
 

 

 

FYSP1081 / 3 TORSION PENDULUM 
 

General 

Torsion pendulum is a subject which is touched very lightly, or not at all, during the lectures. 

In this exercise you’ll study the moment of inertia of rigid bodies with help of a torsion 

pendulum. First, the properties of the pendulum in general are introduced. The experiment 

is done by measuring period time of the torsion pendulum for different shape and size of 

rigid bodies placed on it. Measured quantities will be compared to calculated ones. A rotary 

motion sensor controlled by Capstone program (or a stopwatch) is used to measure the 

period times. 

 

Literature 

 

Young & Freedman (11th ed.):  Ch. 13, from Ch. 11 pages 414 – 423, or 

Ohanian: Ch. 15, pages 379 – 405, section 14.4, pages 365 – 370. 

 

1  Introduction 

 

Vibration is motion around an equilibrium position or state, where identical conditions are 

reached periodically. A body is harmonic vibrator, when the force causing the motion is 

directly proportional to the (distance) deviation from the equilibrium (position). Examples 

are like a mass on a spring, the pendulum of a watch or a two-atomic molecule. A torsion 

pendulum, a body hanging on a rod rotating around its equilibrium position fulfils the 

requirement, when the angle of rotation is small enough. In this case, the momentum of the 

elastic rod causes a harmonic force. 

 

In this experiment you’ll use a torsion pendulum equipped with a cylindrical, long metal 

rod with a heavy (compared to the mass of the rod) cylindrical metal plate hanging attached 

on it. 
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The motion (rotation) happens around the axis of the rod (and the plate itself). 

 

2 Theory 

 

Rotational motion is harmonic, when the momentum M is directly proportional to the angle 

 of deviation i.e.

 DM          

where D is s.c. torsion constant (or directional momentum). Here D depends on the 

properties of the material of the rod as follows 
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where A is the cross section of the rod,  l its length and G s.c. modulus of rigidity of material 

the rod is made of.  

 

The period time T0 behaves similar to a harmonic oscillator 
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where J0 is the moment of inertia of the entire system measured or calculated with respect 

to the rotation axis. 

 

J0 can be calculated from the geometry of the body (for a empty torsion pendulum the shape 

of the body is that of a disc). If additional bodies are added to the system, moment of inertia 

also changes, and therefore also the period. Since moments of inertias with respect to the 

same axis are additive, the period of system with additional body is 
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where Jx is the moment of inertia of the added body with respect to the rotation axis of the 

system1.  

 

3 Equipment and measurements 

 

The equipment shown in Fig. 1 consists of a metal rod fixed tightly from the upper end and 

to the lower end of the rod a metal disc is attached., whose moment of inertia van easily be 

calculated. When the disc is rotated around the axis of rod, it starts to oscillate around the 

equilibrium position, whose period can be measured. There are two torsion pendulums 

available in the student laboratory. In the other pendulum, the lower end is supported by a 

bearing to avoid sideways movement. Due to friction in bearing, the oscillation is damped. 

In principle, friction affects the period, but due to smallness of effect, this is not taken into 

account2. With this pendulum, measurements of periods can be done with help of Capstone 

setup and its rotary motion sensor. 

 

 

Figure 1. Torsion pendulum. 

                                                           
1 Pay attention to the fact that Jx is not equal to the moment of inertia with respect to the symmetry axis of 

added body (see Young and Freedman (11th ed.), sc. 9.5) 
2 Check the validity of this assumption from Young and Freedman, sc. 13.7, or Marion & Thornton, 

Classical Dynamics of systems and particles, 4th ed., p. 116-125.) 
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The other pendulum is not equipped with any bearing at lower end and the periods are 

measured using a stopwatch. 

 

You’ll measure period times for the empty pendulum and for the pendulum loaded with 

additional bodies. Measure the period times as accurately as you can. As additional bodies 

we use: 

1) two metal discs (each about 0,75 kg) placed on opposite positions on the pendulum disc, 

2) either a hollow cylinder or a rectangular metal plate. 

 

For determining the torsion constant measure the dimensions of the rod and for calculating 

the moment of inertia all the needed values. Remember also the error estimates.   

 

4 Data analysis and results 
 

The moment of inertia of the pendulum disc is calculated from measured dimensions and 

mass. The directional momentum of the rod is determined from the period measured for 

the empty pendulum and the above mentioned calculated moment of inertia. With help of 

the directional momentum the value of the torsion constant of the pendulum rod can be 

solved and from that the material of the rod is determined. 

 

Moment of inertia for the systems studied in this work is determined experimentally and 

also calculated using masses and known geometry3,4. Values obtained experimentally and 

“theoretically” are compared. 

 

Error analysis (max-min-method suffices) for all measured and calculated values is 

obligatory and these calculations have to be presented in the text of the report or in the 

                                                           
3 Note, that small discs can not be considered as point masses. 
4 Note also that the rectangular plate has a hole in the middle. If the hole is not taken into account, an error 

of 0.11% will be done, which can be neglected. If you can calculate the moment of inertia for the plate with 

a hole in middle, you are urged on doing it. 
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appendix. Help for the error analysis can be found in the book by John R. Taylor “An 

introduction to error analysis”, which is available in student laboratory.     

  

A normal laboratory-work report will be written of this work. Some advice for writing the 

report can be found on English web page of student laboratory. Following values (together 

with error estimates) must be given: 

 The moment of inertia J0 of empty pendulum. 

 The directional momentum D of the pendulum rod. 

 Torsion constant G of the rod and the material of the rod. 

 Moment of inertial Jx for additional bodies (both experimental and “theoretical” 

values). 

 

Hint! Values of the modulus of rigidity for some materials are given in the following 

sources: 

- Erkki Pennala, Lujuusopin perusteet, Otatieto Oy, 1995. 

- Ohanian, Physics, W.W. Norton Company, 1988. 

- Young and freedman, University Physics (11th ed.), Addison-Wesley, 2003. 

- Beer and Johnston, Mechanics of materials, McGraw-Hill, 1992. 

   


