
 
 
 
 
 
 

  
 
 

 Mathematics Extension 1 
HSC Trial Examination  
Term 3 2023 

    
General 
Instructions 

• Reading time – 10 minutes 
• Working time – 2 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 and/or calculations 
 
 

Total marks 
70 

SECTION 1 – 10 marks (pages 1-4) 

• Attempt Questions 1-10 
• Allow about 15 minutes for this section 

• Answer each question on the multiple-choice answer sheet 
provided in the answer booklet. 

 
SECTION II – 60 marks (pages 5-10) 

• Attempt Questions 11-14 
• Allow about 1 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. Given the points ( )2, 5A − −  and ( )0, 7 ,B  which of the following represents the 

displacement vector ?BA


 

(A) 2 12i j− −




 

(B) 2 12i j+




 

(C) 2 2i j− +




 

(D) 2 2i j+




 

 
 

2. What is the anti-derivative of 2cos 2 ?x  
 

(A) 
3cos 2
3

x C+  

(B) 21 sin 2
2

x C+  

(C) sin 4
2 8
x x C+ +  

(D) 1 1 cos 4
2 2

x C+ +  

 

3. Which of the following expressions is the correct rate of change of the area of a circle (A)  
with respect to time (t)? 

(A) 2dr dAr
dt dt

π= ×  

(B) 2dr dAr
dt dr

π= ×  

(C) 2dA dtr
dr dr

π= ×  

(D) 2dA drr
dt dt

π= ×  

 
 

  



 2 
 

4. Which polynomial has a root at 1x =  of multiplicity 3? 

(A) 3 3 2x x− +  

(B) 4 32 2 1x x x− + −  

(C) 3 24 5 2x x x+ + +  

(D) 4 32 2 1x x x+ − −  

 
 

5. Which graph best represents 13sin ?
2
xy −=  
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6. Which of the following is the derivative of ( )1tan 2 ?y f x−=     

(A)  
( ) 2

1
1

dy
dx f x

=
+   

 

(B)  
( ) 2

2
1 4

dy
dx f x

=
+   

 

(C)  ( )
( ) 2

'

1 4

f xdy
dx f x

=
+   

 

(D)  ( )
( ) 2

2 '

1 4

f xdy
dx f x

=
+   

 

 
 

7. The direction field for a certain differential equation is shown below. 
Which of the following is the differential equation? 

 

(A) 2 2dy x y
dx

= +  

(B) 2 2dy x y
dx

= −  

(C) dy xy x
dx

= −  

(D) 2 2dy y x
dx

= −  
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8. What is the value of ( )1sin cosα− where 3 2 ?
2
π α π< <  

(A) 2π α−  

(B) 2α π−  

(C) 3
2
π α+  

(D) 3
2
πα −  

 

9. The equation a xy e=  satisfies the differential equation  

 
2

2 6 0.d y dy y
dx dx

+ − =  

What are the possible values of a? 

(A) 2 or 3a a= − =  

(B) 1 or 6a a= − =  

(C) 3 or 2a a= − =  

(D) 6 or 1a a= − =  

 
 
10. Students at a school are required to study 4 subjects from a selection of 10. The ten 

subjects are placed in two lines, each containing 5 subjects.  
How many possible combinations of subjects exist if a student must take at least  
1 subject from each line? 

(A) 200 

(B) 250 

(C) 309 

(D) 356 
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SECTION II  
60 marks 
Attempt Questions 11-14   
Allow about 1 hour 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 (17 marks)  Marks 

(a) The polynomial ( ) 4 3 22 11 19 13 3P x x x x x= − + − +  has roots , , and .α β γ δ  2 

Find the value of  1 1 1 1
αβγ αβδ βγδ αγδ

+ + +  

 
 
 

(b) Find 2

1 .
4 9

dx
x +∫  2 

 
 
 
 

(c) A square metal sheet is heated so that its side length is increasing at a uniform 2 
rate of 0.05 cms-1. Find the rate its area is changing at the instant when the  
side length is 3.1 cm. 
 
 

 

(d)  Find 
6

0

sin 4 cos 2 .x x dx
π

∫  3 

 
 
 
 

(e) Given 2
3

a
− 

=  
 

 and 6
,

4
b

− 
=  
 

 find:  

(i) a


 1 
 

(ii) a b•
 

 1 
 

(iii) the angle between a


 and ,b


 to the nearest degree. 1 
 

(iv) projba




 2 

 
Question 11 continues on page 6  
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Question 11 (continued) 
 
(f) The diagram shows the graph of ( )y f x=  which has a horizontal asymptote at 2.y =  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In your answer booklet draw clear sketches of the following. 
Show all relevant information.  

 
(i) ( )y f x=  1 

 

(ii) ( )
1y

f x
=  2 

 
 

 
 
 
 

  

End of Question 11  
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Question 12 (17 marks)  Marks 

(a) Find 
2

3
9

x dx
x−∫  using the substitution 29 .u x= −  2 

 
 
 

(b) By expressing 3 cos sinx x−  in the form ( )cos ,A x α+ where 0A >  and 0
2
πα≤ ≤ , 3 

solve 3 cos sin 1 0x x− + = , for 0 2 .x π≤ ≤  
 
 
 
 

(c) Paddington Bear hits a golf ball with velocity V m/s at an angle of projection  
θ  degrees to the horizontal.  

The golf ball’s position at any time t, is given by the position vector 

    ( ) ( ) 21cos sin .
2

r t Vt i Vt gt jθ θ = + − 
  



     [Do not prove this] 

 
(i) Show that Paddington’s golf ball reaches a maximum height of 2 

 
2 2sin
2

V
g

θ
 metres. 

(ii) What is the range of flight of the golf ball? 2 
 

 
 

(d) Prove by mathematical induction that 4 14n +  is divisible by 6 for all positive 3 
integers 1.n ≥  
 
 
 
 

(e) The polynomial ( ) 3 2P x x bx cx d= + + +  has roots 0, 4 and 4.−  

(i) Find b, c and d. 2 

 
(ii) Without calculus, sketch the graph of ( ).y P x=  1 
 

(iii) Hence, or otherwise, solve the inequality 
2 16 0.x

x
−

≤  2 

  
  

End of Question 12  
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Question 13 (14 marks)  Marks 

(a) What is the value of the term independent of x in the expansion of  2 

 
6

3 2

3 52 2 ?x
x x

  − +  
  

 

 
 
 

(b) ABC is a right-angled triangle. M is the midpoint of the hypotenuse AC, 
as shown below. Let AM a=





 and .BM b=




 
 

 
 
(i) Express AB



 and BC


 in terms of and .a b
 

 2 
 
 

(ii) Prove that M is equidistant from the three vertices of .ABC∆  2 
 
 
 
 
 

(c) A relation is defined by the parametric equations 

 1 sin , cos sin 2 , for 0 .x t y t t t π= − = ≤ ≤  

(i) Find the coordinates where the graph crosses the x and y axes. 2 
 
 

(ii) State the domain of the relation. 1 
   
 

(iii) Find the cartesian equation of the relation. 2 
 
 

 
 
 
    

Question 13 continues on page 9  
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Question 13 (continued) Marks 

(d) Part of the graph of  ( )log 1ey x= −  is given.  
 

 
 
(i) Find the value of y when 1.x e= +   1 

 
 

(ii) Find the shaded area, bounded by the curve, the x-axis and the   2 
line 1.x e= +  

End of Question 13  
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Question 14 (12 marks)  Marks 

(a) An area A cm2 is occupied by a bacteria colony. The colony has a growth rate  
modelled by the logistic equation  

 ( )1 50
25

dA A A
dt

= −  where 0t ≥  and is measured in days.  

At time 0,t =  the area occupied by the bacteria colony is 21 cm .
2

 

(i) Show that 
( )

1 1 1 1 .
50 50 50A A A A

 = + − − 
 1 

 

(ii) Solve the logistic equation and hence show that 2

50 .
1 99 tA

e−=
+

 3 

 
(iii) What is the limiting area of the bacteria colony? 1 
 

 
 
 
 

(b) A Maths club has 2n members, half of which are male and half female. 2 
A Pi Day committee is made up of 3 members of this club. By considering all  
different combinations for this committee, show that  

 2
2 3 3

1
2

n n nn C C C+ = ,   where 3.n ≥  

 
 
 

 
(c) (i) Show that 4 2cos 4 8cos 8cos 1.θ θ θ= − +  2 

   
 
 
(ii) By using part (i) and letting cosx θ=  in the equation 4 216 16 2 2 0x x− + − =  3 

show that 2 2 7 2 2cos cos .
16 16 16
π π −

=  

 
 

 

 

 

 END OF PAPER



  
 

 



  
 

 



  
 

 



  
 

 






































































