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A 0.40 kg object moves in a straight line under the action of a net force. The graph above shows the velocity as a function of time for the object during a 25 s interval. At time t = 0, the object is at the position x = 0.
(a) On the grid below, sketch a graph of the acceleration as a function of time for the object. Label the scale for the acceleration.
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(b) Calculate the position of the object at t = 5.0 s.
(c) On which segment of the graph is the net force acting on the object zero?
_						___ A ____ B ____ C
Justify your answer.
(d) Calculate the net force on the object during the first 3.0 s of the motion.

#2

[image: ]
An experiment is performed using the apparatus above. A small disk of mass m1 on a frictionless table is attached to one end of a string. The string passes through a hole in the table and an attached narrow, vertical plastic tube. An object of mass m2 is hung at the other end of the string. A student holding the tube makes the disk rotate in a circle of constant radius r, while another student measures the period P.
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The procedure is repeated, and the period P is determined for four different values of m2 , where
m1 = 0.012 kg and r = 0.80 m. The data, which are presented below, can be used to compute an experimental value for g.
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(b) What quantities should be graphed to yield a straight line with a slope that could be used to determine g?
(c) On the grid below, plot the quantities determined in part (b), label the axes, and draw the best-fit line to the data. You may use the blank rows above to record any values you may need to calculate.
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(d) Use your graph to calculate the experimental value of
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A student wishing to determine experimentally the acceleration ¢ due to gravity has an apparatus that holds
a smallstee sphere above  recording plate, a shown above. When the sphere i eleased.  timer aomaicaly
begin recording the time of fall. The timer automatically stops when the sphere srikes the recordin plate.

“The student mfasures the time of fal for diferent values of the distance D shown above and records th data in

the table below. These data points are also plotied on the graph.

Time (5)

Distance of Fall ) | 010 | 050 | 100 [ 170 [ 200
“Time of Fall 5) 0 | 032 | 046 | 0% | 063
Distance (m)
25
20
15
10
0s
0 ol 02 03 04 0s 06 07

(3) On the grid above, sketch the smooth curve that best represents the student’s data.
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‘The student can use these data for distance D) and time f to produce a second graph from which the acceleration g
due to gravity can be determined.

(b) If only the variables D and 1 are used, what quantities should the student graph in order to produce a linear
relationship between the two quantities?

(©) On the grid below, plot the data points for the quantities you have identified in part (b), and sketch the best
straight-line ft o the points. Label your axes and show the scale that you have chosen for the graph.

(d) Using the slope of your graph in part (c), calculate the acceleration g due to gravity in this experiment.

(@) State one way in which the student could improve the aceuracy of the resulis if the experiment were to be.
‘performed again. Explain why this would improve the accuracy.
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A student of mass m stands on a platform scale in an elevator in a tall building. The positive direction for all
Vector quanities s upward.

(a) Draw a free-body diagram showing and labeling all the forces acting on the student, who is represented by
the dot below.

(b) Derive an expression for the reading on the scale in terms of the aceeleration a of the elevator, the
‘mass m of the student, and fundamental constants.

An inspector provides the student with the following graph showing the acceleration @ of the elevatoras a
function of time 1.

e
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. During what time interval(s)is the force exerted by the platform scale on the student a maximum
value?

. Caleulate the magnitude of that maximum force for a 45 kg student.
(@) During what time interval(s) is the speed of the elevator constant?
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‘A model rocket of mass 0.250 kg is launched vertically with an engine that is ignited at time f = 0, as shown
above. The engine provides an impulse of 20.0 Nus by firing for 20 5. Upon reaching its maximum height, the
rocket deploys a parachute, and then descends vertically to the ground.

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

intervals.
i. While the engine il After the engine stops. il Afier the parachute is
s firing but before the parachuie deployed
is deployed

1 I i

(b) Determine the magnitude of the average acceleration of the rocket during the 2 s firing of the engine.
() What maximum height will the rocket reach?
(d) At what time after

will the maximum height be reached?
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L. (15 points)

A designer is working on a new roler coaste, and she begins by making  scale model. On this model, acar of
{otal mass 0.50 kg moves with negligble friction along the track shown in the figure above, The car s given an
inital speed vy — 1.5 ms at the top of the first hill o height 2.0 m. Point A s located a a height of 19 m at

the top of the second hill, the upper part of which i a circular arc of radivs 0.95 m.
(@) Caleulate the speed of the car a point A.
(b) On the figure of the car belovw, draw and label vectors to represent the forces on the car a point A.

—

(©) Caleulate the magnitude of the force of the track on the car at point 4.

(@) Tn order o stop the car at point A, some friction must be introduced. Calculate the work that must be done.
by the friction force in order to stop the car at point A.

(¢) Explain how to modify the track design to cause the car 1o lose contact with the track at point A before.
descending down the track. Justify your answer.
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(15 points)

A 2.0 kg frictionless cart is moving a a constant speed of 3.0 ms to the right on a horizontal surface, as shown
above, when it collides with a second cart of undetermined mass m that i initially at rest. The force F of the
collision as a function of ime 1 is shown in the graph below, where ¢= 0 is the instant of initial contact. As
result of the colision, the second cart acquires a speed of 1.6 m/s to the right. Assume that fiction is negligible

e el
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(a) Caleulate the magnitude and direction of the velocity of the 2.0 kg cart after the collision.
(b) Caleulate the mass m of the second cart.
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Afier the collision, the second cart eventually experiences a ramp, which i traverses with no frictional losses.
‘The graph below shows the speed  of the second cart as a function of time ¢ for the next 5.0, where =/
now the instant at which the carts separate.
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(©) Caleulate the acceleration of the cartat 1= 305,
(@) Caleulate the distance traveled by the second cart during the 5.0 s interval afer the collsion (05 << 5.05).

(@) State whether the ramp goes up or down and calculate the maximum elevation (bove or below the initial
heigh) reached by the second cart on the rump during the 5.0 interval after the collision (0s <7< 5.0'5).
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(@) Derive the equation P = 21, that relates P and m.
mag
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