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THE CONSERVATION OF ENERGY 

 - PENDULUM - 
 

Introduction 
The purpose of this experiment is to measure the potential energy and the kinetic energy 

of a mechanical system and to quantitatively compare the two forms of mechanical energy to 

determine if the total mechanical energy is conserved.  

 

Apparatus 
Metal Cylinder  Computer with Logger Pro SW Meter Stick  

Rod or Ring Stand Vernier Lab Pro  Sheet of white paper (1). 

Calipers Connecting wires String 

Pendulum Clamp Vernier Photogate Masking Tape 

 

 

Figure 1. Experimental Set Up 

 

Theory 
A pendulum will be the mechanical system that is employed in this experiment. It 

consists of a large mass suspended from a stationary point by a relatively massless string. The 

center of mass of the pendulum will be located directly below the suspension point when the 

mass is in its equilibrium position. When the center of mass of the pendulum is displaced from 

its equilibrium position and released the pendulum will oscillate back and forth on either side of 

the equilibrium position. This equilibrium position is also the lowest point of pendulum motion. 

For small angles, the period of the pendulum, which is its total time for the pendulum to 

complete one cycle of its motion, is a constant, dependent only on the length of the string 

suspending the pendulum. 

 

 The pendulum operates in the gravitational field of the earth. The gravitational field is an 

example of a conservative force field. Mechanical energy exists in two forms, gravitational 

potential energy and kinetic energy. Gravitational potential energy is the energy of position and 
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can be thought of as stored energy due to the conservative nature of the gravitational force field. 

Kinetic energy is energy of motion.    

 

At every point in the motion of the pendulum the total mechanical energy is conserved. 

The sum of the gravitational potential energy and the kinetic energy, at each point of the motion, 

is a constant, which is the total mechanical energy. The highest points of the motion are called 

the end points of the swing and at these points the total mechanical energy is all in the form of 

gravitational potential energy. The lowest point of its motion is referred to as the equilibrium 

point and at this point the total mechanical energy is all in the form of kinetic energy.  

 

When the pendulum is displaced to one side, it is raised in height vertically by an amount 

equal to ∆h above the lowest point of the motion. The following equation expresses the 

gravitational potential energy (PE) at this highest point of the motion:  

 

PEmax = mg∆h = mg(h2 - h1) = max gravitational potential energy 

   

where m = mass of pendulum; g = acceleration due to gravity (9.80 meters/sec
2
 );  

∆h = change in height. The units are in the SI or MKS system of kilogram, meters and seconds 

 

When the pendulum is released from the highest point of its motion, the amount of 

gravitational potential energy begins to decrease as the speed of the pendulum increases and the 

gravitational potential energy is converted into kinetic energy. At the lowest point of its motion 

the pendulum’s total mechanical energy is all in the form of kinetic energy. The kinetic energy 

(KE) is given by the following formula 

 

KEmax = ½  mvmax
2
 

 

where vmax is the velocity at the lowest point of the motion. 

 

Procedure  
1. Assemble the experimental equipment as shown in the figure above. The pendulum mass is a 

cylinder from your weight set. The length of the cylinder needs to be less than 6.0cm. It is 

sometimes called a "bob". Measure the diameter of the cylinder with the digital calipers. 

Record the cylinder diameter in your data table. 

 

Attach a string to the pendulum at least 50cm in length - make the length of the string as long 

as possible. Determine a vertical and horizontal point on the centerline of the bob that will 

represent the location of its center of mass (CM). This will be utilized as a reference point for 

height measurements. Mark it with a cross, in pencil, on the side of the cylinder.   

  

2. If it is not already on, turn on the computer. Under the File menu item click on Open, select 

the “Probes and Sensors” folder and then select the “Photogates.” Folder. Open the One 

Gate Timer program. Plug the photogate connector into digital input #1 on the Vernier Lab 

Pro box. 

 

 Under the Experiment menu item, click on Set Up Sensors, click on the Show All 

Interfaces item. Right click (on Apple – Ctrl +Click) on the Photogate image, click on “Set 
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Length” item and enter the measured cylinder diameter in the dialogue box that appears and 

clock OK.  

 

Short cut: If the Photogate Length appears on the main screen you might be able to Double 

Click on the text box where the Length is displayed and go directly to the Dialogue Box. 

 

3. Align the CM of the bob (your earlier determined center of mass reference point) so that the 

center of your CM reference point is on an imaginary line passing through the emitter and 

detector in the photogate. Using the lab table as a reference, measure the distance from the 

table to the CM reference point. Record this height as h1 in your data table. h1 is fixed and 

you will raise the CM of the pendulum to the necessary height h2 to achieve the desired 

values of ∆h.  In your data table calculate the necessary h2 values needed and record them in 

your data table. 

 

4. Raise the bob to the height h2. Click on the START data collection button on the screen. 

Release the pendulum and catch it after it passes through the photogate.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Alignment Procedure for h2 
 

ALIGNMENT PROCEDURE (h2): Raising the bob to the height h2 is a two-person 

operation. First you need to create a scale on a sheet of white paper to display your h2 

values (See Figure 2.). Divide the paper in half, the long way, and tape the two pieces 

together, end-to-end. Starting from one end of the taped paper strip mark off your h2 

distances with straight lines extending across the entire width of the paper strip. Attach 

the paper scale to the front side of a meter stick. The bottom of the paper strip should be 

flush with the end of the meter stick. One person will hold this meter stick with the paper 

scale vertically, just behind the bob. The second person will hold the bob and align the 

CM cross with the appropriate h2 height line. 
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Record the velocity values of the pendulum, measured as it passes through the photogate, in 

your velocity data table. Make a total of five (5) trials for a given h2, and record the values in 

your velocity data table. Then click the Stop button to end the data collection. Calculate the 

Average and Standard Deviation (Std Dev) of the 5 velocities and record these values in your 

velocity data table. Also record the average velocity value in your second data table. [For 

these statistics use your calculator or Excel – Look for the Excel icon on the Desk Top or go 

through START => Programs.] 

 

5. Repeat with other values of h2 for a total of 5 different values. 

 

6. Use the average velocity to calculate KEmax and compare to PEmax. Calculate the 5 

%Difference values and record them in your data table. 

 

   % Difference = (PEmax  -  KEmax )200 / ( PEmax  +  KEmax) 

 

Velocity Data (m/s) 

∆h(m) .15 .20 .25 .30 .35 

Trial #      

1      

2      

3      

4      

5      

      

Average      

Std Dev      

Std Dev *100 

Average 

     

 

 

Table Constants 

h1(m) =   g = 9.80 m/s
2
 Diameter (m) =  m =             (kg)   

Data Table 

 

h2(m) 

 

 

 

∆h (m) 

 

PEmax (J) = 

mg∆h 

 

 

Average 

vmax(m/s) 

 

KEmax (J) = 

1/2 mvmax
2
  

 

% Difference 
 

 

 

 .15      

 .20      

 .25      

 .30      

 .35      
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Data Analysis 
The purpose of this lab is to determine if the total mechanical energy is conserved in the 

pendulum system, when a body is moving in a gravitational field. The %Difference data in your 

data table will give you an indication of the answer to that question. Small %Difference values 

imply that total mechanical energy is conserved but how small is “small enough?” To answer that 

question you need to perform a statistical test on your PEMax and KEMax data. If PEMax is equal to 

KEMax then if the two are plotted on the same graph, one on each axis the trendline (best fit  

curve) should be a straight line with a slope equal to 1.00 and a y-intercept equal to 0.0  

 

 

Trendline 
  Slope: ____________________  ± Uncertainty __________________ 

 

   

y-intercept: ____________________  ± Uncertainty __________________ 

 

 
Include the PEMax and KEMax graph with your report. 

 

Questions (Answer these questions in your write up) 
In the experiment you have just performed, you have used the relationship 

 

PEmax = KEmax 
 

1. What is the role of the mass of the pendulum in this equation?  

 

2. Would a better determination of the value of this mass improve the accuracy or precision of 

this experiment? 

 

Lab Report 
Each student will produce and turn in an individual lab report. Follow the instructions in 

the document “Format for Formal Lab Reports.”  

 

Include this hand out with your lab report with the data tables completed. Place it behind 

your formal write up. This is the record of what you did and the data you took during the lab. 

You will need to repeat the data tables in the actual write up. This will allow you to clean it up. 

Don’t reference the data tables by saying “See lab handout.” 

 

 


