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AP Physics Test

Unit 6: Work and Energy

Multiple Choice.
1. (1988,17) A rock is lifted for a certain time by a force F that is greater in magnitude than the rock's weight W. The change in kinetic energy of the rock during this time is equal to the

A) work done by the net force (F ‑ W) 


B) work done by F alone 

C) work done by W alone 

D) difference in the momentum of the rock before and after this time 

E) difference in the potential energy of the rock before and after this time.

2. (1988,32) A 10‑kilogram body is constrained to move along the x‑axis.   The potential energy U of the body in joules is given as a function of its position x in meters by U(x) = 6x2 ‑ 4x + 3.  The force on the particle at x = 3 meters is

A) 32 N in +x direction      

B) 32 N in -x direction        
C) 45 N in +x direction  
D) 45 N in ‑x direction 

E) 98 N in +x direction

3. (1984,21) A person pushes a box across a horizontal surface at a constant speed of 0.5 meter per second. The box has a mass of 40 kilograms, and the coefficient of sliding friction is 0.25. The power supplied to the box by the person is       
A) 0.2 W       

B) 5 W       

C) 50 W       

D) 100 W       

E) 200 W

4. (1993,10) During a certain time interval, a constant force delivers an average power of 4 Watts to an object. If the object has an average speed of 2 m/s and the force acts in the direction of motion of the object, the magnitude of the force is 
A) 16 N      

B) 8 N      

C) 6 N      

D) 4 N       

E) 2 N
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5. (1993,15) A conservative force has the potential energy function U(x), shown by the graph above. A particle moving in one dimension under the influence of this force has kinetic energy 1.0 joule when it is at position x1. Which of the following is a correct statement about the motion of the particle?

A) It oscillates with maximum position x2 and minimum position x0.

B) It moves to the right of x3 and does not return.

C) It moves to the left of x0 and does not return.

D) It comes to rest at either x0 or x2.

E) It cannot reach either x0 or x2.

6. (1993,18) When an object is moved from rest at point A to rest at point B in a gravitational field, the net work done by the field depends on the mass of the object and

A) the positions of A and B only   

B) the path taken between A and B only

C) both the positions of A and B and the path taken between them

D) the velocity of the object as it moves between A and B

E) the nature of the external force moving the object from A to B
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7 & 8. A spring has a force constant of 100 N/m and an unstretched length of 0.07 m. One end is attached to a post that is free to rotate in the center of a smooth table, as shown. The other end is attached to a 1 kg disc moving in uniform circular motion on the table, which stretches the spring by 0.03 m. Friction is negligible.

7. (1998,14)  What is the centripetal force on the disc?   
 A) 0.3 N      
B) 3N      
C) 10 N      
D) 300 N      
E) 1,000 N

8. (1998,15) What is the work done on the disc by the spring during one full circle?

A) 0 J           
B) 94  J           
C) 186 J           
D) 314  J           
E) 628  J
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9. (1998,16) Consider the graph at right. If the particle is released from rest at position ro, its speed at position 2ro is most nearly

A)
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10. (1998,17) If the potential energy function is given by U(r) = br -3/2 + c, where b and c are constants, which of the following is an expression for the force on the particle?
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11. (1998,18) A frictionless pendulum of length 3 m swings with an amplitude of 10°. At its maximum displacement, the potential energy of the pendulum is 10 J. What is the kinetic energy of the pendulum when its potential energy is 5 J?        
A) 3.3 J  

B) 5 J 
 

C) 6.7 J 

D) 10 J


E) 15 J

12. (1998,27) To stretch a certain nonlinear spring by an amount x requires a force F given by 
F = 40x ‑ 6x2, where F is in Newtons and x is in meters. What is the change in potential energy when the spring is stretched 2 meters from its equilibrium position?     
A) 16 J          

B) 28 J           

C) 56 J           

D) 64 J           

E) 80 J

13. (1998,28) When a block slides a certain distance down an incline, the work done by gravity is 300 J. What is the work done by gravity if this block slides the same distance up the incline?

A) 300 J     



B) Zero      



C) ‑300 J           
D) It cannot be determined without knowing the distance the block slides. 


E) It cannot be determined without knowing the coefficient of friction.

Free Response. Complete as much as possible within the time limit. (Choose the easiest 1st!)
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14. (1985,2) An apparatus to determine coefficients of friction is shown above. The box is slowly rotated counterclockwise. When the box makes an angle ( with the horizontal, the block of mass m just starts to slide, and at this instant the box is stopped from rotating. Thus at angle (, the block slides a distance d, hits the spring of force constant k, and compresses the spring a distance x before coming to rest. 
In terms of the given quantities, derive an expression for each of the following:
A) (s the coefficient of static friction.

B) (E, the loss in total mechanical energy of the block‑spring system from the start of the block down the incline to the moment at which it comes to rest on the compressed spring.

C) (k, the coefficient of kinetic friction.
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15.(1989,1) A 0.1‑kilogram block is released from rest at point A as shown above, a vertical distance h above the ground. It slides down an inclined track, around a circular loop of radius 0.5 meter, then up another incline that forms an angle of 30° with the horizontal. The block slides off the track with a speed of 4 m/s at point C, which is a height of 0.5 meter above the ground.  Assume the entire track to be frictionless and air resistance to be negligible.

A) Determine the height h.
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B) In the box, draw and label all the forces acting on the block when it is at point B, which is 0.5 meter above the ground.

C) Determine the magnitude of the force exerted by the track on the block when it is at point B.

D) Determine the maximum height above the ground attained by the block after it leaves the track.

E)
Another track that has the same configuration, but is NOT frictionless, is used. With this track it is found that if the block is to reach point C with a speed of 4 m/s, the height h must be 2 meters. Determine the work done by the frictional force.
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BONUS #1 (1995,2) A particle of mass m moves in a conservative force field described by the potential energy function 
U(r) = a(r/b + b/r)

where a and b are positive constants and r is the distance from the origin. The graph of U(r) has the following shape.

A) In terms of the constants a and b, determine the following: 


i. The position ro at which the potential energy is a minimum 

ii. The minimum potential energy Uo

B) Sketch the net force on the particle as a function of r on the graph below, considering a force directed away from the origin to be positive, and a force directed toward the origin to be negative.

[image: image11.png]3r,

2r,

To





The particle is released from rest at r = ro/2

C) In terms of Uo and m, determine the speed of the particle when it is at r = ro .

D) Write the equation or equations that could be used to determine where, if ever, the particle will again come to rest. It is not necessary to solve for this position.
E) Briefly and qualitatively describe the motion of the particle over a long period of time.

BONUS #2 (2002,3) An object of mass 0.5 kg experiences a force that is associated with the potential energy function U(x) =  
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, where U is in joules and x is in meters.

A) On the axes below, sketch the graph of U(x) versus x.
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B) Determine the force associated with the potential energy function given above.

C) Suppose that the object is released from rest at the origin. Determine the speed of the particle at x = 2 m.

In the laboratory, you are given a glider of mass 0.50 kg on an air track. The glider is acted on by the force determined in part b. Your goal is to determine experimentally the validity of your theoretical calculation in part c.  

D) From the list below, select the additional equipment you will need from the laboratory to do your experiment by checking the line to the left of each item.  If you need more than one of an item, place the number you need on the line.

             Meterstick
_____ Stopwatch
            Photogate timer              String 
                                     ______ Spring

          Balance

          Wood block 

            Set of objects of different masses

(over)

E) Briefly outline the procedure you will use, being explicit about what measurements you need to make in order to determine the speed. You may include a labeled diagram of your setup if it will clarify your procedure.
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