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Syllabus
Mechnics and Wav^M^ion Lab

(BScPCM^b2>V
• ;

1. Study of laws of parallel and perpendicular axes for moment of inertia.
2. To determine the moment ofinertia by flywheel.
3. To determine the moment ofinertia of irregular body using inertial table apparatus.
4. Study of conservation of momentum in two dimensional oscillations.
5. To determine the surface tension by Jaeger’s method.
6. Study ofa compound pendulum.
7. Study of damping of a bar pendulum under various mechanics.
8. Studyofoscillationsunder a bifilar suspension.
9. Potential energy curves of a 1-Dimensional system and oscillations in it for various amplitudes.
10. Study of oscillations of a mass under different combinations of springs.
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Mechanics and Wave Motion Lab

MOMENT OF INERTIA

EXPERIMENT No.

Object: To study the variation of moment of inertia of a system with the variation in 
the distribution of mass and hence to verify the theorem of parallel axes. 
Apparatus used : Maxwell’s needle apparatus with solid cylinders only and a stop 
watch or a light aluminium channel about 1-5 metre in length and 5 cm. in breadth 
fitted with a clamp at the centre to suspend it horizontally by means of wire, two 
similar weights, stop watch and a metre scale.

Formula used :
The time period T of the torsional oscillations of the system is given by

1q + 218 + 2msx 2
T = 2n

c

where Iq = moment of inertia of hollow tube or suspension system,
I8 = moment of inertia of solid cylinder or added weight about an axis 

passing through their centre of gravity and perpendicular to their 
lengths,

ms = mass of each solid cylinder or each added weight, 
x = distance of each solid cylinder or each added weight from the axis of

suspension,
c = torsional rigidity of suspension wire.

Squaring the above equation 
4 n2 [Iq +2Is + 2ms x2] 

8n2 ms x2

T2 =
c

4 k2
(I0+2IS)+

c c
This equation is of the form y = mx + c. Therefore, if a graph is plotted between 
T 2 and r 2, it should be a straight line.

Description of the apparatus :
The main aim of this experiment is to show that how the moment of inertia varies

o

with the distribution of mass. The basic relation for this is I = S mx . Two equal 
weights are symmetrically placed on this system. By varying their positions relative to 
the axis of rotation, the moment of inertia of the system can be changed.

■/S/S/S/SSSSSS/j'j’S'j'SS/s

h-x- X •■
j \n 'JLs s

Fig. (1) Fig. <2>
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Mechanics and Wave Motion Lab The Maxwell’s needle with two solid cylinders can be used for this purpose. The 
two weights are symmetrically placed in the tube on either side of the axis of rotation 
and their positions are noted on the scale engraved by the side of the groove on the 
hollow brass tube as shown in fig. (1). The time period of the torsional oscillations is 
now determined. Now the positions of these cylinders are changed in regular steps 
which cause the variation in distribution of mass. By measuring the time periods in 
each case, the moment of inertia of the system is determined. In this way, the variation 
of moment of inertia of the system is studied by the variation in the distribution of 
mass. For the successful performance of the experiment, the moment of inertia of the 
suspension system should be much smaller than the moment of inertia of the added 
weights so that a large difference in the time period may be obtained by varying the 
position of the added weights. For this purpose a light aluminium channel of about 
1*6 metre in length and 5 cm. in breadth may be used as shown in figure (2).
Procedure :

(i) As shown in fig. (1), put the two solid cylinders symmetrically on either side in 
the hollow tube of Maxwell’s needle and note the distance x of their centre of gravity 
from the axis of rotation.
Or, As shown in fig. (2), put the two equal weights on the aluminium channel 
symmetrically on either side of axis of rotation and note the distances x of their centre 
of gravity from the axis of rotation.

(ii) Rotate the suspension system slightly in the horizontal plane and then release 
it gently. The system executes torsional oscillations about the suspension wire.

(iii) Note the time taken by 25-30 oscillations with the help of a stop watch and 
then divide the total time by the number of oscillations to calculate the time period T.

(iv) Now displace both the cylinders or added weights by a known distance say 
5 cm. away from the axis of rotation and determine the time period as discussed above.

(v) Take atleast 5 or 6 such observations at various values of x by displacing the 
weights in regular steps of 5 cm.

(vi) Now plot a graph between x 2 on X-axis and corresponding values of T 2 on 
Y-axis. The graph is shown in fig. (3).

Y

t
T2

x7
Fig. (3)

Observations :
Table for time period T and the distance x of the weight.

2 Sclf’Instructional Material



Mechanics and Wave Motion Lab
x2 jt2Time PeriodS. Distance of the 

cylinder or added 
weight from axis of 

rotation x meter

(m2) sec2No. Time period 
T = (t In) 

sec.

Mean time 
period T, 

sec.

Number of 
oscillations

Time taken 
t sec.

n
2 201. *1. *1

25
30

2 202. *2 X2
25
30

23. *5

Result: Since the graph between T 2 and x 2 comes out to be a straight line, it verifies 
that the basic theorem / = 2 m x 2 from which theorem of parallel axes follows, is 

valid.

Sources of error and Precautions :
(i) The suspension wire should be free from kinks.
(ii) The suspension system should always be horizontal.
(hi) The two solid cylinders or added weights should be identical.
(iv) Oscillations should be purely rotational.
(v) The suspension wire should not be twisted beyond elastic limits.
(vi) Periodic time should be noted carefully.

fifeDITIOF1AL EXPERIMENT

Object: (i) Determination of C, couple per unit twist, of the suspension wire.
(ii) Determination of Is, the moment of inertia of the suspended system and Iq , the 

moment of inertia of the system with two added masses at x = 0, about an axis passing 
through the suspension wire.

's

Formula used ;
The couple per unit twist C is given by

C-Stt2 ms (Ax 21 NT2)

If Ts and TQ are the periods of oscillation with the suspension system alone, and 
the system plus the two bodies at x = 0, then

rn2   /ti2
2 •*()

rp 2 rp 2 
1X ~1(i

rp2. 
1 SIs=2 msx2 and Iq = msx

rn2 _ rii 2
1x -*0

Procedure :
Same as discussed in experiment no. 3.

Observations :
(i) Mass of the solid cylinder or added weights ms =
(ii) Time period Ts =
(hi) Time period T0 =
(iv) Same observations as of experiment 3.

Calculations :
9 9From the graph of exp. 3 obtain the value of (AT / Ax ).

>-

kg
sec.
sec.

Self-Instructional Material 3



'ax2>

- Newton-meter per unit twist
Using Tx 2 values for different x values from the observation table, calculate, 

Is = 2m8 x2

Mechanics and Wave Motion Lab
C = 8n2msNow

rp 2 
1 S =... kg . m2

rp2 rp2 
1X 1Q

rr\2
•*5J0=2 msx2 = ...kg . m2

rp2 rp2
XX 1 o

Vice-Voce
Q. 1. How the moment of inertia of a system can be changed ?
Ans. The moment of inertia of a system can be changed by varying the 

distribution of mass.
Q. 2. Which apparatus you are using for this purpose ?
Ans. We are using Maxwell’s needle for this purpose.
Q. 3. How do you vary the distribution of mass here ?
Ans. By changing the positions of two weights symmetrically inside the tube.
Q. 4. What will be the effect on time period of the system by varying the 

distribution of mass ?
Ans. The time period T increases as x increases.
Q. 5. Can you verify the theorem of parallel axes with this experiment?
Ans. Yes. If a graph is plotted between T 2 and x2, it comes out to be a straight 

line. This verifies the theorem of parallel axes.
Q. 6. What type of motion is performed by the needle ?
Ans. The needle performs the simple harmonic motion.
Q. 7. Should the amplitude of vibration be small here ?
Ans. It is not necessary because the couple due to torsional reaction is 

proportional to the angle of twist. Of course, the amplitude should not be so large that 
the elastic limit is crossed as the wire is thin and long.

□□□
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Mechanics and Wave Motion Lab

MOMENT OF INERTIA

mEXPERIMENT No.

Object : To determine the moment of inertia of a flywheel about its own axis of 
rotation.
Apparatus used : Flywheel, metre scale, vernier callipers, stop watch, set of weights 
and a pan.

Formula used :
The moment of inertia I of the flywheel is given by

mr

1 =
i + ^

”2

where m~ mass suspended at the end of string, 
r ~ radius of the axle,
ni= number of revolutions made by the wheel before the mass is detached 

from the wheel.
n 2 = number of revolutions made by the flywheel to come to rest after the 

mass is detached.
t = time taken by the wheel in ^2 revolutions, 
g = acceleration due to gravity.

Description of apparatus :
A flywheel is a large heavy wheel, through the centre of which passes a long 

cylindrical axle. The centre of gravity lies on its axis of rotation so that when it is 
mounted over ball bearings, it comes to rest in any desired position. To increase the 
moment of inertia, it is usually made thick at the rim as shown in fig. (1). To count the 
number of revolutions made by wheel, a line is marked on the circumference. A string is 
wound on the axle, attached to the peg P and carries a mass m.

Fig. (i)

Procedure :
(i) Attach a mass m (about 500 gm.) to one end of a thin thread and a loop is 

made at the other end which is fastened to the peg.

(ii) The thread is wrapped evenly round the axle pf.therwheel.

Self-Instructional Material 5



Mechanics and Wave Motion Lab (hi) Allow the mass to descend slowly and count the number of revolutions ^ 
during descent.

(iv) When the thread has unwound itself and detached from the axle after nj 
turns, start the stop watch. Count the number of revolutions /12 before the flywheel 
comes to rest and stop the stop watch. Thus n2 and t are known.

(v) With the help of vernier callipers, measure the diameter of the axle at 
several points. Thus find r.

(vi) Repeat the experiment with three different masses.
(vii) Calculate the value of 7 using the given formula.

Observation :
(1) Table for determination of rij, n2 and t

S. Total load 
applied m kg

No. of revolutions of 
flywheel before the 
mass detached nj.

No. of revolutions of flywheel 
to come to rest after mass 

detached n2

Time for n2 
revolutions 

t sec.
No.

1.

2.

3.

4.

(2) Table for the determination of radius of axle,
value of onediv. of main scale in cmLeast count of vernier callipers = cm.
total no. of divisions on vernier scale

Zero error of vernier callipers = ± cm.

S. Reading along any 
direction e

Reading along a 
perpendicular 

direction 0

Uncorrec
ted

diameter
(X+Y)

Mean
Uncorre

cted
diameter

cm.

Mean** 
corrected 
diameter 
(D) cm.

Mean
radiusNo.

2M.S.
reading

M.S.
reading

V.S.*
reading'

Total
X-cm.

V.S.
reading

Total
y-cm

2 cm.
cm.

1.

2.

3.

Radius R =
*V.S. reading = no. of division of vernier scale that coincide with main scale x least 

count of vernier callipers.
**Mean corrected diameter = Mean uncorrected diameter ± zero error. 

Calculations :

metercm =

,4™22
m r

7 =
l+"l

n2
=.............. kg x m2

Result: The moment of inertia of the flywheel is kg x m2.

Self-Instructional Material



Mechanics and Wave Motion LabPrecautions and Sources of error :
(i) There should be uniform winding on the axle.

, (ii) The string loop should be loose.

(iii) Friction should be made small by greasing the ball bearings.

(iv) The diameter of the axle should be measured at various points.

(v) Mass should fall freely.

(vi) Mass must start with zero velocity.

Theoretial error :
If r is small, then

2
j _ mg .2nriit . r 

8n2 n2 Oh + ^2)

Taking log and differentiating, we get
57 2Bt dnj 8n2 --- =----  + ----i + ----±

ni n2
6(n1 + n2) 8r+

7 t rii + n2 r

Maximum error = %.

Viva-Voce
Q. 1. What is a flywheel ?
Ans. It is a large sized heavy wheel mounted on a long axle supported on ball

bearing.
Q. 2. Why the mass of a flywheel is concentrated at rim ?
Ans. This increases the radius of gyration and hence the moment of inertia of the

flywheel.
Q. 3. What is the practical utility of a flywheel ?
Ans. It is used in stationary engines to ensure a uniform motion of the machine 

coupled to the engine.
Q. 4. Is flywheel used in mobile engines also ?
Ans. No, it is not needed in mobile engines, because the heavy body of vehicle 

itself serves the purpose of flywheel.
Q. 5. How and why does the flywheel start rotating -?-
Ans. When a weight is hanged near the axle, it has certain amount of potential 

energy. After releasing it, its potential energy is converted into kinetic energy of its own 
motion, into kinetic energy of rotating of flywheel and in overcoming the force of 
friction between the axle and ball bearings.

mgh=— mv 
2

2 + — 7 o>2 + 2 rc ni F. 
2

Q. 6. Why the flywheel continues its revolutions even after the cord has slipped off
the axle ?

Ans. It continues its revolutions due to its large moment of inertia.
Q. 7. Then, why does it stop after a very short time ?
Ans. The energy of the flywheel is dissipated in overcoming the friction at the ball

bearings.
Q. 8. What is the purpose of finding n2 ?
Ans. The friction offered by the ball bearings is very small but it is not negligible. 

To account for the work done by weight against friction, the number of revolutions 
made by flywheel after the weight is detached should be found.

Self-Instructional Material 7



uifechanics and Wave Motion Lab Q. 9. Can you use a thin wire instead of a string ?
Ans. No, we cannot use a wire because metals are pliable and so when the wire 

unwinds itself, some amount of work will also be done in straightening the wire.
Q. 10. Why do you keep the loop slipped.over the peg loose ?
Ans. We keep the loop slipped over the peg loose so that it may get detached as 

soon as the string unwinds itself and does not rewind in opposite direction.
Q. 11. What is the harm if the thread overlaps in winding round the axle ?
Ans. In this case the couple acting on the wheel will not be uniform and hence the 

flywheel will not rotate with uniform acceleration. '

□CD
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Mechanics and Wave Motion Lab

MOMENT OF INERTIA

EXPERIMENT No.

Object: To determine the moment of inertia of an irregular body, about an axis passing 
through its centre of gravity and perpendicular to its plane by dynamical method 
(Inertia table).
Apparatus used : Inertia table, irregular body whose moment of inertia is to be 
determined, regular body whose moment of inertia can be calculated by measuring its 
dimensions and mass, stop watch, spirit level, physical balance with weight box and 
vernier callipers.

Formula used :
The moment of inertia of the irregular body is determined with the help of the 

following formula _____________________
/ti2 /tt2 
•*1 0 
/ti2 _ m2 ’ 
12 10

7i =/2 x

Z2 = moment of inertia of the regular body,
T0 = time period of inertia table alone,
Ti = time period with the irregular body on the inertia table.
T2 = time period with the regular body on the inertia table.

If the regular body is a disc then 
I2 =(1/2) MR2, .

M = mass of the disc,
R = radius of the disc.

Description of apparatus :
The inertia table is shown in fig. (1). One end of a wire is attached to the middle of 

the cross bar while the other end carries a circular table. The table is made horizontal 
by means of three balancing weights m1,m2 and m3 placed in the concentric groove cut

where

where

Cross bor

2
22Wire'a

'a Pillar
2g 2 <D3g
* Pg MirrorP gg gg gg ng

g sa s SPIRIT
LEVEL

g 2Vg g
2g

g
I

x\\\\\ t //////

\\\\\\S2s,
(g) BASE SCREWS —2 (©) 

Fig. (2)Fig. (1)
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Mechanics and Wave Motion Lab on the upper surface using a spirit level. The base of the inertia table is made horizontal 
with the help of screws 81,82 and 53 (not shown) using spirit level. A mirror is 
attached to the wire to count the number of oscillations with the help of lamp and scale 
arrangement (if used). The cross bar is supported by the pillar PPfixed to a heavy base.
Procedure :

(i) Make the base of inertia table horizontal by using the following procedure :
Place the spirit level along a line joining the screws 1 and 2 as shown in fig. (2). 

Now bring the bubble in spirit level in the middle with the help of levelling screws 1 and 
2. Again place the spirit level in a perpendicular direction and make the bubble to be in 
the middle by adjusting the third screw. It should be remembered that in the second 
position levelling screws 1 and 2 are not touched. The base is now horizontal.

(ii) Make the table horizontal with the help of small weights in the concentric 
groove and spirit level.

(iii) Slightly rotate the disc in its own plane and release it in such a way that it 
rotates about the wire as axis executing oscillations. Find the time taken by 10,15, 20, 
25 and 30 oscillations and thereby Tq.

(vi) Put the irregular body on the inertia table and find 7\.
(v) Remove the irregular body and place the regular body on inertia table whose 

moment of inertia is known by its dimensions. Thus find
(vi) Weigh the regular body (disc) and note the mass M.
(vii) Find the diameter of the disc with the help of vernier callipers.

Observations :
(1) Mass of the disc = ... kg.
(2) Table for the measurement of diameter of given disc.

value of onediv. of main scale in cmLeast count of vernier callipers =
total no. of divisions on vernier scale

cm.
Zero error of vernier callipers = ± cm.

S. Reading along any 
direction e

Reading along a 
perpendicular 

direction 0

Uncorrec Mean
Uncorre

cted
diameter

cm.

Mean** 
corrected 
diameter 
(D) cm.

Mean
radiusNo. ted

diameter
(X+Y) 2

M.S.
reading

V.S*
reading

Total
X-crn.

M.S.
reading

V.S.
reading

Total
V-cm

2 cm.
cm.

1.

2.

3.

Radius R =
*V.S. reading = no. of division of vernier scale that coincide with main scale

x least count of vernier callipers.
**Mean corrected diameter = Mean uncorrected diameter ± zero error.

metercm =

10 Self-Instructional Material
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Mechanics and Wave Motion Lab 2. There should not be up and down as well as to and fro motion of the table.
3. The table should be rotated by a few degrees only.
4. There should not be any kink in the wire.
5. Periodic time should be noted very carefully.

Theoretical error :
1 m2 Ti-TS __M(D!2ji(Tl-T0)(T,+T0)

rn'2. _ /T' 2 
12 i0

7 =
2(T2 - Tq) (T2 + Tq)2

Taking log and differentiating,
S/^SAf x 25D | SC^-Tp) | 5(T1+T0) | S(T2 -Tp) , 5(T2+T0) 
h M d (^-To) (7\ + T0) (T2 -T0) (T2 + T0)

Maximum permissible error
%.

Viva-Voce
Q. 1. What do you mean by inertia ?
Ans. According to Newton’s first law of motion, every body offers a resistance to 

any change in its state of rest or uniform motion, unless it is compelled by externally 
impressed force to change that state. This property of the body is known as inertia. 
Inertia depends upon the mass of the body.

Q. 2. What is moment of inertia ?
Ans. A body capable of rotation about an axis, opposes any change in its state of 

rest or of uniform angular rotation about that axis. The inertia in this case is known as 
rotational inertia or moment of inertia.

Q. 3. Define moment of inertia.
Ans. (i) The moment of inertia of a body about an axis is defined as the sum of the 

products of the mass and square of the distance of particles from axis of rotation.
(ii) We know that kinetic energy of rotation of a body is given by 

E ~(1/ 2) /to2 when co= 1, then 2 E ~ 1.
Thus the moment of inertia of a body is numerically equal to twice the kinetic 

energy of rotation, if angular velocity is unity.
(iii) The moment of inertia of a body about an axis is equal to the torque required 

to produce unit angular acceleration in it about the axis.
Q. 4. What is radius of gyration ? What is its unit ?
Ans. (i) The quantity whose square when multiplied by the total mass of the body 

gives the moment of inertia of the body about that axis, is known as radius of gyration.
(ii) Radius of gyration may be defined as the distance from the axis, at which, if 

the whole mass of the body were to be concentrated, the moment of inertia would have 
been the same about the given axis as with its actual distribution of mass. The unit of 
radius of gyration is cm. because it is simply a distance.

Q. 5. What is the theorem of perpendicular axes ?
Ans. According to this theorem, the moment of inertia of a plane lamina about a 

perpendicular axis, is equal to the sum of moments of inertia of the lamina about two 
axes at right angles to each other, in the plane of the lamina and intersecting at a point 
where the perpendicular axis passes.

Q. 6. What is the theorem of parallel axes ?
Ans. According to this theorem, the moment of inertia of a body about any axis is 

equal to its moment of inertia about a parallel axis, through its centre of gravity, and 
the product of its mass and the square of the distance between the two axes.

12 Self-Instructional Material



Mechanics and Wave Motion LabQ. 7. On what factors does moment of inertia of a body depend ?
Ans. It depends upon (i) mass of the body, (ii) distribution of mass of the 

body about axis of rotation and (iii) distance of centre/of gravity from the axis of 
rotation.

Q. 8. What is the physical significance of moment of inertia ?
Ans. In, rotational motion, moment of inertia plays the same -role as mass in 

translational mption.
Q. 9. What are the units and dimensions of moment of inertia ?
Ans. Unit = kg x m , and dimension - ML.
Q. 10. How do you oscillate the inertia table ?
Ans. The table is rotated slightly (by a few degrees) by hand in its own plane and 

then left to itself. The table performs torsional oscillations.
Q. 11. What type of oscillations the table execute ?
Ans. Simple harmonic oscillations in horizontal plane.
Q. 12. Is it necessary to keep small amplitude of the oscillations of the table as in 

case of simple pendulum ?
Ans. No. Here the amplitude should not be so large that the elastic limit of the 

wire is exceeded.
Q. 13. What type of wire will you choose for your experiment ?
Ans. We shall choose a thin and long suspension wire so that periodic time may be

large
T = 2it *J(I / C) where C = f 21

Q. 14. How does the periodic time of oscillations depend ?
Ans. This is directly proportional to square root of/ and l and inversely as r 2.

Q. 15. Will the time period change if instead of a small cylinder, we place a long 
cylinder of the same mass on the table ?

Ans. No. We know that the time period is independent of length of cylinder 
because for a cylinder I = MR2 / 2.

Q. 16. What for are the concentric circles drawn on inertia table ?
Ans. They help us in placing a body centrally upon inertia table.
Q. 17. About which axis, you are finding the moment of inertia ofirregularbody ?
Ans. The moment of inertia is found about an axis passing through its centre of 

gravity and perpendicular to its plane.
Q. 18. Can you find out the moment of inertia of a liquid column contained in a 

cylindrical jar ?
Ans. No, because liquids do not offer any resistance to shear.
Q. 19. What adjustments are made before performing the experiment?
Ans. The following two adjustments are made :

(i) Base of the apparatus is made horizontal by levelling screws.

(ii) Inertia table is made horizontal by means of balancing weights placed in 
circular groove.

Q. 20. Can you change the position of balancing weights any time during the 
experiment ?

Ans. No.

□□□
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Mechanics and Wave Motion Lab

COLLISION IN TWO DIMENSIONS

EXPERIMENT No. ■4 ■

Object: To draw velocity and momentum vectors incase of two dimensional collision. 
Apparatus used : A collision apparatus, two steel balls of different mass and radii, 
sheets of paper and carbon paper of large size.
Description of the arrangement :
Collision apparatus, fig. (1) is a very smooth curved plane on which balls are rolled on 
from a certain height. P2 are two balls, whose centres, when Pj is at the end of*

p.

Sheets of papet. Httb 
Ctrboft pgppf tn hrt»TCf*

1 umrhrt on omoth ground 
Walled ofocrvttim pfent)

0,‘
O,

Fig. (1)

plane, and P2 is placed on another stand, are not in line so that when they collide-there 
will be a two dimensional collision. Position of their centres is marked on a steel 
stretched below the stand on a smooth ground as Oj and 02 with the help of a plumb 
line. Below the sheet is a carbon fixed on a white thick paper to give imprints on it, the 

- moment balls fall on it.
Procedure :

(i) First remove ball P2 and allow Pj to roll from a certain height on the 
curved plane (collision should remain elastic) and let it fall on the paper. Mark it 
position as Pj0.

(ii) Now place ball P2 in tits position and allow ball Pi tt>‘ foil from the same 
height and let it strike P2. After collision they fall on paper. Let their marks be 
designated as P{ and P2 (prime indicating state after collision).
Observations and plotting of velocity and momentum vectors.

As height from ground of Pj and P2 is almost the same, the time to arrive at the 
observation plane (ground) is same and is taken as At. Therefore

OiP; = Vi At -» after collision for ball Pj 
02P2 =V2 At after collision for ball P2 

OjP® = V® At -» when ball Pi alone falls.

This description gives velocity vectors. Similarly
p\ = miOiP{ is corresponding momentum vector parallel to O1P1 

p'2 = m202P2 is corresponding momentum vector parallel to 02P2

e'
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Pi = is corresponding momentum vectof parallel to

Now as shown in fig. (2), we plot velocity and momentum vectors.

Mechanics and Wave Motion Lab\

!

p,At

(a) Velocity vectors (mj > m2')'
. , . Fig.l2)

(b) Momentum vectors

j*.

Direction and magnitudei)f0S a^nd ^^ is; different. It shows that in a collision, 
momentum of an individual body is not conserved; instead momentum of the system is. 
conserved. Not if the mass of the balls be equal then, as one of the balls is initially at 
rest, the recoiling balls always move off at right angles to one-another. It canbe verified 
from diagram for velocity^yectbrs."

c- * - s

□ □□
A

■/At ■
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Mechanics and Wave Motion Lab

SURFACE TENSION 1

EXPERIMENT No. Bl

Object: To determine the surface tension of a liquid (water) by Jaeger’s method. 
Apparatus used : Jaeger’s apparatus, travelling microscope, scale, beaker, capillary 
Jets and thermometer.
Formula used :

The surface tension T of the liquid is given by the formula
7* a

T = — (Hpi - hp), newton/ meter 
2

where r = radius of the orifice of the capillary tube.
g = acceleration due to gravity.

H = maximum reading of the manometer just before the air bubble breaks 
away.

Pi = density of the liquid in the manometer.
h = depth of the tip of the capillary tube below the surface of the 

experimental liquid.
p = density of the experimental liquid. (For water p = 1 • 00 x 103 kg / m3 ) 

Description of apparatus :
The apparatus consists of a Woulfs bottle W fitted in one mouth with a bottle B 

containing water through a stop-cock K. The other mouth is joined, through to a 
manometer M and vertical tube BC as shown in fig. (1). The end C of the tube is drawn 
into a fine capillary with its cut smooth. For practical purpose, a separate tube C drawn

i
B

K

B

Scold
Water BottleKT

HHj woutrs
bottle:_L w

i> J ft
v Jgjga

\s//s///s//s /t > sy,y/sA

^ • <

U
Fig. (1)

out into a fine jet is connected to the manometer by means of a short piece of Indian 
rubber «7. The end C is kept in the experimental liquid at a known depth of a few cms. 
The liquid contained in the manometer is of low density in order to keep the difference 
in the level of liquid in the two limbs of Mquite large for a given pressure difference.
Procedure :

(i) Take a clean glass tube having one end into a fine jet. Hang this tube vertically 
inside the experimental liquid (water) from the tube £ with the help of Indian rubber 
Joint <J.
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Mechanics and Wave Motion Lab(ii) Before proceeding with experiment the apparatus is made air tight.
(iii) Now the liquid-in the tube BCstands at a certain level higher than that in the 

outer vessel. The stop cock K is opened slightly so that water slowly falls into the bottle 
W and forces an equal volume of air into the tube BC. The liquid in the tube BC, 
therefore, slowly goes down and forms a bubble at the end C. A difference of pressure 
between inside and outside of apparatus is atonce set up which is shown by the 
manometer.

(iv) The radius of bubble gradually decreases as the inside pressure increases till 
it reaches the minimum value. At this stage the shape of the bubble is nearly that of a 
hemisphere of the radius r equal to the radius of the opening, at C.

(v) The difference in the level of the liquid in the two limbs of the manometer is 
now maximum, say H, and is noted.- The bubble now becomes unstable since a small 
increase in the radius decreases the internal pressure necessary to produce 
equilibrium. As the external pressure is constant, there can be no more equilibrium 
state and hence the bubble breaks away.

(vi) With the help of scale, measure the depth of the orifice below the level of
water.

(vii) Repeat the whole process, fixing the orifice C at different depths below the 
surface of water in the beaker.

(viii) The radius of end C is found by a microscope.

Observations :
(i) Table for the measurement of H and h.

H = (x- yy 
meter

Mean H 
meter

Depth of the orifice below 
the level of liquid h meter

Manometer readingS.
No. One limb 

x meter
Other limb 
y meter

1.

2.
‘3.

(ii) Temperature of water = ...°C.
(iii) Table for the measurement of diameter of orifice.

Value of one div. on main scale in cm. 
Total no. of divisions on vernier scale

Least count of the microscope =

cm.
See table on next page. 

Calculations :
r-£-i[H-h) =

2 .
(pj = p = 1 • 00x 103 kg/m3, for water being in beaker & manometer).

T = newton / meter.

Axis
Y

»t
45°B i

2T

1
C O

Fig. (2)
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Mechanics and Wave Mcrtfan Lab Result: The surface tension of water at ...°C = ... nt/m. 
Graphical Method : Draw a graph as shown in fig. (2).>

rg 2TThe expression T'~-—'{H-h) can be put in the form H = h + — which
2 rg

represents a straight line y = mx + c and hence on ploting H on V axis and honX axis a
271straight line will be obtained, the intersection of which with Y axis will give —
rg
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\V- \ Mechanics and Wave Motion LabPrecautions and Sources of error :
(i) Apparatus should be air tight.
(ii) Density of nanometer liquid should be small.
(iii) Orifice of the tube BC at C should be circular.
(iv) Capillary should be quite clean.
(v) A single bubble should be formed at a time. 

Theoretical error :
Dgr g— (H - h) =------[H-h]

2 4
T =

Taking log and differentiating
8T __ SD bH 
T ~ D + (H-h) (H-h)

bh+

Maximum permissible error = ...%.

Viva-Voce
Q. 1. What is the principle underlying Jaeger’s method ?
Ans. This method is based on the fact that there is always an excess of pressure 

inside a spherical air bubble formed in a liquid. The excess of pressure P = 2T I r where 
T is surface tension of liquid and r is the radius of the bubble.

Q. 2. Does the excess of pressure depend upon the depth of the orifice, below the 
surface of experimental liquid ? •» . "

Ans. No. It depends upon the surface tension of the liquid and radius of bubble , 
(nearly equal to radius of orifice).

Q. 3. After breaking, does the size of the bubble remain same as it is near the 
surface of the liquid ?

Ans. No. The size goes on increasing because hydrostatic pressure goes on 
decreasing as bubble comes near the surface.

Q. 4. Do you think that the radius of the bubble, as considered here, is always 
equal to the radius of the orifice ?

Ans. No. This is only true when the radius of the orifice of capillary tube is very
.r*

small.
Q. 5. What should be the rate of formation of bubbles ?
Ans. The rate of formation of bubble should.be very slow, i e., one bubble per ten

second.
Q. 6. What type of capillary will you choose for this experiment ?
Ans. We should use a capillary of small circular bore.
Q. 7. What is the harm if the tube is of larger radius ?
Ans. When the tube is of large radius, the excess of pressure inside the bubble will

be small and cannot be measured with same degree of accuracy.
Q. 8. Will there be any change in the manometer reading if the depth of the 

capillary tube below the surface of liquid is increased ?
Ans. Yes, it will increase.
Q. 9. At what position of the levels should the reading be noted ?
Ans. The reading should be taken when the manometer shows the greatest 

difference of pressure because at this moment the bubble breaks.
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Mechonic$ and Wave Motion Lab Q. 10. Can you study the variation of surface tension with temperature with this 
apparatus ?

Aus. Yes. The experimental liquid is first heated and filled in bottle. Now the 
manometer readings are taken at different temperatures.

□□□
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Mechanics and Wave Motion Lab

SURFACE TENSION

ADDITIONAL EXPERIMENT

Object: To determine the surface tension of water by Searle’s apparatus. 
Apparatus required : Searle’s apparatus, weight box, a dish, screw gauge, 
thermometer and clip.

Formula used :
The surface tension T of the liquid is given by the following formula :

Mg newton / meter
2(1 + 1)

M = mass placed in the pan.
/ = length of the lower edge of the plate. 
t = thickness of the lower edge of the plate.

Description of apparatus :
The Searle’s apparatus is shown in fig. (1). It consists of a metal frame, carrying a 

vertical rod fitted in a tripod stand. A metallic wire is horizontally stretched over it. The
. Scale

where

Counter weight

fS
H Glass

Bate

Fig. (i)

height of the frame carrying the wire can be adjusted with the help of the screw S. A 
light metal beam, whose one end acts as a pointer and the other carries an adjustable 
weight is attached in the middle of the wire. The counter weight side is smaller in 
length than the other sides. The pointer moves over a graduated vertical scale. This 
scale can be calibrated by placing known weights in a pan, which is suspended from a 
fixed point near the pointer. A hook is attached from the bottom of the hanger from 
which a rectangular glass plate is suspended.

Procedure :
(i) Take a clean rectangular glass plate and suspend it from the pan.^

(ii) Take a dish of water and bring it up gradually below the plate such that the 
water level just touches the lower surface of the plate. A jerk is experienced by the 
pointer due to surface tension. Note down the initial and final positions of the pointer.

Here it should be remembered that the counter weights should be of such a value 
that the pointer should not go out of scale due to force acting downward due to surface 
tension.

(iiij Remove the dish and allow the plate to dry. Place suitable weights on the pan 
to bring the pointer in its final position.
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Mechanics and Wave Motion Lab (iv) Measure the length of the lower edge of the plate with meter scale and its 
thickness with screw gauge.

(v) Calculate the value of surface tension using the above derived formula.
Observations:
Temperature of water =
S. No. Position of the pointer Mass put on the pan, kg Mean M kg

1.
2.
3.
4.
5.

Table for the determination of thickness t of plate. 
Value of one div. of main scale = ... cm.
Total no. of divisions on circular scale = ...
L.C. of the screw gauge = ... cm.

Zero error = ± .... cm.
S. Screw gauge reading Corrected 

thickness, 
/ era.

Uncorrected 
thickness, 

t cm.

Mean
No. tM.S. reading C.S. reading Total

cm. cm.

1.
2.
3.

Mean'£ - ... cm = ... meter
Length of the lower edge of the plate = ... cm. 

Calculations :
Mg

T = = ... newton / meter
2(2 + 0

Result: The surface tension of water at ...°C = ... newton/meter 
Standard value = ... nt/m.
Percentage error = ... %
Precautions and Sources of Error :

1. The plate and the dish should be clean.
2. Water should be free from grease.
3. Lower edge of the plate should be horizontal.
4. The reading of the pointer should be taken carefuly.
5. The temperature of water should be recorded as surface tension varies 

with temperature.
6. Every time while repeating the experiment, the plate should be dried

well.

Viva-Voce
Q. 1. What is the principle on which this method is based ?
Ans. This method is based on the direct measurement of pull due to surface 

tension acting on lower edge of a glass plate when it just touches the free surface of 
water kept in a container.
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Mechanics and Wave Motion LabQ. 2. Why should the lower edge of the glass plate not dip below the water surface?
Ans. The upthrust of water, displaced by submerged portion of glass plate will 

reduce the effective value of force of surface tension.
Q. 3. What will happen if the glass plate remains slightly above water surface ?
Ans. Some water will be pulled by glass plate. This weight of water will act 

downwards, thus increases m.
Q. 4. Is this method suitable for all liquids ?
Ans. No. This is suitable for liquids (i) which are mobile and wet glass and (ii) 

angle of contact with glass is zero or very small.
Q. 5. Can you use a silver or brass plate, what about ebonite ?
Ans. We can use silver or brass plate. The ebonite plate can not be used because 

water does not wet it.
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kchanics and Wave Motion Lab

SURFACE TENSION

ADDITIONAL EXPERIMENT

Object: To determine the surface tension of a liquid by Ripples method. 
Apparatus required : A set of electrically maintained tuning forks, trough (about 25 
cm. long, 15 cm. wide and 5 era. deep), Battery, Key, Induction coil, Neon discharge 
tube, Scale to measure wavelength or travelling microscope.

Formula used :
The surface tension is given by the formula 

n2X,3p }?pg
T = , Newton / meter

4n22n
where n = frequency of the fork.

X = wavelength of the ripples formed, 
p = density of liquid, (For water p = 1 • 00 x 103 kg / m3 ) 
g = acceleration due to gravity (9 - 8 m/ sec2 )

Method : The electrically maintained tuning fork arrangement is shown in fig. (1).
NEON DISCHARGE TUBE

CflflflfliuILPRIMARY SECONDARY>C=rf]0000000000

11""” BATTERY

KEY

€ caTTTTTF^- - -
FORK

pW-pqinter
PRONGS

TROUGH

Fig. (1)

The electric vibrator arrangement is shown in fig. (2)

A.C. Moln* K

Byny:
Fig. O'

(1) The experimental liquid is taken in a neat and clean rectangular porcelain 
trough about 25 cm. long, 15 cm. wide and 5 cm. deep.
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Mechanics and Wave Motion Lab(2) Above trough, an electrically maintained tuning fork F of large frequency is 
mounted such that its prongs are horizontal and vibrate in vertical plane.

Or, Arrange an electric vibrator above the trough such that it may vibrate with 
maximum amplitude in a vertical plane.

(3) A light style P of aluminium about 5 cm. long is attached to the lower prong 
with its plane perpendicular to the prong’s horizontal position. The lower style edge of 
P is arranged such that it just touches the water surface in the trough.

Or, Attach a razor blade at the free end of the vibrator such that the sharp edge of 
blade is vertical and just touches the surface of liquid.

(4) By setting the fork or vibrator in vibration, the pointer or blade moves in and 
out of the liquid. The motion of style produces ripples.

(5) To view ripples and to measure their wavelength, liquid surface is illuminated 
by neon discharge tube. For this, tuning fork circuit is completed through the primary 
of an induction coil, to the secondary of which a neon discharge tube is connected. Every 
time when tuning fork circuit is made, discharge passes through the tube and thus 
liquid surface is illuminated.

One can also use stroboscopic method to view these ripples for which another fork 
of exactly same frequency is included in the same circuit. Since the frequency of ripples 
and that of the fork are the same, ripples appear to be stationary due to persistence of 
vision.

In case of vibrator, liquid surface is illuminated by means of sodium or neon lamp. 
The vibrator and sodium or neon lamp both are operated on A.C. Mains, hence the 
ripples appear stationary.

(6) To find wavelength, the maximum number of waves are counted in a given 
distance. The distance is measured by travelling microscope or with the help of a scale 
placed at the bottom of the trough.

(7) To photograph ripples, a lamp with make and break arrangement is used so 
that frequency of light is that of the tuning fork.

(8) Record temperature of liquid at various times during the course of experiment.

Observations :
Temperature Record (ii) ...°C Mean = ...°C 

(iv) ...°C(iii) ...°C

Microscop measurement of distance
Frequency 
n of fork

No. of Distance 
d=(xl -x2) 

cm.

S.
Other endOne end DistancedNo. waves X-

c/s No. of wavesV.S. M.S. V.S. Total 
x% cm.

M.S. Total 
x2 cm.

1.

2.

3.

4.

5.

X = ... cm =.... meter

Calculations : From the relation
n2 k3 p k2pg 

4ti2
by putting values for n and X, surface tension of liquid can be estimated. 
Result: Surface tension of ... at ...°C= ...newton / meter

newton / meterT =
2n
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Mechanics and Wave Motion Lab Sources of errors and Precautions :
(1) The pointer style P should just touch the liquid surface.
(2) There should be no mechanical jerk other than vibrations due to fork-.
(3) Temperature of the liquid changes due to vibrations and therefore it should be 

recorded at various times during the course of the experiment.
(4) The wavelength can be measured accurately only when crests are well defined.
(5) Liquid should be available in sufficient quantity.

Vica-Voce
Q. 1. What are ripples ?
Ans. The waves in liquid for which wavelength is less than critical wavelength are 

called ripples.
Q. 2. What do you understand by critical wavelength ?
Ans. The value of X, for which the velocity of the wave is minimum is called critical 

wavelength.
Q. 3. How the ripples propagate ?
Ans. They propagate due to surface tension.
Q. 4. What is the effect of wavelength on velocity ?
Ans. The velocity decreases as wavelength increases.

/*<•

2nTv =
X,p

Q. 5. What are waves ?
Ans. Disturbances in liquid for which wavelength is greater than critical value 

are called waves.
Q. 6. What types of ripples are produced ?
Ans. Due to superposition of incident and reflected ripples, stationary ripples are

produced.
Q. 7. How do you produce ripples ?
Ans. When the tuning fork vibrates, the style moves in and out of the liquid and so 

the ripples are produced.
Q. 8. How will you see or photograph the ripples ?
Ans. Every time when the circuit of the tuning fork is completed, a discharge is 

passed and the liquid is illuminated. The ripples can now be seen or photographed.
Q. 9. How do you measure the wavelength ?
Ans. With the help of travelling microscope, the distance between a large number 

of ripples is measured. Now wavelength is calculated on dividing the distance by no. of 
waves.

Q. 10. For which liquid is this method most suitable ?
Ans. This is most suitable for opaque liquids such as mercury because their 

surface is reflecting.
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Mechanics and Wave Motion Lab

SURFACE TENSION

ADDITIONAL EXPERIMENT

Object: To determine the surface tension of a liquid by Ferguson method. 
Apparatus required : Ferguson apparatus, clean glass tube with a small capillary 
portion (if not fitted with the apparatus), Lamp and travelling microscope.

Formula used :
The. surface tension of the liquid is given by the formula

T = (r.h.p.g.)l2
where r = radius of the capillary tube,

difference of levels of the liquid columns in the manometer.
Q *1

p = density of the liquid (For water p = 1 • 00 x 10 kg / m ) 
g ~ acceleration due to gravity, (g = 9 - 8 m/sec ).

Description of apparatus : A clean glass tube with a small capillary portion AB is 
mounted horizontally and connected to a manometer M as shown in fig. (1). The 
manometer is connected to pressure varying arrangement consisting of a Woulfs bottle 
and a water reservoir R. The reservoir can be raised or lowered at will. The end Aof the 
capillary tube must be ground plane. A small quantity of the liquid whose surface 
tension is to be determined is introduced into the capillary tube at the end A

h =

. i

.13
.W,B,

M

Fig. (3)

Procedure :
(i) Mount the glass (with small capillary tube) horizontally and connect it to the 

manometer M. Introduce a small quantity of the experimenal liquid in the capillary 
tube at the end A

(ii) Switch on the bulb and adjust it to illuminate the liquid surface. This can be 
done by placing the electric bulb obliquely some distance away from the tube AB The 
reflected light is observed through the microscope.

(iii) So long as the experimental liquid surface at A remains concave or convex a 
regular image of. the lamp is visible in the microscope.

(iv) The reservoir R is raised or lowered till the meniscus at the end A becomes 
perfectly accurately plane. Now the image in the microscope vanishes and the surface at 
A appears to be uniformly illuminated.

(v) Note down the presure difference in the manometer.

(vi) Repeat the experiment a number of times.

(vii) Measure the diameter of the capillary tube.
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Mechanics and Wave Motion Lab (viii) Note down the density of the experimental liquid from the table of constants 
at the temperature of the experimental liquid. —
Observations :

Table for the measurement of diameter of capillary tube.
Value of one div. on main scale in cm.

0)
Least count of the microscope = - Vi cm.

Total no. of divisions on vernier scale
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Mean r = ... cm = ... meter
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Mechanics and Wave Motion Lab(ii) Table for the measurement of h.

Manometer reading Mean h 
cm.

S. h = x ~ y 
cm.No.

Other limb 
y cm.

One limb 
x cm.

1.

2.

3.

4.

5.

Mean h = ... cm = meter
(iii) Density of the experimental liquid at temperature °C

Calculations : T =(r h p g)l 2 
=... newton / meter
Result: The surface tension of liquid at ...°C = ... newton/meter

Precautions and Sources of error :
(i) The end of capillary tube at A should be carefully grounded.
(ii) Tube should be connected horizontally. The tube should be clean.
(iii) The reading of manometer should be taken where there is uniform

illumination in microscope. I
(iv) Diameter of capillary tube should be measured accurately. .

Viva-Voce
See previous experiments on surface tension.

□□□
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Mechanics and Wave Motion Ixib

ACCELERATION DUE TO GRAVITY
i

EXPERIMENT No.

Object: To study the variation of T with l for a compound pendulum (bar pendulum) and 
then to determine :

(i) the value of the acceleration due to gravity (g) in the laboratory,
(ii) the position of centre of gravity of the bar,
(iii) the radius of gyration K of the bar about an axis passing through C-G. and 

perpendicular to its length.
Apparatus used : Bar pendulum, stop watch, knife edges fixed to a rigid support and 
metre scale.
Formula used :

The value of g can be calculated with the help of the following formula :
LT = 2n
g

An2 L m/s2'or g = fjy 2

L = distance between centres of oscillation and suspension. 
(k2 )

= —— + f i.e., the equivalent length of simple pendulum
/

(It can be obtained from graph).
T = periodic time.

Description of Apparatus :
A bar pendulum consists of a uniform rectangular bar about a meter long with 

holes drilled along its length at equal distances from each other. The centre lies on the 
straight line passing through the centre of gravity of the pendulum. A sharp knife edge

f//////m/f

O
O
o
o
o
o

Fig. (1)

is attached to some heavy frame provided with levelling screws to make the knife edge 
horizontal. The bar can be suspended from any hole with the help of knife edge as 
shown in fig. (1).
Principle : The principle is based on the interchangeability of the centres of 
suspension and oscillation. We know that for a point of suspension, there is another 
point on the other side of centre of gravity, known as centre of oscillation about which
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Mechanics and Wave Motion Labthe time period is the same; there are also two other such points. The distances between 
centre of. suspension and centre of oscillation is known as the length of-equivalent

' r fc2 \
— +■ l Knowing this distance ‘g* can be calculated.simple pendulum L =

l

Procedure :
(i) The bar pendulum is hung vertically by means of a knife.ed^e.
(ii) Allow the bar ^to oscillate through a. small angle with kiiife edge passing 

through hole no. (1) and note the time for 40 oscillations with the help of a stop watch. 
Find the time period of one oscillation. Remember, that the knife edge at the lower end 
should be in hole no. (1).

(iii) Insert the knife edge in the next holes and find the time periods till the centre 
of gravity is approximately reached. The knife edge at the lower end should be changed 
accordingly.

(iv) Turn the bar pendulum and repeat the same procedureT
(v) A graph is plotted between T (time period) and the distance of knife edge x 

taking origin at the centre of the graph.
Observations :

Table for measurement of / and T,

Periodic 
liroe T sec.

No. of hole Distance of 
.the hole 
from C.G. 

meter

No. of 
oscillations

Time taken

Min. Sec. Total sec.

040 40.I ...
2 .036 40

: ■
f

7 (MO . 
, ;0058

Position of centre of gravity. (Turn the bar pendulum)
-9-- 005 40

O1010 40

•:

0351

04016 >

Calculations ;.Plot a graph between period of oscillation T, against the distance of the 
hole from the centre of gravity, taking origin at the centre of the gfaph so that distances 
on one side of C.G. be taken positive, while on the other side as negative. The graph is of 
the shape as shown in fig. (2).

Draw a line on the graph which cuts the graph at four points about which the time 
periods are the same. If the point A is centre of suspension then C is the centre of 
oscillation and the distance between the two is the length of the equivalent simple 
pendulum (L). Corresponding to these points, time periods maybe obtained from period 
axis. Now ‘g’ can be calculated by applying the following formula :
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if
5

O
o

? o
5 l

A B .cv^;
--------------------^Xk—-x- C.G.

DISTANCE OF HOLES DISTANCE OF HOLES 
FROM C.G. ON METRE) FROM C.G. (IN METRE)

Fig. (2) t

4 7t2 L , f
g = y 2

From graph
l_ac + bd _ meter

2
and T = sec

4 7i2 L
m/ s2£ =

T 2
Result: The value of acceleration due to gravity at 

... (Name of city) = ... m/s2 
Standard result: The value of gat ... = ... m/s2 
Percentage error :
Sources of Error and Precautions :

(i) Before starting the experiment, the knife edge is made horizontal.
(ii) The amplitude of oscillations should be kept small.
(iii) The time of oscillations should be counted at least for 40 oscillations.
(iv) The pendulum should vibrate only in a vertical plane.

= ... %.

(v) Curves on the graph should be drawn smoothly. 
Theoretical error :

g is given by the formula
4 k2 L

g = /j> 2

Taking log and differentiating,
Sg _ 6L 25T 
g L + T

\ Maximum possible over =...%.
More correct way of plotting graph in period of oscillation Tand hole distane'e:

For the centre of gravity to be at the centre of bar, it is necessary that distribution 
of mass in the bar should be uniform all along its length. A small non-uniformity will, 
however, shift the position of C.G. from centre of bar. It is, therefore, always preferred 
to measure the distance of holes from one end of the bar fig. (3a) instead of measuring 
from its centre and then plot a graph as shown in fig. (3b).

At a particular time period 7\, a horizontal line is drawn giving four points of 
intersection with the curve about which time period is same. From graph AC = BD = l + 
k2! I ~L. Further, centreof AD will point C.G. ofbar. We can also find by L= (AC+ J3D)/2.
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DISTANCE OF HOl£S FROM END A'
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i ->«o

(b)(a)
- Fig. (3)

/
Observations :

Table for measurement of l and T

S. No. of 
oscillations

Time Periodic
Tme

Number of 
the hole

Distance of point of 
suspension (Knife 

edge) from one end of 
bar l meter.

No. Sec. Total
sec.

Min
T

sec.

1 40

.402

403

/

Calculations :
(i) The radius of gyration K : 
Form the graph (3b), K = ^(AG.GC)

= -J(GD.BG) = ... meter 
The value of K can also be calculated from the dimensions of the bar

K =— m/s2
Vl2

i.e.,

where L is length of the bar.
(ii) Position of centre of gravity : From the graph (3b), the position of the

centre of gravity is at ADI2 and is at a distance between O and C.G. from one end.
A;

Therefore the distance between O and C.G. = ... meter.

Acceleration due to gravity :
4 n2 L

g = /ji 2

L = (AC + BD)/ 2 = ...meterFrom graph
T = : Sec.

meter / sec2.g =

! H
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DITIONAL EXPERIMENT

Object: To estimate the time period of a simple pendulum using the theory of errors, 
' graph-Gaussian distribution. •

Apparatus used : Metallic bob with hook, thread, vernier callipers, stop watch, metre 
scale and clamp.
Formula used :

The time period T of a simple pendulum is given by
lT = 2n

vl g
where, l =effective length of the pendulum i.e., length of the threads-radius of the bob 

g = acceleration due to gravity.
Description of apparatus: The simple pendulum is shown in fig. (1). An ideal simple 
pendulum consists of a heavy particle suspended by a weightless, inextensible and

Rigid support
4

/

Fig. (1)

perfectly flexible string from a point about which it can vibrate without friction. These 
conditions are difficult to realise in practice. Hence a metallic bob suspended by means 
of a cotton thread constitutes a simple pendulum.
Procedure : The following procedure is adopted :

(i) Find the vernier constant and zero error of vernier callipers. Determine the 
diameter and hence the radius of the bob with the help of vernier callipers.

(ii) Tie the bob to one end of the cotton thread. The other end of the thread is 
clamped to a rigid support.

(iii) Take the bob to either side of the point of suspension and release it. The 
pendulum begins to oscillate.

(iv) When the pendulum passes through its mean position, start the stop watch 
and count the number of vibrations. Record the time for 10 oscillations and hence 
calculate the time period (Total time/number of oscillations).

(v) Repeat the above procedure for different oscillations (15, 20, 25 
Calculate time period in each case. Here it should be remembered that atleast 20 
readings should be taken.
Observations :

Zero error of vernier callipers = ±
Vernier constant = ....
Diameter of the bob =
Mean corrected diameter of bob =
Mean radius of the bob r =..........

100).

cm.
cm.

cm.
cm.

cm.
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Total Time 
taken, sec.

Time period, 
sec.

Length of the 
thread h

Effective length 
l ={h + r)

Number of 
oscillations

S. No.

101

152

203

v;

10025

Table for errors :
Time period T Mean Time period 

say x
Error n

The number of times a 
particular error is repeated in 

specified interval
ni (say 2) 
n2 (say 4) 
ft 3 (say 5)

x - xi... = XI

... = *2 x - X2

... = x3 x- x3

n25- =*25 *- *25

Calculations :
According to Gaussian law of errors, out of n measurements, the number of

measurement dn having an error between x and jc + eta is given by
- hz xidn = A e dx

The probability density

<K*) = — e-*2*2

So if the probability density or the number of times a particular error is repeated in 
specified interval is plotted as a function of error, the graph is peaked where the error 
is minimum.

Now a graph is plotted between error and n as shown in fig (2). The graph is 
peaked where the error is minimum. With the help of the graph the time period for a 
particular length can be estimated.
Result: The time period of a simple pendulum for length = ... cm as estimated from 
Gaussian distribution function = sec.
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-X +X
Fig.(2)

Precautions : (i) A large number of readings should be taken.
(ii) The length of the pendulum should be sufficiently large.
(iii) The counting of oscillations should be done a little later and should continue 

until the amplitude reduces to 10 cm.
(iv) The pendulum should not be touched anywhere.
(v) Time period should be measured accurately.

Viva-Voce
Q. 1. What do you understand by gravity ?
Ans. The property of the earth by virtue of which it attracts the bodies towards its 

centre, is known as gravity.
Q. 2. What do you mean by acceleration due to gravity ?
Ans. Acceleration due to gravity is numerically equal to the force of attraction 

with which a unit mass is'attracted by the earth towards its centre.
Q. 3. What is Newton’s law of Gravitation ?
Ans. Every particle of the universe attracts another particle by a force which is 

directly proportional to the product of the masses and inversely proportional to the square 
of the distance between them.

F oz mi m2 ,

miFoe F = Gor
r2 r2

Q. 4. What do you understand by G ?
Ans. G is known as Gravitational constant and is equal to the force of attraction 

between two unit masses placed at unit distance apart.
Q. 5. How are G and g related ?
Ans. g = GM! R2, where M is the mass of the earth and R is its radius.
Q. 6. How does the value of gvary at different places and at different distances 

from the surface of the earth ?
Ans. (i) The value of g decreases with altitude.
(ii) The value of g decreases as we go below the surface of earth.
(iii) g is greatest at poles and least at equator.
Q. 7. What are, the units and dimensions of acceleration due to gravity ?
Ans. The units and dimensions of acceleration due to gravity are cm. per sec 2 and 

■ LT ~ 2 respectively..
Q. 8. What .is the value of g at earth centre ?
Ans. The value of g at earth’s centre is zero.
Q. 9. Why does the value of g change at the surface of earth ?
Ans. The value of g changes at the earth’s surface due to the following two

reasons:
(i) the earth is not a perfect sphere, and
(ii) earth is spinning about its own axis.
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Mechanics and Wave Motion LabQ. 10. What is the use of the knowledge of the value of g ?
Ans. The knowledge of g is important in geophysical prospecting of mineral 

deposits inside the earth.
Q. 11. What is a simple pendulum ?
Ans. A simple pendulum is just a heavy particle, suspended from one end of an 

inextensible, weightless string whose other end is fixed to a rigid support.
Q. 12. Suppose a clear hole is bored through the centre of the earth and a ball is 

dropped in it, what will happen to the ball ?
Ans. The ball will execute simple harmonic motion about centre of earth.
Q. 13. Define a compound pendulum.
Ans. A compound pendulum is a rigid body, capable of oscillating freely about a 

horizontal axis passing through it (not through its centre of gravity) in a vertical plane.
Q. 14. What do you understand by centre of suspension and oscillation ?
Ans. Centre of suspension : It is a point where the horizontal axes of rotation 

intersects the vertical section of the pendulum taken through centre of gravity.
Centre of oscillation: This is another point, on other side of centre of gravity at 

a distance k2,11 from it and lying in the plane of oscillation, k being radius of gyration 
and l, the distance of centre of suspension from centre of gravity.

Q. 15. How does the period vary with distance of knife edge from centre of gravity of 
the pendulum ?

Ans. The time period is infinite at centre of gravity. It decreases rapidly and 
becomes minimum when the distance is equal to radius of gyration. At still greater 
distances the period again increases.

Q. 16. What do you mean by equivalent simple pendulum ?
Ans. This is a simple pendulum of such a length that its periodic time is same as 

that of a compound pendulum.
Q. 17. What is the length of equivalent simple pendulum ?
Ans. We know that

ffitl + l) LT = 2n = 2n
g g

k2 )
— + / , known as length of equivalent simple pendulum.where L = l

Q. 18. About how many and which points is the period of a compound pendulum 
the same ?

Ans. The time period about centre of suspension and centre of oscillation is the 
same. By reversing the pendulum, we have two more points (centre of suspension and 
oscillation) about which the time period is same. In this way, there are four points 
collinear with C.G. about which time period is same. Two points lie on one side of C.G. 
and two on the another side of C.G.

Q. 19. What is the periodic time, when centre of suspension coincides with C.G. of 
compound pendulum ?

Ans. The periodic time becomes infinite.
Q. 20. What will be the form of l2, vs. (T 2 x l) graph and why ?
Ans. The graph v’;!.l be a straight line because 

4 it2 4 7t2l2 + k2T2 x l =
gg

This is of the form
y = m x + c.
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ACCELERATION DUE TO GRAVITY

ADDITIONAL EXPERIMENT

Object: To determine the value of acceleration due to gravity at a place by means of 
Kater’s reversible pendulum.
Apparatus used : Kater’s pendulum, stop watch and sharp knife edges.
Formula used :

The value of ‘g can be calculated with the help of the following formula :
8 jt2a ~2O 71

g = rp2 , <p2 rp2 _ rp2
_l_L2 . i 2 

Zj + z2
T 2 + T 2 J1____2+

h ~ h h + h
rp2   rp2
J\ i2neglecting

Zi - Z2

where = time period about one knife edge.
T<l = nearly equal time period about the other knife edge.

Zj = distance of one knife edge from centre of gravity of the pendulum.
Z2 = distance of the other knife edge from the centre of gravity of the pendulum.

(Zj + /2) = distance between two knife edges.
Description of apparatus :

A Kater’s pendulum is a compound pendulum in the form of a long rod, having two 
knife edges K\ and fixed near the ends facing each other but lying on opposite sides 
of the centre of gravity. The position of the centre of gravity of the bar can be altered by 
shifting the weights M and m upwards or downwards^ which can be slided and fixed at 
any point. The smaller weight m, having a micrometer screw arrangement is used for 
the finer adjustment of the final position of centre of gravity. The centre of gravity lies 
unsymmetricaly between Xj and X2 due to the weight W, fixed at one end. Kater’s 
pendulum is shown in fig. (1).

A

K

RIGID
SUPPORT

0M

mcsao

k2

WE
8

Fig. (1)

Procedure :
(i) Suspend the pendulum from the knife edges Xj and X2 in turn and oscillate it. 

Find time for 40 oscillations and obtain the time periods.
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Standard Result: The value of £at... = ... m/sec2 
Percentage error :

Mechanics and Wave Motion Lab

%.
Precautions and Sources of error :

(i) Knife edges should be sharp.
(ii) Amplitude of the oscillation should be very small.
(iii) Time periods about Kj and K2 should be nearly equal as much as possible.
(iv) + l2) should be measured accurately.
(v) Motion of'the pendulum should be in a vertical plane.
Note : The students can also use the formula

______________________
rp 2 rp 2 rp 2 _ rp 2 

. 1 2

Zj + /2

7j, T2 and ^ + /2) can be known as explained in the experiment above. To 
calculate (Zj - Z2), the pendulum bar is balanced on a sharp wedge; then the distance of 
this wedge from K\ will give Zj and that from K2 will give Z2, giving (Zj - Z2).

+
Zi ~ h

Viva-Voce
Q. 1. What is Kater’s reversible pendulum ?

Ans. This is improved form of compound pendulum. It consists of a long rod 
having two fixed knife edges, a heavy bob and two weights which can be moved and 
fixed at desired places.

Q. 2. What is the principle involved in this method ?

Ans. If the two points (points of suspension and oscillation) opposite to C.G. are 
found, then the distance between them will be equal to the length of equivalent simple 
pendulum. Now the value of g can easily be calculated by using the formula

LT = 2n
g

Q. 3. Is it necessary to adjust the time periods about the two knife edges as exact
equal ?

Ans. No. It is very tedious job. It is sufficient to make them nearly equal but the 
formula should be modified accordingly.

Q. 4. Which formula will you use when two periods are nearly equal?
q ~2 O 71Ans. g = rp 2 rp 2 rp 2 _ rp 2 

•*1 2 .1 J2

Zj + l2
+

Zi ~ h

Q. 5. How much should.be the amplitude of vibration ?

Ans. The amplitde of vibration should not be large because in the deduction of the 
theory it has been assumed that sin 0 = 0.

Q. 6. What are the functions of weights M and m ?
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Mechanics and Wave Motion LabAns. The two weights are used to make the time periods equal about the two knife
edges.

Q. 7. Why is one weight larger than the other ?

Ans. The time period is roughly adjusted by larger weight and then for the finer 
adjustment smaller weight is used.

Q. 8. Does this pendulum give more accurate value of g than bar pendulum ?* 
Ans. Yes.
Q. 9. Is it necessary to determine the position of C.G. ?
Ans. If time period about two points is same, then there is no necessity of 

determining the position of C.G.

□□□
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SIMPLE HARMONIC MOTION

EXPERIMENT No.

Object: To determine (i) the coefficient of damping X, (ii) relaxation time t and (iii) the 
quality factor' Q of a damped simple harmonic motion using a simple pendulum. 
Apparatus used : A long simple pendulum with brass bob and two extra bobs one of 
aluminium and the other of wood of the same mass or of the same diameter as that of 
brass, metre scale and a stop-watch.
Formula used :

(i) The coefficient of damping K is given by
2- 3036 A log10 AnK =

where An is the amplitude of nth damped simple harmonic motion at any time t.
(ii) The relaxation time x is the time in which the energy of oscillation reduces to 

1/ e of the original value and is given by
1

T =
2K

(iii) The quality factor of simple harmonic motion is 2 n times the ratio of energy 
stored to the energy lost per cycle and is given by

2 n
Q = ~ tT

Description of the apparatus :
An ideal simple pendulum consists of a heavy point mass suspended from a rigid 

support by means of a weightless, flexible and inextensible string. In actual practice a 
bob is used which is suspended by a long thread from a rigid support near the wall as 
shown in fig. (1). To note the amplitude of the oscillations, a marked scale is attached on 
the wall just opposite to the bob. When the bob is allowed to oscillate, its amplitude 
gradually decreases and after sometime it comes to rest. Such type of the motion is 
called damped simple harmonic motion and gradual decay of the amplitude is called 
damping.
Procedure :

(i) Set up the arrangement as shown in fig. (1) with length of the thread about 3 
metre long.'

(ii) Now, give the pendulum a displacement of about 70*80 cm. and leave it. Allow 
the first 8-10 oscillations to pass and ensure that the thread and bob would not touch 
the wall.

Fig. (i)
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(iii) When the amplitude is nearly 50-60 cm. note down this amplitude Aq and 
start counting the number of oscillations. Then note down the amplitude An at equal 
intervals of say 5 oscillations. Here it should be remembered that a stopwatch is not 
required. The counting of the oscillations should continue till the amplitude becomes 
about 10 cm.

(iv) Again allow- the pendulum to oscillate simple harmonically i.e., with small 
amplitude and note the time taken of about 20-25 oscillations with a stopwatch. Divide 
the whole time by the number of oscillations to calculate the time period T. Take atleast 
three sets and calculate the mean period of the pendulum.

(v) Repeat the whole experiment with bobs of aluminium and wood which are 
either of the same mass or of the same diameter as brass bob.

Observations :
(A) Table for the observation of A„ against n.

Mechanics and Wave Motion Lab

S. Number of 
oscillations

Amplitude An for login An for
No. Brass

bob
Aluminium 

bob -
Wooden

bob
Brass bob Aluminium

bob
Wooden

bobn

1 0

2 5

3 10

'X

90

95

(B) Table for the observations of time period of the bobs.
Least count of the stop watch = ... sec.

S. Number of 
oscillations

Time taken
No. Wooden bobBrass bob Aluminium bob

n
Time

period
Total
time
sec.

Time
period

Mean 
Ti sec.

Total
time
sec.

Time
period

Mean 
T2 sec.

Total
time
sec.

Mean
r3nTx T2 sec.

sec. sec. sec.
1 20

2 25

3 30

4 35

Calculations :
Plot a graph between no. of oscillations n on the x axis and corresponding values of 

logiQ An on the y axis for brass bob.
The graph comes out nearly a straight line as shown in fig. (2). Find the slope 

Alogj^o At! An from the graph. Divide this slope by time period Tj of the pendulum to

Brass
bob

Aluminium 
O bobcoo C"B''-
Wooden ; ‘

O Number of oscillations

Fig. 2.
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Mechanics and Wave Motion Lab calculate Alog jo An / because A^ = Tj x A/i. Similarly draw graphs for aluminium
bob and wooden bob and calculate corresponding values of Alogjo An I M2 and 
Alogjo An / Now calculate K, t and Q as follows :

(i) For the simple pendulum with brass bob 
A logiO An _ ACSlope of the curve = - ...per oscillation

CBAn
A log1Q An log10 An ^ AC 

Tj An
= - ...per sec.

Tj x CBAti
The damping coefficient

ACK = -2 - 3026 x :- + per see.
Tj x CB

The relaxation time
1

T =-------  = ...SCC.
2K
2 nThe quality factor Q = T = • •
T

Make similar calculations for aluminium and wooden bobs. 

Results : The values of different constants are tabulated below :

S. Simple pendulum 
with

Constants
No. Coefficient of 

damping K
Relaxation time t Quality factor Q

Brass bob1

Aluminium bob2

3 Wooden bob

Sources of Error and Precautions :
(1) The length of the pendulum should be sufficiently large.

(2) The counting of the oscillations should be done a little later and should 
continue till the amplitude reduces to 10 cm.

(3) The pendulum should not touch the scale.

(4) Time period should be measured accurately.

Viva-Voce
Q. 1. What is a simple harmonic motion ?
Ans. A periodic motion in which the body moves again and again over the same 

paths about its mean position in such a way that it is acted by a restoring force 
proportional to its displacement from the mean position is called simple harmonic 
motion.

Q. 2. What is meant by periodic and oscillatory motion ?
Ans. Periodic motion: A motion which repeats itself after equal intervals of time 

is called periodic motion.

Oscillatory motion : A body is said to possess oscillatory motion if it is moved 
back and forth repeatedly about a mean position.

Q. 3. What do you mean by free, damped and forced vibrations ?
Ans. When a body vibrates with its natural frequency, its vibrations are said to be 

free. The amplitude of free vibrations remains constant only in the absence of external 
frictional forces. In the presence of fricitional forces (Hke air) the amplitude goes on 
decreasing. Such vibrations are called as damped vibrations. If a constant external
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Mechanics and Wave Motion Labperiodic -force is applied in such a way that the amplitude of vibrations remains 
constant, then such vibrations are known as forced vibrations.

Q. 4. What do you mean by relaxation time and quality factor ?
Ans. Relaxation time : This is defined as the time in which the energy of 

oscillation reduced to 1/e of the original value.
Quality factor : This is defined as 2n times the ratio of the energy stored to the 

average energy lost per cycle.
Q. 5. On what factors the relaxation time depend ?
Ans. The relaxation time depends upon the coefficient of damping.
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c

2

0 50 100 ISO 200 250
Time ^
Fig. (3)

(i) From fig. (2) take time interval At for n oscillations, say for four oscillations 
At = 350 sec., then

At 350T = — =---- = 87- 5 sec.
4 4

(ii) Angular frequency
-1co = 2nt T = sec

(iii) The relaxation time
At

4- 60 x logjo 6(0 

1 CB 
4-60 AC

from fig. (3)

= + sec.
(iv) Quality factor

Q = CO T =
0

Results :
(i) Time period T =
(ii) Angular frequency co =....
(iii) The relaxation time x = +
(iv) Quality factor Q =......

sec.
-1sec
sec.

Precautions and Sources of Error :
(i) The time period of the system should be large.
(ii) The motion must be steady and horizontal.
(iii) Special care should be taken to avoid air currents.
(iv) The scale should not touch the table.
(v) Time period should be measured accurately.

Viva-Voce
Q. 1. What type of oscillations are in this experiment ?
Ans. The oscillations are simple harmonic underdamped oscillation. 
Q. 2. How do you change the time period ?
Ans. The time period is changed by changing the position of damper or the

weights.
Q. 3. What important precaution you take in this experiment ?
Ans. The oscillations should be in a horizontal plane.
Q. 4. How do you calculate the angular frequencies ?
Ans. The angular frequency is calculated by using the formula co = 2n! T, where T 

is the periodic time.
Q. 5. What would be the shape of the graph drawn between time and log of 

amplitude of vibration ?
Ans. Straight line.

□□□
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Mechanics and Wave Motion Lab

SIMPLE HARMONIC MOTION

EXPERIMENT No. ■£

Object: To study the oscillation in a bifilar suspension arrangement and to verify that
■ Toc-L

while other things remaining the same.
Apparatus used : Bifilar suspension arrangement, two equal weights and a 
stop-watch.

Formula used and Principle :
The time period T of a bifilar suspension arrangement is given by

V*2 ^or T

I YT = 2n .
VV c

M g li I2where c =
z

Here I = Moment of inertia of the suspended rod and anything rigidly attached to
it.

c = Restoring couple per unit twist.
Mg - Weight of the suspended rod plus whatever is attached to it.

z = Vertical distance of the suspended rod.
2/j = Distance between the threads at rigid support.
2/2 = Distance between the threads at the suspended rod.
It can be observed that if other quantities are kept fixed,

ro:T=

Hence if a graph is plotted between and 1/ T, it should be a straight line. 

Description of the Apparatus :
The bifilar suspension arrangement is shown in fig. (1). Two parallel horizontal 

supports, separated at some distance in a wall are needed for the suspension arrangement. 
A rod or a metre scale ABis firmly attached to these supports. Another rod or a metre scale 
CD is suspended on ABthrough two threads PR and QS, of equal lengths. The threads are 
so tied that the positions of P, R, Q and S, can be slided at will on the two rods thus 
changing ll and /2' Two weights are symmetrically placed on the rod CD. If the rod is 
given an angular twist, it executes angular simple harmonic oscillations.

Procedure :
(i) Set the experimental arrangement as shown in fig. (1). Here the positions of the 

threads are so adjusted that they are equally inclined from the vertical.
Wall

■or
T

Fig. (1)
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(ii) Set distance PQ (2 l{) and J?Sj(2 I2) at any desired values. Place also two 
weights symmetrically on CD at any,desired positions.

(hi) Now the rod CD is given an'angular twist so that it executes angular simple 
harmonic oscillations. Record the time of nearly 20-25 oscillations. Divide the total 
time by the number of oscillations to obtain the time period T.

- (iv) Keeping all other things fixed, vary 2/2 in steps and measure time period 
every time.

• _ (v) Now vary 2/j and repeat the experiment.
Observations :

Mechanics and Wave Motion Lab

V,

Table for time period T with varying /2 an^ also /j values.

V4s. k f, s 4 cm /1 = 6 cm /1 - 8 cm fi = 10 cm
No. 1 1 1 1Time for 

20 oscill. 
sec.

T Time for 
20 oscill. 

sec.

Time for 
20 oscill. 

sec.

T T Time for 
20 oscill. 

sec.

T
T T T T

sec"*

1.
2:
3.
4.
5.

10.

Calculations :
Draw graphs between 1/ T and values for different /j values. The graphs are

shown in fig. (2).

/,-10CM

*ii=8CM 

. f,=6CM

O

Fig.(2)

Result: The graphs drawn between and 1/ T for different ^ values come out to be 
straight lines, verifying the relation

4h cc T̂
Sources of Error and Precautions :

(i) The motion must be steady and horizontal.
(ii) Special care should be taken to avoid air currents.
(iii) The rod CD should not touch the wall.
(iv) Time period should be measured accurately.

Viva-Voce
Q. 1. What is bifilar suspension ?
Ans. When a rod or metre scale is suspended by means of two strings, then this 

arrangement is called a bifilar suspension.
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Mechanics and Wave Motion LabQ. 2. How the two strings are situated ? ' . / '
Ans. The two strings are symmetrically situated with respect to the centre of 

gravity of the rod or metre scale.
Q. 3. Are the two strings of same length ?
Ans. Yes, the two strings are of the same length.
Q. 4. When the metre scale is slightly displaced in the horizontal plane and 

released, what type of motion it executes ?
Ans. It executes simple harmonic motion about the vertical axis through its 

centre of gravity.
Q. 5. On what factors does the period of vibration depend ?
Ans. It depends, (i) distances between the strings at the top and bottom, (ii) mass 

of the rod or metre scale, (iii) vertical height of metre scale from point of suspension, 
and (iv) restoring couple per unit twist of suspension string.

Q. 6. Can you use this method to determine the moment of inertia of the rod ?
Ans. Yes.

<

□□□
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Ji<fechanics and Wave Motion Lab Sources of Error and Precautions :
(i) As Lissajous figures are used to measure relative amplitudes and phase of two 

oscillations of the same frequency, we must first equalise the periods of the two pendula 
with greater accuracy.

(ii) By trial, suitable length of the coupling thread, its sag and mass attached, 
should be adjusted.

(iii) The two pendula should be identical in all respects.
□□□
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