E X E RC I S E S

Conceptual Questions
1. The force of gravity extends out a long way. If
you and your best friend were the only two
entities left in the universe, would you move
together if you were separated by a distance
of many light years?
2. In free fall, why are you apparently weightless?
3. When you’re standing on a bathroom scale
and it reads 50 kg, is this a reading of weight
or mass? What would your bathroom scale
read in outer space?
4. Cartoon characters standing in elevators find
themselves pasted to the ceiling after the cables
are cut. Is this good humour or good physics?
5. Give examples of actions (such as running,
jumping, etc.) that would be easier to perform
on the Moon rather than on Earth. Which
actions would be more difficult?
6. Mass is the producer of gravity. What complications are there in finding the force of gravity as you go deeper into Earth? What would
your weight be at its centre?
7. Why do animals living on land require a skeleton? What happens to astronauts who spend a
long time in a weightless environment?

12. What is the implication of either a zero or
negative normal force in the case of an object
having multiple forces applied to it?
13. List the benefits of friction in
a) sports.
b) the transportation industry.
14. List the drawbacks of friction in the same
fields as Question 13.
15. Why is friction so necessary when you are
riding inside a subway?
16. Ground effects on racing cars cause a large
downward force on the car. What are the
benefits of this force?
17. Can a normal force cause an object to lift off a
surface?
18. For the following toys or equipment, what
would happen if the spring constant was
changed dramatically (made greater or smaller):
bungee cord, pogo stick, sling shot, slinky toy?
19. You have two springs with identical k values.
Will the combination spring be stronger if the
two springs are attached in series (end to
end) or in parallel (beside each other)?

Problems

8. Rank the planets in our solar system according to their gravitational field constants.

5.3 Calculations Involving the Force

9. Can the elevation at which athletes compete
be a factor in world and Olympic records in
events where the value of g matters?

(Common constants: mEarth ! 5.98 x 1024 kg,
rEarth ! 6.38 " 106 m, G ! 6.67 " 10#11 Nm2/kg2)

10. If a black hole is actually a collapsed star, why
is the gravitational field of this type of star so
large?
11. If friction is present, is it easier to push or pull
an object if the force is at an angle to the
object? Use an FBD to help in the explanation.

of Gravity

20. Find the force of attraction between a 60 kg
student and
a) another student of mass 80 kg, 1.4 m away.
b) a 130 t blue whale, 10 m away.
c) the Great Pyramid in Egypt, with an estimated mass of 5.22 " 109 kg, 1.0 km away.
d) a 45 g golf ball, 95 cm away.
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b) Seven times the distance from the centre of
Earth
c) 128 000 km above the surface of Earth
d) 4.5 times the distance from the centre of
Earth
e) 745 500 km from Earth’s centre.

21. What is the distance between the Moon and
Earth if the mass of the Moon is 7.34 " 1022 kg,
and the force of attraction between the two is
2.00 " 1020 N?
22. Two tankers of equal mass attract each other
with a force of 3.5 " 103 N. If their centres are
85 m apart, what is the mass of each tanker?
23. Find a 68.0 kg person’s weight
a) on the surface of Earth.
b) on top of Mt. Everest (8848 m above sea
level).
c) at 2$12$ times the radius of Earth.
24. Calculate the gravitational field constants for
the following planets: Mars (r ! 3.43 " 106 m,
m ! 6.37 " 1023 kg), Jupiter (r ! 7.18 " 107 m,
m ! 1.90 " 1027 kg), Mercury
(m ! 3.28 " 1023 kg, r ! 2.57 " 106 m).
25. If the two 10 t freighters shown below are
20 m apart, find the gravitational attraction
between them.

Fig.5.37

29. The weight of an object in space is 500 N.
Use ratios to obtain the object’s new weight
a) at half the distance from the centre of
Earth.
1
b) at $8$ the distance from Earth’s centre.
c) at 0.66 the distance from Earth’s centre.
30. Use the values of g obtained in Problem 24 to
compare the time it takes for an object
dropped from the CN Tower (height 553 m)
to reach the ground. Include the time it would
take on Earth.
31. Use an FBD and data from Problem 21 to cal2
culate the net force acting on a satellite at $3$
the distance to the Moon from Earth. Given
that the satellite is 1200 kg, what is the net
gravitational field constant here?

5.4 The Normal Force

Note: FBDs are a must!
32. A person of mass 40 kg stands on a bathroom
scale. What is the normal force (the reading
on the scale)?
26. On or near the surface of Earth, g is 9.80 m/s .
At what distance from Earth’s centre is the
value of g ! 9.70 m/s2 ? At what height above
the surface of Earth does this occur?
2

27. Repeat Problem 26 for a g value of 0.1 m/s2.
28. For this problem, use ratios only to obtain the
weight of a person at the following distances.
Assume the person weighs 980 N on the surface of Earth.
a) Three times the distance from the centre of
Earth
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33. How would the reading on the scale in
Problem 32 change if the person was standing
in an elevator on the scale and
a) the elevator was moving up with a constant speed?
b) the elevator was accelerating upwards and
moving upwards?
c) the elevator was moving down with a constant speed?
d) the elevator was accelerating in a downward direction and moving downwards?
→
Use FBDs and Fnet statements.

u n i t a : Motion and Forces

34. A person of mass 70 kg jumps up and lands on
a bathroom scale, causing the scale to read 750 N.
Find the person’s weight and acceleration.
35. a) Calculate the normal force on person A of
mass 84 kg standing on the ground while
balancing person B of mass 50 kg on his
head.
b) What would the normal force be if someone handed person B a helium balloon
capable of generating a lift force of 300 N?
36. A 20 g fridge magnet is being held onto the
fridge by a 0.9 N force. What is the normal
force?
37. You’re holding up a light fixture of mass
1.4 kg with a force of 21 N against the ceiling.
What is the normal force?
38. A sled of mass 26 kg has an 18 kg child on it.
If big brother is pulling with a force 30 N to
the right and 10 N up and big sister is pushing at 40 N right and 16 N down, what is the
normal force?

5.5 Friction

Include FBDs for all questions.
39. For Problem 36, %k ! 0.3. Calculate
a) the force of friction acting on the magnet.
b) the weight of the magnet.
c) the acceleration of the magnet.
40. For Problem 38, %k ! 0.12. Calculate
a) the force of friction.
b) the acceleration of the sled and child.
41. An ox exerts a force of 7100 N in the horizontal direction without slipping. If the ox has a
weight of 8000 N, what is the minimum coefficient of static friction?
42. A crate of mass 20 kg is being pushed by a
person with a horizontal force of 63 N, moving with a constant velocity. Find the coefficient of kinetic friction.

43. For Problem 42, your good friend watching
you do all the work comes over and sits on
the crate. His mass is 60 kg. What happens?
Justify using values.
44. Compare forces required to push a fridge
across a floor if, in one case, friction exists
and in the other case, friction does not exist.
Fridge mass is 100 kg and %k ! 0.4.
45. Calculate the force required to start pushing
the fridge in Problem 44 if %s ! 0.46.
46. A box of mass 5.7 kg slides across a floor and
comes to a complete stop. If its initial speed
was 10 km/h and %k ! 0.34, find
a) the friction acting on the box.
b) the acceleration of the box.
c) the distance travelled by the box before
stopping.
d) the time it took to stop.
47. a) What force is required to accelerate a lawnmower of mass 12 kg to 4.5 km/h from rest
in 3.0 s (neglecting friction)?
b) If there is friction present and %k ! 0.8,
what force is required now?
48. A racing car has a mass of 1500 kg, is accelerating at 5.0 m/s2, is experiencing a lift force of
600 N up (due to its streamlined shape) and
ground effects of 1000 N down (due to airdams and spoilers). Find the driving force
needed to keep the car going given that
%k ! 1.0 for the car.
49. In the last chapter, we had a very happy fellow pulling two ducks on wheels around his
room. The ducks were 2.0 kg and 5.0 kg
(front duck) and the guy was pulling them
with a force of 10 N.
a) Calculate the new acceleration if %k ! 0.10.
b) Calculate the tension in the rope between
the ducks.
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