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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. Which complex number is a square root of 7 + 24𝑖𝑖?  
 
A.       −3 − 4𝑖𝑖 

 
B.    4 − 3𝑖𝑖 
 
C.  −4 − 3𝑖𝑖 

 
D.       −4 + 3𝑖𝑖 

 
 
2. The sign on a fence reads: 

 

“If you are not authorised, you may not enter.” 

 

Which of the following statements is logically equivalent to the one above? 

 

A. If you may enter, then you are authorised 

B. If you are authorised, then you may enter 

C. If you are not authorised, then you may enter 

D. If you may not enter, then you are not authorised 

 
3. Evaluate �√3 + 𝑖𝑖�

8
. 

 
A. 128 − 128𝑖𝑖√3 

B. 128 + 128𝑖𝑖√3 

C. 256(cos 120° + 𝑖𝑖 sin 120°) 

D. 256 �cos �−2𝜋𝜋
3
� + 𝑖𝑖 sin �−2𝜋𝜋

3
�� 
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4. Which of these algebraic fractions cannot be written as partial fractions in the form  

𝑎𝑎
𝑥𝑥 + 𝑏𝑏

+
𝑐𝑐

𝑥𝑥 − 𝑑𝑑
 

 where a, b, c, and d are real numbers? 

 

A.  

B.  

C.  

D.  

 
 
5. Consider the complex number 𝑧𝑧 = 𝑎𝑎 + 𝑖𝑖𝑖𝑖 (where 𝑎𝑎, 𝑏𝑏 ∈ ℝ,𝑎𝑎 ≠ 0, 𝑏𝑏 ≠ 0), and  

its complex conjugate 𝑧𝑧̅. 

Which row of the table correctly classifies the sum, difference, product and quotient 

of 𝑧𝑧 and 𝑧𝑧̅? 

  

 𝑧𝑧 + 𝑧𝑧̅ 𝑧𝑧 − 𝑧𝑧̅ 𝑧𝑧𝑧𝑧̅ 𝑧𝑧 ÷ 𝑧𝑧̅ 

A. Real Imaginary Real Imaginary 

B. Complex Real Complex Real 

C. Real Imaginary Real Complex 

D. Real Real Imaginary Complex 

 

  

2𝑥𝑥 + 6
𝑥𝑥2 + 6𝑥𝑥 + 5

 

 

2𝑥𝑥 − 8
𝑥𝑥2 − 8𝑥𝑥 + 16

 

 

2𝑥𝑥 + 4
𝑥𝑥2 − 4𝑥𝑥 + 8

 

 2𝑥𝑥 + 2
𝑥𝑥2 + 2𝑥𝑥 − 3
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6. The equation of the sphere with centre (4, 𝑏𝑏,−1) is 𝑥𝑥2 − 8𝑥𝑥 + 𝑦𝑦2 + 4𝑦𝑦 + 𝑧𝑧2 + 2𝑧𝑧 = 4. 

What is the value of 𝑏𝑏? 

 

A. 2 

B. −2 

C. −4 

D. −8 

 
7. The curve 𝑟𝑟(𝑡𝑡) = (𝑡𝑡2, 𝑡𝑡4, 𝑡𝑡6) is defined for all real values of 𝑡𝑡. Which of the following 

graphs best represents its projection onto the 𝑥𝑥𝑥𝑥-plane? 
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8. A vector makes an angle of  𝜋𝜋
4
 with the positive direction of the 𝑥𝑥-axis, and an angle of  𝜋𝜋

4
 

with the positive direction of the 𝑦𝑦-axis. 

What angle does the vector make with the positive direction of the 𝑧𝑧-axis? 

 
A. 0 

 
B. 𝜋𝜋

4
 

 
C. 𝜋𝜋

2
 

 
D. 3𝜋𝜋

4
 

 
 

9. Consider Δ𝐴𝐴𝐴𝐴𝐴𝐴, where 𝐴𝐴 is the point (1,0,1) and 𝐵𝐵 is the point (0,2,2) 

 

 
 Which of the following is true? 

 

 A. ∠𝐴𝐴𝐴𝐴𝐴𝐴 is a right angle. 

 B. Δ𝐴𝐴𝐴𝐴𝐴𝐴 is isosceles. 

 C. ∠𝑂𝑂𝑂𝑂𝑂𝑂 is twice the size of ∠𝑂𝑂𝑂𝑂𝑂𝑂. 

 D. ∠𝐴𝐴𝐴𝐴𝐴𝐴 is twice the size of ∠𝑂𝑂𝑂𝑂𝑂𝑂. 
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10. Which of the following is equivalent to the expression                                                ?  

 

 A.  
 
 
 B.  
 
 
 C. 
 
 
 D.  
 
 

End of Section I 
  

�
𝑥𝑥2

(25 − 𝑥𝑥2)√25 − 𝑥𝑥2
𝑑𝑑𝑑𝑑 

          
�

sin2 𝜃𝜃
cos3 𝜃𝜃

𝑑𝑑𝑑𝑑 
          

� 5 tan2 𝜃𝜃 𝑑𝑑𝑑𝑑 
          

�√5 tan2 𝜃𝜃 𝑑𝑑𝑑𝑑 
          

� tan2 𝜃𝜃 𝑑𝑑𝑑𝑑 
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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) (i) Express             2 
 
   
 (ii) Hence find                                                                           2 
 
 

(b) Find the equation of the line joining 𝐴𝐴 = �
4
2
6
� and 𝐵𝐵 = �

−1
2
3
�.    2 

 
 

(c) (i) Show that (1 − 2𝑖𝑖)2 = −3 − 4𝑖𝑖.        1 
 
 (ii) Hence solve the equation 𝑧𝑧2 − 5𝑧𝑧 + (7 + 𝑖𝑖) = 0.     2 
 
 
(d) Consider the complex number 𝑧𝑧 = 𝑥𝑥 + 𝑖𝑖𝑖𝑖. Sketch the region in the complex   3 

plane defined by |𝑧𝑧 − 2| ≤ 3 and 𝑧𝑧 + 𝑧𝑧̅ ≥ 0. 
 
 
(e) Find the vector projection of 𝑣𝑣 = 4𝑖𝑖 + 5𝑗𝑗 − 𝑘𝑘 onto 𝑢𝑢 = 𝑖𝑖 − 2𝑗𝑗 + 3𝑘𝑘.   3 
 
  

3𝑥𝑥 + 11
(𝑥𝑥 − 3)(𝑥𝑥 + 2)

in the form
𝐴𝐴

𝑥𝑥 − 3
−

𝐵𝐵
𝑥𝑥 + 2

. 

          
�

3𝑥𝑥 + 11
(𝑥𝑥 − 3)(𝑥𝑥 + 2)

𝑑𝑑𝑑𝑑 . 

          

~ ~ ~ ~ ~ ~ ~ ~ 
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Question 12 (15 marks) START A NEW WRITING BOOKLET.     
 
 
(a) Find the fourth roots of 8 + 8√3𝑖𝑖.        3 
 
 
(b) Find                                                       3 

 
 
(c) Use mathematical induction to prove that 𝑛𝑛2 ≥ 2𝑛𝑛 + 1, for all integers 𝑛𝑛 ≥ 3.  3 
 
 
(d) Find                                               3 
 
 
(e) The lines ℓ1 and ℓ2 are given by the equations,      3 
 

ℓ1: 𝑟𝑟 = �
2
1
3
� + 𝑠𝑠 �

2
ln 𝑎𝑎
ln 𝑎𝑎

�                ℓ2: 𝑟𝑟 = �
1
3
2
� + 𝑡𝑡 �

−3
ln 𝑎𝑎

1
� 

 
 where 𝑠𝑠, 𝑡𝑡 ∈ ℝ and 𝑎𝑎 is a constant. Given that ℓ1 and ℓ2 are orthogonal (their  

direction vectors are perpendicular), find the value(s) of a. 
 
 
Question 13 (15 marks) START A NEW WRITING BOOKLET.     
 

(a) Consider the line 𝑟𝑟 = �
0
1
2
� + 𝜇𝜇 �

1
−7
3
�. Find the equation of a line that meets 𝑟𝑟 at  2 

right angles.  
 
 

(b) Find             4 
 
 
(c) (i) For any complex numbers 𝜔𝜔1 = 𝑎𝑎 + 𝑏𝑏𝑏𝑏 and 𝜔𝜔2 = 𝑐𝑐 + 𝑑𝑑𝑑𝑑, (𝑎𝑎, 𝑏𝑏, 𝑐𝑐,𝑑𝑑 ∈ ℝ),  3 

  prove that |𝜔𝜔1 + 𝜔𝜔2|2 + |𝜔𝜔1 − 𝜔𝜔2|2 = 2(|𝜔𝜔1|2 + |𝜔𝜔2|2) 
 

 (ii) What does this result mean geometrically?      1 
 
 
(d) Find                                                     3 
 
(e) Prove or disprove the following statement:       2 
  ∀𝑥𝑥: 𝑥𝑥 = 2𝑘𝑘 + 1 (𝑘𝑘 ∈ ℤ),∃𝑎𝑎, 𝑏𝑏 ∈ ℤ: 𝑎𝑎2 − 𝑏𝑏2 = 𝑥𝑥  

�
1

√6𝑥𝑥 − 5 − 𝑥𝑥2
𝑑𝑑𝑑𝑑. 

          

�𝑥𝑥(1 − 𝑥𝑥)7𝑑𝑑𝑑𝑑. 
          

�
𝑥𝑥

(𝑥𝑥 − 2)2(𝑥𝑥 − 1)
𝑑𝑑𝑑𝑑.

4

3
 

          

�𝑒𝑒𝑥𝑥 sin 𝑥𝑥 𝑑𝑑𝑑𝑑. 
          

~ ~ 
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Question 14 (15 marks) START A NEW WRITING BOOKLET.     
 
 
(a) Factorise the equation 𝑃𝑃(𝑧𝑧) = 𝑧𝑧4 − 6𝑧𝑧3 + 18𝑧𝑧2 − 14𝑧𝑧 − 39, given that one of the  3 
 zeroes of 𝑃𝑃(𝑧𝑧) is (2 − 3𝑖𝑖).   
 
(b) Given a series defined by 𝑇𝑇0 = 0, and 𝑇𝑇𝑛𝑛 = 2𝑇𝑇𝑛𝑛−1 + 1 for 𝑛𝑛 ≥ 1, use   3 

mathematical induction to prove that 𝑇𝑇𝑛𝑛 = 2𝑛𝑛 − 1, for all positive integers n.    
 
(c) The new music building at SGGHS is to be made in the shape of a cube of side 

length one unit, surmounted by a right square pyramid, as shown. The roof is  
pitched at 45° – that is, the triangular roof panels meet the flat ceiling at 45°. 
 

 

 
 
  

Let 𝐴𝐴𝐴𝐴�����⃗ = 𝑏𝑏,𝐵𝐵𝐵𝐵�����⃗ = 𝑐𝑐, and 𝐴𝐴𝐴𝐴�����⃗ = 𝑒𝑒. 
  

(i) Express 𝐹𝐹𝐹𝐹 �����⃗ in terms of 𝑏𝑏, 𝑐𝑐, and/or 𝑒𝑒.       2 
 

(ii) Hence or otherwise find the size of ∠𝐹𝐹𝐹𝐹𝐹𝐹.      2 
 
(iii) A vertical flagpole is mounted at I, extending up to a point T. The size of the 1 

flagpole is chosen such that it is a third of the total height of the building, 
including the flagpole. Find 𝐼𝐼𝐼𝐼����⃗  in terms of 𝑒𝑒. 

 
 
(d) Find         , using the substitution 𝑥𝑥 = 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠, or otherwise.   4 
 
 
  

𝐴𝐴 𝐵𝐵 

𝐶𝐶 𝐷𝐷 

𝐸𝐸 𝐹𝐹 

𝐺𝐺 
𝐻𝐻 

𝐼𝐼 

 

45° 

�
�(𝑥𝑥2 − 1)3

𝑥𝑥
𝑑𝑑𝑑𝑑 

          

~ ~ ~ 

~ ~ ~ 

~ 
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Question 15 (15 marks) START A NEW WRITING BOOKLET.     
 
(a) State the negation of “if the road is wet, it must have rained”.    1 
 
 
(b) Let                                      where 𝑛𝑛 is an integer, and 𝑛𝑛 ≥ 3. 
 
 (i) Show that 𝐼𝐼𝑛𝑛 + 𝐼𝐼𝑛𝑛−2 = 1

𝑛𝑛−1
.        3 

 
 (ii) Hence evaluate 𝐼𝐼7.          3 
 
(c) The points 𝑧𝑧1 = 2(3 + 𝑖𝑖), 𝑧𝑧2 = 2(1 + 𝑖𝑖) and                                  . 
 
 (i) Let 𝑧𝑧 = 𝑥𝑥 + 𝑖𝑖𝑖𝑖, where 𝑥𝑥,𝑦𝑦 ∈ ℝ.  
  
  Realise the denominator in the expression                  .     2 
 
 (ii) Hence, or otherwise, show that �𝑧𝑧 − �4 + 2�1 + √3�𝑖𝑖�� = 4.   3 
 
 (iii) Sketch the locus on an Argand diagram.      3 
 
 
Question 16 (15 marks) START A NEW WRITING BOOKLET.     
 
 
(a) Let              3 
 
 Without using calculus, prove that  
 
(b) Use mathematical induction to prove 32𝑛𝑛2 − 1 is divisible by 8 (𝑛𝑛 ∈ ℤ,𝑛𝑛 ≥ 1).  4 
 
 
(c) The three positive numbers 𝑟𝑟, 𝑠𝑠, and 𝑡𝑡 are such that (𝑟𝑟 + 𝑛𝑛)(𝑠𝑠 + 𝑛𝑛)(𝑡𝑡 + 𝑛𝑛) = 𝑛𝑛6. 3 

 Given (𝑎𝑎 + 𝑏𝑏 + 𝑐𝑐)3 ≥ 27𝑎𝑎𝑎𝑎𝑎𝑎 for any three real positive numbers 𝑎𝑎, 𝑏𝑏, and 𝑐𝑐,  

 show that 𝑟𝑟𝑟𝑟𝑟𝑟 ≤ (𝑛𝑛2 − 𝑛𝑛)3 

 
(d) Consider the equation 𝑆𝑆𝑛𝑛 = 1 + 𝑧𝑧 + 𝑧𝑧2 + 𝑧𝑧3 + ⋯+ 𝑧𝑧𝑛𝑛 , where 𝑧𝑧 = 𝑒𝑒𝑖𝑖𝑖𝑖 . 
 

(i) Show that                                   .        1 
 

(ii) Hence show that          4 

sin(𝜃𝜃) + sin(2𝜃𝜃) + sin(3𝜃𝜃) + ⋯+ sin(𝑛𝑛𝑛𝑛) =
sin �𝑛𝑛𝑛𝑛2 � × sin �𝑛𝑛 + 1

2 𝜃𝜃�

sin �𝜃𝜃2�
 

END OF EXAMINATION 

𝐼𝐼𝑛𝑛 = � tan𝑛𝑛 𝑥𝑥
𝜋𝜋
4

0
𝑑𝑑𝑑𝑑, 

          

arg �
𝑧𝑧 − 𝑧𝑧1
𝑧𝑧 − 𝑧𝑧2

� =
𝜋𝜋
6

 

�
𝑧𝑧 − 𝑧𝑧1
𝑧𝑧 − 𝑧𝑧2

� 

𝑓𝑓(𝑥𝑥) =
1 + 𝑥𝑥 − 𝑥𝑥2

1 − 𝑥𝑥 + 𝑥𝑥2
, where 0 < 𝑥𝑥 < 1. 

𝑆𝑆𝑛𝑛 =
𝑒𝑒𝑖𝑖(𝑛𝑛+1)𝜃𝜃 − 1
𝑒𝑒𝑖𝑖𝑖𝑖 − 1

 

 1 < 𝑓𝑓(𝑥𝑥) ≤
5
3

 . 
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QUESTION 12

a) METHOD I

guad/
18 + 85i) = 18 + (85)

ag(8 + 883i) = tan"(
= -64 + 64x3 =

tan3

= 156 2 3 =
= 16

#13
i

I

·

"

8 + 853i = 16 cis
F

Let z = rcisO

z" = r" cisto = 8 + 853c

1 correct equation for #
r"Cisto = 8 + 85i- r"ciS40 = 16 cisz

v" Cis40 = 16 cis% Equally Spaced

r4 = 16 40= 21T = 4

v = 2 o = TY2 =
I correct use of
2

"I correct equally spaced
~ value . roots

·: z = zaz
,

zis(+)
,
zis(+) zis

= zeis
,

Geis
,
bis,is ↓ correct final

7π solution
=> 2 cis

,

acis
,

Leis()
,

zis()

3
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· 8 + 853i = 16 cis

Let z = raiso

z" = r" cisto = 8 + 853c

r"Cisto = 8 + 85i I correct equation for
r4cISYO in terms

r" Cis40 = 16 cis (Mz + 2k+) of cis eitherz

~ ciso = 16" cis( + 2km)" or M + 2kit

= 2 cis( + E) or 2cis (*
+ 6

kit)12

" correctv value
k = 0

,
11

,

2
" correct use ofK

· z = zaz
,

zis( +E) , is(-)
,

zis ( +)
values

- Sit 13

= zcis
,
Gais , Liste

,
zais i ↓ correct final

7π solution
=> 2 cis

,

acis
,

Leis(),is [
very small minor

errors incurred a

↳ mark penalty
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b)
Su -5

- x

d

= J-per-s
↓ mark to complete

-Jj-p-+ 5 -(z)2y the square.

= J - ((x - 3)2 -47 I mark to obtain a correct

- expression to integrate
f'(x) f(x)

=S4 - (x -3)
dx S [F]2

= Sin + C

f(x) = x -3

= Sint (32-3)c f(x) = 1

I correct answer

! 3
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Q12 cont ...

C) STEP 1 - Prove true for n = 3

CHS = n2 RHS = 2n + /

= 32 = 2(3) + 1

= 9 = T

937

: IHSS RIS -mark to prove

base case is true.

STEP2- Assume me for nik and assumption
k232k +

STEP3 Prove true for n = R+

Prove (k+1)2 > 2(k+1) + 1

Consider LHS-RHS
·

LHS - RHS = (k+1) - 2(k+1) - 1 I mark correct use of
assumption

or use assumption = k2+ 2k + 1 - 2k - 3

again-2
=- k33 .:2- 1z0

< 2k + 1 - 2
-0

= 2k - 1
· CHS-RHS >

, 0
I mark to convincingly

30

prove result .

: (k+ )" - 2(k+1) - 130

: (k + 1) 232(k+1) + 1 some mark penalties

: True for n = k + 1 if true for for small but crucial

n = K errors.

: By the principal of Mathematical Induction ,

true for E

all integer n > 3.
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METHOD 2

STEP3 Prove true for n = R+

Prove (k+1)2 >2(k+1) + 1

CHS = (2 + 1)2
=r* + 2k + 1

3 2k + 1 + 2k + 1 by the assumption.

= 2k + 2 + 2k

= z(k +1) + 2k R3 3 : 2R/

32(k + 1) + 1

: (k +1) a(k+ 1) + 1

etc...
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Q12 continued...

d) jax( - x) de let u = 1 - x = x = 1 - u

den
x = - (

= (( - u)u(-d)
du = -x

dx = -du

=-J(u - u] da
I mark correct n-substitution
and derivative relationship.

- - (no +
I correct integral in

terms of u

= (l-x)" -(l
1 correct final answer .

3
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Q12 cont ...

e)

(in) (in) = I mark correct use of

dot product of

direction vectors

- 6 + ((na) + Ina = 0 equal to zero.

let m = In a

m2 + m - 6 = 0 I mark correct use of

methods used to solve

(m - 2)(m + 3) = 0

an equation reduciblele

: m = 2 or m = - 3 a quadratic.

In a = 2 (na = - 3

2 -3
C = 0 C = G

2
- 3

a = 2 a = 2

2 -
3

-
: e 2 "2 mark correcta =

I answer

I
mark correct answer.

Note : Many students disregarded the answer for

loga = -3 by incorrectly stating logaso .

for y
= loga, a so not log a > o
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QUESTION 14

a)

P(z) = z
*

- 6z + 182 - 147 - 39

If 2-3 i is a roof
,

then 2 +3i is also a root

as they occur in conjugate pairs.

METHOD I

[z-(2-3i)](z-(2+ 3il] is also a root

= z - ((2 +3i) + (2-bi)z + (2-3i)(2 +3i)

= z - 4z + 13
I correct conjugate pairs
with quadratic ready for

z - 27 - 3 division

z - 47 + 13)z"
- 673 + 1822 - 142 - 39

-

z4 - 423 + 132
I

correctly divides

- 2z3 + Sz - 142-39
- polynomial

- 223 + 822 - 267

- 322 + 122 - 39

- 322 + 122 - 39-

&

. P(z) = (E)-2z -3) (z - 12 - 3i))(z - 1 + 3r)
= (z -3)(z + 1)(z - (2 -3i))(z - (2+3i))

1 correct final answer
.

3
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METHODL

sum of roots < + p + 2 - 3i + 2 + 3i = 6

2 + 3 = 2

B = 2 -1 ...
" mark correctly find expression

for sum of

product of roots < B(2 - 3i)(2 + 3i) =
- 39 rool

XB(y + 9) =
- 39

<B = - 3 ...

Sub O into② "2 correctly finds

<(2 - 2) = -3 expressions for product

2x -
22 = - 3 Of roots

22 - Cd - 3 = p

(d - 3)(x + 1) = 0

2 = 3 - 1
I correctly finds values for x.

(

when C = 3
, B = -1 When d= 1

, B=

- : other rooks are 3, -1

: P(z) = (z - 3)(z + 1)[2 - (2 - 3i)][z - (2 +3i)]

I mark correct final

answer.

3
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Q14 cont...

b) Prove true for n=

T = 2T + 1 Tn = 2"-I
h n - 1

T = 2T,- 1
+ 1 T =c - 1

I

= 2To + =
/

= 2x0 + 1

= I I mark correct base

case

: True for n=

Assume true for all integers I to k

is given Tp = 2Tp-1 +

(

then Tr = 2
?

-

Prove true for N = R+

i Prove given Tht1 = 2 Tp + 1 then Tr+= 2
**-

k+ 1

Consider LHS of Tr + = 2 -

LHS = Th+ ① mark for correct

use of assumption
= 2Tp + 1

= 2(2" - 1) + 1 by the assumption.

= 2k+
- 2 + 1 ① mark for correct

= 2k + 1

- 1 setting out of proof that

= RHS enabled the correct conclusion

of LHS = RHS ·

: True for n= b+ 1 if true for integersI to k

: By the principal of Mathematical Induction,
it is true for all positive integer R.

3
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Q14 cont ...

C)
& (b -2) +zeF 2 (1 -2

+2)

· going in

b > 9 same direction

C
C

Ta
as e and~

Ex -
~

e length is"2
b - as in isos. . (

e
&

7
C

C b in i direction
~ - ~ direction> C injA b B - ~-

N

I & in
direction

M

(i) F + F=E
↑

-> Ye
= -F

I = 22 - =(b-2) T

is = 22
- =b + 22 k((6)F

IK
= (2 -b + 2) I mark to correctly

451 findE

correct answer.

2
NOTE : Many students found (i) and (ii) of this

question very challenging ; in particular finding FI.
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F I

(ii) X
o

>(2 -b + 2)
T

↓ e

2 -

H

H "2(byk
F

FI = (2 +b-)
Fi = (2 -b -3)
->
IF = 2 (b

-2 - )
->I · I = IIFIIEEI coso

I mark to find IH

-"=&
- 4 + Y - 4 = Eco

- Y = 2 cost

coso =
- 13

0 = 109 . 473 · mark final answer

NOTE : Many Students did not read the question 2

carefully and incorrectly found (IFH which made

the question significantly easier.
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Q 14C) cont ...

(iii)

T

x

: I
X

↳

· i b > 9

H r
Ex - b -

~

e

e
&

7
C

&
>

A b B

IT

IT + 3/22
= 5 or (IT+) = IT

etc...

3 IT = 1T + 3
215 = 3
IT = 3 I correct answer

I

NOTE : Very poorly executed
,
many students did

not

read the question carefully and did not include the

flagpole in the total height of the building.
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Q14 continued...

↓4)J(k- 13 da
let Sc = seco = coso = (coso)

= JXseco-3, tanosed
doa =- (coso)x-si

sind
-

costO

dx = fanoseco do

= J ( +autoIto do
I mark to correctly find

dx

= J fan "O do I mark to correctly form

integral in terms ofO
= J fano tanto do

x = seco

= f (seio-1) to do
Q

- T
1

-1 : cost =

x

O i

: //ecotanio- taniof do
I

. tano=

= Stecostano] - (seo-1)] do I mark to simplify enough to

enable integration
=
- tano - tano + o + C

= - (c)3 - Ne + sectx + C
I correct answer

I

NOTE : Small errors created big problems making
integration very difficult and at times impossible.
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QUESTION IS

af The road is wet and it did not rain .

I
mark correct

negation.

I

b) METHOD I

In =) tan" d
(i) Fr= tance

In = ) tanic di

= .
tan's d I mark for correct splito

tan" .

=* tani (scis-1) d
I mark for correct use of

tan2x = sec-1

= tansecic d-tan and split of integral .

letu= tank
↓

Fr = J Wh de-In - du = secs

In In = [ du = seckda

x = u = 1

= [nF - o]
x = 0 u = 0

I mark correct integration
with use of either reverse

In + In- = n chain rule or n-substition

enabling correct justification
of In +In+z

= n
3
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Q15 continued...

a) METHOD 2

LHS : In + In-2

= tando t tanne d
I mark correct

substitution inte

=(an + tan LHS

= tan" (tanic + 1) d
I mark for correct factorisation

and use of tant = sec

to set up integration.
= J tank secc do

let n = tanx

= Jun 2 dy = sec

du = sec da

= [ x = E - n = 1

x = 0- u = 0

= nt - 0
I mark correct integration
with use of either reverse

= n chain rule or n-substition

enabling correct justification
of In +In+z

= n

RHS
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Q15 continued...

b) (ii)

In=#
- In 2

F tan

=-Stand I mark for correct

start of the rule

= j-[t-tand) proved in (i)

= - -tan de I mark to correctly

get to the stage

= 5 - Et+Since
of integrating tanx

= 5 - Y += + [In)cos)]

=- + + (Int -In)
I correctly integrating

fan and correct

final answerof

= +In
- 42

=+ In 2
or -n

=-

NOTE : Some difficulty with negatives within this

question.
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& 15 continued...

of Z

·itzz

&

arg(z -(6 + zi)) - arg(z-(2 + (i))=

(i)
x + iy - 6 - 2i

x + iy - 2 - 2i
I mark to multiply

x- 6 + (y -2)ixx
- 2 - (y - 2)

by the conjugate.

=

x - 2 + (y -2)i x
- z - (y -z)i

(x - b)(x-2) - (x - 6)(y -2)i + (x - 2)(y-z)i + (y - 2)

I (x - 2)2 + (y - 2)2

&
I mark

(x -6)(x -2) +(y - 2) + (y - 2)((x- 2) - (x
-5)]i for

correct

real
= (x - 2)2 + (y - 2)2 denominator.

(x -b)(x -2) + (y - 2)2 + y(y
- 2)i

- (x- 2)2 + (y - 2)2
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Q15c) cont. ...

(ii) arg) =
2
M3T

tan = I

I mark correct tan ratio

·: rise : run

1 :3

risem-
I mark to

run

relate the rise

With result in

Im () = Re() part (i)

4(y -2)
( - 2)2 + (y - zyz

= =x(x
- 6)(x -2) + 1y -23

(x -2) + (y -2)

483(y - 2) = (x - 6)(x - 2) + (y - 2)2

43y - 85 = x - 8 + 12 +
=

- 4y + 4
2

x - 8x + (e)+yz - (4 - 483)y +[(u= - 853 - 12 - 4 + (2) = (
-ze)

(x - 4) + [y - (2 +253)] = - 853 - 16 + 16 + (2 +253)2

(x - 4) + [y - (2 + 253)) = - 853 + 4 + 883 + 12

(x -4) + [y - (2 +253) = 1

I correctly

... c (4 ,
2 + 253)v = 4 proves

result.

· z - (4 + (2 + 253)i3 = 4

(z - [4 + 2(1+3)i7 = 4

NOTE : Students found this difficult to begin . Many just
replaced= With x + 1y which led nowhere.
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Q15c) cont ....

Im Z

(iii) 1 Z
10- ·↑ C(4

,
2 + 253)9 --8 v = 4

-

g
2-
7

,Finishingare

6 +2i and 2+ 2i

arg(z -(6 + zi)) - arg(z-(2 + (i)) =

I correct centre

I correct path of 7 (12 for open circles

I correct radii with correct z
,

and z
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