
4 
Acceleration due to Gravity 

4.1. Acceleration due to gravity. Earth attracts bodies lying on or nea 
its surface towards its centre. Bodies left free, move towards the centre o 
the earth with a constant acceleration g known as acceleration due to 
gravity. The value of this acceleration is 9.8 m/sec". The value of g varie from place to place on the surface of the earth, being greater on the poles 
than on the equator, greater at sea-level than on the mountain tops. 

4.2. Simple pendulum. The acceleration due to gravity can be easily determined with a simple pendulum. It consists of a heavy particle 
suspended by a weightless, inextensible and perfectly flexrible string fixed 
from a point about which the pendulum oscillates without friction. In prac tice, it ia not possible to have such an ideal pendulum because neither we 
can get a single material particle nor a weightless and inextensible string. 
The nearest approach to an ideal simple pendulum consists of a small metal.) 
lic sphere, suspended from a fixed support by a very fine flexible cotton thread. 

If the amplitude is small, the time periodt of a simple pendulum of 
length is given by 

t 27t

A simple pendulum whose time period is two seconds is called a 
second'spendulum. Its length at a place whereg is 9.8 m/sec is 0.994m. 

4.3. Compound pendulum. The conditions of an ideal simple pen- 
dulum cannot be realised in actual practice. Most of the defects are removed 
by using a compound pendulum. 

A compound pendulum consists of a rigid body which can oscillare 
freely about a horizontal aris passing through it. 

The time period t of a compound pendulum is given by 
I 2 + 

where I is the distance of the point of suspension O from the centre 
gravity G and K is the radius of gyration about an axis through the centre 0- 

gravity. 
A simple pendulum having the same time period as a compound pera dulum is called an equivalent simple pendulum and its length measures t 

34 



35 equivalent length L. 

The point C at a distance equal to the length of an equivalent simple 
pendu 
the centre of gravity is called the centre of oscillation. 

pendulum from the point of suspension on the straight linc passing through 
through Cis the same as that about Q. 

The cenire of suspension and the centre of oscillation 

T The time period of the compound pendulum about a horizontai axis 

are thus interchangeable. 
In fact there are four points two on either side of the entre of gravity and collinear wilh it about which the time period of the pound pendulum is the same. If we select noints on either side of C.G but not equidistant from then one of these corresponds to he centre of suspen- on and the other to the centre of oscillation. If the dis- tance of one of these from C.G. is 1 and that of the other is 

G 
. then 

Equivalent length L = +l2 
The time period of a compound pendulum 

K+ t 2 2T 
8 Fig. 4.1 

K 
+ = L = +h 

Radius of gyration of the compound pendulum 

The time period of the compound pendulum is minimum when the dis- tance of the point of suspension from C.G. is equal to the radius of gyration. 
4.4. Bar pendulum. To find the value of g a special type of a com- 

pound pendulum is used. It is called a bar pendulum and is shown in Fig. 
4.2. It consists of a uniform metal bar having holes drilled along its length 
symmetrically on either side of the centre of gravity. Two knife edges are 
Placed symmetrically with respect to the C.G. as at A and B. The time penod 
deiermined about each hole by placing the two knife edges symmetrically 
about C.G. The distance of each of the knife edges (i.e., the point of suspen- 
SIOn) from the centre of gravity is measured in each case. 

Experiment 3. To plot a graph between the distance of the knife 
ages from the centre of gravity and the time period of a compound 

pendulum. From the graph ind 
a) the aceleration due to gravity. 

The radius of gyration and the moment of inertia of the bar 
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A the pendulum from the knife-edge on the side A so that the 
3. Suspend the 

ife-cdge 

3. nerpendicular to the edge of the slot and the pendulum is hang 

ing 
parallel 

lo the walI. 
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4. Adjust the eye-piece of the telescope so that the cross wires are 

clearly visible through it. Focus the telescope at the referencc line of the 

compound pendulum. Turn the eye-piece so that the crosS-wires are in the 

positions as shown in Fig. 4.2. 
5. Set the pendulum into vibration with a small amplitude of about S 

and allow it to make a few vibrations so that these become regular. 

6. Look through the telescope and when the image of the reference 
mark passes across the point of intersection of the cross-wires, start the stop 
watch and count zero. Count one when the pendulum is passing through the 

ame position in the same direction and so on. Note the time taken for 20 

vibrations. Repeat again and take the mean. 

1. Measure the distance between the C.G. and the inner edge of the 

knife-edge. 
8. Now suspend it on the knife-edge on the side B and repeat the obser 

vations. 
hol. Repeat the observations with the knife-edges in the 2nd, 3rd, 4th etc. 
oes on either side of the centre of gavity. 
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See that the knife-edges are always placed symmetrically with 
respect to C.G. 

Observations. 

Side A Side B 

SL. Distance 
No. Time for 20 Time Time for 20 Time Distance from 

vibrations period vibrations period from 
C.G. 

C.G. 
1| 2 Mean 12 Mean 

3 

10. To plot the graph. () Take the Y-axis in the middle of the graph 
paper. Represent the distance from the C.G. along the X-axis and the "time 
period' along the Y-axis. 

(i) Plot the distance on the side A to the right and the distance on the 
side B to the left of the origin. 

(ii) Draw smooth curves on either side of the Y-axis passing through 
the plotted points taking care that the two curves are exactly symmetrical as 
shown in Fig. 4.3. 

11. To find the value of 'g'. (i) Draw two lines parallel to the X-axis 
cutting the curves at the points ABCDE and A'B'C'D'E' respectively. Also 
draw the line POR touching the two portions of the graph at P and R respec 

tively. 
(i) Select points like B and E, A and D etc. on the graph on the two 

sides of the C.G., not equidistant from it, having the same time period. 
Measure the distance AD and BE. 

Similarly measure the distances A'D 'and B'E'. 

Length of Eq. simple pendulum Time period SI. No. 
ii Mean L 

AD = BE = 

2 AD' = B'E= 

Mcan 



Acceleration 

due to Gravity 

4 L 

39 

8 

Actual valuc of g -9.8 ms 

Percentage emor 

12. To Mnd the radius of gyration. Measure the distances AC, CD. 

RC.CE and A'C,CD,BC,CE, as well as PQ and QR. 

SI. 

No. 
AC CD- 

2 CE BC 

A'C C'D 

CE B'C 

PO- QR = 

Mean value of K = 

13. Moment of inertia. Find the mass of the pendulum. 

Mass of pendulum M kg 

Radius of gyration K m 

. Moment of inertia MK kg-m 

Precautions 1. The knife-edges should be horizontal and the bar pen 

dulum parallel to the wall. 

2. Amplitude should be small. 

3. The time period should be noted after the pendulum has made a few 

vibrations and the vibrations have become regular. 

4. The two knife-edges should always lie symmetrically with respect to 

the C.G. 
5. The distance should be measured from the knise-edges. 

6. The graph drawn should be a free-hand curve. 

Sources of error. 1. Slight error is introduced due to (i) resistance of 

aur, (i) curvature of knife-edges, (ii) yielding of support and (iv) finite 

amplitude. 
2. The stop-watch may not be very accurate. 

EXercise. Plot a graph between fl and F for a comypound pendulum 

and hence find the value of g the acceleration due to gravity andK the 

radius of gyration. 
Hints. For a compound pendulum. 

I 2A O Ig 
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or 
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Thus if a graph is plotted between fl taken along the Y-axis and 
taken along the X-axis. it will be a straight line as shown in Fig. 4.4. 

A 

D 

Fig. 4.4 

The slope of the curve is the co-efficient of f and is, thercfore. given 

by. 
tan = 

Hence & tan 8 

The intercept on the Y-axis 

OA = . K = K^ tan e 
3 

OA = K A K = OOD or OD 

Hence the intercept on the X-axis directly gives the value of the square 
of the radius of gyration, i.e., K. 


