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AREA OF STUDY 3
HOW FAST CAN THINGS GO?

7 Force, energy and mass in
collisions and other interactions

7.1 Overview
Numerous videos and interactivities are available just where you need them, at the point of learning, in
your digital formats, learnON and eBookPLUS at www.jacplus.com.au.

7.1.1 Introduction
Have you been in a collision today? It is possible that you have, without even realising it. Collisions feature
more often than you might expect in your day-to-day life. Perhaps you were knocked into a fellow student
as you walked down the corridor, or you had a boxing match and took a hit to the head, or maybe you
are a basketball star and you landed on the padded area under the hoop after shooting a basket. Whatever
happened in your day, it is likely that you were involved in some sort of collision. How significant that
collision was depends on the forces involved, the energy of the interaction and the mass of the objects
colliding.

FIGURE 7.1 Collisions occur often in sports such as boxing.
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7.1.2 What you will learn

KEY KNOWLEDGE
After completing this topic, you will be able to:
• investigate and apply theoretically and practically the laws of energy and momentum conservation in
isolated systems in one dimension

• investigate and analyse theoretically and practically impulse in an isolated system for collisions between
objects moving in a straight line: F∆t = m∆v

• investigate and apply theoretically and practically the concept of work done by a constant force using:
• work done = constant force × distance moved in direction of net force
• work done = area under force–distance graph.

• analyse transformations of energy between kinetic energy, strain potential energy, gravitational potential
energy and energy dissipated to the environment (considered as a combination of heat, sound and
deformation of material):

• kinetic energy at low speeds: Ek =
1

2
mv2; elastic and inelastic collisions with reference to

conservation of kinetic energy
• strain potential energy: area under force–distance graph including ideal springs obeying Hooke’s

Law: Es =
1

2
k∆x2

• gravitational potential energy: Eg = mg∆h.

Source: VCE Physics Study Design (2017–2021) extracts © VCAA; reproduced by permission.

PRACTICAL WORK AND INVESTIGATIONS
Practical work is a central component of learning and assessment. Experiments and investigations, supported by
a Practical investigation logbook and Teacher-led videos, are included in this topic to provide opportunities to
undertake investigations and communicate findings.

Digital documents Key science skills — VCAA Physics Units 1–4 (doc-#####)

Key terms glossary (doc-#####)

Practical investigation logbook (doc-#####)

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and past
VCAA exam question booklet (doc-XXXX).

7.2 Momentum and impulse

KEY CONCEPTS
• Investigate and apply theoretically and practically the laws of energy and momentum conservation in
isolated systems in one dimension

• Investigate and analyse theoretically and practically impulse in an isolated system for collisions between
objects moving in a straight line: F∆t = m∆v.

Momentum was reviewed briefly in topic 6 as one way to describe the motion of an object. Momentum
and impulse are particularly useful for understanding what happens in a collision.
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7.2.1 Momentum and impulse in a collision
Calculating momentum and impulse algebraically

The momentum of an object is the product of the mass and velocity of
the object:

momentum = mass × velocity

p = m × v

where the unit = kgm s−1

Newton’s Second Law of Motion describes how the effect of a net force on an object depends on its
mass (F = ma). In previous topics, it was useful to express Newton’s second law in terms of acceleration.
However, it is sometimes useful to express it in terms of the change in momentum of an object. That is:

Fnet =
Δp
Δt

⇒ Fnet Δt = Δp
= mΔv

provided the mass is constant
The product Fnet × ∆t is called the impulse of the net force. Impulse is a vector quantity that has SI units

of N s. Calculations can be carried out to show that:

1N s = 1 kgm s−1

Thus, the effect of a net force on the motion of an object can be summarised by the statement:

impulse = change inmomentum

FIGURE 7.2 Cars are designed to crumple in
collisions. This increases the time interval over
which the momentum changes. The magnitude
of the net force on the car, and its subsequent
deceleration, is decreased, making it safer for the
occupants.

When two or more objects collide, the change
in the motion of each object can be described by
Newton’s Second Law of Motion. By expressing

Newton’s second law in the form Fnet =
∆p
∆t

, it is

possible to examine the effect of collisions on the
human body.

When a car collides with an ‘immovable’ object
such as a large tree, its change in momentum
is fixed. It is determined by the mass of the
car and its initial velocity at the instant of
impact. The final momentum is zero. Since the
impulse is equal to the change in momentum,
the impulse Fnet × ∆t is also fixed. By designing
the car so that ∆t is as large as possible, the
magnitude of the net force on the car (and hence
its deceleration) can be reduced. The decrease in
the deceleration of the car makes it safer for the
occupants.
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FIGURE 7.3 Bicycle helmets: Newton’s second
law provides an explanation for their life-saving
function.

Airbags, collapsible steering wheels and padded
dashboards are all designed to increase the time
interval during which the momentum of a human body
changes during a collision.

The polystyrene liner of bicycle helmets is designed
to crush during a collision. This increases the time
interval during which the skull accelerates (or
decelerates) during a collision, decreasing the average
net force applied to the skull.

SAMPLE PROBLEM 1

A 1200 kg car collides with a concrete wall at a speed of 15m s−1 and takes 0.06 s to come to rest.
a. What is the change in momentum of the car?
b. What is the impulse on the car?
c. What is the magnitude of the force exerted by the wall on the car?
d. What would be the magnitude of the force exerted by the wall on the car if the car bounced

back from the wall with a speed of 3.0m s−1 after being in contact for 0.06 s?

Teacher-led video: SP1 (tlvd-XXXX)

THINK WRITE

a. 1. Assign the initial direction of the
car as positive.

a. m = 1200 kg; u = 15m s−1; v = 0m s−1; Δt = 0.06 s
Δp = mv − mu

= m(v − u)
= 1200 kg × (0 − 15)ms−1

= 1200 ×
(
−15 kgm s−1

)
= −1.8 × 104 kgm s−1

2. Determine the momentum; this
should be a positive number.

The change in momentum is 1.8 × 104 kgm s−1 in a
direction opposite to the original direction of the car.

b. 1. Determine the impulse of the car
using the change in momentum.

b. impulse on car = change in momentum of car

= −1.8 × 104 kgm s−1

2. Determine the impulse on the car. The impulse on the car is 1.8 × 104 Ns in a direction
opposite to the original direction of the car.

c. Determine the magnitude of force
using FΔt.

c. 1.8 × 104 Ns = F × 0.06 sm

⇒ F = 1.8 × 104 N

0.06 s
= 3.0 × 105 N

d. 1. Determine the impulse of the car.
In this case, v = –3.0m s−1.

d. Impulse = mΔv
= 1200 kg (−3 − 15)ms−1

= 1200 ×
(
−18 kgm s−1

)
= −2.16 × 104 Ns
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2. Determine the magnitude of force
using FΔt.

2.16 × 104 N s = FΔt
= F × 0.06 s

⇒ F = 2.16 × 104 N

0.06 s
= 3.6 × 105 N

PRACTICE PROBLEM 1
A dodgem car of mass 200 kg strikes a barrier head-on at a speed of 8.0 m s−1 due west and
rebounds in the opposite direction with a speed of 2.0 m s–1.
a. What is the impulse delivered to the dodgem car?
b. If the dodgem car is in contact with the barrier for 0.8 s, what force does the barrier apply to

the car?
c. What force does the car apply to the barrier?

Calculating impulse from a force–time graph
The impulse delivered by a changing force is given by Fav∆t.

If a graph of force versus time is plotted, the impulse can be determined from the area under the graph.

TOPIC 7 Force, energy and mass in collisions and other interactions 5

SAMPLE PROBLEM 2

The following graph describes the changing horizontal force on a 40 kg rollerskater as she begins
to move from rest. Estimate her speed after 2.0 seconds.
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Teacher-led video: SP2 (tlvd-XXXX)

THINK WRITE

1. The magnitude of the impulse on the
skater can be determined by
calculating the area under the graph.
This can be determined by either
counting squares or by determining
the shaded area.

Magnitude of impulse = areaA + area B + area C

=
(
1

2
× 1.1 × 400 + 0.9 × 200

+ 1

2
× 0.9 × 200

)
Ns

= (220 + 180 + 90)Ns
= 490N s
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PRACTICE PROBLEM 2
Estimate the speed of the rollerskater in sample problem 2 after 1.0 s.

7.2.2 Conservation of momentum
Newton’s Second Law of Motion can be applied to the system of two objects just as it can be applied to

each object. By applying the formula Fnet =
∆p
∆t

to a system of one or more objects, another expression of

Newton’s second law can be written: if the net force acting on a system is zero, the total momentum of the
system does not change.

This statement is an expression of the Law of Conservation of Momentum. It is also expressed as
follows: if there are no external forces acting on a system, the total momentum of the system remains
constant.

A system on which no external forces act is called an isolated system. The only forces acting on objects
in the system are those applied by other objects in the system. In practice, collisions at the surface of the
Earth do not take place within isolated systems. For example, a system comprising two cars that collide
is not isolated because forces are applied to the cars by objects outside the system. Road friction and the
gravitational pull of Earth are two examples of external forces on the system.

However, if the cars collide on an icy horizontal road, the collision can be considered to take place in
an isolated system. The sum of external forces (including the force of gravity and the normal force) acting
on the system of the cars would be negligible compared with the forces that each car applies to the other.
A system comprising a car and a tree struck by the car could not be considered to be an isolated system
because the Earth exerts a large external force on the tree in the opposite direction to that applied to the tree
by the car.

The Law of Conservation of Momentum can also be written as:

pbefore = pafter

7.2.3 Modelling a collision
Consider the system of the two blocks labelled A and B in figure 7.4. The blocks are on a smooth horizontal
surface. The system can be treated as isolated because the gravitational force and normal force on each
of the blocks have no effect on their horizontal motion. Because the surface is described as smooth, the
frictional force can be assumed to be negligible. The net force on the system is zero. Therefore, the total
momentum of the system remains constant. The momentum of the centre of mass of the system also
Pdf_Folio:6
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2. Determine the magnitude of impulse
using the change in momentum.

Magnitude of impulse = magnitude of change inmomentum

= mΔv
490N s = 40 kg × Δv

⇒ Δv = 490N s

40 kg
= 12m s−1

3. Determine the speed. As her initial speed is zero (she started from rest),
her speed after 2.0 seconds is 12 m s−1.
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remains constant. However, the momentum of each of the blocks changes during the collision because each
block has a non-zero net force acting on it.

FIGURE 7.4 The net force on this system of two blocks is zero. Its total momentum therefore remains constant.

Before the collision

During the collision

After the collision

pA

FA
FB

pB

A

B

pA + pB

pAB

A

B

A

B

The force exerted on block A by block B (Fon A by B) during the collision is equal in magnitude and
opposite in direction to the force exerted on block B by block A (Fon B by A). Therefore the change in
momentum of block A (∆pA) is equal and opposite to the change in momentum of block B (∆pB). That is:

Fon A by B = Fon B by A

⇒ Fon A by B ∆t = −Fon B by A ∆t

where

∆t = time duration of interaction

⇒ ∆pA = −∆pB
⇒ ∆pA +∆pB = 0

This result should be no surprise as, in order for the total momentum of the system consisting of the two
blocks to be constant, the total change in momentum must be zero.

The interaction between blocks A and B can be summarised as follows:
• The total momentum of the system remains constant.
• The change in momentum of the system is zero.
• The momentum of the centre of mass of the system remains constant.
• The force that block A exerts on block B is equal and opposite to the force that block B exerts on

block A.
• The change in momentum of block A is equal and opposite to the change in momentum of block B.
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SAMPLE PROBLEM 3

A 1500 kg car travelling at 12m s−1 on an icy road collides with a 1200 kg car travelling at the
same speed, but in the opposite direction. The cars lock together after impact.
a. What is the momentum of each car before the collision?
b. What is the total momentum before the collision?
c. What is the total momentum after the collision?
d. With what speed is the tangled wreck moving immediately after the collision?
e. What is the impulse on the 1200 kg car?
f. What is the impulse on the 1500 kg car?

m = 1500 kg m = 1200 kg

Before collision

12 m s−1 12 m s−1

m = 2700 kg

After collision

v = ?

Teacher-led video: SP3 (tlvd-XXXX)

THINK WRITE

a. 1. Assign the direction in which the first
car is moving as positive.

a. The 1500 kg car will have a positive velocity, and
the 1200 kg car will have a negative velocity.

2. Determine the momentum of the first
car.

m = 1500 kg; v = 12m s−1

p = mv

= 1500 kg × 12m s−1

= 18 000 kgm s−1

3. Determine the momentum of the
second car.

m = 1200 kg; v = −12m s−1

p = mv

= 1200 kg ×
(
−12m s−1

)
= −14 400 kgm s−1

b. Determine the total momentum before
the collision.

b. pi = 18 000 kgm s−1− 14 400 kgm s−1

= 3600 kgm s−1

c. The description of the road suggests that
friction is insignificant. It can be
assumed that there are no external forces
acting on the system.

c. pf = pi

= 3600 kgm s−1

d. The tangled wreck can be considered as
a single mass of 2700 kg.

d. pf = mv

2700 kg × v = 3600 kgm s−1

⇒ v = 1.3m s−1

in the direction of the initial velocity of the first car

Pdf_Folio:8
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e. The impulse on the 1200 kg car is equal
to its change in momentum.

e. Δp = pf − pi
= 1200 kg × 1.33m s−1−

(
−14 400 kgm s−1

)
= 1600 kgm s−1 + 14 400 kgm s−1

(pf to 2 sig figures)
= 16 000N s

in the direction of motion of the tangled wreck

f. The impulse on the 1500 kg car is equal
to the impulse on the 1200 kg car. This
can be verified by calculating the change
in momentum of the 1500 kg car.

f. Δp = pf − pi
= 1500 kg × 1.33m s−1−

(
18 000 kgm s−1

)
= 2000 kgm s−1− 18 000 kgm s−1

(pf to 2 sig figures)
= −16 000 kgm s−1

which is in the direction opposite that of the
1200 kg car.

PRACTICE PROBLEM 3
A 1000 kg car travelling north at 30m s−1 (108 kmh−1) collides with a stationary delivery van of
mass 2000 kg on an icy road. The two vehicles lock together after impact.
a. What is the velocity of the tangled wreck immediately after the collision?
b. What is the impulse on the delivery van?
c. What is the impulse on the speeding car?
d. After the collision, if — instead of locking together — the delivery van moved forward

separately at a speed of 12 m s−1, what velocity would the car have?

AS A MATTER OF FACT
Can you feel the Earth move when you bounce a basketball on the court? If the Earth and your basketball
were an isolated system, the Earth would move! Its change in speed can be calculated by applying the Law of
Conservation of Momentum.
The mass of the Earth is 6.0 × 1024 kg. If the mass of a basketball is 600 g and it strikes the ground with a

velocity of 12 m s−1 downwards, estimate the velocity of the Earth after impact.

Digital documents Investigation 7.1 Who’s pulling whom? (doc-31602)

Investigation 7.2 The properties of a coil spring (doc-31603)

Teacher-led videos Investigation 7.1 Who’s pulling whom? (tlvd-0239)

Investigation 7.2 The properties of a coil spring (tlvd-0240)

7.2 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.
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1. Describe the relationship between impulse and momentum in eight words or fewer.
2. In a real collision between two cars on a bitumen road on a dry day, is it reasonable to assume that the total

momentum of the two cars is conserved? Explain your answer.
3. An empty railway cart of mass 500 kg is moving along a horizontal low-friction track at a velocity of 3.0ms−1

due south when a 250 kg load of coal is dropped into it from a stationary container directly above it.
(a) Calculate the velocity of the railway cart immediately after the load has been emptied into it.
(b) What happens to the vertical momentum of the falling coal as it lands in the railway cart?
(c) If the fully loaded railway cart is travelling along the track at the velocity calculated in (a) and the entire

load of coal falls out through a large hole in its floor, what is the final velocity of the cart?
4. Are you generally safer in a big car or a small car in the event of an accident? If so, what is the reason?

Considering the following questions, you might be able to work it out by making some estimates and
applying Newton’s laws to each car. You might also have to make some assumptions in predicting the
outcomes of such a collision. Consider the following questions:
• How do the forces on each car compare?
• How do the masses of the cars compare with each other?
• What is the subsequent change in velocity of each car as a result of the collision?
• How does your body move during a collision and what does it collide with?

5. A 400g rubber ball hits a wall at 15ms−1 and bounces back after being in contact with the wall for
0.1 seconds. The momentum of the ball changes by 15 kgms−1. (Air resistance and gravity can be ignored.)
Take the initial velocity as positive.
(a) Calculate the magnitude and direction of the impulse that the wall exerts on the ball.
(b) What is the magnitude of the average force that is exerted on the ball?
(c) Calculate the velocity with which the ball bounces back.

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions
Fully worked solutions and sample responses are available in your digital formats.

7.3 Work done

KEY CONCEPT
• Investigate and apply theoretically and practically the concept of work done by a constant force using:
• work done = constant force × distance moved in direction of net force
• work done = area under force–distance graph.

The amount of energy transferred to or from another object or transformed to or from another form by the
action of a force is called work.

Work can be considered to be done if a force, F, acts on an object and the object is displaced across a
distance, ∆x.

7.3.1 Calculating work done by a constant force
The work W done when a force F causes a displacement s in the direction of the force is defined as:

work = magnitude of the force × displacement in the direction of the force
W = F × s

Work is a scalar quantity. The SI unit of work is the joule. One joule of work is done when a force of
magnitude of 1 newton causes a displacement of 1metre in the same direction of the force.
Pdf_Folio:10
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The work done on an object of mass m by the net force acting on it is given by:

W = Fnet s
= mas

where

s = the magnitude of the object’s displacement

FIGURE 7.5 The angle between the applied force and
direction changes the work done.

θ

This formula is only accurate when the force
applied is in the same direction as the direction
of the displacement. If the force is applied at
an angle to the direction of the displacement,
then only the force in the same direction as the
displacement contributes to the work done on
the object. In these situations, it is necessary to
resolve the force into its different components
to determine the part of the force that contributes
to the work done.

Consider a student pulling a box along
the ground using a piece of rope. The angle
between the applied force and the direction of
displacement is 𝜃. It is this angle that allows
the separation of the force in the direction of the
displacement from the total force applied.

W = F∆x cos𝜃

where

cos𝜃 = cosine of angle of the force to the diplacement of object

When the force and the displacement of the object are in the same direction, 𝜃 = 0°. Since cos 0° = 1,
the formula for work done can be simplified toW = Fs.

When the force and the displacement of the object are in opposite directions, 𝜃 = 180°. Since
cos 180° = −1, it can be concluded that the work done in this situation is negative.

Since work is only considered to be done when a force (or a component of a force) is in the direction
of the displacement of the object, it can be seen that if an object is being carried at 90° to the direction of
displacement, no work is being done on the object. This is because cos 90° = 0.

TOPIC 7 Force, energy and mass in collisions and other interactions 11

SAMPLE PROBLEM 4

Calculate the work done on a box when it is pulled by a rope that is at an angle of 30° to the
direction of the movement. The box moves a distance of 585 m and the total force exerted on the
box is 500N.

Teacher-led video: SP4 (tlvd-XXXX)

THINK WRITE

1. Use the formula for work when the direction of
displacement is angled.

W = FΔx cos 𝜃

Pdf_Folio:11
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PRACTICE PROBLEM 4
Calculate the work done on a container when it is pulled by a rope that is at an angle of 52° to the
direction of the movement. The box moves a distance of 231 m and the total force exerted on the box
is 440 N.

7.3.2 Calculating work done using a force–distance graph
The work done by a force can also be found by determining the area under aforce–distance graph. This is
particularly useful if the force is not constant.

12 Jacaranda Physics 2 VCE Units 3 & 4 Second Edition

2. Substitute in the values
F = 500 N; Δx = 585 m; 𝜃 = 30°

W = 500 × 585 cos 30°

3. Determine the work done on a box in joules. W = 253 312 J

SAMPLE PROBLEM 5

Using the following graph, determine the amount of work done by the force when the object
moves from 0 to 5 m.

1

1

2

3

4

5

6

7

8

9

10

0
2 3 4

Displacement (m)

F
o

rc
e

 (
N

)

5 6 7 8 9 10

Teacher-led video: SP5 (eles-XXXX)

THINK WRITE

1. The work done is the area under the line between 0
and 5 m.
Work out the dimensions of this area.
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The base of the triangle is 5 and the
height is 5.
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PRACTICE PROBLEM 5
Determine the amount of work done by the force when the object moves from 5 to 8 m (using the
graph from sample problem 5).

7.3 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question go to
your learnON title at www.jacplus.com.au.
1. A total of 10 000 J of energy is used to move a ute a distance of 50 m. What is the size of the force applied?
2. You use a rope, at 30° to the horizontal, to pull a box of your old physics textbooks along a brick-paved

pathway. The box weighs 8 kg and you drag it for 5 m towards the shed. The tension in the rope, Ft, is 40 N,
and the frictional force, Ff, is 20 N. Determine the work done on the crate.

3. A weightlifter lifts a 125 kg barbell to a height of 1.1 m, at constant speed. Calculate the work done by the
weightlifter.

4. An elastic band is stretched 40 cm and then released. Using the
following diagram, calculate the work done when the elastic band
is released.
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5. The science laboratory is on the second floor of the school building. Jo,
a fellow science student, carries her 50 N backpack up the two
flights of stairs. The two flights of stairs have a height of 7 m. How
much work has Jo done on her backpack while carrying it up the stairs?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions
Fully worked solutions and sample responses are available in your digital formats.

7.4 Kinetic and potential energy

KEY CONCEPT
• analyse transformations of energy between kinetic energy, strain potential energy, gravitational potential
energy and energy dissipated to the environment (considered as a combination of heat, sound and
deformation of material):

• kinetic energy at low speeds: Ek =
1

2
mv2; elastic and inelastic collisions with reference to

conservation of kinetic energy
• strain potential energy: area under force–distance graph including ideal springs obeying Hooke’s

Law: Es =
1

2
k∆x2

• gravitational potential energy: Eg = mg∆h.

Pdf_Folio:13
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2. Calculate the area of the triangle to determine the
amount of work done using the following formula:

Atriangle =
1

2
× base × height

Atriangle =
1

2
× 5 × 5

= 12.5 J
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Energy can be transferred from one object to another and is equal to the amount of work done. Energy
can be transferred as a result of temperature difference (heating or cooling), by electromagnetic and nuclear
radiation, or by the action of a force.

When you serve in a game of tennis, energy is transferred from the tennis racquet to the tennis ball. The
energy is transferred to the tennis ball by the force applied to it by the tennis racquet. Energy can also be
transformed from one form into another by the action of a force. For example, as a dropped tennis ball falls
to the ground, gravitational potential energy is transformed into kinetic energy. The transformation of the
energy possessed by the ball from one form into another is caused by the gravitational force acting on the
tennis ball.

7.4.1 Law of Conservation of Energy
Energy cannot be created or destroyed. It can only be converted from one form into another. This is the Law
of Conservation of Energy. During most energy transformations, some energy is degraded into less useful
forms, heating the surroundings and causing noise. If air resistance and other types of friction are small, the
amount of energy degraded can be considered negligible.

When two objects collide, the total energy of the system, which includes the two objects and the
surroundings (the air and ground), is conserved. However, the total energy of the two objects is not
conserved because, when they make contact, some of their energy is transferred to the surroundings.

7.4.2 Kinetic energy
Kinetic energy is the energy associated with the movement of an object. Like all forms of energy, kinetic
energy is a scalar quantity.

Kinetic energy is the energy associated with the movement of an object. The kinetic energy,
Ek, of an object of mass m and speed v is expressed as:

Ek =
1
2
mv2

The kinetic energy, Ek, of an object is equal to the work done on the object by the net force.
Remember from subtopic 7.3 that the work done on an object of mass m by the net force acting on it is

given by:

W = Fnets
= mas

where

s = the magnitude of the object’s displacement

But s can be expressed as
(v2− u2)

2a
because v2 = u2 + 2as

where a = acceleration
v = final velocity
u = initial velocity.
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Thus:

W =
ma

(
v2− u2

)
2a

= 1

2
mv2− 1

2
mu2

= ∆Ek

If the initial kinetic energy of the object is zero, the work done by the net force is equal to the final
kinetic energy. If work is done to stop an object, the work done is equal to the initial kinetic energy.

SAMPLE PROBLEM 6

A car of mass 600 kg travelling at 12m s−1 collides with a concrete wall and comes to a complete
stop over a distance of 30 cm. Assume that the frictional forces acting on the car are negligible.
a. How much work was done by the concrete wall to stop the car?
b. What was the magnitude of net force acting on the car as it came to a halt?

Teacher-led video: SP6 (tlvd-XXXX)

THINK WRITE

a. The net force on the car is equal to the force
applied by the wall. The work done by the wall, W,
is given by:
W = ΔEk

a. W = ΔEk

= 1

2
mv2

= 1

2
× 600 kg ×

(
12m s−1

)2
= 4.32 × 104 J

b. The magnitude is determined by:
W = Fnet × s

b. W = Fav × s
4.32 × 104 J = Fnet × 0.30m

(Fav = Fnet in this case)
⇒ Fnet = 1.44 × 105 N

PRACTICE PROBLEM 6
A car travelling at 15 m s−1 brakes heavily before colliding with another vehicle. The total mass of
the car is 800 kg. The car skids for a distance of 20 m before making contact with the other vehicle at
a speed of 5 m s−1.
a. How much work is done on the car by road friction during braking?
b. Calculate the average road friction during braking.

Elastic and inelastic collisions
The Law of Conservation of Momentum states the following: when a collision between two objects occurs,
the total momentum of the two objects remains constant.

This statement is valid as long as the two objects comprise an isolated system — that is, as long as there
are no external forces acting on each of the objects.
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Consider the differences between the two collisions shown in figure 7.6: a collision between two billiard
balls on a smooth, level billiard table, and a head-on collision between two cars travelling in opposite
directions on a level, icy road.

FIGURE 7.6 Two collisions — momentum is conserved in both of them.

4
8

Before

After

Before

After

8
4

The two billiard balls can be considered to be an isolated system. The total momentum of the two
billiard balls immediately after the collision is the same as it was immediately before the collision. (It is
also the same during the collision. Momentum, unlike energy, cannot be stored.) The two cars can also be
considered to be an isolated system, because the frictional forces on the cars are relatively small. Therefore,
the total momentum of the cars immediately after the collision is the same as it was immediately before the
collision.

What’s the difference?
Apart from the difference between the masses of the objects involved in the collisions, there is one

obvious difference:
• The collision between the two billiard balls is an almost perfect elastic collision. An elastic collision is

one in which the total kinetic energy after the collision is the same as it was before the collision. The
sound made when the balls collide provides evidence that the collision is not quite perfectly elastic.
Some of the initial kinetic energy of the system is transferred to particles in the surrounding air (and
within the balls themselves). However, when making predictions about the outcome of such a
collision, it would be quite reasonable to treat the collision as a perfectly elastic one. In fact, a
perfectly elastic ‘collision’ can only take place if the interacting objects do not actually make contact
with each other. A perfectly elastic interaction can take place when two electrons move towards each
other in a vacuum.

• The collision between the two cars is an inelastic collision. Even though momentum is conserved, the
total kinetic energy of the cars after the collision is considerably less than it was before the collision. A
significant proportion of the initial kinetic energy of the system is transferred to the bodies of both
cars, changing their shapes and heating them. Some of the initial kinetic energy is also transformed to
sound energy.Pdf_Folio:16
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Interactivity Colliding dodgems (int-6610)

7.4.3 Strain potential energy

FIGURE 7.7 A jack-
in-the-box. When the
lid opens, the spring
does work on the
‘jack’, transforming
strain potential energy
into kinetic energy.

Strain potential energy is the energy stored in an object as a result of a
reversible change in shape.

The energy stored in an object by changing its length or shape is usually
called strain potential energy if the object can return naturally to its original
shape. Work must be done on an object by a force in order to store energy as
strain potential energy. However, when objects are compressed, stretched, bent
or twisted, the force needed to change their shape is not constant. For example,
the more you stretch a rubber band, the harder it is to stretch it further. The
more you compress the sole of a running shoe, the harder it is to compress it
further.

The strain potential energy of an object can be determined by calculating
the amount of work done on it by the force. The work can also be determined
by calculating the area under a graph of force versus displacement. In the case
of a simple spring, rubber band or running shoe, the gain in strain potential
energy can be calculated by determining the area under a graph of force versus
extension or force versus compression.

When an object loses strain potential energy, it can do work on other objects.
The amount of work done by the object (and hence the change in potential
energy) is equal to the area under a graph of force versus compression.

When you close the lid of a jack-in-the-box, you do work on the spring to
increase its strain potential energy, transferring energy from your body to the
spring. The spring does work on the ‘jack’ when the lid is opened, transforming
strain potential energy into kinetic energy.

SAMPLE PROBLEM 7

The following graph shows how the force required to compress a jack-in-the-box spring changes
as the compression of the spring increases.
How much energy is stored in the spring when it is compressed by 25 cm?
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Teacher-led video: SP7 (tlvd-XXXX)

Pdf_Folio:17

TOPIC 7 Force, energy and mass in collisions and other interactions 17

UNCORRECTED PAGE PROOFS



“c07ForceEnergyAndMassInCollisionsAndOtherInteractions_print” — 2019/7/11 — 17:34 — page 18 — #18

PRACTICE PROBLEM 7
The length of the spring represented by the graph in sample problem 7 is 35 cm.
a. How much strain potential energy is stored in the spring when its length is 15 cm?
b. What is the length of the spring when 0.50 J of strain potential energy is stored in it due to

compression? (This question is a little harder.)

Hooke’s Law springs to mind
Robert Hooke (1635–1703) investigated the behaviour of elastic springs and found that the restoring force
exerted by the spring was directly proportional to its displacement. The force is called a restoring force
because it acts in a direction that would restore the spring to its natural length.

In vector notation, Hooke’s Law states:

F = −k∆x

where F = restoring force
∆x = displacement of the end of the spring from its natural position
k = spring constant (also known as force constant).

The negative sign is necessary because the restoring force is always in the opposite direction
to the displacement.

It is usually more convenient to express Hooke’s Law in terms of magnitude so that the negative sign is
not necessary. That is:

F = k∆x

where F = magnitude of the restoring force
∆x = compression or extension of the spring
k = spring constant.

Pdf_Folio:18
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THINK WRITE

1. The energy stored in the spring is equal
to the amount of work done on it.
This is the area under the line in the
graph.

W = area under graph
= area A + area B + area C

2. Determine the sections under the graph
to calculate the area.

Area A = 1

2
× base × height

Area B = length × width

Area C = 1

2
× base × height

3. Calculate the total area. Be sure to
convert centimetres into metres.

A + B + C =
(
1

2
× 0.15m × 15N

)
+ (0.10m × 15N) +

(
1

2
× 0.10m × 5.0N

)
4. Determine the stored energy. A + B + C = 1.125 J + 1.5 J + 0.25 J

= 2.9 J
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Some important points to remember about Hooke’s Law are included in the following list:
• Hooke’s Law applies to springs within certain limits. If a spring is compressed or extended so much

that it is permanently deformed — unable to return to its original natural length — Hooke’s Law no
longer applies.
• The magnitude of the restoring force is equal to the force that is compressing or extending the

spring (Newton’s third law).
• The measure ∆x is not the length of the spring. Rather, it is a measure of its compression or

extension — the change in length of the spring.
• The spring constant has SI units of N m−1.
• A graph of F versus ∆x produces a straight line with a gradient of k.

The strain potential energy of a spring that obeys Hooke’s Law can be expressed as:

1

2
k(∆x)2

FIGURE 7.8 The strain
potential energy of a spring
is equal to the area under
the graph. If the spring
obeys Hooke’s Law, strain

potential energy
1

2
k(∆x)2
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This can be verified by calculating the work done in extending the
spring described in figure 7.8 . This is done by calculating the area under
the graph of force versus extension.

Strain potential energy = work done on spring
= area under graph

= 1

2
∆x × k∆x

= 1

2
k(∆x)2

SAMPLE PROBLEM 8

Extension (m)
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The following graph describes the behaviour of two springs
that obey Hooke’s Law. Both springs are extended by 20 cm.
a. What is the spring constant of spring A?
b. Which spring has the greatest spring constant?
c. What is the strain potential energy of spring B?

Teacher-led video: SP8 (tlvd-XXXX)
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THINK WRITE

a. The spring constant k is equal to the gradient of the
graph.

a. k = 40N

0.20m
= 200Nm−1

b. The gradient of the graph for spring A is greater than
that for spring B.

b. Therefore, spring A has a greater
spring constant than spring B — in
fact, it is twice as great.

c. 1. Since the spring obeys Hooke’s Law, the strain
potential energy of spring B can be calculated using
the formula.

c. Strain potential energy = 1

2
k(Δx)2

2. Determine k (the gradient). k = gradient

= 20N

0.20m
= 100Nm−1

3. Use the formula to determine the strain potential
energy.

Strain potential energy

= 1

2
× 100Nm−1 × (0.20m)2

= 2.0 J

PRACTICE PROBLEM 8
a. What is the spring constant of spring B, described in sample problem 8?
b. How much strain potential energy is stored in spring A when it is extended by 20 cm?

SAMPLE PROBLEM 9

A toy car of mass 0.50 kg is pushed against a spring so that it is compressed by 0.10m. The spring
obeys Hooke’s Law and has a spring constant of 50 Nm−1. When the toy car is released, what
will its speed be at the instant that the spring returns to its natural length? Assume there is no
friction within the spring and no frictional force resisting the motion of the toy car.

Teacher-led video: SP9 (tlvd-XXXX)

THINK WRITE

1. Determine the formula for strain potential energy. The strain potential energy stored in

the spring equals
1

2
k(Δx)2.

2. Substitute in the provided values:
k = 50Nm−1; Δx = 0.10m

1

2
k(Δx)2 = 1

2
× 50Nm−1 × (0.10m)2

= 0.25 J
3. Determine the speed when the spring returns to its

natural length using:
1

2
mv2 = energy

1

2
× 0.50 kg × v2 = 0.25 J

⇒ v2 = 0.25 J
1
2 × 0.50 kg

⇒ v = 1.0m s−1

4. Respond to the question. The speed of the toy car is 1.0 m s−1.
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PRACTICE PROBLEM 9
A model car of mass 0.40 kg travels along a frictionless horizontal surface at a speed of 0.80 m s−1. It
collides with the free end of a spring that obeys Hooke’s Law. The spring constant is 100 N m–1.
a. How much strain potential energy is stored in the spring when the car comes to a stop?
b. What is the maximum compression of the spring?

7.4.4 Gravitational potential energy
Gravitational potential energy is the energy stored in an object as a result of its position relative to
another object to which it is attracted by the force of gravity. The gravitational potential energy of an object
increases as it moves away from the object to which it is attracted and decreases as it moves towards an
object to which it is attracted.

When you drop an object, the gravitational force does work on it, transforming gravitational potential
energy to kinetic energy as it falls. When you lift an object, you do work on the object to increase its
gravitational potential energy. (Energy is transferred from your body to the object.)

Calculating gravitational potential energy
A quantitative definition of gravitational potential energy can be stated by determining how much
work is done in lifting an object of mass m through a height ∆h. To lift an object without changing its
kinetic energy, a force, F, equal to the force due to gravity acting on the object is needed. The work done
is:

W = F s
= mg∆h

⇒ ∆Eg = mg∆h

where ∆Eg = change in gravitational potential energy
This formula provides a way of calculating changes in gravitational potential energy. If the gravitational

potential energy of an object is defined to be a zero at a reference height, a formula for the quantity of
gravitational potential energy can be found for an object at height h above the reference height:

∆Eg = mg∆h
⇒ Eg − 0 = mg (h− 0)

⇒ Eg = mgh

Usually the reference height is ground or floor level. Sometimes it might be more convenient to choose
another reference height. However, it is the change in gravitational potential energy that is most important
in investigating energy transformations.

It is important to remember that the change in gravitational potential energy as a result of a particular
change in height is independent of the path taken. The change in gravitational potential energy of the diver
in figure 7.9 is the same whether she falls from rest, jumps upwards first or completes a complicated dive
with twists and somersaults.
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FIGURE 7.9 The change in gravitational potential energy of the diver is independent of the path taken.

∆h ∆h

SAMPLE PROBLEM 10

A water slide has a drop of 9.0m. A child of mass 35 kg sits at the top.
a. What is the child’s gravitational potential energy?
b. How fast will the child be travelling when they hit the water? Ignore any frictional losses.

Teacher-led video: SP10 (tlvd-XXXX)

THINK WRITE

a. Determine the gravitational energy of the child
using ΔEg = mgΔh.

a. ΔEg = mgΔh
= 35 kg × 9.8m s−2 × 9.0m
= 3100 J

b. Determine the gravitational energy of the child

using
1

2
mv2 = mgΔh.

b.
1

2
mv2 = mgΔh
⇒ v2 = 2gΔh

v = √2 × 9.8m s−2 × 9.0m
= 13m s−1
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PRACTICE PROBLEM 10
The maximum height of a roller-coaster ride is 30 m above the ground. The lowest height of the ride
is 5.0 m.
a. What is the change in gravitational potential energy of a 60 kg passenger?
b. If the passenger was travelling at 0.5 m s−1 at the top, what would be their maximum speed

at the lowest point?

Calculating gravitational potential energy using a
graph of force versus height

FIGURE 7.10 The area under
a force versus height graph
can be used to calculate
the change in gravitational
potential energy.
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Because a change in gravitational potential energy is equal to the work
done on an object by, or against, the gravitational force, it can be found
by calculating the area under a graph of force versus height.

The quantity g is known as the gravitational field strength (sometimes just referred to as
gravitational field).
The change in gravitational potential energy of an object can also be determined by calculating

the area under a graph of gravitational field strength versus height (equal to g∆h) and multiplied by
its mass.
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7.4.5 Energy transformations in collisions
Whether or not a collision is elastic depends on what happens to the colliding objects during the collision.
When two objects collide, each of the objects is deformed. Each object applies a force on the other — in
fact, the forces are equal and opposite! The size of the applied force increases as the deformation increases
(just like a compressed spring). If each object behaves elastically, all the energy stored as strain potential
energy during deformation is returned to the other object as kinetic energy. The collision is therefore elastic.

In the collision between the two billiard balls discussed earlier, the work done on each billiard ball as it
returns to its original shape is almost as much as the work done during deformation. Therefore, almost all
the strain potential energy stored in each ball while they are in contact with each other is returned as kinetic
energy.

The graph in figure 7.11 shows that, in an elastic collision, the work done on an object during
deformation (the area under the force versus deformation graph) is equal to the work that the object does
on the other object as it returns to its original shape. The graph in figure 7.12 illustrates a collision between
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an electron and a second electron. The work done to slow down the approaching electron is the same as the
work done to increase its speed during separation.

FIGURE 7.11 A graph of
force versus deformation
for an object involved in an
elastic collision
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FIGURE 7.12 A graph of
force versus separation for
an electron approaching
another electron
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Figure 7.13 illustrates that, even though the total kinetic energy and total strain potential energy change
during an elastic collision, the sum of the kinetic energy and strain potential energy is constant. In an
inelastic collision, the sum of the kinetic energy and strain potential energy decreases because energy is
dissipated from the system of objects to the environment as heat, permanent deformation of the objects and
sound.

FIGURE 7.13 Energy transformations during an elastic collision
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PHYSICS IN FOCUS
Crumple zones
The crumple zones at the front and rear of cars are designed to reduce injuries by ensuring that the collisions are
not elastic. Between the crumple zones is the more rigid passenger ‘cell’, designed to protect occupants from the
intrusion of the engine or other solid objects that would injure or even kill them.
In the previous section on momentum, an analysis using Newton’s Second Law of Motion reveals that the

acceleration of the occupants is decreased because the time during which the velocity changes is increased if
the car is designed to crumple.
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FIGURE 7.14 Crumple zones at
the front and rear of cars absorb
energy and reduce the magnitude of
acceleration during an accident.

The reason that crumple zones work can be also understood by
analysing a collision in terms of energy transformations. When a
car collides with a rigid object, the object does work on the car,
transforming its kinetic energy into other forms of energy and
transferring some of this energy to the surroundings. A lot of the
kinetic energy of the car is used to heat the body of the car and the
surrounding air. Without the crumple zone, the distance over which
the force acts would be less, and the cars would be more inclined to
rebound. The result would be a greater acceleration (in magnitude)
of occupants, and therefore a greater chance of serious injury or
death.
The effectiveness of gloves in baseball and cricket can also be

analysed in terms of energy. Like the crumple zones of cars, they are
designed to ensure that collisions are inelastic.

SAMPLE PROBLEM 11

A white car of mass 800 kg is driven along a slippery straight road with a speed of 20m s−1

(72 kmh−1). It collides with a stationary blue car of mass 700 kg. During the collision, the blue
car is pushed forward with a speed of 12m s−1.
a. What is the speed of the white car after the collision?
b. Show that the collision is not elastic.

Teacher-led video: SP11 (tlvd-XXXX)

THINK WRITE

a. Assign the direction in
which the white car is
moving as positive.
Assume that friction is
negligible. Therefore,
momentum is
conserved.

a. The initial momentum of the system, pi, is given by:
pwhite + pblue = 800 kg × 20m s−1 + 0 kgm s−1

= 16 000 kgm s−1

Determine the final
momentum of the
system.

The final momentum of the system, f, is given by:
pwhite + pblue = 800 kg × vwhite + 700 kg × 12m s−1

= 800 kg × vwhite + 8400 kgm s−1

vwhite = velocity of the white car after the collision.

But since pf = pi: 800 kg × vwhite + 8400 kgm s−1 = 16 000 kgm s−1

800 kg × vwhite = 7600 kgm s−1

⇒ vwhite = 9.5m s−1

The speed of the white car after the collision is 9.5 m s−1.

b. If the collision is elastic,
the total kinetic energy
after the collision will
be the same as the total
kinetic energy before the
collision.

b. Total kinetic energy before the collision is given by:
1

2
× 800 kg ×

(
20 m s−1

)2 + 0 = 160 000 J

Total kinetic energy after the collision is given by:
1

2
×800 kg×

(
9.5 m s−1

)2+ 1

2
×700 kg×

(
12 m s−1

)2 = 86 500 J

Show that the collision
is not elastic.

Kinetic energy is not conserved. The collision is not elastic.
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PRACTICE PROBLEM 11
a. A green dodgem car of mass 400 kg has a head-on collision with a red dodgem car of mass

300 kg. Both dodgem cars were travelling at a speed of 2.0 m s−1 before the collision. What is
the rebound speed of the green dodgem car if the red dodgem car rebounds at a speed of
i. 1.0 m s−1

ii. 2.0 m s−1?
b. Are either of the collisions in part (a) elastic? If so, which one?

AS A MATTER OF FACT

FIGURE 7.15 Testing airbags
Most deaths and injuries in car crashes are caused
by collisions between occupants and the interior of
the car. Driver airbags are designed to reduce the
injuries caused by impact with the steering wheel.
They should inflate only in head-on collisions.
Airbags inflate when the crash sensors in the

car detect a large deceleration. When the sensors
are activated, an electric current is used to ignite a
chemical called sodium azide (NaN3). The sodium
azide stored in a metal container at the opening
of the airbag burns rapidly, producing sodium
compounds and nitrogen gas. The reaction is
explosive, causing a noise like the sound of gunfire.
The nitrogen gas inflates the airbag to a volume
of about 45 L in only 30 ms. When the driver’s
head makes contact with the airbag, the airbag
deflates as the nitrogen gas escapes through vents
in the bag. The dust produced when an airbag is
activated is a mixture of the talcum powder used
to lubricate the bags and the sodium compounds
produced by the chemical reaction. Deflation must
be rapid enough to allow the driver to see ahead after the accident. The collision of the driver with the airbag is
inelastic. Most of the kinetic energy of the driver’s body is transferred to the nitrogen gas as the kinetic energy of
its molecules.

Digital document Investigation 7.3 Elastic and inelastic interactions (doc-31604)

Teacher-led video Investigation 7.3 Elastic and inelastic interactions (tlvd-0241)

Weblink Car safety systems

7.4 EXERCISE
To answer questions online and to receive immediate feedback and sample responses for every question, go
to your learnON title at www.jacplus.com.au.
1. Consider a tennis ball that has been dropped vertically onto a hard surface.

(a) Is the collision of the falling tennis ball with the ground elastic?
(b) How do you know?
(c) Is momentum conserved during this collision?

2. Two cars of equal mass and travelling in opposite directions on a wet and slippery road collide and lock
together after impact. Neither car brakes before the collision. The tangled wreck moves off in an easterly
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direction at 5.0 m s−1 immediately after the collision. One car was travelling due west at 20 m s−1

immediately before the collision.
(a) What was the velocity of the other car?
(b) What fraction of the initial kinetic energy was ‘conserved’ during the collision?

3. The following graph describes the behaviour of three springs as
known weights are suspended from one end.
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(a) What is the force applied by spring A to a 1.0 kg mass suspended
from one end?

(b) What is the spring constant of spring B?
(c) Which spring has the greatest stiffness?
(d) How much work is done by a 500 g mass on spring C to extend

it fully?
(e) Which spring has the greatest strain energy at maximum

extension?
4. A weightlifter raises a barbell of mass 150 kg vertically through

a height of 1.2 m.
(a) Sketch a graph of gravitational field strength versus height of

the barbell.
(b) Use the graph to determine the change in gravitational potential

energy of the barbell.
(c) How much work did the weightlifter do on the barbell?

5. Calculate the gravitational potential energy of the following objects:
(a) A 70 kg pole vaulter 6.0 metres above the ground
(b) A pile driver of mass 80 kg raised 7.0 m above the pile
(c) A 400 kg lift at the bottom of an 80 m mine shaft relative to the ground.

6. A 900 kg car travelling at 20 m s−1 on an icy road collides with a stationary truck. The car comes to rest over
a distance of 40 cm.
(a) What is the initial kinetic energy of the car?
(b) How much work is done by the truck to stop the car?
(c) What average force does the car apply to the truck during the collision?

7. A rock is dropped from a height into mud and penetrates. If it was dropped from twice the height, what
would be the depth of penetration compared to the depth from the first drop?

To answer past VCAA exam questions online and to receive immediate feedback and sample responses for every
question, go to your learnON title at www.jacplus.com.au.

studyON: Past VCAA exam questions
Fully worked solutions and sample responses are available in your digital formats.

7.5 Review
7.5.1 Summary
• Impulse is the product of a force and the time interval over which it acts. Impulse is a vector quantity

with SI units of N s.
• The change in momentum of an object is equal to the impulse of the net force acting on it.
• The impulse delivered to an object by a force can be determined from the area under the graph of force

versus time.
• If there are no external forces acting on a system, the total momentum of the system remains constant.

This statement is an expression of the Law of Conservation of Momentum.
• The Law of Conservation of Momentum can be applied to collisions between two objects moving

along a straight line, as long as external forces such as friction are negligible.
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• When two objects collide, the impulse applied to the first object by the second object is equal and
opposite in direction to the impulse applied to the second object by the first object.

• The amount of energy transferred to or from another object, or transformed to or from another form,
by the action of a force is called work.

• The work done on an object by the net force is equal to the object’s change in kinetic energy.
• A change in gravitational potential energy is equal to the work done by or against a gravitational force

and is equal to mg∆h. It can also be determined by calculating the area under a graph of force versus
height.

• The work done when a force causes a displacement along the line of action of the force is equal to the
product of the magnitude of the force and the displacement.

• Strain potential energy is the energy stored in an object as a result of a reversible change in shape.
• When an elastic spring is compressed or extended, the spring applies a restoring force in a direction

that would restore the spring to its natural length. The restoring force F is related to the displacement
of the spring from its natural length by the equation F = −k∆x, where k is the spring constant and ∆x
is the displacement from the spring’s natural length. This equation is an expression of Hooke’s Law.
The strain potential energy stored in a spring that obeys Hooke’s Law is equal to 1

2k(∆x)2.• The Law of Conservation of Energy applies to collisions as it applies to all interactions between
objects. However, the total energy of the objects that collide is not conserved because, when the
objects make contact, some of their energy is transferred to the surroundings.

• Elastic collisions are collisions in which the total kinetic energy of the objects is conserved. In such
collisions, the work done on each object during deformation is the same as the work done as each
object resumes its original shape. Inelastic collisions are collisions in which the total energy is not
conserved.

• Momentum is conserved in both elastic and inelastic collisions as long as the external forces are
negligible.

• Many safety features of motor vehicles are designed to reduce injuries by ensuring that collisions
between vehicles, or between vehicles and other objects, are not elastic.

To access key concept summaries and past VCAA exam questions download and print the studyON: Revision and practice
exam question booklet (doc-XXXX).

7.5.2 Key terms

An elastic collision is a collision in which the total kinetic energy is conserved.
An isolated system is one on which no external forces act. The only forces acting on objects in the system are

those applied by other objects in the system.
Gravitational potential energy is the energy stored in an object as a result of its position relative to another

object to which it is attracted by the force of gravity.
Impulse is the product of a force and the time interval over which it acts. Impulse is a vector quantity with SI

units of N s.
Kinetic energy is the energy associated with the movement of an object. Like all forms of energy, kinetic energy

is a scalar quantity.
The restoring force applied by a spring is the force it applies to resist compression or extension.
Strain potential energy is the energy stored in an object as a result of a reversible change in shape.
Work is the energy transferred to or from another object by the action of a force. Work is a scalar quantity.
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Digital document Key terms glossary (doc-#####)

7.5.3 Practical work and investigations

Investigation 7.1

FPO

Who’s pulling whom?
Aim:
a. To demonstrate

that the ‘action’ and ‘reaction’ described in Newton’s third law are equal in magnitude,
opposite in direction and act on different objects

b. To demonstrate that the total momentum of a system remains constant if there are no
unbalanced external forces acting on the system.

Digital document: doc-31602
Teacher-led video: tlvd-0239

FPO

Investigation 7.2
The properties of a coil spring
Aim: To determine whether the force applied by a coil spring extending a suspended weight is directly
proportional to the extension of the coil spring. The purpose is to verify Hooke’s Law.
Digital document: doc-31603
Teacher-led video: tlvd-0240

FPO

Investigation 7.3
Elastic and inelastic interactions
Aim:
a. To record the motion of two objects during an interaction between them and determine the

velocity of each object before and after the interaction
b. To determine the momentum of two objects before and after three different types of

interaction and, subsequently, determine whether the total momentum is conserved
c. To determine the kinetic energy of two objects before and after three different types of

interaction and, subsequently, determine whether the total kinetic energy is conserved
d. To distinguish between elastic and inelastic collisions.
Digital document: doc-31604
Teacher-led video: tlvd-0241

7.5 Exercises
To answer questions online and to receive immediate feedback and sample responses for every question,
go to your learnON title at www.jacplus.com.au

7.5.1 Exercise 1: Multiple choice questions
1. Boxers are trained to move their head backwards when they see they are going to take a hit to the head.

Why is this a useful tactic?
A. It increases the momentum of the punch and decreases the force.
B. It extends the contact time, which decreases the force.
C. It reduces the contact time, which decreases the force.
D. It extends the contact time, which increases the force.

2. A student holds their heavy school bag as they wait to enter class. How much work is done by the
student?

A. 0 J B.
1

2
mv2 C. mgh D. Ek − Eg
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3. When a bullet is fired from a rigidly held rifle, the force exerted by the rifle on the bullet is equal and
opposite to the force exerted by the bullet on the rifle. In most cases when a rifle is fired, the shooter’s
shoulder moves back as the rifle recoils. If a 4.0 kg rifle fires a 20 g bullet with an initial speed of
300m s−1, what is the initial recoil speed of the rifle?
A. 6m s−1

B. 180 000m s−1

C. −1.5m s−1

D. +1.5m s−1

The following information relates to questions 4, 5 and 6.
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The graph in part (a) of the following diagram shows how the restoring force of a spring changes as
it is compressed. A 2.5 kg mass is pushed against the spring so that its length is 5.0 cm and then
released. Friction can be assumed to be negligible.

4. How much energy is stored in the spring?
A. 122.5 J B. 2.475 J C. 4 J D. 1 J

5. What will be the speed of the mass when the spring returns to its original length of 20 cm?
A. 0 m s−1 B. 0.48 m s−1 C. 1.4 m s−1 D. 9.8 m s−2

6. What is the spring constant of the spring?
A. 220Nm−1

B. 278.43Nm−1

C. 2.475Nm−1

D. 20Nm−1

The following information relates to questions 7, 8 and 9.
A mountaineer, whose mass is 65 kg, climbs an overhanging cliff and reaches a height of 35 m.

Suddenly, she loses her grip and begins to fall. Luckily, she is wearing a safety harness and rope, which
stops her fall after 14 m of free fall.

7. What is the potential energy of the mountaineer, relative to the bottom of the cliff, at the instant she
loses her grip?
A. 8918 J B. 13 377 J C. 22 295 J D. 9.8 m s−2
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8. What is the kinetic energy of the mountaineer after she has fallen 14 m?
A. 9.8m s−2 B. 22 296 J C. 13 377 J D. 8918 J

9. What is her velocity at the moment she has fallen 14 m?
A. 274.4 m s−1 B. 411.6 m s−1 C. 20.29 m s−1 D. 16.57 m s−1

10. A car with a total mass of 1400 kg is travelling at 30 m s−1. What is the kinetic energy of the car?
A. 21 000 J
B. 42 000 J
C. 630 000 J
D. 1 260 000 J

7.5.2 Exercise 2: Short answer questions
1. Regarding momentum, what is the fundamental purpose of airbags, collapsible steering wheels and

padded dashboards in passenger vehicles?
2. Can an object have energy but no momentum? Explain. Can an object have momentum, but no energy?
3. Consider a collision between two cars on an icy intersection where road friction is insignificant. Assume

that the cars bounce off each other.
a. How do you know without performing any calculations that the collision is not elastic?
b. Is momentum conserved in such a collision?

4. Two billiard balls with identical mass, m, collide with one another. Ball 1 has an initial velocity of
5 m s−1 to the right. After the collision, ball 1 continues to move to the right, now with a velocity of
0.8 m s−1.

Calculate the velocity of ball 2 before the collision if the collision is completely elastic. Assume the
system is isolated and has no external forces acting on it.

5. A contractor lifts a 10 kg tool box up 0.4 m to hand to a colleague, at constant speed. Calculate the work
done by the contractor.

6. The ancient Egyptians relied on knowledge of the physics of energy transformations to build the Great
Pyramids at Giza. They used ramps to push limestone blocks with an average mass of 2300 kg to heights
of almost 150 m. The ramps were sloped at about 10° to the horizontal. Friction was reduced by
pumping water onto the ramps.
a. How much work would have been done to lift an average limestone block vertically through a height

of 150 m?
b. How much work would have been done to push an average limestone block to the same height along a

ramp inclined at 10° to the horizontal? Unfortunately, you will have to assume that friction is
negligible.

7. A 60 kg bungee-jumper falls from a bridge 50 m above a deep river. The length of the bungee cord when
it is not under tension is 30 m. Calculate the following:
a. the kinetic energy of the bungee-jumper at the instant that the cord begins to stretch beyond its natural

length
b. the strain energy of the bungee cord at the instant that the tip of the jumper’s head touches the water.

(Her head just makes contact with the water before she is pulled upwards by the cord.) The height of
the bungee-jumper is 170 cm.

8. Use the ideas presented in this chapter to explain the following:
a. why dashboards of cars are padded
b. why cars are deliberately designed to crumple at the front and rear
c. why the compulsory wearing of bicycle helmets has dramatically reduced the number of serious head

injuries in bicycle accidents.
A single answer (rather than three separate answers) is acceptable.
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7.5.3 Exercise 3: Exam practice questions
1. Two ice skaters, Melita and Dean, are performing an ice dancing routine in which Dean (with a mass of

70 kg) glides smoothly at a velocity of 2.0 m s−1 due east towards a stationary Melita (with a mass of 50
kg), holds her around the waist, and then they both move off together. During the whole move, no
significant frictional force is applied by the ice.
a. What is Dean’s momentum before making contact with Melita?
b. Where is the centre of mass of the system comprising Dean and Melita 3.0 s before impact?
c. What is the velocity of the centre of mass of the system before impact?
d. Calculate the common velocity of Melita and Dean immediately after impact.
e. What impulse is applied to Melita during the collision?

2. A car travelling at 60 km h−1 collides with a large tree. The front crumple zone folds, allowing the car to
come to a complete stop over a distance of 70 cm. The driver, of mass 70 kg, is wearing a properly fitted
seatbelt. As a result, the driver’s body comes to rest over the same distance as the whole car.
a. Determine the amount of work done by the seatbelt in stopping the driver.
b. What is the magnitude of the average force applied to the driver by the seatbelt?
c. Estimate the magnitude of the force that would be exerted by the front interior of the car on an

unrestrained driver in the same accident. Assume that the driver does not crash through the
windscreen.

3. Estimate the gravitational potential energy of the following objects:
a. The roller-coaster in figure 6.1 (the opening image of topic 6) when it is at the top of the loop, with

reference to the bottom of the loop
b. The high jumper in figure 6.14 (in topic 6) with reference to the ground
c. This textbook with reference to the floor
d. A tennis ball about to be hit during a serve with reference to the ground
e. A 20-storey building with reference to the ground.

4. Angela rides a toboggan down a slope inclined at 30° to the horizontal. She starts from rest and rides a
distance of 25 m down the slope. Angela and her toboggan have a combined mass of 60 kg.
a. How much work is done on Angela by the force of gravity?
b. If friction is negligible, what would her speed be at the end of her ride?
c. How much work is done on Angela by the normal reaction?
d. In reality, the frictional force on Angela is not negligible. Her speed at the end of her ride is measured

to be 7.2 m s–1. What is the magnitude of the frictional force?
5. The following graph shows how the force applied by

the rubber bumper at the front of a 450 kg dodgem car
changes as it is compressed during factory testing.
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a. If the dodgem car collides head-on with a solid wall at a speed
of 2.0 m s−1, what will be the maximum compression of the
front rubber bumper?

b. How much work is done on the dodgem car by the rubber
bumper as it is compressed?

c. If the rubber bumper obeys Hooke’s Law, with what speed
will the dodgem car rebound from the wall?

6. A car of mass 1500 kg travelling due west at a speed of
20 m s−1 on an icy road collides with a truck of mass 2000 kg
travelling at the same speed in the opposite direction.
The vehicles lock together after impact.
a. What is the velocity of the tangled wreck immediately after

the collision?
b. Use your answer to part (a) to determine what impulse is

applied to the truck during the collision.
Pdf_Folio:32

32 Jacaranda Physics 2 VCE Units 3 & 4 Second Edition

UNCORRECTED PAGE PROOFS



“c07ForceEnergyAndMassInCollisionsAndOtherInteractions_print” — 2019/7/11 — 17:34 — page 33 — #33

c. Which vehicle experiences the greatest (in magnitude) change in velocity?
d. Which vehicle experiences the greatest change in momentum?
e. Which vehicle experiences the greatest force?

7.5 Past VCAA examinations
Access Course Content and select ‘Past VCAA examinations’ to sit the examinations online or offline.

Fully worked solutions and sample responses are available in your digital formats.

Test maker
Create unique tests and exams from our extensive range of questions, including past VCAA exam questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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