E X E RC I S E S

Conceptual Questions
1. Figure 2.32 shows possible shapes of graphs.
!
Interpret each graph, first as a d -t graph and
!
then as a v -t graph, to describe the motion.

Fig.2.32
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4. Can an object be accelerating and not be moving? (Refer to Question 3 for a hint.)
5. Someone tells you she bought a child’s toy
that can accelerate at 10 370 km/h2. This is
actually a reasonable value. Explain why.
6. a) A sheet of paper and a bowling ball do not
fall at the same rate on Earth. The bowling
ball hits the ground first. Why?
b) How can you modify the paper so that it
hits the ground at the same time as the
bowling ball?
c) If the sheet of paper and the bowling ball
fell in a vacuum box, which would land
first? Explain.
7. Does an object dropped from a building reach
the halfway point of its fall in half the time it
takes it to drop? Explain.
8. Why can’t the five kinematics equations be
used if the acceleration is not constant?

2. How does moving the t axis up or down affect
!
!
a d -t graph interpretation and a v -t graph
interpretation?
3. a) A ball is thrown straight up into the air
with an initial velocity, travels up, then
comes back down into the person’s hand.
!
Draw a v -t graph representing its motion.
b) The graph should show a constant acceleration. Why?
c) In terms of the sign of the acceleration and
the signs of the velocity sections, explain
how your graph shows the ball speeding up
and slowing down.
!
d) Create a d -t sketch for this situation.
e) How does each graph change if the ball
lands lower than the position it started
from?
f) How does each graph change if the ball
lands above its starting point?

9. Describe the process and considerations
required in working out the time it takes for
a yellow light to change to a red light at a
given intersection.
!

10. Sketch three or more v -t graphs that represent
impossible situations and explain why.
11. In a 100 m sprint, does the average speed of
the sprinter represent his/her ability to catch
someone ahead of him/her?
!

12. If we were to make a -t graphs, what shapes
would they take for all the cases we have discussed in this chapter?
!

13. If a v -t graph has curved sections, what is
happening to the acceleration? Provide examples for this case.
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g) What is the average velocity for the whole
trip?
h) What is the average speed for the trip?

Problems
2.1 Analysis of Velocity–Time Graphs
14. The following graph represents the motion of
one of the fastest trains in the world, the TGV
in France.

15. The graph in Fig. 2.34 is for the fastest bird
on Earth. The spine-tailed swift can reach a
maximum speed of 170 km/h in free flight!

Fig.2.33
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a) What is the velocity of the bird at these
times? 4 s, 12 s, 18 s, 28 s
b) Calculate the acceleration at the following
times: 4 s, 12 s, 18 s, 28 s.
c) When is the bird’s velocity a maximum?
d) When is the bird’s velocity a minimum?
e) When is the bird’s acceleration a maximum?
f) When are the bird’s accelerations zero?

!125
!150

a) Describe the motion of the train. Consider
the positive direction to be east.
b) How fast is the train moving at each of
these times in km/h? (We have included
one of the train’s fastest runs ever, which
is not typical of actual passenger trips.)
60 s, 240 s, 420 s, 480 s, 720 s
c) Calculate the accelerations for the lettered
sections A–F.
d) How far has the train travelled in each of
the lettered sections?
e) What is the total displacement of the train?
f) What is the average velocity for each of the
lettered sections?

16. Measure the tickertape in Fig. 2.35 and create
!
!
a d -t graph, followed by a v -t graph. Calculate
the acceleration. The time between dots is
0.032 s and the object starts from rest.
17. Measure the tickertape in Fig. 2.36 and create a
!
!
d -t graph, followed by a v -t graph. Calculate the
acceleration. The time between dots is 0.032 s.

Fig.2.35

Fig.2.36
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18. Create a v -t graph for a person moving up
50 m in a slow elevator, then waiting a short
period of time before jumping off into a
canyon using a bungee cord (Fig. 2.37). The
person falls more than 50 m because of the
stretch in the cord. Consider up as positive.

21. Consider the two-body problem in Fig. 2.39.
The two vehicles were at the same position at
time zero.

Fig.2.39
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a) What was each vehicle doing at t " 0?
b) At what time are both vehicles travelling at
the same velocity?
c) At any point on the graph, is either vehicle
ever moving backward?
d) Describe the motion of each vehicle.
e) At the end of the graph, does vehicle A
catch vehicle B?
f) How far apart are the vehicles at the moment
they are travelling at the same speed?
g) What would have to be true for the graphs
at the moment that vehicle A caught up
with vehicle B?

19. The following is a graph of a one-stage toy
rocket launch from a cliff, followed by a free
fall and a two-stage parachute descent. In
your notebook, redraw the graph and
a) label each section.
b) calculate the accelerations for each section.

Fig.2.38
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22. For the d -t graph in Fig. 2.40, sketch a v -t
graph. Describe the motion depicted.

Fig.2.40
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20. a) For the graph in Fig. 2.38,
calculate the displacements for each section.
b) Find the total displacement.
c) Suggest possible scenerios to explain why
the total displacement is not zero.
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Fig.2.41
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26. For the v -t graph in Fig. 2.44, sketch a corre!
sponding d -t graph. Describe the motion.

Position d! (m)

23. For the d -t graph in Fig. 2.41, sketch a v -t
graph. Describe the motion depicted.
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24. For the d -t graph in Fig. 2.42, create a v -t
graph with values. Describe the motion.

!

27. For the v -t graph in Fig. 2.45, sketch a corre!
sponding d -t graph. Describe the motion.

Fig.2.42
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25. For the d -t graph in Fig. 2.43, create a v -t
graph with values. Describe the motion.

Fig.2.46
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28. For the v -t graph in Fig. 2.46, create a d -t
graph with values. Describe the motion.
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29. For the v -t graphs in Problems 26 and 27,
!
sketch corresponding a -t graphs.
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30. For the v -t graph in Problem 28, create an a -t
graph with values.

2.3 Creating Equations
31. Below are two hypothetical equations among
four variables. Derive the other equations
needed to be able to solve problems when
given the values of any two of the variables:
xy " p and z " px.
32. a) Derive an equation for the change in acceleration by using a graph analysis technique
!
on an a -t graph. (Note: The name given to
the change in acceleration per unit time is
called jerk by some physicists.)
b) Write an equation for the area under the
graph. What does this area represent?

2.4 Solving Problems Using Equations
Displacement, Distance, Speed, and Velocity
33. Donovan Bailey ran the 100 m dash at the
Atlanta Olympics in 9.84 s. Michael Johnson
ran the 200 m in 19.32 s and the 400 m in
43.49 s. Find their average speed in each case.
34. How far will the TGV train travel in 45 s if its
speed is 140 m/s? Express your answer in
kilometres as well.
35. A sneeze causes you to momentarily shut
your eyes. If this process takes 0.5 s and you
are moving at 30 km/h, how far will you
travel in that time?
36. Bacteria move at 100 µm/s. How long would it
take one bacterium to move 1.0 m?
37. How far would a car move in 4.8 s if its velocity changed from 14.0 m/s to 16.0 m/s?
38. What is the displacement of a car accelerating
from 15 m/s forward to 10 m/s forward in
8.0 s?

39. Apollo 10’s re-entry speed was 39 897 km/h.
How many seconds would it take the spacecraft to stop in a distance of 3.0 # 106 m?
40. The speed of light is 3.0 # 108 m/s. The speed
of sound is 344 m/s. A flash of lightning
occurs in a storm 1.0 # 104 m away. How
many seconds does it take for us to see the
lightning and hear the thunder?
41. How long would it take a laser beam to go to
the Moon and back if the distance to the
Moon is 3.8 # 108 m?
42. Jules Verne wrote a book called Around the
World in Eighty Days. What was his average
speed in m/s and km/h if the radius of Earth
is 6400 km?
43. What was the initial velocity of an object that
moved 120 m in 5.60 s, reaching a final velocity of 15.0 m/s in that time? Was the object
speeding up or slowing down?

Acceleration
44. If Donovan Bailey reaches a top speed from rest
of 10.2 m/s in 2.5 s, what is his acceleration?
45. If a sprinter accelerates at 2.2 m/s2 for 2.5 s,
what is her velocity after this time, assuming
!
initial v " 0?
46. If it takes 0.08 s for an air bag to stop a person,
what is the acceleration of a person moving
13.0 m/s and coming to a complete stop in
that time?
47. A fastball pitcher can throw a baseball at
100 km/h. If the windup and throw take 1.5 s,
what is the acceleration of the ball?
48. A car moving at 10 m/s north ends up moving
10 m/s south after a period of 12 s. What is
its acceleration?
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49. An asteroid moving at 3.2 # 104 km/h slams
into Earth. If it takes 3.5 s to bring the asteroid to rest (what’s left of it), what was its
acceleration?
50. An object accelerates at 9.8 m/s2 when falling.
How long does it take an object to change its
speed from 4.5 m/s to 19.4 m/s?
51. What is an object’s final velocity if it accelerates
at 2.0 m/s2 for 2.3 s from a velocity of 50 km/h?
52. What is an object’s final velocity if it accelerates at !2.0 m/s2 for 2.3 s from a velocity of
50 km/h?
53. What is an object’s initial velocity if it accelerates at 2.0 m/s2 for 2.3 s, attaining a velocity of !50 km/h?

Acceleration and Displacement
54. Assuming no air resistance, how long does it
take a penny to fall if it was dropped from the
CN Tower (553 m)? Acceleration due to gravity is 9.8 m/s2.
55. Assuming no air resistance, how long does it
take a penny to fall if it was thrown down
with an initial velocity of 5.0 m/s from the
CN Tower (553 m)?
56. A car travelling at 40 km/h accelerates at
2.3 m/s2 for 2.7 s. How far has it travelled in
that time? What is its final velocity?
57. A car travelling at 40 km/h accelerates at
!2.3 m/s2 for 2.7 s. How far has it travelled
in that time? What is its final velocity?
58. If 100 m sprinters accelerate from rest for
3.5 s at 2.8 m/s2, how far have they run to
this point? How long will it take them to complete the 100 m sprint, assuming they maintain
their speed the rest of the way?
59. What is the average acceleration of the Blue
Flame speed car if its initial velocity is
1000 km/h and it comes to a complete stop
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in a distance of 2.0 km? Interpret the sign of
your answer.
60. An object thrown up from a cliff at 10 m/s
reaches a velocity of 20 m/s down as it lands.
If the acceleration due to gravity is 9.8 m/s2,
what is the object’s displacement? How long
did it take for the object to land from the time
it was thrown up?
61. If you accelerate (slow down) to a stop at
!0.8 m/s2 by applying brakes, how far do you
travel when your initial velocity is
a) 10 km/h? b) 50 km/h? c) 90 km/h?
d) 140 km/h?
62. The Superman roller coaster reaches a velocity of 100 km/h in 7.0 s. What is its average
acceleration in m/s2? How far has it travelled
in that time? If you wish to calculate how
many times faster your acceleration is than
the acceleration due to the gravity (i.e., the
number of gs you pull), divide the acceleration by 9.8 m/s2.
63. A car is slowing down at a rate of 20 km/h
per second. How far does it travel if its original velocity is 50 km/h and its final velocity is
5 m/s?
!

!

!

64. Use the formula $d " v 1$t % &12&a $t2 and the
!
following values to create a d-t chart. Then
use the values you have generated to create a
!
d -t graph. From the graph, take a series of
!
tangents and their slopes and generate a v -t
!
chart, followed by a v -t graph. From the
graph, find the slope and compare it to the
!
given acceleration. Given: v 1 " 10 m/s,
!
a " !10 m/s2, and time intervals of 0.2 s starting from 0.0 s and going to 2.2 s. Comment on
what happened at the end of the motion.
65. A dragster accelerates from rest for a distance
of 450 m at 14 m/s2. A parachute is then used
to slow it down to a stop. If the parachute gives
the dragster an acceleration of !7.0 m/s2, how
far has the dragster travelled before stopping?

u n i t a : Motion and Forces

66. Two rugby players are running towards each
other. They are 37 m apart. If one is accelerating from rest at 0.5 m/s2 and the other was
already moving at 3.1 m/s and maintains
her speed,
a) how long before they crunch together?
b) how fast was the accelerating player
going?
c) how far has each player run?
67. Superwoman is hovering above the ground
when a person free-falling goes by her at a
terminal velocity of 140 km/h. Unfortunately,
the parachute does not open. Fortunately,
Superwoman is around. If it takes her 1.9 s to
realize the person is in distress, what must

her acceleration be if she is to catch the parachutist just before she hits the ground 1000 m
below?
68. A police car stopped at a set of lights has a
speeder pass it at 100 km/h. If the police car
can accelerate at 3.6 m/s2,
a) how long does it take to catch the speeder?
b) how far would the police car have to go
before it catches the speeder?
c) what would its speed be when it caught up
with the car? Is this speed reasonable?
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