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number Answer below

1 A 6

2 A 4

3 C 7

4 B 2

5 B 1

6 B 8

7 E 3

8 D 5

1. Below is a motion diagram for an object with smooth motion and a constant value of acceleration.
We define positive displacements as being toward the right. Note the dots are not numbered, so it is
not known whether the object has positive or negative velocity. What can you say about the sign of
the acceleration and whether the object is speeding up or slowing down?

A. The acceleration must be negative, and the object must be slowing down.
B. The acceleration must be positive, and the object must be speeding up.
The acceleration must be positive, and the object may be speeding up or slowing down.
D. The acceleration may be positive or negative, and the object must be speeding up.
E. The acceleration may be positive or negative, and the object may be speeding up or slowing

down.
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3. You wish to measure the average speed of cars driving down St. George St. Over a distance of 125 +
2 m you measure an average travel time of 11.3 + 1.2 seconds. From these measurements you conclude
that the average speed of cars is 11.1 m/s. What is the error in this value?
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5. A ball is dropped from rest and another ball is dropped from rest a short time later. At the instant the
second ball is dropped, the distance between the two balls is d. What is the distance between the balls at
a time t after the second ball was dropped?

Page 5 of 10




6. A radar station, located at the origin of xz plane, as shown in the figure below, detects an airplane
coming straight at the station from the east. When the airplane is first observed, its position relative to

the origin is ﬁA. The position vector ﬁA has a magnitude of 445 m and is located at exactly 40.0° above
the horizon. The airplane is tracked for another 123° in the vertical east-west plane, until it has passed
directly over the station and reached point B. The position of point B relative to the origin is ﬁB (the

magnitude of R, is 908 m). The position vectors are shown in the diagram, where the x axis represents
the ground and the positive z direction is upward. What is the magnitude of the airplane’s displacement

- -

|IRg — R4l? z
A. 20.6m
B. 763 m
C. 1.10x10°m
D. 1210 m
E. 1330 m Bs. 1232 A

7. An object is dropped and freely falls to the ground with an acceleration of magnitude 1 g. (Assume air
resistance is negligible and the object is near the surface of the Earth.) If, instead, it is thrown upward at
an angle from the same initial location, after the object leaves your hand its acceleration will be

A. 0g.

1 g downward.

C. 1 g upward.

D. Larger than g.

E. Smaller than g, but not zero.
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8. A river runs from west to east. The velocity of the Water relative to the Ground has a constant value
of Uye. A Swimmer can swim at some maximum constant speed relative to the water vgy,. The
Swimmer chooses the direction of his velocity so he crosses the river from the south bank to the north
bank in the minimum amount of time. Which of the three labeled arrows on the diagram best indicates
the direction of the velocity of the Swimmer relative to the Ground, vg;?

A A

B. B.

.
D. While crossing the river, the direction of g starts as C, but then curves toward B.
E. While crossing the river, the direction of g starts as A, but then curves toward B.

N Water
w<%>e
B
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FREE-FORM IN TWO UNRELATED PARTS (16 points total)
Clearly show your reasoning and work as some part marks may be awarded. Write your final answers in
the boxes provided.

PART A

Two balls roll on frictionless tracks, both starting with the same initial speed vo = 1.40 m/s. Ball A rolls
on a straight, horizontal track a distance d = 2.20 m. Ball B rolls down a straight track which is angled
at 8 = 10.0° below the horizontal. Half-way along the track, the track for ball B turns upward at an angle
of 6 = 10.0° above the horizontal, so that the two tracks reach the same height at the end. At the instant
Ball B encounters the sharp upward turn half-way along its track, assume it changes its direction without
changing its speed. The horizontal distance that ball B travels is d = 2.20 m.

A

A
Y

Al. [3 points] How much time does it take Ball A to roll the distance d = 2.20 m? [Please express your
answer to the correct number of significant figures, with units in the box provided.]
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PART A - Continued from previous page
A2. [5 points] How much time does it take Ball B to roll the full length of its track, a total horizontal
distance of d = 2.20 m? [Please express your answer to the correct number of significant figures, with
units in the box provided.]

A3. [1 point] Which ball reaches the end of its track first? [Circle the letter of the best answer below]
A. Ball A
Ball B Since 1.18s<1.57s
C. both balls reach the end at the same time
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PART B [7 points]

You’re driving down the highway late one night at speed vo when a deer jumps onto the road a distance
d in front of you. Your reaction time before stepping on the brakes is t;. While stepping on the brakes,
your car slows down, and the maximum magnitude of the car’s acceleration during this time is a. What
is the minimum value of the distance d so that you come to a stop before hitting the deer? [Please
express your answer in the box provided using any or all of the following: vy, t;, @ and any numerical
constants necessary.]
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