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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 provided for Questions 1 to 10. 

 

1. What is the value of   
1−3𝑖

−1−3𝑖
 ? 

  

A. −1 + 
3

5
 𝑖 

 
B. −1 

 

C. 
4

5
 +

3

5
 𝑖 

 

D. 
4

5
 

 
2. Which of the following is the contrapositive for the statement : 
 
 “If teachers are on holidays, then they do not answer e-mails from students.” 
 

A. If teachers are not on holidays, then they answer e-mails from students. 
B. If teachers answer e-mails from students, then they are not on holidays. 
C. If teachers do not answer e-mails from students, then they are on holidays. 
D. If teachers are not on holidays, then they do not answer e-mails from students. 

                                                                                  
3. A complex number 𝑧 lies on the unit circle in the second quadrant of the complex  

plane, as shown in the diagram. 

 
 

 

 

 

 

 Which of the points marked 𝐴, 𝐵, 𝐶 or 𝐷 best shows the position of 𝑧𝑧 ̅? 

A. Point 𝐴 

B. Point 𝐵 

C. Point 𝐶 

D. Point 𝐷 
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4. The two lines 𝑟1
~

= (
0
1
1
) + (

1
2

−1
) and 𝑟2

~
= (

2
6
2
) + 𝜇 (

0
1
3
) intersect, where , 𝜇 ∈ ℝ. 

 What is the approximate size of the angle between 𝑟1
~

 and 𝑟2
~

 ? 

A. 50 

B. 83 

C. 97 

D. 140 

 

 

5. What is the negation of the statement : 

“∀𝑝 ∈ ℤ+, ∃𝑞 > 0 such that 𝑞 > 𝑝” ? 
 

A.  ∀𝑝 ∈ ℤ⁺, ∃𝑞 > 0 such that 𝑞 ≤ 𝑝. 

 

B.  ∃𝑝 ∈ ℤ⁺ such that ∀𝑞 > 0, 𝑞 ≤ 𝑝. 
                    
C.  ∀𝑝 ∈ ℤ⁺, ∃𝑞 > 0 such that 𝑞 < 𝑝. 

 

D. ∃𝑝 ∈ ℤ⁺ such that ∀𝑞 > 0, 𝑞 < 𝑝. 

 

 

6. The line 𝑟
~

= (
1

−1
3

) + (
2

−4
𝑘

), where 𝑘,  ∈ ℝ, is a tangent to a sphere  

 centred at (2, 1, 0). 

 The point of contact between the tangent and the sphere is (1, −1, 3). 

 What is the value of 𝑘? 
 

A. 𝑘 = 2 
 

B. 𝑘 = 1 
 

C. 𝑘 = −2 
 

D. 𝑘 = −1 
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𝒚 

z 

𝒚 

𝒚 

z 

z 

𝒙 

𝒙 

𝒙 

 

7. Consider the even function, 𝑓(𝑥), and its primitive function, 𝐹(𝑥). 

 

 Which of the following must be equal to                                              ? 

 

A. 𝐹 (
𝑎

2
) − 𝐹 (−

𝑎

2
) 

 

B. 𝐹 (
𝑎

2
) − 𝐹(0) 

 
C. 𝐹(𝑎) − 𝐹(−𝑎) 

 
D. 𝐹(𝑎) − 𝐹(0) 

 
 
 
8. Which of the following diagrams best represents this parametrisation, where 𝑡 ∈ ℝ?  

𝑟
~
(𝑡) = (sin 𝑡)𝑖

~
+ (cos 𝑡)𝑗

~
+ (𝑒𝑡)𝑘

~
 

  

A.          B. 

 

 

 

 

 

 

 

 

C.           D. 

  

𝒚 

z 

𝒙 
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 9. Which of the following does                         evaluate to? 
 

A. 2√𝑥 + 5 + 𝐶 
 

B. 
2

3
 √(𝑥 + 5)3 + 𝐶 

 

C. 
2

3
 (√(𝑥 + 5)3 − 10√𝑥 + 5) + 𝐶 

 

D. 
2

3
 √(𝑥 + 5)(𝑥 − 10) + 𝐶 

 
 
 

10. The points 𝑃 and 𝑄 are represented by the complex numbers 𝑧 and 𝑤 respectively.  
 

 If ∆𝑂𝑃𝑄 is an isosceles triangle with 𝑃𝑂𝑄 = 
𝜋

2
 , which of the following is not  

 

 necessarily true? 
 
 

A. 𝑧2 + 𝑤2 = 0 
 

B. 
|𝑧−𝑤|

|𝑧|
 = √2 

 

C. Arg(𝑤) − Arg(𝑧) = 
𝜋

2
 

 
D. |𝑧 − 𝑤| = |𝑧 + 𝑤| 

 

 

 

End of Section I 
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Section II  - 90 marks 
 
Attempt Questions 11 – 16 
Allow about 2 hours and 45 minutes for this section. 

                  Marks 

 
Question 11 (15 marks) START A NEW WRITING BOOKLET. 
 
 

(a) The complex numbers 𝑤 and 𝑧 are given by 𝑤 = 4𝑒− 
2𝑖𝜋

3  and 𝑧 = 2𝑒
𝑖𝜋

6 .  
  

By showing all necessary working, find : 
 

(i) a simplified form for the complex number 𝑤3.     2 
 

(ii) the Cartesian form for the complex number  
𝑤

𝑧
 .     2 

 
 

(b)     Express the equation of the line 4𝑥 − 𝑦 = 2 in the form of 𝑟
~

= 𝑢
~

+ 𝑣
~

,  

 where  is a real number.          2 
 
 
(c) Solve 𝑧2 − 2𝑧 + 4 − 4𝑖 = 0. Give your answers in the form 𝑎 + 𝑖𝑏,  
 

 where 𝑎 and 𝑏 are real.          3 

 
 

 

(d) Using the substitution 𝑡 = tan 
𝑥

2
 , evaluate                                                4 

 
 
 
 
(e)  Disprove the statement : 
 
  “The product of two irrational numbers is always irrational.”   2 
  



St George Girls High School 
Year 12 – Mathematics Extension 2 – 2026 Trial HSC Examination   Page 8 
 

 

Question 12 (15 marks) START A NEW WRITING BOOKLET.             Marks
     
 
(a)  The Cartesian equation of a sphere is given as 
 

𝑥2 − 4𝑥 + 𝑦2 + 2𝑦 + 𝑧2 − 6𝑧 + 5 = 0. 
 

(i) Determine the centre and radius of the sphere.     2 
 

 
 

A line has vector equation 𝑟
~

= (
1

−2
0

) + (
3
2
1
), where  ∈ ℝ. 

 
(ii) Determine the point(s) of intersection between the line and the sphere.  4 
 

  
 
 
(b) Find              .          3 
 
 
  

 

(c) Evaluate      .          3 
 

 
 
(d) Prove by contraposition that  ∀𝑛 ∈ 𝑁 where 𝑛 > 1, if 2𝑛 − 1  is a prime number,  
 

 then 𝑛 is a prime number.          3 
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Question 13 (15 marks) START A NEW WRITING BOOKLET.            Marks
    
 
(a) (i)    Find integers 𝐴, 𝐵 and 𝐶 such that: 
 

                                              
𝑥2+3𝑥+18

(𝑥2+4)(𝑥−5)
 =  

𝐴𝑥+𝐵

𝑥2+4
  +  

𝐶

𝑥−5
      3 

 
     
                
 (ii)   Hence, find                                                         2 
 
 
 
(b) It is given that 𝑂𝐴𝐵𝐶 is a parallelogram. The points 𝐴 and 𝐶 are represented by  
  

 position vectors  𝑎
~

= 2𝑖
~
+ 𝑗

~
− 2𝑘

~
 and 𝑐

~
= −3𝑖

~
+ 4𝑗

~
+ 2𝑘

~
 respectively, and 𝑂 is  

 the origin. 
 

(i) Find the magnitude of the vector projection of 𝑎
~
 perpendicular to 𝑐

~
.  3 

(ii) Hence, find the area of parallelogram 𝑂𝐴𝐵𝐶.       1 
 

 
 

(c) Sketch the region defined by |𝑧 − 2 + 𝑖| ≤ 3  and −
𝜋

3
< arg 𝑧 ≤

𝜋

4
 .   3 

You are NOT required to find the coordinates of any points of intersection. 
 
 
 
  
(d) Find          .          3 
        
 
  



St George Girls High School 
Year 12 – Mathematics Extension 2 – 2026 Trial HSC Examination   Page 10 
 

 

Question 14 (15 marks) START A NEW WRITING BOOKLET.            Marks
     
 
(a) Prove by mathematical induction that  
 
 

             = 2 −  
1

2𝑛  for all integer 𝑛 ≥ 1.      3 

 
 
  
 
(b) It is given that 𝜔 is a non-real fifth root of unity,  
          

(i) Prove that 𝜔 + 𝜔2 + 𝜔3 + 𝜔4 = −1 .       2 
 

(ii) Verify that 𝜔 − 𝜔4  is a root of  𝑧4 + 5𝑧2 + 5 = 0 .     2 
 
 
 
 
(c) Find 

 

 (i)   .  .          3 

 
 

(ii)                       .     .           2 

 

 

(d) The vector equation of a line 𝐿1 is represented by 𝑟1
~

= (
1
2
3
) + 𝜇 (

1
0

−1
) , where 

 𝜇 is a real number. 
 
 Let 𝐿2 be the line passing through the point 𝑄(2, 4, −1) and perpendicular to 𝐿1.  
 
 Find a vector representation of 𝐿2 if it intersects 𝐿1.      3
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Question 15 (15 marks) START A NEW WRITING BOOKLET.            Marks 
 
 
(a) (i) Given that 𝑛 + 1 is a factor of 𝑃(𝑛), fully factorise   
 

   𝑃(𝑛) = 𝑛4 + 6𝑛3 + 11𝑛2 + 6𝑛  for 𝑛 ∈ +.      1 
 

(ii)  Hence, prove by contradiction that for  𝑛 ∈ +, 
 

𝑛4 + 6𝑛3 + 11𝑛2 + 6𝑛 + 1  is not divisible by 12.     3
             

 

 

 
 
 
(b) Let                                              . 
 
 

(i) Prove that      .      2 
 
  
 

(ii) Hence,  show that            3 
 
 

(iii) Hence, find the value of  𝐼.         1 
 
 
 
 

Question 15 continues on page 12. 
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Question 15 continued                      Marks 
 

 

(c) The centroid of a triangle is defined as the point where the three medians  

 intersect. For example, in ∆𝑈𝑉𝑊 below, 𝑋, 𝑌 and 𝑍 are the midpoints of 𝑉𝑊,  

 𝑈𝑊 and 𝑈𝑉 respectively, and 𝑇 is the centroid of the triangle. 

 

 

 

 

 

 

 

 If 𝑈𝑉⃗⃗ ⃗⃗  ⃗ = 𝑣
~

 and 𝑈𝑊⃗⃗⃗⃗ ⃗⃗  ⃗ = 𝑤
~

, then the centroid 𝑇 is given by 𝑈𝑇⃗⃗⃗⃗  ⃗ =
1

3
𝑣
~

 +
1

3
𝑤
~

. 

 (Do NOT prove this.) 
 

 In a new figure, 𝑂𝐴𝐵𝐶 is a tetrahedron where 𝑂𝐴⃗⃗ ⃗⃗  ⃗ = 𝑎
~

, 𝑂𝐵⃗⃗ ⃗⃗  ⃗ = 𝑏
~

 and 𝑂𝐶⃗⃗⃗⃗  ⃗ = 𝑐
~

. 

 Points 𝑃 and 𝑄 are the centroids of ∆𝑂𝐴𝐵 and ∆𝑂𝐵𝐶 respectively as shown in the 
 diagram below. 
 
 
 
 
 
 
 
 
 
 
 
 Point 𝑅 is the intersection of 𝑃𝐶 and 𝑄𝐴.  

 

(i) Given  𝑃𝑅⃗⃗⃗⃗  ⃗ = 𝑃𝐶⃗⃗⃗⃗  ⃗ in ∆𝑂𝑃𝐶, show that : 
 

𝑂𝑅⃗⃗ ⃗⃗  ⃗ =
1

3
(1 − )𝑎

~
+

1

3
(1 − )𝑏

~
+ 𝑐

~
.      2 

 

(ii) Hence show that 𝑂𝑅⃗⃗ ⃗⃗  ⃗ =
1

4
(𝑎

~
+ 𝑏

~
+ 𝑐

~
).         3 
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Question 16 (15 marks) START A NEW WRITING BOOKLET.            Marks 
   
(a) Let 𝑝, 𝑞 and 𝑟 be three positive real numbers. 
 

(i) Show that 
𝑝+𝑞

2
  ≥ 

2𝑝𝑞

𝑝+𝑞
 .         2 

 

(ii) Hence, show that 
1

𝑞𝑟
 + 

1

𝑝𝑟
 + 

1

𝑝𝑞
 ≥ 

2

𝑝𝑟+𝑞𝑟
 + 

2

𝑝𝑞+𝑞𝑟
 + 

2

𝑝𝑞+𝑝𝑟
 .   2 

 
 
 
(b) Let          for 𝑛 = 0,1,2, … 
 
 
 You may assume for 𝑓(𝑥) = sec 𝑥, that : 
 

𝑑

𝑑𝑥
  𝑓(𝑥) = sec 𝑥 tan 𝑥  and          . 

 
(Do NOT prove these.)  

 

(i) Prove that  𝐼𝑛 = 
√2

2𝑛
 − 

2𝑛−1

2𝑛
 𝐼𝑛−1 for 𝑛 ≥ 1      4  

 
(ii) Hence, or otherwise, evaluate 
 

2 
 
 
 
(c) Let 𝑧 = cos 𝜃 + 𝑖sin 𝜃. 

(i) Show that sin 𝑛𝜃 = 
𝑧𝑛−𝑧−𝑛

2𝑖
 .        1 

 

(ii) You are given cos 𝑛𝜃 = 
𝑧𝑛+𝑧−𝑛

2
  (Do NOT prove this). 

 

Hence or otherwise, prove that 
 

32sin4𝜃cos2𝜃 = cos 6𝜃 − 2 cos 4𝜃 − cos 2𝜃 + 2 .   2 
 

 

(iii) Show that cos 𝜃 + cos 2𝜃 + ⋯+ cos 𝑛𝜃 = 
cos(

(𝑛+1)𝜃

2
) sin(

𝑛𝜃

2
)

sin(
𝜃

2
)

 .   2 

 
 

END OF EXAMINATION 
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Ext2 2026 Trial HSC Exam

Multiple Choice

1 -3ix - 1 + 3i

Q1-1-3i - 1 + 3i

- 1 + 3i + 3i - 92

-
1 - 92

- 1 + 6i + 9

-
1 + 9

=

8- 6c

10

= - % :

Q2 B

93 ZEER Iz

= 1

.: B

Q4· (2) · (i) = x1 +4 + 1 x vo + 1 +9so

0 + 2 - 3 =ToxTo cos O

- I

cost = To : obtuse .

o = 180 - cos" (5)
= 97e

.: C

QS . B



 

MARKER’S COMMENTS 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

96 . Angle between tangent and a radii of the sphere
8

is 90

=c = (b) - (j)
↑(1

,

- 1
, 3)
. = (=)
: (2, 10)

(_3) 0 (i) =
2 - 8 - 3k = 0

3k = - 6

k = - 2

.. C

7. Even : f(x) = f(x)

((y) + +(-x))di
=Jafd+ flya

== f(x)dx + +(af(x)dx
= Jafkt di

= [F(x)]a
= F(a) - F(0) .: D
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↑ 8.(t) = (sint)[ + (cost)] + (e
+

/

X X

Cannot be

So this as

- sint = I

o cost ! I

X

↳

here ofsint=
- 1 ? cost

1

Y

The view in the x-y plane looks circular

sc = Sint y
: cost

= sin't yo : cost

sc +y = sin't + cost

cety = 1 : Must be is or C

((z) = (Sint) + (cost)) + et

t = 0 (0, %
, 1) x = sint for OEI

T

t = 5 ( :! Sint 1 I

t= (1 , 0 , e
*

2) yecost for out
t = St (t,- eST)

-

-- 1cost 1

-

t =1(0 ,

- 1,e)
-
. C
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9
. Jis as let u2 = x + S x = U

2
-5

x = u2 -5 dx
= 24

Fu
dx = 24dyn2-5

x24 duJ -In 2

Juz-5x2a

2)(u" - 5)du

=2( -Su) + c
n2x+su=

= u - 10 +

= ( +Ss
- 10vts + >

= xs [5(+s) - 10) + c

=+s[x + 3 - 10x-] +

=3 -x+s(x +S - 15) + c

D
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10. Pap ~
T

~
X

F
&

= 2 E
2

7 I
O Q

Look at option A
&

Z -W w = - iz

z2 = itp
!

wa = it z

z = - wa wi = - z2 - z2 +w=oz2+ wa =0
: A always true.

Look at option B

IER + 121 = 1 z -E1
Isosceles

: El = It Iz1" + 1ER : /E - w1

2IEP = 1E - w12

-El = 1 - w

12-w) ... B must always be true

X =

1) Im(z)
-

poi
Look at option

< (by default) Z i

&Arg(w) - Arg(z) = O

7

lunitResz)
0 - E =

-T W

(depends where you put
P
,Q): False
.

Not always true

Look at option D

Diagonals of a square are equal : /E-WFlE
+/

-

..

C
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QUESTION 12

a)(2 - 4x + (E) +y + zy + (E) + z - 6z +(2) = -5 + (E) + (2) + (2)

(x -2) + (y + 1) + (z -3) = -5 + 4 + 1 + 9

(x -2) + (y + 1)2 + (z -3)2 = 9 I
- correct completion of

squares and circle

Cartesian equation

c(2 ,

- 1

, 3) r = J9 12-correct centre

= 3
X-correct radii

NOTE : No problems with this question ,

answered very well. 2

(ii) (gy = (-z) + +(2)
Eme

x = 1 + 3X

y
= - 2 +2x writes in

parametric form
z = X

·: (x - 2) + (y + 1) + (z -3)" = 9

(1 +3x -2)" + ( - 2 +2x +1) + (X - 3)=91 - correct substitution

(3x - 1) + (2x - 1)2+ (x - 3)" = 9
into sphere

9xt - 6x + 1 + 4x - 4x + 1 + x - bx + 9 = q

14x - 16x + 2 = 0

7x
-

I

7x - 8x + 1 = 0

X

-

,

(TX - 1)(x - 1) = 0

: X = E or x = 1 ↓ obtains correct

values for X.

Csome marks for
&

minor algebraic errers)
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Q12 continued...

X = 1x = 1 + 3x
y =
- 2 + 2x

z = X

x = 1 + 3(1)
y =

- z +2() z = 1

x = 4
y

= 0

: (4,
0
, 1) * correct point of

intersection

x = = x = 1 + 3(7) y
=2 +2(7)z = 7

x = 15 y = 2 +

7y =

-

1

* correct point of

: (
,

-E,) intersection

: Points of intersection are (4, 0,
1) and (,*, *)

4

NOTE : This question was very well executed by the majority
of students.
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Q12 continued...

b)
JEsee

=/- ↑ correctly manipulates the algebra

-Jd-3 ↓ completes square

on denominator

= Jedx b) c - dx

= Jedk-3)

= In/x + 2x +3) - Etan ↳
correct integration

I
↳ correct integration

3

NOTE : Most students answered this correctly. Very well done.
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Q12 continued.-.

C) Let I =Jen u = Inxv= x

vi= jv=
= Cur]e-Syu'

I correctly applies
= [enige - +xd integration by parts

formulawith correct values.

elne-o- I correctly integrates

-e-(- · correct evaluation

-

-

- 3

NOTE : Most students answered correctly , very well done.
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6) The contrapositive is :

AnEN when nsl
,
if n is a composite number

,

then 2"-1 is a
I correct contrapositive

composite number. statement.

Let n = xy wher <yEN <
, y >/

↳ Letting n equal

2" - 1
the product of two

factors :

= 2"- 1 an-bu = (a- b)(an -12 + q
-362+... + bmy

= (2x)9- 1

= (2" - 1)(2x3
+

- (33-2- ... + (2) + (2) + 1)

= (2"- 1)(1 + 24 +2 + .. . + (y)3y I applying the
factorisation
technique

This is the product of two positive integers

: 2"-1 is not prime
"2 correct justification

: By centrapositive
,

if IV-1 is a prime

number
,

then n is a prime number.

3

NOTE : Students found this question challenging. Many
did not write

VhEN where ns at the start of their contrapositive statement.

When letting n = scy for Us
,YEN where sys I many

did not write the highlighted conditions forandy
Students did not realise they could apply the factorisation

technique for the difference of terms with indices. This

enabled you to obtain two integer factors for 2"-1 and

hence prove the contrapositive to be true.
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QUESTION 14

a) Base Case - Prove true for n = /

LHS= (2) acts = 2- In
= 2-

= ( =

= (2) + (i) I correctly proves

= 1 + t base case

=
: LHS = RHS

n= 1: true for
Step 2 Inductive Hypothesis - Assume true for n = h

: (2)= 2-
step3 Inductive slep - Prove true for n = k +

↓Prove = 2 -m
' Correct inductive

hypothesis D

us = (i) what to prove in

inductive step.

↳ Correct split
= (2) + (2)k+

of assumption
and k+1 term

= 2 - 2 + (zyk
+

1 correct use of

= 2 - (2 - (2)
+

)
assumptionAnd writes an

= 2 - (i - (2)? (2) argument to convincingly
result

prove
(-2 mark for incorrect/missing

conclusion S
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Q14 continued

= 2 - (2)(c)
=-
= RHS

-
: true for n = k + 1 if true for n = R.

Step 4 - Conclusion

: By the principle of mathematical induction true
for all integer ns1 .

3

NOTE : Some students need to work on their understanding
of sum notation and how to split them up. Otherwise, very
well attempted and setting out has improved.
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Q14 continued

b) (i)
method I let z=

: w = 1 as w is a complex reat

: wS- 1 = 0

(w - 1)(w"+w3+wi+ w +1) = - ①

w - 1 +0

3SinceFI (given w is non-real Q

: wY +w +w+w+= &

-- w" +w+w" +w = - 1 2

METHOD 2 w is a non-real fifth root of unity

: for z =< real co-efficients: roofs occur

w = 1 in conjugate pairs ①mark

us- 1 = 0
· roots are 3I

,
w

,
i

,
wa we

1 W ,
wwwY

Sum of roots = -

1 + w + w+w +w =

- 4 I mark

1 + w +wi+w3+w = 0 S
: w + wi + wi +w = - 1
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Q14 b) continued

(ii) z" + Sz + 5 = 0

(H) = z" + 5z2+5 z = w - nY w"+w+wi+ w = - 1

Y wS= I

= (w -wY) + S(w -wY)2+ S ①

= w" - 4w3(w") + 60(24)- 40(w4)3+(w")" + 5(w"-2w+wa)+S
16

= w" - 4w" + 60" - 40+ w + Su--10wS + Sw
*

+ S
3

= w" - 4w" + 6 - 40 + w + Sw - 10 + 5w+ 5 from a)
4 2 3 wS=

= w + w + 1 + w + w 112 correct
simplification 12 uses w= 1 multiple

= 0 from (i) to prove result times to simplify
usin (i) expression.

-
: Z = w-w" is a solution of z + 52+ 5 =0

2

NOTE : Many errors occurred with the algebra in (ii) · Some

Students substituted and then did not expand to prove

the result- Students who used the rook and their

conjugate could not prove
the result convincingly with

exact answers rather than decimal approximations.
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& 14 continued...

2) (i) ) X4-12 di Let x = 2 sind

= 2 coso

do
= /14-casino) x2 cost do dx = 2 coso do

= S14-4sino x 2000 do · mark to correctly substitute

in terms ofo

= S 14(1-sinto) x a cost do

= 2) Eso xzcoso do

= 2) acoso do

=) ( + cos20) do
2020 = costo-(1-coso)

= 2[o + [sin20] + c I mark correctly cos2e = 2coso-1

finds the
= 2[0 + 2 x 2 sinOcost] + >

primitive caso= (1 + cos20)

= 2 [sin'+x + Now x = Isind

= sino <Pisin'
I

= 2[sin- 2
x

and
O

↑

↳ Y x2 singo = 2 sihocoso

correctly finds the primitive 3
in terms ofa with use of triangle-

NOTE : Some students forgot that the answer needs to be in

terms of x .
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Q14 1) continued...

(ii) Jaxxe 1 multiplies numerator and

ex + e
-x xe" denominator by e"

=J di

x

= Ji F cel) dx

I correct answer

(if "n" sub was used
,

=
tan"e" + C answer needed to be

in terms of otherwise

12 mark deducted
2

OR

dx xi

Je"+ e
-"

xe
-

= Je dx

=-)ene e

== tane" + C

NOTE : Quite well done with many different
methods. Some

students incorrectly thought it was a lo answer.
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Q14 continued...

d) method
(e + v = (2) +M(j))
: () =(et() be the point p of intersectiona

Q (2 ,
4;1) Ol

: F=)
= (i)

we wantB 1 L,

: (M)(
: m

- 1 + 0 - 4+ = 0

2u = 5

u
= S/z & obtainsme by use of

the dot product
= (i)

= ( I correctp

·:: = (, ) +x()
= (2)+ (3) 1 correct equation for he

3
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Q14d) continued...

METHOD (
,

= (3) + u(f)(et h = (f) + x()

: (i) · (2) =
x - z = p

.. x = Z

↳=(· = (b) (
I correctly states x =z
equales I

,
and ↳

Intersection Point

I) -(
1 +u = 2 + xx ...02 = 4 + xy ... 3 -u = - 1 + x ...

xx = 3 -

u
+ 1

xx = 4 -

u ...

sub into D

1 +
u

= 2 + 4-

2u = 5

u = 2

Intersection is (
( correctly findsu=

and uses it to

= (i) find the point of

intersection
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Let the intersection be (2) now a (2)
: p=(

= (3) I correctly finds

op and uses

: Ly is represented by12 is to find the

= ( _ ) + X2(e) equation of he

NOTE : Students found this question challenging. Many different

methods were used . Revise vector equations of lines in detail.
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QUESTION 15

a) (i) P(n) = n" + bn3 + 11n
+ bu

= n(n3+ 6n2 + 11n +b) : (n+1) is a factor of

= n(n+1)(n2+ Sn +6) n3 + 6n" + 11n + 6

= n(n+1)(n +2)(n +3) n2 + 5n + 6

n +1)n + 6n + 11n +6

n3 + n2
-

Sn2 + 11n + 6

Sn + En
-

6n + 6

6u + 6

O

I

(ii) Assume n"+6n3+ In+6u + 1 is divisible by 12 I correct

assumption
is n" + 6n3+ 11n + bu + 1 = 12M ME l

Now
,
from (i) P(n) = n" + 6n3+ 11n2+ 6 I correct reasoning for

why P(n) = by 12

Now From (i) = n(n +1) (n +2) (n +3) Any set of four

= 12P PEI
+

consecutive numbers

for next is

We assumed n" + 6n3+ 11n2+6u+ 1 = 12 M divisible by 24

: 120 + 1 = 12 M ·
: also divisible by 12

however this cannot be true ↓ correct reasoning ab

to why the assumption
as 12P + 1 is not divisible by 12. is faleeect
.. the negation is false

selting out

: By contradiction the original statement must be true
of proof.

: n4+6n3+n2 +bu +1 is not divisible by 12 /
3
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Q15a) si)continued- --

NOTE : Some students could not factorise the expression in (i)

using polynomials or substitution or use of calculator methed.

For (ii) there needed to be a clear explanation for

the multiplication of four consecutive integers being
a multiple of 24 and hence a multiple of 12.

Please review solution on how to set the rest of

the proof out mathematically rather than using long
worded explanations.
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Q15 continued

& (i) Prove flasde =Jafa-) de
let u = a - x 1 mark correctRHS=J f(a -x)d n-substitution

,= - 1 derivative and
bounds

= (u)(- du)
du = -x : dx = -bun

W hen x = a u = a - C
some

&
= O "2 marks

for e
mention

=-Jef(u) du x = 0 , =
a - 0 of

bounds
a

Stan
ufx by dummy variable

1 correctly sets out proof to

Obtain result.

= LHS .

NOTE! Well done by those who learnt this proof from

their theoryholes. You needed to have some mention

of considering bounds to gain full mark
.

PleaseShow how you got them and avoid "squiggle"

notation .

Eg u = a - x NOT a - 0

-

x = a

,
u

= a
-a
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Q15 continued ...

METHOD (

c) (ii) TX
sinx

I = So sinc + cosse

dx
... D

sin( - x)
== sin(E-) + cos(E- x)

dx I mark uses (i)

COSI
dx ... QI= cos1 + Sink I mark uses sin(E-0) = cost

etc. -e

Add 0 +②

COS 3
dx

I + I=Sincecos di+cos + since

2=Sina
20522 d

COS +Sin

I shows the addition

GI =/Sincea of the two "I" results

and correctly proves

: Gl = S. I di result.

3

NOTE : Some students did not revise this concept in detail.

Many students were successfull with varying methods.
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METHOD 2

CHS = 2I

TX

=2)es dx
... D

sin( - x)
=2) sin(E-) + cos(E- x)

dx I mark uses (i)

= 2)
i cos

dx ... Q
cos1 + Sink

I mark uses sin(E-0) = cost

etc. -e

( Sind
-

sinc di

2I = 2)costSince &COSS + Sink

in sink di
= 2
*
1d-2% cos + sinc

I add and take away sin

Gl = 2) 1dx-2I to obtain integral of 1 and I

and correctly proves

YI = 26 I di
result.

: 21 = Ja
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x = I - u

f
c)(i) TX Let u = I - x

=Jes dx

dx = - 1

dx = -dy

sir( - u) (- du) I
x= - u = E - E

#=S sin() +c -

x =0 - u=
cos u

duI= cosu + since

cosu du

II=sircos d+cosut since

cos22 da By the

2 =JSin d+ costin Dummy
Variable

Sinc + cesdx

GI = ) Sinc + cross

: Gl = S. I di

(iii) 21 = [x]*

21=01 correct answer.

I=Y !
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& 15 continued...

C W

X Given it =1 +s
WY

⑨

~ T

⑧

V

↓
U ·

A b
B

--
⑧

Y

R P

-
-

Ci
w
- ↓ a

G
O ~

N·or
givenp

S

and = b+?

correctly
->o = b +53 and op = za +3b t obtains of or

->o = op + pE op using the given
- ->

Pc = oT-op information

= i
- (3 2 +5b) correctly

->

=
- za- ! & finds PC in terms

of = of + pE
of2

,
b and I

: ob + Xp2 I correctly shows how

->= a +b + x(2 - ja - 5b) t obtain or

=++-
= j(1 -x) + !(1 - x)b + x-
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B
⑧ = o + a

an = -o Q

= a - (5b +1)·
-

->

->
->-

or = 0Q + QR

= +uQA
= 5b +5 +u(a - 3b -32)

= b+ 2 +u -jub -zu

= (1 -u)b + =(1 -u)2 +

u
I correctly finds another-

expression for OR

·: on = 5 (1-x(a + -(1 -x(b +xz = j( -u(b + 5(1 -u)2 +ug

·: J(1-x(a +5(1 - x)b + x2 = 5 (1 -u)b + j(1 -u)2 +u

·i (1-x) =M ( - x) = j (1 -u)x = 5( -u) -

1-1 = Su 1 - X = 1 -

u

X = 1 -3u
...0 x =u...

2 1 Equales the two

expressions for o

Sub 2 into I

M
= 1 -3u

4u = 1 I correctly finds Mor
X = Y using the

u = 4 and X = I two expressions for
->
or (not by working

backwards from

:p = (1-4) + (1 -7)b + - the result)

= & +b+
=f(a +b +1)
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NOTE : Students found this question (particularly (ii)) very

challenging. More experience for 3D vector proofs is

advised.



16. (a)(i)

Method 1:

(𝑝 − 𝑞)2 ≥ 0

𝑝2 − 2𝑝𝑞 + 𝑞2 ≥ 0

𝑝2 + 2𝑝𝑞 + 𝑞2 ≥ 4𝑝𝑞

(𝑝 + 𝑞)2 ≥ 4𝑝𝑞

divide both sides by 2(𝑝 + 𝑞)

∴
𝑝 + 𝑞

2
≥ 2𝑝𝑞

𝑝 + 𝑞
since 𝑝, 𝑞 > 0

Method 2:

LHS − RHS =
𝑝 + 𝑞

2
− 2𝑝𝑞

𝑝 + 𝑞

=
(𝑝 + 𝑞)2 − 4𝑝𝑞

2(𝑝 + 𝑞)

=
𝑝2 + 2𝑝𝑞 + 𝑞2 − 4𝑝𝑞

2(𝑝 + 𝑞)

=
𝑝2 − 2𝑝𝑞 + 𝑞2

2(𝑝 + 𝑞)

=
(𝑝 − 𝑞)2
2(𝑝 + 𝑞)

≥ 0 since 𝑝, 𝑞 > 0 and (𝑝 − 𝑞)2 ≥ 0

∴ LHS ≥ RHS as required

Marking Criteria:

• One mark was awarded for reaching the line just before completing the square

• The final mark was awarded for getting to the correct solution

General Comments

• generally done well

• some students that used method 1 ended up with

𝑝2 + 𝑞2 ≥ 2𝑝𝑞2𝑝2 + 2𝑞2 ≥ 4𝑝𝑞

• Look at what you’re trying to prove to get a better idea on what to do. 𝑝 + 𝑞 informs you that

obtaining (𝑝 + 𝑞)2 is a better option.

1



16. (a)(ii)

Method 1

From (i),
𝑝 + 𝑞

2
≥ 2𝑝𝑞

𝑝 + 𝑞
1⃝

Similarly,
𝑝 + 𝑟

2
≥ 2𝑝𝑟

𝑝 + 𝑟
2⃝ and

𝑞 + 𝑟

2
≥ 2𝑞𝑟

𝑞 + 𝑟
3⃝

1⃝ + 2⃝ + 3⃝ :
𝑝 + 𝑞

2
+ 𝑝 + 𝑟

2
+ 𝑞 + 𝑟

2
≥ 2𝑝𝑞

𝑝 + 𝑞
+ 2𝑝𝑟

𝑝 + 𝑟
+ 2𝑞𝑟

𝑞 + 𝑟

∴ 𝑝 + 𝑞 + 𝑟 ≥ 2𝑝𝑞

𝑝 + 𝑞
+ 2𝑝𝑟

𝑝 + 𝑟
+ 2𝑞𝑟

𝑞 + 𝑟

1

𝑝𝑞𝑟
(𝑝 + 𝑞 + 𝑟) ≥ 1

𝑝𝑞𝑟

(
2𝑝𝑞

𝑝 + 𝑞
+ 2𝑝𝑟

𝑝 + 𝑟
+ 2𝑞𝑟

𝑞 + 𝑟

)
∴

1

𝑞𝑟
+ 1

𝑝𝑟
+ 1

𝑝𝑞
≥ 2

𝑝 + 𝑞
+ 2

𝑝 + 𝑟
+ 2

𝑞 + 𝑟

Method 2:

From (i),
𝑝 + 𝑞

2
≥ 2𝑝𝑞

𝑝 + 𝑞
∴

𝑝𝑟 + 𝑞𝑟

2
≥ 2𝑝𝑞𝑟2

𝑝𝑟 + 𝑞𝑟

2

𝑝𝑟 + 𝑞𝑟
≤ 𝑝 + 𝑞

2𝑝𝑞𝑟

2

𝑝𝑟 + 𝑞𝑟
≤ 1

2

(
1

𝑞𝑟
+ 1

𝑝𝑟

)
1

2

(
1

𝑞𝑟
+ 1

𝑝𝑟

)
≥ 2

𝑝𝑟 + 𝑞𝑟
1⃝

Similarly,
1

2

(
1

𝑝𝑞
+ 1

𝑞𝑟

)
≥ 2

𝑝𝑞 + 𝑞𝑟
2⃝

1

2

(
1

𝑝𝑞
+ 1

𝑝𝑟

)
≥ 2

𝑝𝑞 + 𝑝𝑟
3⃝

1⃝ + 2⃝ + 3⃝ :

1

2

(
1

𝑞𝑟
+ 1

𝑝𝑟

)
+ 1

2

(
1

𝑝𝑞
+ 1

𝑞𝑟

)
+ 1

2

(
1

𝑝𝑞
+ 1

𝑝𝑟

)
≥ 2

𝑝𝑟 + 𝑞𝑟
+ 2

𝑝𝑞 + 𝑞𝑟
+ 2

𝑝𝑞 + 𝑝𝑟

1

𝑝𝑟
+ 1

𝑞𝑟
+ 1

𝑝𝑞
≥ 2

𝑝𝑟 + 𝑞𝑟
+ 2

𝑝𝑞 + 𝑞𝑟
+ 2

𝑝𝑞 + 𝑝𝑟

2



Method 3:

From (i),
𝑝 + 𝑞

2
≥ 2𝑝𝑞

𝑝 + 𝑞
∴

1
𝑝𝑟

+ 1
𝑞𝑟

2
≥

2 1
𝑝𝑟

1
𝑞𝑟

1
𝑝𝑟

+ 1
𝑞𝑟

𝑞𝑟 + 𝑝𝑟

2𝑝𝑞𝑟2
≥ 2

𝑞𝑟 + 𝑝𝑟

1

2𝑝𝑟
+ 1

2𝑞𝑟
≥ 2

𝑞𝑟 + 𝑝𝑟
1⃝

Similarly,
1

2𝑝𝑞
+ 1

2𝑞𝑟
≥ 2

𝑞𝑟 + 𝑝𝑞
2⃝

1

2𝑝𝑟
+ 1

2𝑝𝑞
≥ 2

𝑝𝑟 + 𝑝𝑞
3⃝

1⃝ + 2⃝ + 3⃝ :

1

2𝑝𝑟
+ 1

2𝑞𝑟
+ 1

2𝑝𝑞
+ 1

2𝑞𝑟
+ 1

2𝑝𝑟
+ 1

2𝑝𝑞
≥ 2

𝑞𝑟 + 𝑝𝑟
+ 2

𝑞𝑟 + 𝑝𝑞
+ 2

𝑝𝑟 + 𝑝𝑞

1

𝑝𝑟
+ 1

𝑞𝑟
+ 1

𝑝𝑞
≥ 2

𝑝𝑟 + 𝑞𝑟
+ 2

𝑝𝑞 + 𝑞𝑟
+ 2

𝑝𝑞 + 𝑝𝑟

Marking Criteria:

• One mark was awarded for generating equations that could lead to a correct solution

• The final mark was awarded for getting to the correct solution

• half a mark was deducted for minor errors, or being one step away from the END of the solution

General Comment:

• many students that started with method 2 did not reciprocate the inequality until AFTER adding

all three solutions together. This is ILLEGAL.

3



16. (b)(i)

𝐼𝑛 =

∫ 𝜋/4

0
tan2𝑛−1 𝑥 tan 𝑥 sec 𝑥 𝑑𝑥

𝑢 = tan2𝑛−1 𝑥 𝑣′ = tan 𝑥 sec 𝑥

𝑢′ = (2𝑛 − 1) (tan2𝑛−1 𝑥)(sec2 𝑥) 𝑣 = sec 𝑥

=

[
tan2𝑛−1 𝑥 sec 𝑥

]𝜋/4
0

−
∫ 𝜋/4

0
(2𝑛 − 1) tan2𝑛−2 𝑥 sec3 𝑥 𝑑𝑥

=

[
(tan 𝜋

4 )
2𝑛−1 sec 𝜋

4 − 0
]
− (2𝑛 − 1)

∫ 𝜋/4

0
tan2𝑛−2 𝑥 sec 𝑥 (1 + tan2 𝑥) 𝑑𝑥

=

(
12𝑛−1 ×

√
2
)
− (2𝑛 − 1)

∫ 𝜋/4

0

(
tan2𝑛−2 𝑥 sec 𝑥 + tan2𝑛 𝑥 sec 𝑥

)
𝑑𝑥

=
√
2 − (2𝑛 − 1)

∫ 𝜋/4

0
tan2𝑛−2 𝑥 sec 𝑥 𝑑𝑥 − (2𝑛 − 1)

∫ 𝜋/4

0
tan2𝑛 𝑥 sec 𝑥 𝑑𝑥

𝐼𝑛 =
√
2 − (2𝑛 − 1) 𝐼𝑛−1 − (2𝑛 − 1) 𝐼𝑛

𝐼𝑛 + (2𝑛 − 1) 𝐼𝑛 =
√
2 − (2𝑛 − 1) 𝐼𝑛−1

𝐼𝑛 (1 + 2𝑛 − 1) =
√
2 − (2𝑛 − 1) 𝐼𝑛−1

𝐼𝑛 =

√
2

2𝑛
− 2𝑛 − 1

𝑛
𝐼𝑛−1

Marking Criteria:

• one mark for the correct split

• one mark for correct application of IBP

• one mark for appropriately writing expressions in terms of 𝐼𝑛 and 𝐼𝑛−1

• one mark for the final result

• half mark deducted for minor errors such as writing 2𝑛−1 instead of 2𝑛−2 in simplification process

General comment:

• A significant proportion of students did not split correctly.

LOOK at the NUMERATOR of the coefficient of 𝐼𝑛−1 as a clue for how to split it. Because the

numerator was 2𝑛 − 1, we should split tan2𝑛 𝑥 into tan 𝑥 tan2𝑛−1 𝑥

• Many students differentiated tan2𝑛−1 𝑥 incorrectly. Don’t forget to apply the chain rule and multiply

by sec2 𝑥.

• Some students had difficulty recognising 𝐼𝑛−1 as needing a power of 2𝑛 − 2, and instead took it as

needing 2𝑛 − 1.

• A few students took tan2 𝑥 = 1 − sec2 𝑥
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16. (b)(ii)

∫ 𝜋/4

0

(
sec5 𝑥 − 2 sec3 𝑥 + sec 𝑥

)
𝑑𝑥 =

∫ 𝜋/4

0
sec 𝑥

(
sec4 𝑥 − 2 sec2 𝑥 + 1

)
=

∫ 𝜋/4

0
sec 𝑥

(
sec2 𝑥 − 1

)2
=

∫ 𝜋/4

0
sec 𝑥 tan4 𝑥

=

∫ 𝜋/4

0
tan4 𝑥 sec 𝑥

= 𝐼2

𝐼0 =

∫ 𝜋/4

0
tan0 𝑥 sec 𝑥 𝑑𝑥

=

∫ 𝜋/4

0
sec 𝑥 𝑑𝑥

=

[
ln | sec 𝑥 + tan 𝑥 |

]𝜋/4
0

= ln
��sec 𝜋

4 + tan 𝜋
4

�� − ln | sec 0 + tan 0|

= ln
���√2 + 1

��� − ln |1 + 0|

= ln
(√

2 + 1
)

𝐼1 =

√
2

2
− 1

2
ln

(√
2 + 1

)
𝐼2 =

√
2

4
− 3

4

(√
2

2
− 1

2
ln

(√
2 + 1

))
=

3

8
ln

(√
2 + 1

)
−
√
2

8

Marking Criteria:

• one mark reaching or understanding the integral is equivalent to 𝐼2

• one mark for determining 𝐼2

• IF none of the above were achieved, half a mark was awarded for substituting sec2 𝑥 with 1+ tan2 𝑥

and some correct manipulation

General comment:

• A few students saw the power of 4 and took it as 𝐼4.
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16(c)(i)

𝑧 = cos 𝜃 + 𝑖 sin 𝜃

𝑧𝑛 = (cos 𝜃 + 𝑖 sin 𝜃)𝑛 𝑧−𝑛 = (cos 𝜃 + 𝑖 sin 𝜃)−𝑛

= cos 𝑛𝜃 + 𝑖 sin 𝑛𝜃 = cos(−𝑛𝜃) + 𝑖 sin(−𝑛𝜃)

= cos 𝑛𝜃 − 𝑖 sin 𝑛𝜃

RHS =
𝑧𝑛 − 𝑧−𝑛

2𝑖

=
cos 𝑛𝜃 + 𝑖 sin 𝑛𝜃 − (cos 𝑛𝜃 − 𝑖 sin 𝑛𝜃)

2𝑖

=
cos 𝑛𝜃 + 𝑖 sin 𝑛𝜃 − cos 𝑛𝜃 + 𝑖 sin 𝑛𝜃

2𝑖

=
2𝑖 sin 𝑛𝜃

2𝑖

= sin 𝑛𝜃

= LHS

Marking Criteria:

• One mark awarded for correct solution

• As it is a show question, we want to see the subtraction, not simply 𝑐𝑖𝑠(𝑛𝜃) − 𝑐𝑖𝑠(−𝑛𝜃) = 2𝑖 sin 𝜃.

This was deducted half a mark.

General comment:

• Generally done well

6



16(c)(ii)

32 sin4 𝜃 cos2 𝜃 = 32(sin 𝜃)4(cos 𝜃)2

= 32

(
𝑧1 − 𝑧−1

2

)4 (
𝑧1 + 𝑧−1

2

)2
=

32
(
𝑧4 − 4𝑧3𝑧−1 + 6𝑧2𝑧−2 − 4𝑧𝑛𝑧−3𝑛 + 𝑧−4

)
16

×
(
𝑧2 + 2𝑧1𝑧−1 + 𝑧−2

)
4

=
1

2

(
𝑧4 + 𝑧−4 − 4𝑧2 − 4𝑧−2 + 6

) (
𝑧2 + 𝑧−2 + 2

)
=

1

2

(
𝑧6 + 𝑧−6 − 2𝑧4 − 2𝑧−4 − 𝑧2 − 𝑧−2 + 4

)
=

𝑧6 + 𝑧−6

2
− 2 · 𝑧

4 + 𝑧−4

2
− 𝑧2 + 𝑧−2

2
+ 2

= cos 6𝜃 − 2 cos 4𝜃 − cos 2𝜃 + 2

Marking Criteria:

• One mark for substituting
𝑧 − 𝑧−1

2𝑖
= sin 𝜃 and

𝑧 + 𝑧−1

2
= cos 𝜃

• One mark for full proof

• If none of the above marks were gained, 0.5 marks awarded if you found the trig expression for

cos 6𝜃 via binomial expansion. This approach will lead to the correct solution, but will take an

extremely long time to achieve.

General comment:

• Very poorly attempted, but understandable.

• Due to the wording ’or otherwise’, you can approach this as a difficult Mathematics Extension 1

trig question instead

7



16(c)(iii)

Let 𝑧 = 𝑒𝑖𝜃, so cos(𝑘𝜃) = 𝑧𝑘 + 𝑧−𝑘

2
. Then:

𝑛∑︁
𝑘=1

cos(𝑘𝜃) = 1

2

(
𝑛∑︁

𝑘=1

𝑧𝑘 +
𝑛∑︁

𝑘=1

𝑧−𝑘
)

𝑛∑︁
𝑘=1

𝑧𝑘 =
𝑧𝑛+1 − 𝑧

𝑧 − 1
,

𝑛∑︁
𝑘=1

𝑧−𝑘 =
1 − 𝑧−𝑛

𝑧 − 1

∴
𝑛∑︁

𝑘=1

𝑧𝑘 +
𝑛∑︁

𝑘=1

𝑧−𝑘 =
𝑧𝑛+1 − 𝑧 + 1 − 𝑧−𝑛

𝑧 − 1

∴
𝑛∑︁

𝑘=1

cos 𝑘𝜃 =
1

2
· 𝑧

𝑛+1 − 𝑧 + 1 − 𝑧−𝑛

𝑧 − 1

=
1

2
· 𝑧

−1/2(𝑧𝑛+1 − 𝑧 + 1 − 𝑧−𝑛)
𝑧−1/2(𝑧 − 1)

=
1

2
· 𝑧

𝑛+(1/2) − 𝑧−𝑛−(1/2) − 𝑧1/2 + 𝑧−1/2

𝑧1/2 − 𝑧−1/2

=
1

2
·
2𝑖 sin

(
(2𝑛 + 1)𝜃

2

)
− 2𝑖 sin

(
𝜃

2

)
2𝑖 sin

(
𝜃

2

)

=
1

2
·
sin

(
𝑛 + 𝜃

2

)
− sin

(
𝜃

2

)
sin

(
𝜃

2

)
Using sin 𝑃 − sin𝑄 = 2 cos

(
𝑃 +𝑄

2

)
sin

(
𝑃 −𝑄

2

)
with 𝑃 = 𝑛 + 𝜃

2
, 𝑄 =

𝜃

2
:

𝑛∑︁
𝑘=1

cos(𝑘𝜃) = 1

2
·
2 cos

(
(𝑛 + 1)𝜃

2

)
sin

(
𝑛𝜃

2

)
sin

(
𝜃

2

)

=

cos

(
(𝑛 + 1)𝜃

2

)
sin

(
𝑛𝜃

2

)
sin

(
𝜃

2

)

8



LHS = cos 𝜃 + cos 2𝜃 + · · · + cos 𝑛𝜃, which equals Re(𝑆𝑛) below.

Let 𝑆𝑛 = 𝑒𝑖𝜃 + 𝑒2𝑖𝜃 + 𝑒3𝑖𝜃 + · · · + 𝑒𝑖𝑛𝜃

∴ 𝑎 = 𝑒𝑖𝜃 , 𝑟 = 𝑒𝑖𝜃

𝑆𝑛 =
𝑎(1 − 𝑟𝑛)
1 − 𝑟

=
𝑒𝑖𝜃

(
1 − (𝑒𝑖𝜃)𝑛

)
1 − 𝑒𝑖𝜃

=

𝑒𝑖𝜃 · 𝑒𝑖𝑛𝜃/2
(
𝑒−𝑖𝑛𝜃/2 − 𝑒𝑖𝑛𝜃/2

)
𝑒𝑖𝜃/2 · (𝑒−𝑖𝜃/2 − 𝑒𝑖𝜃/2)

=

𝑒𝑖𝜃
[
𝑒𝑖𝑛𝜃/2

(
−2𝑖 sin 𝑛𝜃

2

)]
𝑒𝑖𝜃/2

(
−2𝑖 sin 𝜃

2

)

=

𝑒𝑖𝜃/2
(
𝑒𝑖𝑛𝜃/2 sin

𝑛𝜃

2

)
sin

𝜃

2

=

𝑒𝑖
(𝑛+1) 𝜃

2 sin
𝑛𝜃

2

sin
𝜃

2

∴ Re(𝑆𝑛) =
cos

(𝑛 + 1)𝜃
2

sin
𝑛𝜃

2

sin
𝜃

2

since 𝑒
(𝑛+1) 𝜃𝑖

2 = cos
𝑛 + 1

2
𝜃 + 𝑖 sin

𝑛 + 1

2
𝜃

Marking Criteria:

• One mark for the correct approach with the correct sum formula

• Final mark for the correct solution

General comment:

• very poorly attempted, but understandable

• The wording of the question did not imply you had to use previous results. You can approach this

through induction or other methods.
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