Physics 221, Fall 2009 Name:
Quiz 1, Form: Date:

Use g = 9.8 N/kg for the magnitude of Earth’s gravitational field near Earth’s surface.

Define the +x axis to the right and the +y axis toward the top of the page. All answers (except multiple
choice) must be accompanied by mathematics or an explanation of reasoning. An answer with no reasoning is
unacceptable. Numeric answers must include units. Sketches must be labeled.

Section 1. Multiple Choice

Questions 1-2: A golf ball rolls on the green toward the hole. Its motion is affected by the slope of the

green as well as friction. Its path is shown below, as it moves from left to right.
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1. Which arrow below points in the direction of the average velocity of the golf ball between points A
and B?
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2. Which arrow below points in the direction of the instantaneous velocity of the golf ball at point A?
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(a) 3
(b) 2
(c) 5
(d) 4
(e) 1

Questions 3—6: The x vs. t graph for a steel ball rolling on a level track is shown below.
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3. The best description of the ball’s motion is

(a)  The ball rolls with uniform motion to the right.
(b)  The ball rolls with uniform motion to the left.
(¢)  The ball is speeding up while moving to the left.
(d)  The ball is slowing down while moving to the left.
(e)  The ball is rolling down a hill.

4. The net force on the ball is

(a)  increasing at a constant rate, in the —x direction.

(b)  decreasing at a constant rate, in the —x direction.
(¢)  constant, and in the —z direction.

(d)  constant, and in the +z direction.

(e)  zero.



5. What is the x-velocity of the ball?

(a)  zero

(b) 2.0m/s

(¢) -1.5m/s

(d) -0.25m/s

() 8.0m/s
6. What is the x-displacement of the ball between t = 4 s and t = 12 s7

(a) 1m

(b) -2m

(¢) -1m

(d  8m

() -05m

7. A velocity vector for a projectile is shown below. The projectile’s speed at this instant is 10.0 m/s.
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Write the vector in component form.

(a) U= (+8.66,-5.00,0) m/s
(b) ¥ = (+5.00,+8.66,0) m/s
(¢c) U= (+8.66,+5.00,0) m/s
(d) 7= (+5.00,-8.66,0) m/s
(e) ¥ =(+10.0,-10.0,0) m/s



8. You use video analysis to study the motion of an object, and you mark the position of the object at
equal time intervals, as shown below. The initial momentum of the object is in the direction shown.
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Which arrow below points in the direction of the net force on the object during the time interval

shown?
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(a) 8
(b) 3
(¢) 4
(d) 5
(e) 9

Questions 9— 11: The net force on an object is
Frer = (—4.0,6.0,7.0) N

9. What is the magnitude of the net force on the object?
(a) \F_"net| =5.00 N
(b)  |Fuet| =142 N
() |Fpet| =721N
(d)  |Fpeel =5.39 N
(€)  |Fuet| =10.0N
10. What is the unit vector for the net force in the previous question?
(-1,1,1)
—0.20,0.30,0.35)
—0.44,0.67,0.78)
—0.40, 0.60, 0.70)
-1,0,0)
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11. What angle does the force vector make with the +x axis?

(a)  34°
(b)  114°
()  204°
(d) 53
(e) 0°

12. A baseball has an initial momentum in the —x direction when it collides with a baseball bat and “pops”
straight upward in the +y direction. The initial and final momentum vectors for the baseball before
and after the collision are shown below.
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Which arrow below points in the direction of the change in momentum, Ap) of the baseball?

8 zero magnitude

(a) 2
(b) 8
(¢ 3
(@ 1
() 6

13. A projectile is launched at an angle of 6 above the horizontal. When the projectile is at its peak,
(a)  |7] = vip and |Fre| = myg
(b)
(¢) |9l =0 and |Fpet| = myg
() [7]=0and [Foel =0

|7 = vig and |Fhe| =0

Questions 14-17: An object’s x-velocity vs. time graph is shown below.
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What is the average x-velocity of the object during the time interval fromt = 1stot = 3 s?

(a) 0.5m/s
(b) 1.0m/s
(¢) 1.5m/s
(d) 2.0m/s
()  25m/s
What is the x-displacement of the object during the time interval fromt = 1stot = 3 s?
(a) 3.0m
(b) 2.0m
(¢) 50m
(d  1.0m
() 4.0m

Suppose that when the clock reads t = 1 s, the object is at the location x = 10 m. What is its position
at t = 3 s7

(a) 15m
(b) 14m
(¢) 12m
(d) 20m
() 25m

The x-velocity vs. time graph shows us that the net force on the object is
(a)  increasing, in the —x direction

b

c

d

e

constant, in the —z direction
constant, in the 4z direction
increasing, in the +z direction

(b)
()
(d)
(e)  zero



Section 2. Sketching Vectors

18. A football travels from left to right in the picture shown below.
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Using the given origin, sketch the following vectors, with labels, on the figure above:

initial position, 77;
final position, 7
displacement, A7
19. A spaceship in a simulation has a velocity (—10,—10,0) m/s at t=0 when a thruster fires and exerts

a constant net force of (0,100,0) N on the spaceship. The spaceship at t=0 is shown below. Sketch
the following items on the figure. Label the vectors.

the initial velocity vector, v;
the net force on the spaceship, ﬁnet

the path of the spaceship, A7




20. A roller coaster goes up a hill and then down a hill as shown in the figure below. Its momentum just
before the bottom of the hill and just after the bottom of the hill are shown. Sketch the change in
momentum of the roller coaster during this time interval.
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Section 3. Analytic Problems

21. A tennis ball of mass 0.057 kg travels with velocity (50,0,0) m/s toward a wall. After bouncing off
the wall, the tennis ball is observed to be traveling with velocity (45,0,0) m/s. The tennis ball was
in contact with the wall for 0.10 s. What was the net force on the tennis ball due to the collision with
the wall? (Note: the net force is due to the force by the wall on the ball. The gravitational force on
the ball by Earth is negligible in this case.)

22. Assuming that the force by the wall on the ball is constant, then the time interval that the ball is
slowing down and being compressed (during the collision) is 1/2(0.1 s) = 0.05 s. How much does the
tennis ball compress during this time interval?



23. Two softball players are playing catch. One player throws the softball with a speed of 8 m/s at an
angle of 20° above the horizontal. The other player catches it at the same height that the first player
threw the ball. How far apart are the players, horizontally?

24. How high (above the player’s hand) was the baseball when it was at its peak?



Section 4. Lab Questions

25. The graph and the resulting curve fit for the x-position of a fancart as a function of time are shown
below.

ol
|Auto Fit for: VideoAnalysis | X

074 |X = A*(t-t0)A2+B*(t-10)+C
t0: 0.20000

A: 0.09548 +/- 0.0002947
054 |B:0.002080 +/- 0.0008557
C: -0.002716 +/- 0.0005162
RMSE: 0.0007572 m
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From the curve fit, determine the x-acceleration of the fancart. Be sure to show your work or explain
your reasoning.

26. In the video analysis of a basketball, you fit a curve to the y-velocity vs. time graph as shown below.

A T.;ear Fit for: VideoAnalysis | Y Velocity
y = m*(t-t0)+b

t0: 0.29005

m (Slope): -9.732 +/- 0.03211 m/s/s
b (Y-Intercept): 3,738 +/- 0.02123 m/s
Correlation: -0.8998

RMSE: 0.06135 m/s

Y Velocity (m/s)

0.0 0.5 Lo 1.5
Time (s)

According to the best-fit function, what is the y-acceleration of the basketball?
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Answer Key for Exam

Multiple Choice

Section 1.
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