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How does Nelson Physics 11 help teachers assess and evaluate student achievement?

Assessment Standards for Nelson Resources

Questions Reflect the Achievement Chart Categories

Understanding Concepts 

1. What is the magnitude of the force of gravitational attraction
between a 55-kg student and a 65-kg student, whose centres are
1.0 km apart? 

2. At a certain instant, a 255-kg meteoroid moving toward Earth is
located 6.75 Mm from Earth’s centre. What is the magnitude of
the force of gravitational attraction between the two bodies?
(Earth’s mass is 5.98 × 1024 kg.)

3. Is it possible for a body to exist somewhere in the universe that
has no forces whatsoever acting on it? Explain your answer.

Applying Inquiry Skills 

4. Describe how you would use a globe to illustrate the orbit of a
geosynchronous communications satellite. 

Making Connections 

5. Research the meanings and causes of “spring tides” and “neap
tides.” Follow the links for Nelson Physics 11, 3.2. Draw diagrams
to show what you discover. 

6. Astronomers have used equations derived by Sir Isaac Newton to
estimate that the Milky Way Galaxy has a mass of approximately 
4 × 1041 kg. If the mass of our Sun is 2 × 1030 kg, how many stars are
there in our galaxy? Assume for this question that all stars have the
same average mass and that the masses of planets are negligible.

(continued)

Section 3.2 Questions
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A balance of 

Understanding Concepts,
Applying Inquiry Skills, 
and Making Connections
questions appear

throughout the text.

1. Curriculum Congruency
Assessment strategies and tools are matched to the Ontario curriculum with respect to

performance standards (such as Achievement Levels) and content standards (such as

Curriculum Expectations).

2. Manageability
Each resource provides teachers with an efficient and manageable approach to assessment

that includes diagnostic, formative, and summative components.

3. Variety of Tools
Teachers receive a variety of assessment tools, including: rubrics, checklists, tracking sheets,

and answer keys.

4. Clear Criteria
Assessment criteria are clearly indicated so that teachers and students know what is

expected in each assessment task.

5. Opportunities for Self-Assessment
Clear directions are provided to involve students and, where appropriate, parents in the

assessment process.
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The Nelson Physics 11 Computerized Assessment Bank includes 1500 questions, each

correlated to a specific expectation(s) in the curriculum and categorized to reflect the

Achievement Chart categories.
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in the Chapter 2 opener activity. Table 1 shows data that were collected in this
way, and Figure 4 shows that the graph of these data yields a straight line.

The slope of the line in Figure 4 is 

slope = �
�

�

m
F�
� = �

49
5
0
0.

N
0 k

[
g
↓]

� = 9.8 N/kg [↓] 

The slope gives the gravitational field strength on Earth’s surface in newtons
per kilogram. Where have you seen the number 9.8 before? This is the magnitude
of the acceleration due to gravity (9.8 m/s2 [↓]). It is left as an exercise to show
that N/kg and m/s2 are equivalent.

Since the gravitational field strength and the acceleration due to gravity are
numerically equal, the same symbol, g�, is used for both. Therefore, on Earth’s sur-
face, g� = 9.8 N/kg [↓], or g� = 9.8 m/s2 [↓].

The gravitational field strength can be applied using the equation for
Newton’s second law of motion, F�g =mg�, to determine the force of gravity acting
on an object at Earth’s surface.

Sample Problem 1 

The maximum train load pulled through the Chunnel, the train tunnel under the
English Channel that links England and France, is 2434 t. Determine the force of
gravity on this huge mass.

Solution

g� = 9.8 N/kg [↓] 

F�g = ?

We must first convert the mass in tonnes to kilograms:

2434 t = 2434 t × �
100

1

0

t

kg
� = 2.434 × 106 kg 

F�g = mg�

= (2.434 × 106 kg)(9.8 N/kg [↓]) 

F�g = 2.4 × 107 N [↓]

The force on the load is 2.4 × 107 N [↓].

Practice 

Understanding Concepts 

1. Show that N/kg is equivalent to m/s2. 

2. The average mass of a basketball is 0.63 kg. What is the force of
gravity acting on the ball? 

3. The force of gravity on the heaviest person in history is about 
6.2 kN [↓ ]. Determine the mass of this record-holder in kilograms. 

4. The force of gravity on a 251-kg spacecraft on the Moon’s surface is
408 N [↓ ]. 
(a) What is the gravitational field strength there?
(b) What is the acceleration of a free-falling object on the surface of

the Moon?

5. Assume you are in a space colony on Mars, where the gravitational
field strength is 3.7 N/kg [↓ ]. What is the force of gravity on you? 

Table 1 The Force of Gravity 
on Masses 

Mass (kg) Force of gravity (N [↓ ])

0.0 0

10.0 98

20.0 196

30.0 294

40.0 392

50.0 490
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Figure 4

The slope of the line on this force-mass
graph indicates the gravitational field
strength.

Answers

2. 6.2 N [↓ ]

3. 6.3 � 102 kg

4. (a) 1.63 N/kg [↓ ]

(b) 1.63 m/s2 [↓ ]

3.1

Chapter and Unit Review
Questions
Chapter and Unit
Review Questions can
be used for more
formative assessment,
and questions are
categorized to reflect
the Achievement Chart.

Practice Questions
Practice Questions are
presented in the middle of
a section, offering students
the opportunity to practise
working with the terms,
mathematical or problem-
solving techniques, skills,
or concepts presented in
the text. These questions
often follow a Sample
Problem and are intended
to be used largely for
formative assessment.

Section Questions 
Section Questions are presented  when it is convenient to assess a
cluster of expectations that are “finished” in their development.
They are intended to be used largely for formative or summative
assessment and are categorized to reflect the Achievement Chart.

NOTE: Answers to Practice Questions,
when they are numerical, are presented in
the margin beside the questions.  Solutions
and sample written answers are presented
in the Solutions Manual.

NOTE: Answers to Chapter
and Unit Review Questions,
when they are numerical, are
presented in Appendix D at
the back of the student text.

NOTE: Answers to Section Questions are not presented anywhere
in the Student Text.  Solutions and sample written answers are
presented in the Solutions Manual.

16. A 650-N student is Rollerblading at a velocity of
7.8 m/s [W] when the student trips and slides horizon-
tally along the trail, coming to a stop in 0.95 s.
(a) Determine the student’s average acceleration.
(b) Draw an FBD of the student sliding on the trail.
(c) What is the kinetic friction as the student slides? 
(d) Determine the coefficient of kinetic friction

between the student and the trail.

Applying Inquiry Skills 

17. In writing a test on this chapter, a student could not
recall the unit of the universal gravitation constant, G.
Help the student determine the unit by rearranging the
equation of the law of universal gravitation to isolate G
and then perform unit analysis on the other variables.

18. (a) If you were in a physics classroom on a Mars
colony, how would you determine the gravitational
field strength there experimentally? 

(b) If you measured the kinetic friction between two
surfaces on Mars and between the same surfaces on
Earth, how would you expect the results to compare? 

19. Design a controlled experiment to answer one of the
following questions. Your design should include all the
features of a formal experimental design.
(a) What are the factors that affect the air resistance

acting on a moving car? 
(b) What are the factors that affect the rolling friction

of a moving object of your choice? (See Figure 1.)

Making Connections 

20. (a) Explain why it will likely be many years before
humans attempt to colonize Mars.

(b) Why would intergalactic travel be impossible for
any humans? 

21. Using concepts from this chapter, explain why signs like
the one in Figure 2 have proven to reduce injury.

SummaryChapter 4Review

Understanding Concepts 

1. Sketch a graph to show how the first variable in the list
below depends on the second one, and write the corre-
sponding proportionality statement.
(a) the gravitational field strength surrounding an

object; the force the object exerts on surrounding
objects 

(b) the gravitational field strength of a body; the mass
of the body 

(c) the force of gravity on an object; the distance of the
object from the body exerting the force of gravity
on it 

(d) the force of friction an object experiences; the 
coefficient of friction between the object and the
surface it is on 

(e) your weight; the altitude of your location 
(f) your weight; the latitude of your location 

2. (a) What quantity has the same numerical value as the
gravitational field strength, but is expressed in a
different unit? 

(b) What is the gravitational field strength in your
classroom? 

3. A student hangs a 500 g mass onto a spring scale.
Correct to two significant digits, state the reading on
the scale when the mass and the scale are 
(a) stationary 
(b) being lifted upward at a constant velocity 
(c) released, so they fall downward freely 

4. A 65-kg student can safely lift 73% of the student’s own
mass off the floor.
(a) Determine the mass the student can lift (on Earth).
(b) How would the mass the student could lift on the

Moon compare to your answer in (a)? 

5. If you were to assign a direction to the force of gravity
both at and high above Earth’s surface, what single
direction would apply in all cases? 

6. If Earth’s radius is 6400 km, calculate the force of
gravity on a 1.0 × 105 kg space station situated
(a) on Earth’s surface
(b) 128 000 km from the centre of Earth
(c) 384 000 km from the centre of Earth (about the

distance to the Moon)
(d) 1.5 × 108 km from Earth’s centre (about the dis-

tance to the Sun)

7. The magnitude of the force of gravity on a meteoroid
approaching Earth is 5.0 × 104 N at a certain point.
Calculate the magnitude of the force of gravity on the
meteoroid when it reaches a point one-quarter of this
distance from the centre of Earth.

8. What is the gravitational field strength at a place 
220 km above Earth’s surface, the altitude of many
piloted space flights?

9. Sirius is the brightest star in the night sky. It has a
radius of 2.5 × 109 m and a mass of 5.0 × 1031 kg. What
is the gravitational force on a 1.0-kg mass at its surface?

10. Sirius B is a white dwarf star, in orbit around Sirius,
with a mass of 2.0 × 1030 kg (approximately the mass of
the Sun), and a radius of 2.4 × 107 m (approximately
one-thirtieth of the radius of the Sun).
(a) What is the force on a 1.0-kg mass on the surface of

Sirius B?
(b) What is the acceleration due to gravity on the 

surface of Sirius B?

11. Determine the distance from Earth’s centre where the
force of gravity acting on a space probe is only 11% of
the force acting on the same probe at Earth’s surface.
Express your answer in terms of Earth’s radius, rE.

12. As a space vehicle travels toward the Moon, it will even-
tually reach a location where Earth’s pull of gravity is
balanced by the Moon’s pull.
(a) Draw a sketch of this situation. Label distances and

forces using appropriate symbols.
(b) Determine the location. (Hints: You will need to

know the average distance separating Earth and the
Moon as well as the mass of both bodies. Also, after
you set up a single equation involving the magni-
tude of the forces caused by both bodies, you can
apply the quadratic formula to solve the equation.) 

(c) One of the roots of the equation used in (b) is
greater than the Earth-Moon distance, so it does
not answer the original question. However, the root
does have a meaning. What is it? 

13. Describe two specific ways in which people try to
(a) increase friction between surfaces 
(b) decrease friction between surfaces 

14. Relate the difference in the magnitudes of starting fric-
tion and kinetic friction to Newton’s first law of motion.

15. Six dogs, each having a mass of 32 kg, pull a 325-kg sled
horizontally across the snow (mS = 0.16 and mK = 0.14).
(a) How much force must each dog exert in order to

move the sled at a constant velocity? 
(b) If each dog applies a force of 86 N [fwd], what

average acceleration does the sled experience?
(Draw an FBD of this situation.) 

(c) One dog becomes lame and must be transported on
the sled. With what force must each of the
remaining dogs pull to achieve an average accelera-
tion of 0.75 m/s2 [fwd]? 

22. (a) Why do weight lifters and gymnasts put powder on
their hands before performing their exercises? 

(b) What other athletes use the same type of powder? 

23. What tire tread design is appropriate for mountain
bikes? Explain why, using principles you have learned in
this chapter.

Exploring 

24. Research more about the historical developments of the
study of gravitational forces, such as more details about
Newton’s contributions or Cavendish’s determination of
G. Write a brief report on what you discover. Follow the
links for Nelson Physics 11, Chapter 3 Review.

25. Find out what gravitometry is and how it is applied.
Follow the links for Nelson Physics 11, Chapter 3
Review.

26. With your teacher’s guidance, use a force sensor or an
acceleration sensor to demonstrate free fall or “weight-
lessness” using a computer interface. Describe what you
observe.

27. Research what is meant by a “libration point.” In the
1970s, a group of interested people, including many sci-
entists, proposed a space colony to be situated at a
libration point between Earth and the Moon. This
group, called the “L5 Society,” suggested such a colony
would have distinct advantages. Suggest what these
advantages would be, and use research to check your
answers. Follow the links for Nelson Physics 11,
Chapter 3 Review.
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Figure 1

For question 19, choose some device with wheels.

Figure 2

For question 21
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35. Figure 6 shows a device that can be used as an
accelerometer. Predict how the bob in the water will
move (if at all) in each of the following situations:

(a) the accelerometer is moving to the right at a con-
stant velocity 

(b) the accelerometer is accelerating uniformly to the left 
(c) the accelerometer is moving to the right but is

slowing down uniformly 
(d) Suggest a similar setup that can act as the

accelerometer without the use of water.

36. A student is designing simulation software to demon-
strate an experiment that tests the acceleration due to
gravity on a planetary moon. The magnitude of the
acceleration due to gravity on the moon is 1.8 m/s2.
(a) Determine the height from which a ball can be

dropped from rest on this moon in order for it to
take 2.0 s to land on the surface.

(b) Set up a table of data of position and time (for time
intervals of 0.4 s) for the situation in (a).

(c) Plot a graph of the data in (b). From the graph,
generate the velocity-time graph by applying the
tangent technique.

(d) From the velocity-time graph, calculate the average
acceleration, and determine the percent error of
your graphing technique.

Making Connections 

37. Two towns, 100 km apart, are linked by a highway with
a speed limit of 100 km/h.
(a) Determine the time in minutes a trip from one

town to the other would take at an average speed of
100 km/h, 110 km/h, 120 km/h, . . . , 200 km/h.

(b) Use the data to plot a graph of time saved as a func-
tion of speed above the limit. What can you con-
clude about the shape of the graph? 

(c) Describe the disadvantages of exceeding a speed
limit by a large amount.

38. Figure 7 shows three possible arrangements of an eaves
trough installed on a shed. Assuming the down spout is
on the right side in each design, which design would
you recommend? Use physics principles to explain why.

39. Some large pendulum rides at amusement parks, such
as the one shown in Figure 8, use large rotating wheels
to cause the large mass to accelerate, first as the mass is
speeding up and then as it is slowing down.
(a) Describe the role of friction in this type of ride.
(b) What effect would a heavy rain have on the opera-

tion of this ride? Explain your answer.
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(f) Determine the book’s acceleration while it is sliding
on its own.

(g) Will the book slide off the end of the table? Show
your calculations.

27. A 950-kg communications satellite in synchronous orbit
42 400 km from Earth’s centre has a period of 24 h.
Placed in orbit above the equator, and moving in the
same direction as Earth is rotating, it stays above the
same point on Earth at all times. This makes it useful
for the reception and retransmission of telephone,
radio, and TV signals.
(a) Calculate the magnitude of the force of gravity

acting on the satellite.
(b) What is the magnitude of the gravitational field

strength at this altitude? 

Applying Inquiry Skills 

28. To check your skill in estimating speeds in sports events,
estimate in kilometres per hour and metres per second
the highest speed in each of these situations: a baseball
pitch, a hockey slap-shot, a female tennis serve, a golf
drive, a badminton serve, and a cricket bowl. Rank the
estimated speeds from lowest to highest. Then check
your estimations using the following information.
(a) After leaving the pitcher’s hand, a fastball can travel

9.0 m in the first 0.20 s.
(b) A slap-shot drives the puck 18 m from just inside

the blue line to the goal in 0.34 s.
(c) The fastest female tennis serve takes 0.21 s to travel

12 m from the baseline to the net.
(d) After being driven off the tee, a golf ball travels the

first 5.0 m in 91 ms.
(e) A well-hit birdie travels the first 0.98 m off the

serve in 11 ms, although air resistance slows it
down quickly.

(f) The fastest cricket bowl takes 0.25 s to travel the
first 11 m toward the hitter.

29. Two students perform an activity to determine the fre-
quency of a ticker tape timer that is labelled 60.0 Hz.
One student gets a frequency of 55.5 Hz, and the other
gets a frequency of 65.5 Hz. Determine the percent
error of each of the results.

30. Sketch a graph of time as a function of speed for a uni-
form motion experiment in which the distance travelled
is always the same.

31. Several students set up an investigation to obtain data
about a cart moving at a constant speed in a straight
line. The data for the distance the cart travels from start
after each time interval of 0.10 s are shown in Table 1.

(a) Which variable is dependent? independent? 
(b) Plot of graph of the data and determine the slope

of the line of best fit on the graph. State what the
slope represents.

(c) Give an example of interpolation and extrapola-
tion, using the graph.

32. Sketch a position-time graph for a sprinter who runs as
fast as possible until the sprinter crosses the finish line,
and then slows down and jogs at a constant speed for a
while longer to cool down.

33. None of the three graphs shown in Figure 4 could be a
position-time graph for a moving object. Explain why
in each case.

34. In an investigation involving the horizontal motion of a
cart with a horizontal force acting on it, a computer
program generates the acceleration-time graph shown
in Figure 5. Assume that the initial velocity of the cart is
0 and its initial mass is 1.2 kg.
(a) Generate the velocity-time graph of the motion.
(b) What is the net force acting on the accelerating cart? 
(c) If the mass of the cart is doubled, what happens to

the acceleration graph? 

Table 1 

Time (s) 0.0 0.10 0.20 0.30 0.40 

Distance (m) 0.0 2.1 4.2 6.1 8.3 

t (s)
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15. Assuming the best high jump record from a standing
position in a school was 1.52 m, what initial velocity
was needed for this jump. Neglect any sideways motion.

16. When a world-class pole-vaulter is gliding over the
pole, the jumper is approximately 5.5 m above the top
of the matt where the jumper will land. Assuming that
the jumper’s initial vertical velocity is zero at the top of
the jump, with what vertical velocity does the jumper
strike the matt? Neglect any sideways motion.

17. A hockey referee drops the puck from rest for a face-off,
and the puck reaches a speed of 5.6 m/s just before
striking the ice.
(a) Assuming free fall, how long did it take the puck

fall on the ice? 
(b) From what height above the ice did the referee drop

the puck? 

18. A sports car takes 2.8 s to accelerate from 17 m/s [fwd]
to 28 m/s [fwd].
(a) Determine the average acceleration of the car

during this time interval.
(b) What is the car’s displacement during the acceleration? 

19. A student suggests that a wet dog shaking water off its
back is a good example of Newton’s first law of motion.
Do you agree? Explain your answer.

20. Use Newton’s laws to explain why each of the following
statements is correct. In each case, indicate which of the
three laws best explains the situation.
(a) It takes longer for a car to accelerate from 0 km/h

to 100 km/h if it has five passengers in it than when
it has only one.

(b) Many a novice hunter has experienced a sore
shoulder after firing a shotgun.

(c) Subway cars provide posts and overhead rails for
standing passengers to hold.

21. (a) Calculate the magnitude of the force of gravity
acting on you, in other words your weight, using
the equation of Newton’s second law.

(b) Calculate the magnitude of the force of gravity acting
on you by applying the law of universal gravitation.

(c) Compare your answers to (a) and (b).
(d) Based on the results, derive an equation that could

be used to determine Earth’s mass.

22. Figure 3 shows a cart with a battery-operated fan on it.
The cart has a slot into which a card can be inserted.
Predict and explain what will happen if the fan is
turned on when the card is 
(a) absent
(b) present

23. Determine the magnitude of the force of gravity acting
on a 340-kg satellite 850 km above Earth’s surface.

24. An applied horizontal force of magnitude 9.1 N is
needed to push a 2.8-kg lamp across a table at a con-
stant velocity.
(a) Determine the coefficient of kinetic friction

between the lamp and the table.
(b) How would the coefficient of static friction com-

pare to your answer in (a)? Why? 

25. A 5.0-kg object made of one material is being pulled at
a constant velocity along a table made of another mate-
rial. The coefficient of sliding friction between these
two materials is 0.35. What is the magnitude of the
force of friction? 

26. A student pushes horizontally eastward on a 1.2-kg
textbook initially resting 1.3 m from the edge of a long
table. The coefficient of static friction is 0.24 and the
coefficient of kinetic friction is 0.18. The force is just
large enough to get the book to start moving, and is
maintained for 1.0 s after the motion has begun.
(a) Draw an FBD of the book while the force is being

applied and the book is moving.
(b) Determine the force applied to the book by the 

student.
(c) Determine the acceleration of the book while the

student is applying the push.
(d) Calculate the maximum velocity reached by the book.
(e) Draw an FBD of the book after the push is removed

and the book is sliding on its own.

Review
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Understanding Concepts 

1. Set up a five-column table with these headings:

Quantity Symbol Type of Quantity SI Unit Typical Value 
(scalar or vector) in Daily Life 

Complete the table for the following quantities: distance,
time interval, average speed, position, displacement,
average velocity, average acceleration, net force, mass,
and coefficient of kinetic friction.

2. The Yukon Quest, an annual dog-sled race between
Whitehorse in the Yukon and Fairbanks in Alaska,
covers a grueling distance of 1610 km. Assuming that
the average speed of the dog team that set a course
record is 6.28 km/h, determine the best time for this
race. Express your answer in days, hours, and minutes.

3. The highest average lap speed on a closed circuit in
motorcycling is about 72 m/s or 258 km/h. If a cyclist
takes 56 s to complete one lap of the circular track,
what is the track’s circumference?

4. Under what condition(s) will the magnitude of the 
displacement of a moving object be the same as the 
distance it travels? 

5. The distance between bases on a baseball diamond is
27.4 m. Use a scale diagram, the Pythagorean theorem,
or trigonometry to find the magnitude of a runner’s
displacement from home plate to second base.

6. Toronto is about 50 km from Hamilton. A freight train
travels from Hamilton to Toronto at an average speed of
50 km/h. At the same time, a passenger train travels from
Toronto to Hamilton at an average speed of 75 km/h.
Find the time passed, in minutes, before trains meet
one another. (Assume two significant digits.) 

7. The motion depicted in Figure 1 shows the path of a
team in a car rally held in a rural area where the speed
limit is 80 km/h. In the car rally, points are deducted for
anyone determined to be breaking the speed limit.

(a) If the car took 1 h 15 min for the trip, will the team
get points deducted? 

(b) Determine the displacement from the starting posi-
tion when the car arrives at Checkpoint A, then at
Checkpoint B.

(c) Determine the average velocity (magnitude and
direction) of the car’s motion for the entire trip.

8. Communicate the meaning of the following equation:
v�AD = v�AB + v�BC + v�CD

9. Satellites are often launched so that they orbit Earth
from west to east. What is the advantage of selecting
this direction instead of east to west? 

10. Sometimes, when your car stops at a traffic light and
you look at the car beside you, you feel that your car is
moving backward. In fact, your car is at still at rest on
the road. How is this possible? 

11. An airplane pilot points the plane due east. A wind is
blowing from the north. Assuming the destination is
due east of the starting position, explain why the plane
will not reach it.

12. As a GO Train (T) is leaving a station, a passenger (P),
walking toward the front of the car, waves at a friend
(F) standing on the platform. At the instant of the wave,
the train is travelling at 1.3 m/s [W] relative to the 
platform and the passenger is walking at 1.1 m/s [W] 
relative to the train.
(a) Determine the velocity of the passenger relative to

the friend.
(b) What is the velocity of the friend relative to the

passenger? 

13. For which of the following situations does the net force
have a magnitude of zero? 
(a) A ball rolls down a hill at an ever-increasing speed.
(b) A car travels along a straight, level expressway with

the cruise control set at 100 km/h.
(c) A boulder falls from the edge of a cliff to the lake

below.
(d) A communications satellite is located in an orbit

such that it remains in the same spot above Earth’s
surface at all times.

14. A 45-t electric train accelerates uniformly from a station
with the train’s motion depicted in the graph in Figure 2.
(Recall that 1 t = 1.0 × 103 kg.) 
(a) Use the information in the velocity-time graph to

generate the position-time and acceleration-time
graphs of the motion.

(b) Determine the net force acting on the train during
the uniform acceleration portion of the motion.
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• The magnitude of g decreases as the distance from Earth s centre increases,
so this magnitude is smaller at higher altitudes, and it is greater at the poles
than at the equator because Earth is slightly flattened at the poles.

• An object orbiting another object maintains its orbit by constantly free
falling toward the central body. For example, the International Space
Station and its contents constantly free fall toward Earth.

Students on a Training Flight 

High school students are sometimes allowed
to travel aboard NASA’s astronaut-training
airplane (the KC-135 aircraft). Follow the
links for Nelson Physics 11, 3.1 to find infor-
mation about a student flight conducted
on April 13, 1999. 

DID YOU KNOW ?
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Understanding Concepts 

1. In a videotape of the Apollo astronauts on the Moon, it seems
that the astronauts are moving about in slow motion. Explain
why this is the case. 

2. Why is the gravitational field strength halfway up Mount Everest
the same as at sea level at the equator? 

3. Why is the gravitational field strength at the South pole less than
that at the North Pole? (Hint: Look at the globe to see which pole
is at sea level and which is on a thick ice shelf.)

4. Suppose you wanted to make some money by purchasing pre-
cious materials such as gold at one altitude and selling them for
the same price in dollars per newton at another altitude. Describe
the conditions that would favour your “buy high and sell low”
strategy. 

5. What is the force of gravity at Earth’s surface on each of the 
following masses?
(a) 75.0 kg (b) 454 g (c) 2.00 t

6. What is the weight of each of the following masses at Earth’s 
surface?
(a) 25 g (b) 102 kg (c) 12 mg

7. Use these magnitudes of the forces of gravity at Earth’s surface
to determine the masses of the objects on which they act.
(a) 0.98 N (b) 62 N (c) 44.5 MN

8. Copy Table 4 into your notebook and complete it for a 57-kg
instrument on each planet. 

(continued)

Section 3.1 Questions

Table 4

Planet F�� g (N [↓ ]) gg�� (N/kg [↓ ]) 

(a) Mercury 188 ?

(b) Venus 462 ?

(c) Jupiter ? 26
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4. Refer to Figure 4.
(a) Name all the forces on the diver at position A; at position B.
(b) Draw a sketch of the diving board with the diver on it, and label the

following in your diagram: tension in the board, compression in the
board, the force of gravity on the diver, and the force of the board
acting on the diver.

(c) Which of the forces you labelled in (b) is a non-contact force? 
Explain how you can tell.

5. The scale used to draw the two geometric shapes in Figure 5 is 
1.0 cm = 1.0 m. Determine the surface area of each shape.

6. The motion of three cars, L, M, and N, are illustrated by the graphs in
Figure 6. Compare the times of travel and average speeds of the three cars.

7. Calculate the slope of the line and the area under the line on the graph in
Figure 7. State what the slope and area represent.

Inquiry and Communication 

8. Four groups of students perform an experiment to determine the density
of a liquid taken from the same container. Table 1 gives the calculated den-
sities from the four groups.
(a) Which result is the most resonable for the density of a liquid deter-

mined by such an experiment?
(b) Describe why the other three results are unacceptable in this case.

9. You are asked to calculate the speed of a jogger that runs besides you along
a straight track. Describe how you would perform an experiment to calcu-
late the required quantity.

10. The results of a motion experiment can be communicated in various
forms. Given one form, as shown in Table 2 below, communicate the same
results using the following other forms:
(a) a description 
(b) a graph 
(c) a calculation

Making Connections 

11. Draw three dollar-size circles so they are spread out on a piece of paper.
Within each circle, write one of these topic: transportation safety, space
exploration, and sports applications. For each topic, write around the out-
side of the circle the physics concepts and other facts that you already
know about the topic.

Unit

Forces and
Motion

1

2 Unit 1

Are You Ready? 
Knowledge and Understanding 

1. Figure 1 shows the motion of a car along a straight road. The images are
taken at time intervals of 1.0 s. Describe the motion of the car using your
vocabulary of motion.

2. A playful dog runs along the path shown in Figure 2, starting at A and fol-
lowing through all arrows. The distance from A to B is 16 m, and the dis-
tance from B to C is 12 m. The total time the dog takes to go from A along
the path back to A again is 16 s.
(a) State the compass direction the dog is moving in each part of the run.
(b) Determine the total distance travelled by the dog.
(c) What is the net displacement of the dog over the entire path.
(d) Calculate the dog’s average speed of motion.
(e) What is the dog’s average velocity for the entire trip? 

3. A “physics” golf ball, attached with a light
that flashes regularly with time, is
dropped in a dark room from shoulder
height to the floor. Which set of dots rep-
resenting the flashing of light in Figure 3
would you observe in a photograph of the
golf ball’s downward motion? Explain
your choice.

start stop

Figure 1

16 m

12 m

BA

CD

Figure 2

A B C

start

Figure 3

A

B

Figure 4

For question 4

A B

Figure 5

For question 5
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For question 7
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For question 6

Table 1

Group A B C D

Density 0.76 g/mL 0.757 786 g/mL 1.3 g/mL 0.76 g/L

Table 2

Time (s) 0 1.0 2.0 3.0 4.0 5.0

Distance(m) 0 4.0 8.0 12.0 16.0 20.0
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The Task 

Your task will be to design a landing device of relatively low mass that can make
a safe landing when dropped to a hard surface from a height of at least 1.0 m. The
“instrumentation” carried by the device will be a raw egg (encased in a small
plastic bag in case the landing isn’t “safe”) to simulate an actual instrument sent
to explore Mars. To simulate realistic landing conditions, the Lander should be
tested using three different drops, one to land upright on a hard, flat surface, one
to land sideways on a hard, flat surface, and one to strike a ramp that simulates a
rigid hillside.

You will be expected to analyze the design, make modifications to improve
its performance, describe practical spinoffs, and explain how the design can be
applied to other situations.

Basic safety and design rules should be discussed before brainstorming
begins. For example, any tools used in constructing the device must be used
safely, and the tests of the device should be carried out in a way that ensures
absolutely no damage is done to people or furniture. Considering the Lander
design, no parachute should be allowed, and the ratio of the mass of the Lander
to the mass of the raw egg can be used to compare different landers.

Analysis 

Your analysis should include answers to the questions below.
(a) When dropped from rest, with what maximum speed will the Lander crash

in your tests? 
(b) From what height could the Lander be dropped from rest to land at the

same maximum speed on Mars? on the Moon? 
(c) What effect would different surfaces likely found on Mars or the Moon

have on the safe landing speed of your device? 
(d) What is the ratio of the mass of your Lander to the mass of its cargo 

(the egg)? 
(e) Why is this ratio a useful criterion? 
(f) What other criteria can be used to evaluate the Lander design? 
(g) How can your design be applied to the design of safety helmets for sports

and restraint systems for automobiles? 
(h) Create your own analysis questions and answer them.

Evaluation

(i) How does your design compare to the design of other students or groups? 
(j) Draw a flow chart of the process you used in working on this task. How do

the steps in your flow chart compare to the steps you would follow in a
typical motion investigation in this unit? 

(k) If you were to begin this task again, what would you modify to ensure a
better process and a better final product? 

112 Unit 1

Motion and Space Exploration
Galileo and Newton, who led the way in understanding the relationship between
forces and motion, would be impressed by recent achievements in space explo-
ration. Humans have landed on the Moon, launched communication and tele-
scope satellites, and sent space probes to explore other planets and the Sun. In the
future, humans may colonize other bodies in the solar system. Mars will likely be
one of them. Robots and rovers have been sent to Mars to discover features that
must be fully understood before humans can land on Mars. However, the tech-
nological challenges of sending probes and robots to Mars are immense. In the
spring of 2000, a disaster occurred when the Mars Polar Lander (Figure 1) went
missing for reasons still not fully known. One assumption of the disappearance
is that the Lander crashed into a sloped surface and tumbled onto its side,
making the communications system useless.

Perhaps the Polar Lander was designed to land only on a relatively flat sur-
face. But whatever the reason for the failure, the costs were enormous and the
need for a better design and more tests became obvious. These procedures are
just part of the process of technological development: a need is identified; design,
construction, and tests are carried out; a new problem arises, which identifies a
new need; design changes are made to accommodate the new need.

In this Unit Task, you are expected to demonstrate an understanding of the
relationship between forces and motion and apply the skills of inquiry and com-
munication that you have developed both in this unit and in other science courses.

Spinoffs 

The space exploration programs of the past half century have resulted in many
designs, discoveries, and innovations that have been applied to everyday life.
These spinoffs include freeze-dried foods, robotic tools used in industry, hard
plastics used in safety helmets and in-line skates, and Velcro. Your design can also
have spinoffs. For example, your ideas may be applied to create safer helmets for
sports activities or restraint systems for automobiles.

Performance TaskUnit 1 Assessment
Your completed task will be

assessed according to the 

following criteria: 

Process

• Draw up detailed plans of the
technological design, tests, and
modifications. 

• Choose appropriate materials
for the Lander. 

• Carry out the construction,
tests, and modification of the
Lander. 

• Analyze the process (as
described in Analysis). 

• Evaluate the task (as described
in Evaluation). 

Product

• Submit the design and testing
plans of the Lander. 

• Demonstrate an understanding
of the process of technological
design and related physics
concepts, principles, laws, and
theories. 

• Use terms, symbols, equations,
and SI metric units correctly.

• Prepare a final product of the
Lander to be tested. 

Figure 1 

The rocket carrying the Mars Polar Lander
was launched from Earth in January 1999.
The mission of the Polar Lander was to
search for water and possible evidence of
some form of life that might have existed on
Mars. As the 290-kg Polar Lander was
descending to Mars’ surface 15 months later,
something went wrong, ending the Polar
Lander’s communication with Earth. 

Are You Ready? and Unit Performance Task

Unit Performance Task
Each unit ends with
a performance task
that can be used
for evaluating a
significant “chunk”
of the achievement
expectations
addressed in the
unit.  It can be a
design-and-do
investigation; a
design-and-build
activity; or a case
study presenting a
real-world process
or system with STSE
implications.

Clear Criteria
Assessment criteria are clearly indicated so that teachers and
students know what is expected in each assessment task.

The Are You Ready? section is a diagnostic “pre-test” presented at the beginning of each unit. It can be used
by students and teachers to help identify areas where students may have misconceptions about concepts or
skills or have forgotten key learnings from earlier grades. In this feature, students are asked questions,
usually in a visual format, about prerequisite concepts or skills (including math and lab safety) for each unit.
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Assessment Tools and Manageable Strategies

Each Teacher’s Resource lesson begins with a chart that lists the
specific expectations being developed in the lesson.  The evidence
of student learning and assessment tools used are referenced here.
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Teacher: Grade:

Assessment Tasks*  Selected from Unit Map

*some tasks may appear in more than
one box

Summary of Achievement Evidence 

Term: 

Knowledge/Understanding D/F/S IND/GRP Evaluation Components Weighting
Low
1        2        3        4        5

High

Inquiry
UNIT

D/F/S IND/GRP

Communication D/F/S IND/GRP

Making Connections D/F/S IND/GRP

Strand:

Topic:

Overall Expectations:

•

•

•

•

Assessment Planner for Science

The Assessment Planner is a manageable tool
for teachers to use for planning the unit to
ensure students have an opportunity to
give evidence of learning for each category
of the Achievement Levels Chart.  The
teacher can identify which learning
experiences are to be used for diagnostic,
formative, and summative assessment
purposes, which assists in identifying the
tasks that will be used for reporting.

The Nelson Physics 11
Teacher’s Resource
includes a variety of
assessment tools for
diagnostic, formative,
and summative
evaluation including
rubrics, tracking
sheets, and self-
assessment checklists.

3.2      Universal Gravitation


