
 

 

Newcastle Grammar School 

 

 

 

Student Number 

        

 

2022 HSC TRIAL EXAMINATION 
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READING TIME – 10 MINUTES 

WORKING TIME – 2 HOURS 

General Instructions 

 Write using black pen. 
 Read the instructions carefully – you may be 

required to answer the questions in the 
space provided, or use the writing booklets 
provided, or a combination of the two. 

 If you use booklets, start each section in a 
separate writing booklet. 

 Write your student number clearly on each 
page. 

 NESA-approved calculators may be used, 
unless stated otherwise. 

 All diagrams should be drawn in pencil. 
 Do not remove this question paper from the 

examination room. 
 

Section Guidance Marks 
Available 

Your 
Score 

SECTION I  Type of Questions – Multiple Choice 
 Attempt Questions 1-10 
 Allow about 15 minutes for this section 

10  

SECTION II  Type of Questions – Extended Response 
 Attempt Questions 11-14 
 Allow about 1 hr 45 mins minutes for this section 

60  

 TOTALS 70  

 

FINAL MARK          / 70             % 

 

Your examination paper begins overleaf. 
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SECTION I  

Questions 1-10 (10 marks) 

On the multiple-choice answer sheet provided, shade in the best answer for each question. 
 

1 Which of the following polynomials has a factor of  ( 1)x  ?    

 (A)   3 2( ) 5 4P x x x  

 (B) 3 2( ) 5 6P x x x  

 (C) 3 2( )P x x x  

 (D) 4 2( )P x x x  

 

2 Given 1( )
3

f x
x

, what are the domain and range of 1( )y f x ?    

 (A)   1 1: ( , ) ( , )
3 3

: [0,9) (9, )

Domain x

Range y
 

(B)  : [0,9) (9, )
1 1: ( , ) ( , )

3 3

Domain x

Range y
 

 (C) 1: ( , ] (0, )
3

: [0,9) (9, )

Domain x

Range y
 

(D)  : [0,9) (9, )
1: ( , ) (0, )

3

Domain x

Range y
 

 
3 Given that 1tan

3
, what is the exact value of tan ( )

3
?       

 
(A)   

1 3 3
3 3

 

 
(B) 

1 3 3
3 3

 

 
(C) 

3 3
3 3 1

 

 
(D) 

3 3
3 3 1

 

  



4 Which of the following integrals is obtained when the substitution 2lnu x  

is applied to:   

2 3(ln )e

e

x dx
x ?      

 
(A)   

4

1

1
2
u du  

 
(B) 

4

1

2 u du  

 
(C) 

4 3
2

1

2 u du  

 
(D) 

4
6

1

u du  

5 Six equilateral triangles form a hexagon with side lengths of 4cm. The vectors , andu v w
%% %

 are 
shown in the diagram. 

 

 

 

Which of the following is the value of   ( + )u u v wg
% % % %

?    

 (A)   8  

 (B) 16  

 (C) 32  

 (D) 48  

  



6 The graph of ( )y f x  is shown here: 

 

 

 

 

 

 

How many real solutions does the equation 2[ ( )]f x x have?   

 (A)   1 

 (B) 2  

 (C) 3  

 (D) 4  

 

7 The random variable X has a binomial distribution where ( ) 3E X  and 9( )
4

Var X . 

( 2)P X  is equal to:      

 
(A)   

93 3
16 4

 

 
(B) 

12366
4

 

 
(C) 

101 1
64 4

 

 
(D) 

1033 3
8 4

 

 
8 What is the value of 4 2

0

4cos cos 2x x dx ?    

 (A)   
4

 
(B)  

2
 

 (C)  (D)  2  



9 Out of a group of twelve friends, nine wear glasses and three do not wear glasses. Five of the 
friends go out to dinner together. In how many ways will there be more friends who wear 
glasses than friends who don’t wear glasses in the group who go out for dinner?  

 (A)   792  

 (B) 756  

 (C) 220  

 (D) 126  

10 

 

A bag contains ten tickets numbered 1, 2, 3……,10. 
  
 Joanna chooses a ticket at random, records the number and replaces the ticket in the bag.  
The process is repeated two more times so that a total of three tickets are drawn. 
 
 What is the probability that the number on the first ticket drawn is higher than the second 
AND the second is higher than the third?    
 

 
(A)   

3
25

 

 
(B) 

1
6

 

 
(C) 

18
25

 

 
(D) 

4
5

 

END OF SECTION 1 

 

  



SECTION II 

Question 11 (15 marks) START A NEW BOOKLET 
 

 
a) Find the exact value of 

3

2
2 4

dx
x

     
 
3 

   

b) At a certain university, students receive one of the following grades for each subject: High 
Distinction (HD), Distinction (D), Credit (C), Pass (P) or Fail (F).  

What is the minimum number of students required in a subject so that six students are 
guaranteed to receive the same grade? (Justify your answer with appropriate calculations 
and/or reasoning.)  

 

2 

   

c) Find the angle between the vectors 2 6 and 4 2a i j b i j
% % % %% %

, correct to the nearest 

degree.   

2 

   

d) A curve with the equation 3 2 8 10y x x x has a maximum turning point at A . The 
shaded region below is bounded by the curve, the y -axis, and the line from O  to A , where 
O  is the origin.     

 

 

 

 

 

 

 

 i) Show that the x -coordinate of A  is 2 . 2 

 ii) Find the exact area of the region. 3 

   

 

e) Evaluate 2

8

sin (2 )x dx     
 
3 

END OF QUESTION 11 

 

  



Question 12 (15 marks) START A NEW BOOKLET 

 

a) Consider the expansion of 9(2 )x p . The coefficient of the seventh term is 672000 . Find 
the exact value of p .    

2 

   

b) The polynomial 4 3 2( ) 8 38 9P x x x x ax b  has a double root at 3x . 
Find the values of anda bwhere anda b  are real numbers.  

3 

   

 
c) If 

14
6

OA
uuur

 and 
2
2

OB
uuur

, find the value of k for which the vector 
3
k

is parallel 

to AB
uuur

.   

 
2 

   

 
d) Solve 2 cos 2 cos 1

4 4
x x   for x      

3 

   

e) It is given that a b
% %

 is perpendicular to c+d
% %

 and b+c
% %

 is perpendicular to a+d
% %

, 

where anda,b,c d
%%% %

 are non-zero vectors. Show that b - d
% %

 is perpendicular to c - a
% %

. 

 
3 

   

f) The sketch of the graph of ( )y f x  is shown below.     

 
 
 
 
 
 
 
 
 
 
 

 

Consider the equation | ( ) |f x k   where k  is any real constant. 

Define function ( ) the number of realsolutions to theequation | ( ) |N k f x k . 

Sketch the graph of the function ( )N k on the axes provided (separate answer sheet). 

 

 

 

 

 

 

 

 

 

 

2 

END OF QUESTION 12 



 

Question 13 (16 marks) START A NEW BOOKLET 

 
a) i) Show that 1 1 1

1 ! 2 ! 2 !
n

n n n
    1 

 ii) Use mathematical induction to show that, for all integers 1n ,  
1 2 3 1......... 1
2! 3! 4! 1 ! 1 !

n
n n

 

3 

   

b) Consider the function 4 5log log ( 0)f x x x x   

 i) Explain why the function has an inverse function. Use calculations and / or 
reasoning to support your answer. 

2 

 
ii) Show that the inverse function is given by  

ln 4 ln 5
1 ln 20( )

x
f x e  

 

 
2 

 iii) Hence, or otherwise, solve 4 5log log 2.x x  Give your answer correct to 
three decimal places. 

1 

   

c) An efficiency management consultant analysis finds that 89% of trains run on time. 
On a particular day there are 1000 train trips. 
Let X be the binomial random variable representing the number of on-time trains.   
  

 

 i) Find ( )E X  1 

 ii) Show that X has a standard deviation of approximately 10 1 

 iii) Justify the feasibility of using a normal approximation for this distribution, 
and use a normal approximation to find the probability that fewer than 
90% of the trains run on time. 

2 

   

d) Given that 1tan (2 )y x is a solution to the differential equation: 

(a bx2) d
2y
dx2

c dy
dx

8(2 tan(y))
sec2(y)

 

find the values of , anda b c  where , anda b c ¡ .   

 

 
 

3 

END OF QUESTION 13 

 



 

Question 14 (14 marks) START A NEW BOOKLET 

 

a) In triangle OAB , K  divides AB  in the ratio :  (that is : :AK KB ) 

 

 

 

 

 

 
i) Show that AK OB OA

uuur uuur uuur
 

1 

 
ii) Hence, prove that 1OK OB OA

uuur uuur uuur
 

2 

 iii) Use the result in part ii) to find the position vector of a point that divides 
the line connecting (2,5) and (12,20)A B  in the ratio 2 : 3  

2 

   

 
b) Solve the differential equation  2 2(1 )(1 ) , given that (1) 0.dy x x y y

dx
 

Express y as a function of x. 

 

3 

   

 
c) Consider the function with the rule ( )

2
xf x
x

   
 

 i) Explain why ( )y f x is on/above the x axis between 0x  and 1x . 
 

1 

 ii) Find the exact area of the region enclosed by the graph ( )y f x , the x
axis and the line 1x . (You will need to use the substitution 2u x .) 
 

2 

 iii) The region described in part i) is rotated about the x -axis to form a solid 
of revolution. Find the volume of this solid of revolution. (You will need 
to use division of polynomials to re-write the integrand.) 
 

3 

END OF QUESTION 14 

 

END OF PAPER 
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SECTION I  

Questions 1-10 (10 marks) 

On the multiple-choice answer sheet provided, shade in the best answer for each question. 
 

1 Which of the following polynomials has a factor of  ( 1)x  ?    

 (A)   3 2( ) 5 4P x x x  

 (B) 3 2( ) 5 6P x x x  

 (C) 3 2( )P x x x  

 (D) 4 2( )P x x x  

 

2 Given 1( )
3

f x
x

, what are the domain and range of 1( )y f x ?    

 

 

 

 

 

 (A)   1 1: ( , ) ( , )
3 3

: [0,9) (9, )

Domain x

Range y
 

(B)  : [0,9) (9, )
1 1: ( , ) ( , )

3 3

Domain x

Range y
 

 (C) 1: ( , ] (0, )
3

: [0,9) (9, )

Domain x

Range y
 

(D)  : [0,9) (9, )
1: ( , ) (0, )

3

Domain x

Range y
 

  



 
3 Given that 1tan

3
, what is the exact value of tan ( )

3
?       

 
(A)   

1 3 3
3 3

 

 
(B) 

1 3 3
3 3

 

 
(C) 

3 3
3 3 1

 

 
(D) 

3 3
3 3 1

 

 

 

 

 

 

4 Which of the following integrals is obtained when the substitution 2lnu x  

is applied to:   

2 3(ln )e

e

x dx
x ?      

 
(A)   

4

1

1
2
u du  

 
(B) 

4

1

2 u du  

 
(C) 

4 3
2

1

2 u du  

 
(D) 

4
6

1

u du  

  



5 Six equilateral triangles form a hexagon with side lengths of 4cm. The vectors , andu v w, du v w, and
are shown in the diagram.

Which of the following is the value of   ( + )u u v w( +( ++ )u (( ++ ?   

(A)  8

(B) 16

(C) 32

(D) 48



6 The graph of ( )y f x  is shown here: 

 

 

 

 

 

 

How many real solutions does the equation 2[ ( )]f x x have?   

 (A)   1 

 (B) 2  

 (C) 3  

 (D) 4  

 

7 The random variable X has a binomial distribution where ( ) 3E X  and 9( )
4

Var X . 

( 2)P X  is equal to:      

 
(A)   

93 3
16 4

 

 
(B) 

12366
4

 

 
(C) 

101 1
64 4

 

 (D) 1033 3
8 4

 

  



 
8 What is the value of 4 2

0

4cos cos 2x x dx ?    

 (A)   
4

 
(B)  

2
 

 (C)  (D)  2  

9 Out of a group of twelve friends, nine wear glasses and three do not wear glasses. Five of the 
friends go out to dinner together. In how many ways will there be more friends who wear 
glasses than friends who don’t wear glasses in the group who go out for dinner?  

 (A)   792  

 (B) 756  

 (C) 220  

 (D) 126  

  



10 

 

A bag contains ten tickets numbered 1, 2, 3……,10. 
  
 Joanna chooses a ticket at random, records the number and replaces the ticket in the bag.  
The process is repeated two more times so that a total of three tickets are drawn. 
 
 What is the probability that the number on the first ticket drawn is higher than the second 
AND the second is higher than the third?    
 

 (A)   3
25

 

 
(B) 

1
6

 

 
(C) 

18
25

 

 
(D) 

4
5

 

 

 

  



SECTION II

Question 11

a)
Find the exact value of 

3

2
2 4

dx
x

    3

b) At a certain university, students receive one of the following grades for each subject: High 
Distinction (HD), Distinction (D), Credit (C), Pass (P) or Fail (F). 

What is the minimum number of students required in a subject so that six students are 
guaranteed to receive the same grade? (Justify your answer with appropriate calculations 
and/or reasoning.) 

2

c) Find the angle between the vectors 2 6 and 4 2a i j b i ja i j b i j2 6 and 4 22 6 and 4j b i jand 4 2and 4and 4and 4 , correct to the nearest 

degree.  

2



d) A curve with the equation 3 2 8 10y x x x has a maximum turning point at A . The 
shaded region below is bounded by the curve, the y -axis, and the line from O  to A , where 
O  is the origin.     

 

 

 

 

 

 i) Show that the x -coordinate of A  is 2 . 2 

 ii) Find the exact area of the region. 3 

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  



   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

 

e) Evaluate 2

8

sin (2 )x dx     
 
3 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Question 12  

 

a) Consider the expansion of 9(2 )x p . The coefficient of the seventh term is 672000 . 
Find the exact value of p .    

2 

   

  



b) The polynomial 4 3 2( ) 8 38 9P x x x x ax b has a double root at 3x .
Find the values of anda bwhere anda b are real numbers. 

3

e)
If 

14
6

OAOA
14

and 
2
2

OBOB
2

, find the value of k for which the vector 
3
k

is parallel 

to ABAB .  

2



   

d) 
Solve 2 cos 2 cos 1

4 4
x x   for x      

3 

   

  



e) It is given that a ba b is perpendicular to c+dc+d and b+cb+c is perpendicular to a+da+d ,

where anda,b,c da,b,c dand are non-zero vectors. Show that b - db - d is perpendicular to c - ac - a .
3



f) The sketch of the graph of ( )y f x  is shown below.     

 
 
 
 
 
 
 
 
 
 
 
 
 

Consider the equation | ( ) |f x k   where k  is any real constant. 

Define function ( ) the number of realsolutions to theequation | ( ) |N k f x k . 

Sketch the graph of the function ( )N k on the axes provided (separate answer sheet). 

 

 

 

 

 

 

 

 

 

 

2 

   

  



Question 13  

 
a) i) Show that 1 1 1

1 ! 2 ! 2 !
n

n n n
    1 

 ii) Use mathematical induction to show that, for all integers 1n ,  
1 2 3 1......... 1
2! 3! 4! 1 ! 1 !

n
n n

 

3 

   

  



b) Consider the function 4 5log log ( 0)f x x x x   

 i) Explain why the function has an inverse function. 2 

 
ii) Show that the inverse function is given by  

ln 4 ln 5
1 ln 20( )

x
f x e  

 

 
2 

 iii) Hence, or otherwise, solve 4 5log log 2.x x  Give your answer correct to 
three decimal places. 

1 

   

  



   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

   

  



c) An efficiency management consultant analysis finds that 89% of trains
run on time. On a particular day there are 1000 train trips.

Let X be the binomial random variable representing the number 
of on-time trains.   

i) Find ( )E X 1

ii) Show that X has a standard deviation of approximately 10 1

iii) Justify the feasibility of using a normal approximation for this distribution, 
and use a normal approximation to find the probability that fewer than 
90% of the trains run on time.

2



d) Given that 1tan (2 )y x is a solution to the differential equation:

(a bx2) d
2y
dx2

c dy
dx

8(2 tan(y))
sec2(y)

find the values of , anda b c where , anda b c .  

3



Question 14 (15 marks) START A NEW BOOKLET

a) In triangle OAB , K divides AB in the ratio : (that is : :AK KB )

i) Show that AK OB OAAK OB OAOB OAOB
1

ii) Hence, prove that 
1OK OB OAOK 11 OB OAOB OOB1 OAOOB

2

iii) Use the result in part ii) to find the position vector of a point that divides 
the line connecting (2,5) and (12,20)A B in the ratio 2 : 3

2



  



 
b)  Solve the differential equation  2 2(1 )(1 ) , given that (1) 0.dy x x y y

dx
 

Express y as a function of x. 

 

3 

   

  



c) Consider the function with the rule ( )
2
xf x
x

  

i) Explain why ( )y f x is on/above the x axis between 0x and 1x . 1

ii) Find the exact area of the region enclosed by the graph ( )y f x , the x
axis and the line 1x . (You will need to use the substitution 2u x .)

2

iii) The region described in part i) is rotated about the x -axis to form a solid 
of revolution. Find the volume of this solid of revolution. (You will need 
to use division of polynomials to re-write the integrand.)

3



 

  



 


