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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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 graph of  y = f (x)  for  -4 ≤ x ≤ 6  is shown in the following diagram.
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(a)	 Write down the value of

(i)	  f (2) ;

(ii)	 ( f  f )(2) .� [2]

(b)	 Let 
1( ) ( ) 1
2

g x f x= +  for  -4 ≤ x ≤ 6 . On the axes above, sketch the graph of  g .� [3]
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2.	 [Maximum mark: 4]

The diameter of a spherical planet is  6 × 104 km .

(a)	 Write down the radius of the planet.� [1]

The volume of the planet can be expressed in the form  π(a × 10k) km3  where  1 ≤ a <10  
and  k ∈  .

(b)	 Find the value of  a  and the value of  k .� [3]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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 graph of  y = f (x)  for  -4 ≤ x ≤ 6  is shown in the following diagram.
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(a)	 Write down the value of

(i)	  f (2) ;

(ii)	 ( f  f )(2) .� [2]

(b)	 Let 
1( ) ( ) 1
2

g x f x= +  for  -4 ≤ x ≤ 6 . On the axes above, sketch the graph of  g .� [3]
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3.	 [Maximum mark: 5] 

Consider an arithmetic sequence where  u8 = S8 = 8 . Find the value of the first term,  u1 , and 
the value of the common difference,  d .
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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

1
O B

A

r

Points  A  and  B  lie on the circumference of the circle, and ˆAOB = 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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2.	 [Maximum mark: 4]

Consider two consecutive positive integers,  n  and  n + 1 .

Show that the difference of their squares is equal to the sum of the two integers.
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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

1
O B

A

r

Points  A  and  B  lie on the circumference of the circle, and ˆAOB = 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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4.	 [Maximum mark: 5]

In the expansion of  (x + k)7, where  k ∈  , the coefficient of the term in  x5  is 63 .

Find the possible values of  k .
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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]

(a)	 Find 6 7x x�� �� d .� [3]

(b)	 Given  f ′(x) = 6x + 7  and  f (1.2) = 7.32 , find  f (x) .� [3]
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6.	 [Maximum mark: 5]

Consider the expansion of  (3 + x2)n + 1 , where  n ∈ + . 

Given that the coefficient of  x4  is 20 412, find the value of  n .
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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: 16]

Two friends Amelia and Bill, each set themselves a target of saving $20 000. They each have 
$9000 to invest. 

(a)	 Amelia invests her $9000 in an account that offers an interest rate of 7 % per annum 
compounded annually. 

(i)	 Find the value of Amelia’s investment after 5 years to the nearest hundred dollars.

(ii)	 Determine the number of years required for Amelia’s investment to reach the target.� [5]

(b)	 Bill invests his $9000 in an account that offers an interest rate of  r % per annum 
compounded monthly, where  r  is set to two decimal places.

Find the minimum value of  r  needed for Bill to reach the target after 10 years.� [3]

(c)	 A third friend Chris also wants to reach the $20 000 target. He puts his money in a safe 
where he does not earn any interest. His system is to add more money to this safe 
each year. Each year he will add half the amount added in the previous year. 

(i)	 Show that Chris will never reach the target if his initial deposit is $9000.	

(ii)	 Find the amount Chris needs to deposit initially in order to reach the target after 
5 years. Give your answer to the nearest dollar.� [8]
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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: 16]

Two friends Amelia and Bill, each set themselves a target of saving $20 000. They each have 
$9000 to invest. 

(a)	 Amelia invests her $9000 in an account that offers an interest rate of 7 % per annum 
compounded annually. 

(i)	 Find the value of Amelia’s investment after 5 years to the nearest hundred dollars.

(ii)	 Determine the number of years required for Amelia’s investment to reach the target.� [5]

(b)	 Bill invests his $9000 in an account that offers an interest rate of  r % per annum 
compounded monthly, where  r  is set to two decimal places.

Find the minimum value of  r  needed for Bill to reach the target after 10 years.� [3]

(c)	 A third friend Chris also wants to reach the $20 000 target. He puts his money in a safe 
where he does not earn any interest. His system is to add more money to this safe 
each year. Each year he will add half the amount added in the previous year. 

(i)	 Show that Chris will never reach the target if his initial deposit is $9000.	

(ii)	 Find the amount Chris needs to deposit initially in order to reach the target after 
5 years. Give your answer to the nearest dollar.� [8]
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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: 16]

Two friends Amelia and Bill, each set themselves a target of saving $20 000. They each have 
$9000 to invest. 

(a)	 Amelia invests her $9000 in an account that offers an interest rate of 7 % per annum 
compounded annually. 

(i)	 Find the value of Amelia’s investment after 5 years to the nearest hundred dollars.

(ii)	 Determine the number of years required for Amelia’s investment to reach the target.� [5]

(b)	 Bill invests his $9000 in an account that offers an interest rate of  r % per annum 
compounded monthly, where  r  is set to two decimal places.

Find the minimum value of  r  needed for Bill to reach the target after 10 years.� [3]

(c)	 A third friend Chris also wants to reach the $20 000 target. He puts his money in a safe 
where he does not earn any interest. His system is to add more money to this safe 
each year. Each year he will add half the amount added in the previous year. 

(i)	 Show that Chris will never reach the target if his initial deposit is $9000.	

(ii)	 Find the amount Chris needs to deposit initially in order to reach the target after 
5 years. Give your answer to the nearest dollar.� [8]
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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  r  metres. Point D is on one fence and  
point E is on the other, such that  PD = PE = PA = r  and ˆDPE q== θ  radians. This is shown in 
the following diagram.

P

A

E

D
r

θ

r

r

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

(a)	 Write down an expression for  r  in terms of  θ .� [1]

(b)	 Show that the area of the field that the horse can reach is 
392

2�
� ��� �sin .� [4]

(c)	 The area of field that the horse can reach is 460 m2. Find the value of θ .� [2]

(d)	 Hence, find the size of ˆDAE .� [2]

(This question continues on the following page)
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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]

At a café, the waiting time between ordering and receiving a cup of coffee is dependent upon 
the number of customers who have already ordered their coffee and are waiting to receive it.

Sarah, a regular customer, visited the café on five consecutive days. The following table 
shows the number of customers,  x , ahead of Sarah who have already ordered and are 
waiting to receive their coffee and Sarah’s waiting time,  y  minutes. 

Number of customers (x) 3 9 11 10 5

Sarah’s waiting time (y) 6 10 12 11 6

The relationship between  x  and  y  can be modelled by the regression line of  y  on  x  with 
equation  y = ax + b .

(a)	 (i)	� Find the value of  a  and the value of  b .

(ii)	 Write down the value of Pearson’s product-moment correlation coefficient,  r .� [3]

(b)	 Interpret, in context, the value of  a  found in part (a)(i).� [1]

On another day, Sarah visits the café to order a coffee. Seven customers have already 
ordered their coffee and are waiting to receive it.

(c)	 Use the result from part (a)(i) to estimate Sarah’s waiting time to receive her coffee.� [2]
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3.	 [Maximum mark: 5]

An arithmetic sequence has first term 60 and common difference -2.5.

(a)	 Given that the  kth term of the sequence is zero, find the value of  k .� [2]

Let  Sn  denote the sum of the first  n  terms of the sequence.

(b)	 Find the maximum value of  Sn .� [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: 16]

A particle  P  moves along the  x-axis. The velocity of  P  is  v m s-1  at time  t  seconds, 
where  v (t) = 4 + 4t - 3t 2  for  0 ≤ t ≤ 3 . When  t = 0 ,  P  is at the origin  O .

(a)	 (i)	� Find the value of  t  when  P  reaches its maximum velocity.

(ii)	 Show that the distance of  P  from  O  at this time is 
88
27

 metres.� [7]

(b)	 Sketch a graph of  v  against  t , clearly showing any points of intersection  
with the axes.� [4]

(c)	 Find the total distance travelled by  P .� [5]

8.	 [Maximum mark: 15]

Consider the function  f (x) = ax  where  x , a ∈   and  x > 0 , a > 1 .

The graph of  f  contains the point 
2 ,4
3

 
 
 

.

(a)	 Show that  a = 8 .� [2] 

(b)	 Write down an expression for  f -1(x) .� [1]

(c)	 Find the value of f − ( )1 32 .� [3]

(d)	 Consider the arithmetic sequence  log8 27 ,  log8 p ,  log8 q ,  log8 125 ,  
where  p > 1  and  q > 1.

(i)	 Show that  27 , p , q  and  125  are four consecutive terms in a geometric sequence.

(ii)	 Find the value of  p  and the value of  q .� [9] 
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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: 16]

A particle  P  moves along the  x-axis. The velocity of  P  is  v m s-1  at time  t  seconds, 
where  v (t) = 4 + 4t - 3t 2  for  0 ≤ t ≤ 3 . When  t = 0 ,  P  is at the origin  O .

(a)	 (i)	� Find the value of  t  when  P  reaches its maximum velocity.

(ii)	 Show that the distance of  P  from  O  at this time is 
88
27

 metres.� [7]

(b)	 Sketch a graph of  v  against  t , clearly showing any points of intersection  
with the axes.� [4]

(c)	 Find the total distance travelled by  P .� [5]

8.	 [Maximum mark: 15]

Consider the function  f (x) = ax  where  x , a ∈   and  x > 0 , a > 1 .

The graph of  f  contains the point 
2 ,4
3

 
 
 

.

(a)	 Show that  a = 8 .� [2] 

(b)	 Write down an expression for  f -1(x) .� [1]

(c)	 Find the value of f − ( )1 32 .� [3]

(d)	 Consider the arithmetic sequence  log8 27 ,  log8 p ,  log8 q ,  log8 125 ,  
where  p > 1  and  q > 1.

(i)	 Show that  27 , p , q  and  125  are four consecutive terms in a geometric sequence.

(ii)	 Find the value of  p  and the value of  q .� [9] 
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9. [Maximum mark: 14]

Consider a function  f  with domain  a < x < b . The following diagram shows the graph of  f ′,
the derivative of  f .

y

x
a p q

f ′

0
r t b

The graph of  f ′, the derivative of  f , has  x-intercepts at  x = p ,  x = 0  and  x = t . There are 
local maximum points at  x = q  and  x = t  and a local minimum point at  x = r .

(a) Find all the values of  x  where the graph of  f  is increasing. Justify your answer. [2] 

(b) Find the value of  x  where the graph of  f  has a local maximum. [1]

(c) (i)	� Find the value of  x  where the graph of  f  has a local minimum. Justify your answer.

(ii) Find the values of  x  where the graph of  f  has points of inflexion. Justify your
answer. [5]

(d) The total area of the region enclosed by the graph of  f ′, the derivative of  f ,
and the  x-axis is  20 .

Given that  f (p) + f (t) = 4 , find the value of  f (0) . [6]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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]

In Lucy’s music academy, eight students took their piano diploma examination and achieved
scores out of 150. For her records, Lucy decided to record the average number of hours per
week each student reported practising in the weeks prior to their examination. These results
are summarized in the table below.

Average weekly practice 
time (h) 28 13 45 33 17 29 39 36

Diploma score (D) 115 82 120 116 79 101 110 121

(a) Find Pearson’s product-moment correlation coefficient,  r ,  for these data. [2]

(b) The relationship between the variables can be modelled by the regression
equation  D = ah + b . Write down the value of  a  and the value of  b . [1]

(c) One of these eight students was disappointed with her result and wished she had
practised more. Based on the given data, determine how her score could have been
expected to alter had she practised an extra five hours per week. [2]
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Turn over

6. [Maximum mark: 9]

The sum of the first  n  terms of a geometric sequence is given by Sn
r

n r

= 







=
∑ 2
3
7
81

.

(a) Find the first term of the sequence,  u1 . [2]

(b) Find  S∞ . [3]

(c) Find the least value of  n  such that  S∞ - Sn < 0.001 . [4]
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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]

Points A and P lie on opposite banks of a river, such that AP is the shortest distance
across the river. Point B represents the centre of a city which is located on the riverbank.
PB = 215 km , AP = 65 km and ˆAPB 90º= .

The following diagram shows this information.

B P

A

river

215 km

65 km

A boat travels at an average speed of  42 km h-1 . A bus travels along the straight road 
between P and B at an average speed of  84 km h-1 .

(a) Find the travel time, in hours, from A to B given that

(i) the boat is taken from A to P, and the bus from P to B ;

(ii) the boat travels directly to B . [4]

There is a point D , which lies on the road from P to B , such that BD = x km . The boat travels 
from A to D , and the bus travels from D to B . 

(b) (i)	� Find an expression, in terms of  x  for the travel time  T , from A to B ,
passing through D .

(ii) Find the value of  x  so that  T  is a minimum.

(iii) Write down the minimum value of  T . [6]

(c) An excursion involves renting the boat and the bus. The cost to rent the boat is $ 200
per hour, and the cost to rent the bus is $ 150 per hour.

(i) Find the new value of  x  so that the total cost  C  to travel from A to B via D is a
minimum.

(ii) Write down the minimum total cost for this journey. [4]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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

CA
8

6

(a)	 Given that cos A =
5
6

, find the value of  sin cos A =
5
6

 .� [3]

(b)	 Find the area of triangle ABC .� [2]
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3.	 [Maximum mark: 5]

(a)	 Show that  (2n - 1)2 + (2n + 1)2 = 8n2 + 2 , where  n ∈  .� [2]

(b)	 Hence, or otherwise, prove that the sum of the squares of any two consecutive odd 
integers is even.� [3]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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]

A metal sphere has a radius 12.7 cm.

(a)	 Find the volume of the sphere expressing your answer in the form  a × 10k , 1 ≤ a < 10  
and  k ∈  .� [3]

The sphere is to be melted down and remoulded into the shape of a cone with a height of 14.8 cm.

(b)	 Find the radius of the base of the cone, correct to 2 significant figures.� [3]
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3.	 [Maximum mark: 6]

On 1st January 2020, Laurie invests  $P  in an account that pays a nominal annual interest 
rate of  5.5 % , compounded quarterly.

The amount of money in Laurie’s account at the end of each year follows a geometric 
sequence with common ratio,  r .

(a)	 Find the value of  r , giving your answer to four significant figures.� [3]

Laurie makes no further deposits to or withdrawals from the account.

(b)	 Find the year in which the amount of money in Laurie’s account will become double the 
amount she invested.� [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]

A function,  f , has its derivative given by  f ′(x) = 3x2 - 12x + p , where  p ∈  . The following 
diagram shows part of the graph of  f ′ .

y

x

f ′

The graph of  f ′  has an axis of symmetry  x = q . 

(a)	 Find the value of  q .� [2]

The vertex of the graph of  f ′  lies on the  x-axis.

(b)	 (i)	� Write down the value of the discriminant of  f ′ .

(ii)	 Hence or otherwise, find the value of  p .� [4]

(c)	 Find the value of the gradient of the graph of  f ′  at  x = 0 .� [3]

(d)	 Sketch the graph of  f ″ , the second derivative of  f . Indicate clearly the  x-intercept and 
the  y-intercept.� [2]

The graph of  f  has a point of inflexion at  x = a .

(e)	 (i)	� Write down the value of  a .

(ii)	 Find the values of  x  for which the graph of  f  is concave-down. Justify your answer.� [3]
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8.	 [Maximum mark: 15] 

Consider the series ln ln ln ...x p x x+ + +
1
3

, where  x ∈  , x > 1  and  p ∈  , p ≠ 0 .

(a)	 Consider the case where the series is geometric.

(i)	 Show that p = ± 1
3

.

(ii)	 Given that  p > 0  and S∞ = +3 3 , find the value of  x .� [5]

(b)	 Now consider the case where the series is arithmetic with common difference  d .

(i)	 Show that p = 2
3

.

(ii)	 Write down  d  in the form  k ln x , where  k ∈  .

(iii)	 The sum of the first  n  terms of the series is  -3 ln x .

Find the value of  n .� [10]

9.	 [Maximum mark: 15]

(a)	 (i)	� Expand and simplify  (1 - a)3  in ascending powers of  a .

(ii)	 By using a suitable substitution for  a , show that  
1 - 3 cos 2x + 3 cos2 2x - cos3 2x = 8 sin6 x .� [6]

Consider  f (x) = 4 cos x (1 - 3 cos 2x + 3 cos2 2x - cos3 2x) .

(b)	 (i)	� Show that 7

0

32( ) d sin
7

m
f x x m=∫ , where  m  is a positive real constant.

(ii)	 It is given that 2 127( ) d
28m

f x x
π

=∫ , where 0
2

m π
≤ ≤ . Find the value of  m .� [9]

�
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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 table shows values of  f (x)  and  g (x)  for different values of  x .

Both  f  and  g  are one-to-one functions.

x -2 0 3 4

 f (x) 8 4 0 -3

g (x) -5 -2 4 0

(a)	 Find  g (0) .� [1]

(b)	 Find ( f   g)(0) .� [2]

(c)	 Find the value of  x  such that  f (x) = 0 .� [2]
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2.	 [Maximum mark: 5]

The  nth  term of an arithmetic sequence is given by  un = 15 - 3n .

(a)	 State the value of the first term,  u1 .� [1]

(b)	 Given that the  nth  term of this sequence is  -33 , find the value of  n .� [2]

(c)	 Find the common difference,  d .� [2]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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 table shows values of  f (x)  and  g (x)  for different values of  x .

Both  f  and  g  are one-to-one functions.

x -2 0 3 4

 f (x) 8 4 0 -3

g (x) -5 -2 4 0

(a)	 Find  g (0) .� [1]

(b)	 Find ( f   g)(0) .� [2]

(c)	 Find the value of  x  such that  f (x) = 0 .� [2]
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3.	 [Maximum mark: 6]

Consider any three consecutive integers,  n - 1 ,  n  and  n + 1 .

(a)	 Prove that the sum of these three integers is always divisible by  3 .� [2]

(b)	 Prove that the sum of the squares of these three integers is never divisible by  3 .� [4]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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 table shows values of  f (x)  and  g (x)  for different values of  x .

Both  f  and  g  are one-to-one functions.

x -2 0 3 4

 f (x) 8 4 0 -3

g (x) -5 -2 4 0

(a)	 Find  g (0) .� [1]

(b)	 Find ( f   g)(0) .� [2]

(c)	 Find the value of  x  such that  f (x) = 0 .� [2]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

��������������������������������������������������������������������������������������������������������������������������������������������������� 

16EP03

– 9 –

M22/5/MATHX/SP1/ENG/TZ2/XX

2222 – 7114

Turn over

6.	 [Maximum mark: 7]

Consider the binomial expansion  (x + 1)7 =  x7 + ax6 + bx5 + 35x4 + ... + 1  where  x ≠ 0  
and  a , b ∈ + .

(a)	 Show that  b = 21 .� [2]

The third term in the expansion is the mean of the second term and the fourth term in 
the expansion.

(b)	 Find the possible values of  x .� [5]
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Do not write solutions on this page.

Section B

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

7.	 [Maximum mark: 15]

The following diagram shows part of the graph of a quadratic function  f .

The graph of  f  has its vertex at  (3 , 4) , and it passes through point  Q  as shown.

y

x
(3 , 4)

Q

f

(a)	 Write down the equation of the axis of symmetry.� [1]

(b)	 The function can be written in the form  f (x) = a (x - h)2 + k .

(i)	 Write down the values of  h  and  k .

(ii)	 Point  Q  has coordinates (5 , 12) . Find the value of  a .� [4]

The line  L  is tangent to the graph of  f  at  Q .

(c)	 Find the equation of  L .� [4]

Now consider another function  y = g (x) . The derivative of  g  is given by  g ′(x) = f (x) - d , 
where  d ∈  .

(d)	 Find the values of  d  for which  g  is an increasing function.� [3]

(e)	 Find the values of  x  for which the graph of  g  is concave-up.� [3]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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]

In this question, give all answers correct to two decimal places.

Sam invests $ 1700 in a savings account that pays a nominal annual rate of interest of 
2.74 %, compounded half-yearly. Sam makes no further payments to, or withdrawals from, 
this account. 

(a)	 Find the amount that Sam will have in his account after 10 years.� [3]

David also invests $ 1700 in a savings account that pays an annual rate of interest of  r % , 
compounded yearly. David makes no further payments or withdrawals from this account. 

(b)	 Find the value of  r  required so that the amount in David’s account after 10 years will 
be equal to the amount in Sam’s account.� [2]

(c)	 Find the interest David will earn over the 10 years.� [1]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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]

In this question, give all answers correct to two decimal places.

Sam invests $ 1700 in a savings account that pays a nominal annual rate of interest of 
2.74 %, compounded half-yearly. Sam makes no further payments to, or withdrawals from, 
this account. 

(a)	 Find the amount that Sam will have in his account after 10 years.� [3]

David also invests $ 1700 in a savings account that pays an annual rate of interest of  r % , 
compounded yearly. David makes no further payments or withdrawals from this account. 

(b)	 Find the value of  r  required so that the amount in David’s account after 10 years will 
be equal to the amount in Sam’s account.� [2]

(c)	 Find the interest David will earn over the 10 years.� [1]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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: 7]

Let  f (x) = -2x + 3 , for  x ∈  .

(a)	 The graph of a linear function  g  is parallel to the graph of  f  and passes through the 
origin. Find an expression for  g (x) .� [2]

(b)	 The graph of a linear function  h  is perpendicular to the graph of  f  and passes through 
the point  (-1 , 2) . Find an expression for  h (x) .� [3]

(c)	 Find  ( g  h )(0) .� [2]
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4.	 [Maximum mark: 5]

Let  a  be a constant, where  a > 1 .

(a)	 Show that a a a2
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Consider a right-angled triangle with sides of length  a , 
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(b)	 Find an expression for the area of the triangle in terms of  a .� [2]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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 table shows the Mathematics test scores  (x)  and the Science test scores  (y)  
for a group of eight students. 

Mathematics 
scores  (x) 64 68 72 75 80 82 85 86

Science 
scores  (y) 67 72 77 76 84 83 89 91

The regression line of  y  on  x  for this data can be written in the form  y = ax + b .

(a)	 Find the value of  a  and the value of  b .� [2]

(b)	 Write down the value of the Pearson’s product-moment correlation coefficient,  r .� [1]

(c)	 Use the equation of your regression line to predict the Science test score for a 
student who has a score of  78  on the Mathematics test. Express your answer to the 
nearest integer.� [2] 
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4.	 [Maximum mark: 5]

A geometric sequence has a first term of  50  and a fourth term of  86.4 .  

The sum of the first  n  terms of the sequence is  Sn .  

Find the smallest value of  n  such that  Sn > 33 500 .
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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 table shows the Mathematics test scores  (x)  and the Science test scores  (y)  
for a group of eight students. 

Mathematics 
scores  (x) 64 68 72 75 80 82 85 86

Science 
scores  (y) 67 72 77 76 84 83 89 91

The regression line of  y  on  x  for this data can be written in the form  y = ax + b .

(a)	 Find the value of  a  and the value of  b .� [2]

(b)	 Write down the value of the Pearson’s product-moment correlation coefficient,  r .� [1]

(c)	 Use the equation of your regression line to predict the Science test score for a 
student who has a score of  78  on the Mathematics test. Express your answer to the 
nearest integer.� [2] 
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6.	 [Maximum mark: 6]

Consider the expansion of 
ax
x
+( )1
21

9

2 , where  a ≠ 0 . The coefficient of the term in  x4  is 
8
7

5a .

Find the value of  a . 

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������



Mathematics: analysis and approaches SL | Paper 2 | Nov 2022 | Q6 | 6 marks

Apollo | Original source crop | 27

Please do not write on this page.

Answers written on this page  
will not be marked.

– 8 – 8822 – 7105

N22/5/MATHX/SP2/ENG/TZ0/XX

12EP08



Mathematics: analysis and approaches SL | Paper 2 | Nov 2022 | Q6 | 6 marks

Apollo | Original source crop | 28

– 9 – 8822 – 7105

N22/5/MATHX/SP2/ENG/TZ0/XX

Turn over

12EP09

Do not write solutions on this page. 

Section B

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

7.	 [Maximum mark: 16]

A particle moves in a straight line. Its displacement,  s  metres, from a fixed point  P  at 
time  t  seconds is given by  s (t) = 3 (t + 2)cos t , for  0 ≤ t ≤ 6.8 , as shown in the following graph.

s

t
0 6.8  

(a)	 Find the particle’s initial displacement from the point  P . � [2]

(b)	 Find the particle’s velocity when  t = 2 .� [2]

(c)	 Determine the intervals of time when the particle is moving away from the point  P .� [5]

The acceleration of the particle is zero when  t = b  and  t = c , where  b < c .

(d)	 Find the value of  b  and the value of  c .� [4]

(e)	 Find the total distance travelled by the particle for  b ≤ t ≤ c .� [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: 13]

The function  h  is defined by  h (x) = 2xex + 3 , for  x ∈  . The following diagram shows part of 
the graph of  h , which has a local minimum at point  A .

y

A

x

(a)	 Find the value of the  y-intercept.� [2]

(b)	 Find  h′(x) .� [2]

(c)	 Hence, find the coordinates of  A .� [5]

(d)	 (i)	� Show that  h″(x) = (2x + 4)ex .

(ii)	 Find the values of  x  for which the graph of  h  is concave-up.� [4]
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8.	 [Maximum mark: 14]

Consider the arithmetic sequence  u1 , u2 , u3 , … .

The sum of the first  n  terms of this sequence is given by  Sn = n2 + 4n .

(a)	 (i)	� Find the sum of the first five terms.

(ii)	 Given that  S6 = 60 , find  u6 .� [4]

(b)	 Find  u1 .� [2]

(c)	 Hence or otherwise, write an expression for  un  in terms of  n .� [3]

Consider a geometric sequence,  vn , where  v2 = u1  and  v4 = u6 .

(d)	 Find the possible values of the common ratio,  r .� [3]

(e)	 Given that  v99 < 0 , find  v5 .� [2]
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9. [Maximum mark: 17]

An object moves along a straight line. Its velocity,  v m s-1 , at time  t  seconds is given by

v t t t t( ) = − + − +3 27
2

2 6 , for  0 ≤ t ≤ 4 . The object first comes to rest at  t = k .

The graph of  v  is shown in the following diagram.

v

t

At  t = 0 , the object is at the origin.

(a) Find the displacement of the object from the origin at  t = 1 . [5]

(b) Find an expression for the acceleration of the object. [2]

(c) Hence, find the greatest speed reached by the object before it comes to rest. [5]

(d) Find the greatest speed reached by the object for  0 ≤ t ≤ 4 . [2]

(e) Write down an expression that represents the distance travelled by the object while its
speed is increasing. Do not evaluate the expression. [3]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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 500 km directly east of Jaipur, and ˆJLD 25= = 25°.

diagram not to scale

North

D

J L500 km
25

The bearing of  D  from  J  is  034° .

(a)	 Find ˆJDL .� [2]

(b)	 Find the distance between Lucknow and Delhi.� [3]
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2.	 [Maximum mark: 6]

The value of a car is given by the function  C = 40 000(0.91)t , where  t  is in years since 
1 January 2023 and  C  is in USD ($).

(a)	 Write down the annual rate of depreciation of the car.� [1]

(b)	 Find the value of the car on 1 January 2028.� [2]

Alvie wants to buy this car. On 1 January 2023, he invested  $15 000  in an account that 
earns  3 %  annual interest compounded yearly. He makes no further deposits to, or 
withdrawals from, the account.

Alvie wishes to buy this car for its value on 1 January 2028. In addition to the money in his 
account, he will need an extra  $M .

(c)	 Find the value of  M .� [3]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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 500 km directly east of Jaipur, and ˆJLD 25= = 25°.

diagram not to scale

North

D

J L500 km
25

The bearing of  D  from  J  is  034° .

(a)	 Find ˆJDL .� [2]

(b)	 Find the distance between Lucknow and Delhi.� [3]
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6.	 [Maximum mark: 7] 

The coefficient of  x6  in the expansion of  (ax3 + b)8  is  448 .

The coefficient of  x6  in the expansion of  (ax3 + b)10  is  2880 .

Find the value of  a  and the value of  b , where  a , b > 0 .
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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: 13]

The temperature of a cup of tea,  t  minutes after it is poured, can be modelled 
by  H (t) = 21 + 75e-0.08t , t ≥ 0 . The temperature is measured in degrees Celsius (°C). 

(a)	 (i)	� Find the initial temperature of the tea.

(ii)	 Find the temperature of the tea three minutes after it is poured.� [2]

(b)	 Write down the value of  H ′(3) .� [2]

(c)	 Interpret the meaning of your answer to part (b) in the given context.� [2]

(d)	 After  k  minutes, the tea will be below  67 °C  and cool enough to drink.

Find the least possible value of  k , where  k ∈ + .� [3]

As the tea cools,  H (t)  approaches the temperature of the room, which is constant.

(e)	 Find the temperature of the room.� [2]

(f)	 Find the limit of  H ′(t)  as  t  approaches infinity.� [2]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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] 

A botanist is conducting an experiment which studies the growth of plants.

The heights of the plants are measured on seven different days.

The following table shows the number of days,  d , that the experiment has been running and 
the average height,  h cm , of the plants on each of those days.

Number of days (d ) 2 5 13 24 33 37 42

Average height (h) 10 16 30 59 76 79 82

(a)	 The regression line of  h  on  d  for this data can be written in the form  h = ad + b .

Find the value of  a  and the value of  b .� [2] 

(b)	 Write down the value of the Pearson’s product-moment correlation coefficient,  r .� [1]

(c)	 Use your regression line to estimate the average height of the plants when the 
experiment has been running for 20 days.� [2] 

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

12EP02

– 6 – 2223 – 7115

5.	 [Maximum mark: 7] 

The expansion of  (x + h)8 , where  h > 0 , can be written as  x8 + ax7 + bx6 + cx5 + dx4 + ... + h8 , 
where  a , b , c , d , ... ∈  .

(a)	 Find an expression, in terms of  h , for

(i)	 a ;

(ii)	 b ;

(iii)	 d .� [4]

(b)	 Given that  a ,  b , and  d  are the first three terms of a geometric sequence, find the 
value of  h .� [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]

The solid shown in the following diagram is comprised of a cylinder and two hemispheres. 
The cylinder has height  h cm  and radius  x cm . The hemispheres fit exactly onto either end of 
the cylinder.

x

h

The volume of the cylinder is  41 cm3 .

(a)	 Show that the total surface area,  S cm2 , of the solid is given by S
x

x= +
82 4 2π .� [3]

The total surface area of the solid has a local maximum or a local minimum value when  x = a .

(b)	 (i)	 Find an expression for 
d
d
S
x

.

(ii)	 Hence, find the exact value of  a .� [5]

(c)	 (i)	 Find an expression for 
d
d

2

2

S
x

.

(ii)	 Use the second derivative of  S  to justify that  S  is a minimum when  x = a .

(iii)	 Find the minimum surface area of the solid. � [6]
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8.	 [Maximum mark: 15]

Give your answers to parts (a)(ii), (c)(i) and (d) correct to two decimal places.

Daniela and Sorin have each recently received some money. Daniela won a cash prize and 
Sorin received an inheritance. 

Daniela had two options to choose from to receive her winnings. In both options she receives 
a payment on the first day of each month for three years.

Option A	� Each payment is  $4200 . 

Option B	� The first payment is  $1500 . In each month which follows, the payment 
is  4 %  more than the previous month.

(a)	 Find the total amount Daniela would receive if she chooses

(i)	 Option A; 

(ii)	 Option B.� [5]

Sorin received an inheritance of  $160 000 . Sorin invested his inheritance in an account that 
pays a nominal annual interest rate of  5 %  per annum, compounded monthly. The interest is 
added on the last day of each month. 

(b)	 Write down an expression for the value of Sorin’s investment after  n  years.� [1]

Daniela chose Option B and received her first payment on 1st January 2023. Sorin invested 
his inheritance on the same day. 

(c)	 (i)	� Find the total value of Daniela’s winnings and Sorin’s investment on the last day 
of the sixth month.

(ii)	 Find the minimum number of complete months before the total value of Daniela’s 
winnings and Sorin’s investment is at least  $257 000 .� [6]

At the end of the three years, Daniela invested  $30 000  for a further six years in a second 
account that pays a nominal interest rate of  r %  per annum compounded quarterly.

(d)	 Find the value of  r  if this investment grows to  $41 000  after six years.� [3]
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9.	 [Maximum mark: 16] 

A farmer is growing a field of rice plants. The height,  H cm , of each plant can be modelled by 
a normal distribution with mean  m  and standard deviation  s .

It is known that  P (H < 82.4) = 0.213  and  P (H > 87.3) = 0.409 .

(a)	 Find the probability that the height of a randomly selected plant is between  
82.4 cm  and  87.3 cm .� [2]

(b)	 Find the value of  m  and the value of  s .� [5]

The farmer measures  100  randomly selected plants. Any plant with a height greater 
than  87.3 cm  is considered ready to harvest. Heights of plants are independent of each other.

(c)	 (i)	 Find the probability that exactly  32  plants are ready to harvest.

(ii)	 Given that fewer than  44  plants are ready to harvest, find the probability that 
exactly  32  plants are ready to harvest.� [6]

In another field, the farmer is growing the same variety of rice, but is using a different 
fertilizer. The heights of these plants,  F cm , are normally distributed with mean  92.8  and 
standard deviation  d . The farmer finds the interquartile range to be  4.52 cm . 

(d)	 Find the value of  d .� [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]

The solid shown in the following diagram is comprised of a cylinder and two hemispheres. 
The cylinder has height  h cm  and radius  x cm . The hemispheres fit exactly onto either end of 
the cylinder.

x

h

The volume of the cylinder is  45 cm3 . 

(a)	 Show that the total surface area,  S cm2, of the solid is given by S
x

x= +
90 4 2π .� [3]

The total surface area of the solid has a local maximum or a local minimum value when  x = a .

(b)	 (i)	 Find an expression for 
d
d
S
x

.

(ii)	 Hence, find the exact value of  a .� [5]

(c)	 (i)	 Find an expression for 
d
d

2

2

S
x

.

(ii)	 Use the second derivative of  S  to justify that  S  is a minimum when  x = a .

(iii)	 Find the minimum surface area of the solid.� [6]
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8.	 [Maximum mark: 15]

Give your answers to parts (a)(ii), (c)(i) and (d) correct to two decimal places.

Daniela and Sorin have each recently received some money. Daniela won a cash prize and 
Sorin received an inheritance. 

Daniela had two options to choose from to receive her winnings. In both options she receives 
a payment on the first day of each month for three years.

Option A	 Each payment is  $5500 .

Option B	� The first payment is  $2000 . In each month which follows, the payment is  6 % 
more than the previous month.

(a)	 Find the total amount Daniela would receive if she chooses

(i)	 Option A;

(ii)	 Option B.� [5]

Sorin received an inheritance of  $120 000 . Sorin invested his inheritance in an account that 
pays a nominal annual interest rate of 4 % per annum, compounded monthly. The interest is 
added on the last day of each month.

(b)	 Write down an expression for the value of Sorin’s investment after  n  years.� [1]

Daniela chose Option B and received her first payment on 1st January 2023. Sorin invested 
his inheritance on the same day.

(c)	 (i)	� Find the total value of Daniela’s winnings and Sorin’s investment on the last day 
of the sixth month.

(ii)	 Find the minimum number of complete months before the total value of Daniela’s 
winnings and Sorin’s investment is at least  $250 000 .� [6]

At the end of the three years, Daniela invested  $40 000  for a further six years in a second 
account that pays a nominal interest rate of  r %  per annum compounded quarterly.

(d)	 Find the value of  r  if this investment grows to  $53 000  after six years.� [3]
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9.	 [Maximum mark: 16] 

A farmer is growing a field of wheat plants. The height,  H cm , of each plant can be modelled 
by a normal distribution with mean  m  and standard deviation  s .

It is known that  P (H < 94.6) = 0.288  and  P (H > 98.1) = 0.434 .

(a)	 Find the probability that the height of a randomly selected plant is between  94.6 cm 
and  98.1 cm .� [2]

(b)	 Find the value of  m  and the value of  s .� [5]

The farmer measures 100 randomly selected plants. Any plant with a height greater 
than  98.1 cm  is considered ready to harvest. Heights of plants are independent of each other.

(c)	 (i)	 Find the probability that exactly  34  plants are ready to harvest.

(ii)	 Given that fewer than  49  plants are ready to harvest, find the probability that 
exactly  34  plants are ready to harvest.� [6]

In another field, the farmer is growing the same variety of wheat, but is using a different 
fertilizer. The heights of these plants,  F cm , are normally distributed with mean  98.6  and 
standard deviation  d . The farmer finds the interquartile range to be  4.82 cm .

(d)	 Find the value of  d .� [3]

�
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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: 4]

The second term of an arithmetic sequence is  10  and the fourth term is  22 .

(a)	 Find the value of the common difference.� [2]

(b)	 Find an expression for  un , the  n th term.� [2]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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: 4]

The second term of an arithmetic sequence is  10  and the fourth term is  22 .

(a)	 Find the value of the common difference.� [2]

(b)	 Find an expression for  un , the  n th term.� [2]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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: 4]

The second term of an arithmetic sequence is  10  and the fourth term is  22 .

(a)	 Find the value of the common difference.� [2]

(b)	 Find an expression for  un , the  n th term.� [2]
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3.	 [Maximum mark: 5]

It is given that log10
1
3

a = , where  a > 0 .

Find the value of

(a)	 log10
1
a

�
�
�

�
�
� ;� [2]

(b)	 log 1000 a .� [3]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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: 4]

The second term of an arithmetic sequence is  10  and the fourth term is  22 .

(a)	 Find the value of the common difference.� [2]

(b)	 Find an expression for  un , the  n th term.� [2]
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6.	 [Maximum mark: 5]

Consider a geometric sequence with first term  1  and common ratio  10 .

Sn  is the sum of the first  n  terms of the sequence.

(a)	 Find an expression for  Sn  in the form 
a
b

n -1
, where  a , b ∈ + .� [1]

(b)	 Hence, show that S S S S
n

n

n

1 2 3

10 10 1 9
81

� � ��� �
�� � �

.� [4]
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Do not write solutions on this page.

Section B

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

7.	 [Maximum mark: 14]

Consider the curve with equation  y = x3 - x2 - x + 1 .

(a)	 Find

(i)	
d
d
y
x

;

(ii)	
d
d

2

2
y
x

. � [3]

The curve has a local maximum at  A .  

(b)	 Find the coordinates of  A , using your answer to part (a)(ii) to justify your answer.� [6]

The curve has a point of inflexion at  B .

(c)	 Find the  x-coordinate of  B .� [2]

The line  L  is the normal to the curve at the point  (0 , 1) .

(d)	 Find the equation of  L .� [3]
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Do not write solutions on this page.

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) = a sin bx + c  
for  0 ≤ x ≤ 12 , where  x  is the number of months after 1st May and where  a ,  b ,  c > 0 . 

The graph of  y = f (x)  is shown in the following diagram.
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(This question continues on the following page)
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Do not write solutions on this page.

9.	 [Maximum mark: 16] 

Consider the arithmetic sequence  a ,  p ,  q … , where  a ,  p ,  q ≠ 0 .

(a)	 Show that  2p - q = a .� [2]

Consider the geometric sequence  a ,  s ,  t … , where  a ,  s ,  t ≠ 0 .

(b)	 Show that  s2 = at .� [2]

The first term of both sequences is  a . 

It is given that  q = t = 1 .

(c)	 Show that p > 1
2

.� [2]

Consider the case where  a = 9 ,  s > 0  and  q = t = 1.  

(d)	 Write down the first four terms of the

(i)	 arithmetic sequence;

(ii)	 geometric sequence.� [4]

 The arithmetic and the geometric sequence are used to form a new arithmetic sequence  un .

The first three terms of  un  are  u1 = 9 + ln 9 ,  u2 = 5 + ln 3 , and  u3 = 1 + ln 1 .

(e)	 (i)	 Find the common difference of the new sequence in terms of  ln 3 . 

(ii)	 Show that 
i

iu
�
� � � �

1

10

90 25 3ln .� [6]

�



Mathematics: analysis and approaches SL | Paper 1 | May 2024 TZ2 | Q9 | 16 marks

Apollo | Original source crop | 44

Please do not write on this page.

Answers written on this page  
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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: 7]

Janie claims that rabbits in Australia have longer ears than rabbits in Spain.

To test her claim, a randomly selected sample of rabbits was collected in each country.

The length of one ear of each rabbit was measured and the value recorded correct to the 
nearest millimetre (mm).

In the Australian sample, the median recorded value was  80 mm  and the interquartile range 
was  11 mm .

The recorded values for the Spanish sample are shown in the following box and whisker diagram.

44 48 52 56 60 64 68 72 76 80 84 88 92
Length of ear in mm

(a)	 Complete the following table for the recorded values of the lengths of the rabbits’ ears 
in each sample.� [3]

Australia Spain

Median (mm) 80

Interquartile range (mm) 11

(This question continues on the following page)
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2.	 [Maximum mark: 7]

Darren buys a car for  $35 000 . The value of the car decreases by  15 %  in the first year.

(a)	 Find the value of the car at the end of the first year.� [2]

After the first year, the value of the car decreases by  11 %  in each subsequent year.

(b)	 Find the value of Darren’s car 10 years after he buys it, giving your answer to the 
nearest dollar.� [2]

When Darren has owned the car for  n  complete years, the value of the car is less than 10 % 
of its original value.

(c)	 Find the least value of  n .� [3]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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]

Consider the following set of ordered data. 

27 27 31 32 33 37 41 46 54 57

(a)	 Write down 

(i)	 the mode;

(ii)	 the range;

(iii)	 the median.� [3]

(b)	 Find the interquartile range.� [3]
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4.	 [Maximum mark: 4]

Prove that  (2n + 5)2 - (2n - 5)2  is a multiple of  10  for all  n ∈ + .
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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]

Consider the following set of ordered data. 

27 27 31 32 33 37 41 46 54 57

(a)	 Write down 

(i)	 the mode;

(ii)	 the range;

(iii)	 the median.� [3]

(b)	 Find the interquartile range.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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Turn over

6.	 [Maximum mark: 6]

For a particular arithmetic sequence,  u10 = 14  and  S25 = 200 .

Find the value of  k  such that  uk = 0 .
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���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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Do not write solutions on this page.

Section B

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

7.	 [Maximum mark: 16]

The following diagram shows parts of the graphs of two functions  f  and  g .  

The graph of  f  is linear, has an  x-intercept at  (6 , 0)  and a  y-intercept at  (0 , 12) .

The graph of  g  has  x-intercepts at  (-2 , 0)  and  (6 , 0)  and a  y-intercept at  (0 , 12) .

y

x

(0 , 12)

(−2 , 0) (6 , 0)

(a)	 Write down the equation for  f  in the form  f (x) = mx + c .� [2]

(This question continues on the following page)
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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]

Consider the following set of ordered data. 

22 22 26 27 28 32 36 38 39 42

(a)	 Write down 

(i)	 the mode;

(ii)	 the range;

(iii)	 the median.� [3]

(b)	 Find the interquartile range.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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12EP05

4.	 [Maximum mark: 4]

Prove that  (3n + 2)2 - (3n - 2)2  is a multiple of  12  for all  n ∈ + .

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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]

Consider the following set of ordered data. 

22 22 26 27 28 32 36 38 39 42

(a)	 Write down 

(i)	 the mode;

(ii)	 the range;

(iii)	 the median.� [3]

(b)	 Find the interquartile range.� [3]

���������������������������������������������������������������������������������������������������������������������������������������������������
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���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������

���������������������������������������������������������������������������������������������������������������������������������������������������
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6.	 [Maximum mark: 6]

For a particular arithmetic sequence,  u10 = 16  and  S25 = 100 .

Find the value of  k  such that  uk = 0 .
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���������������������������������������������������������������������������������������������������������������������������������������������������
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Do not write solutions on this page.

Section B

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

7.	 [Maximum mark: 16]

The following diagram shows parts of the graphs of two functions  f  and  g .

The graph of  f  is linear, has an  x-intercept at  (4 , 0)  and a  y-intercept at  (0 , 8) .

The graph of  g  has  x-intercepts at  (-2 , 0)  and  (4 , 0)  and a  y-intercept at  (0 , 8) .

y

x

(0, 8)

(−2, 0) (4, 0)

(a)	 Write down the equation for  f  in the form  f (x) = mx + c .� [2]

The function  g  is given by  g (x) = -x2 + bx + 8 , where  b  is a real constant.  

(b)	 Find the value of  b .� [3]

(c)	 Show that the area of the region enclosed by the graph of  f  and the graph of  g  can be 
represented by the definite integral ( )� �� x x x2

0

4
4 d . � [2]

(d)	 Hence, find the area of the region enclosed by the graph of  f  and the graph of  g .� [4]

Point  P  is on the graph of  g . The tangent to the graph of  g  at  P  is parallel to the graph of  f .  

(e)	 Find the coordinates of  P .� [5]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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: 7]

Consider the function f x x x( ) � � �7 7 , where  0 ≤ x ≤ 60 .

(a)	 Find the value of

(i)	  f (0) ;

(ii)	  f (60) .� [2]

(b)	 Find the two roots of  f (x) = 0 .� [2]

(c)	 Sketch the graph of  y = f (x)  on the following grid.� [3]
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2.	 [Maximum mark: 4]

Find the coefficient of  x8  in the expansion of  (2x - 5)11 .
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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: 7]

Consider the function f x x x( ) � � �11 2 11 , where  0 ≤ x ≤ 20 .

(a)	 Find the value of

(i)	  f (0) ;

(ii)	  f (20) .� [2]

(b)	 Find the two roots of  f (x) = 0 .� [2]

(c)	 Sketch the graph of  y = f (x)  on the following grid.� [3]
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2.	 [Maximum mark: 4]

Find the coefficient of  x6  in the expansion of  (2x - 5)9 .
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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]

Write each of the following expressions in the form  ln k , where  k ∈ +.

(a)	 ln 3 + ln 4� [1]

(b)	 3 ln 2� [2]

(c)	 - ln 1
2

� [2]
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3.	 [Maximum mark: 7]

Bob invests  1000  dinar in an account which pays a nominal annual interest rate of  4 %  
compounded quarterly.  

The amount of money in the account after one complete year can be written as  1000 (1 + k)4  
where  k ∈  .

(a)	 Write down the value of  k .� [1]

(b)	 Expand and simplify  (1 + x)4 .� [2]

(c)	 Hence or otherwise, find the amount of money in the account after one complete year, 
giving your answer correct to the nearest dinar.� [4]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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]

Write each of the following expressions in the form  ln k , where  k ∈ +.

(a)	 ln 3 + ln 4� [1]

(b)	 3 ln 2� [2]

(c)	 - ln 1
2

� [2]
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6.	 [Maximum mark: 8]

Consider a sequence of ten rectangular picture frames  F1 , F2 , ... , F9 , F10 .

Picture frame  F1  has width  4 cm  and height  5 cm .

The width and height of picture frame  Fn , are each increased by  50 %  to generate the width 
and height of the next picture frame  Fn+1 , for  n ∈ + ,  1 ≤ n ≤ 9 .

(a)	 (i)	 Show that the area of picture frame  Fn  is 20 9
4

1
�
�
�

�
�
�

�n

cm2 .

(ii)	 Hence, find the mean area of the ten picture frames, giving your answer in the 

form p
a9

4
1�

�
�

�
�
� �

�

�
��

�

�
�� cm2 , where  p ∈ + ,  a ∈ + .� [5]

(b)	 Find the median area of the ten picture frames, giving your answer in  

the form q 9
4

4
�
�
�

�
�
� cm2 , where  q ∈ + .� [3]
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Do not write solutions on this page

Section B

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

7.	 [Maximum mark: 13] 

An object moves in a straight line.

Its velocity  v m s-1 , at time  t  seconds, is given by  v (t ) = 30 + 20t − 10t 2  for  0 ≤ t ≤ 5 .

The graph of  v  is shown in the following diagram.

0 1 2 3 4 5

v (t )

t

The graph of  v  has a local maximum point where  t = 1  and intersects the  t-axis at  t = 3 .

(a)	 Determine the object’s

(i)	 maximum velocity;

(ii)	 maximum speed.� [4]

At  t = T , the object changes direction.

(b)	 (i)	 Write down the value of  T .

(ii)	 Find the distance travelled by the object in the first  T  seconds.� [5]

(c)	 Determine whether the object returns to its initial position during the time 
period  0 ≤ t ≤ 5 , justifying your answer.� [4]
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Do not write solutions on this page.

Section B

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

7.	 [Maximum mark: 15]

A gardener plans to enclose part of their garden with rope. The total area being enclosed 
is  60 m2 . This will be further divided by rope to make eight identical rectangular areas, each 
measuring  x  metres by  y  metres, where  x , y > 0 . This is shown in the following diagram.

diagram not to scale

y

x

garden

(a)	 Find an expression for  y  in terms of  x . � [2]

(b)	 Show that the total length,  T  metres, of rope required is given by

T x
x

� �12 75
.� [2]

(c)	 Find an expression for 
d
d
T
x

.� [2]

(This question continues on the following page)
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8.	 [Maximum mark: 16]

Consider the sequence  {un} , with  nth  term given by  un . The first three terms are

 u1 = k − 5 ,  u2 = 3 − 2k  and  u3 = 5k + 3 , where  k ∈  .

(a)	 Consider the case when  {un}  is arithmetic.

(i)	 Find the value of  k .

(ii)	 Hence, or otherwise, find  u3 .� [5]

(b)	 Consider the case where  k = 12 .

(i)	 Show that the first three terms of  {un}  form a geometric sequence.

(ii)	 Given that  {un}  is geometric, state a reason why the sum of an infinite number of 
terms of this sequence does not exist.� [4]

(c)	 The sequence,  {un} , is geometric for a second value of  k .

(i)	 Show that  k2 − 10k − 24 = 0 .

(ii)	 Find the first three terms of  {un}  for this second value of  k .

(iii)	 Hence, write down the value of  S2m , the sum of the first  2m  terms, for this second 
value of  k .� [7]
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9.	 [Maximum mark: 16]

(a)	 (i)	 Solve  5 − 4x − x2 = 0 .

(ii)	 Hence, find the values of  x  such that  5 − 4x − x2 > 0 .� [4]

Consider the function  f (x) = logk (5 − 4x − x2) , where  a < x < b  and  k > 1 . 
Part of the graph of  f  is shown in the following diagram.

y

x
a b

The graph of  f  has vertical asymptotes at  x = a  and  x = b .

(b)	 Write down the value of

(i)	  a ;

(ii)	  b . � [2]

(c)	 Find the exact values of  x  such that  f (x) = 0 .� [4]

The graph of  f  has a maximum value of  2 .

(d)	 Find the value of  k .� [6]

�
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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] 

Lynn is playing a game with two unbiased six-sided dice, each with faces marked with the 
integers from  1  to  6 .  

In each round, she throws both dice once. The outcomes can be displayed in the following 
sample space diagram, which has been partially completed:

Die 2

Die 1

1 2 3 4 5 6

1

2 2,2

3 3,4

4

5 5,3

6

Lynn scores points according to the following rules.

	y If the two dice show the same score, she scores  10  points.

	y If the two dice show scores which have a difference of one, for example the scores  4  and  5  
in any order, she scores  5  points.

	y Otherwise, she scores  0  points.

(a)	 Show that the probability that Lynn scores  5  points in one round is 
5

18
.� [2]

(b)	 Find the probability that Lynn scores no points in one round.� [2]

The random variable  X  represents the number of points Lynn scores in one round.

(c)	 Find  E (X ) .� [4]

(d)	 Hence, estimate the total number of points that Lynn scores if she plays  90  rounds.� [2]

A prize is awarded to any player who scores more than  40  points in total.

Lynn plays exactly five rounds.	

(e)	 Find the probability that Lynn wins a prize.� [4]

– 9 – 2225 – 7110
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8.	 [Maximum mark: 16] 

Rectangular playing cards are stacked in the shape of a pyramid with  n  rows, where  n ≥ 1 .

Some cards are placed horizontally and some cards are stacked at an angle of  60°  to 
the horizontal.

The following diagrams represent pyramid stacks for  n = 1 ,  n = 2  and  n = 3 .

n = 1 n = 2 n = 3

Let  tn  represent the number of cards used to create a pyramid stack with  n  rows.

(a)	 Write down  t3 .� [1]

(b)	 Find  t4 .� [2]

(c)	 Show that t n n
n �

�( )3 1
2

 .� [3]

There are  52  cards in a full pack of playing cards.

(d)	 A complete pyramid stack is created using playing cards taken from  14  full packs. 
Find the maximum number of rows in this stack.� [3]

(e)	 A complete pyramid stack is created using playing cards taken from full packs with no 
cards left over. Find the minimum number of rows in this stack.� [2]

The long edge of each playing card measures  88 mm  as illustrated in the following diagram.

88 mm

(f)	 Find the minimum number of cards needed to create a complete pyramid stack with a 
vertical height of more than  2  metres. The thickness of the cards may be ignored.� [5]
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9.	 [Maximum mark: 15] 

Consider the function f x x
x

( ) � �
�

2 2
2

, where  x ∈  ,  x ≠ -2 . 

(a)	 Show that  f -1(x) = f (x) .� [3]

The point  P  k k
k

, 2 2
2

�
�

�
�
�

�
�
�  is the point on the graph of  y = f (x)  that is closest to the origin  (0 , 0) .

(b)	 (i)	 Find the value of  k .

(ii)	 Hence, write down the coordinates of  P .� [4]

Consider the function g x x
cx d

( ) � �
�

2 3
, where  x ∈  , x d

c
� � , and  c , d ≠ 0 . 

The graph of  y = g (x)  has a vertical asymptote and a horizontal asymptote.

(c)	 In terms of  c  and  d , write down the equation of 

(i)	 the vertical asymptote;	  

(ii)	 the horizontal asymptote.� [2]

It is given that  g-1(x) = g (x) .

(d)	 	Find the value of  d .� [2]

Consider the case where  c = 1 .

(e)	 Sketch the graph of y
g x

=
1
( )

, showing the values of any intercepts with the axes and 

including any asymptotes, labelled with their equations.� [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. 

1.	 [Maximum mark: 4]

The following table shows the number of hours of play time,  x , and sleep time,  y , for a group 
of six children, over the period of one week.

Play time ( x ) 11 13 14 17 22 24

Sleep time ( y ) 62 65 68 75 84 87

The regression line of  y  on  x  for this data can be written in the form  y = ax + b .

(a)	 Find the value of  a  and the value of  b .� [2]

(b)	 Use the equation of the regression line to estimate the sleep time of a child whose 
weekly play time is  20  hours.� [2]
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4.	 [Maximum mark: 5]

Consider the expansion of  (2x + k)10 , where  k ∈  .

Given that the coefficient of  x6  is  8.4 × 106 , find the possible values of  k .
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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]

A lighthouse,  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

J

C L

N

8 km

5.5 km
62˚

(a)	 Find  JL .� [4]

(This question continues on the following page)
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9.	 [Maximum mark: 14]

A tennis ball is dropped from a height. After each bounce the maximum height reached by the 

ball is 
2
3

 of its previous maximum height. This can be seen in the diagram below where  h , in 

metres, is the height of a ball after  t  seconds.

...

h

t

A box contains tennis balls. Each ball satisfies the condition of rebounding to 
2
3

 of their 
previous maximum height. The tennis balls are numbered Ball  1 , 2 , 3 , ...

Ball  1  is dropped from a height of  10  metres.

(a)	 Find the maximum height of Ball  1  after the  5th  bounce.� [3]

(b)	 Find the total distance travelled by Ball  1  immediately before the  5th  bounce.� [3]

Let  d  be the total distance travelled by any of these balls.

(c)	 A ball is dropped from a height of  x  metres. Show that  d = 5x  metres.� [3]

Let  d1  be the total distance travelled by Ball  1 . 

(d)	 Write down the value of  d1 .� [1]

Ball  2  is dropped from a height of  9.56  metres. 

Let  d2  be the total distance travelled by Ball  2 , and so on for each ball in the box. 

It is given that  d1 , d2  d3 , ...  form an arithmetic sequence. 

(e)	 Determine which tennis ball is the first ball to travel less than  25  metres.� [4]

�
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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

B

(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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3.	 [Maximum mark: 5]

Consider the expansion of (x + k)11 , where  k > 0 .

(a)	 Write down the number of terms in the expansion.� [1]

In the expansion, the coefficient of  x7  is  1320 .

(b)	 Find the value of  k .� [4]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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: 4]

The graph of a function  f  for  -3 ≤ x ≤ 3  is shown in the following diagram.
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2 3
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−4 4

−4

The following graphs are transformations of the graph of  y = f (x) .
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(A) �
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(B)

(This question continues on the following page)
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2.	 [Maximum mark: 6] 

The 1st and 5th terms of an arithmetic sequence are  36  and  12  respectively.

(a)	 Find the  13th  term of this arithmetic sequence.� [4]

The sum of the first  n  terms of this arithmetic sequence is zero. 

(b)	 Find the value of  n .� [2]
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Where an answer is incorrect, some marks may be given 
for a correct method, provided this is shown by written working. You are therefore advised to show all 
working.

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 discrete random variable  X  has the following probability distribution:

x 1 2 3 4

P (X = x) 0.2 0.3 k 0.1

(a)	 Find the value of  k .� [2]

(b)	 Find  P (X  > 1.5) . � [2]

(c)	 Find  E (X ) .� [2]
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3.	 [Maximum mark: 5]

The  7th  term of an arithmetic sequence is  6 .

The sum of the  6th  term and the  12th  term is  24 .

Find the first term and the common difference.
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Full marks are not necessarily awarded for a correct answer with no working. Answers must be 
supported by working and/or explanations. Solutions found from a graphic display calculator should be 
supported by suitable working. For example, if graphs are used to find a solution, you should sketch 
these as part of your answer. Where an answer is incorrect, some marks may be given for a correct 
method, provided this is shown by written working. You are therefore advised to show all working.

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  r cm . 

The angle  AÔB  is  θ , where  θ  is measured in radians. 

The arc  AB  is  12 cm .

diagram not to scale

A

B

r

O

θ

12

(a)	 Find 

(i)	 θ ;

(ii)	 r .� [3]

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

(This question continues on the following page)
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4.	 [Maximum mark: 5]

In the expansion of x k�� �12 where  k ∈  , the coefficient of the term in x
3
2  is  -112640 .

Find the value of  k .
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Do not write solutions on this page.

Section B

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

7.	 [Maximum mark: 12]

Andy and Jess each have  $ 5000 .

Andy invests the money in a new savings plan that will pay interest at the end of each month. 

Andy will receive a fixed amount of interest each month. The amount received is  0.315 %  
of the initial investment.  

(a)	 (i)	� Determine the amount of interest Andy will receive at the end of each month. 
Give this answer correct to two decimal places.

(ii)	 Hence, determine the amount of interest Andy will receive each year.

(iii)	 Write down an expression in the form  5000 + pn , where  p ∈ + , for the amount 
of money Andy will have in his savings plan at the end of  n  years.

(iv)	 Hence, show that Andy will have  $ 5945  in his savings plan at the end of  5  years.� [4]

In this part, where appropriate, give all answers to the nearest dollar.

Jess invests her  $ 5000  in a new account that pays  3 %  interest compounded annually.

(b)	 (i)	 Determine the amount of money that will be in Jess’s account at the end of  5  years. 

(ii)	 Hence, find the amount of interest Jess will receive in the  5  years.� [3]

(c)	 (i) 	� Write an expression in the form  5000 × qn , where  q ∈ + , for the amount 
of money that Jess will have in her account at the end of  n  years.

(ii)	 Hence, determine the smallest number of complete years that it will take for Jess 
to have more money in her account than Andy has in his savings plan.� [5]
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Do not write solutions on this page.
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Do not write solutions on this 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  r cm .

The bottom part consists of a cone of ice cream with radius  r cm  and height  h cm , which is 
wrapped in a wafer coating. 

This is shown in the following diagram.

r

h
+

wafer 
coating

(a)	 Consider the case where  r = 3  and  h = 8 .

(i)	 Show that the total volume,  V , of ice cream is  132 cm3 , correct to 3 significant figures.

(ii)	 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  120 cm3 .

(b)	 Show that h r
r
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(c)	 Hence, show that the curved surface area of the wafer coating is given by 
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The manufacturer wants to use the minimum possible value of  S . 

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


