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Week 6 : Day 3Week 6 : Day 3
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Work With Variable ForcesWork With Variable Forces
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Work as Area Under CurveWork as Area Under Curve
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Activity Activity –– Work and Kinetic EnergyWork and Kinetic Energy

� Work and Kinetic Energy
� Determine relationship b/w

� Use graphical technique
• Plot Force Vs. Displacement

Work and kinetic energy 
 
 

Introduction 

The kinetic energy (K) of an object of mass m, moving with velocity v, is defined as   K = 1
2 mv2. 

The work done by a net force Fnet(x) in moving the object from an initial position x0 to a final position x 
is  

 W = F net(x)
x0

x

� dx 

If the force acts is one dimension (i.e. along the x-axis in this 
case), the work is just the area under the curve Fnet(x) vs x, 
between the limits xo and x. For a constant force, it is the area 
of the shaded rectangle. 
 
The work–energy theorem tells us that the work done by the force is equal to the change in the kinetic 
energy of the object:W = K - K0. Another way of saying this is that the final kinetic is equal to the 
initial kinetic plus the work done: K = K +W .  

Force 

position x0 x 

W 
Fnet 
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• Plot Force Vs. Displacement

� Use analytic technique
• Calculate the integral 

initial kinetic plus the work done: K = K0 +W .  

Speed of a car 

Now try to use these ideas to answer the following questions. 
 
 A car moves along a straight line in the positive x direction. The net force on the car varies as the car 
moves, and is plotted as a function of position for two different situations in the graphs. 
 
1. On each graph, shade in the area that represents the 
work between positions A and B. 
 
2. Is the work positive or negative? 
 
3. At which point is the car moving faster (circle one)? 
Top graph:  A B 
 
Bottom graph:  A B 
 
Explain your reasoning: 
 
 
 
 
 
 
 
 
 
 



F kx= -

The Linear Spring Force The Linear Spring Force –– Hooke’s LawHooke’s Law
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The Work Done by a SpringThe Work Done by a Spring

Equilibrium Position –
position where there is 

no net force…
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Activity Activity –– The Work Done by a SpringThe Work Done by a Spring

The Work done by a Spring 
 

Equipment. 

Rods, clamps, cart, track, spring, rule, set of standard weights, graph paper. 

The set-up 

 

 
 
A cart of mass M is placed on a ramp tilted at angle � . It is attached to a spring of force constant k, 
which is initially at its rest length (the “start” position). 

� Analyze System
� Draw a FBD (no friction)
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which is initially at its rest length (the “start” position). 
We hold the cart in the “start” position for a moment, then release it. The cart rolls down the ramp a 
distance L before coming to a momentary halt. It then starts back up the ramp, pulled by the spring.  

 

Theory 

Use concepts of work and the work-kinetic energy theorem to derive an equation for the displacement L, 
in terms of M, q, k and g. Ignore friction for the moment… 

·  How much work is done by gravity as the cart rolls? 
·  How much work is done by the spring as the cart rolls? 
·  What is the cart's kinetic energy just as it reaches its lowest point on the ramp? 
·  Write an equation, which gives the distance L in terms of other quantities. 

 

Prediction 

Set up a track so that it is tilted at an angle of about 10°. Measure the tilt angle q (use trigonometry). 
Measure the mass M of the cart. Determine the uncertainties in both these quantities. Now choose a 
spring. 

 

Your job:  

·  Determine the spring constant, k, and the uncertainty (just as you did in week 5). 
·  Use the values of M, k and �  in your equation to predict the displacement down the ramp, L, for 

your spring. Calculate the uncertainty in L. 

� What is work done by gravity?
� What is work done by spring?


