PHYSICS 4A FINAL EXAM PRIVATE 

December 11, 2002
Name:____________________ 
Rules for Exam:
1. Only Scientific Calculators are allowed!

2. Show your work on non-multiple choice problems. NO WORK=NO CREDIT. 

3. Include units with each answer. One point deduction per infraction.

4. Round off to 2 decimal places and circle your final answers.

5. Circle your final answers.
Good Luck!
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Conversion Factors and Constants:


G=6.67x10-11Nm2/kg2
1 in =2.54 cm

1 mile=5280 ft

g=9.80m/s2=32.2 ft/s2
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Multiple choice and one-step problems (3 points each unless otherwise noted)

1. A particle traveling in the positive x-direction is subjected to an acceleration in the opposite direction. Which of the following velocity vs. time graphs shown more closely describe the velocity of the particle as a function of time? 
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A.
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C.


D.


2. A ball is thrown straight up (assume no air friction). At its highest point, the acceleration of the ball is

A. 0m/s2
B. 9.8m/s2 downward

C. 9.8m/s2 upward

D. not enough information since we don’t know the initial velocity.

3. A girl holds an apple in her hand. If the action force is the force of the hand on the apple, then the reaction force is:

A. the weight of the apple.

B. the force of the apple on the earth.

C. the force of the hand on the apple.

D. the force of the apple on the hand.

E. the force of the earth on the hand.

4. A person is standing in an elevator that is accelerating downward. As a result the upward force exerted by the elevator on the person is

A. larger than the person’s weight

B. smaller than the person’s weight

C. equal to the person’s weight.

5. A ball falls from a height h. When the ball hits the ground the force of the ground on the ball is

A. larger than the ball’s weight

B. smaller than the ball’s weight

C. equal to the ball’s weight

6. You push on a ping-pong ball with a force F for a time t. Then you push on a bowling ball with the same force for the same time period. If all other forces are zero, then the one with the largest kinetic energy will be

A. the ping pong ball

B. the bowling ball

C. neither, they are both the same.

7. Why does a rocket accelerate when fired horizontally?  

A. Exhaust gases push against outside air

B. Exhaust gases, which the rocket pushes backward, push the rocket forward

C. Outside air exerts more force on the back of the rocket that on the front

D. Exhaust speed is greater than the rocket speed

E. Atmospheric pressure at the back of the rocket is reduced

D,B,D,B, A,A,B
8. Two pucks of mass m1 and m2 are lying on a frictionless table and connected by a rod of negligible mass. A horizontal force F1 is exerted only on m1 along the rod away from m2. What is the magnitude of the acceleration of the center of mass of the system? 

A. F1/m1
B. F1/(m1+m2)

C. (F1 m1m2 /(m1+m2)

A. (m1+m2)F1/(m1m2)

9. A disk and a hollow sphere of the same mass and radius are released from rest down an incline plane. Both roll without slipping. The object that reaches the bottom of the plane first is

A. the disk

B. the hollow sphere

C. both reach the bottom at the same time.

10. Two satellites A and B of the same mass are going around Earth in concentric orbits. The distance of satellite B from Earth’s center is twice that of Satellite A. What is the ratio of the centripetal force acting on B to that acting on A? The satellite that has more kinetic energy is

A. A 

B. B


C. Not enough information to answer this one.

11. Two objects of the same volume are placed in water. Object A floats and Object B sinks. The greater buoyant force is on

A. object A



B. object B



C. Object C

12. A student measures the value of  to be 3.154. What is the percent error in the measurement to the correct number of significant figures?

A. 0.4%

B. 0.39%

C. 0.395%

D. 0.39548%


13. A student plots a position vs. time graph for a system moving under a constant net force. 

What will the graph look like?

A. Parabola

B. Straight (not horizontal) line

C. Horizontal line

B,A,A,B,B,A
14. 5 points: A particle with linear momentum p=(i-5k)N is at the position r=(4i+8j)m. What is its angular momentum with respect to the origin?
L=-40i+20j-8k
15. 7 points: The position of a particle is described by 
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. Calculate the acceleration of the particle at t=2s.

a=(8i-36j)m/s2
16. 5 points: In a centripetal force experiment a student measures the angular speed of a rotating 70.4g object for different radii of rotation, while keeping the applied force fixed. A graph of the angular speed of the rotating object as a function of the inverse radius of rotation is shown. Calculate the centripetal force. 


Fc=0.231N
17. 5 points: A locomotive delivers a constant power of 106 watts to the drive wheels. This train takes 6 minutes to accelerate from 15m/s to 25 m/s. What is the mass of the train?

M=1.8x106N
PROBLEMS

Note: free-body diagrams are required for problems involving Newton's Laws. You must isolate the free body diagrams for each object in each problem.

1. David is using a sling to whirl a 250-gram rock in a horizontal circle at a constant speed. His plan is to release the sling to send the rock toward his nemesis Goliath. When the rock is released, it is initially traveling in the horizontal direction. The radius in which the rock is whirled is 0.70 m. David is standing on a cliff, while Goliath is standing on the ground below the cliff. The sling is 21.8 m above the ground when it is whirled over David’s head. His target Goliath is 40.0 m from David. If the rock hits Goliath in the head, which 2.2 m above the ground, find

a. the elapsed time between the release of the rock and the impact of the rock on Goliath’s head (5 points).

T=2.0s
b. the initial velocity of the rock ( 4 points).

V=20.0m/s
c. the resultant velocity (magnitude and direction) of the rock when it hits Goliath in the head (14 points).

V=28.0m/s =44.4 degrees below horizontal
d. the centripetal acceleration of the rock when whirled in the horizontal circle (3 points).

Ac=571m/s/s
e. the work done on the rock between the time the it was released and the time it hit Goliath in the head (3 points).

W=+48J
f. the work done by the centripetal force on the rock when it was whirled around in a horizontal circle (3 points).

W=0J
2. Three blocks are in contact with each other on a frictionless, horizontal surface, as in the figure. A horizontal force F is applied to m1. If m1 = 2.00 kg, m2 = 3.00 kg, m3 = 4.00 kg, and F= 24.0N, calculate the force between each block. Don’t forget to include a free body-diagram (20 pts)!

A=2.67m/s/s

F21=18.7N

F32=10.7N
.

3. A spool is mounted on a frictionless fixed axis that is free to rotate without friction (pure rotational motion). To measure the moment of inertia of the wheel shaft system, a tape of negligible mass wrapped around the shaft is pulled with a force F. When a length L of tape is unwound, the system is rotating with angular speed o. Calculate the moment of inertia of the spool system in terms of F, L, b, and o (14 points).

I=2FL/(2)
4. A 98.0 Newton block is released from point A in the figure. The track is frictionless except for the portion BC, with a length of 6.00 m. The block travels down the track, hits a spring of force constant k =2500 N/m, and compresses it 0.350 m from its equilibrium position before coming to rest momentarily. Determine the coefficient of kinetic friction between surface BC and the block (12 points).


0.24
5. Calculate the moment of inertia of a uniform ring rotating about an axis through its center and perpendicular to the plane of the ring. Assume the ring is of mass M and inner radius R1 and outer radius R2.  (12 points). I=M(R21+ R22)/2
6. A man sits on a frictionless merry-go-round. He and the merry-go-round jointly have a moment of inertia of 7.5 kg-m2 around its axis. If the man, while at rest, throws a 40.0 Newton brick tangentially, at a distance of 0.70 m from the axis and a speed of 9.0 m/s, what is the angular velocity that he and the turntable acquire (8 points)?

=3.43/s
7. A light spring of constant k = 150 N/m rests vertically on a table.  A 100 g balloon is filled with hydrogen (density = 0.090 kg/m3) to a volume of 15.0 m3 and is then connected to the spring, causing it to stretch as shown. Determine the extension distance L when the balloon is in equilibrium. (The density of air=1.29kg/m3 --13 points)

X=1.17m
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8. A uniform solid sphere of mass m1 and radius R1 is inside and concentric with a spherical shell of mass m2 and radius R2. Find the magnitude of the gravitational field produced by these objects at points A, B, and C shown in the diagram. Sketch a graph of the magnitude of the gravitational field as a function of r, the distance from the center of the sphere (20 points). 


g=G(m1+m2)/rc2 at rc

g=G(m1)/rb2 at rb

g=G(m1ra)/R13 at ra

The sketch should be straightforward
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