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2021 
Year 12 
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General Instructions: 
 
• Reading time: 5 minutes 
• Time Allowed: 1.5 hours 
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• Attempt all questions in the space provided 

on the paper 
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Question 1 (START A NEW WRITING PAGE) 
 
 
(a) Consider the polynomial  3 2( ) 8 12P x x x x= − − + . 
 
 
 (i) Use the factor theorem to show that ( 2)x −  is a factor of ( )P x .             (1) 
 
 

(ii) Factorise ( )P x  completely.                                        (2) 
 
          
 
(b) Solve the equation sin 2 tanx x=  for the domain [0, )S                                       (3) 
                    
 
(c) Prove ( 2)n n+  is divisible by 4 by mathematical induction,     (3) 
 if n is any positive even integer.         
    
 
(d) Find the value of k if tany x=  satisfies the differential equation 2y k yc = + .               (2) 
          
 
(e) PQRS is a trapezium with A and B being the midpoints of PQ and RS respectively. 
 

 
 

Let PA a= and SB b=  
 

 
(i) Show that  QR b a AB= − +                                                               (1) 

 
(ii) Express PS  in terms of a , b and AB .                      (1) 

 
(iii) Write an expression for   PS QR+  ,  in terms of  AB                                 (2) 

 
END OF QUESTION 1 
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QUESTION 2 (START A NEW WRITING PAGE)      
   

 
(a)  (i) Write the expression sin 3 cosx x+  in the form sin ( )R x D+ , where 0R ! . (2)    

                              and 0
2

x S
d d                            

 (ii) Hence, solve the equation sin 3 cos 1x x+ =  in the domain [0,2 ]S       (2)                                                                         
 
     
 
(b) After time t years from the start of the year 2021, the number of people in a population is 

given by: 
 
  0.170 tN Ae= +  where A  is a constant greater than 0.                                                                            
 

 (i) Show that 0.1( 70)dN N
dt

= − .      (1)    

                                                          
 (ii) There were 100 people in the population at the start of the year 2021.  (3) 
  Find the year when the population size will exceed 190. 
 
 
(c) The graphs of the functions ( )g x mx b= + and 3 2( ) 3 2f x x x= − are shown.                                                                                              
     
  

 
 

(i) Sketch the graph of  3 23 2y x x= −       (1)                                                                                         
 

(ii) Use the sketch of 3 23 2y x x= − , to find the values of m and b if the function of 

( )g x mx b= +  , has the solution to the equation 3 23 2mx b x x+ � − is 
 3x � −  or 1x ! .        (2)                                                                                         

 
 
 
 
QUESTION 2 continues the next page…  
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QUESTION 2 (continued) 
 
(d) A NSW census shows that 40% of NSW adults completed at least 30 minutes of exercise 

each day. 
 
 

(i) A random sample of 21 NSW adults is to be conducted to find              (2) 
the proportion who completed at least 30 minutes of exercise each day. 
Given that the mean is 0.4, show that standard deviation for the distribution of  
sample proportions 0.1069. 
                       
 
       

 
(ii) Part of a table giving values of  ( )P Z zd ,                 (2) 

where z is a standard normal variable is shown below 
 

 

 
 

Estimate the probability that a random sample of 21 NSW adults find at most 3 who 
have completed at least 30 minutes of exercise each day. 

 
 

 
 

 
 

 
 
 
  

 
 
 
 
 
 
 

END OF QUESTION 2 
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QUESTION 3 (START A NEW WRITING PAGE)      
   

(a)  The vectors OF , OG and OH  are shown below.       
 

 
 

  
 What is the size of GOH� to the nearest degree?                           (2) 
 
 
(b) What is the derivative of  1sin .cosx x− ?                 (2) 
 
 

(c) Use the substitution cos 2u T=  to evaluate 

3
4

2

2

cos 2 sin 2 d

S

S

T T T�³               (2) 

 
 
(d) A spherical balloon is to be filled with water so that its surface area increases at a 
 constant rate of 1cm2/s.  

 [Note: Sphere formulae  24SA rS= and 34
3

V rS=  ]  

 
 (i)  Find when the radius is 3 cm: 
 
  (D ) the required rate of increase of the radius;                                                (2) 
          (leave your answer in terms of S ) 
 
  ( E ) the rate at which the water is flowing in at that time.              (1) 
 
 (ii) Find the volume when the volume is increasing at 10 cm3/s              (2) 
  (leave your answer in terms of S ) 
 
 
QUESTION 3 continues the next page… 
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QUESTION 3 continued… 

 
 

(e) The graph of the function 
2

3
9

y
x

=
+

for 0x!  is shown. 

 

 
 

 The area bounded by the curve  
2

3
9

y
x

=
+

 , the axes and the lines 0x=    (2)  

 and x h=  is rotated about the x-axis to create a solid of revolution. 
 
 Find in terms of h, the volume of this solid.  
 
 

 
(f) The spread of flu through a student population is modelled by the equation 
 

0.4

2000
1 199 tS

e−=
+

 

 
 where S is the total number of students infected after t days. 
 
 Show that the given equation for S satisfies the differential equation                              (2)

   

 2
5 1000

dS S S
dt

§ ·= −¨ ¸
© ¹

. 

 
 

 
 

 
  
 
 
 
 

END OF QUESTION 3 
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QUESTION 4 (START A NEW WRITING PAGE)      
    

(a) Show that  ( )
4

2

0

1 tan ln 2 1x dx

S

+ = +³                    (3)

                
    
 

(b) Prove that cos3 sin 3
cos sin

T T
T T
−  is independent of .T      (2) 

 
 
 

(c) The graph of the function 
2 4( ) xf x
x
+

=  is shown.      

 

 

(i) Show that the stationary points of 
2 4( ) xf x
x
+

=  are (-2, -4) and (2, 4).            (2) 

     

(ii)  Sketch the graph of 1
( )

y
f x

= ,                     (2) 

showing all important features including turning point(s), intercept(s) and 
asymptotes. 
 
  

  
 
 
QUESTION 4 continues the next page… 
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QUESTION 4 continued … 
    

(d) Initially, a golf ball was hit from the ground at a velocity of 80 1ms−  at      
an angle of 60 to the horizontal and 210g m s−= . 

 
  The position vector of the golf ball after t seconds is given by  
 
  ( ) ( )2( ) 40 40 3 5s t t i t t j= + − .  

 
(i)  Eight seconds after the golf ball was hit, a small stone was fired at a velocity V     

  horizontally from a point 30 m above the ground. 
 
 

 
 
 
Find the position vector of the stone.                  (2) 
 
 

(ii)   Find the time to the nearest second after the golf ball was hit             (2)  
when it collided with the stone.                   

   
 

(iii)  What is the stone’s speed at collision?                (2) 
      

(Give your answer to three significant figures) 
 

 
 

 
 

 
 

 
 
  

END OF QUESTION 4 
 

END OF EXAMINATION 
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