1977 B1

A block of mass 4 kilograms, which has an initial speed of 6 meters per second at time t = 0, slides on a horizontal surface.

a.    Calculate the work W that must be done on the block to bring it to rest.

If a constant friction force of magnitude 8 newtons is exerted on the block by the surface, determine the following:

b. The speed v of the block as a function of the time t. 

c.    The distance x that the block slides as it comes to rest

1982 B1

The first meters of a 100‑meter dash are covered in 2 seconds by a sprinter who starts from rest and accelerates with a constant acceleration. The remaining 90 meters are run with the same velocity the sprinter had after 2 seconds.

a.    Determine the sprinter's constant acceleration during the first 2 seconds. 

b.    Determine the sprinters velocity after 2 seconds have elapsed. 

c. 
Determine the total time needed to run the full 100 meters. 

d.    On the axes provided below, draw the displacement vs. time curve for the sprinter.
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A student whose normal weight is 500 newtons stands on a scale in an elevator and records the scale reading as a function of time.  The data are shown in the graph above. At time t = 0, the elevator is at displacement x = 0 with velocity v = 0. Assume that the positive directions for displacement, velocity, and acceleration are upward.

a.    On the diagram to the right, draw and label all of the forces on the student at t = 8 seconds.

b.    Calculate the acceleration a of the elevator for each 5‑second interval.


i. Indicate your results by completing the following table.


   Time Interval (s) 
0‑5 
5‑10 
10‑15
15‑20
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ii. Plot the acceleration as a function of time on the following graph.

c.    Determine the velocity v of the elevator at the end of each 5‑second interval. 


i. Indicate your results by completing the following table.


   Time  (s) 
0‑5 
5‑10 
10‑15
15‑20


v (m| s)


ii. Plot the velocity as a function of time on the following graph.


d.    Determine the displacement x of the elevator above the starting point at the end of each 
5‑second interval.


i. Indicate your results by completing the following table


   Time  (s) 
0‑5 
5‑10 
10‑15
15‑20

             x (m)



ii. Plot the displacement as a function of time on the following graph.
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A 0.50 kg cart moves on a straight horizontal track. The graph of velocity v versus time t for the cart is given below.
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a.   
Indicate every time t for which the cart is at rest. 

b.   
Indicate every time interval for which the speed (magnitude of velocity) of the cart is increasing. 

c.   
Determine the horizontal position x of the cart at t = 9.0 s if the cart is located at x = 2.0 m at t = 0. d.  

On the axes below, sketch the acceleration a versus time t graph for the motion of the cart from t = 0 to t = 25 s.
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(d) On the axes below, sketch the acceleration a versus time ¢ graph for the motion of the cart from =0 to
1=25s.
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(e) From 1=25s until the cart reaches the end of the track, the cart continues with constant horizontal velocity.
‘The cart leaves the end of the track and hits the floor, which is 0.40 m below the track. Neglecting air
resistance, determine each of the following.
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e.  
From t = 25 s until the cart reaches the end of the track, the cart continues with constant horizontal velocity.  The cart leaves the end of the track and hits the floor, which is 0.40 m below the track.   Neglecting air resistance, determine each of the following:

i. The time from when the cart leaves the track until it first hits the floor 

ii. The horizontal distance from the end of the track to the point at which the cart first hits the floor 

iii. The kinetic energy of the cart immediately before it hits the floor
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A model rocket of mass 0.250 kg Is launched vertically with an engine that is ignited at time t =0, as shown above. The engine provides an impulse of 20.0 N.s by firing for 2.0 s. Upon reaching its maximum height, the rocket deploys a parachute, and then descends vertically to the ground.

(a)
On the figures below, draw and label a free-body diagram for the rocket during each of the following intervals.


(b)
Determine the magnitude of the average acceleration of the rocket during the 2 s firing of the engine.

(c)
What maximum height will the rocket reach?

(d)
At what time after t=0 will the maximum height be reached?

1984 B1

[image: image9.png]\ /

Ground N y;
\ ~ 7
\\ //





A ball of mass M attached to a string of length L moves in a circle in a vertical plane as shown above. At the top of the circular path, the tension in the string is twice the weight of the ball.    At the bottom, the ball just clears the ground. Air resistance is negligible.  Express all answers in terms of M, L, and g

a.    Determine the magnitude and direction of the net force on the ball when it is at the top. 

b.    Determine the speed vo of the ball at the top.

The string is then cut when the ball is at the top.

c.    Determine the time it takes the ball to reach the ground. 

d.    Determine the horizontal distance the ball travels before hitting the ground.
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A ball of mass 0.5 kilogram, initially at rest, is kicked directly toward a fence from a point 32 meters away, as shown above.  The velocity of the ball as it leaves the kicker's foot is 20 meters per second at an angle of 37° above the horizontal.  The top of the fence is 2.5 meters high. The kicker's foot is in contact with the ball for 0.05 second.  The ball hits nothing while in flight and air resistance is negligible.
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a.    Determine the magnitude of the average net force exerted on the ball during the kick.

b.    Determine the time it takes for the ball to reach the plane of the fence.

c.    Will the ball hit the fence? If so, how far below the top of the fence will it hit? If not, how far above the top of the fence will it pass?

d.    On the axes below, sketch the horizontal and vertical components of the velocity of the ball as functions of time until the ball reaches the plane of the fence.
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Two small blocks, each of mass m, are connected by a string of constant length 4h and negligible mass.   Block A

is placed on a smooth tabletop as shown above, and block B hangs over the edge of the table.   The tabletop is a

distance 2h above the floor.   Block B is then released from rest at a distance h above the floor at time t = 0.

Express all algebraic answers in terms of h, m, and g.

a.   
Determine the acceleration of block B as it descends.

b.   
Block B strikes the floor and does not bounce.  Determine the time t1 at which block B strikes the floor.

c.   
Describe the motion of block A from time t = 0 to the time when block B strikes the floor.

d.   
Describe the motion of block A from the time block B strikes the floor to the time block A leaves the table.

e.   
Determine the distance between the landing points of the two blocks.
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