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Mathematics: analysis and approaches SL | Paper 1 | May 2021 TZ1 | Q6 | 8 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
6. [Maximum mark: 8]

(a) Show that sin2x + cos2x — 1 = 2sinx(cosx — sinx). [2]

(b) Hence or otherwise, solve sin2x + cos2x — 1 + cosx — sinx =0 for 0 <x < 27. [6]
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Mathematics: analysis and approaches SL | Paper 1 | May 2021 TZ2 | Q1 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 6]

The following diagram shows a circle with centre O and radius r.

diagram not to scale
A

ANTE,

Points A and B lie on the circumference of the circle, and AOB = 1 radian .
The perimeter of the shaded region is 12.
(a) Find the value of r. [3]

(b) Hence, find the exact area of the non-shaded region. [3]
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Mathematics: analysis and approaches SL | Paper 1 | May 2021 TZ2 | Q3| 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
3. [Maximum mark: 6]

(@) Show that the equation 2 cos’x + 5sinx = 4 may be written in the form
2sin’x — Ssinx +2=0. [1]

(b) Hence, solve the equation 2cos’x + Ssinx =4, 0 <x < 27. [5]
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Mathematics: analysis and approaches SL | Paper 1 | May 2021 TZ2 | Q6 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be

continued below the lines, if necessary.

6. [Maximum mark: 7]
The following diagram shows triangle ABC, with AB =10, BC=x and AC = 2x.

diagram not to scale

10

2x

Given that cosC = % , find the area of the triangle.

g

Give your answer in the form 5 where p,q € Z".
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Mathematics: analysis and approaches SL | Paper 2 | May 2021 TZ1 | Q4 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

4. [Maximum mark: 5]

A Ferris wheel with diameter 110 metres rotates at a constant speed. The lowest point on
the wheel is 10 metres above the ground, as shown on the following diagram. P is a point on
the wheel. The wheel starts moving with P at the lowest point and completes one revolution

in 20 minutes.

diagram not to scale

10m

The height, & metres, of P above the ground after ¢ minutes is given by 4 (¢) = acos(bt) + ¢,
where a, b, c € R.

Find the values of a, b and c.
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Mathematics: analysis and approaches SL | Paper 2 | May 2021 TZ1 | Q8 | 14 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

8. [Maximum mark: 14]
Two straight fences meet at point A and a field lies between them.
A horse is tied to a post, P, by a rope of length » metres. Point D is on one fence and

point E is on the other, such that PD = PE =PA =r and DPE = 9 radians. This is shown in
the following diagram.

A

The length of the arc DE shown in the diagram is 28 m.

(a) Write down an expression for 7 in terms of 6.

, . 392 .
(b)  Show that the area of the field that the horse can reach is B (0+sin@).

(c) The area of field that the horse can reach is 460 m’. Find the value of 6.

(d) Hence, find the size of DAE.

(This question continues on the following page)
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(Question 8 continued)

A new fence is to be constructed between points B and C which will enclose the field,
as shown in the following diagram.

Point C is due west of B and AC = 800m. The bearing of B from A is 195°.

(e) (i) Find the size of ABC.

(i)  Find the length of new fence required. [5]
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Mathematics: analysis and approaches SL | Paper 2 | May 2021 TZ2 | Q7 | 13 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 13]

The six blades of a windmill rotate around a centre point C. Points A and B and the base of
the windmill are on level ground, as shown in the following diagram.

From point A the angle of elevation of point C is 0.6 radians.

(a) Given that point A is 12 metres from the base of the windmill, find the height of point C
above the ground. [2]

An observer walks 7 metres from point A to point B.

(b) Find the angle of elevation of point C from point B. [2]
The observer keeps walking until he is standing directly under point C. The observer has a

height of 1.8 metres, and as the blades of the windmill rotate, the end of each blade passes

2.5 metres over his head.

(c) Find the length of each blade of the windmill. [2]

One of the blades is painted a different colour than the others. The end of this blade is
labelled point D. The height /4, in metres, of point D above the ground can be modelled

3
by the function h(t)=pcos(£tJ+q, where ¢ is in seconds and p, ¢ € R. When =0,

point D is at its maximum height.

(d) Find the value of p and the value of q. [4]
If the observer stands directly under point C for one minute, point D will pass over his

head n times.

(e) Find the value of n. [3]
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Mathematics: analysis and approaches SL | Paper 1 | Nov 2021 | Q6 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

6. [Maximum mark: 7]

6 2x* —5x-3

(@) Showthat 2x—-3— = ,xeR, x#1. [2]
x—1 x-—1
(b) Hence or otherwise, solve the equation 2sin 260 —3—# =0 for0<0<m, 0= T [5]
sin26 —1 4
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Mathematics: analysis and approaches SL | Paper 2 | Nov 2021 | Q3 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

3.  [Maximum mark: 5]

Consider a triangle ABC, where AC=12,CB =7 and BAC=25°.

Find the smallest possible perimeter of triangle ABC.

12EDPNA
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Mathematics: analysis and approaches SL | Paper 2 | Nov 2021 | Q5 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 6]

The following diagram shows a semicircle with centre O and radius r. Points P, Q and R
lie on the circumference of the circle, such that PQ =27 and ROQ = 0, where 0 < < 1.

R

P (0] Q
(a) Given that the areas of the two shaded regions are equal, show that 0= 2sin6. [5]
(b)  Hence determine the value of 6. [1]

12EPNAR
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Mathematics: analysis and approaches SL | Paper 2 | Nov 2021 | Q8 | 13 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

8. [Maximum mark: 13]
The height of water, in metres, in Dungeness harbour is modelled by the
function H(¢) = asin(b (¢t - c)) + d, where ¢ is the number of hours after midnight,
and a, b, ¢ and d are constants, where a >0, »>0 and ¢ > 0.

The following graph shows the height of the water for 13 hours, starting at midnight.
H(),

10+

The first high tide occurs at 04:30 and the next high tide occurs 12 hours later. Throughout
the day, the height of the water fluctuates between 2.2m and 6.8 m.

All heights are given correct to one decimal place.

(a) Show that b= % . [1]
(b)  Find the value of a. [2]
(c) Find the value of d. [2]
(d) Find the smallest possible value of c. [3]
(e) Find the height of the water at 12:00. [2]

(f)  Determine the number of hours, over a 24-hour period, for which the tide is higher
than 5 metres. [3]

Turn over
_ LRI .
12FEPNQ
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Mathematics: analysis and approaches SL | Paper 1 | Specimen 2021 | Q1 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]
The following diagram shows triangle ABC, with AB=6 and AC=8.

diagram not to scale

B
6
A C
8
(a) Given that cos 4 = % find the value of sin 4. [3]
(b) Find the area of triangle ABC. [2]
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Mathematics: analysis and approaches SL | Paper 1 | Specimen 2021 | Q6 | 8 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

6. [Maximum mark: 8]

(@) Show that log, (cos2x + 2) = log, \/cos2x + 2. [3]
(b)  Hence or otherwise solve log, (2sinx) = log,(cos2x + 2) for 0 < x < g [5]

|H ||||||| || |I|‘||||||I|| I|| Turn nver
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Mathematics: analysis and approaches SL | Paper 2 | Specimen 2021 | Q2 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be

continued below the lines, if necessary.

2. [Maximum mark: 6]

The following diagram shows part of a circle with centre O and radius 4cm.

&>

ool

A 5cm

Chord AB has a length of 5¢cm and AOB = 4.
(a) Find the value of @, giving your answer in radians.

(b) Find the area of the shaded region.

|H||||||||||I|||||||‘|||||| Turn nver
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Mathematics: analysis and approaches SL | Paper 2 | Specimen 2021 | Q7 | 16 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 16]

Adam sets out for a hike from his camp at point A. He hikes at an average speed of 4.2 km/h
for 45 minutes, on a bearing of 035° from the camp, until he stops for a break at point B.

(a) Find the distance from point A to point B. [2]

ey Z

(O8]
9y
o

A

Adam leaves point B on a bearing of 114" and continues to hike for a distance of 4.6 km until
he reaches point C.

pd

N
A

(S

(b) () Show that ABC is 101°.

(i)  Find the distance from the camp to point C. [5]
(c) Find BCA. [3]
Adam’s friend Jacob wants to hike directly from the camp to meet Adam at point C.
(d) Find the bearing that Jacob must take to point C. [3]
Jacob hikes at an average speed of 3.9 km/h.

(e) Find, to the nearest minute, the time it takes for Jacob to reach point C. [3]
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Mathematics: analysis and approaches SL | Paper 2 | Specimen 2021 | Q9 | 13 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.
9. [Maximum mark: 13]
Consider a function f', such that f(x) = 5,8sin (%(x + I)J +b,0<x<10,beR.

(@) Find the period of f. [2]
The function f has a local maximum at the point (2, 21.8), and a local minimum at (8, 10.2).
(o) (i) Find the value of b.

(i)  Hence, find the value of £(6). (4]
A second function g is given by g(x) = psin (%T(x - 3.75)) +q,0<x<10; p,geR.

The function g passes through the points (3, 2.5) and (6, 15.1).
(c) Find the value of p and the value of g. [5]

(d) Find the value of x for which the functions have the greatest difference. [2]
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Mathematics: analysis and approaches SL | Paper 1 | May 2022 TZ1 | Q4 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

4. [Maximum mark: 7]

Consider the functions f(x)= V3sinx+cosx where 0 <x <n and g(x) =2x where x € R.

(@) Find (fog)x). (2]

(b) Solve the equation ( fo g)(x) =2cos2x where 0 <x <. [5]

|H ||||||| || ||||||||||||| ||| Tiirn nver
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Mathematics: analysis and approaches SL | Paper 1 | May 2022 TZ2 | Q5 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 5]

Find the least positive value of x for which cos(§+ g] =—.
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Mathematics: analysis and approaches SL | Paper 2 | May 2022 TZ1 | Q3| 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
3. [Maximum mark: 6]

A company is designing a new logo. The logo is created by removing two equal segments
from a rectangle, as shown in the following diagram.

diagram not to scale

The rectangle measures 5cm by 4cm. The points A and B lie on a circle, with centre O
and radius 2cm, such that AOB = 0, where 0 < 6 < «t. This information is shown in the
following diagram.

diagram not to scale

5
v
(a) Find the area of one of the shaded segments in terms of 0. [3]
(b)  Given that the area of the logo is 13.4cm?, find the value of 6. [3]

(This question continues on the following page)
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(Question 3 continued)
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Mathematics: analysis and approaches SL | Paper 2 | May 2022 TZ1 | Q7 | 13 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 13]
All lengths in this question are in centimetres.

A solid metal ornament is in the shape of a right pyramid, with vertex V and square
base ABCD. The centre of the base is X. Point V has coordinates (1, 5, 0) and point A
has coordinates (-1, 1, 6).

diagram not to scale

(@) Find AV. [2]
(b) Giventhat AVB =40, find AB. [3]
The volume of the pyramid is 57.2cm’, correct to three significant figures.

(c) Find the height of the pyramid, VX. [3]

A second ornament is in the shape of a cuboid with a rectangular base of length 2xcm,
width xcm and height ycm. The cuboid has the same volume as the pyramid.

(d) The cuboid has a minimum surface area of Scm”. Find the value of S. [5]

||| |||||||||||||||||||| ||||| Tuirn aver
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Mathematics: analysis and approaches SL | Paper 2 | May 2022 TZ2 | Q1 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 6]
The following diagram shows a circle with centre O and radius 5 metres.
Points A and B lie on the circle and AOB=1.9 radians.

diagram not to scale

(@) Find the length of the chord [AB]. [3]

(b) Find the area of the shaded sector. [3]
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Mathematics: analysis and approaches SL | Paper 2 | May 2022 TZ2 | Q7 | 14 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 14]

A farmer is placing posts at points A, B, and C in the ground to mark the boundaries of a
triangular piece of land on his property.

From point A, he walks due west 230 metres to point B.
From point B, he walks 175 metres on a bearing of 063° to reach point C.

This is shown in the following diagram.

diagram not to scale

c 2@ Z

. 230m A
(@) Find the distance from point A to point C. [4]
(b)  Find the area of this piece of land. [2]
(c) Find CAB. [3]

The farmer wants to divide the piece of land into two sections. He will put a post at point D,
which is between A and C. He wants the boundary BD to divide the piece of land such that
the sections have equal area. This is shown in the following diagram.

diagram not to scale

230m

(d)  Find the distance from point B to point D. [5]

||| |||||||||||||||||||| ||||| Tuirn aver

Apollo | Original source crop | 36



Mathematics: analysis and approaches SL | Paper 2 | May 2022 TZ2 | Q7 | 14 marks

v L1 11V

Do not write solutions on this page.

Apollo | Original source crop | 37



Mathematics: analysis and approaches SL | Paper 1 | Nov 2022 | Q3 | 7 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
3. [Maximum mark: 7]

Consider a circle with a diameter AB, where A has coordinates (1,4, 0) and B has
coordinates (-3, 2, —4).

(a) Find

(i) the coordinates of the centre of the circle;

(i)  the radius of the circle. [4]
The circle forms the base of a right cone whose vertex V has coordinates (-1, -1, 0).

diagram not to scale

(b)  Find the exact volume of the cone. [3]
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Mathematics: analysis and approaches SL | Paper 1 | Nov 2022 | Q9 | 15 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

9. [Maximum mark: 15]
The function 1 is defined by f(x) = cos’x — 3sin’x, 0 <x < .
(a) Find the roots of the equation f(x)=0. [5]
(b) () Find f'(x).
(i)  Hence find the coordinates of the points on the graph of y = f(x) where f'(x)=0. [7]

(c) Sketch the graph of y = f(x), clearly showing the coordinates of any points
where f'(x) =0 and any points where the graph meets the coordinate axes. [3]

References:
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Mathematics: analysis and approaches SL | Paper 2 | Nov 2022 | Q2 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be

continued below the lines, if necessary.

2. [Maximum mark: 6]
The following diagram shows triangle ABC, with AC =24, BC =17, and ABC = 113°.

diagram not to scale

113°
17

A 24 C

(@) Find BAC.

(b) Find AB.

|H |||||||||||||||”|‘|||||| Tiirn nver

Apollo | Original source crop | 43



Mathematics: analysis and approaches SL | Paper 2 | Nov 2022 | Q8 | 13 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

8. [Maximum mark: 13]

The following diagram shows a sector ABC of a circle with centre A . The angle BAC =2«

where 0< <g,and OEAzg.

A circle with centre O and radius r is inscribed in sector ABC.
AB and AC are both tangent to the circle at points D and E respectively.

diagram not to scale

A
E D
C B
r2
(a) Show that the area of the quadrilateral ADOE is . [4]

tano

(This question continues on the following page)
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(Question 8 continued)
R represents the shaded region shown in the following diagram.

diagram not to scale

(b) (i) Find DOE in terms of a.
(i)  Hence or otherwise, find an expression for the area of R. [5]

(c) Find the value of a for which the area of R is equal to the area of the circle of
centre O and radius r. [4]

||| ||||||||| |||||||||||||||| Turn aver
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ1 | Q4 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
4. [Maximum mark: 6]

(@) Show that the equation cos2x = sinx can be written in the form 2sin’x + sinx — 1 = 0. [1]

(b) Hence, solve cos2x =sinx, where -t <x < 7. [5]

|H ||||||| || ||||||||||||| ||| Tiirn nver
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ1 | Q6 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
6. [Maximum mark: 6]

The function f is defined by f(x) = singx, where ¢ > 0. The following diagram shows part of
the graph of f for 0 <x <4m, where x is in radians. There are x-intercepts at x =0, 2m and 4m.

Y
4
3
2
1
0 X
1 m 2m 3m 4m Sm 6m
-2
-3
—4
(a) Find an expression for m in terms of ¢. [2]
.2
The function g is defined by g(x) = 3sm%, for 0<x<6m.
(b)  On the axes above, sketch the graph of g. [4]

|H ||||||| || ||||||||||I|| ||| Tiirn nver
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q1 | 6 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 6]
The following diagram shows a circle with centre O and radius 4cm.

diagram not to scale

The points P, Q and R lie on the circumference of the circle and POR = 6, where 6 is
measured in radians.

The length of arc PQR is 10cm.

(a) Find the perimeter of the shaded sector. [2]
(b) Find 6. [2]
(c) Find the area of the shaded sector. [2]

(This question continues on the following page)

Apollo | Original source crop | 50



Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q1 | 6 marks

v v T
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Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q8 | 14 marks

Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

8. [Maximum mark: 14]
Consider an acute angle 6 such that cos6 = %
(@) Find the value of
(iy sind®;
(i)  sin26. [4]
The following diagram shows triangle ABC, with B= 0, A=260, BC=a and AC =b.

C

(b) Show that b= %. [2]

(This question continues on the following page)
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(Question 8 continued)

[BA] is extended to form an isosceles triangle DAC, with D= 0, as shown in the
following diagram.

B
(c) Find the value of sinCAD. 3]
(d) Find the area of triangle DAC, in terms of a. [5]

|||||||||||||||||||||||||||| Turn aver

Apollo | Original source crop | 54



Mathematics: analysis and approaches SL | Paper 1 | May 2023 TZ2 | Q8 | 14 marks

(R V] Lo T

Do not write solutions on this page.

Apollo | Original source crop | 55



Mathematics: analysis and approaches SL | Paper 2 | May 2023 TZ1 | Q1 | 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]

The cities Lucknow (L), Jaipur (J) and Delhi (D) are represented in the following diagram.
Lucknow lies 500km directly east of Jaipur, and JLD = 25°.

diagram not to scale

North

A

25°
J 500km L

The bearing of D from J is 034°.
(a) Find JDL.

(b) Find the distance between Lucknow and Delhi.
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

9. [Maximum mark: 15]
An engineer is designing a gutter to catch rainwater from the roof of a house.

The gutter will be open at the top and is made by folding a piece of sheet metal 45cm wide
and 600cm long.

diagram not to scale

sheet metal

A
v

45

The cross-section of the gutter is shaded in the following diagram.

diagram not to scale

The height of both vertical sides is 10cm. The width of the gutter is wem.
Arc AB lies on the circumference of a circle with centre O and radius 12cm.

(This question continues on the following page)
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(Question 9 continued)
Let AOB = 0 radians, where 0 < 6 < 7.
(a) Show that 8=2.08, correct to three significant figures. [3]
(b) Find the area of the cross-section of the gutter. [71

In a storm, the total volume, in cm’, of rainwater that enters the gutter can be modelled by a
function R (), where t is the time, in seconds, since the start of the storm.

It was determined that the rate at which rainwater entered the gutter could be modelled by
, 2mt
R'(t)=50cos v +3000,7=0.

During any 60-second period, if the volume of rainwater entering the gutter is greater than
the volume of the gutter, it will overflow.

(c) Determine whether the gutter overflowed in this storm. Justify your answer. [5]

References:

© International Baccalaureate Organization 2023
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 6]
The following diagram shows two buildings situated on level ground.

From point P on the ground directly between the two buildings, the angle of elevation to the
top of each building is 6.

diagram not to scale

A
. 154m
\\\ B
h \\\\}Som /////
90m,’
= AV
P

The distance from point P to point A at the top of the taller building is 150 metres.
The distance from point P to point B at the top of the shorter building is 90 metres.

The distance between A and B is 154 metres.

(a) Find the measure of APB. [3]

(b) Find the height, /4, of the taller building. [3]

|H |||||||||||||||”|‘|||||| Tiirn nver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

8. [Maximum mark: 13]

A weight suspended on a spring is pulled down and released, so that it moves up and down
vertically.

The height, H metres, of the base of the weight above the ground can be modelled by the
function H(t) =acos(7.8t)+ b, for a,b € R and 0 <¢< 10, where ¢ is the time in seconds
after the weight is released.

ground

(a) Find the period of the function. 2]

(This question continues on the following page)
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(Question 8 continued)
The weight is released when its base is at a minimum height of 1 metre above the ground,

and it reaches a maximum height of 1.8 metres above the ground. The graph of H is shown
in the following diagram.

H

24

1.5

(b)  Find the value of

i) a;

(i) b. [3]
(c) Find the number of times that the weight reaches its maximum height in the first five

seconds of its motion. [2]
(d) Find the first time that the base of the weight reaches a height of 1.5 metres. [2]

A camera is set to take a picture of the weight at a random time during the first five seconds
of its motion.

(e) Find the probability that the height of the base of the weight is greater than 1.5 metres
at the time the picture is taken. [4]

||| ||||||||| |||||||||||||||| Turn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 6]

The following diagram shows a pyramid with vertex V and rectangular base OABC.

Point B has coordinates (8, 6, 0), point C has coordinates (8, 0, 0) and point V has
coordinates (4, 3, 10).

diagram not to scale

zZ
V(4,3,10)
C(8,0,0) o) o y
X
B(8,6,0)
(@) Find BV. [2]
(b) Find the size of BVC. (4]

|H |||||||||||||||”|‘|||||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
4. [Maximum mark: 7]

A company is designing a new logo in the shape of a letter “C”.

The letter “C” is formed between two circles with centre O.
The point A lies on the circumference of the inner circle with radius »cm, where r < 10.
The point B lies on the circumference of the outer circle with radius 10cm.

The reflex angle AOB is 4.8 radians. The letter “C” is shown by the shaded area in the
following diagram.

diagram not to scale

(This question continues on the following page)
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(Question 4 continued)
(@) Show that the area of the “C” is given by 240 — 2.4r°. [2]
The area of the “C” is 176cm’.
(b) () Find the value of r.
(i)  Find the perimeter of the “C”. [5]

||| ||||||| || ||||||||||I|| ||| Tirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 6]

The following diagram shows a pyramid with vertex V and rectangular base OABC.

Point B has coordinates (6, 8, 0), point C has coordinates (6, 0, 0) and point V has
coordinates (3,4, 9).

diagram not to scale

z
V(3,4,9)
x B(6, 8, 0)
(@) Find BV. [2]
(b)  Find the size of BVC. [4]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
4. [Maximum mark: 7]

A company is designing a new logo in the shape of a letter “C”.

The letter “C” is formed between two circles with centre O.
The point A lies on the circumference of the inner circle with radius »cm, where r < 10.
The point B lies on the circumference of the outer circle with radius 10cm.

The reflex angle AOB is 5.2 radians. The letter “C” is shown by the shaded area in the
following diagram.

diagram not to scale

(This question continues on the following page)
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(Question 4 continued)
(@) Show that the area of the “C” is given by 260 — 2.6r°. [2]
The area of the “C” is 64 cm’.
(b) () Find the value of r.
(i)  Find the perimeter of the “C”. [5]

||| ||||||| || ||||||||||I|| ||| Tirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
4. [Maximum mark: 8]

Points A and B lie on the circumference of a circle of radius »cm with centre at O.

The sector OAB is shown on the following diagram. The angle AOB is denoted as 0 and is
measured in radians.

diagram not to scale

P

@)

rcm

The perimeter of the sector is 10cm and the area of the sector is 6.25cm’.
(@) Show that 4> —20r +25=0. [4]

(b) Hence, or otherwise, find the value of » and the value of 6. [4]

|H ||||||| || ||||||||||||| ||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark:4]

Solve tan(2x — 5°) =1 for 0° <x < 180°.
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 12]

Alex only swims in the sea if the water temperature is at least 15°C. Alex goes into the
sea close to home for the first time each year at the start of May when the water becomes

warm enough.

Alex models the water temperature at midday with the function f(x) = asinbx +c
for 0 <x <12, where x is the number of months after 1st May and where a, b, ¢ > 0.

The graph of y = f(x) is shown in the following diagram.

Temperature °C

207

18-

16+

14-

12 -

10+

2 4 6 8 10 12
Months after 1st May

(This question continues on the following page)
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(Question 7 continued)

(@) Show that b= % . [1]
(b) Write down the value of

i a;

i) c. 2]

Alex is going on holiday and models the water temperature at midday in the sea at the

holiday destination with the function g(x)= 3.5sin~x+11 ,where 0 <x <12 and x is the
number of months after 1st May. 6

(c)  Using this new model g(x)
() find the midday water temperature on 1st October, five months after 1st May.
(i)  show that the midday water temperature is never warm enough for Alex to swim. [6]

(d) Alex compares the two models and finds that g(x) = 0.7 f(x) + g . Determine the value
of g. 3]

||| ||||||||| |||||||||||||||| Tirn aver

Apollo | Original source crop | 73



Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ2 | Q7 | 12 marks

T LT 1 vy

Do not write solutions on this page.

Apollo | Original source crop | 74



Mathematics: analysis and approaches SL | Paper 2 | May 2024 TZ1 | Q3| 5 marks

Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

3. [Maximum mark: 5]

A monument is in the shape of a right cone with a vertical height of 20 metres. Oliver
stands 5 metres from the base of the monument. His eye level is 1.8 metres above the
ground and the angle of elevation from Oliver’s eye level to the vertex of the cone is 58°,
as shown on the following diagram.

diagram not to scale

20m

(a) Find the radius of the base of the cone. [3]

(b) Find the volume of the monument. [2]

||| ||||||||| |||||||||| ||| ||| Tiirn aver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

8. [Maximum mark: 16]
Sule Skerry and Rockall are small islands in the Atlantic Ocean, in the same time zone.

On a given day, the height of water in metres at Sule Skerry is modelled by the
function H(t) = 1.63sin(0.513 (¢ — 8.20)) + 2.13, where ¢ is the number of hours after midnight.

The following graph shows the height of the water for 15 hours, starting at midnight.
At low tide the height of the water is 0.50m. At high tide the height of the water is 3.76 m.
All heights are given correct to two decimal places.

H(t)

6.

0 15

(@) The length of time between the first low tide and the first high tide is 6 hours
and m minutes. Find the value of m to the nearest integer. [3]

(b) Between two consecutive high tides, determine the length of time, in hours, for which
the height of the water is less than 1 metre. [2]

(c) Find the rate of change of the height of the water when ¢ =13, giving your answer in
metres per hour. (2]

(This question continues on the following page)
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(Question 8 continued)
On the same day, the height of water at the second island, Rockall, is modelled by
the function /4 (¢) = asin(b (¢ — ¢)) + d, where ¢ is the number of hours after midnight,
and a,b,c,d>0.
The first low tide occurs at 02:41 when the height of the water is 0.40m.
The first high tide occurs at 09:02 when the height of the water is 2.74m.
(d) Find the values of a, b, ¢ and d. [7]

When ¢ = T, the height of the water at Sule Skerry is the same as the height of the water at
Rockall for the first time.

(e) Find the value of T. [2]

||| ||||||||| |||||||||||||||| Tirn aver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

9. [Maximum mark: 16]
All angles in this question are given in degrees.
A farmer owns land which lies between a wall and a hedge. The wall has a length of 50m
and lies between points O and A. The hedge meets the wall at O and the angle between

the wall and the hedge is 28°.

The farmer plans to form a triangular field for her prizewinning goats by placing a fence with
a fixed length of 25 metres from point A to the hedge. The fence meets the hedge at a point B.

The information is shown on the following diagram.

diagram not to scale

N

B hedge

25m

wall

(@) (i) Find the two possible sizes of OAB, giving your answers in degrees.
(i)  Hence, find the two possible areas of the triangular field. [8]

(This question continues on the following page)
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(Question 9 continued)
One of the goats, Brenda, fights with the other goats. The farmer plans to place a second
fence with a fixed length of 10 metres between the wall and the hedge to form a small
triangular field inside OAB for Brenda.

The information is shown on the following diagram.

diagram not to scale

A e O
wall

The small triangular field OCD has an area of 60m”.

Let x be the distance OC and let y be the distance OD.

(b) Show that x* + y*> =100+ 240 . [5]
tan 28°
(c) Hence, determine the two possible lengths of OC. [3]
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

9. [Maximum mark: 17]
A rotating sprinkler is at a fixed point S.
It waters all points inside and on a circle of radius 20 metres.
Point S is 14 metres from the edge of a path which runs in a north-south direction.
The edge of the path intersects the circle at points A and B.

This information is shown in the following diagram.

north

I

path

(a) Show that AB =28.57, correct to four significant figures. [3]

The sprinkler rotates at a constant rate of one revolution every 16 seconds.

(b) Show that the sprinkler rotates through an angle of g radians in one second. [1
Let T seconds be the time that [AB] is watered in each revolution.
(c) Find the value of T. [4]

(This question continues on the following page)
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(Question 9 continued)
Consider one clockwise revolution of the sprinkler.
At =0, the water crosses the edge of the path at A.

At time ¢ seconds, the water crosses the edge of the path at a movable point D which is a
distance d metres south of point A.

Let a=ASD and 3= SAB, where «, 8 are measured in radians.

This information is shown in the following diagram.

north

I

path

(d)  Write down an expression for ¢ in terms of ¢. [1
It is known that = 0.7754 radians, correct to four significant figures.

(e) By using the sine rule in AASD, show that the distance, d, at time ¢, can be modelled by

20sin[’gj
d(t)=—F7—=. [3]
sin(2.37—7;’j

(This question continues on the following page)
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(Question 9 continued)
A turtle walks south along the edge of the path.
At time ¢ seconds, the turtle’s distance, g metres south of A, can be modelled by
g(t)=0.05¢>+1.1¢+ 18, where t > 0.
(f) At =0, state how far south the turtle is from A. [1]
Let w represent the distance between the turtle and point D at time ¢ seconds.
(@) (i) Use the expressions for g(¢) and d(¢) to write down an expression for w in terms of ¢.

(i)  Hence find when and where on the path the water first reaches the turtle. [4]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 5]

Points A and B lie on a circle with centre O and radius »cm, where AOB = 0.75 radians.

This is shown on the following diagram.

diagram not to scale

B
0.75
(0) A
The area of sector OAB is 6¢cm’.
(a) Find the value of r. [3]
(b) Hence, find the perimeter of sector OAB. [2]

|H |||||||||||||||”|‘|||||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
5. [Maximum mark: 6]

The following diagram shows triangle ABC, where AB =3c¢m, BC=10cm, AC=8cm and
ABC =280.

diagram not to scale

0 10cm

3cm

A 8cm

Jp

Find the exact value of cos @, giving your answer in the form ~— , where p, g € Z".
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 5]

Points A and B lie on a circle with centre O and radius rcm, where AOB = 1.5 radians.

This is shown on the following diagram.

diagram not to scale

B
1.5
(0] A
The area of sector OAB is 48 cm’.
(a) Find the value of r. [3]
(b) Hence, find the perimeter of sector OAB. [2]

|H |||||||||||||||”|‘|||||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 6]

The following diagram shows triangle ABC, where AB =4cm, BC=6cm, AC=5cm and
ABC =280.

diagram not to scale

S5cm

2
Find the exact value of cos 0, giving your answer in the form i where p,q € Z".
q
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
5. [Maximum mark: 8]

The following diagram shows the cross section of the roof of a house. The cross section is
symmetrical about the vertical line through points A and E.

diagram not to scale

A
E
B
D F
C
. .4
The gradient of [BA] is 5
(a) Find the size of BAE, expressing your answer in degrees. [3]

(This question continues on the following page)
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(Question 5 continued)
A builder requires the lengths of the sides [BA] and [CE].
The builder has the following measurements:
ABC =BCE =90°, DC =40cm, BC =20cm, and DF = 700cm.

diagram not to scale

(b)  Find
(i) CE;
(i) BA. (9]
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

9. [Maximum mark: 16]
In this question all values of x and ¢ are in radians.
Consider the function f'(x) = 3 sin(4mx).
(@) (i)  Write down the amplitude of the graph of f.
(iiy  Find the period of f. [3]
Consider a second function g(x) = —4 cos (4mx).

The sum of these functions can be expressed in the form f(x) + g(x) = acos (b (x - ¢)),
where a, b, c> 0.

(b) By considering the graph of y =f(x) + g(x), determine

(i) the value of a;

(i)  the value of b;

(iii)  the smallest possible value of c. [4]
A car is travelling along a straight residential street with speed bumps placed at regular

intervals on the road to encourage safer driving. The car travels at a minimum velocity when
passing over speed bumps and reaches a maximum velocity in between speed bumps.

Its velocity, in ms™', can be modelled by the function v(¢) = -3.5 cos(i(t—S)j+9, where ¢
is measured in seconds. 14

(c) Find the time at which the car first reaches its maximum velocity. 1
(d)  Find the number of speed bumps the car passes over in the first two minutes of motion.  [1]
(e) (i) Find v'(2).

(i)  Hence, or otherwise, write down the maximum acceleration of the car. [4]

(f)  Find the distance, in metres, between consecutive speed bumps. [3]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
5. [Maximum mark: 8]

The following diagram shows the cross section of the roof of a house. The cross section is
symmetrical about the vertical line through points A and E.

diagram not to scale

A
E
B
D F
C
. T
The gradient of [BA] is Th
(a) Find the size of BAE, expressing your answer in degrees. [3]

(This question continues on the following page)
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(Question 5 continued)
A builder requires the lengths of the sides [BA] and [CE].
The builder has the following measurements:
ABC = BCE =90°, DC = 50cm, BC =30cm, and DF = 700cm.

diagram not to scale

700cm

(i) BA. (9]
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

9. [Maximum mark: 16]
In this question all values of x and ¢ are in radians.
Consider the function f(x) = 6cos(nx).
(@) (i)  Write down the amplitude of the graph of f.
(iiy  Find the period of f. [3]
Consider a second function g(x) = —8sin(mx).

The sum of these functions can be expressed in the form f(x) + g(x) = acos(b(x - ¢)),
where a, b, c> 0.

(b) By considering the graph of y =f(x) + g(x), determine

(i) thevalue of a;

(i)  the value of b;

(i) the smallest possible value of c. [4]
A car is travelling along a straight residential street with speed bumps placed at regular

intervals on the road to encourage safer driving. The car travels at a minimum velocity when
passing over speed bumps and reaches a maximum velocity in between speed bumps.

Its velocity, in ms™', can be modelled by the function v(¢) =—4.5 cos(ﬂ(t—4)j+10.5,
where ¢ is measured in seconds. 19

(c) Find the time at which the car first reaches its maximum velocity. 1
(d) Find the number of speed bumps the car passes over in the first two minutes of motion.  [1]
(e) (i) Find v'(2).

(i)  Hence, or otherwise, write down the maximum acceleration of the car. [4]

(f)  Find the distance, in metres, between consecutive speed bumps. [3]
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

9. [Maximum mark: 17]
A solid cylinder has height #cm and base radius Rcm.
The cylinder fits exactly inside a hollow sphere of radius rcm.
Points A, B and C are points where the surface of the cylinder touches the surface of the sphere.
The line segment [AB] is a diameter of the sphere.
The line segment [BC] is a diameter of the base of the cylinder and ABC = 6.
This information is shown on the following diagram.

diagram not to scale

A4

A
A 4

C B

(@) (i) By considering triangle ABC, show that R =rcos 6.
(i)  Find an expression for 4 in terms of » and 6. [4]

(b) Hence or otherwise, show that the total surface area, Scm’, of the cylinder is given
by S =2m(1 +2sin O cos 8 — sin’H) . [4]

The external surface area of the sphere is 2S.
(c) Showthat tan6=2. [4]

The volume of the cylinder is cm’.

(d) Find ¥V, giving your answer in the form pnr3\/§, where p € Q". [5]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

4. [Maximum mark: 7]
The following diagram shows a non-right angled triangle ABC.

diagram not to scale

A C

AB=5, BC=6v2, ACB = 0 and BAC =20, where 0<9<g.

(a) Using the sine rule, show that cos6 = 3\5/5 [3]

(b) Hence, find sin 6. [2]

Point D is located on [AC] such that the area of triangle BCD is 214 .

(c) Find DC. (2]

|H ||||||| || ||||||||||||| ||| Tiirn aver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

8. [Maximum mark: 15]
A Ferris wheel with diameter 72 metres rotates at a constant speed. The lowest point on the

wheel is 8 metres above the ground, as shown on the following diagram. A seat starts at the
lowest point.

72 metres

A

A

ground 8 metres

A 4

The wheel completes one revolution in 12 minutes.

After ¢ minutes, the height, # metres, of the seat above the ground is given by
h(f) = acos(bt) + 44, where a, b € R.

(@) Find the value of
(i) a;
(iiy b. [4]

(b) Sketch the graph of %, for 0 <¢< 12. Clearly label the coordinates of the maximum
point and the end points. [2]

Consider one revolution of the Ferris wheel.
(c) The seatis at least 26 m above the ground for T minutes. Find the value of 7. [5]
(d) (i) Find A'(¢).

(i) Hence or otherwise, find the time at which the height of the seat above the
ground is decreasing at its fastest rate. [4]

|H ||||||| ||||||||||||| || ||| Turn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 6]

The points A and B lie on a circle, with centre O and radius 19.5cm, such that BOA =210".

A piece of paper is cut into the shape of the sector BOA.

A hollow cone with no base is constructed from the sector by joining the points A and B.
The sector forms the curved surface of the cone.

This is shown in the following diagrams.

o
19.5cm
A, B
Find
(a) the area of the sector BOA; [3]
(b) the radius of the cone. [3]

|H |||||||||||||||”|‘|||||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

3. [Maximum mark: 4]

(2n+1)Tc

Consider the function f(x) = atan(2x) + b, where x # ,neZanda,beR.

(a) Write down the period of f. [1]
The graph of y = f(x) passes through the points (%, 5) and (%, 7)

(b) Find the value of a and the value of b. [3]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 6]

The following diagram shows a square-based right-pyramid with vertex V(1, 7, 0).

Point X (-3, 4, 2) is the centre of the base ABCD.

diagram not to scale

(a) Find VX. [2]
The square base has side length 5cm.
(b) Find AC. [2]

(c) Find the size of the angle between the edge [VC] and the base of the pyramid. [2]

|H |||||||||||||||”|‘|||||| Tiirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

6. [Maximum mark: 6]

The following diagram shows a circle with centre O and radius »cm. Points A and B lie on
the circle and AOB = 0 radians.

Sector OAB is divided into two regions, a shaded segment P and a triangle Q.

A

Be

The area of the shaded segment P is 12.8cm’.
The areas of P and Q are in the ratio 3:5.

Find the value of r.

|H ||||||| || ||||||||||I|| ||| Tiirn aver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 15]

Alighthouse, L, is located 8 kilometres due East of a coastguard station, C, on a straight
stretch of coastline.

The coastguard station sees a Jet Ski, J, on a bearing of 062° and at a distance
of 5.5 kilometres. This is shown on the following diagram.

diagram not to scale

C 8km L

(@) Find JL. [4]

(This question continues on the following page)
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Do not write solutions on this page.
(Question 7 continued)

While travelling due South, the Jet Ski breaks down at point B, before it reaches the
coastline. The position of the Jet Ski at B and the lighthouse are shown in the following diagram.

diagram not to scale

L

From the top of the 60-metre-tall lighthouse, the angle of depression to the Jet Ski at B, is
measured to be 0.94°.

(b) Find BL. [3]
The bearing from the Jet Ski at B to the lighthouse is 121°.
(c) Find the bearing from L to B. [2]

The jet-skier sets off a distress flare which is seen at the lighthouse and the coastguard
station at the same time.

The lighthouse has a small rescue boat which travels at a speed of 48kmh™.
(d) Find the time, in minutes, for the lighthouse rescue boat to reach the Jet Ski at B. [2]

The coastguard rescue boat travels at a speed of 55kmh™" and sets out at the same time as
the lighthouse rescue boat.

(e) Determine which rescue boat reaches the Jet Ski first. Justify your answer. [4]

||| ||||||||| ||||||||||| ||||| Tirn aver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 5]
The following diagram shows a solid hemisphere with centre A (6, -1, -3).

Point B(4, -5, —9) lies on the curved surface.

(a) Find AB, the radius of the hemisphere. [2]

(b) Hence, find the total surface area of the solid hemisphere. [3]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

2. [Maximum mark: 6]
The following diagram shows a triangle ABC, with AB=7, AC=12 and BAC = 116°.

diagram not to scale

(@) Find BC. (3]

(b) Find ACB. (3]

|H |||||||||||||||”|‘|||||| Tiirn nver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 5]
The following diagram shows a circle with centre O.
Points A, B and C lie on the circle.

diagram not to scale

s>
A\/B

The area of triangle AOB is 26cm” and AOB =2.51 radians.

Find the length of arc ACB.
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

9. [Maximum mark: 15]

(@) Show that ﬂ can be expressed as sin20.
l1+tan” 0
(b) Hence, solve the equation ﬂzl for 0° < 6 <180°.
l+tan" 6 2

Let x = tan[22l j
2

(c) Use the result from part (a) to show that x’ ~2J2x+1=0.

(d) Hence, find the exact value of tan[zzé j

[3]

[5]

[4]

[3]
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

7. [Maximum mark: 14]
Consider a triangle PQR where PR =3, QR =2 and PRQ =60°.

diagram not to scale

60°

(a) Find PQ. (3]

Now consider a general triangle ABC where AC=x+2, BC=3x-1 and ACB = 60°.

B
3x—-1
60°
A x+2 C
(b) Show that AB=~/7x>-7x+7. (5]
(c) Giventhat AB=7,
(i)  find the value of x;
(i)  find the area of triangle ABC. [6]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

1. [Maximum mark: 6]

The following diagram shows a regular pentagon inscribed in a circle with centre O and
radius rcm.

The angle AOB is 0, where 0 is measured in radians.

The arc AB is 12cm.

diagram not to scale

(i) r. [3]
(b)  Find the area of the shaded region. [3]

(This question continues on the following page)
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(Question 1 continued)
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 7]

Consider the function g(x) = acos(bx) — 3, where x € R and a, b € R.

The following diagram shows part of the graph of g.

Y

(16,2)

(O > _8)

The graph of g has a local minimum at (0, —8) and a local maximum at (16, 2).

(a)

(c)

Find the value of
@ a;
(i) b,where b>0. [3]

Write down the smallest positive value of the constant £ such that g(x + k) = g(x)
for all x. (1]

The function g(x) can be written in the form f(x) = psinb(x — ¢q) — 3 where p, g € Z".
(i)  Find the smallest positive value of g.

(i)  For this value of ¢, write down the value of p. [3]

(This question continues on the following page)
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(Question 5 continued)
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
2. [Maximum mark: 5]

A boat sets off from a port P and travels on a bearing of 090° until reaching point B.

Alighthouse L is 5km from P on a bearing of 056°.

The bearing of the lighthouse from B is 290°.

This is shown in the following diagram.

diagram not to scale

N N
A L A
S5km
056’
290°
(a) Find the angle LPB. [1]
(b) Find LB, the distance from point L to point B. [4]
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.
3. [Maximum mark: 5]

(@) Show that 3cos2x + 11sinx =3 + 11sinx — 6sin’x. [2]

(b) Hence, or otherwise, solve the equation 3cos2x + 11sinx — 6 =0 for 0° <x < 180°. [3]

|H ||||||||| |||||||||| ‘" ||| Tiirn nver
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Section A

Answer all questions. Answers must be written within the answer boxes provided. Working may be
continued below the lines, if necessary.

5. [Maximum mark: 6]
Consider a circle and a sector.
The radius of the circle is 8mm.
The radius of the sector is ymm and the acute angle at the centre is 0 radians.
This is shown in the following diagram.

diagram not to scale

<

The perimeter of the sector is 1.5 times the circumference of the circle.

24

(a) Showthat r=—"". 3]
2+6

It is given that the area of the circle is the same as the area of the sector.

(b) Determine the value of 6. [3]

|H ||||||| || |||||||||‘ ||| ||| Tiirn nver
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Section B

Answer all questions in the answer booklet provided. Please start each question on a new page.

8. [Maximum mark: 15]
A manufacturer creates an ice cream model consisting of two parts.
The top part consists of a hemisphere of ice cream with radius »cm.

The bottom part consists of a cone of ice cream with radius »c¢cm and height #cm, which is
wrapped in a wafer coating.

This is shown in the following diagram.

+ - .

wafer
coating

(a) Consider the case where r=3 and 7 =8.
(i)  Show that the total volume, ¥, of ice cream is 132cm’, correct to 3 significant figures.
(i) Determine the curved surface area, S, of the wafer coating. [7]

The manufacturer changes the dimensions of the model to ensure that the total volume, V,
of ice cream is 120cm’.

_ 3
(b) Show that / = 36071%. [3]

(c) Hence, show that the curved surface area of the wafer coating is given by

S = nr\/r2 + (—360 37rr j . 2]
Tcr

The manufacturer wants to use the minimum possible value of S.

(d) Determine the minimum value of S and the corresponding value of 7. [3]

|H |||||||||||||||||”|||||| Turn aver

Apollo | Original source crop | 128



Mathematics: analysis and approaches SL | Paper 2 | Nov 2025 TZ3 | Q8 | 15 marks

1o [SIOVRV Ll B PAV)

Do not write solutions on this page.

Apollo | Original source crop | 129



