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Instructions

There are two sections in this examination paper.

Section A Concepts and Skills 150 marks 6 questions
Section B Contexts and Applications 150 marks 4 questions

Answer questions as follows:

e any five questions from Section A — Concepts and Skills
e any three questions from Section B — Contexts and Applications

Write your answers in blue or black pen. You may use pencil in graphs and diagrams only.
Anything that you write outside of the answer 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 may give you a copy of the Formulae and Tables booklet. You must return it at
the end of the examination.

In general, diagrams are not to scale.
You will 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 simplest form, where relevant.

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




Section A Concepts and SKkills

150 marks

Answer any five questions from this section.

Question 1

(a) Write the following as a single fraction, in its simplest form.

6 N 1
x2—2x—8 x2+5x+6

(30 marks)

(b)  Fully factorise 18x2 — 8y?2.




(c) The terms of the binomial expansion of

G
<3x+—)
X

are written in descending powers of x, where x € R.
Find the value of the term independent of x.

(d) Solve the following simultaneous equations:
2x+y =3
2x%2 —xy =10




Question 2

(a)

The nth term of a sequence is defined by
1
T, = En(n +1)

(i) Find the value of (T; + T, ) and (T, + T3 ).

(30 marks)

(T, +Ty) = (T, +T3) =

(ii) By simplifying the expression T,, + T}, 41, show that the sum of any two
consecutive terms is a perfect square.




(b) A quadratic sequence has the following properties:

o The second difference is 10
o The first two terms are equal, i.e. Ty, =T,
° T1 + T2 + T3 =28

(i) Show that the general term of the sequence is T,, = 5n? — 15n + 16.

(ii) Is 216 a term of the sequence? Justify your answer showing necessary calculations.




Question 3 (30 marks)

In this question, i? = —1.

(a) Find the two possible values of v—5 — 12i in the form a + bi, where a, b € R.

(b) Show that 2 — 3i is a root of the equation z3 — 222 + 5z + 26 = 0, and hence, find the
other two roots of the equation.




— 10

E < i> n the form a + bi, wh beR

c Xpress in the form a i, wherea, b € R.
() 1—-+3i I




Question 4 (30 marks)

(a) Find the integral
fsin8x dx

(b) The function f(x) is defined for x € R by:

ex

f(x)=1+ e*

Using the Quotient Rule, find f'(x), the differential of f (x).
Give your answer in the simplest form.




1
(c) The diagram below shows the region bounded by y = T3 the x-axis, the y-axis and

x = 45. The region is divided into two parts of equal area by the line x = k, where k € Z.

\“y

V=

k

0 45

What is the value of the integer k, given that the two parts have equal areas?
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Question 5 (30 marks)

The shaded region is enclosed by the curve y = x3 — 7x and the line y = 2x, as shown in the
diagram.
The line y = 2x intersects the curve y = x3 — 7x at 0(0,0) and A(3, 6).

2y y=2x

y=x3-7x

L 29

(a) Find the area of the shaded region in square units.
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(b) The point B is chosen on the curve y = x3 — 7x so that the tangent at B is parallel to
the line y = 2x and the x-coordinate of B is positive.

(i) Show that the coordinates of B are (\/§, —4\/5).

(ii) Find the exact area of triangle AOB, in square units.
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Question 6 (30 marks)

(a) Use induction to prove that the sum of the first n natural numbers can be found using the
formula:
_nn+1)

1+2+4+3+~+n z

13



(b) Hence, or otherwise, prove that the sum of the first n even natural numbers

2+4+6+ -+ 2n=n*+n

(c) Using the results from (a) and (b) above, find an expression for the sum of the first n odd
natural numbers in its simplest form.

14



Section B Contexts and Applications 150 marks

Answer any three questions from this section.

Question 7 (50 marks)

A sector with radius 10 cm and angle 8 is used to form the curved surface of a cone with
base radius r cm, as shown in the diagram.

10 cm

(a) By expressing 72 in terms of h, show that the volume of the cone, V cm3, can be written as

T
V =<h(100 — h?)

15



192
(b)  There are two positive values of h for which the volume of the cone is i .

(i) Show that one of the values of h is 2 cm.

(ii) Find the non-integer value of h, in cm, correct to 2 decimal places.

This question continues on the next page.
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(c) Find the maximum possible volume of the cone.
Give your answer in cm?, correct to the nearest whole number.

(d) Find the exact value of 8, in radians, for which the volume is a maximum.
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Question 8

(50 marks)

(a) Padraig has a gross annual salary of €92 500.
He pays income tax at a rate of 20% on the first €44 000 of his salary and at a rate of 40%

on the remainder. He has an annual tax credit of €2000.

How much income tax does Padraig pay for the year?

(b) Universal Social Charge (USC) is also payable. In 2026, if your income is €13,000 or less, you
pay no USC. Once your income is over this limit, you pay the relevant rate of USC on all of
your income. The rates of USC for 2026 are given in the table below.

Rate | Income band
0-5% | Upto€12,012
2% | From €12,012.01 to €27,382
4% From €27,382.01 to €70,044
8% | €70,044.01 and over
11% | Self-employed income over €100,000

How much Universal Social Charge does Padraig pay for the year?

This question continues on the next page.
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(c) Padraig also pays Pay Related Social Insurance (PRSI) at a rate of 4% of his gross salary.
What is his net annual income after income tax, USC and PRSI have been paid?

(d) Padraig puts money into a savings account and leaves it there for a number of years.
The amount of money in the account in euro after t years can be modelled by the function

M(t) = 3200e9035¢

(i) What was the initial amount of money that Padraig put into the account?

(ii) Use differentiation to find the rate at which the amount of money in the account is
increasing after 4-5 years. Give your answer correct to the nearest euro per year.

19



(iii) Use integration to find the average amount of money in the account over the first
5 years. Give your answer correct to the nearest euro.

20




Question 9 (50 marks)

(a) A newly launched entertainment streaming service is facing challenges, as
subscriber cancellations continue while no new sign-ups are being recorded.
The weekly subscription totals (in thousands) are shown in the table below,
correct to 3 decimal places.

n (weeks) 1 2 3 4 5
Subscriptions (‘000s) 97 94.09 |91-267
(i) Show that the number of subscriptions is decreasing by 3% each week.
(i) Complete the table above.

(iii) Find an expression for T,,, the number of subscriptions at the end of each week,
wheren € N.

(iv) During which week does the number of subscriptions fall to 50 000?

21



To increase the total number of subscriptions to the streaming service, two possible loyalty
programmes are being developed, with a plan for one of these to be launched when the number of
subscriptions falls to 50 000.

(b) It is hoped that the first loyalty programme will change the percentage decrease of
subscriptions per week from 3% to 1-4% and also increase the number of new subscriptions
by 100 000 each week.

The total number of subscriptions can be modelled by T,,,; =aT,+b T, =50
Calculate the value of a and b.

a = b =

(c) The total number of subscriptions from the second loyalty programme can be modelled by
Thy1 = 099T, +95 T, =50.

(i) Describe what the number 0-99 represents in the context of this question.

(ii) The second loyalty programme can also be modelled as:
T, = A(0-99)" + 9500
where A is a constant determined by the initial condition, T, = 50.

Show that A = —9450.

This question continues on the next page.
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(iii)  The streaming service will need to maintain 8-5 million total subscriptions if it is to
be considered sustainable. Find how many weeks it will take to reach this target
using the second loyalty program.

23




Question 10 (50 marks)

(a) Robert’s home is at point A and his school is at point B. A straight river runs nearby.
The point on the river closest to A is point C, which is 5 km from A.
The point on the river closest to B is point D, which is 7 km from B.

The distance from C to D is 9 km.
Robert cycles from home directly to point E on the river, x km from C, before cycling directly

to school at B, as shown in the diagram below.

5 km 7 km

C | D
je———— x kmm ——| River
™ 9 km

v

v

The total distance Robert cycles from home to school is k km.

(i) Show that k = Vx% + 25 + /49 + (9 — x)2.

This question continues on the next page.
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(ii) Show that sin ¢ = sin § when T 0.
x

dk
(iii)  Show that triangle ACE and triangle BDE are similar when e 0.
X

25



5 km

7 km

River

y

(iv) Hence, or otherwise, find the value of x, in kilometres, that makes sin ¢ = sin .

This question continues on the next page



(b) On the weekends, Robert does long-distance cycling outside of the town.
His velocity, in kilometres per hour, can be modelled using the function:
30t

v(t) = ?

where t is in hours.

(i) Find his velocity after two hours.
Give your answer correct to 2 decimal places.

(ii) Show that his acceleration, in metres/second?, can be expressed as:

. 30(;— t)
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(iii) Find Robert’s maximum velocity for the journey.
Give your answer correct to 2 decimal places.

28




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