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Section I Multiple Choice

10 Marks

Attempt Questions 1 to 10

Allow approximately 15 minutes for this section.

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

Question 1 (1 mark)

The diagram below shows the velocity-time graph of an object that moves over a 10

second interval. For what percentage of the time is the speed of the object decreasing?

A. 30%

B. 60%

C. 70%

D. None of the above

©State of New South Wales (Department of Education), James Ruse Agricultural High School,

2025.
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Question 2 (1 mark)

Evaluate the integral

∫
0.5

0

sin−1 x√
1− x2

dx.

A.
π2

72

B. ln 6− ln π

C.
π2

36

D.
π√
2

Question 3 (1 mark)

The direction field of a differential equation is shown.

Which differential equation, does the direction field best represent?

A. y′ =
x

y

B. y′ = xy

C. y′ = x2y2

D. y′ = x+ y

©State of New South Wales (Department of Education), James Ruse Agricultural High School,

2025.
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Question 4 (1 mark)

If
−−→
OX = a˜+ 2b˜ and −−→

Y X = a˜− b˜, which of the following is
−−→
OY ?

A. 2b˜
B. 3b˜
C. 2a˜+ b˜
D. 2a˜+ 3b˜

Question 5 (1 mark)

sin(3x+ x)− sin(3x− x) =

A. −2 sin 3x sinx

B. 2 cos 3x sinx

C. 2 cos 3x cosx

D. 2 sin 3x sinx

Question 6 (1 mark)

Given that
[
− π

10
,
π

10

]
is the restricted domain of the function f(x) =

sin 5x

3
?

What is the domain of the corresponding inverse function?

A. Domain:

[
−1

3
,
1

3

]
B. Domain: [−1, 1]

C. Domain:

[
−1

5
,
1

5

]
D. Domain:

[
−3

5
,
3

5

]

©State of New South Wales (Department of Education), James Ruse Agricultural High School,
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Question 7 (1 mark)

Which of the following is the cartesian equation for the given parametric equations?

x = sin−1 t+ 1

y =
1√

1− t2

A. y =
1

1− sin(x− 1)

B. y =
1√

2 sinx− sin2 x

C. y =
1

cos(x− 1)

D. y = ± 1

cos(x− 1)

Question 8 (1 mark)

In an experiment, positive and negative values are equally likely to occur. The probability

of obtaining at most one negative value in five trials is:

A.
1

32

B.
2

32

C.
3

32

D.
6

32

Question 9 (1 mark)

Let α, β be the roots of the equation x2 − ax+ b = 0 and An = αn + βn.

which of the following is equal to An+1 − aAn + bAn−1?

A. −a

B. b

C. a− b

D. 0

©State of New South Wales (Department of Education), James Ruse Agricultural High School,

2025.
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Question 10 (1 mark)

Let X denote the number of times heads occur in n tosses of a fair coin, If P (X = 4),

P (X = 5) and P (X = 6) are in AP, then a possible value of n is :

A. 7

B. 10

C. 12

D. 15

©State of New South Wales (Department of Education), James Ruse Agricultural High School,

2025.
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Mathematics Extension 1

Section II 60 Marks

Attempt Questions 11-17

Allow about 1h and 45 minutes for this section.

Question 11 (9 marks)

(a) i. [2]Let x = α be a zero of a polynomial P (x). If P (α) = P ′(α) = 0, show that

x = α is a zero of P (x) of multiplicity at least 2.

ii. [3]The equation ax3+bx2+c = 0 has a double root, where a, b, and c are non-zero

constants. Show that 27a2c+ 4b3 = 0.

(b) The population P (t) of bacteria in a dish is modelled by the logistic differential

equation :

dP

dt
=

P

6
(1− P

8000
) where P (0) = P0 and t in the time in hours.

i. [1]Show that
Q

P (Q− P )
=

1

P
+

1

Q− P
.

ii. [3]If the initial population P0 is 1000 bacteria,

Show that P (t) =
8000 e

t
6

7 + e
t
6

by solving the differential equation.

Exam continues on the next page

©State of New South Wales (Department of Education), James Ruse Agricultural High School,
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Question 12 (9 marks)

(a) [2]Differentiate y = ln(tan−1 2x).

(b) i. [2]Expand the binomial expansion of (2− x)5, simplifying all terms.

ii. [2]Hence, find the coefficient of y3, in the expansion of (2− 3y + y2)5.

(c) [3]Evaluate the integral

∫ √
5

0

2x3

√
x2 + 4

dx using the substitution u = x2 + 4.

Question 13 (8 marks)

A farmer noticed that some of the eggs laid by his hens had double yolks. he estimated

the probability of this happening to be 0.05. Eggs are packed in boxes of 12.

i. [2]Find the probability that in a box, the number of eggs with double yolks will be

more than two.

ii. [3]A customer bought three boxes. Find the probability that only 2 of the boxes con-

tained exactly 1 egg with a double yolk.

iii. [3]The farmer delivered 10 boxes to a local shop. Assume that normal approximation

can be used, estimate the probability that the delivery contained at least 9 eggs with

double yolks.

Exam continues on the next page

©State of New South Wales (Department of Education), James Ruse Agricultural High School,

2025.

8



Question 14 (8 marks)

(a) It is given that the angle θ satisfies the equation:

sin
(
2θ +

π

4

)
= 3 cos

(
2θ +

π

4

)
.

i. [2]Show that tan 2θ =
1

2
.

ii. [3]Hence, solve for θ, θ ∈ [−2π, π].

(b) [3]Let a˜, b˜ and c˜ be non-zero vectors.

Let α be the angle between a˜ and b˜, and β be the angle between b˜ and c˜, where α

and β are acute angles such that α + β ̸= 90o.

Given that projb˜ a˜ = d˜, show that

projc˜ d˜ = cosα cos β

cos(α + β)
projc˜ a˜.

Exam continues on the next page
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Question 15 (9 marks)

(a) The points R and S have the position vectors p˜+ 2q˜ and 2p˜− 3q˜ respectively.

i. [2]If ORST is a parallelogram, find
−→
RT in terms of p˜ and q˜.

ii. [2]If ORST is a square, show that 2|p˜|2 = 29|q˜|2.
(b) [3]Show by mathematical induction that 7(2)

n − 1 is divisible by 2n+2 for all positive

integers n.

(c) [2]The diagram below shows the graph of x2 + y2 = 1 and y = 2
√
3x2. The two

graphs intersect at P

(
1

2
,

√
3

2

)
. Find the volume of the solid of revolution where

the shaded area is rotated about the x− axis.

Exam continues on the next page
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Question 16 (8 marks)

The figure shows a stage prop ABC used by a member of the theatre leaning against a

vertical wall OP . It is given that AB = 30 cm,BC = 100 cm, ∠ABC = ∠AOC = 90o

and ∠BCO = θ, where θ is an acute angle.

i. [2]Show that OC = (100 cos θ + 30 sin θ) cm.

Let D be foot of B on OC, let E be foot of A on BD.

ii. [2]Express OC in terms of R cos(θ − α), where R is a positive constant and α is an

acute angle. Show all necessary working.

iii. [2]State the maximum value of OC and the corresponding value of θ.

iv. [2]Find the value of θ for which OC = 80 cm.

Exam continues on the next page
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Question 17 (9 marks)

(a) Let y = xu.

i. [1]Given that u is a function of x, find an expression for
dy

dx
.

ii. [3]Hence solve the initial value problem
dy

dx
=

y2

2x2
+

1

2
, given y(1) = 2.

Express your answer with y as the subject in terms of x only.

(b) The position vectors of the points A, B and C are i˜+j˜, 2i˜+3j˜ and 4i˜+2j˜ respectively.
i. [2]Find the position vector of the point P on

−−→
BC such that

−−→
BP =

1

3

−−→
BC.

ii. [3]The vertex D of a trapezium ABCD is taken such that
−−→
BC is parallel to

−−→
AD,

and
−−→
PD is perpendicular to

−→
AC. Find the position vector of D.

End of the Examination.

©State of New South Wales (Department of Education), James Ruse Agricultural High School,
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Question 1: 

 

Speed decreasing when velocity heads towards 0, hence from 𝑡𝑡 = 2 to 𝑡𝑡 = 4, and then 
from 𝑡𝑡 = 9 to 𝑡𝑡 = 10. 

Therefore 30%. 

A. 

 

Question 2: 

�
sin−1 𝑥𝑥
√1 − 𝑥𝑥2

0.5

0
𝑑𝑑𝑑𝑑 = �

(sin−1 𝑥𝑥)2

2 �
0

0.5

 

= �
𝜋𝜋2
36
2
− 0� 

=
𝜋𝜋2

72
 

 

A 

 

Question 3: 

Gradient is positive in 1st and 3rd quadrant, and negative in 2nd and 4th quadrant, hence 
must be either A or B. 

Along 𝑦𝑦 = 0, the slope lines are horizontal and not vertical. Therefore answer is B. 

 

B 

 

Question 4: 

𝑂𝑂𝑂𝑂�����⃗ + 𝑌𝑌𝑌𝑌�����⃗ = 𝑂𝑂𝑂𝑂�����⃗  
𝑂𝑂𝑂𝑂�����⃗ = 𝑂𝑂𝑂𝑂�����⃗ − 𝑌𝑌𝑌𝑌�����⃗  

= �𝑎𝑎
~

+ 2𝑏𝑏
~
� − �𝑎𝑎

~
− 𝑏𝑏

~
� 

= 3𝑏𝑏
~

 . 

B 



Question 5. 

sin(3𝑥𝑥 + 𝑥𝑥) − sin(3𝑥𝑥 − 𝑥𝑥) = (sin 3𝑥𝑥 cos 𝑥𝑥 + cos 3𝑥𝑥 sin 𝑥𝑥) − (sin 3𝑥𝑥 cos 𝑥𝑥 − cos 3𝑥𝑥 sin 𝑥𝑥) 
= 2 cos 3𝑥𝑥 sin 𝑥𝑥 

 

B 

 

Question 6. 

When 𝑥𝑥 ∈ �− 𝜋𝜋
10

, 𝜋𝜋
10
� 

5𝑥𝑥 ∈ �−
𝜋𝜋
2

,
𝜋𝜋
2
� 

sin 5𝑥𝑥 ∈ [−1, 1] 
sin 5𝑥𝑥

3
∈ �−

1
3

,
1
3
� 

Therefore domain of the inverse is given by also �− 1
3

, 1
3
�. 

A 

 

Question 7.  

sin−1 𝑡𝑡 = 𝑥𝑥 − 1 

𝑡𝑡 = sin(𝑥𝑥 − 1)  where 𝑥𝑥 − 1 ∈ �−
𝜋𝜋
2

,
𝜋𝜋
2
� 

𝑡𝑡2 = sin(𝑥𝑥 − 1) 

𝑦𝑦 =
1

�1 − sin2(𝑥𝑥 − 1)
 

=
1

�cos2(𝑥𝑥 − 1)
 

=
1

|cos(𝑥𝑥 − 1)| 

=
1

cos(𝑥𝑥 − 1)  �Since 𝑥𝑥 − 1 ∈ �−
𝜋𝜋
2

,
𝜋𝜋
2
��  

 

C 

 

 

 



Question 8 

𝑃𝑃(𝑋𝑋 = 0) + 𝑃𝑃(𝑋𝑋 = 1) = �
1
2�

5

+ 5 �
1
2�

4

�
1
2�

1

 

=
1

32
+

5
32

 

=
6

32
 

D 

 

Question 9 

𝛼𝛼 + 𝛽𝛽 = 𝑎𝑎, 𝛼𝛼𝛼𝛼 = 𝑏𝑏 
𝐴𝐴𝑛𝑛+1 − 𝑎𝑎𝐴𝐴𝑛𝑛 + 𝑏𝑏𝐴𝐴𝑛𝑛−1 = (𝛼𝛼𝑛𝑛+1 + 𝛽𝛽𝑛𝑛+1) − 𝑎𝑎(𝛼𝛼𝑛𝑛 + 𝛽𝛽𝑛𝑛) + 𝑏𝑏(𝛼𝛼𝑛𝑛−1 + 𝛽𝛽𝑛𝑛−1) 

= (𝛼𝛼𝑛𝑛+1 + 𝛽𝛽𝑛𝑛+1) − (𝛼𝛼 + 𝛽𝛽)(𝛼𝛼𝑛𝑛 + 𝛽𝛽𝑛𝑛) + 𝛼𝛼𝛼𝛼(𝛼𝛼𝑛𝑛−1 + 𝛽𝛽𝑛𝑛−1) 
= (𝛼𝛼𝑛𝑛+1 + 𝛽𝛽𝑛𝑛+1) − (𝛼𝛼𝑛𝑛 + 𝛽𝛽𝑛𝑛 + 𝛼𝛼𝑛𝑛𝛽𝛽 + 𝑎𝑎𝛽𝛽𝑛𝑛) + (𝛼𝛼𝑛𝑛𝛽𝛽 + 𝑎𝑎𝛽𝛽𝑛𝑛) 
= 0 

 

D 

 

Question 10 

𝑃𝑃(𝑋𝑋 = 5) − 𝑃𝑃(𝑋𝑋 = 4) = 𝑃𝑃(𝑋𝑋 = 6) − 𝑃𝑃(𝑋𝑋 = 5) 
2𝑃𝑃(𝑋𝑋 = 5) = 𝑃𝑃(𝑋𝑋 = 6) + 𝑃𝑃(𝑋𝑋 = 4) 

2 × 𝑛𝑛!
5! (𝑛𝑛 − 5)!

=
𝑛𝑛!

6! (𝑛𝑛 − 6)!
+

𝑛𝑛!
4! (𝑛𝑛 − 4)!

 

2 × 6(𝑛𝑛 − 4)
6! (𝑛𝑛 − 4)!

=
(𝑛𝑛 − 5)(𝑛𝑛 − 4)

6! (𝑛𝑛 − 4)!
+

6 × 5
6! (𝑛𝑛 − 4)!

 

12(𝑛𝑛 − 4) = 𝑛𝑛2 − 9𝑛𝑛 + 20 + 30 
𝑛𝑛2 − 21𝑛𝑛 + 98 = 0 
(𝑛𝑛 − 14)(𝑛𝑛 − 7) = 0 
𝑛𝑛 = 14 or 7 

 

A 



Solutions

Question 11

Marker’s feedback

• Multiplicity 1 does not mean 𝑃(𝑥) = 𝑎𝑥 + 𝑏.

• Remember to use
∫

symbol when solving separable differential equa-
tions. Marks were not taken off but be wary.

Don’t write
8000

𝑃(8000 − 𝑃) 𝑑𝑃 =
1
6
𝑑𝑡.

• Many students used only sum and product of roots methods in part (a)(ii),
right after a question that hints at using roots of multiplicity instead. Be
aware of easier methods that are hinted at by the question.

• When removing the absolute value symbols, you need to justify which
case.

• Show/prove questions need to read like a good argument for why the
statement is true. It is not a dump of ideas. Where there is a lot of
algebraic steps, you need to guide the reader sometimes - especially if
something derived earlier is used.

(a) (i) Method 1

Since 𝑃(𝛼) = 0, then 𝑥 − 𝛼 is a factor of 𝑃(𝑥). So 𝑃(𝑥) is of the
shape

𝑃(𝑥) = (𝑥 − 𝛼)𝐴(𝑥).

✓Use of 𝑃(𝛼) = 0, factor theorem,

and derivative.

Differentiating gives 𝑃′(𝑥) = 𝐴(𝑥) + (𝑥 − 𝛼)𝐴′(𝑥).

Since 𝑃′(𝛼) = 0, then 𝐴(𝛼) = 0, so 𝑥 − 𝛼 is a root of 𝐴(𝑥), so 𝐴(𝑥)
is of the shape

𝐴(𝑥) = (𝑥 − 𝛼)𝐵(𝑥).

✓Use of 𝑃′ (𝛼) = 0 and factor

theorem.

Therefore, 𝑃(𝑥) = (𝑥 − 𝛼)2𝐵(𝑥), so 𝛼 has multiplicity at least 2.

Method 2

Let 𝛼 be a zero of multiplicity 𝑛, where 𝑛 ∈ N. We aim to show that
𝑛 ≥ 2.

– 1 –
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Then the polynomial 𝑃(𝑥) is of the form 𝑃(𝑥) = (𝑥 − 𝛼)𝑛𝑄(𝑥) and
𝑄(𝛼) ≠ 0.

Differentiating gives 𝑃′(𝑥) = 𝑛(𝑥 − 𝛼)𝑛−1𝑄(𝑥) + (𝑥 − 𝛼)𝑛𝑄′(𝑥)
= (𝑥 − 𝛼)𝑛−1 (𝑛𝑄(𝑥) + (𝑥 − 𝛼)𝑄′(𝑥)

)
.

where 𝑛𝑄(𝛼) + (𝑥 − 𝛼)𝑄′(𝛼) ≠ 0.

Since 𝑃′(𝛼) = 0, then the factor (𝑥 − 𝛼)𝑛−1 = 0 as the other one
is not zero. Since 𝑃(𝑥) is not identically zero, then 𝑛 − 1 ≥ 1, i.e.
𝑛 ≥ 2.

(ii) Let 𝛼, 𝛼, 𝛽 be roots of 𝑎𝑥3 + 𝑏𝑥2 + 𝑐 = 0. Note also that none of
the roots are zero, otherwise 𝑥 will be a factor of the polynomial
expression 𝑃(𝑥) on the left-hand side.

✓Differentiating 𝑃(𝑥).Differentiating gives 𝑃′(𝑥) = 3𝑎𝑥2 + 2𝑏𝑥.

Since 𝛼 is a double root, 𝑃(𝛼) = 𝑃′(𝛼) = 0, so

3𝑎𝛼2 + 2𝑏𝛼 = 0
𝑎𝛼3 + 𝑏𝛼2 + 𝑐 = 0.

Since 𝛼 ≠ 0, the first equation reduces to 3𝑎𝛼 + 2𝑏 = 0.

✓Significant progress towards

solution.
Making 𝛼 the subject: 𝛼 = −2𝑏

3𝑎
.

✓Result proven.

Substitute this into the second equation:

𝑎

(
−2𝑏

3𝑎

)3
+ 𝑏

(
−2𝑏

3𝑎

)2
+ 𝑐 = 0

− 8𝑏3

27𝑎2 + 4𝑏3

9𝑎2 + 𝑐 = 0

−8𝑏3 + 12𝑏3 + 27𝑎2𝑐 = 0
∴ 27𝑎2𝑐 + 4𝑏3 = 0

(b) (i) 𝑅𝐻𝑆 =
1
𝑃
+ 1
𝑄 − 𝑃

=
𝑄 − 𝑃 + 𝑃

𝑃(𝑄 − 𝑃)

=
𝑄

𝑃(𝑄 − 𝑃) = 𝐿𝐻𝑆 ✓Result proven.

(ii) Write
𝑑𝑃

𝑑𝑡
=
𝑃

6

(
8000 − 𝑃

8000

)
.

Divide factors containing 𝑃 to the left-hand side, then integrate both

– 2 –
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sides:

✓Integrate correct expressions.

Can do definite or indefinite.

✓Significant progress towards

solution.

∫ 𝑃

1000

8000
𝑃(8000 − 𝑃) 𝑑𝑃 =

∫ 𝑡

0

1
6
𝑑𝑡∫ 𝑃

1000

(
1
𝑃
+ 1

8000 − 𝑃

)
𝑑𝑃 =

𝑡

6[
ln |𝑃 | − ln |8000 − 𝑃 |

]𝑃
1000

=
𝑡

6[
ln
���� 𝑃

8000 − 𝑃

����]𝑃
1000

=
𝑡

6

ln
���� 𝑃

8000 − 𝑃

���� − ln
1
7
=

𝑡

6

ln
���� 7𝑃
8000 − 𝑃

���� = 𝑡

6���� 7𝑃
8000 − 𝑃

���� = 𝑒𝑡/6.

✓Justify absolute value, and make

𝑃 the subject with sufficient

number of steps shown.

Since 0 < 𝑃 < 8000, the expression in the absolute values is
positive.

So,

7𝑃
8000 − 𝑃

= 𝑒𝑡/6

7𝑃 = 8000𝑒𝑡/6 − 𝑃𝑒𝑡/6

7𝑃 + 𝑃𝑒𝑡/6 = 8000𝑒𝑡/6

∴ 𝑃 =
8000𝑒𝑡/6

7 + 𝑒𝑡/6 .

– 3 –
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Question 13 

i.   
Bin(12, 0.05) 
Let the number of eggs with double yolks be represented by the random variable 𝑋𝑋. 
𝑃𝑃(𝑋𝑋 > 2) = 1 − 𝑃𝑃(𝑋𝑋 ≤ 2) 

= 1 − �𝑃𝑃(𝑋𝑋 = 0) + 𝑃𝑃(𝑋𝑋 = 1) + 𝑃𝑃(𝑋𝑋 = 2)� 

= 1 − ��12
0 �

(0.05)0(0.95)12 + �12
1 �

(0.05)1(0.95)11 + �12
2 �

(0.05)2(0.95)10� 

≈ 1 − 0.9804 
= 0.0196 
= 1.96% 

 
1 mark for demonstrating an understanding of how to exercise binomial probability AND the 
need to use complement events in this question 
 
1 mark for obtaining correct answer at the end 
 
Note: Most common mistake here involves students forgetting that they need to evaluate 

𝑃𝑃(𝑋𝑋 = 2) as well. Students who didn’t understand the need for �12
𝑟𝑟 � functions get 0, for a 

complete failure to exercise binomial probability. 
 

ii.   

𝑃𝑃(1 egg with double yolk in a box) = �12
1 �

(0.05)1(0.95)11 

≈ 0.3413  
 
Let 𝑋𝑋 represent the number of boxes with exactly 1 egg with a double yolk 

𝑃𝑃(𝑋𝑋 = 2) = �3
2� ��

12
1 �

(0.05)1(0.95)11�
2

�1 − �12
1 �

(0.05)1(0.95)11�
1

 

≈ 0.2302 
= 23.02% 

 
1 mark for correctly obtaining the probability of having 1 egg with double yolk in any given box. 
1 mark for correctly applying binomial probability of there being 2 boxes. 
1 mark for final answer 
 
Note: Students who did not realise that they had to find the probability of getting 1 egg with 
double yolk first, forfeits 2 marks immediately, because it represents a “fatal” error in which the 
crux of the question not understood, and also became unable to find the complement of 1 egg 
with double yolk in any given box. 
 
 
 
 
 



iii.   
Method 1: Sample Proportion 
 
Bin(120, 0.05) 
 
𝜇𝜇 = 𝑝𝑝 = 0.05 

𝜎𝜎 = �
𝑝𝑝𝑝𝑝
𝑛𝑛

= �0.05 × 0.95
120

≈ 0.02 

𝑝̂𝑝 =
9

120
⇒ 𝑧𝑧 =

9
120 −

1
20

�0.05 × 0.95
120

 

≈ 1.26 
 

𝑃𝑃 �𝑝̂𝑝 ≥
9

120�
= 𝑃𝑃(𝑍𝑍 ≥ 1.26) 

≈ 1 − 0.8962 
= 0.1038 

 

Method 2: No Sample Proportion 
 
𝜇𝜇 = 𝑛𝑛𝑛𝑛 = 0.05 × 120 = 6 
𝜎𝜎 = �𝑛𝑛𝑛𝑛𝑛𝑛 = √120 × 0.05 × 0.95 ≈ 2.39 
 

𝑥𝑥 = 9 ⇒ 𝑧𝑧 =
9 − 6
√5.7

 

≈ 1.26 
 
𝑃𝑃(𝑋𝑋 ≥ 9) = 𝑃𝑃(𝑍𝑍 ≥ 1.26) 

≈ 1 − 0.8962 
= 0.1038 

 

 
1 mark for working out the value of 𝜇𝜇 and 𝜎𝜎. 
1 mark for correctly finding the 𝑧𝑧 score required for approximation. 
1 mark for final answer 
 
Note: 
1. It is NOT necessary to use continuity correction, it is NOT in the syllabus! If you did use 

continuity correction, if you did it correctly you still get the full marks. However, if you used 
it incorrectly you lost a mark. 

2. It is NOT necessary to use linear interpolation to obtain a probability value, also NOT in the 
syllabus! 

3. Rounding is extremely important in this question, since the final mark is allocated on 
finding the correct value on the z-score table, markers are unable to assume whether your 
error was based on rounding or not knowing how to read from the table. Hence you MUST 
use the value of 𝑧𝑧 = 1.26, (NOT 𝑧𝑧 = 1.25, 1.2, 1.3, 1 etc…). 
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