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Chapter 2
Force and motion in one dimension
In this chapter you will learn how to:
■
■
■
■

relate force to acceleration
use combinations of forces to calculate their effect on an object
include the force on an object due to gravity in a force diagram and calculations
include the contact force on a force diagram and in calculations.
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PREREQUISITE KNOWLEDGE
Where it comes from

What you should be able to do

Check your skills

Chapter 1

Use equations of constant
acceleration.

1 Find t when u = 4, v = 6 and a = 5.
2 Find v when u = 3, a = 4 and s = 2.

What is a force and how does it affect motion?
When an object is moving, how will it continue to move? What makes it speed up or slow
down? What affects the acceleration or deceleration of an object? These are questions that
have been considered by many philosophers over the course of history. The first person
to publish what is now considered to be the correct philosophy was Isaac Newton (1643–
1727), which is why Mechanics is often referred to as Newtonian Mechanics. Newton used
his theories to explain and accurately predict the movements of planets and the Moon, as
well as to explain tides and the shape of the Earth.
Newton was not the first to consider the idea of a force. Aristotle (384–322 BCE), the Ancient
Greek philosopher, believed that a cause (or force) was the thing that had an effect on an object
to make it move. He came up with a theory of how force was related to motion, but he did not
define forces clearly and he had no supporting evidence for his claims. His theory led to the
conclusion that heavier bodies fall to Earth faster than lighter bodies, which is not true.
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2.1 Newton’s first law and relation between force and acceleration
A force is something that can cause a change in the motion of an object. There are many
different types of force that can act on an object. Think of different ways to get an object
on a table to start moving or change speed.
Most forces are caused by objects being in contact with other objects. Pushing or dragging
an object can cause it to accelerate. A force can act through a string under tension; pulling on
the string can cause an attached object to speed up or slow down. A solid rod can act like a
string, but it can also push back when it is under compression and there is a thrust in the rod.
Objects that are in contact with each other may experience friction, which may include air
resistance. This generally slows objects down, but sometimes friction is required to cause
the motion. For example, a car engine gets the car to move by using the friction with the
ground to start the wheels rolling along the ground. In icy or muddy conditions there is not
much friction so cars cannot accelerate quickly.
If you gently push an object off the edge of a table it will accelerate towards the ground
despite nothing (apart from the air) being in contact with it. This is because there is a force
due to gravity. In fact, there is a force due to gravity between all objects, but other than the
gravity pulling objects towards the Earth, the forces are so small as to be negligible.
Gravity is the only force you will consider in this course that acts on an object without
being in contact with the object. Other forces that act in this way, for example magnetic
attraction or repulsion, will not be considered in this course.
Newton progressed from using mathematics to calculate the position, speed and
acceleration of an object with constant acceleration to explaining why objects move as
they do. He produced three laws of motion which are still used today in many situations to
calculate and describe how objects move.

DID YOU KNOW?

Newton published his
work in a book called
Philosophiae Naturalis
Principia Mathematica
in 1687, often known
simply as the Principia.
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KEY POINT 2.1
Newton’s first law states that an object remains at rest or continues to move at a constant velocity
unless acted upon by a net force.

This is not immediately obvious because the forces are not visible. You see that objects
sliding along the ground slow down and eventually stop without anyone trying to slow
them down and without the object hitting another object. A ball moving through the air
appears to be changing direction as it falls under gravity, yet it does not touch anything
while changing direction.
Newton’s second law expresses how a force relates to the motion of an object. For an object
of constant mass, the net force acting on the object is proportional to the product of its
mass and acceleration.
F α ma
The force is measured in newtons (symbol N). One newton is defined as the amount
of force required to accelerate 1kg at 1m s−2 . Using kilograms for the unit of mass,
metres for length and seconds for time, so that acceleration is in ms −2, the constant of
proportionality is 1.

DID YOU KNOW?
Aristotle thought
that at every moment
something must be
causing an object to
continue to move,
so an object flying
through the air must
be pushed by the air
to continue moving.
Newton was the first
to contradict him.

KEY POINT 2.2
Newton’s second law leads to the equation
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Force = mass × acceleration

Force is a vector quantity, so may be positive or negative depending on which direction is
assigned to be positive.
MODELLING ASSUMPTIONS
In all cases at this stage you will consider objects as particles, so you can ignore any
complexities due to the shape of the object. For many of the problems, it will have
such a small effect that you can treat it as negligible. This means that the error it
causes in the calculations is small enough to be ignored.

FAST FORWARD
Newton’s third law
relates forces between
objects and their effects
on each other. You
will learn about this in
Chapter 5.

For example, when you consider an object like a bag of sand, if the mass of the bag
is sufficiently small compared to the mass of the sand you say it is negligible and the
bag is termed light.
In some questions, there is a general force called resistance, which acts in the
opposite direction to motion. This may be due to friction, air resistance or both.
In some situations you will ignore resistance forces altogether. This is a modelling
assumption that you make to simplify the situation.

FAST FORWARD
Friction will be
considered in more
detail in Chapter 4.
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WORKED EXAMPLE 2.1
a A cyclist on a bike, with combined mass of 100 kg, accelerates from rest with acceleration 0.2 m s−2. Find the
force the cyclist generates.
b A second cyclist on a bike, with combined mass of 80 kg, accelerates from rest by generating the same force
as the first cyclist. Find her acceleration.
c The first cyclist is travelling at 20 m s−1 when he starts to brake with a force of 500 N. Find the distance
covered while coming to rest.
Answer
a F = ma = 100 × 0.2 = 20 N

Use F = ma.

b

F = ma
20 = 80 a
1
a = or 0.25 m s−2
4

Use F = ma and solve the equation.

c

F = ma
−500 = 100 a

Notice that the force is in the opposite
direction to motion so is negative.

a = −5m s−2
v 2 = u2 + 2 as
38

Use equations of constant acceleration.

2

0 = 20 + 2 × −5 × s
s = 40 m
You can see that the same force was exerted by both cyclists, but the acceleration was smaller
for the larger mass. Mass can be said to be a measure of the amount of material present in an
object, but can also be described as the reluctance of an object to change velocity.
EXERCISE 2A
1 Find the horizontal force required to make a car of mass 500 kg accelerate on a horizontal road at 2 m s−2.
2 A wooden block of mass 0.3 kg is being pushed along a horizontal surface by a force of 1.2 N. Find its
acceleration.
3 A gardener drags a roller on horizontal land with a force of 360 N causing it to accelerate at 1.2 m s−2. Find the
mass of the roller.
4 A man pushes a boy in a trolley, with total mass 60 kg, along horizontal land from rest with a constant force
of 42 N for 10 s. Find the distance travelled in this time.
M

5 A snooker ball of mass 0.2 kg is struck so it starts moving at 1.2 m s−1. As it rolls, the table provides a constant
resistance of 0.08 N. It strikes another ball 1m away.
a Find the speed with which it strikes the other ball.
b What assumptions have you made when answering this question?
6 Find the constant force required to accelerate a mass of 5 kg from 3 m s−1 to 7 m s−1 in 8 s on a horizontal surface.
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7 A ship of mass 20 tonnes is moving at 10 m s−1 when its engines stop and it decelerates in the water. It takes
500 m to come to rest. Find the resistance force, which is assumed to be constant, of the water on the ship.
8 A winch provides a constant force of 80 N and causes a block to accelerate on horizontal land from 2 m s−1 to
10 m s−1 in 6 s. Find the mass of the block.
9 A Formula 1 car and its driver have total mass of 800 kg. The driver is travelling at 100 m s−1 along a horizontal
straight when, 100 m before a bend, he starts to brake, slowing to 40 m s−1. Assuming a constant braking force,
find the force of the brakes on the car.
10 A strongman drags a stone ball from rest along a horizontal surface. He moves it 10 m in 4 s by exerting a
constant force of 100 N. Find the mass of the stone ball.
11 A car and driver, of total mass 1350 kg, are moving at 30 m s−1 on a horizontal road when the driver sees
roadworks 400 m ahead. She breaks, decelerating with a constant force of 600 N until arriving at the
roadworks. Find the time elapsed before arriving at the roadworks.
12 A train travelling at 30 m s−1 on a horizontal track starts decelerating 360 m before coming to rest at a station.
The brakes provide a constant resistance of 100 kN. Find the mass of the train.
13 A block is being dragged along a horizontal surface by a constant horizontal force of size 45 N. It covers 8 m
in the first 2 s and 8.5 m in the next 1 s. Find the mass of the block.

2.2 Combinations of forces
Newton’s first and second laws refer to net or resultant forces because there may be more
than one force acting on an object at any one time.
KEY POINT 2.3
Newton’s second law is given more generally as

TIP
It is normally easier to
put all the information
in a question into this
equation rather than
working out net force
separately.

Net force = mass × acceleration

An object in equilibrium may have several forces acting on it, but their resultant is zero so it
remains at rest or moving at constant velocity.
KEY POINT 2.4
Objects with a net force of zero acting on them are said to be in equilibrium and have no
acceleration.

You should use a diagram to work out which forces act in which directions. In this chapter
the diagrams will be simple and only include one or two forces horizontally or vertically.
You should get used to drawing diagrams for simple situations so that you are prepared for
more complicated situations in later chapters.
Consider an aeroplane flying through the air. The forces acting on it are its weight, lift from
the air on the wings, the driving force from the engine and propellers, and air resistance.
Compare the following two illustrations.

FAST FORWARD
You will consider
problems with objects
in equilibrium in
Chapter 3.

TIP
Always draw a force
diagram, even in simple
situations, to ensure
you have considered all
forces in the problem
and added them into
the relevant equations.
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a

a

lift

lift

air resistance

thrust

air resistance

thrust

weight

weight

Both illustrations have the same information, but the diagram on the right is simpler to
draw and clearly shows the important information.
Diagrams are not pictures. In Mechanics you normally draw objects as circles or
rectangles and show forces as arrows going out from the object. Objects being pushed
from behind or dragged from in front are both shown as an arrow going forward from the
object. The net force (or resultant force) is not shown on the diagram.

TIP
You do not usually
include units on
diagrams where forces
are indicated by
unknowns, otherwise
there can be confusion
about whether a letter
refers to an unknown or
a unit. Remember to use
S.I. units throughout.

Accelerations are shown beside the diagram using a double arrow.
WORKED EXAMPLE 2.2
a A car of mass 600 kg has a driving force of 500 N and air resistance of 200 N. Find how long it takes to
accelerate from 10 m s−1 to 22 m s−1.
a

40
200 N

b

500 N

The car stops providing a driving force and the brakes are applied. It decelerates from 22 m s−1 to rest in
220 m. Find the force of the brakes.

Answer
a

a
200

500

F = ma
500 − 200 = 600 a
a = 0.5 m s−2
v = u + at
22 = 10 + 0.5t
t = 24 s

The diagram is very simple and clear.
The car is shown as a rectangle.
The forces are arrows going out from the
rectangle.
The acceleration is a double arrow above the
diagram.
No resultant force is marked on the diagram.
All the horizontal forces make up the net force.
Forces are negative if they are in the opposite
direction to the motion.
Acceleration is constant so you can use the
relevant equation of constant acceleration to
finish the problem.
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b

a
200
F

v 2 = u2 + 2 as
2

2

0 = 22 + 2 a × 220
a = −1.1m s−2
F = ma
−200 − F = 600 × ( −1.1 )

It is useful to draw new diagrams whenever the
situation changes.
Note that the air resistance is still there, but
the driving force is not there. The unknown F
is now the braking force.
Note that acceleration is still in the direction of
motion, although it is clear it will be negative
because all the forces are acting the other way.
Use an equation of constant acceleration first
to find the acceleration.
Three of the variables are known.
Use F = ma now that two of the variables in
this equation are known.

F = 460 N

EXERCISE 2B
1 A boat and the sailor on it have a combined mass of 300 kg. The boat’s engine provides a constant driving
force of 100 N. It maintains a constant speed despite water resistance of 60 N and air resistance. Find the
magnitude of the air resistance.
2 A boy and his friends have a tug-of-war with his father. His father pulls on one end of the rope with a force
of 200 N. The boy and three friends each pull with equal force on the other end of the rope. The rope is in
equilibrium. Find the force each child exerts on the rope.
3 A team of sailors pulls a boat over the sand to the sea. Each sailor is capable of providing a force of up to
300 N. The resistance from the sand is 2200 N. Find the minimum number of sailors needed on the team to
maintain a constant speed.
4 A cyclist and her bike have a combined mass of 80 kg. She exerts a driving force of 200 N and experiences air
resistance of 150 N. Find the acceleration of the cyclist.
5 A car of mass 1500 kg experiences air resistance of 450 N. It accelerates at 3 m s−2 on horizontal ground. Find
the driving force exerted by the engine.
6 A boat of mass 2 tonnes has a driving force of 1000 N and accelerates at 0.2 m s−2. Find the resistance that the
water provides.
7 A water-skier of mass 75 kg is towed by a horizontal rope with constant tension of 150 N. There is constant
resistance from the water of 120 N. Find the time taken to reach a speed of 10 m s−1 from rest.
8 A learner driver is being tested on the emergency stop. The car has mass 1250 kg and is moving at 21m s−1.
When the driver presses the brakes there is a braking force of 10 000 N in addition to the air resistance of
500 N. Find the distance covered in coming to rest.
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9 A small aircraft is accelerating on a runway. Its engines provide a constant driving force of 20 kN. There is average
air resistance of 1000 N. It starts from rest and leaves the runway, which is 900 m long, with speed 80 m s−1.
a Find the mass of the aircraft.
b What assumptions have been made to answer the question?
10 A drag racing car races over a track of 400 m. The car has mass 600 kg and accelerates from rest with a
constant driving force of 21kN. There is air resistance of 1800 N. Find the speed of the car at the finish line of
the race.
11 A wooden block of mass 6 kg is being dragged along a horizontal surface by a force of 10 N. It accelerates
from 1m s−1 to 3 m s−1 in 4 s. Find the size of the friction force acting on the wooden block.
12 A motorcyclist is travelling at 20 m s−1 on level road when she approaches roadworks and slows down to
10 m s−1 over a distance of 250 m. The combined mass of the motorcyclist and the motorcycle is 360 kg. There is
air resistance of 80 N. Find the braking force of the motorcycle.
13 An aeroplane of mass 8 tonnes is flying horizontally through the air at 240 m s−1. There is air resistance of
20 kN. The pilot reduces the driving force from the engines to slow to 160 m s−1 over 40 s before starting to
descend. Find the magnitude of the reduced driving force.

PS
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14 A car of mass 1400 kg slows down from 30 m s−1 to 20 m s−1 when the driver sees a sign for reduced speed limit
400 m ahead. There is air resistance of 1000 N. Determine whether the driver needs to provide a braking force
or just reduce the amount of driving force exerted, and find the size of the force.

2.3 Weight and motion due to gravity
If an object falls under gravity it moves with constant acceleration, whatever the mass of
the object. This may seem contradictory, because an object like a feather will fall to Earth
much more slowly than a hammer. However, this is actually because of air resistance.
Commander David Scott on Apollo 15 demonstrated that on the Moon where there is no
atmosphere the two objects do land at the same time.
DID YOU KNOW?
Galileo Galilei (1564–1642) was the first to demonstrate that the mass
does not affect the acceleration in free fall. It was thought he did this by
dropping balls of the same material but different masses from the Leaning
Tower of Pisa to show they land at the same time. However, no account
of this was made by Galileo and it is generally considered to have been
a thought experiment. Actual experiments on inclined planes did verify
Galileo’s theory.

The acceleration in freefall due to gravity on Earth is denoted by the letter g and has a
numerical value of approximately 10 m s−2.
If an object of mass m kg falls under gravity with acceleration g m s−2 then the force on
the object due to gravity must be F = mg. This force is called the weight of an object and
always acts towards the centre of the Earth, or vertically downwards in diagrams.

Chapter 2: Force and motion in one dimension

KEY POINT 2.5
The weight of an object of mass m kg is given by W = mg. It is the force due to gravity, so is
measured in newtons.

MODELLING ASSUMPTIONS
The value of g is actually closer to 9.8 m s−2 , but even that varies slightly depending
on other factors. Because of the rotation of the Earth, the acceleration of an object
in freefall is lower at the equator than at the poles. Gravity is also weaker at high
altitudes and may even be weaker at depths inside the Earth. There can also be very
slight local variations, for example due to being near large mountains of dense rock.
For the purposes of this course, we will assume that g is 10 m s−2.
Above the surface of the Earth, the force due to gravity decreases. The difference is
negligible for small distances, but this becomes important in space. In deep space,
the gravitational pulls of not only the Earth but also the Sun become negligible.
Under Newton’s first law, objects like Voyager 1 and Voyager 2 in the far reaches of
the Solar System will continue to move with the same velocity until they reach close
enough to another star to feel its gravitational effect.

WORKED EXAMPLE 2.3
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a

A ball of mass 0.2 kg is thrown vertically upwards out of a window 4 m above the ground. The ball is
released with speed 8 m s−1. Assuming there is no air resistance, find how long it takes to hit the ground.

b

If instead there is a constant air resistance of 0.1N against the direction of motion, find how long the ball
takes to hit the ground.

Answer
a Taking upwards as positive:

Define clearly which direction is positive.
With only gravity acting, the acceleration is – g
if upwards is positive.

a = −g

0.2g N

1 2
at
2
1
−4 = 8t + × −10t 2
2
5t 2 − 8t − 4 = 0
t = 2 or − 0.4
s = ut +

t is positive so the time to hit the ground is 2 s.

On the way up and the way down, there is
no change in the forces, so the whole motion
can be dealt with as a single motion with
acceleration – g.
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b On the way up:

Separate the way up from the way down
because resistance forces oppose motion, so
the forces are different on the way down.

a

You first need to find how long it takes to reach
the highest point and the distance travelled in
this time.

0.1 N

0.2g N

F = ma
−0.2 g − 0.1 = 0.2 a
a = −10.5

Use Newton’s second law to find the
acceleration.

v = u + at
0 = 8 + −10.5t1
t1 = 0.762

The maximum height is reached when the
velocity is reduced to zero.

So the time to reach highest point is 0.762 s
(3 significant figures).
You will need to know the height reached so you
can think about the motion on the way down.

v 2 = u2 + 2 as
02 = 82 + 2 × −10.5s1
s1 = 3.05
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So distance travelled upwards is 3.05 m
(3 significant figures).
On the way down:

It is better to use given values rather than
calculated values as far as possible.

Draw a new diagram for the new situation.
The motion is now downwards and the
resistance force is in the opposite direction to
the motion, so it now acts upwards.

0.1 N
a

0.2g N

F = ma
0.2 g − 0.1 = 0.2 a
a = 9.5
1 2
at
2
1
s1 + 4 = 0t2 + × 9.5t22
2
s = ut +

The ball is moving down for this stage, so we
can define downwards as positive.

Use the equation of constant acceleration with
the total distance including the maximum
height s1 found previously.

giving t2 = 1.22 (3 significant figures)
t = t1 + t2 = 1.98 s (3 significant figures)

Note that answers to previous calculations are
written to 3 significant figures but you should
always use values from the calculator, by using
Answer key or memories, in later calculations to
avoid premature rounding errors.
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WORKED EXAMPLE 2.4
a A ball is dropped from a height of 30 m above the ground. Two seconds later, another ball is thrown upwards
from the ground with a speed of 5 m s−1. They collide at a time t s after the first ball was dropped. Find t.
b They collide at a height h m above the ground. Find h.
Answer
a Taking upwards as positive:

The mass is unknown but labelled as m1,
although this does not affect the acceleration
because only gravity acts on the ball.

a

m1 g N

Let t1 be the time after the first ball is dropped and s1 be
its displacement from its starting position.
1 2
at
2
1
s1 = 0t1 + × −10t12
2
h = 30 − 5t 2
s = ut +

Measure height from the ground and time
from the time when the first ball is dropped.
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The second ball has a similar diagram, also
with unknown, but possibly different, mass.
a

m2 g N

Let t2 be the time after the second ball is thrown and s2
be its displacement from its starting position.
1 2
at
2
1
s2 = 5t2 + × −10t22
2
h = 5(t − 2) − 5(t − 2)2

Again measure height from the ground and
time from the time when the first ball is
dropped.

5(t − 2) − 5(t − 2)2 = 30 − 5t 2
25t = 60
t = 2.4 s

Solve the equations simultaneously.

s = ut +

b h = 30 − 5t 2 = 30 − 5 × 2.42 = 1.2 m

Substitute into the equation for height.
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EXERCISE 2C
1 Find the weight of a man of mass 70 kg.
2 A young goat has weight 180 N. Find its mass.
3 A ball is dropped from a height of 20 m. Find the time taken to hit the ground.
4 A water fountain projects water vertically upwards with initial speed 10 m s−1. Find the maximum height the
water reaches.
5 A ball is thrown vertically downwards with speed 5 m s−1 from a height of 10 m. Find the speed with which it
hits the ground.
PS

6 A wrecking ball of mass 1 tonne is dropped onto a concrete surface to crack it. It needs to strike the ground at
5 m s−1 to cause a crack. Find the minimum height from which it must be dropped.
7 A coin of mass 0.05 kg is dropped from the top of the Eiffel Tower, 300 m high. It experiences air resistance of
0.01N. Find the speed with which it hits the ground.
8 A winch lifts a bag of sand of mass 12 kg from the ground with a constant force of
240 N until it reaches a speed of 10 m s−1. Then the winch provides a force to keep the
bag moving at constant speed. Find the time taken to reach a height of 40 m.
9 A firework of mass 0.4 kg is fired vertically upwards with initial speed 40 m s−1.
The firework itself provides a force of 2 N upwards. The firework explodes after
6 s. Find the height at which it explodes.
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10 A flare of mass 0.5 kg is fired vertically upwards with speed 30 m s−1. The flare
itself provides a force of 0.8 N upwards, even when the flare is falling, to keep
the flare high for as long as possible. The flare is visible over the horizon when it
reaches a height of 25 m.
a Find how long the flare is visible for.
b What assumptions have you made in your answer?
11 A feather of mass 10 g falls from rest from a height of 3 m and takes 2 s to hit the ground. Find the air
resistance on the feather.
12 A ball of mass 0.3 kg is thrown upwards with speed 10 m s−1. It experiences air resistance of 0.15 N. It lands on
the ground 1.2 m below. Find the speed with which it hits the ground.
P

13 A bouncy ball is dropped from a height of 5 m. When it bounces its speed immediately after impact is 80% of
the speed immediately before impact.
a Find the maximum height of the ball after bouncing.
b Show that the height is independent of the value used for g.
14 A parachutist of mass 70 kg falls out of an aeroplane from a height of 2000 m and falls under gravity until
600 m from the ground when he opens his parachute. The parachute provides a resistance of 2330 N. Find
the speed at which he is travelling when he reaches the ground.
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15 A ball is thrown vertically up at 10 m s−1. A second later another ball is thrown vertically up from the same
point at 8 m s−1. Find the height at which they collide.
16 A pebble is dropped from rest into a deep well. At time t later it splashes into the water at the bottom of the
well. Sound travels at 340 m s−1 and is heard at the top of the well 5 s after the pebble was released. Find the
depth of the well.
17 A ball of mass 2 kg is projected up in the air from ground level with speed 20 m s−1. It experiences constant air
resistance R. It returns to ground level with speed 15 m s−1. Find R.

2.4 Normal contact force and motion in a vertical line
When an object rests on a table, why does it not fall? There is a force due to gravity, so
there must be another force in the opposite direction keeping it in equilibrium. This is
called the reaction force.
reaction force

mg

The reaction force is the force on an object from the surface it is resting on. It is usually
denoted by the letter R. It is perpendicular to the surface it is in contact with, so sometimes
N is used for the normal contact force.
KEY POINT 2.6
The contact force between the object and the surface it is on is called the reaction force and is
always perpendicular to the surface.

When the object is on a horizontal surface, the contact force is usually the same
magnitude as the weight. It simply prevents the object leaving or falling through the
surface. However, when the surface is tilted with the object on it, or when other forces act
on the object pushing it into the surface or pulling it away from the surface, the normal
contact force is not usually the same magnitude as the weight.
FAST FORWARD
Some people mistakenly think the normal contact force is equal and opposite to the force of gravity.
You will look at Newton’s third law in Chapter 5, which is about forces that are equal and opposite.
There is a force that is equal and opposite to the force of gravity on an object, but it acts on the
Earth, not the object. Because the mass of the Earth is so large, the acceleration caused by the force
is usually negligible. However, when you consider the motion of planets, the effect of gravity on
both the Earth and other planets is important.
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DID YOU KNOW?
Moon
GS
Sun

GM
GE

GE
GM

GS
Earth

In 1887, King Oscar II of Sweden and Norway established a prize for anyone who could solve the
three-body problem, which asks what happens to a system of three objects each with gravity acting
on them from each other, like the Sun, the Earth and the Moon as shown in the diagram. Henri
Poincaré (1854–1912) showed that, although we know the equations for the objects, there is no way
to solve them. Moreover, he showed that if there is the slightest change in the initial positions or
velocities of the bodies, the outcome may be entirely different. This led to the development of chaos
theory and this effect became known as the butterfly effect. Another example of this is the weather,
which is why it’s so difficult to predict.

MODELLING ASSUMPTIONS
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If an object is on a table you may expect the table top to bend or even break if the
object is heavy enough. You will assume that this is never the case and that the forces
will never cause the surface to bend or break.
As an object is lifted off the surface the contact force is reduced. When the force is
reduced to zero, you would expect the object to lose contact with the surface and
be lifted off. However, there are some cases where this does not happen in the real
world. Vacuum suction pads, for example, can provide a force pulling the object
towards the surface, as can electrostatic forces or sticky surfaces. You will ignore
these possibilities in this course.
Therefore, you will assume a normal contact force will be non-negative and there is
no limit to how large it can be.

WORKED EXAMPLE 2.5
a

A crane is lifting a pallet on which rests a stone block of mass 5 kg. The motion
is vertically upwards. The crane lifts the pallet from rest to a speed of 3 m s−1 in
6 m. Find the contact force on the stone block during the acceleration.

b

If the contact force exceeds 650 N the pallet may break and so this situation
is considered unsafe. Assuming the same acceleration as in part a, find how
many stone blocks the crane can lift safely.
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Answer
a Taking upwards as positive:
a

R

5g N
2

2

2

2

Use an equation of constant acceleration to
find the acceleration.

v = u + 2 as
3 = 0 + 2a × 6
a = 0.75 m s−2
F = ma
R − 5 g = 5 × 0.75
R = 53.75 N
b Taking upwards as positive:
a

Use Newton’s second law to find the contact
force.

R

We define the number of stone blocks as n, but
still consider the blocks as a single object.
5ng N

F = ma
R − 5 ng = 5 n × 0.75
R , 650
5ng + 5n × 0.75 , 650
n , 12.1
Hence the maximum number of blocks is 12.
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The restriction is given as an inequality.

Note that the question asked for a number of
blocks, so it is the largest integer satisfying the
inequality.

EXPLORE 2.1
An electronic scale and an object can be used to measure the acceleration in an
elevator.
Use the scale to find the mass of the object. The scale works out the mass by
measuring the contact force and dividing by g.
Put the object on the scale on the floor of the elevator. As you go up and down in the
elevator, the reading on the scale should change.
As the elevator goes up, write down the maximum and minimum reading on the scale.
The contact force can be calculated by multiplying by g. By using F = ma for the object
you can now calculate the maximum acceleration and deceleration of the elevator.
Try this again when the elevator is going down.
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EXERCISE 2D
1 An elevator is carrying a man of mass 70 kg upwards, accelerating at constant acceleration from rest to
10 m s−1 in 2 s. Find the size of the contact force on the man.
2 An elevator is carrying a woman of mass 55 kg upwards. It is travelling upwards at 8 m s−1 and starts to slow
down at a constant rate when it is 9 m from where it stops. Find the size of the contact force on the woman.
3 An elevator is carrying a trolley of mass 30 kg downwards, accelerating at a constant rate from rest to 7 m s−1
in 2 s. Find the size of the contact force on the trolley.
4 An elevator is carrying a child of mass 40 kg downwards. It is travelling at 8 m s−1 and starts to slow down at
constant acceleration when it is 6.25 m from where it stops. Find the size of the contact force on the child.
5 A forklift truck carries a wooden pallet. On the pallet is a box of tiles with mass
35 kg. The truck lifts the pallet and tiles with an initial acceleration of 2 m s−2.
Find the contact force on the tiles.
6 A weightlifter is trying to lift a bar with mass 200 kg from the floor. He lifts with
a force of 1800 N but cannot lift it off the floor. Find the size of the contact force
from the floor on the bar while the weightlifter is trying to lift the bar.
7 A plate of mass 0.7 kg is being held on a horizontal tray. The tray is lifted from rest on the floor and
accelerates at a constant rate until it reaches a height of 1.25 m after 5 s. Find the contact force on the plate.
50

8 A man of mass 75 kg is standing in the basket of a hot-air balloon. The balloon is rising at 5 m s−1 and 4 s later
it is descending at 3 m s−1. Assuming constant acceleration, find the contact force on the man.
M

9 A girl of mass 45 kg is sitting in a helicopter. The helicopter rises vertically with constant acceleration from
rest to a speed of 40 m s−1 when it reaches a height of 200 m.
a Find the contact force on the girl.
b What assumptions have been made to answer the question?

PS

10 A drone carries a parcel of mass 4 kg. The parcel is held in place by two pads, on its top and on its bottom.
The drone hovers at a height of 30 m before descending for 2 s to a height of 8 m. Find the contact force acting
on the parcel as it descends and determine whether the force acts from the pad on top or bottom.

Checklist of learning and understanding
●●

A force is something that influences the motion of an object. Its size is measured in newtons (N).

●●

Force is related to acceleration by the equation: net force = mass × acceleration.

●●

Objects acted on only by the force of gravity have an acceleration of g m s−2 .

●●

The weight of an object is the force on it due to gravity and has magnitude W = mg.

●●

The reaction force or normal contact force is the force on an object due to being in contact with
another object or surface. It acts perpendicular to the surface and is usually denoted by R (or
sometimes N).

Chapter 2: Force and motion in one dimension

END-OF-CHAPTER REVIEW EXERCISE 2
1

A cyclist travelling on a horizontal road produces a constant horizontal force of 40 N. The total mass of the
cyclist and the bicycle is 80 kg. Considering other forces to be negligible, find the distance covered as the cyclist
increases her speed from 10 m s−1 to 12 m s−1.

2

A bag of sand of mass 20 kg is lifted on a pallet by a crane. The bag is lifted from rest to a height of 5 m in 8 s at
constant acceleration. Find the contact force on the bag of the sand.

3

A rower starts from rest and accelerates to 4 m s−1 in 20 s. The combined mass of the rower and the boat is
100 kg. The rower provides a constant horizontal driving force of 60 N but is held back by a constant resistance
from the water. Find the size of the resistance force.

4

A stone of mass 0.3 kg is dropped from the top of a cliff to the sea 40 m below. There is constant air resistance
of 0.4 N as it falls.

5

M

6

7

PS

a

Find the speed with which the stone hits the water.

b

The sound of the stone hitting the sea travels at 340 m s−1. Find the time between releasing the stone and
hearing the sound at the top of the cliff.

A train of mass 9000 kg is on a horizontal track. Its engine provides a constant driving force of 4000 N. There is
constant air resistance of 400 N.
a

Find the time taken to reach a speed of 48 m s−1 from rest.

b

When travelling at 48 m s−1 the train enters a horizontal tunnel 400 m long. In the tunnel air resistance
increases to 1000 N. Find the speed at which the train leaves the tunnel.

A submarine has mass 20 000 tonnes. With the engines on full power it can travel at 11m s−1 on the surface and
14 m s−1 underwater.
a

When at maximum speed on the surface, the engines are turned off and it takes 4 km to come to a stop.
Find the resistance from the water on the submarine.

b

Assuming the same resistance from the water, find the distance it would take to stop from maximum
speed underwater when the engines are turned off.

c

Why is it not a reasonable assumption that the resistance underwater is the same as the resistance when
the submarine is at the surface?

A diver of mass 60 kg dives from a height of 10 m into a swimming pool. Through the air there is resistance of
50 N.
a

Find the speed at which the diver enters the water.

b

Once in the water, the water provides an upwards force of 2000 N. Find the greatest depth in the water the
diver reaches.

8

A car of mass 400 kg is approaching a junction and needs to stop in 40 m. It is travelling at 15 m s−1 and there is air
resistance of 1200 N. Determine whether the car needs to brake or accelerate and find the size of the relevant force.

9

A ball of mass 0.1kg is projected vertically upwards from ground level with speed 9 m s−1. It reaches a height of
3 m. There is air resistance against the motion.
a

Find the size of the air resistance.

b

Find the speed with which the ball hits the ground.

10 A car of mass 350 kg is travelling at 30 m s−1 when it starts to slow down, 100 m from a junction. At first, it slows
just using the air resistance of 200 N. Then, at a distance of s m from the junction, it slows using brakes
providing a force of 2000 N as well as the air resistance. Find the distance from the junction at which the brakes
must be applied if the car is to stop at the junction.
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11 A firework of mass 0.3 kg has a charge which provides an upward force of 7 N for 3s.
a

Assuming no air resistance, find the maximum height reached by the firework.

b

The explosive for the firework has a fuse which burns at a rate of 12 mm per second. Find how long the
fuse should be so the firework explodes at the maximum height.

12 A boy drags a cart of mass 5 kg along a horizontal road with force 10 N. There is air resistance of 2 N. At some
point the boy lets go of the cart and the cart slows down under air resistance until coming to rest. In total, the
cart has travelled 36 m. Find the length of time the boy was dragging the cart.
13 A light pallet is at rest on the ground with a stone of mass 30 kg on top of it but not attached. A crane lifts the
pallet by providing a force of 310 N upwards to a height of 8 m, at which point the pallet instantly stops and the
stone loses contact with it. Find the maximum height reached by the stone.
P

14 An air hockey table is 2 m long. A puck of mass 50 g is on the table at the middle point. A player hits the puck
with initial speed 4 m s−1 directly towards one side. Once it is moving there is air resistance of R N. Every time
the puck hits a side, the speed is reduced by 20%.
32
the puck returns past the middle point of the table.
a Show that if R ,
205
b Given that the puck does not return to the middle point a second time, find a lower bound for R.
15 A particle P is projected vertically upwards, from a point O, with a velocity of 8 m s−1. The point A is the highest
point reached by P. Find:
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i

the speed of P when it is at the midpoint of OA

[4]

ii

the time taken for P to reach the midpoint of OA while moving upwards.

[2]
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16 Particles P and Q are projected vertically upwards, from different points on horizontal ground, with velocities
of 20 m s−1 and 25 m s−1 respectively. Q is projected 0.4 s later than P. Find:
i

the time for which P’s height above the ground is greater than 15 m

[3]

ii

the velocities of P and Q at the instant when the particles are at the same height.

[5]
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17 A particle of mass 3 kg falls from rest at a point 5 m above the surface of a liquid which is in a container.
There is no instantaneous change in speed of the particle as it enters the liquid. The depth of the liquid in the
container is 4 m. The downward acceleration of the particle while it is moving in the liquid is 5.5 m s−2.
i

Find the resistance to motion of the particle while it is moving in the liquid.

[2]

ii

Sketch the velocity–time graph for the motion of the particle, from the time it starts to move until the
time it reaches the bottom of the container. Show on your sketch the velocity and the time when the
particle enters the liquid, and when the particle reaches the bottom of the container.

[7]
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