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1. A soccer ball is kicked from the ground with an initial speed of 20.0 m/s at an upward angle of 40o. A 
player 50 m away in the direction of the kick starts running to meet the ball at that instant. What must be 
his average speed if he is to meet the ball just before it hits the ground?  (10%) 

 
2. A student wants to determine the coefficients of static friction and kinetic friction between a box and a 

plank. She places the box on the plank and gradually raises one end of the plank. When the angle of 
inclination with the horizontal reaches 40o, the box starts to slip, and it then slides 0.72 m down the plank 
in 0.8 s at constant acceleration. What are (a) the coefficient of static friction and (b) the coefficient of 
kinetic friction between the box and the plank?  (12%) 

 
3. In Fig. 1, a block of mass m = 10 kg is released from rest on a frictionless incline 

of angleθ = 30o. Below the block is a spring that can be compressed 3.0 cm by a 
force of 270 N. The block momentarily stops when it compresses the spring by 
7.5 cm. (a) How far does the block move down the incline from its rest position 
to this stopping point? (b) What is the speed of the block just as it touches the 
spring?    (12%)                                                                                                Fig. 1 

 
4. A 12.0 kg wheel, essentially a thin hoop with radius 1.0 m, is rotating at 600 rev/min. It must be brought 

to a stop in 25.0 s. (a) How much work must be done to stop it? (b) What is the required average power?  
(10%) 

 
5. A 5.0 kg particle with velocity v

r
 = (3.0 m/s)i - (4.0 m/s)j is at x = 3.0 m, y = 8.0 m. It is pulled by a 9.0 N 

force in the negative x direction. About the origin, what are (a) the particle’s angular momentum, (b) the 
torque acting on the particle, and (c) the rate at which the angular momentum is changing?   (12%) 

 
6. At t = 0, the displacement x(0) of the block in a linear oscillator is -5.40 cm. The block’s velocity v(0) 

then is -0.720 m/s, and its acceleration a(0) is 27.0 m/s2 . (a) What is the angular frequency ω of this 
system? (b) What are the phase constant φ and amplitude xm ? x(t) = xm cos( ωt + φ) .   (12%) 

 
7. A nonconducting sphere of radius R has a total charge Q uniformly distributed throughout its volume. 

Find the electric field (a) inside, and (b) outside, the sphere. (12%) 
 
8. A solenoid has length L = 0.5 m and inner diameter d = 4.5 cm, and it carries a current i = 2.5 A. It 

consists of five close-packed layers, each with 800 turns along length L. What is the magnetic field B at 
its center? (12%) 

 
9. Explain the following terms:  (8%) 

(a)  Compton scattering  
(b)  Zero point energy 

 
 




