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Experiment M2

DETERMINATION OF FREE FALL ACCELERATION
BY METHOD OF PHYSICAL PENDUL UM

Purpose of the experiment: to study oscillation of the physical pendulum and to
determine acceleration of the free fall by method of physical pendulum.

1 EQUIPMENT

1. Physical pendulum.
2. Millimeter scale.
3. Stop-watch.

2THEORY

2.1 From the law of universal gravitation it follows that on a body lifted above the
ground on the height h the force
mM
T =mg, 21
g (R +h) mg (21)
is exerted, where a quantity 9 is free fall acceleration, g=6,6740™ m’kg™s? is gravitational
constant, m is mass of body, M is mass of Earth (M=5,9840* kg), Re is the radius of Earth.
In a vector form the attractive power can b(?written down as

F= mé; (2.2
F and 9 are directed towards the center of Earth. For a body near the ground, h<<Rg
(Re@,3740° m)
_ M
g9=9 R (2.3)

The value of the free fall acceleration depends on the latitude of a place: on equator it
is equal to g=9,780 m/s”, whereas on a pole respective value is g=9,832 m/s”.

2.2 In this experiment the value of g is determined in experimental way by method of
physical pendulum. Physical pendulum is a body, which oscillates about a horizontal axis
under action of forces, which do not pass through the center of mass. In this experiment arod
isused as aphysical pendulum (Fig. 3.1).

Sum of kinetic and potential energy of physical pendulumis

Iw?

E=— +mgL(1- cosa ), (2.4)

where | is a moment of inertia of the pendulum about the axis of rotation which passes
through the end of a rod. The specific expression for I may be found using parallel axis
theorem. Other values in above equation are the following: w stands for angular speed of
pendulum, mis mass of pendulum, g denotes acceleration of the free fall close to the surface
of Earth, L is distance from the axis of rotation to the center of mass, a is a deflection angle of
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pendulum from equilibrium position. We choose the position of stable equilibrium of
pendulum as an origin for potential energy magnitude. After differentiation Eq. (2.4) with
respect to time we have

lwdw + mgL sinada =0 (2.5)
As da=wdt, and angular acceleration is equal to dw/dt =d’a /dt?, instead of Eq.
(2.5) we have:
| ‘i:? +mgLsina =0, (2.6)
Let us divide both sides of equation (2.6) on | , introduce notation
w,? =Tk 2.7)

I
and consider the case of small deviations from position of equilibrium (sna@). Then from
Eqg. (2.6) we obtain:
d’a
—+w,a =0. (2.8)

The solution of equation (2.8) is:

a =a,codw,t+j ) (2.9)
where ap isamaximal deviation angle of pendulum from position of equilibrium (amplitude
of oscillations) wp is angular frequency, j isan initial phase (if in the initial moment of time
a pendulum was maximally declined from position of equilibrium thenj =0).

Period of oscillation for the physical pendulum is

=£=2|01/ (2.10)

From the formula (2.10) it is possi ble to determl ne the free fall acceleration

e L
T2 mL (2.12)
So we have to determine the period of vibrations of rod and calculate its moment of inertiain
order to calculate g.

3 DESCRIPTION OF EXPERIMENTAL APPARATUS

The pendulum used is a rod with mass m and length I.
For a rod, the moment of inertia about an axis, that passes
through the center of mass, is given by formula
1 @
|, =—MI?
and the moment of inertia about an axis that passes through

an upper end may be found from parallel axis theorem :

=1, +mE 8 = 1wz (32)
e2g 3

where we have used that the distance from the axis of rotation
to the center of massis

_|
L_E- (3.3) Figure 3.1

Taking into account expressions (3.1)-(3.3), it is
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possible to determine acceleration of the free falling from equation (2.11) to be
2
g= % X—I :
3 T?
This is a computation formula for determination of the free fall acceleration.

(34)

4 PROCEDURE AND ANALYSIS

4.1 Determine the length of rod |.

4.2 Determine the period T of oscillations of the physical pendulum. For that, use a stop-
watch to measure time t of some number n (specified by teacher) of oscillations and
calculate T from formula

T = l .
n
4.3 Repeat the experiment 3 times. Find the average value of T.
4.4 Calculatethe value of the free fall acceleration from equation (3.4).

4.5 Estimatethe errors of measurements and calculations.

4.6 Express results of the calculation in the form 9=9,*D0d, and specify the value of
relative error .

4.7 Fill thetable 4.1 with results of experiments and calculations.

Table4.1

I Al, T, AT, s} A4q, e
m m S s m/s m/s %

M ean
value
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