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Instructions

There are ten questions on this paper. Each question carries 50 marks.

Answer any eight questions.

Write your Examination Number in the box on the front cover.
Write your answers in blue or black pen. You may use pencil in graphs and diagrams only.

This examination booklet will be scanned and your work will be presented to an examiner on
screen. All of your work should be presented in the answer areas, or on the given graphs,
networks or other diagrams. Anything that you write outside of these areas may not be seen by
the examiner.

Write all answers into this booklet. There is space for extra work at the back of the booklet. If you
need to use it, label any extra work clearly with the question number and part.

The superintendent will give you a copy of the Formulae and Tables booklet. You must return it at
the end of the examination. You are not allowed to bring your own copy into the examination.

You may lose marks if your solutions do not include relevant supporting work.
You may lose marks if the appropriate units of measurement are not included, where relevant.

You may lose marks if your answers are not given in their simplest form, where relevant.

Diagrams are generally not drawn to scale.
Unless otherwise indicated, take the value of g, the acceleration due to gravity, to be 9.8 m s™2.

Unless otherwise indicated, T and J are unit perpendicular vectors in the horizontal and vertical
directions, respectively, or eastwards and northwards, respectively, as appropriate to the
guestion.

Write the make and model of your calculator(s) here:
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Question 1

(@) MatrixA = [i %] Matrix B = [g _42] Calculate AB.
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(b) A bumper car P, of mass 40 kg, moving with a

speed of 10 m s™* collides directly with a bumper 10ms™ 5ms™
car @, of mass 60 kg, moving in the same direction '
with a speed of 5 m s on a smooth horizontal p 0
surface. 40 kg 60 kg

The coefficient of restitution for the collision

between P and Q is %

(i) Calculate the speed of P and the speed of Q after the collision.

(ii) Calculate the fraction of kinetic energy lost due to the collision.
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(iii) Calculate the impulse imparted on the 40 kg bumper car P.

Bumper car Q then collides directly with a vertical wall. The coefficient of restitution between Q
and the wall is —.
16

(iv) Show that, after the collision with the wall, the two cars will be travelling at the same speed
but in opposite directions.
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Question 2

The construction of a garage is modelled by the activity network shown below. The edges of the
network represent the activities that the workers need to carry out. They are labelled with the
letters A to K. The letters used to label the edges should not be taken as representing the order in
which the activities happen.

The number in the brackets on each edge represents the time, in days, needed to complete each
corresponding activity. Each activity requires exactly one worker. The project is to be completed in
the shortest possible time.

The nodes of the network represent events or points in time during the construction process.
The source node is the time when the construction begins and the sink node is the time when the
construction ends.

D (6)

A(5) I1(8)

E (8)

source J () sink
node node

¢
/ K (6)

H (7)

(i) Calculate the early time and the late time for each event.
Complete the diagram below by writing the early time (upper box) and late time (lower box)
at the node representing each event.

D (6)
A(5) . 1@
source B (3) F (5) 79 sink
node node
G (3)
o / K (6)
H (7)
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Use the space below to show relevant supporting work, if necessary.

(ii)  Write down the critical path for the network.

(iii) Write down the minimum time, in days, to complete the project.

(iv) Calculate the float time for activity B and the float time for activity G.
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A cascade chart (Gantt chart) is a type of bar chart which may be used to represent a project’s
schedule. The duration of each activity is represented by the width of the horizontal bar for that
activity, with time on the horizontal axis. The float time for an activity is represented by a
rectangle drawn using dotted lines to the right of the bar for that activity. The top row of a cascade
chart is used for a critical path.

(v) Draw a cascade chart or similar bar chart to represent the schedule for this project.

day
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

(vi) Aninspection team calls to check the progress of the project at 12 noon on the 18™ day. Use
your chart, or otherwise, to state the activities that must be happening at that time.
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Question 3

Two blocks of mass 4 kg and 6 kg are resting on a
rough horizontal table. They are connected by a taut 4 kg 6 kg
light inextensible string.

The coefficient of friction between the 4 kg mass and

the table is %.

The coefficient of friction between the 6 kg mass and 10 kg

the table is %

The 6 kg mass is connected by a second taut light inextensible string passing over a smooth fixed
pulley at the edge of the table to a 10 kg mass hanging freely, as shown in the diagram.

The system is released from rest.

(i) Draw separate diagrams to show the forces acting on each mass when they are moving.
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(ii) Show that the common acceleration of the masses is 2.94 m s™2.

(iii) Calculate the tension in each of the strings.
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The 10 kg mass was originally 2 m above the ground.

(iv) Calculate the time that it would take for it to hit the ground.

(v) Calculate the speed of the 6 kg mass when the 10 kg mass hits the ground.
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Question 4

A tram system for a city stops at stations P and Q which
are 1500 m apart.

The tram accelerates uniformly from rest at P, reaching a
speed of 20 m s in 10 seconds. The tram maintains this
speed of 20 m s for a time before decelerating uniformly
at 0.5 m s™2, and coming to rest at Q.

(i) Calculate the acceleration of the tram.

(ii) Calculate the time that the tram spends decelerating.

(iii) Calculate the distance for which the tram is travelling at 20 m s™.
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(iv) Calculate the time for which the tram is travelling at 20 m s™.

(v) Using the axes below, draw an accurate velocity-time graph showing the motion of the tram
from P to Q.

A

45
40

35

velocity (m s™)
—_ —_ N N w
(@] ol o vl (e]

921

v

10 20 30 40 50 60 70 80 90 100

time (s)
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A new speed limit of 15 m s7tis being considered for the tram system.

(vi) Calculate the new time that would be taken to complete the journey from P to Q.
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Question 5 %I
] o

A golfer hits a ball from a point A on
level horizontal ground AB. 4
The ball is given an initial velocity of P
40 m s at an angle 6 to the horizontal, 40mst 12m
where tan 8 = 2. /‘9 J

3 A B

As the ball descends, it strikes a branch
of a tree at a point P, where |BP| =12 mand AB L BP.

(i)  Calculate the initial velocity of the golf ball, in terms of Tand J.

(ii) Calculate the time taken for the ball to reach P.
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(iii) Calculate |AB].

(iv) Calculate the maximum height of the ball above the ground.
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(v) Calculate the speed of the ball at P.
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Question 6

Jody wishes to model the motion of a pendulum using the principle of conservation of energy.
A ball of mass 3 kg is attached to a light inextensible string of length 2.5 m which is fixed to the
ceiling at point P.

P

D
\
\

2.5m

(i)  While in position 4, the ball is given an initial horizontal velocity of 7 m s, as shown in the
diagram above.

Show that the ball will just reach the ceiling.
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The pendulum is allowed to come to rest. It is now given a new initial horizontal velocity of
10 m s, as shown in the diagram below.

N
N

2.5m

10ms™
.\ CD—’ms

(ii) Calculate the speed at which the ball strikes the horizontal ceiling.
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Jody also wishes to model the motion of the same ball and string when it is moving in a horizontal
circle, where the centre of the circle is vertically below P. The length of the string is 2.5 m and the
string makes an angle of 30° with the vertical, as shown in the diagram below.

P

(iii) Draw a labelled diagram to show the forces acting on the ball.

(iv) Calculate the radius of the horizontal circle that the ball traces out.
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(v) Calculate the tension in the string.

(vi) Calculate w, the angular velocity of the ball.
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Question 7
The motion of a swimmer in still water can be
represented by a vector d. The magnitude of d is

V29 m st and it makes an angle A with the positive
direction of the 7 axis, wheretan 4 = g

(i) Showthatd =27+57.

The motion of a different swimmer can be represented by a vector b=3+ 47 ms™,

(i) Calculate @ — b.
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(iii) Calculate |B|

(iv) Calculatea - b, the dot product of d@ and b.

Leaving Certificate Examination 2026
Applied Mathematics — Ordinary Level

23




(v) Hence, or otherwise, calculate the angle between the two vectors d and b.
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(vi) Calculate the value of the scalars g and  such that qd@ + rb = T + 13j, where q,7 € Z.
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Question 8

A zoologist is investigating the reproduction pattern of the

population M of a nest of mice. The population of mice at the
start was 400 (M, = 400). The population after n months is e N,
modelled by the following difference equation -

wheren > 0,n € Z.

(i) Calculate M; and M,.

(ii) Solve the difference equation to find an expression for M,,, in terms of n.
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(iii) Calculate Mg, the population of mice after 6 months.
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The zoologist is also investigating the reproduction pattern of
the population of a drove of hares H after n months, to
compare the two species. The hares’ population is modelled by
the following second-order difference equation

Hpiz = Hyyq + 6H,
wheren > 0,n € Z, Hy = 6 and H; = 9.

The difference equation has the characteristic quadratic equation
x2—-x—-6=0

(iv) Solve this quadratic equation, i.e. calculate the roots of the equation.

(v) Hence, or otherwise, solve the difference equation to find an expression for H,, in terms of n.
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(vi) Calculate Hg, the population of hares after 6 months.
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Question 9

(@) A school classroom has nine computer terminals A, B, C, D, E, F, G, H and I. The school
wishes to connect them to form a single computer network.
In the network shown below, the nodes represent the nine computer terminals and the
number on each edge represents the cost, in euros, of connecting the corresponding
computer terminals.

A 45

® U

80 C

H® 73 ®,

(i) Use an appropriate algorithm to find the minimum spanning tree for the computer network.
Relevant supporting work must be shown.
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(ii) State the name of the algorithm used.

(iii) Use your mininum spanning tree to calculate the minimum cost of connecting the nine
computer terminals.
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(b) A town is proposing a public bus network. In the network shown below, the nodes represent
the proposed bus stops. The number on each edge represents the time, in minutes, to travel
between each bus stop. Amy wants to get from A to M as quickly as possible.

21 G

11

A 13

22

B 25 E

(i)  Use Dijkstra’s algorithm to find the route from A to M that takes the shortest time.
Relevant supporting work must be shown.
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(i) Calculate the shortest time for the route.

(iii) The bus travels at a constant speed of 25 km hour™. Calculate the total distance travelled in
km from A to M.

(iv) On a particular day there is a delay. The time taken to travel from H to K is now 7 minutes.
What effect will this have on the shortest time for Amy to travel from A to M?
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Question 10

(a) Brianis planning a Transition Year school tour to France and wants to investigate the
minimum ticket price T. He decides to use a travel agent S to research the costs for him.
The travel agent contacts their immediate suppliers 4, B and C, who in turn negotiate with
their local suppliers D, E, F and G. The travel agent then supplies Brian with the details for a
discounted ticket price T for each student. He draws the network shown to help him find the
best price.

Stage 1 ! Stage 2 | Stage 3

The table shows the costs in euro for each stage of the process, and includes the discounts that are
applied in stage 3.

Supplier Cost in euros Supplier Cost in euros
StoA 350 CtoE 1000
StoB 320 CtoF 950
StoC 325 CtoG 975
AtoD 1050 DtoT -750
AtoF 950 EtoT -700
BtoD 1150 FtoT -600
BtoE 1075 GtoT - 650
BtoG 1050
Leaving Certificate Examination 2026 34

Applied Mathematics — Ordinary Level



Use Bellman’s Principle of Optimality to calculate the minimum cost of the ticket price.
Relevant supporting work must be shown.
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(b) The formula for centripetal acceleration is given below, where a is the acceleration, v is the
linear velocity and r is the radius of the circular motion.

a=—
r

Use dimensional analysis (comparison of units) to show the units on either side of the
equation are equivalent.
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Page for extra work.

Label any extra work clearly with the question number and part.
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Page for extra work.

Label any extra work clearly with the question number and part.

Leaving Certificate Examination 2026 38
Applied Mathematics — Ordinary Level



Page for extra work.

Label any extra work clearly with the question number and part.
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