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Potential Energy and Conservative Force Fields 
Purpose:   

 To analyze a body in motion in a conservative 
force field and develop a mathematical model 
describing the relationship between potential 
energy of the body and the distance travelled. 

 Apply the mathematical model to calculate the 
force acting on the body throughout its 
journey. 

 Analyze the work done and power generated 
by the body. 

 
Materials: 

 Pasco track and cart with two 250-gram masses 

 Motion detector and CBL system 

 Triple beam balance 

 Metric ruler 

 Level 

 Ring stand and mounting clamp for the motion detector 
 
Background: 

When an upward applied force raises an object in the Earth’s gravitational field, carrying it 

from rest at some initial point Pi to rest at some final point Pf , positive work is done and the 

body’s potential energy, U, increases.   The force exerted on the body by the field acts 

downward and does an equal amount of negative work, therefore the change in potential 

energy U equals negative work due to gravity ( U = -WG). In general, “the change in 

potential energy of an object when it moves from one point to another, while interacting via 

a conservative force field, equals the negative of the work done on the object by the field.”  

(Hecht, 2000, pg 243).   

In the case of gravity, 
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In one dimension (force and displacement in the same direction): 

 

The above equation allows us to find the change in potential energy for a given force.  

What if we are given the potential energy change and are required to determine the force?  

We take the derivative of the above equation (Blazey, 2006): 

 

 

 

The graph of potential energy U as a 

function of x yields force as the slope of 

the line tangent to the curve at any given 

value of x.  This force points downhill.  

Hilly terrain or roller coasters, where the 

potential energy is given by the relationship U 

= mgh, exhibit the property of potential 

energy changing linearly with height, just like 

on a graph of U as a function of x.  The net 

force is zero where the derivative dU/dx = 0, 

at the tops of hills or the bottom of valleys. 
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h2 
h1 

In this lab, you will explore a one-dimensional system with a body moving linearly in a 

conservative force field, gravity.  The body, a dynamics cart, moves down an inclined track 

with “down the track” considered as the positive x-direction.  The cart begins with all 

potential energy and reaches the bottom of the track with all kinetic energy (the height of 

the lower end of the track will be established as the reference level for h=0).  You will 

collect potential energy vs. position data while the cart is accelerating down the track and 

utilize a graph of this data to develop a mathematical expression for the potential energy as 

a function of position.   This equation will allow you to determine the force acting on the cart 

throughout its journey. 

 

Procedure: 

1. Assemble the materials as indicated in the diagram below.  The motion detector may 
be mounted to a ring stand or to the ramp itself.   

2. Measure the mass of the cart, and two 250 gram masses, and record as mass of the 
cart, m (these items will have to be 
massed separately due to the range 
limitation of the triple beam balance).   

3. Determine the measurements for h2 and 
h1 and record the difference between the 
two as the total height. (The diagram 
exaggerates the height difference for 
ease of interpretation.) The height, h2 
should be taken at the release point of 
the car’s center of mass. 

4. Assemble the motion detector and CBL 
system and initiate the physics program for a motion detector.  Use a sample interval 
of 0.1 seconds and collect 50 samples. 

5. Begin data collection and release the cart with the two masses on board from the 
location established for h2. 

6. Review the distance vs. time graph to ensure that the graph is continuous with no 
perturbations in data.  If the results seem reasonable, proceed to Data Analysis. 

 
Data Analysis: 

1. Time data are stored in List 1 of the TI-84.  Distance data are stored in List 4, and 
velocity data are stored in List 5.  You may proceed with data analysis using 
LoggerPro or Microsoft Excel following these instructions: 

i. Before you can upload your data to LoggerPro, you must calculate potential 
and kinetic energies using the data collected.  If you’re using Excel, this 
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calculation may be done on a spreadsheet.  If using the TI-84, enter the 
following command:    (m is the mass of the cart with 
the two masses on board).  This command stores the values for kinetic 
energy in List 2. 

ii. Next, enter the following command:  .  This 
command stores the values for potential energy in List 3. 

iii. Connect the calculator to a desktop computer  via the USB port and open 
the LoggerPro software.  Click on the calculator icon so that the computer 
can detect the calculator.  Import Lists 3 (potential energy) and 4 (distance).  
Delete any data points that resulted before the cart was released and after 
the cart hit the bumper. 

iv. Graph U vs. x.  Use the linear regression function to determine a 
mathematical expression for the resulting graph. 

v. If you choose to use Excel, see Mrs. Geddes for those instructions. 

2. Using the relationship between potential energy, distance and force, determine the 
force acting on the cart during its journey down the track. 

Extensions (yes, you must do these). 

1. Using the basic principles of F = -dU/dx and U = mgh, (and ignoring friction) prove that 
the force experienced by the cart moving down the track is equal to the x-component 
of the cart’s weight vector. Calculate and report the percent difference between your 
experimental value of F and value calculated using the x-component of the weight. 

 

 
 

2. Determine the work done by gravity from x0 to xf. 

3. Power is equal to the rate at which work is done.  Determine the power generated 
when work is done from x0 to xf. 

The Conclusion should address the purpose and the Extension questions. 
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