
Experiment 8

Kater’s Pendulum

Local value of g can be quite precisely measured using a pendulum of known length. In practice,
however, it is not easy to get a very precise measurement of the location of the center of mass of
an extended object. Several clever schemes exist to overcome that by adjusting the arrangement of
multiple masses on a pendulum so that only the distance between two pivot points is needed, and
the exact location of the masses is not necessary, as long as the two periods of oscillations about the
two pivot points are identical. A commonly used design is Kater’s pendulum.

8.1 Introduction

The period T of a physical pendulum is given by

T = 2π
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where I is the moment of inertia about to the axis of rotation (AR), or the suspension point of the
pendulum; m is the total mass of the pendulum; g is the acceleration due to gravity; and d is the distance
between the centre of mass (CM) of the pendulum and the AR. This classic result is derived under the
so-called “amall-angle approximation”, sin θ ∼= θ. When the amplitude of oscillations is such that this
approximation ceases to be valid, then the expression for T requires modification:
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where θm is the maximum angular displacement. This improves the precision of the calculation, so that in
principle, measuring T for a known m and d would yield an excellent way of obtaining the value of local
g with high accuracy. The problem, however, lies with the “known” d, because for any realistic pendulum
the position of the center of mass is not accurately known (the mass of the rod on which the pendulum
bob sits cannot be neglected).

Kater’s pendulum1 to the rescue! This ingenious device (shown schematically in Fig. 8.1) consists of a
bar with two fixed knife edges, AR1 and AR2; two different masses m1 and m2 can be clamped to the bar.
The positions of m1 and m2 along the bar are adjusted until the period of oscillations T1 around AR1 is

1N. Feather, An Introduction to the Physics of Mass, Length and Time. The University Press; 1st edition, 1962. Pp.
187–194.
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Figure 8.1: Dimensions of Kater’s Pendulum

equal to the period of oscillation T2 around AR2. In this condition we then have

T1 = T2 =

√
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g

, (8.3)

where `0 is the distance between the knife edges. In other words, one need not know the precise position
of the center of mass, but only the distance between the two points of suspension (the two knife edges),
and a precise determination of g becomes possible with only one measurement of distance between two
physically accessible points.

8.2 Experimental procedure�
�	! Set up Kater’s pendulum, making sure it swings freely. Fasten (and fix) the small mass m1 to the
bar, outside AR1 and AR2, and measure its distance ` to AR1. Swing the pendulum, with small
θm, with AR1 as the pivot point, and measure T1 a few times with the photogate. Be sure that the
pendulum swings “straight” through the gate.�
�	! Now reverse the pendulum; swing it around AR2 and measure T2. Unless you are very lucky, T1 and
T2 will be appreciably different. Change the position of m2 (that is, change `), and measure T1 and
T2 again. Repeat this procedure a few times and plot curves of T1 vs. ` and T2 vs. ` on one graph.
The intersection of these two curves indicates the value of ` for which T1 is approximately equal to
T2. Guided by this graph, change ` by small amounts in the right direction until you experimentally
find T1 = T2 within experimental error. There are in fact two positions of m2 for which T1 = T2; find
both positions.

An alternative approach is to vary the positions of masses systematically, plot T1(`) and T2(`) on
the same plot, interpolate the two curves and find the two points of intercept where T1 = T2, thus
determining the g value(s). The resulting plot may look similar to that of Fig. 8.2.
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Figure 8.2: An example of determination of the acceleration due to gravity from a Kater’s pendulum
experiment. The interpolation method was used to find the two intercept points where T1 = T2. For
`0 = 0.9975 m, the result was found to be g = 9.801± 0.013 m/s2, at the location where the known value
was g = 9.8038 m/s2.

�
�	! For the two points of intercept, use their T and ` values to calculate g from Equation 8.3. Compare
the two values of g; do they agree within their experimental errors?

The inherent accuracy of this experiment is quite high. Give a complete error analysis, including a
discussion of whether your measured T values should be corrected for large oscillation amplitudes
θm. Use Equation 8.2 to prove this.


