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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 =9.80m/s2

Question 1

At one instant a mouse passes a piece of cheese while running left with speed 8.0m/s. After
moving left for a while, the mouse turns around and runs right. At a later instant it passes the
same piece of cheese while running right with speed 10.0m/s. The time elapsed between these
instants is 3.0 s. Determine the average acceleration of the mouse between these instants.
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Question 2

Two carts slide along a horizontal track. At one instant cart A moves right with speed
25m/s and cart B moves right with speed 40m/s. Geraldine states that, in the 1 s period
immediately before, cart B must have had a higher acceleration than cart A. Zog disagrees
and say it is possible that cart A had a larger acceleration than cart B in this period. Explain
who is correct.
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Question 3

An ant and a bug walk along parallel straight sticks. At
0.0 s they are next to each other. The solid graph illus-
trates the ant’s velocity vs. time. The dashed graph indi-
cates the bug’s velocity vs. time. Which of the following
(choose one) is true at 4.0 s?

i) The ant has traveled the same distance as the bug.

ii) The ant is further right than the bug.

iii) The bug is further right than the ant.

Briefly explain your choice. 0 1.0 2.0 3.0 4.0
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Question 4

An airport on a Caribbean island has a straight horizontal runway with length 400m (very
short). An aircraft landing there first touches the runway traveling with speed 70m/s (typical
for a small commercial passenger jet). The pilot would like the aircraft to slow with a constant
acceleration with magnitude less than or equal to 4.9m/s2 while it travels in a straight line
along the length of the runway. Determine whether this is possible without the aircraft
traveling beyond the far end of the runway.
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Question 5

Consider the vectors ~A = −2̂i+ 2̂j and ~B = −1̂i− 1̂j.
Let ~C = ~A − ~B. Determine the components of ~C,
draw it as accurately as possible on the coordinate
axes that are provided and determine themagnitude

of ~C.

x

y
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Question 6

A flea jumps from a horizontal surface, leaving the ground with speed 1.8m/s at an angle of
55◦ above the horizontal. The two parts of this question can be answered independently.

a) Determine how far away the flea lands from its launching spot.

Question 6 continued . . .
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b) Someone plans to place a tiny hoop so that the flea passes through the hoop at the
midpoint of its jump. How high must the hoop be above the ground?
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Question 7

An asteroid moves with constant speed, constantly curving
around the circular corner along the illustrated trajectory. Which
of the following (choose one) is true regarding the asteroid’s ac-
celeration at the point labeled P?

i) ~a = 0

ii) ~a 6= 0, pointing ↓

iii) ~a 6= 0, pointing ց

iv) ~a 6= 0, pointing ւ

P
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Question 8

A doll is glued to a disk with radius 0.600m that rotates about
its center. The doll is halfway from the center to the edge. The
acceleration of the doll is 2.50m/s2. Determine the speed with
which the doll moves and the time taken to complete one rota-
tion. b

Axle

ąDoll
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