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• Reading time – 10 minutes 
• Working time – 3 hours  
• Write using black pen. 
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• Reference sheet is provided.  
• For questions in Section II, show relevant mathematical 

reasoning and/or calculations. 
 

 Section I – 10 marks (pages 3 - 6) 
• Attempt Questions 1–10 
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• Answer the questions on page 35. 
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Section I 
 
10 marks 
Attempt Question 1-10 
Allow about 15 minutes for this section. 
 
Use the multiple-choice answer sheet for Questions 1-10. 
  

 
1 What are the solutions to the equation  2cos𝑥𝑥 = √3 , where  0 ≤ 𝑥𝑥 ≤ 2𝜋𝜋 ? 

 
(A)  

𝜋𝜋
3

 and 5𝜋𝜋
3

 
 
(B)  

𝜋𝜋
3

 and 2𝜋𝜋
3

 
 
(C)  

𝜋𝜋
6

 and 5𝜋𝜋
6

 
 
(D)  

𝜋𝜋
6

 and 11𝜋𝜋
6

 
 
 
 

2 Consider the bivariate data shown on the scatterplot below. 
 
 
 
 
 
 
 
 
 
 
 
Which of the following values is the best estimate for Pearson’s correlation coefficient for 
this data? 
 
(A)  −0.9 
 
(B) −0.2 
 
(C)  0.9 
 
(D)  0.2 
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3 What is the derivative of 𝑒𝑒𝑥𝑥6? 
 
(A)  6𝑥𝑥5𝑒𝑒𝑥𝑥6 
 
(B) 6𝑥𝑥𝑒𝑒𝑥𝑥6 
 
(C)  6𝑥𝑥5𝑒𝑒6𝑥𝑥5 
 
(D)  𝑥𝑥6𝑒𝑒𝑥𝑥6−1 
 
 

4 An infinite geometric series has a first term of 10 and a limiting sum of 30. What is the 
common ratio? 
 
(A)  

1
3
 

 
(B)  

1
2
 

 
(C)  23 
 
(D)  3

4
 

 
5 The inequality which defines the domain of the function  𝑓𝑓(𝑥𝑥) = −4

�9−𝑥𝑥2
 is: 

 
(A)  𝑥𝑥 ≤ 3 
 
(B)  −3 < 𝑥𝑥 < 3 
 
(C) −3 ≤ 𝑥𝑥 < 3 
 
(D)  𝑥𝑥 < −3, 𝑥𝑥 > 3 
 
 
 

6 Given that tan𝜃𝜃 = 3
2
 for 0 < 𝜃𝜃 < 𝜋𝜋, what is the exact value of sin𝜃𝜃 ? 

 
(A)  −2

√13
 

 
(B)  3

√13
 

 
(C)  −3

√13
 

 
(D) 2

√13
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7 A function is given by the rule 𝑓𝑓(𝑥𝑥) = �(𝑥𝑥 − 2)2,     𝑥𝑥 ≤ 2
4𝑥𝑥 − 7,        𝑥𝑥 > 2 .  

What is the value of 𝑓𝑓�𝑓𝑓(0)� ? 
 
 
(A)  5 
 
(B)  −7 
 
(C)  9 
 
(D)  4 
 
 
 
 

 

8 What is the period for the function  𝑓𝑓(𝑥𝑥) = −3sin �
π𝑥𝑥
5
� ? 

 

(A)  5 
 
(B)  5𝜋𝜋 
 
(C)  10 
 
(D)  10𝜋𝜋 
 
 
 
 
 

          9 𝐴𝐴 and 𝐵𝐵 are two chance events such that 𝑃𝑃(𝐴𝐴) = 0.45, 𝑃𝑃(𝐵𝐵) = 0.3 and 𝑃𝑃(𝐴𝐴|𝐵𝐵)  = 0.6. 
What is the value of 𝑃𝑃(𝐵𝐵|𝐴𝐴)?  
 
 
(A)  0.4 
 
(B)  0.5 
 
(C)  0.8 
 
(D)  0.9 
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10 The graph shows 𝑦𝑦 = 𝑓𝑓(𝑥𝑥) and 𝑦𝑦 = 𝑔𝑔(𝑥𝑥), where 𝑓𝑓(𝑥𝑥) = ln 𝑥𝑥 and 𝑔𝑔(𝑥𝑥) = 𝑥𝑥2 − 1. 
 

 
 
How many solutions does the equation [𝑓𝑓(𝑥𝑥)]2 − [𝑔𝑔(𝑥𝑥)]2 = 0 have? 
 
(A)  0 
 
(B)  1 
 
(C)  2 
 
(D)  3 
 

 
 

 

 

 

 

 

END OF SECTION 1 
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 Marks 
Question 11 
 

Differentiate 𝑦𝑦 with respect to 𝑥𝑥: 
 

a)   
𝑦𝑦 =

3𝑥𝑥 + 1
𝑥𝑥 + 4

 
 
 

 

 

 

 

 

 

 

 

 
b)  

𝑦𝑦 = 𝑥𝑥 �4𝑥𝑥2 − 1 
 
 

 

 

 

 

 

 

 

 

 

 
 

 
 

 
2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2 
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Question 12 
 
Solve |5 − 4𝑥𝑥| = 11 
 
 

 

 

 

 

 

 

 
 

2 

Question 13 
 
Evaluate the expression below, expressing your answer as an integer: 
 

 � 𝑒𝑒2𝑥𝑥
2 ln 2

ln 2
𝑑𝑑𝑥𝑥  

 
 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

3 
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Question 14 
 
It is given that 𝑓𝑓′′(𝑥𝑥) = 6𝑥𝑥 and that 𝑓𝑓(𝑥𝑥) has a stationary point at (−1,2).  Find 𝑓𝑓(𝑥𝑥). 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
3 

Question 15 
 
Find the equation of the normal to the curve  𝑦𝑦 = 2(5𝑥𝑥 − 4)4  at  𝑥𝑥 = 1. 
 
 

 

 

 

 

 

 

 

 
 

    3 
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Question 16 
 
Sketch 𝑦𝑦 = ln(𝑥𝑥 + 4) − 2  showing all the key features and clearly labelling any intercepts in exact 
form. 
 

   
 

3 

Question 17 
 
It is given that 1 + 2𝑥𝑥 − 3𝑥𝑥2 ≥ 0 in the domain [0,1].  
 

a) Prove that 𝑓𝑓(𝑥𝑥) = 1 + 2𝑥𝑥 − 3𝑥𝑥2 is a probability density function for [0,1]. 
 
 

 

 

 

 

 
b) State the mode of the probability density function.  

 
 

 
 

 
 
 

2 
 
 
 
 
 
 
 
 
 
 

 
 

1 
 
 
 

 
 
         



Page | 12  
 

Question 18 
 
The circle 𝑥𝑥2 + 𝑦𝑦2 − 6𝑥𝑥 + 8𝑦𝑦 − 11 = 0 is transformed by a horizontal translation to the left by 4 
units and a vertical translation up 3 units.  
What is the centre and radius of the new circle? 
 
 

 

 

 

 

 

 

 

 

 

 
 

3 

Question 19 
 

a) Find ∫ sin3𝑥𝑥 𝑑𝑑𝑥𝑥 
 

 

 

 

 
b)  Evaluate ∫ 2𝑥𝑥 (𝑥𝑥2 + 2)31

0  𝑑𝑑𝑥𝑥 
 
 

 

 

 

 

 
 

 
 
1 

 
 
 
 
 
 

2 
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Question 20 
 
The diagram below shows the graph of  𝑦𝑦 = 4𝑥𝑥

𝑥𝑥2+1
 

 

 
The region enclosed by the graph, the x-axis, and the line x = 2 is shaded.   
Calculate the exact value of the area of the shaded region. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

Continue to next page. 
 

3 
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Question 21 
 

a) If 𝑦𝑦 = 𝑥𝑥2+2𝑥𝑥
(𝑥𝑥+1)2

 . Show that 
𝑑𝑑𝑑𝑑
𝑑𝑑𝑥𝑥

= 2
(𝑥𝑥+1)3

 . 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Find the set of values of 𝑥𝑥 for which the function 𝑦𝑦 = 𝑥𝑥2+2𝑥𝑥
(𝑥𝑥+1)2

  is increasing.  

 
 

 

 

 

 

 

 
 
 

Continue to next page. 
 

 
 

3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     
     1 
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Question 22 
 

a) Show that  
cos2 𝜃𝜃

1 − sin𝜃𝜃
−

cos2 𝜃𝜃
1 + sin 𝜃𝜃

= 2sin𝜃𝜃 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

b) Hence, solve: 
cos2 𝜃𝜃

1 − sin𝜃𝜃
−

cos2 𝜃𝜃
1 + sin𝜃𝜃

= 1   for 0 ≤ 𝜃𝜃 ≤ 𝜋𝜋 . 
 
 

 

 

 

 

 

 

 
APPROXIMATELY HALFWAY – 48 marks out of 100 complete at this point 

 

 
 

 
2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
2 
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Question 23 
 
The population, 𝑃𝑃, of parrots, is decreasing at a rate proportional to 𝑃𝑃: 
 

𝑑𝑑𝑃𝑃
𝑑𝑑𝑑𝑑

= −𝑘𝑘𝑃𝑃 
 
Initially in August 2003 there were 3000 parrots, and by August 2013 the population had 
decreased to 2750. Note that 𝑑𝑑 is in years. 
 

a) Show that 𝑃𝑃 = 3000𝑒𝑒−𝑘𝑘𝑘𝑘  is a solution to the above differential equation. 
 

 

 

 

 
 

b) Find the value the 𝑘𝑘 (Answer correct to four decimal places). 
 

 

 

 

 

 

 

 

 

 

 

 
c) If the population continues to decrease at this rate what will be the expected population in 

August 2023? (Answer to the nearest whole number). 
 
 

 

 

 
 

 
 
 
 
 
 

 
 

 
1 
 

 
 
 
 
 
 
 
 

2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
1 
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Question 24 
 
Use the trapezoidal rule with four sub-intervals to evaluate the integral below.   
Answer in simplified fraction form. 
 

𝐴𝐴 = �
10
𝑥𝑥 + 1

𝑑𝑑𝑥𝑥
5

1
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Continue to next page. 
 

2 
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Question 25 
 
The random variable 𝑋𝑋 has this probability distribution. 
 

 
 
 
 

 
a) Find the expected value. 

 

 

 

 

 

 
b)  Find the standard deviation of 𝑥𝑥 correct to 2 decimal places. 

 
 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 

Continue to next page. 
 

𝑋𝑋 11 12 13 14 15 

P(𝑋𝑋 = 𝑥𝑥) 0.3 0.2 0.1 0.3 0.1 

 
 
 
 
 
 
 

 
 

1 
 
 
 
 
 
 
 
 

 
 
3 
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Question 26 
 
The scatterplot below shows the relationship between age and balance. 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a) Draw a line of best fit on the scatterplot and find the equation of this line. 
 

 

 

 

 

 
b) Hannah is 42 years old. Use your equation to find what is her expected balance? 

 
 

 
c) Use the table of values below to find the value of the Pearson’s correlation coefficient 

correct to two decimal places. 
 
Age 10 20 20 30 40 40 50 50 50 60 70 80 80 90 
Balance 10 8 9 8 7 9 5 6 7 5 4 2 3 2 

 
 
 

 

 
 
 

3 
 
 
 

 
 
 

 
 
 
 
1 
 

 
 

 
1 
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Question 27 
 
The first 3 terms of a sequence are: 

 (𝑥𝑥 − 1), ( 3𝑥𝑥 + 2), ( 5𝑥𝑥 + 5), ………. 
 

a) Show that the sequence is arithmetic. 
 
 

 

 

 

b) Find the sum of the first 50 terms of the sequence, in terms of x. 

 

 

 

 

 
 

 
 
 
 
 
 
1 
 
 
 
 
 
 
 
 
2 

Question 28  
 
The table below gives some values of the probabilities of a standard normal distribution. 
 

 
 
Use the table above to find the probability 𝑃𝑃(−1.5 ≤   𝑍𝑍 < 2.2) 
 
 

 

 

 

 

 
 

2 
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Question 29  
 
The particle’s displacement is given by 𝑥𝑥 = (𝑑𝑑2 + 1)𝑒𝑒−𝑘𝑘 metres and velocity 𝑣𝑣 m/s.  
 

a) Find the initial displacement of the particle.  
 
 

 

 

 

 
b) Express the velocity 𝑣𝑣 in factorised form. 

 
 

 

 

 

 

 

 

 

 
 

c) Hence, find when the particle is at rest. 
 
 
 

 

 

 

 

 
 
 
 

Continue to next page. 
 

 
 

 
 

1 
 
 
 
 
 
 
 
 
 
 
2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
1 
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Question 30 
 
Solve  ln(2 sin2 𝜃𝜃 − cos 𝜃𝜃) = 0 for 0 ≤ 𝜃𝜃 ≤ 2𝜋𝜋. 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

3 

Question 31 
 
Evaluate  

� (sin2 𝑥𝑥 + cos2 𝑥𝑥 + tan2 𝑥𝑥)
𝜋𝜋
4

0
𝑑𝑑𝑥𝑥 

  
 

 

 

 

 

 

 

 
APPROXIMATELY THREE QUARTERS COMPLETE – 78 marks out of 100 complete  

3 
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Question 32 

The function 𝑓𝑓(𝑥𝑥) = cos (3𝑥𝑥) − 1 is defined in the interval  0 ≤ 𝑥𝑥 ≤
2π
3

. 
a) What is the amplitude and period of the function? 

 
 

 

 

 
b) What is the range of the function? 

 
 

 

 
c) Sketch  𝑓𝑓(𝑥𝑥) = cos (3𝑥𝑥) − 1 in the interval  0 ≤ 𝑥𝑥 ≤ 2π

3
. 

 

 
 

 
 
 

 
Continue to next page. 

 

 
 

 
2 
 

 
 
 
 

 
 
 

1 
 
 
 

 
 
 
2 
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Question 33 
 

a) Show that  
 
 

𝑑𝑑
𝑑𝑑𝑥𝑥

(𝑥𝑥loge(𝑥𝑥) − 𝑥𝑥) = log𝑒𝑒 𝑥𝑥 
 
 

 

 

 

 

 

 
b) Hence or otherwise find ∫2 log𝑒𝑒(𝑥𝑥)𝑑𝑑𝑥𝑥 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Continue to next page. 

 
 

2 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
1 
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Question 33 Continued 
 
 

a) The graph shows the curve 𝑦𝑦 = 2 log𝑒𝑒( 𝑥𝑥) which meets the line 𝑥𝑥 = 5 at Q.  

 
 

Using your answers from (i) and (ii), or otherwise, find the exact area of the shaded section. 
 
 

 

 

 

 

 

 

 

 

 
 

3 
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Question 34 
 
The graph 𝑦𝑦 = sin 𝑥𝑥 only has one tangent in the domain [𝜋𝜋, 2𝜋𝜋] that passes through the origin.  
 
Let the point of contact of this tangent be 𝑃𝑃(ℎ, sinℎ).  
 
Prove that ℎ = tanℎ. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

3 
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Question 35 
 
The Moon has a lower gravity than Earth, and there is no atmosphere to cause air resistance, so a 
ball would bounce higher and for much longer on the Moon than on Earth.  
 
When a ball is dropped on the Moon each bounce is 95% as high as the previous bounce. When an 
identical ball is dropped on Earth each bounce is 50% as high as the previous bounce. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Two identical balls are dropped on the Moon and on Earth, each from a height of two metres. 
Calculate the difference in the total vertical distance travelled by these balls.    
 
 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

3 
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Question 36 
 
A new whiteboard is being moved into a classroom. The whiteboard must be taken from the 
entrance, through the school’s corridors and into the classroom. Two of the corridors are 
perpendicular to each other. The first corridor is 3 metres wide and the second corridor is 4 metres 
wide, as shown in the diagram. The length of the whiteboard is shown using 𝐿𝐿. 
 

 
The whiteboard makes an angle 𝜃𝜃 to the horizontal on the corner of the corridors such that 
 0 < 𝜃𝜃 < 90. 
 

a) Show that the length of the whiteboard, L, is 
3

cos𝜃𝜃
 +

4
sin𝜃𝜃

 
 

 

 

 

 

 

 

 

 

 
 
 

Continue to next page. 
 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

2 
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b) In order to find the maximum possible length of the whiteboard such that it can be carried 

around the corner, you must find the angle 𝜽𝜽 that minimises the function 𝑳𝑳 and then use  
that angle to find that length of the whiteboard. Hence, find that value of theta to the 
nearest minute and the length L to the nearest metre. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
END OF EXAM  
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Section I 

10 marks 
Attempt Questiou 1-10 
Allow about 15 minutes for this section. 

Use the multiple-choice answer sheet for Questions 1-10. 

1 What are the solutions to the equation 2cosx = ,/3, where 0 :::; x :::; 2ir? 

IT SIT 
(A) - and -

3 3 

IT 2IT 
(B) - and -

3 3 

IT SIT 
(C) - and -

6 6 

_/,~ llIT 

~and 6 

2 Consider the bivariate data shown on the scatterplot below. 

X 

X 
X X 

X X 

X 

X 
X X 

S2rr-1.i 
b = )2u-'1 
6 

-= l\n
< 

Which of the following values is the best estimate for Pearson's correlation coefficient for 
this data? 

~0.9 

(B) -0.2 

(C) 0.9 

(D) 0.2 
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3 What is the derivative of ex•7 

@xsex• 

(B) 6xex 6 

4 An infinite geometric series has a first term of 10 and a limiting sum of 30. What is the 
common ratio? 

(A).'.:. 
3 ~;:- t:< 

'3o ::::: l u 
\ - ( 

'3::,:i...-- 3u r :::: I u 
3 

(D) -
4 

30r;:: '2 c.) ='::::, r~ '2-/3 

5 The inequality which defines the domain of the function f(x) = ~ is: 
v9-x2 

(A) x :5 3 

@»-3 <x < 3 
(C) -3 :5 x < 3 

(D) X < -3,x > 3 

q_ -,__2-">0 

-:,_, ... ..( 9 

_3 <'.'.'.'._ ':L ..( s 

6 Given that tan0 = f for O < 0 < n, what is the exact value of sin0 ? 

-2 
(A) -./1?, 

@~ 
-3 

(C) -./1?, 

2 
(D)-./1?, 
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7 A function is given by the rule f(x) = {i: -=-12

' ; ; ~. 

What is the value of f(f (0))? 

(A) 5 

(B) -7 

@) 
(D) 4 

i tu);::. (9~2)~- ½ 

~ ~ '-\)'.:: ~6-; 

8 What is the period for the function f(x) = -3sin c:)? 
(A) 5 

(B) Sir 

@10 
(D) 10rr 

'2n-=-~ 
-s--

Q"f('><'..~ ::::. lo 
-;:;r' 

9 A and Bare two chance events such that P(A) = 0.45, P(B) = 0.3 and P(A/B) = 0.6. 
What is the value of P(B/A)? 

(B) 0.5 

(C) 0.8 

(D) 0.9 

) 1 
~) (-?t\C'IBJ:::.Plfl \B}xfl1 

'F'\f>lA :: P\C\ ()8~ / 3. 
p l0) = G,a xe,. 

::::::: C, • \ 8 
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10 The graph shows y = f(x) andy = g(x), where f(x) = lnx and g(x) = x 2 -1. 

I 

I 

I 
I 

y 

I 

y = g(x) 

Y = f(x) 

X 

How many solutions does the equation [f(x)]2 - [g(x)]2 = 0 have? 

(A) 0 

(B) 1 

~ 
(D) 3 

END OF SECTION 1 
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Question 11 

Differentiate y with respect to x: 

a) 
3x + 1 

y= x+4 

u =-- 3~:1-'----'l.___ ___ y_;,,;_ __ 2.::.L...!_L\ _____ _ 

____ u~_3 ______ ~-'-

b) 

y = x ✓4x2 -1 

Page I 8 
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Question 12 

Solve IS - 4xl = 11 

_____ 5-'-":'--------1.,.-'-\-:c=-c::......J\ '~-o~,_s=- L-\x -=-- )) 

Question 13 

Evaluate the expression below, expressing your answer as an integer: 

J,
2ln2 

e 2x dx 
ln2 

2 

3 
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Question 14 

It is given that f"(x) = 6x and that f(x) has a stationary point at (-1,2). Find f(x). 3 

__ __._r_....,_, ( ~b_S), ,__ ± C-~-------
----~___e_L{b:=~o~-----

'.?r+--~=-=--9. 
-- C.,:::..~.:>. __ 

¥c- ~ (,-)-.:: J 3_,,,_"-----=3:>=-----t------
--~=- ~"1 - ~ c__ =---fD,__ ____ _ 

Question 15 

Find the equation of the n9nnal to the curve y = 2(5x - 4)4 at x = 1. 

-~~ 1==- '8 (\ X-'-\J!3. )( ~ -;; -~q_(S:~L-\)~ -UJ_ 
-~- '-j ~ = ~Q -~ M._,, "'~u 

" 
2~ ~- I l')(,__- \J 

Page I 10 
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Questiou 16 3 

Sketchy = ln(x + 4) - 2 showing all the key features and clearly labelling any intercepts in exact 
form. 

.. 
5 

4 

3 

2 

1 

-- -5 4 3 2 1 0 
Ln4 -~ 

/ 
v 

-2 

/ -':l 

I I _,, 
I 

-5 
I \ / , r 

Question 17 

It is given that 1 + 2x - 3x2
;:::: 0 in the domain [0,1]. 

' -
-

•?...=o 

GyL14 ~2~ 
/;:'-6.~}1,,I 

'· 
_j 2,. 4 5r 
e~ { 

-·· 
(J_ j_.- '5 ho 

~,- r.\: 'j \ . 

-
C'I f \-<, 1 .. ' 

G)G"- =-1-- r ri h:.<c.c. (>\:I 

2 
a) Prove that f(x) = 1 + 2x - 3x2 is a probability density function for [0,1]. 

( \-1-- \_ \) - 0 

=d) 
b) State the mode of the probability density function. 

1 
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Question 18 

The circle x 2 + y 2 - 6x + Sy - 11 = 0 is transformed by a horizontal translation to the left by 4 

units and a vertical translation up 3 units. 

What is the centre and radius of the new circle? 

----········1:~ .. G.:k ........ i~ .... ::::.J .. 1 _______ _ 

---~'X..~a. -~ ~±_9_1--4::t~ b::= \ )-!--G\+ \{,. .. 
('1;RI\.~: ~~j~~~-2-~£ =U) ____ _ 

/ :)_ 
--~N~ c.__,_~C_d1~k..~ ____ rc.....d_~--- ----
------· L--; - 1),,__ __ __.(~ .... b ..... ~ 

CD 

Question 19 

a) Find f sin3x dx 

b) Evaluate f: Zx (x2 + 2) 3 dx 

-(I),____ __ 
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Question 20 

The diagram below shows the graph of y = :x 
X +l 

y 
3 

2 

1 

•>---+----+----+-----+-~-+-~---+----<-----<•x 
1 2 3 

-3 

The region enclosed by the graph, the x-axis, and the line x = 2 is shaded. 
Calculate the exact value of the area of the shaded region. 

4 

A -=-- ?--r Ll'.:t-- (]5-- - w __ _ 
0 J '")..l--+ \ 

- 2_ :r k.}- ... et -
--+ \ 

'2 (o-~-::C:r I rra G) -.,..--

Continue to next page. 
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Question 21 

x 2 +2x dy 2 
a) Ify = (x+l)2 • Show that dx = (x+l) 3 

3 

-~~--(22lJ-1::)l?L-t:l)'-- - 9. ( ~±11 ('.): !--t i,J 4-
l Lf 

----------~+-+--------------

- 2- (A.~,) ~;::.._ + '2. ,_ + \ - ~---W~--
-----------'"llk~ 17,t..i ____________ _ 

. d I f I f " h" h th fi . xz+zx . . . b) Fm t 1e set o va ues o x 1or w 1c e unction y = (x+l)2 JS mcreasmg. 1 

Continue to next page. 

Page\ 14 



Question 22 

a) Show that 
cos 2 0 

1- sin 0 

cos 2 0 

1 
. 

0 
= 2sin0 

+sm 

-~L \:LS== c0 ~,_ ~( /1~0~)- Cc-S··&(l~-~fa._o.:-)_~-- (D 
_________ __,_l---=s,,~e.: _______ _ 

c~~:1: GJ;s.10~ -c~§:-tc..~J~.s ,0u 
' \-s1n"e-

------=--""'<)_=--~C~,,,,..,--=······--· .t:::s='~<V:::::::.C-____ _ 

-------,~-----

b) Hence, solve: 
cos 2 0 

1- sin 0 

cos2 0 ---= 1 for O s 0 S rr. 
1 + sine 

APPROXIMATELY HALFWAY -48 marks out of 100 complete at this point 

Page J 15 

2 

2 



Question 23 

The population, P, of parrots, is decreasing at a rate prop01iional to P: 

dP 
dt = -kP 

Initially in August 2003 there were 3000 parrots, and by August 2013 the population had 
decreased to 2750. Note that t is in years. 

a) Show that P = 3000e-k' is a solution to the above differential equation. 

de_~ 
d+ , -- _,., _____ ..., 

------------- / ---------------

=- -K .,_ _________________ _ 

b) Find the value the k (Answer correct to four decimal places). 

- lwl< 
----=2. c_S:.0:::: 30UUe_ 

lo 

1 

2 

c) If the population continues to decrease at this rate what will be the expected population in 1 
August 2023? (Answer to the nearest whole number) . 

..,..<J,()6'81 (20 
_ _..c..\--,~~ ?=.o I f?;:. 'A uuu e. 
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Question 24 

Use the trapezoidal rule with four sub-intervals to evaluate the integral below. 
Answer in simplified fraction form. 

ls 10 
A= --

1
dx 

i x+ 

(/ . --2--- Si-· ·--h\-· --~ ·~ \ 
--~------ --~- -lo ····-~ 
~ ~ 

',t.. 

3 ~ ··------- -------- ------- -
Pi: L-\ ~T ._ S_ k: .s.3 ::I-- ;2. ( \ ~ ±----5i )< 2 _j 

-
(d J_ <lo '--17 

I 

- - -+ 
2- ---

~ _:::,._.., 

~ 
~ 

Gr 
w, .. i< 

o...J 

-

W1------

Continue to next page. 
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Question 25 

The random variable X has this probability distribution. 

X 11 12 13 14 15 

P(X = x) 0.3 0.2 0.1 0.3 0.1 

a) Find the expected value. 1 

b) Find the standard deviation of x correct to 2 decimal places. 
3 

-----=- 2~u I -Q 
SD---=--[Vcr ~ l .L\2. __ (L_) ___ _ 

Continue to next page. 
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Question 26 

The scatterplot below shows the relationship between age and balance. 

12 

10 

8 
OJ 
u 
C 

~ 6 
p:, 

4 

2 

co 10 20 30 40 so 60 70 80 90 

\ 
Age 

a) Draw a line of best fit on the scatterplot and find the equation of this line. ---

b) Hannah is 42 years old. Use your equation to find what is her expected balance? 

c) Use the table of values below to find the value of the Pearson's correlation coefficient 
con-ect to two decimal places. 

I Age 10 20 20 30 40 40 50 50 50 60 70 80 80 
I Balance 10 8 9 8 7 9 5 6 7 5 4 2 3 

. 90 
2 
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Question 27 

The first 3 terms of a sequence are: 

(x - 1), ( 3x + 2), ( Sx + 5), ......... . 

a) Show that the sequence is arithmetic. 1 

__ 0~~--1-~ - ( -x.-\)::;;:.._2,,?,,_,i___,3=-------
--~51L,1,;_'!.::_\321..~_1.:--)_:-- ____ 2., __ l._A_..'.!:i~------

b) Find the sum of the first 50 terms of the sequence, in terms ofx. 2 

__ :s~_;;;; s--~ [ ? \ 'X- \) -I- L-\ cq,4-i-t_~~ -0 

____ 'S;.,_._S--tJ -;; '2~(~Uu!,,\-\'--~ ~ )-----~-

--------· -·'z:_-Wd~-+-3-',.2~~--

Question 28 2 

The table below gives some values of the probabilities of a standard normal distribution. 

o'.s64:t B.ss49 0;903i 0_9{92 ii.§li~ 9,§!§~. 6:~?sl ;~-~~4\ .. 9-i]t~ 
cJ:9s2I- fo.9s6i -o:9sJi? o:99fil 6.993B' o.99si 81'§B[; o.9974 id.9981 
il,9~99, 0.992J 0.9995' Q'.9297' ~29,28C Q'.99981, 6 .. 9299 ~6:?992• (dooo 

Use the table above to find the probability P(-1.5:,; Z < 2.2) 
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Question 29 

The particle's displacement is given by x = (t 2 + l)e-t metres and velocity v m/s. 

a) Find the initial displacement of the particle. 

----'A:t=:---=~u J---~--- lu~ t) ½_ .... ,___ ___ _ 

-----+fx~1 ~ffi J~, --

b) Express the velocity v in factorised form. 

c) Hence, find when the particle is at rest. 

Continue to next page. 
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Question 30 

Solve ln(Z sin2 0 - cos 0) = 0 for O ~ 0 ~ Zrr. 

-~'2~0~\ o.6-=:(~~(S-_;:.:.. _____ ~-----

_Q -{l-- c...,~._<s-)- C<:)0--:-'"'-'✓'--'-1 _____ _ 

-~'2 - ~4-AL-fr - <£:S<J-"--C-.,;-_,___ _____ _ 
__ Q_--=_CCJ S.~ +C9.'.S.c:t: - 2 ;;;;; - I 
____ 2~cv.S l-<§--:f:: G,.J_a:~ I :=-:_U -Q).,___ __ 
-----~C</5. <t 2, > 2-- -1-- <.J.-=:::J_~_u _______ _ 
----2-u. '1..- -1- 2u..._=-_U -__,_\ -=::::-__,_c..,___} _____ _ 

-------'Q=<.,..1 _ _( u -\-- \ ) __ ,_ (u-cLp __ .,_,__ ___ _ 
--~-_t~_( Lc..J - l) - u'--------
-~ - - \ U~::::.-~1_-________ _ 
__ C£,J0--;;;::- \ G{_ _ __..Z;~ 77\ 
___ &:;:=.:_::rc~-J-1+ -~---

.3 .3 
Question 31 

Evaluate 

" 14 
(sin2 x + cos 2 x + tan2 x) dx 

---~- =:s.t +-¼i:JC-();2:C· L2').._b__::::=~c~D~.'----

--i-·r ~ -----=- ~ £gc~-=-~C0~--
--~---_ _µq_~d-,-·,,.-"'-I----
----"--~\_-~O ~- \ :rJJ ___ _ 

APPROXIMATELY THREE QUARTERS COMPLETE - 78 marks out of 100 complete 
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Question 32 
2rr 

The function f(x) = cos (3x) - 1 is defined in the interval O :5 x :5 3 . 
a) What is the amplitude and period of the function? 

b) What is the range of the function? 

c) Sketch f(x) = cos (3x) -1 in the interval O :5 x :5 
2
;. 

y 

- rs'ho d) 
, _-bc"D ·····<2······ 

~ ~ ! 
i 
I 

6 \ 
I "Jtc /' -rn- 1i1 7'-;+-
~ 

6 
I _,_ 

6 j2.. 3 
'\I I/ 

"- . / 

' 

Continue to next page. 

2 

1 

2 

p;;:-fi :v 

)e:; ··-·-· 

. 
X 
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Question 33 

a) Show that 2 

d 
dx (xlog.(x) - x) = log. x 

b) Hence or otherwise find f 2 log.(x).,.!) d:!:::'x,__ ______ 7 

--~~ ={ ~G~-1<-Jj~ 
1 

Continue to next page. 
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Question 33 Continued 3 

a) The graph shows the curve y = 2 loge(X) which meets the line x = 5 at Q. 

Q 

Using your answers from (i) and (ii), or otherwise, find the exact area of the shaded section. 

_ ____,Q~e l~Sj x \ - ~J 2 !0=je---->-__ ___,_G) 

--~~lo._ _ - 2. :x \n - )___ __ G) 
---~--l~-lnt: ---~ ~-(D-~:.=_I)__:::_( ~=_\.)___ ---~ 1 

___ -:-- .lu_l..nt - :2 G;Lo.Y:_-_t-:,Jf---']1------

______ t_'-'~ ~~;ns ~ <LGJ ___ _ 
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Question 34 

The graph y = sin x only has one tangent in the domain [ rr, Zrr] that passes through the origin. 

Let the point of contact of this tangent be P(h, sin h). 

Prove that h = tan h. 

y 

y = sinx 

2rr 
X 

P(h, sin h) 

_ __::::...i
1-- eus ___ !,!:__ ___ -i..--~-...--------

---'-='l----1--='-"---'-'-::..h-) -= < vSL-.. 1---~l ~-----
___ _._m.~--cy,!.,s""'h!._J_ ____ l.,J-------------

' ____p::t __ _;::;___;S~lwu...u.-----+------------

-~slC\y-; ::::- ©S~ 
\,--, 

:sl l\ ½ ==- h----\---,.____,_-1---

----l--'=l~-·~··••'-<;:-j--
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Question 35 

The Moon has a lower gravity than Earth, and there is no atmosphere to cause air resistance, so a 
ball would bounce higher and for much longer on the Moon than on Earth. 

When a ball is dropped on the Moon each bounce is 9 5 % as high as the previous bounce. When an 
identical ball is dropped on Earth each bounce is 50% as high as the previous bounce. 

1 
2 metres 

j 

' 
' 
' 
' 
' ' 

'. ' 
' ' 

' ' ' ' ' ' '' '' ,, ,, ,, 

' 

' 

ball 

NOTTO 
SCALE 

Two identical balls are dropped on the Moon and on Earth, each from a height of two metres. 
Calculate the difference in the total vertical distance travelled by these balls. 
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Question 36 

A new whiteboard is being moved into a classroom. The whiteboard must be taken from the 
entrance, through the schoo 1 's corridors and into the classroom. Two of the corridors are 
perpendicular to each other. The first corridor is 3 metres wide and the second corridor is 4 metres 
wide, as shown in the diagram. The length of the whiteboard is shown using L. 

3m 

1' 
I 

entrance 
I 

e 

4m -----➔ 
classroom 

The whiteboard makes an angle 0 to the horizontal on the comer of the corridors such that 
o < e < 90. 

a) Show that the length of the whiteboard, L, is 
3 4 

--+-
cos0 sin0 

2 

Wfr - 3_ 91_9' sf a©-:::: L..f } co t, t-;_ 
--..._,_ 

.s c<'\ci L,_;::::.. '.=, ' -;) L1----..._m=;; ------ -= 
lo J &r- 'S,. IC\ (§.-

-~ I L, + L-l 
3 @-----~ 

SIQ..._fr 

Continue to next page. 
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b) In order to find the maximum possible length of the whiteboard such that it can be carried 
around the comer, you must find the angle 0 that minimises the function L and then use 3 
that angle to find that length of the whiteboard. Hence, find that value of theta to the 
nearest minute and the length L to the nearest metre. 

I -2- - 2.. 
~ ~l---~ -~ (:=_ga_&~ ___ &:i~ - L\ &.:!._5&51 C\fr .... 

L1-:=- 3 -::,( !\fr. 8 .... C0.J(9;: ____ _ 
G:.iJ "e-- -sic?·e-

.. LI =- ·'-· ..,____ __ ~-------
--,=-=-J--'3 "=>.L()~_&:- L-lCY~:S ~_C9-_-_0~----
_____ _____,'3 ~r 1'<9-- == (__,lwt(C+,~~-----

4-0n' (3- -:;:_ y . 3 •. ,-{\._/a _ _,._._ ____ 

-------'-i=--=-~~cs--~~ ~ ,1-\ 7 C, '-:I\ 

--·--·- 0 1--1, n ___ t iv c.1v.~U---er-· ---·-'=t-=1·· --1--f."4--+----{-=4--%---

---------,-~-'----'--~ -

END OF EXAM 
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Section II extra writing space 

If you used this space, clearly indicate which question you are answering. 

························ t):::. .··(xv+~)\\. Cx.-\- 1J~ ~ ............................................................................ . 

_ -~ _ _;;; .. \"t.,'::+..\:::!.',-)l,::.~c:i<:± Lr:3.'.{6} ±.C~-+.1)~::(~~;:) 

......................... ~ ... - .. ;;._. (1. '\..-+;;.._ -2) ...... .J..- . ;;._g .7,"_,..- ........................................................ . 

··········································· (1L+l_}3 ................. (')(,-\,.\) '\.-······························································· 

::::::::::::::::::: ~ ::- : d-~~ -+t-~ ·Q-~ ~ ) ( )(,+, ) ::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 
........................................... ···· t')(:,¾ ~ ................................................... ················ ............................. . 

................... ?.. ... : .. ~-::::..~ .+: .. ~ A:: .1,,6 2<1:+ )_ ................................................ . 
········· ···············································•c:!--+')..l ........... : ............................................................................. . 

··············;:::;················ c;,2.. ............... · ......................................................................................................... . 
···································(,.,c_--\-l~ ":!> · · ································· ······················· ······ ·········· · ·· ···························· · · ······· 
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STUDENT NAME/NUMBER: _____________ _ 

Section I 

10 Marks 

Attempt Questions 1-10. 

Allow about 15 minutes for this section. 

Select either A, B, C or D that best answers the question and indicate your choice with a 

cross (X) in the appropriate space on the grid below. 

This page must be handed in with your answer booklet. 

A B C D 

1 >< 
2 ~ 

3 )( 

4 >< 
5 'jZ 
6 )\ 

7 y 
8 )< 

9 )<' 

10 x 
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