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Name: Total: /150

Instructions

• There are 15 questions on 10 pages.
• Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

g = 9.80m/s2 G = 6.67 × 10−11 Nm2/kg2

Cylinder/disk: I =
1

2
mr2 Hoop: I = mr2 Solid sphere: I =

2

5
mr2

R = 8.314 J/mol K NA = 6.02× 1023 /mol TK = TC + 273.15 TF =
9

5
TC + 32

Patmos = 1.01 × 105 Pa ρwater = 1.0 × 103 kg/m3

Question 1

An ant walks along a straight stick. The graph illus-
trates the ant’s position vs time. During the period
from 0 s to 4 s does the velocity of the ant remain
constant? During the period from 0 s to 4 s is the ac-
celeration of the ant zero or not?
Explain your answers.
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Question 2

A rock is thrown with speed 20m/s horizontally from a bridge, at height 3.0m above the
water. Determine the horizontal distance that the ball travels until it hits the water.

/14

Question 3

A phone with mass m is suspended in an elevator as illustrated. The elevator
moves up with a decreasing speed. The rope suspending the phone has no
slack throughout the motion. Which of the following (choose one) is true
regarding the tension in the rope that suspends the phone?

i) T = 0N.

ii) T = mg.

iii) T is larger than mg.

iv) T is smaller than mg but larger than 0N

�
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Question 4

A person pulls with a force of magnitude 100N on
a 10 kg block at an angle of 30◦ above the horizon-
tal. The block moves along a horizontal frictionless
surface as illustrated.

100N

30◦

a) Determine the magnitude of the acceleration of the block.

b) Determine the magnitude of the normal force acting on the block.
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Question 5

A bug walks at a constant speed counterclockwise along a
circular path on a horizontal surface. Which vector best il-
lustrates the net force on the bug at the illustrated moment?
Explain your choice. A

B

C
D

b

/5

Question 6

Two ice skaters, Alice and Bob, are on a frictionless horizontal ice sheet. Alice has mass
50 kg and Bob 100 kg. Alice slides straight east with speed 9.0m/s toward Bob. They collide
and hold on to each other. Determine the velocity (including direction) with which Alice and
Bob move after they have collided.
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Question 7

A 0.250 kg cart approaches a bump on the illustrated
frictionless track, whose base lies on the Earth. The
top of the bump is 0.80m above the Earth. While
the cart moves along the horizontal surface on left,
it’s speed is 5.0m/s. Does the cart reach the top of
the bump? If you say it does, determine its speed at
the top of the bump. If you say it does not, determine
how high it reaches.

Earth

Bump
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Question 8

A box is raised with decreasing speed by a rope, which remains taut while
it does this. The box moves upward by a distance of 0.5m. Let Wrope

be the work done by the rope and Wgrav be the work done by gravity
during this process. Which of the following (choose one) is true?

Moves
i) Wrope is positive, Wgrav is positive.

ii) Wrope is positive, Wgrav is negative.

iii) Wrope is negative, Wgrav is positive.

iv) Wrope is negative, Wgrav is negative.

/5

Question 9

A 2.0 kg box is on a frictionless horizontal surface and is com-
pressed against a spring, with spring constant 40N/m. The
box is held at rest against the spring, with is compressed by
0.20m. The block is released and eventually leaves the spring.
Determine the speed of the block after it has left the spring.

40N/m
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Question 10

A 6.0m rod with mass 10 kg is suspended from its
midpoint as illustrated. Two forces are applied to
the rod at the indicated points and the rod remains at
rest horizontally. The magnitude of ~F1 is 50N. The
other force ~F2 acts vertically downward. Determine
the magnitude of ~F2.

b

~F1

63◦

~F2

1.0m 2.0m
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Question 11

A solid rod of length 0.25m rotates about one end at a con-
stant rate. It does four complete revolutions every second.
Determine the angular velocity and the tangential velocity
(speed) of the point P at the end of the rod.

b

b

Pivot

P
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Question 12

An ideal gas is inside a sealed container whose volume is kept constant. The gas is initially
at atmospheric pressure, Patm = 1.01×105 Pa and temperature 20◦ C. The gas is then heated
at constant volume so that its pressure reaches three times atmospheric pressure, i.e. 3Patm.
Which of the following (choose one) is true regarding the temperature of the gas when it
reaches pressure 3Patm?

i) Temperature is less than 20◦ C.

ii) Temperature between 20◦ C and 60◦ C.

iii) Temperature is exactly 60◦ C.

iv) Temperature greater than 60◦ C.
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Question 13

A 1.5 kg block of copper is dropped into 10 kg of water. The copper is initially cooler than the
water but during a initial period its temperature increases by 5.0◦ C. Determine the change
in temperature of the water during this period.

c Lf Lv

Water 4.18 × 103 J/kg·◦C 3.33 × 105 J/kg 2.26 × 106 J/kg

Copper 3.85 × 102 J/kg·◦C 2.09 × 105 J/kg 4.73 × 106 J/kg
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Question 14

Two identical balls are suspended at rest in a fluid. The ball on the
left is at twice the depth beneath the surface as that on the right.
Let FB left be the buoyant force on the ball on the left and FB right

be the buoyant force on the ball on the right. Which of the following
(choose one) is true?

i) FB left = FB right

ii) FB right < FB left < 2FB right

iii) FB left = 2FB right

iv) FB left > 2FB right

/5

Question 15

A snapshot of a wave on a string is illus-
trated. The units of the axes are meters.
The wave is observed as time passes and
it is found that 750 crests pass the 4m
mark in 5.0 s. Determine the wavelength
and the speed of this wave. 1 2 3 4 5 6
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