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SECTION A – Multiple-choice questions 
 
 
Question 1 
 
The amplitude and the period of the function , are given respectively by 
 
A.  
 
B.  
 
C.  
 
D.  
 

 

Question 2 
 
The function g is continuous over its domain , and the function h is continuous over its 

domain .  Let . 

The domain of f is  

 
A.  
B.  

C.  

D.  
 

 

Question 3 
 
The equation  has two real solutions if 
 
A.  
 
B.  
 
C.  
 
D.  
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Question 4 
 

The graph of the function  has a positive x-intercept at . 
 
Newton’s method is used to find the approximate value of a, with an initial estimate of  being 
used. 
If  correctly approximates the value of a to four decimal places, then the minimum value of n is 
 
A. 1 

B. 2 

C. 3 

D. 4 

 

 
Question 5 
 
A system of simultaneous linear equations is given by 
 
       

 
There will be a unique solution only when 
 
A.  
 
B.  
 
C.  
 
D.  
 

 

Question 6 
 

Let . 

If the inverse function  exists, then the maximum value of a is  
 
A. 

  
 

 

B.   
 

C.     
 

D.   
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Question 7 
 
Let . 

The composite function h is given by . 

The range of h is 

 

A.   

B.   

C.   

D.   

 
 
Question 8 
 
Consider the function f given by 
 

     

 
The graph of  is continuous and smooth at  when 
 
A.  

B.  

C.  

D.  
 
 
Question 9 
 
If  and   then   is equal to 

 

A.  

B.  

C.  

D.     
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Question 10 
 
The two functions f and g are continuous and differentiable for , where , , 

 and . 

At the point where , the gradient of the graph of  is 

 
A.  
 
B.  
 
C.   
 

D.  
 
Question 11 
 
A body corporate surveyed 90 randomly selected residents of a very large apartment complex and 
found that one-sixth of the surveyed residents owned a pet. 
The body corporate calculated a  confidence interval of  correct to four decimal 
places. 
 
The value of p is closest to  
 
A. 75 
B. 80 
C. 90 
D. 95 
 
Question 12 
 
Let A and B be two independent events from a sample space where  and 

. 
 

 is equal to 
 
A. 0.1 
B. 0.2 
C. 0.3 
D. 0.4 
 
Question 13 
 
The weights of fresh lemons picked from a particular lemon orchard are normally distributed. 
If 10% of the lemons weigh more than 66 grams and 15% of the lemons weigh less than 56 grams, 
the mean weight, in grams, of a fresh lemon from the orchard is closest to 
 
A. 60.0 
B. 60.5 
C. 61.0 
D. 61.5 
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Question 14 

The following algorithm uses the trapezium rule to estimate the area under a graph over a particular 
interval. 

 Inputs: f(x), the function describing the graph 

   a, the left endpoint of the interval 

   b, the right endpoint of the interval 

   n, the number of trapeziums used 

 Define: trapezium (f(x),a,b,n) 

   h  (b - a)  n 

   total  f(a) + f(b) 

   x  a + h 

   i  1 

   While i < n  Do 

    total  total + 2  f(x) 

    x  x + h 

    i  i + 1 

   EndWhile 

   area estimate  total  (h  2) 

Print  area estimate 

 

The algorithm is run using the instruction 

   trapezium ( , 0, 3, 3) 

The output is 

A.  

B.  

C.  

D.  
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Question 15 
 
A purse contains four gold coins and five silver coins. Four coins are randomly drawn from the purse 
without replacement. 
The probability that an equal number of gold and silver coins are drawn, given that at least one silver 
coin is drawn, is 
 

A.  

B.   

C.   

D.    

 

 
Question 16 
 
A fair sided die is being rolled.  For random samples of n die rolls, where n is an integer greater than 
two,  is the random variable that represents the proportion of die rolls that have a number less than 
three thrown. 

If , the smallest value of n is 

A. 6 
B. 7 
C. 8 
D. 9 
 
 
Question 17 
 

The tangent to the graph of  is parallel to the line with equation  at 

particular points on the graph. 
 
Which one of the following gives all the possible values of x at these points? 
 
A.  
 
B.  
 
C.  
 

D.  
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Question 18 
 
Let . 
The graph of  has two or more stationary points with positive  
x-coordinates. 
Which one of the following is not a possible value of k? 
 
A.  
 
B.  
 
C.    1 
 
D.     
 
 
Question 19 
 
The probability density functions of two normal random variables X and Y are  
respectively.  
The means of X and Y are both zero and the standard deviation of X is half the standard deviation 
of Y. 

A transformation maps the graph of f onto the graph of g, where . 

The values of a and b could be 
 

A.  

B.  

C.  

D.  

 
 
Question 20 
 
Let  and let g be the inverse function of f. 
Given that , then all the possible values of a are given by 
 
A.  
B.  

C.  

D.  
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SECTION B 
 
 
Question 1 (10 marks) 
 

The diagram below shows part of the graph of the quartic function  . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a. Find the coordinates of the point at which the maximum value of f occurs. 1 mark 

 
 
 
 

b. State the nature of the stationary point on the graph of f at . 1 mark 
 
 
 
 

c. Find the values of x for which . 1 mark 
 
 
 
 
 
 
 

 

x

y

y f x=  ( )

O
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d. Find the values of h such that   has no positive solutions. 1 mark 
 
 
 
 
 

  
e. Find the values of k such that   has no solutions. 1 mark 

 
 
 
 
 
 

f. Find the equation of the tangent to f at . 1 mark 
 
 
 
 

g. The graph of  has a tangent at the point where , that is parallel to the 
tangent found in part f.  Find the value of q. 1 mark 
 
 
 
 
 
 

h. A straight line passes through the origin and is perpendicular to the tangent found in part f. 
This straight line intersects the tangent at the point A.   

It also intersects the tangent to f at   at the point . 

Find the midpoint of the line segment AB. 3 marks 
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Question 2 (12 marks) 
 
The parabolic cross-section of a rail tunnel is modelled by the function 
 

 
 
where x is the horizontal distance, in metres, from an origin O and y is the vertical distance, in 
metres, above the horizontal base of the tunnel.  The graph of f is shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a. i. Write down, in terms of a, the domain of f. 1 mark 

 
 
 
 
 
 

ii. State the equation of the axis of symmetry of the graph of f in terms of a. 1 mark 
 
 
 
 
 
 

iii. Find the values of x, in terms of a, for which f is strictly increasing. 1 mark 
 
 
 

   
b. Find the values of a for which the maximum height of the tunnel is less than twice the width 

of the base of the tunnel. 2 marks 
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The diagram below shows the parabolic cross-section of the rail tunnel at a particular station.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The rectangular cross-section of the platform has a width of four metres and a height of two metres.  
The vertical platform wall lies on the y-axis. 
 
The cross-section of a service area that lies behind the vertical platform wall is also shown. 
At this particular station, the cross-section of the rail tunnel is modelled by the function 
 

 
 
 

c. Find the vertical distance, in metres, from the platform to the top of the vertical platform 
wall.  1 mark 
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During construction of this station, a spotlight is installed on the roof of the tunnel at the point 
 where .   This spotlight must be able to project a straight beam of light from P to the 

point  as indicated in the diagram below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
d. Find the maximum length of the beam of light that the spotlight must be able to project.   

Give your answer, in metres, correct to one decimal place. 3 marks 
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A water sprinkler is to be attached to the roof of the tunnel at this station at the point . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Let the cross-sectional area of the tunnel to the left of the line , excluding the cross-sectional 
areas of the platform and the service area, be area A. 
Let the cross-sectional area of the tunnel to the right of the line , be area B. 
 
 
e. Find the value of m if area A is equal to area B.  Give your answer correct to two decimal 

places. 3 marks 
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Question 3 (15 marks) 
 
An online food delivery company delivers ready-made meals to customers’ homes.  Due to a decline 
in business revenue, a manager is reviewing the company’s service history. 
It is found that the number of minutes before or after the time the food is expected to have arrived at 
the customer’s address, is a normally distributed variable, with a mean of zero minutes and a 
standard deviation of five minutes. 
 
a. Find the probability that a meal arrives within two minutes of its expected arrival time.  Give 

your answer correct to four decimal places. 1 mark 
 

 
 
 
 
 

Customers receive a refund if their meal arrives more than k minutes after the expected arrival time. 
 

 
b. If five percent of customers are refunded, find value of k, correct to three decimal places. 1 mark 
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To analyse the performance of the delivery drivers, the manager models the situation where six 
deliveries are made and the probability that a delivery is late is 0.5. 
He makes the assumption that the arrival time of a delivery is independent of the arrival time of any 
other delivery. 
The graph below shows an incomplete plot of the probability mass function, p(x), for the number of 
times, x, that a meal is delivered late across six deliveries. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
c. i. Complete the graph above.             2 marks 

 
                                      (Answer on the graph above.) 
 
 
ii. Find the probability that at least one of the deliveries is delivered late.   
            Give your answer correct to four decimal places. 1 mark 

 
 
 
 
 
 

iii.         Find the probability that no more than four deliveries are delivered late  
             given that at least one of the deliveries is late.   
             Give your answer correct to four decimal places. 2 marks 

 
 
 
 

 
 
 
 

 
 
 

 
xO

0.1

0.2

0.3

1 2 3 4 5 6
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Unfortunately, not all deliveries are delivered to the correct address.  For a particular driver, on any 
given day, there are at most two meals that he delivers to the incorrect address. 
The number of meals that he delivers to the incorrect address is a random variable X which has the 
following discrete probability distribution. 
 

x 0 1 2 

 0.8 m n 

 
 
d. i.            Find the variance of the number of meals delivered to the incorrect address 

              in terms of m.   
              Express your answer in the form  where a, b and c are real  
              constants. 3 marks 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ii. Hence, find the maximum variance of the number of meals delivered to the incorrect 
address. 1 mark 
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For random samples of 1000 delivered meals,  is the random variable that represents the proportion 
of meals that are delivered to the incorrect address. 
 
The food delivery company analysed a sample of 1000 delivered meals and calculated a 95% 
confidence interval for the proportion of meals delivered to the incorrect address.  The confidence 
interval they obtained was (0.1752, 0.2248). 
 
 
e. i.            Find the estimated standard deviation of . 

              Give your answer correct to four decimal places. 2 marks 
 
 
 
 
 
 
 
 

ii. Find the least number of delivered meals required to be sampled to reduce the width 
of this confidence interval by at least a quarter. 2 marks 
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Question 4 (13 marks) 
 
Consider the functions  and  where D is 
the maximal domain of g. 
 
a. State D using interval notation. 1 mark 

  
 
 
 
 

b. Find the area bounded by the graphs of f and g and the line . 2 marks 
 

 
 
 
 
 
 
 
 
 
 

Let  where the function h is defined. 
 
c. i. Show that . 1 mark 

 
 
 
 
 
 
 
 
 

ii. Find the maximal domain and range of h. 2 marks 
 
 
 
 
 
 
 
 
 

iii. Find the rule for , the inverse function of h. 1 mark 
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Part of the graphs of h and  over their maximal domains are shown below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Let p be the x-coordinate of the point of intersection of the graphs of h and . 
 
 
d. Write down an expression that includes p and the function  and which gives the 

average value of the function  over the interval .  Do not evaluate this expression. 2 marks 
 
 
 
 
 
 
 
 
 
 
 

 
 
  

 

x

y

O 3

3
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Consider the graph of the function  where . 
 
Let Q be a point on  where  and . 
 
e. Find, in terms of a, the gradient of the tangent to the graph of  at the  

point Q.  2 marks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

f. Find the values of a for which the angle that the tangent to  at the point Q makes with 
the positive branch of the x-axis is less than . 2 marks 
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Question 5 (10 marks) 
 
 

Let  .  Part of the graph of f is shown below. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
a.          State the period of f. 1 mark 

 
 
 
 

  
  
b. State the maximum value of f, correct to three decimal places.  1 mark 

 
 
 
 
 
 

 
c. Find the smallest positive value of c for which . 1 mark 
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d. Find the smallest value of  for which the area bounded by f and the x-axis 
over the interval , is equal above and below the x-axis.  Give your answer correct to 
two decimal places. 2 marks 
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Consider the functions of the form  , where a is a positive 

integer. 
 
 
e. Find, in terms of a, the period of the functions . 1 mark 

 
 
 
 
 
 

f. Find the values of x, in terms of a, for which the maximum value of the following functions 
occur. 
 
i.            1 mark 

 
 
 
 
 
 

ii.  1 mark 

 
 
 
 
 

 
g. Hence show that the maximum value of  can never equal two.  2 marks 
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