Torsional pendulum
Goal

This experiment is designed for a review of the rotation of rigid body 

Related topics

Rotational motion, Oscillatory motion, Elasticity

Introduction

A torsional pendulum, or torsional oscillator, consists usually of a disk-like mass suspended from a thin rod or wire (see Fig. 1). When the mass is twisted about the axis of the wire, the wire exerts a torque on the mass, tending to rotate it back to its original position. If twisted and released, the mass will oscillate back and forth, executing simple harmonic motion. This is the angular version of the bouncing mass hanging from a spring. This gives us an idea of moment of inertia. We will measure the moment of inertia of several different shaped objects. As comparison, these moment of inertia can also be calculated theoretically. We can also verify the parallel axis theorem. Given that the moment of inertia of one object is known, we can determine the torsional constant K.
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Fig. 1 Schematic diagram of a torsional pendulum  

This experiment is based on the torsional simple harmonic oscillation with the analogue of displacement replaced by angular displacement , force by torque M, and the spring constant by torsional constant K. For a given small twist  (sufficiently small), the experienced reaction is given by
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This is just like the Hooke’s law for the springs. If a mass with moment of inertia I is attached to the rod, the torque will give the mass an angular acceleration according to M = I= 
[image: image3.wmf]2

2

dt

θ

d

I

Then we get the relation


[image: image4.wmf]q

I

K

dt

θ

d

-

=

2

2









(2)

Hence on solving this second order differential equation we get
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where ( is the angular velocity and T is the period. These are our governing equation of the experiment.

Experiment device
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Fig. 2 Schematic diagram of the experiment device
Procedure

1. Familiarize yourself with the operation of the device. Adjust the device carefully so that it is ready for the measurement (i.e. the base is placed horizontally.).

2. Determine the torsional constant K of the spiral spring with a plastic cylinder. Employ the theoretically calculated moment of inertia of the plastic cylinder as a known value.

3. Measure the moment of inertia of differently shaped objects. Compare the measured results with the theoretically calculated values.

Optional

4. Verify the parallel axis theorem. 

Questions
1. On which factors is the moment of inertia dependent?
2. What are the causes that may bring error to our measurement?
3. References

4. 沈元华，陆申龙 基础物理实验 (Fundamental Physics Laboratory) 高等教育出版社 北京 2004 pp. 100-103

5. Ravitej Uppu Torsional Pendulum http://www.cmi.ac.in/~ravitej/lab/4-torpen.pdf
Operation Guide--Lab II Torsional Pendulum

Contents

1. Familiarize yourself with the operation of the device. Adjust the device carefully so that it is ready for the measurement. Such as: learn how to operate the digital timer; adjust the stage so that the device is placed horizontally (Please discuss with your partner why we need to do so?).

2. Determine the torsional constant K of the spiral spring with a plastic cylinder. 

1) Install the object holder. Adjust the chopping bar, so that it can block the light from the diode to the detector when it moves. Measure the time duration for 10 periods of the torsional pendulum with only the object holder t0. So the period: 
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	No.
	1
	2
	3
	4
	5
	Average

	t0 / s
	
	
	
	
	
	


2) Measure the mass of the plastic cylinder with an electric balance (one measurement is enough) and its diameter for 5 times with a vernier caliper. Install the plastic cylinder to the object holder. Measure the time duration for 10 periods of the torsional pendulum with the object plastic cylinder t1. So the period: 
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. Calculate the torsional constant K of the spiral spring by using the theoretically calculated moment of inertia of the plastic cylinder as a known value. 

	No.
	1
	2
	3
	4
	5
	Average

	m / g
	

	D / cm
	
	
	
	
	
	

	t1 / s
	
	
	
	
	
	


Derive the equation for K calculation. Write down the calculation process. Get the K value and estimate the uncertainty. (To be finished after lab work.)

Attention: 
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(PC means plastic cylinder.) Please derive the equation for the calculation of K by yourself. IPC means the moment of inertia of the plastic cylinder: 
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. I0 means the moment of inertia of the object holder.

3. Measure the moment of inertia of differently shaped objects: a metal barrel, an iron ball and a long-thin metal bar (Optional). Compare the measured results with the theoretically calculated values.

3) The metal barrel：Measure the time duration for 5 periods of the torsional pendulum with the object metal barrel t1. So the period: 
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. Calculate the moment of inertia of the metal barrel. The previously measured T0 can be used again.

	No.
	1
	2
	3
	4
	5
	Average

	m / g
	

	Inner diameter D1/ cm
	
	
	
	
	
	

	Outer diameter

D2/ cm
	
	
	
	
	
	

	t1 / s
	
	
	
	
	
	


The theoretical equation for the moment of inertia of a barrel is
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. (Try to derive it.) Calculate the experimentally measured value and the theoretical value. Estimate the uncertainties of these two results and also the percentage difference between them. Are the results reasonable?

4) The iron ball: Measure the time duration for 5 periods of the torsional pendulum with the object iron ball t1. So the period: 
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. Calculate the moment of inertia of the iron ball. Here, the T0 should be measured again with the small holder only.

	No.
	1
	2
	3
	4
	5
	Average

	m / g
	

	D / cm
	
	
	
	
	
	

	t0 (10(T0)/ s
	
	
	
	
	
	

	t1 / s
	
	
	
	
	
	


The theoretical equation for the moment of inertia of a ball is
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. Carry out the similar evaluation as above.
5) The long-thin metal bar(Optional)
(Data table for reference.) 
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 and t1=___(T1
	No
	1
	2
	3
	4
	5
	Average

	t0 / s
	
	
	
	
	
	

	t1 / s
	
	
	
	
	
	

	m / g
	

	l / cm
	


5. Verify the parallel axis theorem(Optional)

Please design a lab to verify the parallel axis theorem experimentally.
(Data table for reference.)

Mass
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	Position / cm
	5.00
	10.00
	15.00
	20.00
	25.00

	t1 / s
	1
	
	
	
	
	

	
	2
	
	
	
	
	

	
	3
	
	
	
	
	

	
	Average
	
	
	
	
	

	T12 /s2
	
	
	
	
	

	m1d12 +m2d22 

/104 g·cm2
	
	
	
	
	


Hints: Draw a diagram for T12 versus m1d12 +m2d22. Try to derive the K' value from the slope and understand the meaning of cross-section point between the obtained line and the Y-axis. 
Question: How is I0 here defined?

Appendix:
1. The torsional constant K of the spiral spring:
[1] Determination of K. 

From 
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We get 
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Thus 
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[2] Uncertainty of K.
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Please note: 
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Since we measure the time of 10 periods, so for each period, we have 
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2. Then use this K as a known value to measure the I of other objects. Calculate the experimentally measured values and the theoretical values. 

3. Uncertainty:

Calculate the uncertainty of the following values:

[1] Plastic cylinder:
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Where, 
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[2] Metal barrel:
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No necessary for the uncertainty calculation of the other objects.

4. For parallel axis theory, please draw a graph of T2 versus 
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, evaluate and discuss based on your understanding.
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