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 2023   HIGHER SCHOOL CERTIFICATE TRIAL EXAMINATION 
 

Mathematics Extension 1 
 

 

General 
Instructions 

• Reading time – 10 minutes  

• Working time – 2 hours  

• Write using black pen 

• Calculators approved by NESA may be used 

• Reference sheets are provided with this paper 

• For questions in Section II, show relevant mathematical reasoning 

and/or calculations 

Total marks:  
74 

Section I – 10 marks (pages 2–5) 

• Attempt Questions 1–10 

• Allow about 15 minutes for this section 

Section II – 64 marks (pages 6–9) 
• Attempt Questions 11–14 
• Allow about 1 hours and 45 minutes for this section 

 

 Multiple 

Choice 
Q11 Q12 Q13 Q14 Total 

Functions 2, 4 

/2 
c 

/5 
a 

/3 
 e ii 

/2 /12 

Trigonometric Functions 1 

/1 
b 

/1 
 a, b 

/5 
e i, iii 

/7 /14 

Calculus 5, 6, 7, 8 

/4 
a, d 

/9 
d, e 

/6 
 c 

/4 /23 

Combinatorics 9 

/1 
   a, d 

/3 /4 

Proof   

 
 c 

/3 
  

/3 

Vectors 3, 10 

/2 
  c, d 

/10 
 

/12 

Binomial Distribution   

 
 b 

/4 
 b  

/2 /6 

Total /10                /15 /16 /15 /18 /74 
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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 Which expression is equivalent to 
tan3 tan

1 tan3 tan

 

 

−

+
 ? 

 

A. tan4  

B. tan2  

C. 
tan 2

1 tan 4



+
 

D. 
tan

1 tan3



+
 

 
 
 

2 The polynomial ( ) 36 2 4P x x x bx= − + − has a factor of 2 1x − . 

What is the value of b? 

 

A. 8 

B. –7.5  

C. 8.5 

D. –7 

 
 
 

3 If  and , where m is a real constant, then the vector  will be perpendicular to 

vector  when: 

 

A. m = –1 or m = –2 

B. m =
 

1

3
 

C. m = 1 or m = 2 

D. m = 
 

11

3
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4 Let  ,   and   be the roots of the equation 3 22 3 10 0x x x+ + − = . 

Find 
1 1 1

  
+ +  . 

 

A. 
1

5
−  

B. 
1

3
 

C. 
1

5
 

D. 
1

3
−  

 
 
 

5 What is the nth derivative of nax ? 
  

A. ( )1 !a n x−  

B. 1nanx −  

C. !an x  

D. !an  

 
 
 

6 If 
6

0

cos
log

1 sin
e

x
dx m

x



=
− , the value of m is: 

 

A. 4 2 3+  

B. 2 3

2

−
 

C. 
1

2
 

D. 2 
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7 Which of the following best represents the direction field for the differential equation x ydy
e

dx

−
= ? 

 

A. 

 
 

B. 

 

C. 

 

D. 

 

 
 
 

8 Which of the following statements is true for the function 2 2
x

y e= − ? 

 
A. The function is not continuous at x = 0. 

B. The function is not differentiable at x = 0. 

C. The function has an asymptote at y = –2. 

D. The function has a stationary point at x = 0. 
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9 In how many ways can twelve table tennis players be assigned into three groups each containing four 

players for the elimination round? 
 

A. 5 775 

B. 11 550 

C. 15 400 

D. 34 650 

 
 
 

10 A circle with centre O has a radius OA a= . 

B and C are points on the circle and BC b= . 

 

 
 

 
Which one of the following statements must be true? 

 

A. a b b b=  

B. 2a b b b= −  

C. 
1

2
a b=  

D. 
1

2
a b= −  
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Section II  

 

64 marks 

Attempt Questions 11–14  

Allow about 1 hour and 45 minutes for this section  
 

Answer each question in the appropriate writing booklet. Extra writing booklets are available.  

For questions in Section II, your responses should include relevant mathematical reasoning and/or calculations. 

 

Question 11 (15 marks) Use a separate Writing Booklet 
 

 

(a) Find, by integration, the volume of the solid generated when the area under the curve y = cos x 

between 0x =  and 
  
x =

p

2
 is rotated about the x-axis. 

3 

 

 

(b) State the domain of 
13

cos 5
4

y x−=  using interval notation. 1 

 

 

(c) (i) Solve the equation 
9

2 9x
x

−
− = . 

 

2 

 

(ii) On the same set of axes, sketch the graph of 2 9y x= −  and 
9

y
x

−
= . 1 

 

(iii) Hence or otherwise, find all the values of x for which 
9

2 9x
x

−
−  . 2 

 

 

(d) During a science class, Mr King conducted an experiment where bacteria are grown in a Petri 

dish. The rate of change of the area of the Petri dish that is covered by the bacteria can be 

modelled by the differential equation: 

50

2 50

dA A A

dt

− 
=  

 
, where A is the area in cm2 and t is the time in days. 

 

 

(i) Show that 

  

50

A(50 - A)
=

1

A
+

1

50 - A
. 1 

 

(ii) Given the initial condition A(0) = 1, show that the solution to the differential equation 

of 

  

dA

dt
=

A

2

50 - A

50

æ

èç
ö

ø÷
 is 

0.5

50

49 1t
A

e−
=

+
. 

4 

 

(iii) What is the maximum possible area of the bacterium in the Petri dish? 1 
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Question 12 (16 marks) Use a separate Writing Booklet  
 

(a) A circle has the equation 
2 2 8 11 04x yx y + + =− + . 

 

 

(i) Show that it can be written in the form ( ) ( )
2 2

2 4 9x y− + + =  1 

 

(ii) Express the circle in parametric form. 2 

 

 

(b) For a Western ground parrot, there is a chance of 2 in 5 that a fledgling (chick) will survive the 

first month after hatching. From a brood of a dozen chicks, what is the probability that  

 

 

(i) none will survive correct to 3 significant figures? 2 

 

(ii) more than one will survive correct to 4 decimal places? 2 

 

 

(c) Use the principle of mathematical induction to prove that for all integers 1n  , 

2 3

1 2 3 2
... 2

2 2 2 2 2n n

n n+
+ + + + = − . 

3 

 

 

 

(d) 

 

2 

 
 The region bounded by the curve ln 1y x= − , the coordinate axes and the line ln5y =   

is rotated about the y-axis. 

 

Show that the volume of the solid of revolution formed is given by: 

( )
ln5 2

0
2 1y yV e e dy= + + . 

 

 

 

(e) (i) Show that ( )1 1

2
tan tan

1

d x
x x x

dx x

− −= +
+

. 
 

1 

 

(ii) Hence, evaluate exactly 
3

1

0
tan  x dx−

 . 3 
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Question 13 (15 marks) Use a separate Writing Booklet  
 

(a) Solve 
1

sin cos
2

x x =  for 0 2x   . 2 

 

 

(b) Solve 3sin 3 cos 3x x− =  for 0 2x    3 

 

 

(c) A police officer is testing a batch of bullets imported from China on his shooting range. 

He holds his rifle at shoulder height of 1.7 m above the ground and shoots horizontally with an 

initial speed of 340 m s–1  at a target 120 m away.  

(Assume acceleration due to gravity is 10 m s–2.)   

 

 

 

(i) Given that 0x =  and y g= − , derive the expressions for the velocity and displacement 

vectors.  

2 

 

(ii) Show that the Cartesian equation is 
2

1.7
23 120

x
y = − . 1 

 

(iii) Assuming that the ground is horizontal at his range, how far above the ground will the 

bullet hit the target, to the nearest centimetre? 

1 

 

(iv) Calculate the exact time, in seconds, for the bullet to hit the target and the speed upon 

impact, in m s–1 correct to 2 decimal places. 

2 

 

 

(d) PQRS is a trapezium with A and B being the midpoints of PQ and RS respectively.  

 

   

 

 Let PA a= and SB b= .  

 

(i) Prove with reasons that QR b a AB= − + . 2 

 

(ii) Hence, or otherwise, show that ( )
1

2
AB PS QR= + . 2 
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Question 14 (18 marks) Use a separate Writing Booklet  
 

(a) In how many ways can an Academic Award, Citizenship Award and Integrity Award be 

awarded in a class of 24 students? 
1 

 

 

(b) Four cards are placed face down on a table. The cards are made up of pictures of animals: 

lion, eagle, wolf and shark. 

Nestor bets that he will choose the eagle in a random pick of one of the cards. 

If this process is repeated 6 times, express Nestor’s success as a binomial random variable and 

calculate the mean and the variance. 

2 

 

 

(c) Use the substitution 2u x= +  to evaluate 
2

2
2 x x dx

−
+ . 4 

 

 

(d) By differentiating both sides of the expansion of the expansion of ( )1
n

x+  with respect to x, 

prove that 12 3 ... 2
1 2 3

n
n n n n

n n
n

−       
+ + + + =        

       
. 

2 

 

 

(e) (i) Prove the trigonometric identity: 
3

2

3tan tan
tan 3

1 3tan

 




−
=

−
. 

 

3 

 

(ii) Find the quotient of ( ) ( )3 23 3 1 1x x x x− − +  + .  2 

 

(iii) Use the identity from part (e) (i) and let tanx = , to find the roots of the cubic 

equation 3 23 3 1 0x x x− − + =  and hence find the exact value of tan
12


. 

4 

 

 

 

 

 

 

 

 

 

 

 

 

 

End of paper 
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