. of the gas and p is its pressure

\%

~ v-ul**

_ | — . (D)
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is similar to the eqn. Xy = k which represeny,

) . . This
Thus P;V| = PV, = P3V3 etc. K const graph of P and V must be a rectangular hyperbola

rectangular hyperbola. So if Boyle's Law be true, the
Next from (i),

] v
P=KXxy (i)

) : i ugh the origj
which is similar to the equation y = mx. This represents a st. line passing throug 81N Thyg a

graph of p and %must be a st. line passing through the origin.

3. Procedure

(i) The atmospheric pressure in the laboratory is first determined by fo'rtin's liagomettehr- 1l;hl§ reading jg
taken at the beginning and at the end of the expt. the temp. of air in the lab. in the beginning gy,
the end of the expt. is noted.

(i) The stop cock in the closed tube of the Boyle's Law apparatus is opened to introduce air g
the atmospheric pressure into the tube. The stop cock is then closed. The volume of ajr j,
the closed tube is noted. The readings of the mercury levels in the Clqsed tube and the opey
tube are taken. In this case the readings will be the same. These readings will be at the atmospheri
pressure.

(iii) Next the open tube is slowly raised by about 2 to 3 cm. at a time.. When the Hg-levels
will be steady, the volume of air in the closed tube is noted. The difference of Hg‘—levels
is noted. This added to the Barometric reading gives the total pressure of the enclosed air. This

operation is repeated 3 to 4 times. These readings will be at the pressures above the atmospheric
pressure.

(iv) The open tube is then lowered and then placed at a position about 2 to 3 cm. below the level of Hg
in the closed tube. The volume of air is noted and the Hg — levels in both the tubes are also read. The
difference is found out. The barometric reading minus the difference gives the total pressure of the
enclosed air. This operation is also repeated 3 to 4 times. These readings will be at pressures below

the atmospheric pressure.

(v) Then a graph of V against P is drawn. It will be a rectangular hyperbola. Another graph of % against

the total pressure P is drawn. It will be a straight line passing through the origin. This verifies

Boyle's Law.
4. Observation

Temp. at the beginning of the expt. = t) =

Average temp. t during the expt. =A2+J =

Barometric Reading =

.........

Table No. 5.2

Reading at the Main scale reading

Vernier scale reading | Total | Mean Barometric height (H)

Beginning of the expt.

End of the expt.
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Table No. 5.2(a)

Reading [No. [ Volume of air] Reading of Diff. of | Total press. | PV | 1 | Remarks
of | in the closed Hg-Level in the press =a~b =Hztp v
&M_%MF =pcm =Pcm.
At

Atm.

Press. — 1]

Above

Atm.

Press L -

Below

Atm.

Press R

Conclusion

The graph of (i) P and V is foung to be rectangular hyperbola and that of (ii) P and % a st. line
passing through the origin as expected. Hence Boyle's Law is verified.

(i) Determine the Atmospheric pressure in the laboratory without reading a Barometer.
1. Apparatus Required

(i) Boyle's Law apparatus (ii) Thermometer

2. Theory

According to Boyle's Law, temperature remaining constant, the vol. V of a certain mass of gas is
inversely proportional to its pressure P.

1 1
Vocp or V-KP
PV =K (D)

ie. PV] = PpVy = etc. constant

Hence if P is the atmospheric pressure, and p be a slight change of pressure so that the total
press. = P + p. Let V be the corresponding pressure, then by applying Boyle's Law,

we have,
(P+pV=K
or P+p=Kx%
or p=Kx%—P=Kx%+(—P)
or p=Kxy+(P) Q)
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k-

. - i he origin. .
Which is similar to y= mx + ¢, representing a st. line not passing through t gin. Hence the

rigin as shown in the figure 5.3.

graph of p and % will be a st. line not passing through the o

!
1V ] /
\%
O »
X P © P
5.3(a) 5.3(b)
Fig. 5.3
¥
When the graph is produced backwards, it will meet the x—axis at X where
|
P= TOX’ v — 0.
Hence from the eqn. p=K % + (-P), we gét,
-0OX=KxO-P
P=0X

This gives the atmospheric pressure in the laboratory.

3. Procedure

(i) The stop cock in the closed tube of the Boyle's Law apparatus is opened to introduce air at the
atmospheric pressure into the tube. The stop-cock is then closed. The volume of air in the closed
tube is noted. The readings of the Hg-levels in the closed tube and the open tube are taken. The
difference of the Hg-levels in the two tubes will be zero in this case, These readings are at the
atmospheric pressure.

(if) Next the open tube is slowly raised by about 2 to 3 cms. at a time. When the Hg-levels will be
steady, the volume of air in the closed tube is noted. Then the readings of the Hg — levels is noted.
This operation is repeated 3 to 4 times. These reading will be at pressures above the atmospheric

pressure.

(iii) The open tube is then lowered and then placed at a position about 2 to 3 cms. below the level of Hg
in the closed tube. The volume of air is noted and the Hg. levels in both the tubes are also read. The
difference of levels is noted This operation is also repeated 3 to 4 times. These readings will be at
pressures below the atmospheric pressure.

(iv) Then a graph of p (diff. of Hg — levels) and% is drawn. It will be a st. line not passing through the

origin. On producing backwards, it will intersect the x—axis at X as shown in the fig. 5.3. The
atmospheric pressure is extrapolated as OX.
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Reading

Al Atm.
Pressure
Above
Atm.

Pressure

Below

Atm.

\
No. of obs.

Pressure

) -
3
4
-5 |
6
7
8
9

B G

Table 5.3

Vol. of air in the

closed tube

Reading of Hg-levels in the

closed tube
a

open tube
b

Diff. of Prerss.
=a~b=pcm

'-—-

Conclusion from Graph

The graph of P and %

Atmospheric pressure from the graph=p=0X =

Exercises

2. State Boyle's law. Is it true for all temperatures and pressures ?

is thus a st. line not passing through the origin.

Why should the mercury level in a barometer be adjusted so as to just touch the ivory point ?

3. Inverifying Boyle's law, why the volume of air should not be changed suddenly ?

. iy 1 ...
4. State the nature of the graph between (i) P an V (ii) P and v (i11) PV and P.

5. What is Normal Atmospheric Pressure ?

57




Chapter 6

Properties of Matter
(a) Elasticity

6.1 It is the property possessed by a material by virtue of which it changes its shape and size o, the
application of some deforming force and tends to recover its original position when the externg| force
Is withdrawn. It is measured by the ratio of stress to strain.

There are Three Types of Strain ,
(i) Elongation or linear strain (ii) Volume or bulk strain  (iii) Shearing strain
6.2 Hooke's Law

If stress is applied on a body within a certain limit called the elastic limit which depends on the
nature of the material, the strain produced is directly proportional to the stress applied i.e.

Stress o Strain
or Stress o< K (constant) Strain

where K = modulus of elasticity

In the case of linear strain, this ratio is called Young's modulus of elasticity (y). Suppose a wire of
length L and cross section a, is stretched by an amount x by a force F acting along its length, then

_ Tensile Stress
Tensile Strain

F

ax

ol Eal =N !

Experiment No. 6.1

To study graphically the stress to strain r elationship and determine

, the Young's Modulus of
Elasticity of wire by Vernier apparatus.

1. Apparatus Required
) Verﬁicr apparatus  (ii) A long pole (iii) Micrometer screw gauge
(iv) Standard strefching weights, each of 0.5 kg or 1.0 kg. wt.

2. Theory

According to Hooke's Law, stress o< strain, within el
o

astic limit. When the stress is applied at the end
of a wire, tensile stress = Y X longitudinal strain.

_ __Tensile Stress
" Longitudinal Strain

or
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where the constant Y is called the Y

’ oung's modulus of elasticity of the wire. Now if w be the weight
in kg. suspended from the end of a wire of cross ~ section a (=m2, r being its radius), and original length

L and if x be the elongation produced, then tensile stress = B _ ﬂ% and longitudinal strain z
r L

7![‘2 L nrzx ‘ (1)
or . 8L
X = ’
'm'2y W ... (2)

which being of the form y = mx, represents a straight line passing through the origin.

3. Procedure

(i)  Firstof all, some slotted wej
use them as the initial Joad t
any Kinks in them.

ghts are suspended from each of the wires to L]
0 keep the wires taut so that there may not be

(i) The original length of the ex
the point of support y
suspended.

perimental wire is then measured from
Pto the point where the slotted weights are

(iii)  The diameter of the wire is ineasu
length of the wire, by means of

readings in two perpendicular di
calculated.

red at about 5 different points along the
a micrometer screw gauge, taking the
rections. The area of cross—section is

|H|Il

=

(iv)  The nature of the material of the wire is noted. From the physical tables M-S
the breaking stress of the wire is known. Then the breaking weight for the

wire is calculated. Breaking weight = Breaking stress X area of cross—
section of the wire.

Do oo

(v) In order to ensure that the wire is not strained beyond the elastic limit, the

maximum permissible load should not exceed half the breaking weight
calculated above.

(vi)  This maximum permissible load is to be suspended from the IS
experimental wire in steps of 0.5 kg. each time.

(vii) The value of each division of the main scale and vernier constant of the
’ vernier attached are determined.

(viii) The initial reading of the vernier is noted when only the initial load is

Fig. 6.1
suspended.

(ix)  Then the standard slotted weight of 0.5 kg, is suspended from the experimental wire. Sometime
about 2-3 min is allowed for extension of the wire. The reading of the main scale and vernier scale
is noted.

(x)  After this, operation (ix) is repeated, increasing the weights each time in steps of 0.5 kg. until the
maximum, permissible load is reached.

(xi)  The above operations and the observations are repeated, this time decreasing the weights by 0.5 kg.

(xii) The vernier reading corresponding to zero load is subtracted from that corresponding to the load of
0.5 kg. Similarly the reading corresponding to the zero load is subtracted from that corresponding
to that of 1 kgm. and so on.
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In this way the elongation or extension for different loads is determined. lThese‘ eloingations
) . . e in . aner. F i , ¢longation for | ken. .
plotted against the corresponding loads in a graph paper. From this graph g or | kg X

read off.

are

(xiii) The vernier reading corresponding to the zero load is subtracted from that corresponding 1o g loag o

I kgm. This gives an extension for | kgm. Next the reading corresponding to the load of (5 k

load is subtracted from that corresponding to that of 1.5 kgm. and so on. The mean extensiop for,
load of | kgm. is thus determined.

; ) 5
(xiv) Observations are entered in tabular form and the results calculated as shown below:

4. Observation

Original length of the experimental wire=L ......... cm.

Micrometer Screw Gauge:

Value of 10 smallest divs. of the main scale = .........

In 4 complete rotations, the cir. scale moves though ... divs. of the main scale

In 1 rolation it moves through div
Pitch of the screw =
No. of C.S. divs. =

pitch
o. of C. S. divs.

Least count (L. C) = N

Instrumental error =

Correction=.........

Reading: for the cross—secton of the wire:

Table No. 6.1

No. of | Reading | Main scale | Cir. scale | Total Mean Mean Mean Mean Cross
obs. in reading mm | reading mm | mm. | Diameter mm | Diameterd cm | Radius rem | Section mr?
1 15t perp.

2 2" perp

3

4

5

6

Vernier Apparatuss

10 divisions of the main scale =
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Table No. 6.2

No. Poads ‘ Readings of the scale when Mean
obf in kg - I'doadil increasing _Loads decreasing Reading | Elongation in Elongation
obs ain ernier | Total | Main | Vernier Total cm cm m for 1 k
scale | scale | scale | scale | 4

1 X
2 0.5
3 1.0
4 1.5
5 2.0
6 2.5
7 3.0
8 3.5
9 4.0

Calculation

Mean elongation for 1 kg. from the above = ......... (a)

Elongation for 1 kg from graph=...................... (b) ,:“

: o
y=28L_  Nml S
mr &
Lo _gl I )
Tqar2 T x " mr2 " Slope
Precautions : load ~
4 oa

1. About 2 or 3 minutes should be allowed for extension or Fig. 6.2

contraction after a load is added or removed before taking a
reading.

2.  While taking readings, care should be taken to see that the suspended system should not be twisted.

3. The constant load (Zero load) on both the wires should be sufficient to keep them taut and free from
kinks.

4. While calculating elongation for various loads the difference between consecutive readings should
" never be taken but the difference between the 5t and the 15¢, 6th and the 15t and so on. This will
enable all the readings to be utilized.

Errors and Order of a Accuracy

Errors are likely to occur in (1) reading the vernier (2) load and (3) the length of the wire. The
percentage error in (2) and (3) will be small but the error (1) in the extension may be large. Besides the
percentage error in r2 is very important.
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Order of Accuracy
By taking log of both sides in the expression for Y, and differentiating, then max. % error in Y js

S—Yx 100-——(

SW 8L _38r  3XY . 1409,
Y

= 4 —

W L r

s ‘ , , gL 1 i
From the graph of extension against load, Y can be found out as 2 X slope’ slope is obtd. from the

graph.,

The lines with greatest and least slopes agreeing with the plotted points are drawn. Then the erroy in

Y is found from the variation is slope.

1.

¥ ® N n A wwN

[
o

State the difference between plasticity and elasticity.

State Hooke's law of elasticity.

Definc stress, strai»n, elastic limit, breaking stress. State the unit in each case.

What is elastic fatigue ?

Define Young's modulus of elasticity. State its units and dimensions.

Do you prefer a long wire or a short wire in this expt. on elasticity ? Give your reason.
Which is more elastic steel or rubber ?

Why is it necessary to wait for some time after loading and unloading the wire 7

A load of 7 kg wt. produces an extension of 0.5 mm in a wire 2.5 m log and 1 mm diameter,
Calculate the Young's modulus of the wire. (g =9.8 m/S2)

. Young's modulus for the tendon in a man's leg is 1.6 ¥ 108 N/m2. If the tendon is 10 cm long and

0.45 cm in diameter. How much will it be stretched by a force of 10N ?

(b) Surface Tension

Surface tension is the property of liquid by virtue of which its free surface behaves like a stretched

membrane. It is measured in terms of force of tension acting per unit length. It is defined as the amount
of force acting per unit length on either side of and imagi nary line drawn over the liquid surface.

1.

Thus if F be the force acting along the length [ of such a line, T is given by

=l£dynes em=! or Nm-l.

Experiment No. 6.2

To determine the Surf&ce Tension of water by Capillary Tube method.

Apparatus Required

(i) Travelling Microscope M (ii) Beaker (iii) Cork C with a pin P
(iv) Clamps and stand (v) Capillary tube (vi) Thermometer
(vii) Mercury (viii) Watch glass.

62



2. Theory

For water,

_rhpg
= e (1)

height ()f the capillary rise of water column, p the
ue to gravity. In C. G. S unit, T is in dynes/cm. In SI

where r is the radius of the capillary tube, h jg
density of water at the lab. temp. g acceleration, d
anits T is in N m—1, '

)

i
[
]

l
>
=
‘

IIIIIIIIIIIIIIIIIIIIII

Fig. 6.3
3. Procedure
(i) The expt. should be performed near a window.

(i) The capillary tube is first cleaned with dilute caustic soda and finally rinsed properly with distilled
water. :

(iii) The capillary tube A is pushed not water in a beaker so that the inside is wet. The tube is raised so
that water rises up above the level of water outside.

(iv) The tube is fixed in a clamp.

(v) The pin is pushed through the cork and placed in clamp such that the tip of the pin just touches the
surface of water in the beaker.

(vi) The microscope is focused on the lower meniscus which is seen inverted in the field of view. The
reading of the main scale and vernier scale of the microscope is taken.

(vii) Next the microscope is adjusted to focus on the upper tip of the pin.

(viii) The difference x between the reading of the upper tip of the pin and the bottom of the meniscus, If
be the length of the needle, then the height of the meniscus is given by h = I + x (+ve if the tip of
the pin is below the meniscus & —ve if it is above).

(ix) The capillary tube is next removed carefully from the breaker. It is dried by means of methylated
spirit. warmed a little in low flame.

(x) The diameter of the tube is d_etermined by Travelling microscope.

(xi) The above operations are repeated for 3 tubes of different diameters.
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4. Observation

' o
(a) Temperature of water = ......... C .
Density of water t °C = ......... cm
main scale div. of microscope = ......... cm
Vernier constant = .........
: f the pin
Table No. 6.3(a) : Reading for the length o p
» : " lef. Mean
No. of Readings of the pin. : —lcm. | length c
obs Lower tip MW a
M.S cm. V.S. Total cm. | M.S. cm. V.S. ) :
1
2
3
Table No. 6.3(b) : Reading for the height h.
Tube Reading of upper tip of the pin Reading of the bottom of meniscus Diff. h=/+xcm
obs. M.S V.S. Total cm. A M.S. V.S. Totalcm. B| x=A~B
1
2
3
Table No. 6.3(b) : Reading for diameter
No. of Tube Direction Reading Y ——
M.S. V.S. Total cm.
1 one dir" perp. dir™ | ... ||
2 one dir" perp. dir® | ... |
3 one dir" perp. dir® | ... | ...
Conclusion
The surface tension of waterat ...... ... 0°C=......... dyne/cm= ..., . Nm-!

Error and Order of Accuracy

The error in the capillary rise h ma
the cross wires on the meniscus at pin. (

y arise dye to .(1) errors‘ in the vernier reading (ii) error in setting
11) error in setting the pin at the water surface




Exercises

I Define surface tension. State its units and dimensions

2. Explain why water rises in a capillary tube,

3. Whatis angle of contact ?

4. Does surface tension depend on temperature ? How.
6. If youincline the capillary tube. What wil happen ?
7. Distinguish between adhesive and cohesive forces.

8. Calculate the height to which wat

ter will rise in a capillary tube of diameter 0.5 min. in an expt. to
ater. Determine the surface tension of water.
9. What are the limitations of this method ?

determine the surface tension of w
10. On what factor does the surface tension of a liquid depend ?

(c) Viscosity

Viscosity is the property due to the frictional force exerted by a liquid: A small steel ball or a lead

shot falls very quickly through a cylinder full of water or paraffin oil but very slowly through glycerine or
some synthetic adhesive (gum). The latter 1s said to be more viscous. ‘

In steady flow called laminar flow along a pipe, particles or layer of the liquid at the same distance
from the axis have the same velocity. The velocity decreases from a maximum value at the centre or axis
to zero at the walls of the tube so that a velocity gradient exists across each layer.

The frictional force or the viscous drag or a layer of liquid moving uniformly over another layer is
directly proportional to the area of the layer and to the velocity gradient.

Terminal Velocity

When a small steel ball, lead shot or a glass lead is gently released in a tall jar of glycerine along the
axis, its downward force of gravity gradually balances against the upthrust and the viscous drag and then
attains a steady uniform velocity called its terminal velocity.

Experiment No. 6.3
To determine the coefficient of viscosity of water by capillary tube flow method.

1. Apparatus |
(i) Constant head apparatus A (ii) Capillary tube of about 0.4 or 0.5 mm. diameter

(iii) Two clamps and stands (iv) Beaker B

(v) Stopwatch (vi) Rubber tubing for connecting A to T and for the water waste,
(vii) Half meter scale (viii) Watch glass

(ix) Some mercury (x) Thermometer 0 — 10 °C

(xi) Spirit level | (xii) Travelling Microscope.
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2. Theory

By Poiseuille's formula:

nprt _ (X = H) per® "
“8nl 8n! |
ater level in A and H, the height of .the c.aplllaryl tube T, from the
us of the tube T, M is the coeff. of viscosity and [ the length of the

V is the vol. of water flowing out per sec.

\'%

where X is the height of constant W
level of the working table, r the radi
tube, p is the density of water at lab temp;

3. Procedure

(i) The constant head apparatus A is placed below the water t
waste outlet of A so that water may run away to the waste 0
the sink. The water outlet D is connected to the capillary tube T.

H cm. above the working table.

ap. The rubber tubing is connected to th,
utlet of A so that water may run away ¢,

(i) Using a spirit level, the tube T is clamped horizontally
rate from the open end of T. To prevent

iii) The water supply is turned on so that water drips at slow :
o s ’ grease on the underside of the tube near

water from running back beneath the tube, a small spot of
the end is to be placed.

(iv) Water is then collected in clean, dry and weighed beaker B for about 3 to 5 minutes. The beaker
along with water is weighed.

(v) Operations are repeated for different values of H, varying the rate of flow as much as possible
without allowing the flow to become rapid or turbulent.

(vi) The temp of water is noted at intervals.

(vii) The capillary tube is removed and its length [ is measured. The diameter of the tube is measured by
Travelling microscope as in Expt. 6.2.

Diameter of the capillary tube = ...... radius r =

A graph of the vol. of water per sec. (v) is plotted against H,
which will be a st. line. S

The slope gb-of the best line is measured for the error.
Then slope a- Eegﬁ |
from which n= Eggé—
81 x b
Conclusion
Thus the coeff. of viscosity of water at ... ... °C=.... poise
= J— nsm=2

Error and Order of Accuracy

ay. . :
1. The error & ( b) in the gradient of the line by drawing the line whose slope differs as much as

possible from the best line is to be estimated, takin

. . ) g care to see th i :
majority of the plotted points. at the line still passes close to
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Experiment No. 6.4

To determine the coeff, of viscosity of liquid by Stoke's m i
1. Apparatus Required
(1) Measuring cylinder G.

(ii) Steel ball bearing or glass beads C of varying diameter‘

(iii) Liquid (Glycerine or Turpentine oil)

(iv) Micrometer Screw gauge,

(v) Stop watch

(vi) Meter scale

(vii) Hydrometer

(viii) Thermometer 0 —100 °C
2. Theory

When a small stee] bal] bearin

- . ) g or a glass bead is allowed to fall through a viscous liquid, after a
certain time, it will attain a terming]

~velocity v such that the apparent weight.

: 47
ie. 6mav =23 (p - o)
_2 a_2 2 c
n—9g(p—0)xv=§(p—o)xa 0
C

. : . d_ a2

where 1 is the coeff. of viscosity == Y
d

p is the density of the ball.
o is the density of the liquid \ v
a is the density of the radius of the ball ‘Fig. 6.6

v is the density of the terminal velocity of the ball

M is expressed in poise in C.G.S. units and Nsm~2 in S.I. units.

3. Procedure .
() The measuring cylinder is filled with the experimental liquid.

(i) Anindex mark A is fixed by sticking a label well below the top of the liquid so that the ball may
reach a steady velocity by the time it reaches A. A second mark B is fixed near the bottom of the
cylinder. The distance L cm. between A and B is carefully measured.

(iii) The diameter of a ball is measured accurately and is then allowed to fall through the liquid in the
cylinder. The time of fall is noted. This is repeated for at least 7 balls.

(iv) The instrumental error of the micrometer screw gauge is noted if there by any.

(V) The density of the liquid is measured by a hydrometer and its temperature noted. The density of the
ball is noted from the tables.

Observations are noted as shown below:
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Table No. 6.4

er l i ecC. I ermlnal \% el. a mm
i C i”g mm. | / \Velage Diamet mm. 1me Of fall for AB ts \% 2

4. Observations

Instrumental error of the micrometer screw BAUBE e wos s mm
Distance AB=1 .......
Density of Glycerine = ............ gem™3
O = .vnnnnn.. kg. m=3
Density of steel p=............ g cm™3 from physical Tables.
Temp. of glycerine=............ g
n= % g(P-o0) %: .........

Errors and Order of Accuracy

From the curve a2 against v, the slope %is found, and the error in % is obtd. by drawing the slope of

greatest or least slope passing near a majority of plotted points. The percentage error can be estimated by
2

finding the % error in av which is
(28*a+ x, ai)x 100%
a . [ t
C
i d
(c x 100 % neglecting errors in the
)

The maximum % of error in the measurement of viscosity is

densities.

Exercises

1. What is viscosity ?

2. Define coefficient of viscosity.

3. What do you mean by velocity gradient and pressure gradient ?

4. State Stoke's law.

5. Distinguish between stream line. and turbulent motion of a liquid.
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Chapter 7
Thermometry and Thermal Expansion
Heat

7.1 Temperature is a measure of the state of heating of a body. The temperatures at which water freezes
and at which it boils uner normal atmospheric pressure of 760 mm of mercury are used to furnish a

scale of temperature. These temperatures are respectively called the lower and the upper fixed points
of the thermometer scale.

Temperature Is commonly measured in the Celsius (or Centigrade) scale and the Fahrenheit
scale. For scientific purposes, the absolute Kelvin scale and the Rankine scales are used.

The Kelvin and Celsius scales use the same intervals for degrees. The Farhenheit and Rankine scales
use an interval such that.

- 180 9° .
Celsius degree 100= 5 Fahrenhit . Farhenheit

A comparison of the four scales is given below:

Table 7.1
Absolute zero Temp. water freezes Water boils
0 _ 273.15 373.15 Kelvin (K)
-273 0 100 : Celsius (° C)
0 492 672 . Rankine (°R)
-460 32 212 Fahrenheit (°F)

Conversion Table

C-0 K-273 F-32 R-492
100 ~ 100 ~ 180 180

7.2 Thermal Expansion

Increase in length _ Al
Original Length X Rise in temp. ~ [ X At

Linear expansivity o =

Experiment No. 7.1

To compare the readings of a Centigrade thermometer with those of a Fahrenheit thermometr. Hence
determine the temperature at which the temperatures in the two thermometers will be the same.
1. Apparatus Required

(i) Centigrade thermometer of range 110 °C

(ii) Fahrenheit thermometer of range 212 °F

(iii) A beaker

(iv) Heating arrangement (Burner, Tripod stand, wire gause etc.)

(v) A cork with two holes for inserting the thermometers.
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2. Theory
If C be the reading in a Ce

related as

or

. it therm
de Thermometer and F that in a Fahrenheit Ometer, they 2
ntigrade 1n¢

pa33 C=~0
—']_ga_—— 100
9 5 y

. : igin.
which represents a st. line not passing through the orig

°F

32

X e}

v

T%
Fig. 7.1 - ~ Fig.72

3. Procedure

(i) A beaker nearly half full of water is placed over a wir
fig. 8.2. ‘

(if) Two given thermometers are introduced into the holes
water as shown in the fig. The readings in both the the

(iif) Water is then gradually heated. Readin

C gauge on a tripod stand as shown in the

bored through the cork. They are immersed in
rmometers are noted accuratel y.

gs in both the thermometers

_ | 8| . . are noted at regular intervals of
5 °Crrise. This is continued till water boils.

(iv) The burner is removed and readin
cooling.

g are noted in the reversed order at the same intervals while water is

(v) Observations are noted as follows:

(vi) Graphs of (i) F readings and C readin
readings and error are plotted from th

Observtions

gs, (ii) observed F

and calculated F readin s, (iii) Observed F
¢ C~F graph. F re o

1 div. Fah

. , ading correspondine 1o () © is extrapolated
The temperature at which both the thermometers give the same readinpg is alsi cixl(lulfltcsd '
I'div. of centigrade thermometer= R

D ahev b °F
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Table No. 7.2

MO ey | Fahrenheit reading while water iy being | Wiean F | Caleutated | Eror
obs. reading °C Heated | Cooled readings °F(b) °F (a) (a=b)
]

From the graph

F reading corresponding to 0 °C =

Reading

at which both the thermometers will be read the same =

Experiment No. 7.2

To determine the Fixed Points

of the given Thermometer and find the correct temperature of tap water
in the Laboratory.

1. Apparatus Required

(i) Hypsometer (ii) Heating arrangement  (jii) Centigrade thermometer
(iv) Stand with a ring and clamp (v) Beaker (vi) Glass Funnel
(vii) Ice (viii) Fortin's Barometer

2. Theory

The lower fixed point of a thermometer is the temperature at which pure ice melts under norm

al
atmospheric pressure. The melting point of pure ice is 0 °C.

The upper fixed point is the temperature of the steam issuing from boiling water under normal
atmbspheric pressure. It is 100 °C under standard pressure.

It is found experimentally that a change of 1 cm. of atmospheric pressure produces a change of 0.37°
in the temperature of steam.

Hence the True Steam point = {100 — (76 — observed atm press. cm.) X 0.37} °C

3. Procedure

(i) The given thermometer is inserted through a small hole in the small lumps of pure ice placed in the
funnel as shown in the fig. 8.4. The bulb of the thermometer should be well within ice. The lowest
temperature reached is noted. The reading is taken every two minutes, till 3 to 5 constant
temperatures are obtained.
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 certatine 33 tightly in-the hypsometer wh;.,

(ii) The thermometer is passed through 2 hole in lhe' cork which |slefrlllt6hde bi“ei shouild first be abouy h;lt[]

is a boiler provided with a double walled steam jacket. However,

filled with water. . b T : .
" \ s noted every two minutes t

(iii) Water is heated. It begins to boil. The highest temperature observed 1s 13

(0 5 constant readings are obtained. |
ortin's Barometer.

. . . . c. F
(iv) The atmospheric pressure 1n cms. IS read from the . R
[ i [ ection aeainst observed temperature. From ion curve,

(v) A correction curve is drawn with correction agal

temperature of tap water is found out.

| smallest div. of the thermometer = ...... °C
nO
\[[Z
i
g
E -~
C ,TA \«;\;f;‘»;:

A

............
1

=
0

Fig. 7.3

Lower Fixed Point
Table No. 7.3

Upper Fixed Point
Observed Atmospheric Press. = P cms.
Normal Atmospheric Press. =76 cms.
Correction of Steam point = (76 — P) x 0.37
=°C=x°C=°C |

True Steam Point = 100 - x = ... °C

T, 25 RS Thermometer | Readings every 2 mins Lower Fixed Point Correction
Observed True

1

(4’ .

2% Centigrade

§

.4

5




Table No. 7.4

Exercises

I. What are the fixed points of a thermometer ?

& A g E b

What is fundamental interval ?

How does the pressure affect the boiling point of a liquid ?

What do you mean by the steam point ?

temperature when this thermometer reads 22° ?

Why is it that hot water boils at Kathmandu at a temperature less than 100°C ?

No. of obs. Thermometer Correction Readings every 2 mins Steam Point
—— Observed True
1
2 Centigrade
3
4
5
6
7
Observed temp. of tap. water = ......... °C
Correction for the temp. from the correction curve = ... °C
B o sanrs "
Correct temp. of tap water .........
Precautions
I Ice must be pure, for the presence of small impurity in it alters I\
the melting point very much. =
@]
2. The thermometer must be placed in the steam, not in the boiling 3
water, because the temperature of the sieam is not exactly the §‘
same as that of boiling water.
3. Water in the boiler should not be heated violently otherwise the O >
steam pressure may exceed the pressure outside. temp.
Fig. 7.5

A faulty thermometer has its fixed point marked - 0.5° and 96°. What is the correct Celsius




Experiment No.7.3

ion of a solid by Pullinger's apparatus.

. . - * ns
To determine the coefficient of linear expa

1. Apparatus Required (iii) Boiler

Thermomeler
(vi) Meter scale

(ii) Centigrade

(i) Pullinger's apparalus ‘
(v) Heating arrangement

(iv) Spherometer

2. Theory , . .
' L1 r a rod is the increase ip :
The coefficient of linear expansion of a solid in the form of a tube O € in g
length per unit length per unit degree rise of temperature.

Let 1) be the length of the tube at t °C
YT ty °C
The increase in length for [ length for a rise of t2 —11 = lp -1y
I, -1

. . . — ——————ee

Increase per unit length per unit rise of temp. = 1] x (I3 - 1)
Iy -1 Increase in length

The coeff. of linear expansion o = I x (Ip - 11) ~ original length X rise of temp.

A

3. Procedure

(i) The Yube (or the rod) is taken out. Its original length is.rpeasured by p—s=
means of a metre scale at t °C. It is then replaced in its position. -

(i) Thermometer is inserted in its position. The initial reading of the tube i.e. C
t; °C is noted. :

(iii) The spherometer is taken. Its pitch and least count are determined. Then it - B
is placed on the tube (or the rod) so that its central leg just touches the
upper surface of the tube and its outer legs rest on the base plate. The R
—

initial circular scale reading of the spherometer is noted down. From this

position, the central leg is raised up by 4 complete rotations in order to \
allow some space for the expansion of the tube (or the rod).

(iv) Water is boiled in a boiler nearby. Steam from this is passed through a =
rubber tubing into the tube (or the rod). Steam first condenses and the Fig.77.6
condensed water comes out of the outlet near about the base. The outlet tube is connected by a rubber
tube, the thermometer end of which is dipped in a vessel containing water. When the temp. of the
tube (or the rod) becomes steady for about 15 minutes indicating the uniformity of temp.
throughout, steam is discontinued. ‘

(v) The central leg of the spherometer is now lowered slowly, counting the no. of complete rotations
made. When the central leg just touches the surface of th .
( e tube i i le
reading of the spherometer is noted. e rod), e el ohectam RS

(vi) The observations are noted and the results calculated as follows:

4. Observations

Material of the tube (or the rod) supplied:
Original length of the tube (or the rod) =/ | = cms

.........

Initial temp. of the tube (or the rod) = t; °C = , . °oC




Value of 10 smallest divs. of the main scale of the spherometer = ...... mm.

Value of 1 smallest divs. of the main scale of the spherometer = ... mm.

In 4 complete rotations, the circular sc

; ale of the spherometer moves through
main scale.

......... divs. of the

In 1 complete rotations, the circul

’ ar scale of the spherometer moves through ......... div.
Pitch of the screw (P) =

...... div=_..... mm
NO. of circular scale divs. (N) =

.........

Least count (L.C.) = % _P
( ) No. of CIr scale divs. - N = mismis mm=...... cms.

Initial cir. scale reading on the upper surface = ......... (a, say)

No. of complete rotations through which the circular scale is raised = 5 i.e. ...... divs. = X (say)
No. of complete rotations lowered =

§. Calculations

No. of additional cir. scale diys. lowered = a — b = z divs.

total no. of cir. scale divs. lowered = y+z

increase in length=x - (y +z) = ...... divs
I xLC. =..... cms.
Rise of temp. =ty =t} = ......... °C.

Increase in length
original length X rise of temp.

Coeff. of linear expansion o =

6. Discussion

The length should be accurately measured. The back-lash error should be avoided in the spherometer
_by turning the screw of the spherometer always in the same direction. However a little error is always
present, because the screw is to be turned in opposite direction while raising the central leg. The temp.
must be kept constant for at last 15 minutes so as to ensure uniformity of temp. throughout the tube (or
the rod). The spherometer must not be displaced bodily from its position during the experiment so that
the point of contact may be the same.

Exercises
Determine the increase in length of the given tube when heated 40 °C.
2. Determine the temperature upto which the given tube is to be heated in order that its length may
; 1
increase by ~ mm.
What is meant by thermal expansion ?
Define coeffs. of linear and cubical expansion. State their units.

State the relation between a., {3 and y.
Explain the statement.

& oA
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Chapter 8
(a) Calorimetry

» . » used is a calorie. It jg
8.1 Calorimetry is the measurement of heat. I'he unit of hca‘l no,rllz:lltlhyrough 1 °C. In the M Kthse :
of heat required to raise the temperature of one gram of wa oquited to heat 1kg. of W.ate;, * SYstep,
the unit of heat is kilocalorie which is the amount of heat req I through

. : . ioule (J).
I °C. In the S.1. units the amount of heat 1s measured in terms of j )

Oup

: ; - re of a uni
Specific Heat: It is the quantity of heat required to raise the tempertu Unit mass o the

substance through a unit rise of temperature.

Its unit is k cal kg=! °C while in S.L it is ] kg"1 g o

It is also defined as the ratio of the amount of heat required to raise th.e temperature of the Substang
through a certain range of temperature to the amount of heat required to raise the temperature of gp equy]
mass of water through the same range of temperature. v

Thermal Capacity: The thermal capacity of a body is the amount of heat requifed (o rajge j

lemperature by 1 °C. It is given by
H =ms

where m is its mass and s its sp. heat.

Water Equivalent W: The water equivalent of a body is the mass of water in gm (or kg.) whic
would require the same amount of heat to raise its temperature through 1 °C as the body when heateg

through the same temperature.
It is given by W= ms gm/or kg.
The Standard Thermal Equation: The amount of heat lost or gained by a body is
Q=msH
where s is its sp. heat. 8 is the fall or rise in temperature.

Principle of Calorimetry: When a hot body is mixed with a cold body, exchange of heat will
take place. The hot body loses heat and the cold absorbs it. The exchange will take place till both of
them attains the final common temperature.

Then, Heat lost by the hot body = Heat gained by the cold body.

Experiment No. 8.1
To determine the water equivalent of the givén calorimeter and its stirrer.

1. Apparatus Required

(i) Calorimeter with stirrer (ii) Sensitive thermometer of range 50 °C., Grad L i
- v 10
(i) Thermometer of range 100°, grad. 1 °C  (iv) One flat bottomed flask
(v) Heating arrangements.

2. Theory

I'he water equivalent of a calorimeter is defined as the amount of water in gms. which can be heated
(e] - R |
through 1 °C by the amount of heat required to raise the temp. of the calorimeter itself through the same
range of temperature.
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So if W be water equivalent, w is Mass, s the sp. heat of its material, then W = ws gm.

Now let mass of the calorimeter and its stirrer = w gms.

mass of the calorimeter and waler (filled % rd) = w) gm.

Mass of water alone = WiI=w=mgm,
Initial temp. of calorimeter and its contents = ) °C
Temp. of hot water to be added =ty °C

mass of cal., stirrer, water + hot Water added = wy gms.

Mass of hot water added = W2-W1 =M gms.

Temp. of the mixture = ¢ °C

Heat lost by hot water i cooling from ty °C to t °C = m (ty — 1) cal

Heat gained by calorimeter and it stirrer in rising from t; °C to t °C = W, (t—ty) cals.

°Ctot°C=m(t-t;) cals.
Total heat gained by calorimeter and its contents =

Heat gained by cold water in rising from t,

Wit—t) +m(t-tp)
By the principle of calorimetry heat gained = heat lost

or W (t-t +m(t—t1)=M(t2—t)

or W(t—t1)=M(t2—t)—m(t—t1)
_M(ty -1
T (-t M

4. Procedure

(i) The calorimeter with its stirrer is rubbed well with a

piece of sand paper so as to make its inner and outer
surface polished.

(i) The calorimeter with its stirrer, is weighed carefully in a
physical balance and its weight is noted.

(1ii) About % rd of it is filled with water at the room

temperature and its weight is noted. o
(iv) During this time, some water is already being heated in a /

flask. The temp. of hot water in the flask is noted

down. (The temperature should preferably be L
approximately 10 to 15 °C above the room temp). Hot Fig. 8.1
Water is then immediately poured into the calorimeter to

fill about % rd. of it. The water is to be constantly stirred and the maximum temperature attained

(of the calorimeter and its contents) is noted down. Observations are noted and the result calculated as
below:

77




Observations

) \ _ -
Mass of calorimeter and its stirrer=wW 8

1
- =w| gm.
Mass of cal., stirrer and water (about 3 rd) =w] 8

= m.
Mass of cold water = w —w| gm=m§

er and its contents =] *C.

Initial temp. of calorimet
Temp. of hot water in the flask =12 %

Temp. of the mixture =t °C

Mass of cal., stirrer + hot water added = wp gm

mass of hot water added = wp —w] =M gm.

Calculation

Heat lost by hot water in cooling from tp °C to t °C =M (t2 ~ |
°Ctoty =W (t—tp) +m(t-t))

't) cals.

Heat gained by cal., stirrer and cold water in rising from t

By the principle of calorimetry, we have
Heat gained = Heat lost
W(-t))+m(t-t))=M(tp -1t

or W(t-t))=M(tp —t) —m (t—t})
_M(ta-t)
- '(t—tl');

This is the experimental value of the water equivalent.

By actual calculation, W = ws, where s is the sp. heat of the cal.

C-0O .
Then % error = c X 100 where C is calculated value and O is the experimental value obtained.

Experiment No. 8.2

To determine the specific heat of a solid by the method of mixtures.
1. Apparatus Required

(i) Regnault's apparatus (ii) Sensitive thermometer range 50 °C, Grad 1 oC
. ’ " 10

. & E 1 o -
(iii) Ordinary thermometer range 100 °C, grad. I Cor 5 C (iv) Solid (experimental)

(v) Calorimeter with stirrer (vi) Boiler (vii) Héating arrangements (viii) Balance and weight boX
2. Theory

”.I‘he sp. heat of a substance is defined as the ratio of the heat required to raise the temperatur of 2
certain mass of the substance through a certain range to the amount of heat required to raise the temP: o
an equal mass of water through the same range of temperature.
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Otherwise, it may also be defined as:

"The sp. heat of a substance is numeri / »
of 1 gm. of the substance through 1 OC.e“Call) equal to the amount of the heat required to raise the temp.

Let the specific heat of the solid to be determined = § 7
Mass of the solid taken = M gms.

Mass of the calorimeter and its stirrer = W gm

Sp. heat of the material of the calorimeter =

Mass of cal, stirrer + water = W] gm

Mass of water taken = wy — w = gm
Initial temp. of cal., and its contens = t] °C

Steady temp. of the solid = tp °C

Temp. of the mixture = ¢ L

Thus heat lost by the solid in cooling from t, °C to ¢ °C = MS (t, — 1) cals.
Heat gained by calr., its stirrer and cold water in rising from t; °Cto t °C = ws (t=t;) + m (t - t1)

= (ws + m) (t—tp) cals.
By the principle of calorimetry, we have

Heat lost = Heat gained.
or MS (t2 —t) = (ws +m) (t - t1)

S_(ws+m) (t—ty)
T M (tp-1)

3. Procedure

()  The nature of the material of the solid is rioted. The solid is weighed carefully and its weight is
noted.

(i) The solid is then placed inside a steam heater
suspending it by means of a piece of thread passing -
through a piece of cork. A thermometer reading upto
100 °C or more is introduced through the other hole of
the same cork so that the bulb of the thermometer and
the solid be at about the same depth but not touching
each other. —

)

.
-
s e, e Ge—

SESLIES 18BN/

(iii) The boiler is filled sufficiently with water so that water o
may not run short during the experiment. Water is then I Sl )
3 _/

heated.

(iv) The shutter is opened. The calorimeter is just tried
whether it can slide well along the groove. It is kept just below the steam heater. It should be seen
that the solid if dropped will be received by the calorimeter without breaking the thermometer. This

should be tried before heating the solid.

Fig. 8.2
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(v)

(vi)

(vii)

eing prepared in 2

i is time steam is b :
During this he steam jacket by

boiler. Steam is then P'dSSefiﬂlo Jf the steam
means of a rubber tubing. The outlet © led to a
heater is fitted with a long rubber tubing, 1€ may
vessel at a distance so that the condensed steam may

collect.

The calorimeter with its stirrer is polisl?ed by
rubbing it with a piece of ‘sand paper. It is then
clcuncJ. dried and weighed carefully ina balance and
its weight is noted.

It is filled with sufficient water so that the solid
when dropped into it may be completely covered up
by it. It is weighed once more carefully. The
difference between this weight and the previous one
will give the weight of cold water taken.” Fig. 8.3

(viii) The initial temperature of the calorimeter and its

(ix)

. o]
contents is noted by means of the sensitive thermometer reading upto 0.1 °C.

By this time, the solid might have been sufficiently heated. Whep the te.mp. of the §Ohd becomes
steady for at least 10 minutes, the shutter is opened and the ca]onmete-r 1S slowly'sllqed alpng the
groove and placed just below the steam heater. The thread suspending Fhe.solld Is untied ang
loosened and opening the shutter just below the steam heater, the solid is dropped into the
calorimeter and the calorimeter is removed to a distance. The water in the calorimeter is constantly
stirred and the maximum temperature attained is noted. The observations are noted and the result i
calculated as shown below:

Observations

Material of the solid: Brass, iron, zinc, tin (or what).

Mass of the solid =M gm

Sp. heat =S (7)

Mass of the calorimeter with stirrer = w| gm

Sp. heat of the material of the calorimeter = s (supplied)

Mass of the cal. with stirrer + water = wo

Mass of the cold water taken = wp — w| = m gm.

Initial temp. of the cal. and its contents =t} °C

Steady temp. of the solid =ty °C

Final common temp. of the mixture =t °C

Conclusion
Heat lost by the solid in cooling from t2 °Ctot °C=MS (tp —t) cals
Heat gained by the cal. stirrer and water in rising from t; °C to t °C = ws (t—ty;) +m (t-17)

=(ws+m) (t-1})
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By the principle of calorimetry, we have MS (13 - 1) = (ws + m) (t-t)

S = g
MS (1 - 1)

Errors

In this expt.. the error may arise (ne
lorimeter (g) son ‘L;m' may arise due 1o (1) heat lost by the hot solid during its transfer to the
Caciogrl:ina ‘I SOME hot water is also carried over with the metal (3) Observations of temp. (4)
W g

e.2. (20.5 + 0.1 °C) and mass (69.7 + 0.1 g)
Percentage Error

The % errors in wei ghing the calori meter

temp. fall of » solid, the mass of water noting the temp. rise of water and
cemp. le

solid, are calculated Separately and then added to obtain the total percentage error.

Order of Accuracy

I'he result of the sp. heat by log calculation should be given to two significant figures.
Note: Express your result in SI units.

Precautions

The maximum temp. of the solid should remain constant for at least 10 min. before it is dropped
into the water.

Sufficient quantity of hot solid should be dropped in the cold water so as to achieve a considerable
rise in temperature.

The solid should be transferred gently into water and no drop of it should be lost.
4. The mixture should be stirred continuously.

The highest temperature attained should be noted when it just begins to fall.

Experiment No. 8.3

To determine the Sp. heat of the given liquid by the method of cooling.

1. Apparatus Required:
(i) Two identical calorimeters in a double walled vessel with lid,
(ii) Two centigrade thermometers (i1) Stopwqtch
(iv) Physical balance with weight box (v) Given liquid

(vi) Heating arrangement

2. Description of the Apparatus

The double walled rectangular vessel ensures the constancy of the surroundings of the
calorimeters. The thermometers are passed through the rubber stoppers closing the holes in the cover of
the chaﬁlber' The calorimeters are marked on the inner surface upto which the liquid is filled in, ensuring
equal volumes of liquids in them.
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) : ends on (i) the differe
e dv is allowed to cool, the rate of loss of heaotfbtl); ;Lfggsed surface. e of
Welion 1. bt bexly 35 ndings and (ii) the nature and area . :
temp. of the body and its surrou f mass w and sp. heat s 1s cooled from temp

If hot liquid of mass M and sp. heat S ".};lfillg“muu 0
8| °C to 05 °C in (] sec. then rate of loss of heat by
) (ws+MS) (01-62) S
the liquid = t
he liquid in another similar calorimetg, 0

t ;
the same volume as me surrounding the rate of logg

Similarly if water of mass m and of °C in ty secs. in the sa

mass w and sp. heat s is cooled from 61 °C t0 02

of heat by '
(w's + mS) (8] — 62)
water =“’“’"t’2'/_

()

As the rate of loss of heat should be the same in both the cases, W€
have,

_(Ws +MS) (8] —0) _(w's+mS) (6; —62)
- t B )

pﬂaﬁ*&-mg}mmm ,

t
or (ws+ MS) =é— (W's + m)

B R T I - ’%
or S_l:M (tz)(ws m) ws:' (3)

Thus S is found from eqn. (3)

4. Procedure

(i) Both the calorimeters are weighed empty. A mark made on the inner side of each at about 2 cm. from
the top.

(if) Water and the given liquid are taken in separate test tubes (or large size) placed in the same beaker
containing water. They are heated to about 70 °C.

(iii) Water and the liquid are then transferred to the calorimeters. The lid is placed in position.

(iv) Temperatures of the contents in both the calorimeters are noted
time, they should be constantly stirred. The recording of temper,
about 10 to 15 °C above the room temp. After this, the calorii
weighed again.

at intervals of 1 min. During this
atures is continued until they are
neters with water and liquid are

(v) The temperatures are plotted against time for water and the lj
paper. The times required by water and the liquid t

the curves. S is then calculated from eqn. (3) above

: quid in the same piece of graph
0 cool from 8 °C to 6, °C are extrapolated from

(vi) Observations are noted as shown below:

5. Observation

Mass of empty calorimeter with stirrer (A) = w
...... +liquid=wy ......... gms.
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.~ Mass of liquid taken = Wl ~W=M gms=

Mass of empty calorimeter i stirrer (B) = v

B g g gms.
...... twater=w; = gms
Mass of water taken = Wi-w=m = gms
Sp. heat of calorimeter materia| = . S (supplied)
I smallest div. of the thermometer (H=.. °C
1 smallest div. of the thermometer (2) = . °C
0, Water
&) - ' A\ koo
S ||b2 Y &
a. : 0'
&E) t E g
— ty Liquid 2
: — 3
-\.> T e
Temp. mins. . Time
Fig. 8.5 & Fig. 8.6

From the cooling curve,

Time taken by liquid to cool from 01 t0 82 °C = t; min. =

558 550 5 e e e s water

.....................

Alternative Calculation

Tangents are drawn to the cooling curves at a particular temperature 8 and respective rates of
temperature drop p; and p; are found for liquid and water respectively.

Thenatb=............ °C,{Liquid=......... °C per min}

We get from theory (above),
(ws + MS) p; = (W's + m) p2

Conclusion

Sp. heat of the liquid = ......

Express it in S.I. units,

Errors and Order of Accuracy

In the expt., errors may arise due to (1) observations of volume, mass and temperature () dlfflCl{lty
of drawing a smooth cooling curve. (3) difficulty of drawing a tangent to the curve for the alternative
calculation.
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Order of Accuracy average value A and the result which diffe,
S

< (he difference D between : . :
S. the difference D be { the average value is caleulated. Thig gives

From t ove results for

most widely from the average is found out. 'l he |

. D 0
an approximate value of the order of accuracy % W0,
Precautions ile performing the expt.
I. The electric fan (if any in the Lab) should be switched off while p

2. The calorimeter must not touch the double walled vessel.

. . 'O
3. The calorimeters should be covered with lids to prevent evaporatl
cooling. ‘ y . |
' reading.
4. The water and the liquid should be stirred gently and umforml}/ before taking adi fo
s specially in the beginning when the fajf of

n which will otherwise enhance

The temperature should be read quickly at proper timing
temperature is very rapid.
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8.(b) Change of state

8.2 Latent Heat

The heat required to change the state of

' a substance from soli iquid, liqui ice—
is called latent heat because during the chang | o $0lid to liquid, liquid to gas and vice-T52

o ¢ of state there is no rise or fall of temperature.
Latent heat of fusion: It is the

solid to liquid at its melting point is
Jatent heat of fusion of ice. Its v

al‘nloum of heat required to convert a unit mass of a substance from
" ca led the latent heat of fusion. If ice changes into water it is called
e is 80 cals per gm. In SI units it is 3.4 x 105 Jkg~!

Latent heat of vaporisation: It i<
aporisation: It is the amount of heat required to convert a unit mass of a substance

-om liquid to gaseou i r . :
.ﬁof];“cg I'uenlghcfu o? SR af its POllmg point without any change of temperature. In the case of water it
1s called 1d ¢ steam and its value is 537 cals/gm. In SI unit, it is 2.3 x 106 Jkg‘l.

Experiment No. 8.4

To determine the latent heat of fusion of ice

1. Apparatus Required

(i) Calorimeter with wire gauge stirrer (i) Sensitive thermometer grad. 11—0 °C

(ii1) Ice (iv) A piece of flannel cloth

(v) Blotting paper (vi) Balance and weight box

2. Theory

The latent heat of fusion of ice is defined as the amount of heat absorbed by one gm. of ice at °C in
being converted into ice at the same temp.

Let the latent heat of fusion of ice =L (?)

Mass of the calorimeter with stirrer = w gms.

Sp. heat of the calorimeter with stirrer = s

Mass of cal. stirrer + water = wj gms.

Mass of water taken = w1 —w.=m gm.

Initial temp. of cal and its contents =t} °C

Temp. of ice t °C=0°C

Temp. of the mixtures =t °C

Mass of cair., stirrer + water after addition of ice = w9

Mass of ice added = wp — w1 =M gms. »

Thus heat lost by cal. and water in cooling from tj to t °C = (ws + m) (t] —t) cals.
Heat gained by ice in melting to water at 0°C and

then resulting water in rising from 0 °C to t °C =ML + M (t - 0) = ML + Mt.

By the principle of calorimetry, we have heat gained = heat lost
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:

or ML + Mt=(ws+m)(l] - t
- or ML = (ws + m) (t] -t) =Mt

(wsrm (-t
L= M

3. Procedure

(i) The calorimeter with its wire gaug .
then cleaned, dried and weighed carefully in 2 balanc

ghed again. Its weight Is nO

ight of water taken.

e stirrer is polished by rubbing it with a piece of sand paper, ¢ i

e and its weight IS noted.

. ted. The difference betw .

(i) It is nearly half filled with water and wel A een thig
weight and the previous one gives the we

he calorimeter and its contents is noted with the help of a sensitjy,

(iii) The initial temp. of t

thermometer. |
ngitina piece of flannel cloth pounded ingq

(iv) A block of ice is taken and washed with water and placi
f blotting paper sO that water may not adhere

small pieces. These pieces of ice and soaked in a piece O
into them.
(v) Pieces of ice are dropped into the calorimeter and kept

Water is gradually stirred. Ice is added and water stirre
a temp. Some 5 to 10 °C below the initial temp. of water.

carefully.

(vi) The calorimeter along with its contents is wei ghed once more. The difference b
and the second weight gives the weight of ice added. '

immersed by means of the wire gauge stirrer.
d until the mixture, when all ice melts, falls to
The final temp. of the mixture is noted

etween this weight

(vii) Observations are noted and the results calculated as shown below.

4. Observation
' Latent heat of fusion of ice =L (?)
Mass of the calorimeter with stirrer = w gms.
Sp. heat .....ovvvieviumnmeinninniaiin = s (to be supplied)
Mass of the cal., stirrer + water (nearly half) = w| gms.
Initial temp. of cal. and its contents = t] °C
Temp. of ice =0 °C _
Temp. of the mixture =t °C
Mass of cal., stirrer + water after the addition and melting of ice = w2 gms.

Mass of ice added = wp — wj =M gms.

Calculation

Heat gained by ice in melting to water at 0 °C and then by the resulting water in rising from 0 °C

and then by the resulting water in rising from 0 °C to t °C = ML + M (t - 0) = ML + Mt

Heat lost by calr., stirrer and water in cooling from t; to t °C = (Ws +m) (t] - t)
By the principle of the calorimetry, we have

Heat gained = Heat lost
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or ML+ Mt =(ws +m) (t] - )

or ML = (ws + m) (t] =) = Mt
(Ws + m) (t; = 1)
b— -z
L [ : ] i
Conclusion

The latent of fusion of ice = ., ... cals./gm,

Express in SI units.

Errors

The errors may arise due to the following reasons:

(i) The ice may not be perfectly dry, thus leading to error in the mass of ice.

Order of Accuracy

Since L = % where Q = (ws + m) (t; —t) — Mt the percentage error in L is. the sum of percentage in

Q and M. The percentage in M has a great effect of L,

since (a) M is small and (b) a significant mass of
water may be carried over along with ice if it s not pe

rfectly dry.

Experiment No. 8.5

To determine the Latent Heat of Vaporisation of water or Latent Heat of Steam.

1. Apparatus Required
(i) Calorimeter with stirrer and condenser
(ii) Steam trap with connecting tubes (iii) Sensitive thermometer, range 50 °C grad
(iv) Ordinary thermometer range 100 °C  (v) Boiler

(vi) Heating arrangements (vii) Balance and weight box

2. Theory

- The latent heat of vaporisation of water or the latent heat of steam is defined as the amount of
heat liberated by one gm of steam at the steam point in condensing. to water at its boiling point.
Otherwise it may also be defined as the amount of heat absorbed by one gm. of water at its boiling point
“in being converted to steam at the same temp. It is expressed in calories per gm or Jkg~!,

Let the latent heat of vaporisation of water = L (?)

Mass of calorimeter, stirrer and condenser = w. gm.

Mass of calr., stirrer, condenser and water nearly half filled = w1 gm.
Mass of water taken = w) —w = m gm
Initial temp. of cal. and its contents =t; °C

Steady temp. of steam = tp °C, temp. of mixture =t °C

- | | | "




—w|=Mgm

ater at t2° and then by

ML + M(l2 - t) cals.

ws + m) (t—t1)

Mass of steam codensed = W2

Heat lost by steam in condensing Lo W
g from 12 10 t=
s in rising from t tO t=(

— heat gained
(By the principle of calorimetry, we have heat lost = heat 8 7

or ML+ M (g = t) = (ws +m) (t—1ty)
or ML = (ws + m) (t = t1) = M(tp — 1)

L= [(WS 2 mrjl(t _ bl ey - t)] cal/gm

the resulting water in coolin

Heat gained by cal and its content

3. Procedure : L
by rubbing it with a piece of sand paper, |t

(i) The calorimeter with its stirrer and condenser is polished _ :
d its weight 1S noted.

is then cleaned, dried and weighed carefully in a balance an
(i) Itis nearly half filled with water and weighed again. - _
(iii) The initial temp. of the cal. and its contents is noted by means of a sensitive thermometer.

(iv) During this time, steam is being generated in a boiler. The temp. of steam i.s noted. Steam is then
communicated through the connecting tube and steam trap into the calorimeter, by way of the
condenser.

(v) During the passing of steam into the calorimeter, water in the carl. is constantly stirred.
Steam is allowed to pass until the mixture attains a temp some 5 to 10 °C above the initial temp.
When this happens, stem is disconnected and the final common temp. of the mixture is noted very
carefully. ’

(vi) The calr. along with its contents is now once more weighed carefully, the difference between this
weight and the second weight gives the weight of steam condensed. ’

(vii) The observations are noted and the result calculated as shown below.

4. Observations _
Latent heat of vaporisation of water = L (?)
Mass of the calorimeter, stirrer and condenser = w gm.
Sp. heat ............ = s (to be supplied)

Mass of the cal., stirrer, condenser and water (nearly half filled) = W| gm
. i) .

Mass of water taken = wi —w = m gm.
Initial temp. of the cal. and its contents = t| °C
Temp. of steam = ty °C

. Final common temp. of the mixture = t °C

Mass of calr. stirrer, condenser + water after the condensation of steam

Wo gm.
Mass of steam condensed = wp —w| = M gms 28
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Calculation

Heat lost by steam in condens;
Y NSing (o water gt 12 °C and then bkthc resulting water in cooling from
Y] °Ctot°C=ML+M(l2

-1) ca‘s.
alr. and its contents in

Heat gained by c
rising from
fptot=(ws + m) ( - t),
By the principle of calorimetry, we haye
Heat lost = Heat gained.
o ML+M(tp -t) = (Ws + m) (t=1p)
o ML=(ws+m) (t—t;)-Mm (th —t)

L= [M\A%]

Then express it in S.1. units,

cals/gm

_Fig. 8.7

Errors

Herc? the crrgrs may arise due to (j) Condensation of steam before passing into the water. (ii) Errors
in weighing and in recording temperatures. (iii) A cooling correction is needed. This can be avoided by

cooling the water with ice about 5 to 10 °C below the temperature of the surroundings. Note that the error
due to condensation of steam tends to give a low result.

Order of Accuracy

Since L = Q =(ws+m) (t—t;) — M (tp — t). The percentage error in L is the sum of the percentage
M P 8 \

error in Q and M. The mass of steam must therefore be very carefully measured. Since it is a small
difference between two measured weights.

Experiment No. 8.6

To determine the melting point of the given solid by cooling curve method

1. Apparatus Required
(i) Hard glass test tube containing wax (i) Centigrade thermometer
(iii) Stop watch or clock (iv) Heating arrangement

(v) Solid supplied — wax
2. Theory

When a solid substance is heated, its temperature will gradually ri.se. A time will come whpn it will
just begin to melt. The temp. at which the solid just begins to l'nelt is ce_llled the mc‘:ltm'g point of t'he
solid. This temp. remains constant until all the solid chal?g.es into liquid after Yvhxch it rises again.
Conversely, the substance in the liquid state begins to solidify. Tbg temp. at W‘thh the solldlf.ncatlon
starts is the same as the temp. at which the solid begins to melt. This temp. remains constant during the

process of solidification.
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3. Procedure
(i) The hard glass test tube containing the solid.ns pl i
y. of solid will also 18

water gets heated, the temi otk
thermometer is inserted into it through a well fitting cork.

(i) The test tube is placed ona stand. The temperature

clock is started.

(iii) The liquid wax begins to fall in te
After some time, the temp. remain
temperature becomes constant, some

aced in beaker €
¢. When 2

mperature. The temperature
¢ constant or almost consta
g8 or 10 observations are noted.

ontaining water. Water is heageg
1] the solid melts, a cepg; Ay
18radg

s noted and simultaneously the stop'watch ¢, "
£

is noted at the intervals of | .
nt for a no. of readings. Afte, t}?‘
¢

(iv) A graph is drawn with time along the x—axis and
temperature along the y-axis. The graph will be as shown
in the fig. 9.8. &
, =9
(v) From the horizontal portion of the curve, a straight E
ling is drawn parallel to the x—axis, cutting the temp. =
axis al a point which gives the melting point of the e ey
solid. —_—_—’T. .
ime mins.
4. Observations Fig. 8.8
10 divs. of the thermometer supplied = °C
1 divs. of the thermometer supplied = °C.
10 divs. of the stop watch (or clock) = ......... secs.
| TP PR 22 L phesemen sec.
Conclusion: From the curve, the melting point = X .
— [ e
Table No. 8.1
-
Time in min Temp. in °C
1 cossvcnmsmnsoneonsassusuons
D o coms s wapse s e s § A TR S
;ST P
S
L SR A OU—— s
BB 4 o o o i St i 302 0 100
T < s e v s i ek v v
B i s o s e 8 S E ER R W
/
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Experiment No. 8.7

To determine the melting point of the 8iven solid. Capillary tube method.

1. Apparatus Required
(i) Beaker with water
(i) Centigrade thermometer
(iii) Capillary tube

(iv) Given solid (say paraffin wax or Napthalene or ... ... )

2. Theory

Same as in the previous expt.

3. Procedure

(i) A capillary tube about 2 to 3" long is prepared. It is dipped into the

melted substgnce kept in a basin. It is sealed at both ends. The
substance solidifies on cooling.

(i) The capillary tube if fastened to the thermometer so that the bulb
and the experimental substance are close to each other.

(iii) The thermometer with tube is dipped inside water in a beaker which
is gradually heated. The water gets heated. The temperature at which
the solid melts is recorded. The flame is removed. The water is
allowed to cool. The temperature at which the substance solidifies is
noted. This is repeated for at least 4 or 5 observations. The mean

N
melting point is calculated. The readings are recorded as shown
below:

| Fig. 8.9

Observations
I Smallest div. of the thermometer=......... °C-
Table No. 8.2
No. of obs Temp. at which the substance - P' _t +tp | Mean M.P.
T2
Begins to melt t] °C Begin to solidify tp °C
1
2
3
4
5
S
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Exercise 8

© © N o

Calorimetry and Changes of State

State the difference between heat and temperature.

2. Define specific heat capacity. What is its unit ?

3. Define thermal capacity and water equivalent. What is the difference between them.

4. Explain why the temperature remains constant during the change of state of a substance, Defip,
latent heat of fusion of ice and latent heat of steam.

5.  Which is more severe, burn due to steam or boiling water at IOO°C ?

What is a calorie ?

What is the use of drying ice with a blotting paper before adding it to water in a calorimeter ?
Explain the use of steam trap and condenser while finding the latent heat of steam.

Why is it that. steam burn is more severe than burn due to boiling water ?

10. What is the use of polishing the calorimeter ? |

11. Why do you use a stirrer in a calorimeter ?

12. Why do you use a wire gauge stirrer in an expt. on latent heat of ice ?

13. How does the specific heat of water vary with temperature ?

14. Does a gas possess one or two sp. heats 7 Why ?

15. Which of them is greater and why ? \

16. 150 gm of iron of sp. heat 0.112 at 95° C is dropped into a calorimeter containing 200 gm of oil of
sp. heat 0.8. The final temperature of the mixture is 65°C and-water equivalent of the calorimeter is
10 gm. Calculate the initial temperature of the oil.

17. The temperature of 500 gm of a certain metal is raised to 100°C and is then placed in 200 gm of
water at 15°C. If the final steady temp. rises to 21°C, calculate the sp. heat capacity of the metal.

18. Calculate the quantity of heat required to convert 2 kg. of ice at - 12°C to steam at 100°C.

19. 500 c.c. of water and an equal volume of a liquid of density 0.8 gm/cc are poured successively i
the same calorimeter and they are cooled from 60°C to 55°C in 2.5 min and 1.5 min. respectively
Find the sp. heat of the liquid water equivalent of the calorimeter is 20 gm.

Exercise
Melting point of solid |

1. Define melting point and freezing point.

B

Why does the temperature remains constant during change of state ?
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Experiment No. 8.8
To determine the thermal conductivity of a good conductor by Searle's method.
1. Apparatus Required

(i) Searle's apparatus (ii) Four thermometers 01, 02,03 and 04

(iii) Constant Head apparatus H (iv) Measuring cylinder C

(v) Stop watch (vi) Boiler

2. Theory

When a steady state is attained, the hea

| t flowing along the bar of a good conductor per sec. is equal to
the heat gained per sec. by the water flowin |

g in the spiral S.

Q % =mCy (04 - 63)
‘ nd? (6; -0 ,
o K 4 UT.Z)=?C\V (84 - 63) (D)

From which K may be found oﬁt.

61 0

1 DN

From boiler

Jy

Steam
chambers

waste

Fig. 8.10

where Cyy, is the sp. heat of water, K is the thermal conductivity of the good conductor, m = the mass of
water collected in t secs, d = the diameter of the bar 81, 82, 83 and 84 are the temperatures recorded by the

four thermometers in the steady state.

3. Procedufe

() The diameter of the bar is measured by a vernier callipers. The distance x along the bar is also
measured.

(i) The four thermometers are inserted (as shown in the fig.) in the holes drilled in the bar with a little
mercury or glycerine to ensure good thermal contact between the bar and the thermometer bulbs.

(iii) The inlet tube of the bar is connected to the constant — head apparatus H. The positiops of the outlet
tube O and H are adjusted such that a steady flow of a few c.c. of water per sec. is obtained.

}(iV) The bar if supplied with a steam chamber S at the other end which is connected to a boiler to
maintain a steady flow of steam.
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carly steady, the height of H is adjusted so tpy,

i the
rence between 03 and B4 1s about 5 or 6 °C ¢

. sy are n
(v) 8 and 07 are read every 3 min. When they are

, i1 the diffe
rate of flow is increased or decreased until the di I'hen 01, 62, 03 and 04 are noted
(Vi) The thermometers are allowed 10 reach their steady values ’

2 known interval say t s€cs. in a measuring cYlinde,

(Vi) The out flow of water from O is cnllcclcdllof
C. The mass. of water collected is recorded. ) )
; . T, twice or thrice (aceor:
) 5 e Jqate is again I'Cd(,hed say ‘CCOIdl
(viii) Operations 5, 6, 7 are repeated when the steady 5‘“"“ lth‘c{:rate of flow o
A % B o T LN o ‘
to time available) by slightly increasing Of decreasing

(ix)  Observations are noted as follows.

4. Observations

2. Errors in measuring the mass m of the water and time t can be minimised b

Distance X = ......uvuns cm.
Diameterd of the bar=......... cm.
Table No. 8.3
Obs 0y °C 07 °C 63 °C B4 °C Mass of water gm. Tim
Errors

1. The errorin (8] —07) and (84 — 03) is the sum of the errors in reading two temperatures. Loss ol
heat from the bar may affect 81, 82, 63 and 64 more or less equally, thus will not affect their
difference to any great extent.

i i ' collecting water overd
long a period as possible. ) 8

Order of Accuracy

The maximum % error in K is given by ok x 100

6(61-62) 3(B4-03) &m §
_ 2 i dm t dx 2
[(91—92)+ (04 -03) © ln+7+% %

The errors in(8) — 67) and (84 — 03) are lik
3) are likely to be much more sjonifi i an
. re y v ' . 1\ dl
d because of these small size of the temperature differences SHET - a0 Ml |

+

X 100 %
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Experiment No. 8.9

To determine the thermal conductivity of q Rubber Tub ing

1. Apparatus Required

(i) Rubber Tubing R.  (ii) Drilleq wooden coy

| erw. (i) Calorimeter C (iv) Boiler
v) Thermometer (— °C) Y T all: : . )
v) 10 (vi)'1 ravelling microscope (vii) Accurate balance & weight box.

2. Theory

Steam is passing through rubber tubing

immersed in water in a calorimeter. the heat passing per
scc. through the walls of the tubing by ) alorimeter. So the heat passing p

conduction = the heat eaine ime
water at room temp. wgeined per sec. by the calorimeter and
. KA (0, -0)) 2
\x =(ws+m)g il

where k is the thermal conductivity of rubber, A is the surface area of the walls of the tubing,

x = wall thickness

07 = temp. of steam. ?team To

. rom-—» N _—>
8] = room temp. bollae - [ — sink
m = mass of water : Py o

[
&
>
&
2

w = mass of caorimeter

S = sp. heat of calorimeter.

(¢

b gradient of the curve of temp. & time at room temp.

0> -0 :
K 2711'.1L2h1) = (WS + m)% ... (2)

7

ris the average radius of the tubing, [ is the length of the
tubing immersed.

3. Procedure

() The rubber tubing R is passed through the holes in the wooden cover W so as to form a U — shape
inside the calorimeter C. '

(i) The calorimeter is weighed empty.

(iii) Sufficient ice is added to cool water some 10 °C after all ice has melted. The calorimeter is reweighed,
not allowing the temp. to rise more than 5 °C.

(iv) Next steam from the boiler is allowed to pass through the rubber tube immersed in water in the
calorimeter.

(v) The temp. of water is noted every 15 sec. stirring well, until it is about 10 °C above the room temp.
The room temp. is finally noted.

(Vi) The length of the rubber tubing immersed in water (between the marks BB upto water levels in R is
measured.

(Vii) The rubber tubing is removed. The inner and outer diameters of the tubing are measured by means of
a travelling microscope.



4. Observations

...............

............

Mass of cal. + water = W]

Mass of water=w|-w=m=§

o]
Room temp. 0= ............ C
Inner diameterdp = .o.oooveeeee cm
Outer diameter dp = ...ooeveees cm.

Table No. 8.4

Time in sec.

Temp./°C

Temperature is plotted against time. A tangent is drawn t

a
b

Inner radius of tubing =7 =

gradient

..................

Average radius r
Thickness of wall of the tubing =rp —r] =
Then from eq. (2) above K x 2mrl
From which K can be calculated.

Conclusion

The thermal conductivity is found to be

Errors

May occur in the measurement of : (i) gradient

(62-61) _

o the curve at the room temp. . Ney the

of the curve at this temp. is measured.

2

b of the curve at 0, (ii) weights (iii) length

(iv) thickness x (v) average radius (vi) room temp 0.

Th 5( 2) in the gradi i :
S Error oy ¢ J 1RTe gla ient may be estimated by drawing lines that are not just tangential t0 the

curve at temp. 0 and the slope is measured.

The % error in the total water eg. of water plus

calorimeter should be small since the weights involved are fairly large

Order of Accuracy

Maximum % error in K is SYK X 100% =

8l  dr

L dr 3(62 -8))
l r

(62 -61)

a
b

b
Lo
X

x 100%
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Experiment No. 8.10

To determine the Relative Humidity of Air in the Laboratory

{. Apparatus Required

(i) Daniell's Hygrometer  (ii) Ether (iii) Small pipette.

2. Description

Daniell's Hygrometer has two bulbs A and B connected by a glass tube.
A has a golden or sn!vcry surface around it and B connected by a glass tube.
A has a brightly polished surface around it. It contains ether. The bulb B is

wrapped up with a piece of muslin cloth. There are two thermometers—one 't
inside the bulb A and the other T on the stand.

3. Theory

The dampness of the air depends not on the quantity of water vapour

present but on the nearness of that vapour to saturation. The dampness is
expressed by the relative humidity.

The relative humidity of air at any time : Fig. 8.12

mass of water vapour actually present in a given volume of air

ss of water vapour reqd. to saturate the same vol. at the same temp
S.V.P. at dew point

- PO 100
S.V.P. at lab temp.

s 100

4. Procedure

(i) Ether is poured drop by drop on the muslin cloth by means of pipette or a dropper. Ether evaporates
and B is cooled. The temp. inside the bulb A is gradually lowered to such an extent that dew is
formed outside B. Just at this instant, the temp. of the thermometer t is noted carefully.

(ii) The pouring of ether is stopped. The temp. rises. The temp. t is again noted as soon as the dew
disappears.

(iii) Operations (i) and (ii) are repeated at least 5 times.
(iv) The temp. of the air outside is noted from T.
(v) The saturation vapour pressure at the dew point temperature and the temp. of the atmosphere is
found out from the physical tables and the humidity is calculated.
5. Observations
Table No. 8.5

No. of obs. . Temp. at which dew Mean dew. point Remarks

appears t; disappears t, L oC t; + ty
‘ 2
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From the physical tables:
S.V.P. at dew point (1) =
S.V.P attemp. T=F......

(
Rel. Humidity (R.H) = E x 100

Errors and Order of Accuracy
. -4 =3 *1°, r.
(0 errors in reading the thermometer including zero erro
ature. This however will not be larger than the dlfferenc
C

ns on cooling and diappears on war ning.
at the dew point (t °C) and the room temp, T o¢

SRH LN F x 100%
caused by error 8t and 8T respectively in the temperaturc = RH x 100 = ( 0.

(1) These arise due
(ii) Error in locating the dew point temper
between the temperatures at which the dew fort

The variation 8f and 8F in the value of the S.V.P.

Exercise

. Define dew point.

2. What do you understand by saturated and unsaturated vapour ?
3. What is relative humidity ?

4.  What is absolute humidity ?

5. Whatis a dew point hygrometer ?

6. Why do wet clothes dry slower in rainy season than in summer, even though the temperature be the
same ?

7.  What is the importance of the knowledge of hygrometry in every day life ?

On a particular day, the dew point was observed to be 12.5 °C, when the temperature of air was
18.7 °C. Calculate the relative humidity on the day.
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Chapter 9
Optics
9.(a) Reflection at Pl

Light

ane Surfaces

9.1 Laws of Reflection

The angle of incidence is the angle
(he point of incidence. The angle
surface at the point of incidence,

between the incident ray and the normal to the reflecting surface at
of reflection is the angle between the reflected ray and the normal to the
Inregular reflection,
(i) The incident ray, the reflected ray and the normal to the reflecting )

] ‘ o .
surface at the point of incidence lie in the same plane.
(i) The angle of incidence is equal (o (he angle of reflection.
9.2 Law of Rotation
;
It states that if the mirror s rotated through an angle 0, the reflected -~ ¥ 7777

ray is rotated through 20, Plane mirrors fory
and of the same size as the object, and
object is in front of it.

) ) Plane mirror
n Images that are erect, virtual

are as far behind the mirror as the Fig. 9.1

Experiment No. 9(a).1
To verify the Laws of Reflection of Light

1. Apparatus Required

(i) Plane mirror mounted on wooden block (i1) Protractor (iii) Scale
(iv) A sheet of paper  (v) Drawing board (vi) Fixing pins  (vii) Hair pins.
2. Theory

The laws of reflection state that (i) The angle of incidence is equal to the angle of reflection. (ii) The
incident ray, the normal at the point of incidence and the reflected ray all lie in the same plane.

3. Procedure o
i) A sheet of paper is fixed on the drawing board with the help of 4 fixing pins.
iddle of i is marked in front of the line at
i ine "is 1 through the middle of the paper. A point O is mar
" ?Sitétlil?:el\llxl'elst}(lj;i\\;lo cms. From O, line OA|, OA2,0A3,0A4,0A5 are drawn so that they make
anole; of 30°, 40°, 50°, 60°, 70° respectively with the normal drawn at A|, Az, A3, A and As.
o =4 ’ K ’
| Ay P2 Ay P A

P - o

S

. FRF I DA S S S A A .

‘.‘,-.v/-iJA"A: =3 M
- ~

N =< s
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eflecting surface may coincide with the j,

Il be at a distance of about two—thi.

. o that its r
placed vertically s ds of thz

(iii) The plane mirror is now : .
| p | reflecting surface Wi

NM. For a thick mirror, the actua

thickness of glass from the first surface. ot e
S
a distance of more than 10 cms. The imag Pins are |oqy,

a way that the reflected images of the previous tw, Ping

(s S ' : int. Now these two pi
appear to be only one, a third p in is fixed to cover the thlbrd 1191:)13; came st line. Ili“;; ;md the
reflected images of the first two pins shoulq appear 10 D¢ than 10 cms. Pin pricks are uld e
remembered that the two pins should be at a distance not less Marke
(L1). _

(v) Operation (iv) is repeated for other incident rays OA2, OA3 et
marked (2,2), (3, 3) etc.

(iv) Two pins are fixed on OA | atadi
for along AjR|. Placing the eye in such

c. Pin pricks along reflected ray are

(vi) The pins and the mirrors are now removed. Pin pricks (1,1), (2,2) etc. are nged b}t/ grawmg St. line
through them. The lines are produced to meet the line NM'. Normals are drawn at A, Ay, Ay ¢
Through O, a st. line is drawn parallel to NM and meeting the normals and reflected rays at NlRl,
N2R> etc.

(vii) The first law is then verified by any of the two ways shown below.
4. Observations
Verification of the 15t Law.

Table No. 9(a).1

I. Using a Protractor

—

No. of obs. | Angle of incidence i(ZOA|N)) Angle of reflection r(ZN;AR;) Remarks | Conclusion
1

2
3
4
15

Table No. 9(a).2 )

| I1. Without using a protractor
No. of obs. | Distance (ON;) Distance (N|R) Remarks Conclusion ‘d
1 :

2
3
4
5

‘Verification of the 2nd Law\xwd/

This is a case of normal reflection. The ine:
. - The incid
lying on the planc of the paper. The normal ent ray and the refle

drawn perpendj
plane of the paper. Hence the incident ray, the normpql apn g t;]Ceuia;llo the
€ eflected |

Cted ray pass through pin-pricks
plane of the mirror also lics on the
ay all'in the same plane.
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(1)

(i)

(iii)

(iv)
(v)

(vi).

(vii)

Errors and Precautions

The mirror should be of good glass, thin properly silvered. It should be mounted vertically.
The back surface of the mirror (silvered surface) should coincide with the line NM.

The linear deviation will be more for a given angular deviation if the distance between the pins is

large. Hence small angular deviations can be detected if the pins are fixed wide apart about 10 cm. or
more. ,

The pin positions on the board are marked clearly by drawing small circles around the pin point with
a pointed pencil.

The direction of the rays should be marked by arrow heads.

The eye should be placed about 25 cm. from the pins while making observations.

Experiment No. 9(a).2
To verify the Law of Rotation of Light

Apparatus Required

(1) A plane mirror mounted on wooden blocks (ii) Protractor
(iv) A sheet of paper (v) Drawing board

(iii) Scale
(vi) Fixing pins  (vii) Hair pins
Theory

The law of rotation states:
"When a mirror rotates through an angle 6, the reflected ray rotates through 26."

Procedure
A sheet of paper is fixed on the drawing board
by four fixing pins.
A st. line MM' is drawn through the
middle of the paper.
Five st. lines OM|, OMj,, OMj3 etc. are
drawn at O making angles of 10°, 20°, 30° etc.
with MM

An incident ray 1O is drawn so that ZIOM is
40° two pins about 10 cms. apart fixed on 1O.

'O/"/f/'///////N

RS

ML{'!K////;’/

~
~

The plane mirror is placed vertically such that
its reflecting surface coincides with MM".

Looking along OR, two other pins are fixed R
along OR so that reflected images of the first R, R, 3
two pins appear to be in the same st. line as ‘

the third and fourth pins. The distance Fig. 9.3

between pins should always be more than 10 cm.
Then the mirror is placed in positions OM}, OM3, OM3 etc. are obtained.

(viii) The angles between OR and OR|, OR and OR etc. are measured and entered in a tabular form as .

follows.
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4. Observations

. Inference RO
Angle of rotation of A R
No. of obs, ___—/L ie. ZR ] etc.
he reflected ray 1.
irror i.e. ZMOM] etc. | the retier = ————————
the mirror 1 : -0 \
0 ]
]
1 10°
2 20°
3 30° -

4 40°

3 >0 ) ' — ]

S. Conclusion : v
This it is seen that the reflected ray is rotated through 26 when the mirror is rotated through 6.

Errors and Precautions

Same as in the previous expt.
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Chapter 9

(b) Reflection at Spherical Surface

9(b).1 Spherical Mirrors

A spherical mirror is the part of a hollow s

The former is called a concave mirror and the latter a convex mirror.

Centre of Curvature

[tis the centre of the sphere of which the mirror is
Pole

a part.

Itis the centre of the circular boundary of the reflecting surface.
Principal Axis

It is the line joining the center of cury
Mmirror.

ature and the pole of the

phere, the inside or outside surface of which is reflecting.

Real / E
.focus

X ¢ F X

ot

Fig. 9(b).1

Radius of curvature: It is the distance between the pole and center of curvature of the mirror. -

9(b).2 Principal Focus and Focal Length

When parallel beam of light is incident on a spherical
mirror, after reflection it actually passes or appear to pass
through a fixed point called the principal focus F of the
mirror. The distance of this point from the pole of the mirror
is called its focal length. It is equal to half the radius of

“~~__Virtual focus

~

curvature.

Concave mirrors form real and inverted images of
objects located beyond the principal focus. They form virtual,
erect and enlarged image when the object is between the focus
and the pole of the mirror. Convex mirrors produce only

virtual, erect and diminished images if objects are if placed in
front of them.

Experiment No. 9(b).3
To determine the focal length of a concave mirror by

(1) Single pin method Parallax method
(ii) Double pin method

(i) Single Pin Method: By Parallax (i) Using an Optical Bench.
1. Apparatus Required

(i) Optical bench with adjustable pin and mirror holders
(ii) Concave mirror

(iii) One screen.
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2.

parallel to the principal axis of a concave mirror will a
Any ray starting from O and passing through F,

Theory , . )
object at the centre of curvature C, in a directigy,

fter reflection, pass through the principal focus p
falls on the mirror at A' and after reflection pass along A

A beam of light proceeding from O, the top of the

meeting the previous reflected ray at L.

formed at the centre of curvature itself. Then the dista

w

(i)

(ii)

(iii) The pin mounted on the adjustable stand is placed at a distance equal to

(iv)

(v)

(vi)

. . ‘0. IC is the real and inverted image of oe
“hen Tis the positi  real and inverted image of O 1.¢. _ '
Then 1 is the position of the real an B s the radius of curvature o F the mirror.

Hence focal length f %: r.

Procedure

The concave mirror M and the object pin O are mounted on sgita}ble arl;d
adjustable stands on the optical bench. The height of the pin Is to be
adjusted at the height of the pole of the mirror.

The rough focal length of the mirror is found out by focusing a Qistant
object on a screen placed in front of the mirror. When the distinct image
is seen on the screen, the distance between the pin and the screen which
gives the rough focal length is measured. ;

twice the rough focal length. Then viewing from the front, it is seen
whether the pin and its inverted image as seen through the mirror just
touch cach other or not. If not the height of the pin or the inclination of ~ Fig. 9(b).3
the mirror is adjusted as required.

In this condition, the eye of the observer is moved sideways. If there is parallax, the object and the
inverted image will have relative displacement. In case the inverted image moves ahead of the object
point, the pin is moved away from the mirror i.e. the distance is increased. If the erect pin moves

ahead, the distance of the pin is decreased. This adjustment is done till parallax is completely
eliminated.

The positions of the mirror and the obje_ct pin are noted from the optical bench. The difference
between these two readings gives the observed radius of curvature.

The above operations are repeated 5 times.

(vii) Index rod correction is then applied. To do this the length of the rod is measured. It is held by

allowing one end touching the pole of the mirror, the other end touching t
Let this distance (length of the rod) be x. In this condition, the positions of the pin stand and the
mirror stand are read from the optical bench. Let it be y. If x = Y, No error, there is no need of any

correction. If x >y, x - y = correction to be added to the observed distance, if x <Y,
X - y = correction to be subtracted from the observed distance.

he tip of the object pin.

Observation

Length of the index rod =x S cm.
Observed distance =y =...... cm.
Index correction =X~y = ... cm.
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— — Table No. 9(b).4
‘. \
r/ Position of the |

No. of | Concave Object Observed Mean ob . |

. . . an obs, Index rod True Distance 2
obs. | mirror cm. | pin cm Distance ¢m Di f=5rcm.
| oS =] Uislance c¢m. | correction cm. rcm. 2 g

5
e R e i S

Hence the focal length =

Error and Order of Accuracy
Errors

(i) May arise due to difficulty in setting the zero of the rule at the pole of the mirror.
(ii) In reading the position on the pin.

(iii) In setting the no- parallax position, which may

) be estimated from the variations in the result
obtained.

The total error in r is the sum of these errors. Hence the error in f and the order of accuracy are found
out.

(i) Single Pin Method: By Parallax
(i) Without using an Optical Bench

1. Theory

Same as given above.

2. Procedure

(i) The height of the pin is adjusted at about :
that of the pole of the mirror. The rough
focal length of the mirror is determined by 1
focussing a distant object on a screen held in <
front of the mirror.

(i) The pin is then held in front of the mirror at
distance equal to twice its rough focal
length. It is seen whether the pin and the tip
of its inverted image just touch each other or
not. If not, the height is again properlyv | , ., .
adjusted. Then moving the eye right or left Dl nullmlHllluuﬂmhmllmlnnlmnlmlﬁmlnﬁ
parallax is completely removed as explained Fig. 9(b).4
in the above expt. The distance between the
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in is directly measured by means of a metre scale, TO make e
e end of the scale, with one cm. of the pin pmjeCting
e at the pole of the mirror.

pole of the mirror and tip of.lh_e p o
measurement convenient, a pin 1s attached a :
outwards. This makes it possible to place the s

and the mean of which gives the radius of curvature of the

(iii) The observations are repeated 5 times
mirror, half of which is its focal length.

3. Observation
Table No. 9(b).5

—rcm.| meanrcm. 1

No. of obs. | Dist. between the pole of the mirror and the pin head f= Srem,

(ii) Double Pin Method: u - v Method using an optical bench.

1. Apparatus Required

Optical bench with adjustable stands for object and image pins. (2) Concave mirror also on an
adjustable stand.

2. Theory

In a concave spherical mirror, we have

+

< [r—
= |—

& -

where u denotes the object distance i.e. distance between the object and the pole of the mirror.

v denotes the image distance i.e. the distance between the ima

. ge pin and the hole of the mirror, f i
the focal length of the mirror.

3. Procedure

(i) The rough focal length of the mirror is found by focussing a distant object on a screen placed in front

of the mirror. When well defined distinct image is formed on the screen, the distance between the pin
and the screen which gives the rough focal length is measured,

(i) The object pin and the image pin are marked

5 red and black respecti ted on
adjustable stands at the same heights as the pole pectively. They are mous

of the mirror.,

(iii) first thf‘c object pin 'is placed at a distance equal to twice the focal length of the mirror, The inverted
Image i1s made to just touch the tip of the object pin. Then parallax is removed as described if
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operation (4) in the single pin method. The

it bl position of the object pin, and the mirror are read from
the optical bench. ,

(iv) The object pin i‘S then placed nearer the mirror by about 2 or 3 cms. The image of this pin is received
by the other pin placed beyond 2f and parallax js eliminated as in the previous operation. This

observation is repeated at 4 object distances within f and 2f and adjusting the image pin, each time
noting the position o the object pin, image pin and the mirror.

(v) After this, the object pin is placed beyond 2
the parallax being eliminated as before. Thij
beyond 2f.

(vi) Index correction is applied with the hel
index rod say X is equal to the observe
optical bench, there is no error and he
added to the observed distance,

f. its image being received by a pin placed within 2f,
§ operation is also repeated at 4 distances of the object

p of an index rod of known length. If the actual length of the
d distance y between the object and the pole as read from the
nce no correction. If however x > y, X - y = correction is to be

4. Observation
Length of the index rod = x =
observed dist. between object and the pole=y=
CorrectionforU=x~y = .. cm

Similarly, observed distance between image -

pinand the pole =y = cm.

CorrectionforV. =x~y = cm.
Rrough Focal length of the mirror.

Table No. 9(b).6

No. Position of Apparent | Corrected

of | obs | mirror | object | Image| u | v u | v |1 1 1 1 1| f | Mean v
obs. a pinb | pinc u v G+v=f f m=u
1 |at cm cm cm

2 | 2f

3

4

5

6

7

8

Lo |

Note: The following graphs are drawn and the focal length is determined from each of them:
. 1 1
()uandv (ii) ;and

(iii) u and m (magnification) (iv) v and m( magnification)
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Conclusion from Graphs .
: bench.
(ii) Double Pin Method: u -V Method without using an optical

1. Apparatus
adjustable stands.

¢ mirror, object and image pins on | |
d. one cm. of it being projected outwards,

(i) Concav
scale with a pin attached at one en

(i) One meter
2. Theory

Same as above.

Procedure

2]

(i) Same as in the single pin method. This time th
the image distance are measured by a scale.

One at 2f, 4 or 5 of the previ

(i) Observations are taken in this way:
low and results calculated.

case also. Observations are tabulated as shown be

4. Observations

e expt. is performed in the free table. The object 4 d

ous expt. (ii) are repeated in thjg

Rough focal length of the mirror = ......cms.
Table No. 9(b).7
)
No. of | obs at Ob;j. Dist. Image 1 1 1 L 1 __:l f em. Mean ]
obs. u cms. v cms. o ¥ u v  f cm. u
1 2f ]
2 beyond
3 within 2f
4
3
6
7
8
9
I

N.B: T.he following graphs are drawn and the focal length is determined from each of them:

(i) uandv
(i) L and 1

u %
(iii) uand m

(iv) vand m

Conclusion from graphs
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Experiment No. 9(b).4
To determine the focal length of a convex mirror by
(i) Convex lens method (ii) Plane mirror method

(i) Convex Lens Method

1. Apparatus Required
(i) Optical bench

(ii) Object pin and image pin in adjustable pin holders

(iii) Convex mirror

(iv) Convex lens.

2. Theory

Let O be an object in front of a convex lens

determined by Parallax method.

Let the convex mirror M be
placed at some distance from L and
viewed from the front side. The
position of M is adjusted till the
inverted image of the pin is concident
with the object itself. This will
happen only when the ray of light will
retrace the path, with the object itself.
This will happen only when the ray of
light will retrace the path, which is
possible only if the rays have fallen
on the convex mirror normally. If that
be so, the extension of these rays
behind the mirror M must meet at its
centre of curvature.

Hence I should be the centre of
curvature of the mirror M. Then the
radius of curvature is

3. Procedure

L and I be the position of its real and inverted image,

Fig. 9(b).5

r=MI=LI -LM.

1
2

(i) An object pin O is held in front of a convex lens beyond its focal length. Its real and inverted image
is obtained without parallax at I. The positions of the lens L and image I are noted.

(i) Then the convex mirror M is interposed between L and I and adjusted so that when viewed from the
front side the inverted image coincides with the object itself. The position of the mirror M is then

noted.
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slightly changing the distance of ‘

least 5 times g are ta ¢
he observations bulated a4 shoy,

(iii) Operations (i) and (ii) are repeated at

et in (i), t
object and also the mirror and hence adjusting as In (it)
below: ‘
Table No. 9(b).8 ; Y
——————— | Radius ean
I—— . Distanceé
No.of[ ____ Position of l:—:‘;ljfﬁr‘ﬂ”’ﬁ/l’d r=LI-LM | rem 1
obs, Object O Lens L. T Mirror M Image f :E :
|
2
3
4
5
——

Error and Order of Accuracy
Errors may occur in M and I for sharpest forms and hence in measuring LIand LM.
From the different values of r, the greatest difference is obtained from the average value.

(ii) Plane Mirror Method

1. Apparatus Required

(i) Convex Mirror (ii) Plane Mirror (iii) Pin holder

2. Theory

A plane mirror strip is held between the convex mirror P and the object pin. The pin O is adjusted so
that the reflected images seen through the convex and the plane mirror lie along the same line without |
paralldx. Then for the convex mirror.

Object distance u = PO

Image distance v = - PI

=- (MI - PM)
=- (MO -PM)
1 1 1
Then Fou + v
3. Procedure
(i) The plane mirror strip is held in front of the convex mirror such that
the top of the plane mirror lies on the principal axis of the convex t \3 | IU_J
- 0

mirror. It is placed say about 4 or 5 cm infront the convex mirror v 3Pf
They are placed along a meter scale. '

(i) A”_ object pin is held in front of both the mirrors. Its position is
adjusted so that there is no parallax between the two images of the

SN N N N
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object seen through the two mirrors. The

mirror are noted positions of the object pin, the plane mirror and the convex

(iii) The above operations are repeated five times by

{ m each time, Observ changing the distance between the two mirrors by

ali are ¢ *Mreda s o
ons are entered and results calculated as shown below:

4. Observations

Table No. 9(b).9

ey P TN
No.of | Pc))smon pf PM | MO | MO -PM | Poz 7T Mean
obs. Convex Plane mirror Wcm. cm.| =Ve¢ 11l 11 f
mirror P cm. M cm. pin O ¢ | =Vem fuem 1) 1)1 1_1

— . u|v|ju' v f

J

2

3

4

5

Conclusion

Thus the focal length of the convex mirror is ...cm.

Error and Order of Accuracy

[Errors may occur in measurin g MO and MI. The uncertainty in the image distance can be obtained by
finding the distance. M can be moved before the images just show parallax. From the different values of
f, the greatest difference from the average value is noted. '

Light
Reflection at Plane and Spherical Surfaces

Exercises

1. What is Reflection ?

2. What do you mean by Regular and Diffused Reflection ?

3. State the laws of Reflection light.

4. Use a diagram to define and angle of incidence and angle of reflection.

5. What is the difference between an image and a shadow ?

7. How can a real image be distinguished form a virtual image ? Can each type be projected on a screen,
Why ?

8. What is the relation between the objected distance and the image distance in a plane mirror.

g,

What is lateral Inversion ?
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10.
11.
12.

13.
14.
15.
16.
17.

18.

19.

20.

21.

State the Law of Rotation of light.

What do you mean by the deviation

irror ?
of a ray of light in a plane mirror :

r of curvature, radius of curvature, focal length of q Spherical

Define principal focus, pole, cente
mirror.

: . irror 7 Is it real or virtual 9
What type of image do you see in this experiment on a concave m

it form a virtual image ?
Does a concave mirror form a real image ? If not, when does 1t f

: : ii mirror.
State some of the uses of (i) a concave mirror (ii) a convex

: jagrams.
Does a convex mirror form an inverted image ? Illustrate by ray diag

What type of graph do you expect between

i) Uand V
(ii) U and m[ of a concave mirror
(iii)) V and m

Sketch and calculate the image formed by an object placed 2 cm. in f.ront of gi) concaye Mirror (ij)
convex mirror of focal length 15 cm. What is the magnification In this case

An observer walks towards a plane mirror in a speed of 3 m/s. With what speed does he approach p
image ? _

In what position in front of a spherical concave mirror should an object be placed to produce a reg|
image magnified 3 times if its radius of curvature is 18 cm.

Show in a diagram the image formed by placing an object 30 cm in front of a convex mirror of foca|
length 10 cm. Calculate its magnification.
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Chapter 10
Refraction at Plane Surfaces

Refraction

When a beam of light travels from one medi
light is bent towards the normal. This bending
denser medium (water) to the rarer medijum (air),
takes place according to the following two laws:

um (say air) to another medium (say water) the beam of
of light is known as refraction. If it passes from the
it is bent away from the normal. The refraction of light

I. Foraray passing from a rarer to a denser medium
sine of the angle of refraction g constant
media and the colour of light. This |a

- refractive index of the medium. Thus,

, the sine of the angle of incidence (I) bears to the
ratio (n), whose value depends on the nature of the two
W is known as Snell's law. The constant is called the

_Sini__ speed of light in air
Sint  speed of light in medium

2. The incident ray,

the refracted ray and the normal to the surface at the point of incidence are in the
same plane. . ’

_ Speed of light in air= 3 x 108/ m/s
Refractive Index and Lateral Shift. |

QXYZ is the outline of a glass slab. Let a ray IA be incident at .
A. MN is the normal at A. Then the ray will undergo refraction and A
is bent towards the normal and will proceed along AR. At R, the ray
will bend away from the normal and will proceed along RE. IP is "o i-r
the incident ray produced.

Thus IA is the incident ray.

AR ......... refracted ray. - eral
Y
) 2 IR—— emergent ray : M R éh{ It’
ZIAN is the angle of incidence (i) - N E Emergent
ZMAR ......... refraction (1) . ray
: Fig. 10.1

/N'RE is the angle of emergence.
ZRAP ......... deviation (i —r)

RF is the perpendicular distance between the incident ray and the emergent ray. It is called the lateral
shift or lateral displacement and denoted by p.

_sini
M =§inr
The lateral shift (p) is related to the angle of incidence according to the relation.
_tsin(i-r)
~ cosr

Critical Angle

When light passes from denser medium to rarer medium in which its speed is greater, i.e. from
Water to air, the ray bends away from the normal. ’
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-wr

greater than that in water. The angle in W
is 90° is the critical angle for water. When
angle which exceeds the critical angle light 1
surface of separation, back in to water.

nd the normal in air is always

ater for which the angle in air "
he ray in water makes an

s totally reflected at the

Thus the angle between the ray 2

—_— -
— i i

sinC=— :
n Fig. 10.2

Refraction Through a Prism |
m can be determined from the relation.

_  Dm+ A
sin = 5

The refractive index 1 of the material of a pris

where A = refracting angle of the prism.

Dy, the angle of minimum deviation.
Experiment No. 10.1
To verify the laws of refraction and Determine the Refractive index of a glass slab.

Apparatus Required

(i) Glass slab (ii) Drawing Board (iii) Paper (iv) Fixing pins, Hair pins (v) Instrument box.

2. Theory

The laws of refraction are: . o

, —P

(i) For a ray proceeding from the rarer to a denser medium, the 1 'p, 5

sine of the angle of incidence bears to the sine of the angle of l ¢

refraction a constant ratio 1 given by n = A0 L This is .

sing r A

known as Snell's law.
(ii) The incident ray, the refracted ray and the normal to the surface

at the point of incidence are in the same plane.

Construction B P;

.Wlth a as the centre, a circle is drawn such that its lower R
portion cuts the refracted rays within the outline of the glass slab E3
From the points of intersection of the circle and the incident and | 3 £2
the refracted rays, perpendiculars Pi and Pr etc. are drawn on Fig. 10.3
thermal MN.

Py
_ Sin i _ hypotenuse P;
Sinr™ P, TP,
hypotenuse
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3. Procedure

(i) A sheet of paper is fixed on the draw
paper. Its outline, a normal NAM isd
of incidence are 10°, 20°, 30° ¢(c.

(i) Two pins are fixed at least 10 cms.
the outline. Looking from the oppos
so that these tow points

(iii) Operation (ii) is repeated for all the seven incident rays,

(iv) The glass slab is removed. The corres
AR|, ARy, ARj3 etc. are also joined.

(v) Then the circle is drawn as explained under the construction above.
(vi) Angles of refraction are measured with a protractor.

(vii) Perpendiculars Pi, Pr are drawn for the corresponding rays.

(viii) Observations are entered and results calculated as shown below.

4. Observations and Results

Table No. 10.1: (a) With a protractor

ing board. The glass slab is placed at about the middle of the
rawn. Incident rays, like 1{A, IoA etc. are drawn so that angles

apart on the first incident ray I1A. The glass slab is placed on

ite side through the slab, two other pins are fixed 10 cms apart
and the refracted images of the first two pons lie in the same straight line.

ponding pin pricks e.g. R1Ej, RpEp, R3Ej3 etc. are joined.

No. of | Angle of incidence Angle of refraction | Deviation sin i sin r Mean 1)
obs Zi = ZIAN Zr= ZMAR S=i-r
1 10°
2 20°
3 30°
4 40°
3 50°
6 60°
L7 70°
- Table No. 10.2: (b) Without a Protractor
No. of obs Perpendicular P; cm Perpendicular in glass P, cm _ P, Mean n
b
1 10°
2 20°
3 30°
4 40°
5 50°
6 60°
7 70°

A graph of angle of incidence I and deviation 3 is drawn.
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5. Conclusion
he first law.

ne of the paper d
fies the second

The constant value of 1 as obtained above verifies

racted ray lie in the pla

Since the incident ray and ref  the pla
anar. This vern

along with the normal MN. they are all copl
Jaw E—— = W
' T

. 1
Refractive index of glass with respect to air N= o Fig. 104

6. Discussion
(1) Pin pricks must be at least 10 cms apart.

: [ herefore minimi
(1) Angle of incidence should be large so as 10 make Pi and Pr large, which t mises the

Crror,

(i1i) The pins must be observed from a distance of about 25 cm.

Experiment No. 10.2

To study the variation of the lateral shift of the given glass slab with the angle of incidence and
hence find the thickness of the slab.
1. Apparatus Required

Same as the previous expt.

2. Theory

The lateral shift or displacement is related to the angle of incidence and the thickness of the glass slab
by the relation.

tsin(i—-r
potsin(i-n
cosr

where P is the lateral shift i.e., the perp. distance between the emergent ray and the incident ray produced.
t is the thickness of the slab. . .
i and r the angles of incidence and refraction respectively.

=tsin(90°—r)_tcosr__

P =
cos 1 cosr

Thus the lateral shift corresponding to the 90°, angle of incidence is equal to the thickness of the
given glass of the given glass slab.

3. Procedure

(1) Operation gl) to (5) of the previous expt. are performed. (7) Between the incident ray produced
and the corfespopdmg emergent ray, perpendiculars (lateral shift) are drawn at three different points and
measured. This is done for each corresponding pair. Observations are entered as shown below. (8) A

graph of lateral shift p is drawn against the angle of incidence. The val i °j
. . . d f =90°1s
extrapolated which gives the thickness of the slab. ue of p corresponding to t =9
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4. Observations

Table No. 10.3

No. of obs. T ol
Angles of Incidence Lateral Shift Pcms |

| 10° Lo

. (TR

L irmee o i sabnmaanis s vmer

? 20° Lo

[T P

[V —

3 30° oo s o R 2

TP

§ e wove i 0 g 1 e 555

4 40° S

S 50° F s s e 538

§ e e o R e

For i = 90°, Lateral Shift=............... )
Thickness of the slab=............... A,
Precautions f;
[
Same as in the previous expt. g
e
90°
O o

To determine the Refractive index of the glass slab and the g

1. Apparatus Required
(i) Travelling Microscope

(iv) Given liquid (water)

Experiment No. 10.3

(ii) Glass slab (iii) Beaker

(v) Lycopodium power

2. Description of the Apparatus

Refer to any Text Book.
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3.

Theory

The refractive index

Microg,
objectiye

00— N
v

A
Real depth
n= Apparent depth
T » k at the A2
If O be the real position, O' the apparent position of afar:ea:)fa oligh; =
bottom, A the position of Lycopodium powder on the upper sur .
as focused by the microscope, then Fig. 10.6

4.
(i)

(ii)

(iii)

(iv)

v)

(vi)

Real Depth _ 3" reading — 15! reading
~ App. Depth ~ 31d reading — 2 reading

Procedure

Value of the smallest division of the vertical scale of the microscope is noted. The vernier Constant
is determined.

A small piece of paper is pasted on the stage of the microscope just below its objective. A Cross
mark is drawn on it.

After properly levelling the base of the microscope, the microscope tube is adqusted ver-tlcal and the
eye—piece is focused so as to see the cross wires distinctly. Raising or lowermg.the. mlCI'OS.COpe as
required it is focused on the cross mark avoiding parallax. The main scale and vernier readings are

noted. It is slightly disturbed by <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>