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• At the conclusion of the examination, bundle the 

booklets used in the correct order within this 
paper and hand to examination supervisors. 

SECTION I  

• Mark your answers on the answer grid provided 
on page 2 

 
SECTION II 

• Commence each new question in a new booklet. 
Write on both sides of the paper. 

• All necessary working should be shown in every 
question. Marks may be deducted for illegible or 
incomplete working. 

 
 
• NESA reference sheet is provided 
• Table of z-scores is provided on page 15 
 
 
 
 

 
NESA STUDENT #:  ..........................................................  # BOOKLETS USED:  ................................  

 
 
Marker’s use only 

QUESTION 1-10 11 12 13 14 Total % 

MARKS ⬚
10

 
⬚
15

 
⬚
15

 
⬚
15

 
⬚
15

 
⬚
70

 

 

 



2024 MATHEMATICS EXTENSION 1 HSC COURSE ASSESSMENT TASK 4 3 
 

 
NBSC – MANLY CAMPUS 

Section I 
 
10 marks 
Attempt Questions 1 to 10 
Allow approximately 15 minutes for this section 
 
Mark your answers on the answer grid provided. 
 
Questions Marks 

1. The success rate of a particular Bernoulli trial is 0.29. 

 What is the variance of this trial? 1 
 

 (A) 0.2059  

 (B) 0.2149  

 (C) 0.1927  

 (D) 0.3299 

2. Evaluate the definite integral   1 

 (A)   

 (B)   

 (C)   

 (D)  

3. 6 adults and 4 children need to be seated at a circular table.  

 How many arrangements exist if the children must sit together? 1 

 (A) 120960  

 (B) 17280  

 (C) 362880  

 (D) 30240 
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4. Given   are the roots of the equation   , 

    is equal to: 1 

 (A) -4  

 (B) 4  

 (C) -5  

 (D) 5 

 

5. Which of the following is a correct expression for the primitive of   , 

 using the substitution   ? 1 

(A)    

(B)  

(C)   

(D)   

 

6. The scalar projection of vector  in the direction of vector    is -4.  

 If   , the vector projection of   in the direction of   is: 1 

(A)   

(B)  

(C)   

(D)  
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7. Consider the vectors   and   . 

 If   is perpendicular to   , then possible values for   are: 1 

(A)   

(B)  

(C)   

(D)  

 

8. Consider the graphs of the two functions   and  below.  

 

 Which of the following definite integrals is equal to the area of the shaded region? 1 

(A)    

(B)  

(C)   

(D)   
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9. The graph of   could be: 1 

 (A)   (B)  

 

 

 

 

 

 

 

 (C)   (D) 
 
 
 
 
 
 
 
 
 

 

10. Moving only right or up, how many different paths exist to get from Point A to Point B? 1 

 
 
 (A) 45 (B) 840  
 (C) 480480 (D) 16! 
    

End of Section I 
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Section II 
 
60 marks 
Attempt Questions 11 to 14 
Allow approximately 1 hour 45 minutes for this section. 
 
Write your answers in the writing booklets supplied. Additional writing booklets are available. 
Your responses should include relevant mathematical reasoning and/or calculations. 
 
Question 11 (15 marks)  Start a new writing booklet          Marks 
 

(a) What is the minimum number of people required in a group so that four of them are guaranteed  

to share the same birth month? 1 

 

(b) Let   be a unit vector pointing east and let   be a unit vector pointing north.  

A group of hikers travels 5 km in the direction south   west and then north for 10 km.  

Determine the exact position vector   of the group of hikers with respect to the starting point,  

in terms of  and .   3 

  

 

(c) Let   be a discrete random variable with binomial distribution   .  

The mean and the standard deviation of this distribution are equal.  

Given that  , calculate the smallest number of trials,   , such that  .  2 

 

 

(d) Find the exact value of  2 

 

 

 

Question 11 continues on the next page 
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Question 11 (continued) 

 

(e) Let   , where Q(x) is a polynomial and  

 a  and b are real numbers. The polynomial P(x) has a factor of   .  

 When P(x) is divided by   the remainder is 15.  

(i) Find the values of a and b 2 

(ii) Find the remainder when P(x)  is divided by   1 

 

 

(f) On a 36°C day, Xiao takes an ice cream out of the freezer. The freezer is set at an optimal temperature 

of C. After one minute, the temperature of the ice cream is C.  

 The differential equation   models this situation where T is the temperature of the 

ice cream and t is the time in minutes out of the freezer. 

(i) Show that the equation   , where A is a constant, satisfies the differential 

equation provided, 1 

 

(ii) It is known that ice cream begins to melt at C. After how many minutes will the ice cream 

begin to melt? Give your answer to one decimal place. 3 

 

 

 

 

 

 
 
 

End of Question 11 
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Question 12 (15 marks)  Start a new writing booklet        Marks 

 

(a) Find the number of ways that the letters of the word TRIANGLE can be arranged in a line such  

that the vowels are all next to each other but the consonants are not all next to each other 2 

 

(b) The diagram below shows the graph of    .  

 

(i) Find the shaded area that is bounded by the curve, the y axis and the line       2 

(ii) If this area is rotated about the 𝑦𝑦 axis, find the volume of the solid thus formed. 3 

 

(c) Solve    3 

 

(d) Evaluate    using the substitution   2 

 

 

Question 12 continues on the next page 
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Question 12 (continued) 

 

(e) The diagram below shows a stationary body, B,  acted on by four forces. 

 

 

 

 

 

 

 

 

 

 

 Calculate the value of   .  3 

 

 

 

 

 

 

 

 

 

 

End of Question 12 
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Question 13 (15 marks)  Start a new writing booklet        Marks 

 

(a) Consider the vectors   ,   and  . 

 Given that   is the angle between   and   , and   is the angle between and  ,  

 show that   2 

 

(b) For random samples of five employees at a tech company,  is the random variable that represents the 

proportion who work remotely. 

 Given that   , find   , correct to four decimal places. 3 

 

(c) Find the particular solution to the differential equation   that passes through  

the point (0,2). 3 

 

(d) Find a simplified exact value of   3 

 

 

 

 

 

 

 

Question 13 continues on the next page 

 

 

 



12 2024 MATHEMATICS EXTENSION 1 HSC COURSE ASSESSMENT TASK 4 
 

 
 NBSC – MANLY CAMPUS 
 

Question 13 (continued) 

 

(e)  A hollow sphere with a diameter of 20m is cut in half and its top removed. Water is poured 

into the remaining half of the sphere at a constant rate of  /minute. After 1 minute, the 

water level is h m above the base of the semi-sphere. 

 

 

 

(i) Show that the curved edge of the sphere can be defined by the equation   . 1 

(ii) Find an expression for the volume of the water in terms of h. 2 

(iii) Find the rate of change of the water level when the water is 6m above the base. 1 
 

 

 

 

 

 

 
 
 
 
 

End of Question 13  
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Question 14 (15 marks)  Start a new writing booklet          Marks 
 
 

(a) Given that   , find the value of   for N < 0 2 

 

(b) A function   has the rule   . 

Use mathematical induction to prove that   for   , where   
represents the nth derivative of   . That is  has been differentiated   times. 3 

 

 

(c) Solve   for   3 

 

(d) Doctors are studying the resting heart rate of adults in the town of Mathsland. 

 Resting heart rate is measured in beats per minute (bpm). 

 The doctors consider a person to have a slow heart rate if the person’s resting heart rate is less than 60 
bpm. The probability that a randomly chosen Mathsland adult has a slow heart rate is 0.16. 

 For random samples of 100 Mathsland adults,   is the random variable that represents the proportion of 
people who have a slow heart rate.  

 Find the probability that  is greater than 10%, correct to three decimal places. 3 

 
 
 
 
 
 
 
 
 
 
 
 
 

Question 14 continues on the next page 
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Question 14 (continued) 
 
 
 

(e)    The graph of   is shown. 

 
 

(i)       Find the coordinates of 𝐴𝐴 and 𝐵𝐵 as labelled on the graph, given 𝐴𝐴 is the maximum  

      point on the graph and 𝐵𝐵 is where the graph intersects the x-axis, without using calculus.  2 

 

(ii)       Hence or otherwise, solve  

 2 

 
 
 
 
 
 
 
 
 
 
 

 

 
End of paper 
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Math Extension 1 2024 Trial Solutions and Marking Criteria 
Question Solution criteria 
1  

   

A 

2 

 

  

C 

3 First, consider the four children as a bundle so that with the other 6 
adults there are initially 7 entities to be arranged in a circle. The 
number of ways to arrange 7 entities in a circle is (7 − 1)! = 6!. Then, 
the number of ways to arrange the four children in that bundle (in a 
line) is 4!. By the multiplication rule of counting, the number of 
arrangements is 6! × 4! = 17,280 

B 

4  

  

B 

5  

  

A 

6 Vector projection has magnitude 4 in the opposite direction to u, 
therefore 4i 

D 
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7 

 

A 

8 2 separate integrals with limits 0 to 3 and 3 to 6 D 
9  B? 
10 The diagram can be split into two separate rectangles as they only 

connect at a corner. In the first rectangle, there are a total of 5 rights 
and 3 ups required to get to the upper right corner. This can be done in 
8!5!3! ways. In the second rectangle, there are a total of 4 rights and 2 
ups required to get to the upper right corner. This can be done in 6!4!2! 
ways. The total number of paths will be 8!5!3!×6!4!2!=840. 

B 

11a By the generalised pigeon-hole principle: 
   

1 mark 
correct 
solution, 

11b 
 
 
 
 
 
 
 
 
 

 
 

  
 
 
 
 
 
 
 

3 marks- 
correct 
solution. 
2 marks-
correct 
solution in 
incorrect 
form. 
1 mark -
correct 
diagram. 
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11c  

  

2 marks – 
correct 
solution. 
1 mark – 
finds an 
expression 
for p in terms 
of n. 

11d 

 

  

2 marks – 
correct 
solution. 
1 mark – 
correct 
integration. 

11ei  

  

2 marks – 
correct 
solution. 
1 mark – 
obtains 2 
equations for 
a and b. 
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11eii Since    1 mark – 
correct 
solution 

11fi Consider the given equation    
 

 
  

 
Since 

 
  

 

 

1 mark – 
correct 
solution 

11fii  Initially (when   ), the temperature of the ice cream is  . 

 
   
  
Also   when  
 

 
To begin melting,   :  

minutes (to 1 d.p) 
 

3 marks – 
correct 
solution. 
2 marks – 
finds correct 
value of A 
and k. 
1 mark - finds 
value of A or 
demonstrates 
equivalent 
understanding 

12a 8 letters, 5 consonants and 3 vowels. All are distinct. Number of 
arrangements with all vowels together and not all consonants together 
is: 
CVVVCCCC, CCVVVCCC, CCCVVVCC, CCCCVVVC = 4 WAYS. 
So 4 x 3! x 5! = 2880 

2 marks – 
correct 
solution 
1 mark – 
correct 
procedure or 
equivalent 
progress 
shown. 
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12bi  

  

2 marks – 
correct 
solution 
1 mark – 
writes correct 
integral for 
the shaded 
area 

12bii 
 

  

3 marks – 
correct 
solution 
 
2 marks – 
integrates 
correctly 
 
1 mark – 
finds an  
integral 
expression of 
the volume 

12c  

  

 

 

 

 

3 marks – 
correct 
solution 
 
2 marks – 
correct 
process but 
does not 
account for x 
<> 0, 2 
 
1 mark – 
multiplies 
both sides by 
the square of 
the 
denominator 
or equivalent 
merit.  
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12d 

 

  

2 marks – 
correct 
solution 
 
1 mark – 
correctly 
expresses 
integral in 
terms of u 
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12e Body is stationary therefore the forces are in equilibrium (sum of 
horizontal components =0,  sum of vertical components = 0) 
  

  
 

3 marks – 
correct 
solution 
 
2 marks – 
resolves 
forces 
horizontally 
and vertically 
 
1 mark – 
resolves 
forces 
correctly in 
one direction 
or equivalent 
merit. 

13a 

 
 
 
 
 
 
 
 
 
 
 

1 mark for 
expressions 
of cos𝜃𝜃 and 
cos 𝜑𝜑  
 
1 mark for 
showing final 
result. 
 
Generally 
well done. A 
few errors 
calculating 
the 
magnitudes. 
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13b 

 
 
 
 

1 mark for 
value of p 
1 mark for 
correct 
binomial 
expression 
1 mark for 
correct 
answer 
 
Some didn’t 
apply 
binomial 
probability. 
 
A few didn’t 
express the 
final answer 
as a decimal. 

13c 

 

1 mark 
correct 
integration 
 
1 mark 
correct value 
of c 
 
 1 mark for 
correct 
expression in 
terms of x 
 
 
Some 
students 
didn’t know 
what to do 
with the √3 
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13d 

 

 
         𝑠𝑠𝑠𝑠𝑠𝑠 𝜋𝜋

8
=  

�2−√2
2

 
 

 
 
1 mark for 
expressing as 
a relevant 
double angle 
 
1 mark for 
expression 
for  𝑠𝑠𝑠𝑠𝑠𝑠2 𝜋𝜋

8
 

 
1 mark for a 
final correct 
answer 
 
Some didn’t 
find 
expression(s) 
in terms of  𝜋𝜋

4
 

13 e i) The curved edge of the sphere is a circle with radius10 and centre 
(0,10)       

  

“show” 
Needs centre 
and radius 

13 eii) 

 

 
 

1 mark for 
correct 
integration 
 
1 mark for 
correct 
answer 
 
This was 
poorly done. 
(Revolution 
around the y-
axis) 

e) iii) Differentiate the expression of volume found in part (e) (ii) with 

respect to h : 
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1 mark for 
correct 
answer 
(Check for 
error carried 
forward) 
 
Many non-
attempts. 
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14a  

  
Since 𝑁𝑁 < 0,  

𝑓𝑓−1�𝑓𝑓(𝑁𝑁)� = �
2

� 2
𝑁𝑁2 + 1�

− 1 

= �𝑁𝑁2 
= |𝑁𝑁| 

Since 𝑁𝑁 < 0, so 
𝑓𝑓−1(𝑓𝑓(𝑁𝑁)) = |𝑁𝑁| = −𝑁𝑁 

 

2 marks correct 
solution 
 
1 mark correct arm 
of inverse function 
must be chosen 
after stating +/-  
MUST state 
reason and have 
fully simplified 
expression 

14b 

 

3 marks correct 
solution 
 
2 marks ONLY 
one error with no 
lines of working 
omitted and clearly 
showing ALL 
substitutions and 
algebraic 
manipulations 
 
1 mark correct 
initial case proven 
with ALL 
substitutions and 
algebraic 
manipulations 

14c 

 

3 marks correct 
solution. 
 
2 marks ONLY 
one error, without 
QS for CFE 
 
1 mark full correct 
solution using one 
valid factor of the 
original (max two 
errors ONLY) 
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14d  

  

3 marks correct 
solution 
 
2 marks ONLY 
one error and 
showing BN 
check, z-score calc 
and correct % 
using symmetry 
 
1 mark max two 
errors with correct 
approach to 
calculating % 
using given z-score 
table 

14ei Factorise the trigonometric function as follows: 
𝑦𝑦 = �√3 + 1� cos 2𝑥𝑥 + �√3 − 1� sin 2𝑥𝑥 

Using compound angle formula: 
𝑅𝑅 cos(2𝑥𝑥 − 𝛼𝛼) = 𝑅𝑅 cos𝛼𝛼 cos 2𝑥𝑥 + 𝑅𝑅 sin𝛼𝛼 sin 2𝑥𝑥 

𝑅𝑅 cos𝛼𝛼 = √3 + 1 
𝑅𝑅 sin𝛼𝛼 = √3 − 1 

Hence 
 
 
Therefore, the trigonometric function is 

 𝑦𝑦 = 2√2 cos �2𝑥𝑥 − 𝜋𝜋
12
� = 2√2 cos 2 �𝑥𝑥 − 𝜋𝜋

24
� 

 

The maximum value (point A) is 2√2 because of the amplitude 

of the cosine function 

 

To get the 𝑥𝑥-coordinate of the first maximum point A, using the 

above transformation the graph is out-of phase 𝜋𝜋
24

 

Hence, the coordinates of 𝐴𝐴 are � 𝜋𝜋
24

, 2√2�. 

 

To get the 𝑥𝑥-intercept,point B solve the following: 

2√2 cos �2𝑥𝑥 −
𝜋𝜋

12
� = 0 

cos �2𝑥𝑥 −
𝜋𝜋

12
� = 0 

2 marks correct 
solution 
 
 
1 mark max one 
error and no QS 
with correct 
coordinates for one 
point showing all 
working. 
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2𝑥𝑥 −
𝜋𝜋

12
=
𝜋𝜋
2

 

∴ 𝑥𝑥 =
7𝜋𝜋
24

 

Hence, the coordinates of 𝐵𝐵 are �7𝜋𝜋
24

, 0�. 

14eii  
2√2 cos �2𝑥𝑥 −

𝜋𝜋
12
� = 2√2 

cos �2𝑥𝑥 −
𝜋𝜋

12
� = 1 

2𝑥𝑥 −
𝜋𝜋

12
= 0, 2𝜋𝜋 

∴ 𝑥𝑥 =
𝜋𝜋

24
,
25𝜋𝜋
24

 

2 marks correct 
solution 
 
1 mark ONLY one 
error in correct 
approach to 
solving for 
required values. 
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