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• 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 

Section I – 10 marks 

• Attempt Questions 1 – 10 

• Allow about 15 minutes for this section  

 

Section II – 60 marks 

• Attempt Questions 11 – 14  

• Allow about 1 hour and 45 minutes for this section 
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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. Let vector v = -3i + 7j . 

 

Which line is parallel to v ? 

 

A.  
  
y = 7x – 3

  
B.  y = –3x + 7 

 

 

C.    
 

D.  

 
 

 

 

 

2. The polynomial p(x) = ax2 – 4x + 8a  has roots α and β. 

 

If α + β = αβ , what is the value of a ? 

 

 

A.  

    

B.  2 

 

 

C.  

 

D.  –2  

 

 

 

 

 

3. A discrete random variable X is binomially distributed with a mean of 6 and a variance of 1.5. 

 

What is the number of independent trials? 

 

A.  24 B.  8 C.  6 D.  5 
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4. Which of the following is equivalent to ?   

 

A.  

 

B.  

 

C.  

 

D.  

 

 

 

 

  

  

5. How many distinct ways are there to arrange the letters of the word WOLLONGONG if the two 

Ls must remain adjacent? 

 

 

A.  

 

B.  

 

C.  

 

D.  
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6. Which of the following differential equations matches the slope field shown?  

 

 

 

A.   

 

B.   

 

C.   

 

D.  

 

 

 

 

7. If  a and b are non-zero vectors, and |a + b| = |a – b|, which of the statements is true? 

 

A.   

 

B.   
 

C.  

 

D.    
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8. The surface area of a sphere is decreasing at a rate of 8cm2/s at the moment when its radius 

measures R cm. 

 

What is the rate at which the volume of the sphere is decreasing at that moment?   

 

A.   0.4R B.  2R 

 

 

C.  4R D.  8R  

 

    

 

 

 

 

9. The projection of the vector  onto the line  is the vector . 

 

The point (0, 5) is reflected over the line . What are the coordinates of the new point? 

 

A.  (5, 0) B.  (4, –3) 

 

 

C.  (–5, 0) D.  (3, –4) 

 

 

 

 

 

 

 

 

 

 

 



 

6 
 

10. By considering the product of (x + 1)100 and (1 + x)100 , what is the value of the expression 

 

  ? 

 

 

A.  
 

 

B.  

 
 

 

C.  

 

D.  
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Section II 

60 marks 

Attempt Questions 11 – 14 

Allow about 1 hour and 45 minutes for this section. 

Answer each question in a separate writing booklet. Extra writing booklets are available. 

For questions is Section II, your responses should include relevant mathematical reasoning 

and/or calculations. 

 

Question 11 (15 marks) Start a new Writing Booklet. 

 

 

a)  

 
Solve  

  

2 

 

 

 

b)  
Find  

2 

 

 

 

 

c)  Use t-formulae to solve the equation  where  

giving your answer(s) correct to the nearest minute. 

 

3 

 

 

 

 

d)  
The vectors  and  are parallel. 

 

What are the possible value(s) of k ? 

 

 

2 

 

 

 

 

 

e)  Let  have roots α, β and γ. 

 

Find: 

 

 

 

 

 

(i)  αβγ 1 

 

(ii)  α2 + β2 + γ2 2 

 

 

 

 

f)  
Find the integral   using the substitution  

3 
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Question 12 (15 marks) Start a new Writing Booklet. 

 

a)  A function is defined by:  

 
 

 

 

 

(i)  Find the equation of the inverse function y = . 

 

2 

 

 

(ii)  Sketch the graph of y =  . Clearly show the coordinates of the endpoint 

and the x-intercept. 

 

2 

 

 

 

(iii)  Find the point(s) of intersection of the graphs of y = f (x) and y = . 2 

 

 

 

 

 

 

b)  In Australia, voting is compulsory for anyone 18 years of age or older. 

 

It is known that 91% of the Australian population is required to vote at the 

recent Federal election. 500 Australians are chosen at random. 

 

By using a normal approximation to the sample proportion, find the probability 

that at least 450 Australians are eligible voters. 

 

You may use the extract shown from a table giving values of P(Z < z), where Z 

has a standard normal distribution. 

 

 

 

 

 

 

 

 

3 
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c)  The region bounded by the curves y = cos x and y = sin 2x and contained 

between the ordinates at x = 0 and x =   is rotated about the x-axis.  

 

 
 

 

Find the exact value of the volume of the solid of revolution. 

 

 

 

 

3 

   

  

 

 

 

 

 

 

 

d)  A function y = f (x) is defined by the parametric equations: 

 

 
 

Find the gradient of the tangent to the graph of y = f (x) at the point (2, 3). 

 

 

 

 

 

3 
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Question 13 (15 marks) Start a new Writing Booklet. 

 

a)  The graph of  is dilated horizontally by a factor of 2 and 

then shifted right 1 unit. 

 

Write the equation of the transformed graph. 

 

 

 

2 

 

 

 

 

b)   Prove by mathematical induction that  is divisible by 7 

for integers n ≥ 0. 

3 

 

 

 

 

 

c)  A company makes heating elements for electric ovens. A fixed number of 

randomly chosen heating elements are tested on each day and the number 

found to be faulty is denoted by X. 

 

Assume that X has the distribution B(80, 0.02). 

 

 

 

 

 

(i)  Find the probability that more than 3 elements are found to be faulty on a 

randomly chosen day.  

 

2 

 

 

(ii)  Find the probability that, in a randomly chosen 5-day working week, 

more than 3 elements are found to be faulty on at least 2 days. 

 

2 

 

 

 

 

 

d)  The polynomial  has a zero of multiplicity 2. 

 

Solve P(x) = 0. 

 

 

3 

 

 

 

e)   

Evaluate  

 

 

3 
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Question 14 (15 marks) Start a new Writing Booklet. 

 

a)  A standard pack of 52 cards consists of 13 cards from each of the four 

suits: Spades, Hearts, Clubs and Diamonds. 

 

 

 

(i)  In how many ways can six cards be selected without replacement so that 

exactly two are Spades and four are Clubs? 

1 

 

 

(ii)  In how many ways can six cards be selected without replacement if at 

least five cards must be of the same suit? 

 

3 

 

   

b)  A virus is spreading through a town with a population of 20 000 people. 

The disease is spreading at a rate proportional to the product of the 

number of people, N, who have the virus and the number, 20 000 – N, 

who don’t have the virus. That is, 

 

 
 

where k is a positive constant. 

 

 

 

 

 

 

(i)  Show that 

 

 

 

 

1 

 

 

 

 

(ii)  Deduce that  where A and α are constants. 2 

 

 

 

 

Suppose that initially 100 people had the virus and that 400 people had the virus after 

10 days. 

 

 

 

(iii)  Find α correct to four decimal places. 2 

 

 

 

 

(iv)  After how many days would exactly one half of the population have the 

virus? 

 

State your answer correct to the nearest day. 

 

 

 

1 
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c)  Consider the following isosceles triangle ABC where AB = AC. 

 

D is the midpoint of BC and E is the foot of the perpendicular drawn 

from D to AC. F is the midpoint of DE. 

 

 
 

Let 𝐵𝐷⃗⃗⃗⃗⃗⃗ = 𝒂 , 𝐷𝐴⃗⃗⃗⃗  ⃗ = 𝒃 and 𝐷𝐹⃗⃗ ⃗⃗  ⃗ = 𝒄 .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(i)   Prove that   2 

 

 

(ii)  Prove that  

 

3 

 

 

 

 

 

 

 

 

 

 

End of paper 
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2025 Year 12 Mathematics Extension 1 marking guidelines 

Q Solution Marks 

1 

 

D 

2 

 

A 

3 

 

B 

4 

 

D 

5 Arrange W, O, O, O, LL, N, N, G, G in a line 

 

 
 

C 

6 Only the DE in Option C gives a small positive gradient at the 

point (1, 10) 

 

C 

7 |a + b| and |a – b| are the two diagonals of a parallelogram whose 

sides are given by a and b.  

 

A parallelogram with equal diagonals must be a rectangle, hence 

all angles are right angles, hence  

 

An algebraic method is: 

B 
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8 

 

C 

9 The situation is illustrated below: 

 

 
 

The blue dotted line is y = 0.5x. The black line segment 

represents the vector (2, 1), which is the projection of (0,5) onto 

the line.  

 

B 
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Start at (0, 5) and travel right 2 and down 4 to get to (2, 1). 

Again travel right 2 and down 4 to arrive at (4, -3). 

 

10 

 

 

 = 

the coefficient of the x101 term in the expansion of   

(x + 1)100(1 + x)100  

= the coefficient of the x101 term in the expansion of   

(1 + x)200 

= 200C101   

D 

11a 

 

 

From the graph, and noting that x ≠ 2, 

 
 

Marker’s feedback: You have to draw the graph!  

 

 

Method 2: critical values 

From the denominator, x = 2 is one critical value. 

Solving    gives the other critical value of 2/3 

 

2 marks 

 

1 mark for 

multiplying by the 

square of the 

denominator, or 

equivalent 

progress 
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Test a value x < 2/3:      

      
 

Test a value 2/3 < x < 2 : 

 

      
 

Test a value x > 2 : 

 

     
 

Therefore: 

         
 

Marker’s feedback: If you use this method, you have to check all 

three intervals, showing working for the substitutions. 

11b 

 
 

Marker’s feedback: Mostly done well. Carefully use the formula 

on the reference sheet.

 

2 marks 

 

1 mark for a 

primitive 

involving arcsin 

11c 

 

3 marks for both 

solutions 

 

2 marks for 

finding 73°44’ 

 

1 mark for 

obtaining t=0.75 

or equivalent 
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Marker’s feedback: Of course the most common error was 

forgetting to check 180. Some students checked 90 but this is 

irrelevant. You have to check any value of θ between 0 and 360 

for which tan(θ/2) is undefined. Some students also had difficulty 

solving tan(θ/2)=3/4 where θ/2 is between 0 and 180. 

 

11d 

 
 

Marker’s feedback: If two vectors are parallel then y1 / x1 = y2 / 

x2 . Draw the situation and you’ll see this is the same as parallel 

lines having equal gradients. Note there’s only one case – no 

need to apply ± . Another condition for parallel is that the dot 

product = ±the product of magnitudes, but this is harder to use 

for this question.

 

2 marks 

 

1 mark for 

forming correct 

equation in k 

11ei 

 

1 mark 

11eii 

 

2 marks 

 

1 mark for some 

progress in terms 

of -b/a and/or c/a 
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11f 

 

3 marks for 

correct primitive 

in terms of x 

(must convert 

back to x) 

 

2 marks for 

correct integral in 

terms of u 

 

1 mark for 

integral in terms 

of u with one error 

12ai 

 

2 marks, for 

correct working 

and solution. 

 

1 mark for 

interchanging x 

and y, however, 

makes no further 

progress or leaves 

the function in 

terms of ±. 

 

 

12aii 

 

2 marks, for 

correct shape and 

correct 

coordinates. 

 

 

1 mark for correct 

shape. 

 

 

1 mark for correct 

coordinates.  

12aiii The graphs intersect on the line y = x. 2 marks for 

correct working 

and solution. 
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1 mark for 

equating f(x) to x, 

however, makes 

no further 

progress.  

 

12b 

 

3 marks for 

correct working 

and solution. 

 

2 marks for 

calculating the 

standard deviation 

and the z-score, 

however, makes 

no further 

progress. 

 

1 mark for 

calculating the 

standard 

deviation.  
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12c 

 

3 marks for 

correct working 

and solution. 

 

 

 

2 marks for 

setting up the 

correct integral 

and integrating 

correctly, 

however, makes 

no further 

progress. 

 

 

1 mark for setting 

up correct 

integral.  
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12d 

 

3 marks for 

correct working 

and solution. 

 

 

2 marks for 

differentiating x 

and y in terms of t, 

plus finding the 

correct t value, 

however, makes 

no further 

progress. 

 

 

1 mark for 

differentiating x 

and y in terms of t, 

however, makes 

no further 

progress. 

 

13a y = arcsin(x – 4) 

Dilated horizontally by a factor of 2 

→  

Shifted right 1 unit 

→  

2 marks for 

correct answer 

 

1 mark for 

obtaining an 

expression of the 

form 
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13b 

 

3 marks for 

correct answer – 

must show initial 

case 

 

2 marks for 

correct statement 

of S(k) and S(k+1) 

and correct 

substitution of a 

variant of S(k) 

into S(k+1) 

 

1 mark for correct 

statement of S(k) 

and S(k + 1) or 

correct 

substitution of a 

variant of S(k) 

into S(k+1) 

13ci 

 

2 marks for 

correct answer 

 

1 mark for correct 

expression for 

 

 

or  

 

1 mark for correct 

expression for 

three of the four 

possible terms  

and correct 

evaluation 

13cii Let Y be the number of days on which more than 3 faulty 

elements are found in a 5-day working week. 

Then Y ~ B(5, 0.07685) 

 

 

2 marks for 

correct evaluation 

using results from 

part (i) 

 

1 mark for correct 

evaluation of an 

expression 

involving P(X=2) 
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13d 

 

3 marks for 

correct answer – 

must show P(1)=0 

 

2 marks for 

obtaining x=±1, 

and showing 

P(1)=0, and 

attempting to 

factorise P(x) 

 

1 mark for 

obtaining one zero 

13e 

 

3 marks for 

correct answer 

 

2 marks for 

correctly 

transforming 

sin3xsinx and 

finding the correct 

primitive function 

 

1 mark for 

correctly 

transforming 

sin3xsinx 

 

or 

 

1 mark for 

obtaining 

and substituting

 into 

sin2x and sin4x 

14ai  1 mark 

14aii 

  
 

 

Note: the answer is not (4)(13C5)(47) because this repeats some 

combinations.

 

3 marks: 

 

+1 mark for 

answer including 
13C5 or 13C6 

 

+1 mark for 

adding together 

two cases (5 same, 

1 different) + (6 

same) 
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+1 mark for 

multiplying by 4 

(as there are 4 

suits) 

 

 

14bi 

 

1 mark 

14bii 

 

2 marks 

 

1 mark for 

correctly 

integrating 
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14biii 

 

2 marks 

 

1 mark for A, 1 

mark for α 

14biv N = 10000, t = ? 

 

 

1 mark 

14ci  

Since 𝐷𝐸⃗⃗ ⃗⃗  ⃗ ⊥ 𝐴𝐶⃗⃗⃗⃗  ⃗, 

 𝐷𝐸⃗⃗ ⃗⃗  ⃗ ⋅ 𝐴𝐶⃗⃗⃗⃗  ⃗ = 0 
2𝑐 ⋅ (𝑎 − 𝑏) = 0 

𝑐 ⋅ 𝑎 − 𝑐 ⋅ 𝑏 = 0 

𝑎 ⋅ 𝑐 = 𝑏 ⋅ 𝑐  

 

2 marks 

 

1 mark for 

 or 

equivalent 

14cii Required to prove that  𝐴𝐹⃗⃗⃗⃗  ⃗ ⋅ 𝐵𝐸⃗⃗⃗⃗  ⃗ = 0. 
 

𝐴𝐹⃗⃗⃗⃗  ⃗ = 𝑐 − 𝑏 

𝐵𝐸⃗⃗⃗⃗  ⃗ = 𝑎 + 2𝑐 
 
Therefore, 

𝐴𝐹⃗⃗⃗⃗  ⃗ ⋅ 𝐵𝐸⃗⃗⃗⃗  ⃗ = (𝑐 − 𝑏) ⋅ (𝑎 + 2𝑐) = 𝑎 ⋅ 𝑐 + 2𝑐 ⋅ 𝑐 − 𝑎 ⋅ 𝑏 − 2𝑏 ⋅ 𝑐 

Since 𝐴𝐷⃗⃗ ⃗⃗  ⃗ ⊥ 𝐵𝐶⃗⃗⃗⃗  ⃗, 𝑎 ⋅ 𝑏 = 0, and since 𝑎 ⋅ 𝑐 = 𝑏 ⋅ 𝑐 (from (i)), 

𝐴𝐹⃗⃗⃗⃗  ⃗ ⋅ 𝐵𝐸⃗⃗⃗⃗  ⃗ = 𝑎 ⋅ 𝑐 + 2𝑐 ⋅ 𝑐 − 2𝑎 ⋅ 𝑐 = 2𝑐 ⋅ 𝑐 − 𝑎 ⋅ 𝑐  
 

Now, since 𝐷𝐸⃗⃗ ⃗⃗  ⃗ ⊥ 𝐴𝐶⃗⃗⃗⃗  ⃗, 𝐷𝐸⃗⃗ ⃗⃗  ⃗ ⋅ 𝐸𝐶⃗⃗⃗⃗  ⃗ = 0.  
 
Thus, 

2𝑐 ⋅ (𝑎 − 2𝑐) = 0 

2𝑐 ⋅ 𝑐 = 𝑎 ⋅ 𝑐  

3 marks for 

correct proof 

 

1st mark for 

expressing 𝐴𝐹⃗⃗⃗⃗  ⃗ and 

𝐵𝐸⃗⃗⃗⃗  ⃗ in terms of 
 

 

2nd mark for 

obtaining  

𝐴𝐹⃗⃗⃗⃗  ⃗ ⋅ 𝐵𝐸⃗⃗⃗⃗  ⃗ = 2𝑐 ⋅ 𝑐 −

𝑎 ⋅ 𝑐 or equivalent. 

Must have used part 

(i) and 𝑎 ⋅ 𝑏 = 0 
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Hence, 

𝐴𝐹⃗⃗⃗⃗  ⃗ ⋅ 𝐵𝐸⃗⃗⃗⃗  ⃗ = 2𝑐 ⋅ 𝑐 − 𝑎 ⋅ 𝑐 = 𝑎 ⋅ 𝑐 − 𝑎 ⋅ 𝑐 = 0 as required 

 

 

 


