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PreLab 2 - Simple Harmonic Motion: Pendulum 
(adapted from PASCO- PS-2826 Manual) 

 
A body is said to be in a position of stable equilibrium if, after 
displacement in any direction, a force restores it to that position. 
If a body is displaced from a position of stable equilibrium and 
then released, it will oscillate about the equilibrium position. A 
restoring force that is proportional to the displacement from the 
equilibrium position will lead to a sinusoidal oscillation; in that 
case the system is called a harmonic oscillator and its motion is 
called a harmonic motion. The simple harmonic oscillator is of 
great importance in physics because many more complicated 
systems can be treated to a good approximation as harmonic 
oscillators. Examples are the pendulum, a stretched string 
(indeed all musical instruments), the molecules in a solid, and 
the atoms in a molecule. 
 
The example that you will be studying in this laboratory session 
is the pendulum: it has a position of stable equilibrium and 
undergoes a simple harmonic motion for small displacements 
from the equilibrium position. We will first analyze the motion 
theoretically before testing the theory experimentally.  
 
A simple pendulum consists of a body of mass m, attached to a 
frictionless pivot by a string of length L and negligible mass. 
When the body is pulled away from its equilibrium position by an angle and released, it swings back and 
forth. The length L and the acceleration due to gravity g (9.8 m/s2) determine the period of a simple 
pendulum for small angles. From trigonometry applied to the figure above we obtain that the restoring 
force due to gravity is F =  - mg sinθ  ≈  - mg θ, for small angles θ. Therefore, as with the mass attached 
to a spring, the force is proportional to the displacement. Here the displacement is measured by the value 
of the angle θ. 
 
The solution for the oscillatory motion of the pendulum is thus similar to that of mass attached to spring, 
with the position x replaced by θ . That is, θ  = A cos(ωt).  This solution is appropriate if at t = 0 the 
mass is at its maximum displacement. In other words, θ = θmax = A, when t =0 (since cos 0 = 1).  If we 
choose θ = 0  at t =0, then the appropriate solution for the same amplitude A is a sine function,  θ  = A 
sin(ωt).   
 
The angular frequency, ω, is defined in terms of the period of oscillation, T,  by 

       ! =
2"
T
.  

Note that the back and forth swing of the pendulum repeats after each integer multiple of the period,  t = 
T, 2T, 3T, …. The period of motion of a pendulum is given by (notice that, compared to the mass and 
spring system,  L has the role of m and g the role of k) 

                                                             

! 

T = 2" L
g
.
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Procedure 

GLX Setup 

1. Turn on the GLX ( ) and open the GLX setup file 

labeled pendulum. (Check the Appendix at the end of 

these notes.) 

• The file is set up so that motion is measured 20 times 

per second (20 Hz). The Graph screen opens with a 

graph of Position (m) versus Time (s). 

3. Connect the Motion Sensor to a sensor port on the top 

of the GLX. Set the range selection switch on the sensor 

to ‘far’ (person). 

Equipment Setup 

1. Mount a rod so it is vertical. Attach the pendulum clamp to the rod near 

the top. 

2. Measure and record the mass m of the first pendulum bob. 

Put the first pendulum bob at the middle of a 2 m long piece 

of string. 

3. Attach the string to the pendulum clamp. Put the ends of the 

string on the inner and outer clips of the clamp so the string 

forms a 'V' shape as it hangs. 

4. Measure and record the length L of the pendulum from the 

bottom edge of the pendulum clamp to the middle of the first 

pendulum bob. 

5. Place the Motion Sensor next to the pendulum bob. Align the 

sensor so the brass colored disk is vertical and facing the bob 

and is aimed along the direction that the pendulum will 

swing.  

6. Adjust the pendulum clamp up or down so that the 

pendulum bob is directly centered in front of the brass 

colored disk on the front of the sensor. 

7. Move the sensor away from the hanging pendulum bob 

about 25 cm (10 in).  

• NOTE: The procedure is easier if one person handles 

the pendulum and a second person handles the Xplorer 

GLX. 

Fig. 1: Graph screen 

Fig. 2 Equipment setup 

Fig. 3: Sensor and pendulum 
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Record Data: Changing Mass 

1. Pull the pendulum bob back about 10 cm and let it go. Allow the pendulum to swing back 

and forth about five times to smooth its motion. 

2. Press Start ( ) to start recording data.  

3. After ten seconds, press  to stop recording.  

4. For a second run, remove the first pendulum bob. Measure and record the mass of a second 

pendulum bob and put it on the string. Re-measure the pendulum length and adjust the 

string so the length is the same as for the first pendulum bob.  

5. Repeat the data recording procedure. 

6. Measure and record the mass of a third pendulum bob and put it on the string in place of 

the second pendulum bob. Repeat the data recording process. 

Record Data: Changing Length 

7. Put the first pendulum bob back on the string. Adjust the pendulum clamp and the string so 

the length of the pendulum is 15 cm shorter than the original length. Record the new, 

shorter pendulum length. 

8. Perform the same data recording procedure. 

9. For another run, shorten the length another 15 cm. Record the new pendulum length and 

repeat the data recording procedure.  

Analysis 

Use the Graph screen to examine the position versus time for each data 

run. Determine the period of the pendulum’s swing in each run. 

1. To change the Graph screen to show a specific run of data, press 

 to activate the vertical axis menu. Press the arrow keys ( ) 

to move to ‘Run #_’ in the upper left hand corner or upper right 

corner. Press  to open the menu, select the data run in the menu, 

and press  to activate your choice. 

2. To find the period of the swinging pendulum, use the ‘Delta Tool’. 

Use the arrow keys to move the cursor to the peak in the graph. 

Press F3 ( ) to open the Tools menu. Select ‘Delta 

Tool’ and press  to activate your choice. 

3. Use the arrow keys to move the cursor to the next peak 

in the graph.  

4. The ‘Delta Tool’ values for !y and !x are along the y-

axis and x-axis respectively. Record the !x value as 

‘Period 1’. 

Fig. 4: Select ‘Run’ 

Fig. 5: Select ‘Delta Tool’ 
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5. Repeat the analysis process to find the period of time for five separate swings. Calculate 

the average period and record it in the Data Table.  

6. Repeat the analysis process for the other runs of data. 

Record your results and answer the questions in the Lab Report section. 

Appendix: Opening a GLX File 

To open a specific GLX file, go to the Home Screen ( ). In 

the Home Screen, select Data Files and press  to activate 

your choice. In the Data Files screen, use the arrow keys to 

navigate to the file you want. Press  to open the file. Press 

the Home button to return to the Home Screen. Press  to 

open the Graph. 
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Lab Report – Activity 13: Simple Harmonic Motion–Pendulum 

Name ________________________________ Date ___________ 

Prediction 

1. How will changes in the mass of a pendulum change the period of oscillation of the 

pendulum?  

 

 

2. How will changes in the length of a pendulum change the period of oscillation of the 

pendulum? 

 

 

 

Data 

Sketch a graph for one run of position versus time. Include units and labels for your axes.  
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Data Table 1 

Original length, L = _________ 

 

Item Mass (kg) Period 1 Period 2 Period 3 Period 4 Period 5 Average 

Pendulum 1        

Pendulum 2        

Pendulum 3        

 

Item Length (m) Period 1 Period 2 Period 3 Period 4 Period 5 Average 

Length 1        

Length 2        

Length 3        

Questions 

1. What is the shape of the graph of position versus time for the pendulum? 

 

 

2. What happened to your measured values for the period when you changed the mass of the 

pendulum bob? 

 

 

3. What happened to your measured values for the period when you changed the length of the 

pendulum? 

 

 

Calculation 

Calculate a theoretical value for the period of the pendulum for the original length of 

your pendulum. Calculate the percent difference between the theoretical value for 

period and the average measured value for period that you recorded in the data table. 

 

Item Value 

Theoretical period  

Average period  

Percent difference  

 

  

T = 2!
L

g

  

%diff =
theoretical ! measured

theoretical
"100%
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