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By now, you’ve become accustomed to encountering gravitational potential energy in our class.  

In most of the physical situations we’ve analyzed, we’ve assumed that the force of gravity does 

not depend on the height.  We make that assumption when we analyze motion that remains 

close to the surface of the Earth (and “close” can be tens of thousands of feet, which is still 

small compared to the 6.4 million meter radius of the Earth). 

A force can add energy to a system (or take energy out of a system) by doing work.  If you are 

using your hand to hold a ball stationary at a particular height, then even though you are If you 

raise a ball of mass m a height h and the ball is at rest before and after you raise it, then you 

have done an amount of work on the ball 

W = ʃ F dx = mgh 

and you have increased the ball’s gravitational potential energy by mgh.   

Now let go of the constraint of being required to stay close to Earth’s surface.  To do so, we 

need to use a more general expression for the gravitational force: 

F = - G m1 m2 / r2,  

where r is the distance between the centers of two masses m1 and m2.  G is simply a constant of 

nature.  Now if we want to calculate the work done by a force in pulling an object farther away 

from another one, we have  

W = ʃ F dx = ʃ G m1 m2 / r2dr  

integrated from the distance at which the force started to where it ended.  If you do the 

integral, you find that the force has increased the gravitational potential energy by  

ΔPE = G m1 m2 (1/rinitial – 1/rfinal) 

Now we move onto a different conservative force and another variety of potential energy.  The 

force is the force of a spring.   

Start here: 

https://phet.colorado.edu/sims/html/hookes-law/latest/hookes-law_en.html 

Click twice on “Intro”.  Click on the check boxes in the upper right hand corner of the screen 

titled “Spring Force” and “Displacement”.  Now move the “Applied Force 1” slider to the right.  

You will be stretching the spring.  The displacement points to the right and the spring force is in 

the opposite direction – to the left.  The larger the displacement, the larger the magnitude of 

the spring force. 

https://phet.colorado.edu/sims/html/hookes-law/latest/hookes-law_en.html


 

Now move the applied force slider into negative values.  Now you are compressing the spring 

and the spring force is in the opposite direction – to the right.   

In fact, we say that the spring has a “restoring force” – it always wants to return to its 

equilibrium position.  And the magnitude of the spring force is proportional to the magnitude of 

the displacement. 

So to stretch the string, you would have to apply a force of magnitude F = k x  to the right, 

where x is the distance by which the spring is stretched.  And to compress the spring you would 

have to apply a force of magnitude F = k x  to the left. 

Then to calculate the work you do, we would calculate  

W = ʃ F dx 

just as we did with gravity.  But now, F = k x so that  

W = ʃ k x dx = (1/2) k ( xfinal
2 – xinitial

2),  

giving 

PEspring = (1/2) k x2. 

To see this at work, click on the energy icon at the bottom of the screen.  Now push the “Force 

Plot” button in the upper right hand part of the screen.  You can see that the force you must 

apply to the spring is proportional to the displacement.   



    

Now click on the “Energy Plot” button.  There you will see the characteristic x2 parabola for the 

potential energy. 

In the situation below, a mass is released from a height of 0.15 m above an unstretched spring.  

When the mass reaches the spring, the spring is compressed. 

 

1) How do the gravitational potential energy and the potential energy of the spring interact in this 

situation? 

2) How much does the spring compress before the mass stops?  


