
Problem 4 (Conservation of Angular Momentum) 

A meteor of mass m = 2.1 1013 kg   is approaching earth as shown on the sketch. The radius of ×
the earth is r = 6.37 ×106 m . The mass of the earth is m = 5.98×1024 kg  . Suppose the meteor e	 e

has an initial speed of v0 = 1.0×101 m  s  . Assume that the meteor started very far away from the 
earth. Suppose the meteor just grazes the earth. The initial moment arm of the meteor ( h  on the 
sketch) is called the impact parameter. You may ignore all other gravitational forces except the 
earth. The effective scattering area for the meteor is the area πh2 . This is the effective target size 
of the earth as initially seen by the meteor. 

a) Draw a force diagram for the forces acting on the meteor. 

b) Can you find a point about which the gravitational torque of the earth’s force on the 
meteor is zero for the entire orbit of the meteor? 

c)	 What is the initial angular momentum and final angular momentum (when it just grazes 
the earth) of the meteor? 

d) Apply conservation of angular momentum to find a relationship between the meteor’s 
final velocity and the impact parameter h . 

e) Apply conservation of energy to find a relationship between the final velocity of the 
meteor and the initial velocity of the meteor. 

f)	 Use your results in parts d) and e) to calculate the impact parameter and the effective 
scattering cross section. 
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Answer: 
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d) Apply conservation of angular momentum to find a relationship between the meteor’s 
final velocity and the impact parameter h . 

Answer: 

e) Apply the constant energy relation to find a relationship between the final velocity of the 
meteor and the initial velocity of the meteor. 

Answer: 

f)	 Use your results in parts d) and e) to calculate the impact parameter and the effective 
target size of the earth. 

Answer: 
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