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Torsional Pendulum 

• Pendulum hub 

• Two threaded rods 

• Two masses 

• Upper support block with 
bearing 

• Lower support block 

• Two torsional spring wires 

• Allen wrench 

• Pulley with silver hex screw 

• Pulley bracket with black 
hex screw 

• 1.5 m Pulley String 

• Instructional Guide  

• Teacher Notes and 
Answer Key 

• Student Activity Guide 

 
Required for Activity: 

• Ring stand (at least 24” high) 

• 20 N spring scale (01-6963) or Digital Newton Meter (01-7000) 

• Stop watch (52-3200) 
 
 

 
The torsional pendulum, also known as a horizontal pendulum, has many applications in mechanical 
devices and scientific experimentations. Its governing principles form the basis of simple harmonic motion 
and the formulas that describe this motion underlie a branch of study in physics education. For this type 
of pendulum, the force that governs the harmonic motion is provided by a torsional wire that acts as a 
spring. The period of oscillations is dependent on the wire's spring constant (k) and the pendulum’s 
rotational inertia (I).  

 
Components: 

 

A. Pendulum hub 

B. Two threaded rods 

C. Two masses 

D. Upper support block with bearing 

E. Lower support block 

F. Two torsional spring wires 

G. Allen wrench 

H. Pulley 

I. Silver hex screw 

J. Pulley bracket 

K. Black hex screw 

L. 1.5 m Pulley String 
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1. On a support rod or ring stand, mount the lower support block (E), 
sliding it down about 22 inches from the top.  

2. Next, mount the upper support block onto the ring stand near the 
top (D).  

3. Slide the shaft of the hub through the support block (A). Be sure 
the rotating hub is just above the top of the ring stand. 

4. Fit one end of the “L” shaped torsional spring wires (F) under the 
washer and hex screw of the upper wire support (Figure 1). 
Tighten securely the wire to the pendulum with an Allen wrench 
(G). 

5. Adjust the height of the lower support clamp for the length of the 
wire, and attach the wire to it in the same manner as the upper 
clamp.  

6. Screw the two 30 cm rods (B) into the rotating hub so that they clear the top of the ring stand. 
The movable weights (C) can then be added to the rods.  

 

Pulley Assembly (For alternate force value method) 

1. Insert the silver hex screw (I) through the pulley bracket (J) and 
secure the pulley (H) perpendicular to the bracket. 

2. Align the second hole on the pulley-and-bracket assembly to the 
threaded hole on the front of the upper support block and use the 
black hex screw (K) to secure the assembly to the Torsional 
Pendulum (Figure 2). 

3. Ensure the string falls over the pulley so tension can be applied 
tangent to the hub of the Torsional Pendulum. 

 
 
 
 

 
Sample Data 
 
The Rotational Inertia of the system will depend on 
the position of the weights along the rods. When the 
weights are placed at the extreme ends, they 
combine and add approximately 0.0358 kg.m2 to 
pendulum’s rotational inertia.  

 
In the activity, the suggested method given for 
calculating the inertia of the rods, yields a slightly 
less then accurate approximate. A more accurate 
method is to apply the Parallel Axis Theorem as it 
applies to a thin rod. With a mass of 0.075 kg, a 
length of 0.30 m and the center of mass of the rods 
are offset by 0.17 m, the Parallel Axis Theorem 
predicts an inertia value for each rod of 0.00273, or 

Teacher’s Notes  

Figure 1 

Figure 2 
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for both 0.00546 kg•m2. Therefore, a good value for the total rotational inertia of the pendulum with the 
weights at the ends of the rods is 0.042 ± 0.001 kg•m2. 

 
The Spring Constant, k  
 
The recommended method for obtaining the spring constant values, involves plotting a graph of torque 
vs. angular displacement. The slope of this graph represents the spring constant. Values obtained by this 
method are given in the table below. 
 
Wire diameter 
(inches) 

Length 
(m) 

k 
(N•m/rad) 

0.032 0.435 0.0079 

0.047 0.435 0.0366 

 
An alternate method for obtaining force values and angular displacement values is to use hanging masses 
over a pulley to rotate the pendulum hub. With the pulley mounted to the pendulum housing, a weight 
hanger and masses can be used to apply a torque to the pendulum hub as shown in the diagram. To 
measure the angular displacement, use a meter stick to measure the height above the floor of the empty 
weight hanger. Mass can be added to the weight hanger, which provide a torque to rotate the pendulum 
hub. After each successive mass has been added to the hanger measure the change in height of the 
bottom the hanger. This vertical displacement resulting from each added mass is equal to the circular 
distance rotated by the hub (𝓁) around which the string is wrapped. The resulting angular displacement θ 
in radian is found by dividing arc length (𝓁) by the radius of the hub (θ = 𝓁 / r). One source of error in this 
method occurs from any stretching of the string.  
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The Torsional Pendulum 

 
The sample data provided was take with the “thick” torsional spring wire rotated through 90º. 
     
For all calculated values show the equation and the substituted values. Also record the uncertainties of 
measurements and the propagation of uncertainty for calculated values. Remember to show the units of 
measurements for each. 
 
Part A 
 
Record your measurements for the period “T” of the pendulum. 
 

      6.62             6.71             6.60             6.54             6.58       
 
 
Tavg    6.62 ± 0.085 s    
 
Q1. According to the above equation, what effect would increasing the rotational inertia, “I” (and keeping k 
fixed) have on the period, T. Conceptually why does this make sense? 
 

The period ‘T’ would decrease, because increasing the inertia ‘I’ decreases the acceleration 
produced by the torque and the oscillation frequency. 
 
 
 
Q2. According to the above equation, what effect would increasing the spring constant, “k” (and keeping I 
fixed) have on the period, T. Conceptually why does this make sense? 
 

Increasing the spring constant ‘k’ increases the torque produced by the wire resulting in 
greater acceleration and faster oscillations.  
 
 
 

Q3. How is Equation 4 a form of Hooke’s Law? Which variables in Equation 4 represent those in 
Hooke’s linear force equation? 
 

The force ‘F’ in Hook’s Law (F = -k x) is a restoring force proportional to the displacement 

from equilibrium; in equation 4, ‘’ tau is a restoring torque proportional to the angular 

displacement,  and where theta is analogous to ‘x’   
 

Q4. Conceptually explain how Hooke’s Law predicts that the period of oscillation remains constant, 
even when the amplitude of the oscillations decreases. 
 

An increase in angular displacement results in greater torque and acceleration. The greater 
acceleration allows the pendulum to rotate through the greater displacement in the same 
amount of time 
 
 
 
 

Answer Key  
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Part B 
 
Determining “I” the Pendulum’s Rotational Inertia 
 
b. Show your calculations for the rods:  
 

m = 0.0708 kg L = 0.32 m I = 0.00483 kg∙m2 
 
Equation and substitution: 
 

𝑰 = (𝟏
𝟑⁄ 𝒎𝒓𝟐)𝟐 = 𝟏

𝟑⁄ (𝟎. 𝟎𝟕𝟎𝟖)(𝟎. 𝟑𝟐)𝟐(𝟐) 

 
 
 
c. Show your calculations for the weights: 
 

m = 0.187 kg L = 0.31 m I = 0.0359 kg∙m2 
 
Equation and substitution: 
 

𝑰 = (𝟏
𝟑⁄ 𝒎𝒓𝟐)𝟐 = 𝟏

𝟑⁄ (𝟎. 𝟏𝟖𝟕)(𝟎. 𝟑𝟏)𝟐(𝟐) 

 
 
 
Total rotational inertia of the pendulum ∑ I 
 

∑ 𝑰 = 𝟎. 𝟎𝟑𝟓𝟗 + 𝟎. 𝟎𝟎𝟒𝟖𝟑 + 𝟎. 𝟎𝟎𝟎𝟎𝟗 = 𝟎. 𝟎𝟒𝟎𝟗 𝒌𝒈 ∙ 𝒎𝟐 

 
 
Part C 
 
Determining the Spring Constant, k 
 
 Record your measurements for the spring constant: 
 

Force (N) Torque (N.m) Angle (deg) Angle (rad) 

0 0 0 0 
1.64 0.041 60 1.04 
3.24 0.081 120 2.09 
4.61 0.115 180 3.13 
6.12 0.153 240 4.17 
7.76 0.194 300 5.22 
9.24 0.231 360 6.26 

 
Attach the graph of Torque vs. Angular Displacement with its best-fit line and calculated slope. 
 
 

k = 0.0366 ± 0.00033 N∙m/rad  
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Part D 
 
Confirmation of Equation 1 
 
Write Equation 1 again for the period of a torsional pendulum and show it with the substituted values from 
your experiment. Calculate this theoretical value the period, T. 
 
Record both the measured value for the period, T, and the theoretical value from the equation. 
 

𝑻 = 𝟐𝝅√
𝑰

𝐤
= 𝟐𝝅√

𝟎. 𝟎𝟒𝟎𝟗

𝟎. 𝟎𝟑𝟔𝟔
= 𝟔. 𝟔𝟒𝟐 𝒔 

 
 
 

T(measured) = 6.62 ± 0.08 s T(theoretical) = 6.64 ± 0.06 s 
 
 
Q5. Do your two values for T agree within the uncertainty of measurements? Explain. 
 
 
 
 
 
Q6. With the two weights on the rods moved closer to the center, the period of rotation is shorter. 
Calculate a new distance from the center, which will result in the period to be half the value you obtained 
in Part D. Then move the weights and confirm your prediction. 
 
T = 6.64 s 
 

𝑰 = 𝒌𝑻𝟐

𝟒𝝅𝟐⁄ =
(𝟎. 𝟎𝟑𝟔𝟔)(𝟑. 𝟑𝟐)𝟐

𝟒𝝅𝟐
⁄ = 𝟎. 𝟎𝟏𝟎𝟐 𝒌𝒈 ∙ 𝒎𝟐  

 

𝑰𝒘𝒆𝒊𝒈𝒉𝒕𝒔 = 𝑰 − (𝑰𝒉𝒖𝒃 + 𝑰𝒓𝒐𝒅𝒔) = (𝟎. 𝟎𝟏𝟎𝟐) − (𝟎. 𝟎𝟎𝟒𝟖𝟑 + 𝟎. 𝟎𝟎𝟎𝟎𝟗) = 𝟎. 𝟎𝟎𝟓𝟑𝟎 𝒌𝒈 ∙ 𝒎𝟐  

 

𝑹 = √
𝑰

𝟐𝒎
= √

(𝟎.𝟎𝟎𝟓𝟑)

𝟐(𝟎.𝟏𝟖𝟕)
= 𝟎. 𝟏𝟏𝟗 𝒎  
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Procedure 
 
With the pendulum assembled and the moveable weights near the ends of the rods, rotate the 
pendulum a half rotation, release and observe several periods of oscillation. Repeat this procedure, but 
first move the weight inward towards the hub. It should be observed that the pendulum rotates much 
faster.  
 
The pendulum’s oscillation period “T”, the pendulum inertial mass “I” and the pendulum’s spring 
constant “k” are related by the equation: 

𝑇 = 2𝜋√
𝐼

k
 (Equation 1) 

 
Q1. According to the above equation, what effect would increasing the rotational inertia, “I” (and 
keeping k fixed) have on the period, T? Conceptually, why does this make sense? 
 
Q2. According to the above equation, what effect would increasing the spring constant, “k” (and keeping 
I fixed) have on the period, T. Conceptually, why does this make sense? 
 
It is one of the purposes of this activity to verify Equation 1 by independently measuring each of its 
variables and show that Equation 1 accurately predicts the period of oscillation. 

 
A. Measuring the Oscillation Period “T” of the Pendulum 

 
We will use a stop watch to measure five or more oscillations of the pendulum then divide the 
total time by the number of oscillations to obtain the period. When using the thick or thin wire, 
start with an initial displacement of half a rotation of the pendulum. If using the thinner wire, you 
can rotate the pendulum through a complete rotation (360º). When the wire is twisted it will exert 
a restoring torque on the pendulum, which for small angles is proportional to the angular 
displacement of the wire. This relationship is known as Hooke’s Law and explains why the period 
is relatively constant even for different distances through which the pendulum oscillates. (Note: 
as stated, the period is relatively constant. With large starting angles of displacement as 
suggested, the period will change by small amounts as the amplitude decreases, but these 
differences are usually within the uncertainty of measurements for the experiment.) Record all 
time measurements and their uncertainties on your data page. 

 
B. Determining “I” the Pendulum’s Rotational Inertia 

 
Three parts of the pendulum contribute to the pendulum’s total rotational inertia, the hub, the two 
rods that support the weights and the weights themselves. Adding together the inertia of each 
part will give the rotational inertia of the pendulum. 
 
a. The hub (that the rods screw into) is the most massive part of the pendulum, but because of 

its small radius it contributes very little to the overall inertia of the pendulum. Here we provide 
a value for its inertia (0.00009 kg.m2). 

  
b. The rotational inertia of the two rods that support the movable weights is theoretically given 

by  

 

𝐼 = 1
3⁄ 𝑚𝐿2 (Equation 2) 

Student Activity  
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where L is the length as measured from the center of rotation. In this case each rod is offset 
from the center by approximately 2 cm after being screwed into the hub. This places the ends 
of the rods at 32 cm from the center of rotation, a distance that can be used for the value “L” 
to give a good approximation for calculating each rod’s moments of inertia. 

 
c. Most of the rotational inertia of the pendulum is contributed by the moveable weights. The 

inertia of each weight is found by treating each movable weight as a point mass whose 
distance “R” is measured from the center of rotation to the center of each weight. The inertia 
“I” for a point mass is given as 
 

𝐼 = 𝑚𝑅2 (Equation 3) 
 

The total rotational inertia of the system is found by adding the inertia of each of its parts and 
is presented by the term Σ I. On your data sheet, record each of these values and their sum 
(don’t forget to double the individual values for both rods and the weights). 

 
C. Determining the Spring Constant, k 

 
When the pendulum is rotated and the wire is twisted, the wire will exert a restoring torque 
proportional to the angular displacement needed to return the pendulum to its equilibrium position. 
This relationship is represented by the equation: 
 

𝜏 = 𝑘𝜃 (Equation 4) 
 
Q3. How is this equation a form of Hooke’s Law? Which of the variables in it represent those in 
Hooke’s linear force equation? 
 
Q4. Conceptually explain how Hooke’s Law predicts that the period of oscillation will remain 
constant even when the amplitude of the oscillations decreases. 
 
The spring constant, k, depends on the properties of the wire. Since the two wires provided with 
this apparatus have different thicknesses, they also have different spring constants. In the above 
equation, the spring constant is the constant of proportionality. This constant will be 
experimentally calculated from the plotted slope of torque versus angular displacement.  

 
To make these measurements first take a 30 cm length of 
string and tie two small loops at both ends. After removing 
the weights from the two rods, put one of the loops around 
a rod and wrap the string several times around the 
pendulum hub. Attach the other end of the string to a 20 N 
spring scale. On a piece of tape, draw a vertical reference 
line and tape it to the pendulum housing below the hub to 
line up with one of the reference marks on the pendulum 
hub (See photo). Pull the string with the force scale, 
rotating the pendulum, and record the force values for 
each vertical reference line on the hub. These vertical 
reference lines are in 60-degree increments. Record five 
to eight force values and their resultant angular 
displacements in the data table.  

 
On the data table next to the force values, record the torque values for each force by multiplying 
the force by the radius of the pendulum hub (0.025 m). Create another column of angular 
displacement in radians by converting the degree measurements to radians. Plot a graph of the 
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torque vs. the angular displacement. Find the slope of the best fit line for this data, which is your 
experimental value for the spring constant, k. (Note: the use of a digital force probe can be used 
in place of a spring scale; an alternate procedure for collecting force and angle values is 
suggested in the Teacher’s Reference Notes.) 

 
D. Experimental Confirmation  

 
Let us now confirm the equation that describes the relationship between the pendulum’s period 
of oscillation, it’s rotational inertia and the spring constant as represented in Equation1.  
On your data sheet, calculate the theoretical period using Equation 1 and compare it to the 
measured period. 
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The Torsional Pendulum 

 

Lab partners:  _____________________________ _____________________________  
 
     
For all calculated values show the equation and the substituted values. Also record the uncertainties of 
measurements and the propagation of uncertainty for calculated values. Remember to show the units of 
measurements for each. 
 
Part A 
 

Record your measurements for the period “T” of the pendulum. 
 

___________ ___________ ___________ ___________ ___________ ___________ 
 
 
Tavg ____________________ ± ______,  
 
Q1. According to the above equation, what effect would increasing the rotational inertia, “I” (and keeping k 
fixed) have on the period, T. Conceptually why does this make sense? 
 
 
 
 
 
 
Q2. According to the above equation, what effect would increasing the spring constant, “k” (and keeping I 
fixed) have on the period, T. Conceptually why does this make sense? 
 
 
 
 
 
 

Q3. How is Equation 4 a form of Hooke’s Law? Which variables in Equation 4 represent those in 
Hooke’s linear force equation? 
 
 
 
 
 
 

Q4. Conceptually explain how Hooke’s Law predicts that the period of oscillation remains constant, 
even when the amplitude of the oscillations decreases. 
 
 
 
 
 
 

Worksheet  
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Part B 
 
Determining “I” the Pendulum’s Rotational Inertia 
 
b. Show your calculations for the rods:  
 
m = _________± ______, L = _________± ______, I = _________± ______,  
Equation and substitution: 
 
 
 
 
 
 
 
c. Show your calculations for the weights: 
 
m = _________± ______, R = _________± ______, I = _________± ______,  
Equation and substitution: 
 
 
 
 
 
 
Total rotational inertia of the pendulum ∑ I 
 
∑ I = _____________ + _______________ + ______________ = ___________± ______  
 
 
 
Part C 
 
Determining the Spring Constant, k 
 
 Record your measurements for the spring constant: 
 
 Force (N) Torque (N.m) Angle (degrees) Angle (radians) 

    

    

    

    

    

    

    

 
Attach the graph of Torque vs. Angular Displacement with its best-fit line and calculated slope. 
 
 

k = ______________± ______  
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Part D 
 
Confirmation of Equation 1 
 
Write Equation 1 again for the period of a torsional pendulum and show it with the substituted values from 
your experiment. Calculate this theoretical value the period, T. 
 
Record both the measured value for the period, T, and the theoretical value from the equation. 
 
 
 
 
 
 
 

  T(measured) = ______________± ______ s T(theoretical) ______________± ______ s 
 
 
Q5. Do your two values for T agree within the uncertainty of measurements? Explain. 
 
 
 
 
 
 
 
Q6. With the two weights on the rods moved closer to the center, the period of rotation is shorter. 
Calculate a new distance from the center, which will result in the period to be half the value you obtained 
in Part D. Then move the weights and confirm your prediction. 
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