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Instructions

• There are 8 questions on 6 pages.
• Show your reasoning and calculations and always explain your answers.

Physical constants and useful formulae

g = 9.8m/s2 G = 6.67 × 10−11 Nm2/kg2

Cylinder/disk: I =
1

2
MR2 Hoop: I = MR2 Solid sphere: I =

2

5
MR2

Question 1

A 4.0 kg object on a horizontal sheet of ice is initially at rest. A rope pulls on it, does 128 J
of work and then stops pulling. No other forces do work on the object.

a) Determine the kinetic energy of the object after the the rope has stopped pulling.

b) Determine the speed of the object after the the rope has stopped pulling.
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Question 2

A 5.0 kg box can move along a frictionless track. The
box is pushed against a spring, whose spring constant
is 2000N/m, compressing it by 0.20m. It is held at
rest in this position and is then released. It leaves the
spring before it reaches the bottom of the ramp.

a) Determine the speed of the box after it leaves the spring.

b) Determine the maximum height (above the horizontal) that the box reaches on the ramp.
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Question 3

A box, on a rough horizontal surface, is pulled by a
rope to the left as illustrated. The box moves with
constant speed. Which of the following (choose one)
is true?

Moves

Rope

a) Which of the following (choose one) is true?

i) The rope does positive work, friction does positive work.
ii) The rope does positive work, friction does negative work.
iii) The rope does negative work, friction does positive work.
iv) The rope does negative work, friction does negative work.

b) Would your answer change if the box were speeding up? Briefly explain your answer.
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Question 4

Two people lift identical objects vertically using ropes. Alice does 400 J of work in 2.0 s when
lifting her object. Bob does 300 J of work in 1.0 s when lifting his object. Which of the
following is true?

i) The power delivered by Alice is the same as the power delivered by Bob.

ii) The power delivered by Alice is more than the power delivered by Bob.

iii) The power delivered by Alice is less than the power delivered by Bob.

Briefly explain your answer.
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Question 5

Two balls initially move directly toward each other as illus-
trated. The 2.0 kg ball moves right with speed 5.0m/s and
the 8.0 kg ball moves left with speed 3.0m/s. The balls col-
lide and subsequently the 8.0 kg ball moves left with speed
1.5m/s. The balls are isolated from all other objects. Deter-
mine the velocity of the 8.0 kg ball after the collision.

2.0 kg

5.0m/s

8.0 kg

3.0m/s
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Question 6

A solid disk rotates at a constant rate about an axis through
its center. Which of the following (choose one) is true regard-
ing the angular velocities of the illustrated points?

i) ωA = ωB = ωC

ii) ωA = ωB > ωC

iii) ωA = ωB < ωC

iv) ωC < ωB < ωA

b b A

b
B

b
C
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Question 7

A 2.0 kg rod with length 1.0m can pivot about its left
end. A 0.50 kg masspiece is suspended from the left
end. A rope, connected 0.75m from the left end pulls
at an angle of 60◦ from the rod. The rod is horizontal
and at rest. Determine the tension in the rope.

b
Pivot

0.5 kg

Rope

60◦
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Question 8

Two barbells consist of identical balls attached to symmet-
rically to rods. The balls for case A are further from the
center than for case B. Identical forces are exerted at the
right end of each rod. Which of the following (choose one) is
true regarding the angular acceleration of each?

i) Same angular acceleration for both.

ii) Larger angular acceleration for A.

iii) Smaller angular acceleration for A.

b
Case A

bCase B

Briefly explain your answer.

/7

6


