
Physics 50 Fall 2017 Final Exam
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Dec 14, 2017

Please show your work! Answers are not complete without clear reasoning. When asked
for an expression, you must give your answer in terms of the variables given in the question
and/or fundamental constants, like g.

Answer as many questions as you can. Do not forget to include appropriate units when
giving a number as an answer. Calculators are allowed. If you detach any pages from the
test, please write your name on every loose page.
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Trigonometric Identities

sin2 θ + cos2 θ = 1

sin(2θ) = 2 sin(θ) cos(θ).

cos(2θ) = cos2 θ − sin2 θ

sin(α± β) = sinα cos β ± cosα sin β

cos(α± β) = cosα cos β ∓ sinα sin β

cosα cos β = 1
2
[cos(α− β) + cos(α + β)]

sinα sin β = 1
2
[cos(α− β) − cos(α + β)]

sinα cos β = 1
2
[sin(α + β) + sin(α− β)]

sin
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sec θ := 1
cos θ

csc θ := 1
sin θ

cot θ := 1
tan θ
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1. Starting from rest, a boat increases its speed to 6.22 m/s with constant acceleration.
If it takes the boat 5.85 s to reach this speed, how far has it traveled?

SKETCH: [2pts]

HYPOTHESIS: [1 pt]

SOLUTION: [4 pts]

ANSWER REASONABLE / AGREE WITH HYPOTHESIS?: [1 pt]
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2. The pilot of an airplane wishes to fly due north, but there is a 65 km/h wind blowing
toward the north-east, making a 15◦ angle with due east.

(a) In what direction should the pilot head her plane if its speed relative to the air is
350 km/h?

(b) If the pilot decreases the air speed of the plane, but still wants to head due north,
should the angle found in part (a) be increased or decreased? Explain.

HYPOTHESIS (just for part (a)): [1pt]

Part (a) VECTOR DIAGRAM and SOLUTION: [6 pts]

ANSWER REASONABLE / AGREES WITH HYPOTHESIS? (just for part (a)):
[1 pt]

Part (b): [2 pts]
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3. In a baseball game, a second baseman tosses the ball to the first baseman, who catches
it at the same level from which it was thrown. The throw is made with an initial speed
of 16.0 m/s at an angle of 32.5◦ above the horizontal.

(a) What is the horizontal component of the ball’s velocity just before it is caught? [3 pts]

(b) How long is the ball in the air? [4 pts]

(c) How far is the second baseman from the first baseman? [3pts]

SKETCH: [2pts]

HYPOTHESES for parts (a), (b), and (c): [3 pts]

SOLUTION: [10 pts, total]

ANSWERS REASONABLE / AGREE WITH HYPOTHESES?: [3 pts]
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4. A 75-kg parent and a 20.0-kg child meet at the center of an ice rink. They place their
hands together and push.

(a) Is the magnitude of the force experienced by the child more than, less than, or
the same as the force experienced by the parent?

(b) What law helped you answer part (a)? Give the name of the law, and its full
statement.

(c) Is the acceleration of the child more than, less than, or the same as the acceleration
of the parent? Explain.

(d) If the acceleration of the child is 2.5 m/s2 in magnitude, what is the magnitude
of the parents acceleration?

(e) What is the total momentum of the child and parent together after they push
off? If the child’s final speed is 3 m/s, what is the parent’s final speed?

SKETCH: [3pts]

Part (a) ANSWER: [1 pt]

Part (b) ANSWER: [4 pts]

Part (c) ANSWER: [3 pts]
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SOLUTION for part (d): [3 pts]

SOLUTION for part (e): [3 pts]

5. What Newton’s second law? If you use an equation, define all variable(s) in it. [4 pts]
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6. Two blocks, stacked one on top of the other, can move without friction on the horizontal
surface shown. The surface between the two blocks is rough, however, with a coefficient
of static friction µs.

176 CHAPTER 6 APPLICATIONS OF NEWTON’S LAWS

65. ••Aball of mass m is placed in a wedge, as shown in Figure 6–37,
in which the two walls meet at a right angle. Assuming the walls
of the wedge are frictionless, determine the magnitude of (a) con-
tact force 1 and (b) contact force 2.

66. •• A 2.0-kg box rests on a plank that is inclined at an angle of
65° above the horizontal. The upper end of the box is attached
to a spring with a force constant of 360 N/m, as shown in
Figure 6–38. If the coefficient of static friction between the box
and the plank is 0.22, what is the maximum amount the spring
can be stretched and the box remain at rest?

67. •• IP The blocks shown in Figure 6–39 are at rest. (a) Find the
frictional force exerted on block A given that the mass of block A
is 8.50 kg, the mass of block B is 2.25 kg, and the coefficient of
static friction between block A and the surface on which it rests
is 0.320. (b) If the mass of block A is doubled, does the frictional
force exerted on it increase, decrease, or stay the same? Explain.

68. •• In part (a) of Problem 67, what is the maximum mass block B
can have and the system still be in equilibrium?

69. •• IP A picture hangs on the wall suspended by two strings,
as shown in Figure 6–24. The tension in string 2 is 1.7 N. (a) Is
the tension in string 1 greater than, less than or equal to 1.7 N?
Explain. (b) Verify your answer to part (a) by calculating the
tension in string 1. (c) What is the mass of the picture?

70. •• IP Referring to Problem 49, suppose the Ferris wheel rotates
fast enough to make you feel “weightless” at the top. (a) How
many seconds does it take to complete one revolution in this
case? (b) How does your answer to part (a) depend on your
mass? Explain. (c) What is the direction and magnitude of your
acceleration when you are at the bottom of the wheel? Assume
that its rotational speed has remained constant.

71. •• A Conical Pendulum A 0.075-kg toy airplane is tied to the
ceiling with a string. When the airplane’s motor is started, it
moves with a constant speed of 1.21 m/s in a horizontal circle of
radius 0.44 m, as illustrated in Figure 6–40. Find (a) the angle the
string makes with the vertical and (b) the tension in the string.

20°

mg Contact
force 2

Center line

Contact
force 1

▲ FIGURE 6–37 Problem 65

65°

2.0 kg

▲ FIGURE 6–38 Problem 66

A
45°

B

▲ FIGURE 6–39 Problems 67 and 68

72. •• A tugboat tows a barge at constant speed with a 3500-kg
cable, as shown in Figure 6–41. If the angle the cable makes
with the horizontal where it attaches to the barge and the
tugboat is 22°, find the force the cable exerts on the barge in the
forward direction.

73. •• IP Two blocks, stacked one on top of the other, can move
without friction on the horizontal surface shown in Figure 6–42.
The surface between the two blocks is rough, however, with a
coefficient of static friction equal to 0.47. (a) If a horizontal force
F is applied to the 5.0-kg bottom block, what is the maximum
value F can have before the 2.0-kg top block begins to slip? (b) If
the mass of the top block is increased, does the maximum value
of F increase, decrease, or stay the same? Explain.

!

▲ FIGURE 6–40 Problem 71

22°22°

▲ FIGURE 6–41 Problem 72

F

2.0 kg

5.0 kg

▲ FIGURE 6–42 Problem 73

74. •• Find the coefficient of kinetic friction between a 4.5-kg
block and the horizontal surface on which it rests if an 85 N/m
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(a) If a horizontal force F is applied to the bottom block, find an expression for the
maximum value F can have before the top block begins to slip.

(b) If the mass of the top block is increased, does the maximum value of F increase,
decrease, or stay the same? Does the maximum possible acceleration of the block
m1 increase, decrease, or stay the same? For each, explain.

SKETCH (free body diagrams): [4pts]

Part (a) SOLUTION: [8 pts]

Part (b) ANSWERS: [4pts]
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7. Consider riding a Ferris wheel.

(a) As you ride, your apparent weight is different at the top than at the bottom of
the wheel. Explain why.

(b) Calculate your apparent weight at the top and bottom of a Ferris wheel, given
that the radius of the wheel is 8.0 m, it completes one revolution every 30 s, and
your mass is 60.0 kg.

Part (a) ANSWER: [2 pts]

SKETCH free body diagrams for top and bottom: [4 pts]

HYPOTHESES for (b), top and bottom: [2 pts]

Part (b) SOLUTION: [8 pts]

ANSWERS REASONABLE / AGREE WITH HYPOTHESES?: [2 pts]
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8. The force shown moves an object from x = 0 to x = 1.00 m.

PROBLEMS 201

long, its speed decreases to 15 m/s. (a) Was the net work done
on the car positive, negative, or zero? Explain. (b) Find the mag-
nitude of the average net force on the car in the sandy section.

23. •• IP (a) In the previous problem, the car’s speed decreased by
3.0 m/s as it coasted across a sandy section of road 30.0 m long.
If the sandy portion of the road had been only 15.0 m long,
would the car’s speed have decreased by 1.5 m/s, more than
1.5 m/s, or less than 1.5 m/s? Explain. (b) Calculate the change
in speed in this case.

24. •• A 65-kg bicyclist rides his 8.8-kg bicycle with a speed of
14 m/s. (a) How much work must be done by the brakes to
bring the bike and rider to a stop? (b) How far does the bicycle
travel if it takes 4.0 s to come to rest? (c) What is the magnitude
of the braking force?

Section 7–3 Work Done by a Variable Force
25. • A spring with a force constant of is initially at

its equilibrium length. (a) How much work must you do to
stretch the spring 0.050 m? (b) How much work must you do to
compress it 0.050 m?

26. • A 1.2-kg block is held against a spring of force constant
compressing it a distance of 0.15 m. How fast

is the block moving after it is released and the spring pushes it
away?

27. • Initially sliding with a speed of 2.2 m/s, a 1.8-kg block col-
lides with a spring and compresses it 0.31 m before coming to
rest. What is the force constant of the spring?

28. • The force shown in Figure 7–17 moves an object from 
to (a) How much work is done by the force? 
(b) How much work is done by the force if the object moves
from to x = 0.60 m?x = 0.15 m

x = 0.75 m.
x = 0

1.0 * 104 N/m,

3.5 * 104 N/m

spring an additional 0.14 m, does it take 160 J, more than 160 J, or
less than 160 J? Verify your answer with a calculation.

32. •• The force shown in Figure 7–18 acts on a 1.7-kg object whose
initial speed is 0.44 m/s and initial position is
(a) Find the speed of the object when it is at the location

(b) At what location would the object’s speed be
0.32 m/s?

33. ••• A block is acted on by a force that varies as
for and then remains con-

stant at 4200 N for larger x. How much work does the force do
on the block in moving it (a) from to or 
(b) from to 

Section 7–4 Power
34. • BIO Climbing the Empire State Building A new record for

running the stairs of the Empire State Building was set on
February 3, 2003. The 86 flights, with a total of 1576 steps, was
run in 9 minutes and 33 seconds. If the height gain of each step
was 0.20 m, and the mass of the runner was 70.0 kg, what was
his average power output during the climb? Give your answer
in both watts and horsepower.

35. • How many joules of energy are in a kilowatt-hour?
36. • Calculate the power output of a 1.3-g fly as it walks straight

up a windowpane at 2.5 cm/s.
37. • An ice cube is placed in a microwave oven. Suppose the oven

delivers 105 W of power to the ice cube and that it takes 32,200 J
to melt it. How long does it take for the ice cube to melt?

38. • You raise a bucket of water from the bottom of a deep well. If
your power output is 108 W, and the mass of the bucket and the
water in it is 5.00 kg, with what speed can you raise the bucket?
Ignore the weight of the rope.

39. •• In order to keep a leaking ship from sinking, it is necessary
to pump 12.0 lb of water each second from below deck up a
height of 2.00 m and over the side. What is the minimum horse-
power motor that can be used to save the ship?

40. •• IP A kayaker paddles with a power output of 50.0 W to main-
tain a steady speed of 1.50 m/s. (a) Calculate the resistive force
exerted by the water on the kayak. (b) If the kayaker doubles her
power output, and the resistive force due to the water remains
the same, by what factor does the kayaker’s speed change?

41. •• BIO Human-Powered Flight Human-powered aircraft re-
quire a pilot to pedal, as in a bicycle, and produce a sustained
power output of about 0.30 hp. The Gossamer Albatross
flew across the English Channel on June 12, 1979, in 2 h 49 min.
(a) How much energy did the pilot expend during the flight?
(b) How many Snickers candy bars (280 Cal per bar) would
the pilot have to consume to be “fueled up” for the flight?
[Note: The nutritional calorie, 1 Cal, is equivalent to 1000 calo-
ries (1000 cal) as defined in physics. In addition, the conver-
sion factor between calories and joules is as follows:

]
42. •• IP Agrandfather clock is powered by the descent of a 4.15-kg

weight. (a) If the weight descends through a distance of 0.720 m
in 3.25 days, how much power does it deliver to the clock? (b) To
increase the power delivered to the clock, should the time it
takes for the mass to descend be increased or decreased?
Explain.

43. •• BIO The Power You Produce Estimate the power you
produce in running up a flight of stairs. Give your answer in
horsepower.

44. ••• IP A certain car can accelerate from rest to the speed v in
T seconds. If the power output of the car remains constant,
(a) how long does it take for the car to accelerate from v to 2v?
(b) How fast is the car moving at 2T seconds after starting?

1 Cal = 1000 cal = 1 kcal = 4186 J.
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x = 0.30 m,x = 0
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▲ FIGURE 7–18 Problems 29 and 32

0.4

0.2

0.50 0.75O

0.6

Fo
rc

e,
 F

 (N
)

0.8

0.25
Position, x (m)

▲ FIGURE 7–17 Problem 28

29. • An object is acted on by the force shown in Figure 7–18.
What is the final position of the object if its initial position is

and the work done on it is equal to (a) 0.21 J, or
(b) - 0.19 J?
x = 0.40 m

30. •• To compress spring 1 by 0.20 m takes 150 J of work. Stretch-
ing spring 2 by 0.30 m requires 210 J of work. Which spring is
stiffer?

31. •• IP It takes 160 J of work to compress a certain spring 0.14 m.
(a) What is the force constant of this spring? (b) To compress the
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(a) How much work is done by the force? [3 pts]

(b) What is the average power delivered if the object moves from from x = 0 to
x = 1.00 m in 5 seconds? [3 pts]

(c) If the power delivered by the force is constant while moving the object, what is
the time taken for the object to be moved from x = 0 to x = 0.25 m? [4 pts]

SOLUTIONS for parts (a), (b), and (c): [10 pts, total]
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9. A 45.0-kg seal at an amusement park slides from rest down a ramp into the pool below.
The top of the ramp is 1.80 m higher than the surface of the water and the ramp is
inclined at an angle of 30.0◦ above the horizontal. If the seal reaches the water with a
speed of 4.50 m/s, what is

(a) the work done by kinetic friction and [4 pts]

(b) the coefficient of kinetic friction between the seal and the ramp? [6 pts]

SKETCH + free body diagram of seal: [4 pts]

SOLUTIONS for parts (a) and (b): [10 pts, total]
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10. A 15.0-g marble is dropped from rest onto the floor 1.60 m below.

(a) If the marble bounces straight upward to a height of 0.700 m, what is the magni-
tude and direction of the impulse delivered to the marble by the floor?

(b) If the marble had bounced to a greater height, would the impulse delivered to it
have been greater or less than the impulse found in part (a)? Explain.

SKETCH: [2 pts]

Part (a) SOLUTION: [6 pts]

Part (b) ANSWER: [2 pts]

11


