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Vectors
Addition and Subtraction of Vectors
Q1

𝑂𝐴𝐵𝐶 and 𝑂𝐴𝐸𝐷 are identical parallelograms. The vectors 𝑝⃗ and 𝑞⃗
are represented by the line segments |𝑂𝐴| and |𝑂𝐷|.
D

E

𝑞⃗
𝑝⃗
O

A

B

C

What line segments represent the vectors:

(𝑖) − 𝑝⃗

Q2

(𝑖𝑖) − 𝑞⃗

⃗⃗⃗⃗⃗
(𝑖𝑣) 𝑝⃗ − 𝑞⃗ − 𝑝⃗ + 2𝑞

(𝑖𝑖𝑖) 𝑝⃗ + 𝑞⃗

𝐴𝐵𝐶𝐷 is a parallelogram where the vectors 𝑝⃗, 𝑞⃗ 𝑎𝑛𝑑 𝑟⃗ are
represented by the line segments |𝐴𝐷|, |𝐴𝑂| and |𝐴𝐵| as shown.
𝑟⃗

A

B

𝑞⃗
𝑝⃗
O

C

D

Write down the line segments that represent the following vectors:
(𝑖) 2𝑞⃗ − 𝑝⃗

(𝑖𝑖) 𝑝⃗ + 𝑟⃗ − 2𝑞⃗

(𝑖𝑣) 𝑟⃗ + 𝑝⃗

(𝑣) 𝑞⃗ − 𝑟⃗ + 𝑝⃗
2
2

1

(𝑖𝑖𝑖) 2𝑞⃗ − 𝑟⃗

1

1

1

(𝑣𝑖) 𝑝⃗ + 𝑟⃗ − 𝑝⃗
2
2
3

Q3 If the vectors 𝑎⃗ and 𝑏⃗⃗ are represented by:
𝑏⃗⃗
45°

𝑎⃗

Where |𝑎⃗| = 4𝑐𝑚 and |𝑏⃗⃗| = 3𝑐𝑚.

Construct the following vectors:

(𝑖) 2𝑎⃗ + 𝑏⃗⃗

(𝑖𝑖) 𝑎⃗ − 𝑏⃗⃗

(𝑖𝑖𝑖) 𝑎⃗ + 2𝑏⃗⃗

(𝑣)

1
𝑎⃗
2

(𝑖𝑣)

+ 𝑏⃗⃗

2(𝑎⃗ − 𝑏⃗⃗)

𝑄4 Copy the following vectors and draw the resultant when they are added:
(𝑖)

5 cm

30°

3 cm

(𝑖𝑖)

4 cm

12 cm

(𝑖𝑖𝑖)
60°

30°
10 cm

12 cm
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Resolving Vectors
Q1

Which two of the following vectors have the same modulus:
𝑎⃗ = 3𝑖⃗ + 4𝑗⃗ ; 𝑏⃗⃗ = 2𝑖⃗ − 5𝑗⃗ ; 𝑐⃗ = 6𝑖⃗ + 8𝑗⃗ ; 𝑑⃗ = −4𝑖⃗ + 3𝑗⃗ ; 𝑒⃗ = 3𝑖⃗ + 2𝑗⃗

Q2

Find the magnitude and direction of the following vectors, where the 𝑖⃗ direction
is East and the 𝑗⃗ direction is North.
(𝑖𝑖) 𝑏⃗⃗ = −12𝑖⃗ − 16𝑗⃗

(𝑖) 𝑎⃗ = 5𝑖⃗ − 12𝑗⃗

(𝑖𝑣) 𝑑⃗ = −7𝑖⃗ + 21𝑗⃗

(𝑖𝑖𝑖) 𝑐⃗ = 16√3𝑖⃗ − 16𝑗⃗

Q3

If 𝑝⃗ = 34𝑖⃗ + 4𝑗⃗

𝑞⃗ = 2𝑖⃗ + 3𝑗⃗

𝑟⃗ = 𝑖⃗ − 3𝑗⃗

Find the direction and magnitude of:
(𝑖)

(𝑖𝑖)

𝑝⃗ + 𝑞⃗

(𝑖𝑖𝑖) 2𝑝⃗ + 2𝑟⃗

𝑞⃗ − 𝑟⃗

(𝑖𝑣) 𝑝⃗ − 2𝑟⃗

(𝑣) 𝑝⃗ − 3𝑞⃗

Q4

Find the vertical and horizontal components of a vector of magnitude 500 N acting at
60° to the horizontal.

Q5

Find the vertical and horizontal components of a vector of magnitude 100 N acting at
45° to the horizontal.

Q6

Find the vertical and horizontal components of a vector of magnitude 400 N acting in a
north-west direction.

Q7

A sleigh is moving along a horizontal path. It is being pulled by a boy exerting a force of
50 N acting at an angle of 30° to the horizontal. If there is also a horizontal force of
20 N opposing the movement of the sleigh what will be the resultant force forwards?
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Q8

Find the resultant of the following forces acting on the same body:

40 N

60 N

45°
40 N

100 N

60°

35N
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Velocity-Time Graphs
Group Activity
Consider the following information:


Mo Farah competed in the Olympic 10 km Final in 2016.



The race consists of 25 laps of the track.



He completed the race in 27 minutes and 5 seconds.



This would give an average speed for the entire race of
_____ ms-1.



He fell after 4000 m but recovered quickly after he
stopped and tucked back into the race again, maintaining
his previous speed.



He broke away in the last two minutes and maintained a sprint finish for the last 400m at 8
ms-1.

Which of the velocity time graphs A, B or C below correctly represents the above information?

Diagram A

Diagram B

Diagram C
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Graph Matching Exercise
Problem1

Problem 1

A car moving at a constant speed of 50 𝑚𝑠 −1 passes a motorbike at rest. The motorbike immediately accelerates at 5 𝑚𝑠 −2 .

A car moving at a constant speed of 50 ms-1 passes a motorbike at rest. The motorbike immediately
Which of the velocity-2time graphs A, B or C would you say correctly shows the time ‘T’ when the motorbike overtakes the car?
accelerates
at 5 ms . Which of the velocity time graphs A, B or C would you say correctly shows the
time “T” when the motorbike overtakes the car?

B

A

C

Problem 2

Problem2

A car moving at a constant speed of 50 ms-1 passes a motorbike moving within an initial speed of 20 ms-1
Problem2
accelerating.
The motorbike immediately accelerates at 5 ms-2. Which of the velocity time graphs A, B
car moving at a constant speed of 50 𝑚𝑠 −1 passes a motorbike moving with an initial speed of 20 𝑚𝑠 −1 accelerating .The motorbike immediately
or C Aaccelerates
would
you
say correctly shows the time “T” when the motorbike overtakes the car?
at 5 𝑚𝑠 −2 .
Which of the velocity time graphs A, B or C would you say correctly shows the time ‘T’ when the motorbike overtakes the car?

A

C

B
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Problem Solving
u = initial velocity
v = final velocity
a = acceleration
s = displacement
t = time taken

v  u  at

No s

1
s  ut  at 2
2

No v

v2  u 2  2as

No t

1.

A car accelerates at a rate of 10 m s–2 for a time of 4 seconds. It reaches a speed of 52 m s–1.
Calculate its initial speed.

2.

A bullet is at rest. It travels a distance of 0.34 m in a time of 0.0095 seconds. Calculate its
acceleration.

3.

A falcon is diving at a speed of 30 m s–1. It accelerates at a rate of 40 m s–2 and reaches a speed
of 100 m s–1. Calculate the distance it travels during its acceleration.

4.

A snail is at rest.
It accelerates at a rate of 0.00075 m s–2.
Calculate the time it takes to reach a speed of 0.0135 m s–1.

5.

A blue shark accelerates at a rate of 16 m s–2 for a time of 0.8 seconds.
During this time it travels a distance of 11.52 m.
Calculate its initial speed.

6.

A bicycle is travelling at a speed of 7 m s–1.
After accelerating over a distance of 57.72 m it attains a speed of 22.6 m s–1.
Calculate the value of its acceleration.

7.

A jet is flying at a speed of 115 m s–1.
It travels a distance of 156 m in a time of 1.2 seconds.
Calculate the value of its acceleration.

8.

A car is travelling at a speed of 30 m s–1.
It decelerates at a rate of 12 m s–2.
Calculate the time taken for the car to come to rest.
(Note: deceleration is negative acceleration.)
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9.

A dog is at rest.
It accelerates at a rate of 6 m s–2 over a distance of 30 m.
Calculate the time it takes to cover this distance.

10.

A stone is thrown vertically upwards. It decelerates at a rate of 9.8 m s–2. It reaches a greatest
height of 16.53 m.
Calculate its initial speed.

11.

A rubber toy rises to a maximum height of 2.51 m.
Its acceleration due to gravity is –9.8 m s–2.
Find its initial velocity.

Sample Leaving Certificate Questions
2010 – Ordinary Level – Question 1
A car travels along a straight level road.
It passes a point P at a speed of 12 m s and accelerates uniformly for 6 seconds to a speed
of 30 m s It then travels at a constant speed of 30 m s for 15 seconds.
Finally the car decelerates uniformly from 30 m s to rest at a point Q .
The car travels 45 metres while decelerating.
Find
(i)
(ii)
(iii)
(iv)

the acceleration
the deceleration

PQ , the distance from P to Q
the average speed of the car as it travels from P to Q .

2007 – Ordinary Level – Question 1
A car travels from p to q along a straight level road.
It starts from rest at p and accelerates uniformly for 5 seconds to a speed of 15m s .
It then moves at a constant speed of 15m s for 20 seconds.
Finally the car decelerates uniformly from 15m s to rest at q in 3 seconds.
(i)
(ii)
(iii)

Draw a speed-time graph of the motion of the car from p to q .
Find the uniform acceleration of the car.
Find the uniform deceleration of the car.

(iv)

Find pq , the distance from p to q .

(v)

Find the speed of the car when it is 13  5 metres from p .
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1999 – Higher Level – Question 1(b)
A particle travels in a straight line with constant acceleration f for 2t seconds and covers
15 metres. The particle then travels a further 55 metres at constant speed in 5t seconds.
Finally the particle is brought to rest by a constant retardation 3 f .
(i)
(ii)
(iii)

Draw a speed-time graph for the motion of the particle.
Find the initial velocity of the particle in terms of t .
Find the total distance travelled in metres, correct to two decimal places.

2008 – Higher Level – Question 1(a)
A ball is thrown vertically upwards with an initial velocity of 39  2m s .
Find
(i)
(ii)

the time taken to reach the maximum height
the distance travelled in 5 seconds.

2002 – Higher Level – Question 1(a)
A stone is thrown vertically upwards under gravity with a speed of u m s from a point 30
metres above the horizontal ground.
The stone hits the ground 5 seconds later.
Find
(i)
(ii)

the value of u .
the speed with which the stone hits the ground.

2008 – Ordinary Level – Question 1
Four points a, b, c and d lie on a straight level road.
A car, travelling with uniform retardation, passes point a with a speed of 30 m s and passes
point b with a speed of 20 m s .
The distance from a to b is 100 m. The car comes to rest at d .
Find
(i)
(ii)
(iii)
(iv)

the uniform retardation of the car
the time taken to travel from a to b
the distance from b to d

the speed of the car at c , where c is the midpoint of bd  .
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Forces
Problems involving Newton’s second law
Q1

When a hot air balloon has risen 200m, a parachutist jumps out. If the mass of the
parachutist is 120 kg, and the lift from the chute is 850 N, find
i) The net force acting on the parachutist as he descends
ii) The acceleration of the parachutist
iii) The time taken to reach the ground assuming he falls vertically.

Q2

A car of mass 150kg is accelerating in a race. If the car engine provides a thrust of
200N, and the drag, or resistance, is 180N find
i) The net force in the direction of motion
ii) The acceleration of the car
iii) The speed of the car after travelling 100m, assuming the car starts from rest.
iv) If the driver at this stage throttles back so the engine is providing a thrust of 180N,
what is the net force acting on the car?
v) What is the acceleration of the car?
vi) How long does it take the car to travel the next 100 m?

Q3

A car is moving at a constant velocity of 20 m/s. How much net force is required to raise
its velocity to 50 m/s in 30 seconds? Suppose the car has a mass of 150 kg.

Q4

A box of mass 40kg is pulled across a rough floor. If the box starts from rest and has a
speed of 5 m/s after 10 secs, find
i) The acceleration
ii) The net force acting on the box
iii) The force of friction
iv) State two ways of reducing this friction?
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Q5

A plane of mass 35 tonnes is landing. If its speed changes from 500 km/hr to 20 km/hr over
25 km, find
i) Its deceleration
ii) The force needed to do this
iii) The net force acting on the plane?

Q6

A body is brought to rest by a resistance force of 70N over a distance of 50m.
If the initial velocity of the body was 5m/s, find the mass of the body in kilograms.

Q7

A person pulls a box of mass 36kg across the floor of a gymnasium by means of a
horizontal rope. The total resistance to motion is 30N. If the tension in the rope is 120N,
find the acceleration of the box.

Q8

A sled of mass 600kg is pulled by a horizontal rope across a frozen lake. Friction between
the sled and the ice may be neglected. Find the air resistance in newtons if the sled
accelerates at ¼ m/s² while the tension in the rope is 180N.

Friction Problems
Take g=9.8m/s²
Q1

A boy pushes a block of wood of mass 100kg across level ground by applying a horizontal
force of 900N. If the coefficient of friction between the wood and the ground is ¾ find the
acceleration of the block.

Q2

A slab of mass 20 kg rests on horizontal ground. The coefficient of friction between the slab
and the ground is ¼. Find
(i) the value of limiting friction in newtons
(ii) the acceleration when a force of 496N acts horizontally on the slab
(iii) the force needed to give the slab an acceleration of 2m/s²

13

Inclined plane Problem

A block of weight 25N rests on a plane inclined to the horizontal with a slope of ¾.
If the block slips under its own weight find the acceleration of the block

a) if the contact is smooth
b) if the contact is rough with coefficient of friction ¼

Coefficient of Friction Activity
We will use an adjustable inclined plane for these tasks.



Determine the mass of the object which will be placed on the inclined plane.
[Weight = Mass x 9.81]



Place the object at the end of the plane while it is in a horizontal position as shown in figure
1.

Figure 1
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Now slowly raise the inclined plane until the object is on the point of slipping as shown in
figure 2.

Figure 2




Repeat the process to fine tune the position where the mass commences to slide.
Measure the angle of the inclined plane as shown in figure 3.

Figure 3
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We may now fill out the unknown parts of the diagram as shown in figure 4.

Figure 4



Finally we require the horizontal and vertical components of the weight (figure 5).

Figure 5



We may resolve our equations:
R = 𝑊 × 𝐶𝑜𝑠(
𝑊 × 𝑆𝑖𝑛(



)

)
=

=

𝑁

Eq. 1

𝜇×𝑅

Eq. 2

By substituting the value of ‘R’ into equation 2, we can calculate the value of 𝜇, the
Coefficient of Friction between the object and the surface.
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Note
(i)

(ii)

If the surface contact between the object and the plane is rough then we can
expect a large value for 𝜇.
Similarly, we expect a low value for 𝜇 if there appears to be little or no friction
(i.e. it appears slippy) between the object and the surface of the plane.

(iii)

Different materials attached to the end of the block such as carpet will yield a
different value of 𝜇.

(iv)

The value for 𝜇 is in the range from 0 to 1.
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Pulleys
Sample Pulley Questions

2009

2008

2007

Further questions on a similar theme can be found in years 2003, 2014 & 2016.
18

2002

2003

19

2001

The solutions to these problems can be found at www.examinations.ie

Inclined Plane Exercises
2009

20

2007

Further questions on a similar theme (2001, 2006 & 2015) can be found at www.examinations.ie
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Three particles with Pulleys Exercises
2002

Moveable pulley Exercises
2016 Higher Level
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Projectiles
Exercises with 𝒊⃗ and 𝒋⃗

Q1

(

Find

Q2

the velocity after t seconds.

(ii)

the time to attain maximum height.

(iii)

the range of the projectile.

(

)

(i)

the displacement of the particle after t seconds.

(ii)

the time of flight.

(iii)

the times when the particle is 95 m above the horizontal.

⃗⃗⃗⃗.
A projectile is fired with an initial velocity of (64𝑖⃗ + 48𝑗)
Find

Q4

(i)

A particle is projected with an initial velocity of 200i +100 j m s .
Find

Q3

)

A particle is projected with an initial velocity 24i +10 j m s .

(i)

the initial speed.

(ii)

the direction in which it is fired.

(iii)

the horizontal component of its velocity 2 seconds after firing.

(iv)

its velocity on striking the ground

A particle is projected from the top of a sea cliff, 80 m high, with velocity
12.5√3𝑖⃗ + 12.5𝑗⃗ 𝑚𝑠 −1.

Find

(i)

the maximum height reached above the water.

(ii)

the time when the particle lands in the sea

(iii)

Find how far the particle is from the foot of the cliff when it lands.
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Exercises with Speed and Direction
Q1

5

A projectile is fired with an initial speed of 26 𝑚𝑠 −1 at an angle of 𝑡𝑎𝑛−1 12 .
5

[i. e tan 𝜃 = 12]

Q2

Find

(i).

Its initial velocity in terms of 𝑖⃗ 𝑎𝑛𝑑 𝑗⃗.

(ii).

Its velocity and speed after 1 second.

(iii).

The time taken to reach its maximum height.

(iv).

The range of the projectile

A particle is projected from ground level with an initial speed of 50 𝑚𝑠 −1 inclined at an
angle 30° to the horizontal.

Find
(𝑖)
(𝑖𝑖)

Q3

The time taken to reach its greatest height
The two times when the particle is at a height of 5 m .

A cannonball is projected horizontally from the top of a cliff 120 m high, with an initial
speed of 60 𝑚𝑠 −1
Find how far the cannon lands from the foot of the cliff.

Q4

A particle is projected from the top of a sea cliff 150 m high, with an initial speed of
10√2 𝑚𝑠 −1 at an angle 45 ° to the horizontal.

Find
(𝑖)

The maximum height reached above the sea.

(𝑖𝑖)

How far the particle lands from the foot of the cliff.
Take 𝑔 = 10𝑚𝑠 −2 in this question.
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Extension Exercises
Q5

A ball is projected with speed 𝑢 𝑚/𝑠 at an angle 45° to the ground. If it is caught 21𝑚 away by
a man at a height of 1𝑚 above the ground, find 𝑢.

Q6

A particle is projected with velocity 20√10 𝑚𝑠 −1 at an angle of 𝑡𝑎𝑛−1 3 above the horizontal.
Find

Q7

(𝑖)

Find the time of flight of the particle

(𝑖𝑖)

Find the range of the particle, R.

(𝑖𝑖𝑖)

What is the height of the particle when the horizontal displacement is 3 𝑅?

(𝑖𝑣)

What is the velocity of the particle when it lands, in terms of 𝑖⃗ 𝑎𝑛𝑑 𝑗⃗.

2

A dart is projected horizontally from a point 1.7𝑚 above a horizontal floor and 3𝑚 away
from the dartboard. This dart strikes the board at a point 1.6𝑚 above the floor.
1

(𝑖) Show that the time taken for the dart to reach the board is 7 of a second.
(𝑖𝑖) Show that the speed of the dart’s projection must be 21 𝑚𝑠 −1 .

Leaving Certificate Questions
2005 – Ordinary Level – Question 3(a)
A particle is projected from a point o on level horizontal ground with an initial speed of
50 3 m s at an angle  to the horizontal.
It strikes the level ground at p after 15 seconds.
(i)

Find the angle 

(ii)

Find

op

, the distance from o to p . Give your answer to the nearest metre.
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2010 – Ordinary Level – Question 3
A particle is projected with initial 72 i  30 j m s velocity from the top of a straight vertical
cliff of height 35 m.
It strikes the horizontal ground at P .
Find
(i)
(ii)
(iii)
(iv)

the time taken to reach the maximum height
the maximum height of the 35 m particle above ground level
the time of flight
OP , the distance from O to P

(v)

the speed of the particle as it strikes the ground.

2007 – Higher Level – Question 3(a)
A particle is projected with a speed of 7 5 m s at an angle  to the horizontal.
Find the two values of  that will give a range of 12  5 m.

26

2003 – Higher Level – Question 3(a)
A particle is projected from a point on level horizontal ground at an angle  to the
horizontal ground.
Find  , if the horizontal range of the particle is five times the maximum height reached by
the particle.

2008 – Higher Level – Question 3(a)
A ball is projected from a point on the ground at a distance of a from the foot of a
vertical wall of height b , the velocity of projection being u at an angle 45 to the
horizontal.
If the ball just clears the wall prove that the greatest height reached is:
a2
.
4 a  b

2006 – Higher Level – Question 3(b)
A particle is projected up an inclined plane with initial velocity u m s .
The line of projection makes an angle 30 with the plane and the plane is inclined at 30
to the horizontal.
The plane of projection is vertical and contains the line of greatest slope.
Find, in terms of u , the range of the particle on the inclined plane.

27

2008 – Higher Level – Question 3(b)
A particle is projected down an inclined plane with initial velocity u m s .
The line of projection makes an angle of 2  with the inclined plane and the plane is
inclined at   to the horizontal.
The plane of projection is vertical and contains the line of greatest slope.
The range of the particle on the inclined plane is

ku 2
sin  .
g

Find the value of k .
Problem Involving Max. Height – “Applied Mathematics” – Dominick Donnelly.
A plane is inclined at an angle  to the horizontal. A particle is projected up this plane
with a speed u at an angle  to the plane.
The plane of projection is vertical and contains the line of greatest slope.
Find, in terms of u,  and  , the maximum perpendicular height of the particle above the
plane. Hence, or otherwise, show that the maximum vertical height of the particle above
u 2 sin 2 
the plane is given by
.
2 g cos 2 
1997 – Higher Level – Question 3(b)
A particle is projected from a point p
with initial speed 15m s , down a plane
inclined at an angle of 30 to the
horizontal. The direction of projection
is at right angles to the inclined plane.
(The plane of projection is vertical and
contains the line of greatest slope).
Find
(i)

(ii)

the perpendicular height of the
particle above the plane after t
seconds
and
hence,
or
otherwise, shoe that the vertical
height h of the particle above
the plane after t seconds is
10 3 t  4  9t 2 .
the greatest perpendicular height it attains above the plane (i.e. the maximum value
of h ) correct to two decimal places.
28

2010 – Higher Level – Question 3(b)
A particle is projected up an inclined plane with initial speed 80m s .
The line of projection makes an angle of 30 with the inclined plane and the plane is
inclined at an angle  to the horizontal.
The plane of projection is vertical and contains the line of greatest slope.
2
The particle strikes the plane at an angle of tan 1
.
3
Find
(i)
the value of 
(ii)
the speed with which the particle strikes the plane.

2007 – Higher Level – Question 3(b)
A plane is inclined at an angle 45 to the horizontal. A particle is projected up the plane
with initial speed u at an angle  to the horizontal.
The plane of projection is vertical and contains the line of greatest slope.
The particle is moving horizontally when it strikes the inclined plane.
Show that tan   2 .
Solutions to these problems can be found at www.examinations.ie
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