
 NASA-Threads Work & Mechanics 18: Coefficient of Restitution 

IIImmmpppaaacccttt    aaannnddd   BBBooouuunnnccceee      

When we drop a ball onto a hard floor, the ball bounces and rises to 

a height that is less than the height from which it was dropped. 

Recall the video where we dropped a ball: 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We would like to know: 

¶ The speed of the ball when it first bounces off the floor, and 

¶ The height of the bounce. 
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Questions: 

1. Why does the ball bounce? 

 

 

 

 

 

 

 

 

Ball Compression: When the ball hits the floor, it compresses 

much like a spring.  

Bouncing: At the bottom of the bounce, the compressed spring 

pushes against the floor and drives the ball upward.  

Bounce Height: A ball that hits the floor at a higher velocity 

will compress more (and bounce higher) than a ball that hits 

at a lower velocity.  

 

Atomic Explanation: The springiness of the material is 

caused by the compression of the atomic bonds between 

atoms. A ball has trillions of tiny òspringsó that are 

compressed as the ball strikes the floor. The tiny springs push 

the ball upward as the atoms return to their normal 

separation distance. Some of the springs actually stretch 

because of the way the ball deforms when it hits the floor. 

 

 

 

 

 

2. Why does the bounce height decrease with each bounce? 

uncompressed òspringó compressed òspringó 

This type of òcrystallineó arrangement 

between atoms is typical of a metal. 

Bouncy balls are made of polymers 

that have a òchain-likeó atomic 

structure. Regardless of material, 

bouncing is caused by compressing 

atomic bonds. 
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¶ Wind R esistance: Part of the energy is lost to wind drag. 

¶ Energy Dissipation of Ball: The òspringsó (the atomic bonds 

between the atoms that make up the ball)do not bend in a way 

that is perfectly elastic. Energy is lost (as heat) as the ball 

bounces. A ball made of one material will bounce better than a 

ball made of another material. This is because of how the 

atoms are arranged at the microstructural level. If y ou had a 

ball made of wood and one of rubber, which one would bounce 

highest? Why? 

¶ Energy Dissipation of the Floor: Energy is also lost as the 

surface against which the ball bounces (the floor) is 

compressed. 

 

Coefficient of Restitution (CR): The bounciness of a collision 

between two objects is quantified using the coefficient of 

restitution. 

 

 

 

  

 

 

 

 

 

 

The coefficient of restitution of a tennis ball striking a tennis 

racquet is typically about 0.85.  
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CR = 0 is an inelastic collision, like play 

dough hitting the floor - no bounce at all . 

CR = 1 is a perfectly elastic collision.  
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CLASS PROBLEM: The NASA Mars Exploration Rover named Spirit descended to the 

Martian surface on January 4, 2004 to study the planet. Some details of the descent 

from space to the Martian surface include . . . 

¶ entering the atmosphere at 19,300 km/hr, 

¶ slowing to 1,600 km/hr as the craft interacted with the Martian atmosphere, 

¶ deploying a parachute to reduce the speed to 300 km/hr, 

¶ firing rockets to slow down more, 

¶ cutting the parachute loose as the craft approached the surface, and 

¶ deploying airbags to cushion the 50 km/hr impact (31 miles/hr). 

If the airbag system impacts the surface in a way that the coefficient of restitution is 

0.60 and the craft approaches along a vertical path, then estimate the upward 

velocity immediately after the bounce. Provide your answer in km/hr and miles/hr. 

   
Spirit rover Launch of Spirit Airbags encasing Spirit 
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CLASS PROBLEM: A ball is dropped from a height of 4 m to a concrete floor. The 

coefficient of restitution for the collision is 0.80. What is the initial upward velocity 

of the ball? Provide your answer in m/s.  

 

 

 

 

 

 


