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HSC Trial Examination  

Term 3 2025 
  
 
  

General 
Instructions 

• Reading time – 10 minutes 

• Working time – 3 hours 

• Write using black pen 

• Calculators approved by NESA may be used 

• A reference sheet is provided  

• For questions in Section II, show relevant mathematical 
reasoning or calculations 
 
 

Total marks 
100 

Section 1 – 10 marks (pages 1-5) 

• Attempt Questions 1-10 

• Allow about 15 minutes for this section 

 
Section II – 90 marks (pages 7-13) 

• Attempt Questions 11-16 

• Allow about 2 hours and 45 minutes for this section 

• Answer each question in the appropriate space in the 
Answer Booklet. Extra writing pages are included at the 
end of each question. 
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Section I 

10 marks 

Attempt Questions 1-10 

Allow about 15 minutes for this section 

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

1. Consider the proposition:  

 “Only the diagonals of rectangles are equal”. 

Which of the following statements is a counterexample to this proposition? 

(A) The diagonals of a rhombus are equal. 

(B)  The diagonals of a kite are equal. 

(C)  The diagonals of a hexagon are equal. 

(D)   The diagonals of an isosceles trapezium are equal. 

 

 

2. The diagram below shows a locus on an Argand diagram. 

 

Which of the equations below represents the locus shown above? 

(A)  2 3 2z i− + =  

(B)  2 3 2z i+ − =  

(C)  2 3 4z i− + =  

(D)  2 3 4z i+ − =  

  



2 

3. A regular octahedron is shown in the diagram below. All edges are of equal length. 

 
 

Which of the following vectors is equal to ?EC FC+  

(A)  AC  

(B)  CA  

(C)  EF  

(D)  FE  

 

 

 

4. The sum of the non-real complex numbers z and w is zero. 

Which of the following statements is FALSE? 

(A)  1
w

z
= −  

(B)  2z w z− =  

(C)  2w z w− =  

(D)  0z w+ =  
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5. A particle is moving along the x-axis in simple harmonic motion. The displacement of 

the particle is x metres and its velocity is v ms-1. 

The graph of ( )( )22 2 2 ,v n a x c= − −  where a, c and n are positive constants, is shown. 

 

 
 

What are the values of a, c and n? 

(A)  
1

2
4, 6 anda c n= = =  

(B)  
3

2
4, 6 anda c n= = =  

(C)  
1

2
6, 4 anda c n= = =  

(D)  
3

2
6, 4 anda c n= = =  

 

 

6. Which of the following is an expression for 3cos ?x dx  

(A)  2 31
sin cos sin

3
x x x C+ +  

(B)  2 31
sin cos sin

3
x x x C− +  

(C)  31
sin sin

3
x x C+ +  

(D)  31
sin sin

3
x x C− +  
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7. Particle A and particle B, of masses andA BM M  respectively, are connected by a light 

inextensible string passing over a frictionless pulley as shown. 

 

 

 

Particle A lies on a frictionless surface inclined at 30  to the horizontal while particle B 

hangs vertically from the string. 

The particles are initially at rest, and when they are released neither particle moves. 

Which expression shows the relationship between andA BM M ? 

(A)  A BM M=  

(B)  3A BM M=  

(C)  2A BM M=  

(D)  2 3A BM M=  

 

 

8. Consider the statement: 

 ,n Z   if 
2n  is odd then n is odd. 

Which of the following is the contrapositive of this statement? 

 

(A) ,n Z   if n is not odd then 
2n  is not odd. 

(B) ,n Z   if n is not odd then 
2n  is not odd. 

(C) ,n Z   if n is not odd then 
2n  is odd. 

(D) ,n Z   if n is not odd then 
2n  is odd. 
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9. The diagram below is of a hollow cylinder of infinite height in three dimensions,  

centred about the y-axis. 

 

 
 

What is the Cartesian equation that describes this cylinder? 

 

(A)  
2 2 25y z+ =  

(B)  2 2 25x z+ =  

(C)  ( )
22 2 5x z y+ = −  

(D)  ( )
22 2 5y z x+ = −  

 

 

10.  It is given that ( ) ( ) ( ) ( )2, 8, 1 and 2.f a f b g a g b= − = = =  

What is the value of 
( ) ( ) ( ) ( )

( )( )
2

' '
?

b

a

f x g x f x g x
dx

g x

−

  

(A) 6 

(B) 2 

(C) 6−  

(D) 18−  
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Section II 

90 marks 

Attempt Questions 11-16 

Allow about 2 hours and 45 minutes for this section. 

Answer these questions in the Answer Book provided. 

Your responses should include relevant mathematical reasoning and/or calculations. 

Question 11 (15 marks)   Marks 

(a) (i) Express 5 5i− −  in the form ,ire 
 where .  −    2 

 

(ii) The point on an Argand diagram that represents 5 5i− −  is one of the vertices 2 

 of an equilateral triangle whose centre is at the origin. 

 Find the complex numbers represented by the other two vertices of the triangle. 

 Give your answers in the form ,ire 
 where .  −    

 

 

(b) Consider the vectors 

2

a 3

1

 
 

=  
 
 

 and 

1

b = 1 .

4

− 
 
 
 
 

 

(i) Find a .  1 

 

(ii) Find the angle between a and b , in degrees correct to 1 decimal place. 2 

 

 

 

(c) Find 
3 2

4
.

1

x
dx

x−
  2 

 

 

 

(d) A particle is moving along the x-axis. At time t seconds it has displacement x metres 

from the origin O, velocity v m/s and acceleration a m/s2 given by 10.a x= −  

Initially the particle is 1 metre to the right of O and moving away from O with a  

speed of 9 m/s. 

(i) Find an expression for v in terms of x. 2 

 

(ii) Find an expression for x in terms of t. 2 

 

 

 

(e) Prove algebraically that the difference between two consecutive square  2 

numbers is odd. 

End of Question 11  



8 

Question 12 (17 marks) Marks 

(a) (i) The complex number z is such that 2 

 
1

1

i
z

ki

+
=

−
 where k is a real number. 

Find the real part of z and the imaginary part of z, giving your answers in terms of k. 

 

(ii) In the case where 3k = , use part (i) to show that  3 

 

 
7 2 6

cos .
12 4

 −
=  

  

 

 

 

(b) Relative to a fixed origin O 

• the point A has position vector 5 3 2i j k+ + .  

• the point B has position vector 2 4i j ak+ + . 

where a is a positive integer. 

(i) Show that 38OA = . 1 

 

(ii) Find the smallest value of a for which  2 

 OB OA  

 

 

 

(c) (i) Find the values of a, b and c where 
( )( )

22

2 1
.

111 1

x ax b c

xxx x

+ +
 +

+++ +
 3 

(ii) Hence, or otherwise find 
( )( )

1

2
0

2 1
.

1 1

x
dx

x x

+

+ +  3 

 

 

 

(d) Let 1  be the straight-line segment with equation 1

6 2
,

4 1
r 

   
= +   
   

 3 1.−    3 

 

The straight-line segment 2  is perpendicular to 1 , and the endpoints of 2  are 

also its x and y intercepts. 

Given that the endpoint of the position vector 
2

2
r

 
=  
 

 lies on both 1  and 2 , find 

the vector equation of 2 . 

  End of Question 12  
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Question 13 (14 marks) Marks 

(a) In the set of real numbers, let P be the proposition. 

 

“If a b+  is irrational then at least one of a and b is irrational” 

 

(i) State the contrapositive of the proposition P.  1 

 

(ii) State the negation of the proportion P. 1 

 

(iii) Write the converse of the proposition P, and state, with reasons, whether 2 

this converse is true or false. 

 

 

 

 

(b) (i) The region R on an Argand diagram satisfies both 2 3z i+   and ( )arg .
6 2

z
 

−    2 

 Sketch R on the Argand diagram given in your Answer booklet. 

  

 

(ii) Find the maximum value of z  in the region R, giving your answer in exact form. 2 

 

 

 

 

 

 

(c) Use mathematical induction to prove that 2 2 22n n

nC −  for all positive integers 5.n   3 

 

 

 

 

(d) Use integration by parts to find in simplest exact form 
ln

1

2 .
e

x dx  3 

  

 

 

 

 

End of Question 13  
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Question 14 (16 marks) Marks 

(a) A particle of mass m kilograms is initially at the origin, moving to the right along 

the x-axis at a velocity of u ms-1 where 0,u   until it comes to rest. 

The only force acting on the particle is a resistance with magnitude ( )1m v+  Newtons 

acting against the direction of the motion. 

 

(i) Show that ( )1 .x v= − +  1 

 

(ii) Show that 
1

ln
1

v
x u v

u

+ 
= − +  

+ 
 metres. 3 

 

(iii) Show that the distance travelled before coming to rest is  2 

 ln
1

ue
x

u

 
=  

+ 
 metres. 

 

 

 

(b) (i) Show that ( ) ( ) ( )
0 0

.
a a a

a

f x dx f x dx f x dx
−

= + −    2 

(ii) Hence, evaluate 
5 21

2
1

tan
.

1

x x x
dx

x−

+ −

+  2 

 

 

(c) As a particle undergoes simple harmonic motion, its displacement, x metres, at any 

time, t seconds, is given by the equation 

 ( ) ( )6.766sin 2 0.224x t t= −  

(i) Find the range of the particle’s motion, correct to two decimal places. 2 

 

(ii) Find the maximum speed of the particle, correct to two decimal places. 2 

 

(iii) Find the distance travelled by the particle from its initial position to when it 2 

first comes to rest, correct to two decimal places. 

 

 

 

 

End of Question 14  



11 

Question 15 (15 marks) Marks 

(a) Using the substitution sin 1,u x= +  or otherwise, find 2 

 

  
2

cos
.

sin 2sin 5

x
dx

x x+ +  

 

 

 

 

(b) The Argand diagram below shows a triangle with vertices A, B and C representing 

the complex numbers 3, 3 and 1 5 ,i− − +  respectively. 

1z  is the centre of square ACDE and 2z  is the centre of square BCFG. 

 

 
 

(i) Find the complex number represented by E.  1 

 

(ii) Hence, or otherwise, find the complex numbers 1z  and 2z .  3 

 

(iii) Show that the vectors representing 1z  and 2z  are perpendicular.  1 

 

(iv) Prove that, if C is moved to any complex number ,a ib+  where 3 3a−     3 

and 0,b   then the vectors representing 1z  and 2z  are always perpendicular. 

 

 

(c) Let ( )2

1

1
ln

n

n

e

I x dx
x

=   for all integers 0.n   

 

(i) Show that 1

1
n nI nI

e
−= −  for all integers 1.n   2 

 

(ii) Hence show that  3 

 ( )0 1 2

1
! ...n n n n

n nI n P P P P
e

= − + + +   

End of Question 15  
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Question 16 (13 marks) Marks 

(a) A particle of mass 1 kilogram is projected from the origin with speed 40 ms-1 at 

an angle of 30  to the horizontal plane as shown. 

The position vector of the particle, at time t seconds after the particle was projected, 

is given by  

 ( )
( )

( )

4

4

5 3 1

.45 5
1

8 2

t

t

e

r t
e t

−

−

 −
 

=  
− − 

 

     (Do NOT prove this) 

 

(i) Find the velocity vector ( ) ,v t  of the particle t seconds after it was projected. 1 

 

 

(ii) At point P the particle is descending at 30  to the horizontal. 2 

 

 
 

Show that the time taken for the particle to reach P is 4log 17e  seconds. 

 

 

(b) (i) It is known that ( )1, 2, 4, 2 and 4.a b c a b c a b= = = = − + = −  2 

 Using dot products, show that 
2

9.a b c+ + =  

 

 

(ii) By considering the angles between the vectors , and ,a b c  or otherwise, 3 

 show that 7.a b c− + =  

   

 

 

Question 16 continues on page 13  

40 ms-1 
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Question 16 continued Marks 

(c)  The diagram shows a circle of radius 1, with its centre on the y-axis, that is 5 

tangent to the parabola 
2y x=  at two distinct points. This circle has centre ( )0, k  

for some value 0k   therefore has equation ( )
22 1.x y k+ − =  (Do NOT prove this) 

 

 

By showing the x-values of the points of contact are 
3

,
2

x =   find the exact area 

between the circle and the parabola. 

 

  

 

 

 

 

 

 

 

END OF PAPER 
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