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Torsional pendulum
We first saw this apparatus at the 2023 IOP Stirling physics teachers meeting. We were 
impressed by the thought that had gone into the design and the very reasonable cost.
We received the apparatus for evaluation.

It arrived complete, well packaged 
and included a comprehensive 
manual detailing kit contents, 
assembly instructions and details 
of four suggested experiments 
(including some background theory).

The assembly instructions run 
to five pages. Assembly is not 
difficult but there is an order to 
assembly and some subtle features 
in the construction that are easily 
overlooked. Construction took about 
90 minutes.

Experiment 1 
Experiment 1 examines torque v  
angular displacement. This, in theory, 
was the simplest of the experiments. 
Provide a force (using thread, 
paperclips and a pulley wheel) at 
right angles to the suspended rod at 
a measured distance from the axis 
and measure the angle of rotation. 
This enables the torsional constant 
to be measured. This proved to be 
the least accurate of the experiments 
due to the poor quality of the 
cobbled together pulley wheel as 
no pulley wheel is provided (see 
Figure 1).
 

Experiment 2
Experiment 2 examines the period 
of rotation v mass of the oscillating 
rod. The aim of this experiment is to 
show that the square of the period 
of oscillation is directly proportional 
to the moment of inertia of the tube/
rod. The mass of the oscillating tube, 
and hence the moment of inertia, is 
altered by slotting lengths of copper 
wire into the tube (see Figure 2). 
Note the difference between the 
torsional constant calculated from 
the gradient of the graph in Figure 1 
(0.036402N m rad-1) with that 
obtained by calculation using the 
gradient in Figure 3 (0.031205N m 
rad-1). As can be seen from Figure 3 
the graph confirms the relationship.

Figure 2

Figure 3

Figure 1 - Torque v angle rotation (Experiment 1).
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Experiment 3
Experiment 3 examines the 
relationship between period and 
mass distribution. Two collared 
masses are provided which slide over 
the suspended rod and are fixed at 
various distances from the axis of 
rotation using small grub screws. It is 
suggested that the moment of inertia 
of the system is plotted against the 
square of the period of oscillation. 
The value from the previous 
experiment is used for the moment 
of inertia of the tube to which we add 
the contribution of the two masses 
using mr2.

We also calculated the moment of 
inertia of the tube and compared 
this with the assumption that the 
formula for a thin rod was valid. 

Figure 5

Figure 4

We calculated Itube = 0.008849kg 
m2, Irod = 0.008847kg m2. Using the 
gradient this experiment gave a 
value for the torsional constant of 
(0.031643N m rad-1).

Our results for this experiment are 
shown in Figure 4.
 
Experiment 3a 
Not included as a suggested 
experiment in the instructions but we 
used the results from experiment 3 
and plotted only the moment of 
inertia of the two masses against 
the period squared. The gradient 
(and hence torsional constant) was 
obviously the same but the offset 
gave a value for the moment of inertia 
of the rod which was 0.008921kg 
m2; very similar to that obtained in 
experiment 2 (see Figure 5).
 

Experiment 3b
Again, not suggested in the supplied 
notes but an interesting alternative 
analysis of the collected data. We 
were, after all, starting to get carried 
away with ourselves. Again using the 
results from experiment 2 and 3 we 
plotted the logarithm of the moment 
of inertia of the masses (system 
moment of inertia calculated from 
the period of oscillation minus the 
rod moment of inertia) against the 
logarithm of the distance from the 
axis of rotation.

The gradient of this graph should be 
the power to which the moment of 
inertia depends on the radius and 
the offset should be the logarithm 
of the two masses combined (see 
Figure 6).
 

Figure 6
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This yielded a value of 2.07 for the 
power of the radius and a value for 
each mass of 9.20g.

The measured value for each mass 
used in experiment 3 was 8.89g.

Figure 7 Figure 8

Experiment 4 
In the instruction manual it is 
suggested that ‘sails’ can be added 
to each end of the oscillating rod and 
that the underdamped oscillation 
can be studied using tracker. We 
did this (Figure 7) and the results 

References and resources
•	� A python article on data analysis and curve fitting can be found here https://www.sserc.org.uk/wp-content/uploads/2023/03/

SSERC-bulletin-278-p2_5-Python-Pandas-Physics-Pendulums.pdf.
•	� The torsion pendulum used in this article can be found here: https://www.simplesciencesupplies.co.uk/shop/p/torsion-

pendulum-ah-project.
•	 The current price of a torsion pendulum as at 18/08/2023 is £69.99.
•	� Critical damping demonstration can be found here: https://www.sserc.org.uk/wp-content/uploads/2023/10/SSERC-bulletin-

279p5_6-Critical-damping-demonstration.pdf

using the Tracker data analysis curve 
fitting tool are shown in Figure 8.
 
We published a a simple activity 
which shows under, critical and over 
damping in Bulletin 279. <<
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