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1 How many real solutions are there to the equation  
 

2 cos4
 ș – 5 cos2

 ș + 3 ൌ 0 
 
in the interval 0 � ș � 2ʌ ? 

  
 A 1 

 B 2 

 C 3 

 D 4 

 E 5 

 F 6 

 G 7 

 H 8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ㅇ
2$2 θ-3)/cos=θ- 1)=0.

σ Cosθ = ±
1

ㄻ
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2 Find the complete set of values of p for which the equation 
 

x 

2 – 2 p x + y 

2 – 6 y – p 

2 + 8 p + 9 ൌ 0 
 
describes a circle in the x y-plane. 

  
 

A p < 
9–
4

 

 B 0 < p < 4 

 C –1 < p < 9 

 D p < 0  or  p > 4 

 E p < –1  or  p > 9 

 F all real values of p 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

σ

기
=

2끼+pr+y
2
-

by+9
ㅇ -

ypγ+8p
= 0
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(Hpr
+
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-
3)2

=
2 p
2
-
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3 Given the following statements about a function f 
 

• f Ǝ (x) ൌ a  for all x 
 

• f (0) ൌ 1,  f (1) ൌ 2 
 

• 
1

0
f ( )dx x³  ൌ 1 

 
find the value of a. 

   
 A – 6 

 B – 3 

 C – 2 

 D    2 

 E    3 

 F    6 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ㅇ

f
"

/p) = a

f'lp / =altb
σ fu= 1a71+ b≥+ L

f/l = 9+ b+/=2.! jax역 … ①

iapβ+ztblfx]
.

'

= δaf1b +1 = !
a+3b=0

.
… ③

-0.5b= L
.

b= -2-
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4 
6

r r + 3  
 
These sectors of circles are similar.  
 
The arc length of the smaller sector is 6. 
 
The difference between the areas of the sectors is 21. 
 
Find the positive difference between the perimeters of the sectors. 

  
 A 4.5 

 B 7 

 C 8 

 D 9 

 E 10.5 

 F 14 

 G 15 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Evey single cirei 5
"
gimilar" If angle f ciralar

Jector is identical,

ㅇ θ θ
thelnthesector

areallsimilar

(with ratio f-similarity
being ratio ofradios )

+2지,2rfrθ =

σ
rH3)10-2)

- r/θ+2 )

→ 316+2)
.

= 2+6 =f
rθ= 6

.

2 :(r+3
)

2 θ
-
1 r 26 = 21

: /6r+ 91θ =21
7

2r+3)1 θ= ,21
= 14

arθ : 12
,
30 = 2 → θ= 를
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5 The terms x n of a sequence follow the rule 
 

1nx +  ൌ 
+
+

n

n

x p
x q

 

 
where p and q are real numbers. 
 
Given that  x 1 ൌ 3,  x 2 ൌ 5,  and  x 3 ൌ 7,  find the value of  x 4 

  
 A  – 5 

 B  – 5 

 
C – 

51
7

 

 
D – 

15
2

 

 
E – 

23
3

 

 F  – 9 

 G  – 11 

 H  – 13 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

9. Speaking of fequences.
ㅇ

5 =7 p =기P =

3

^
7=

p=

기없어 =.
p+3* = 513+q )
σ

P-5 p = 5q
+12

= -45+/2

*p+5 = 7(q+5) =-3
p
8

= 18. 8년

기=
기쯤9=

쯤 ,= 13
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6 Given that 
 

2

2

log 20

log 5
dx x³  ൌ 2log M  

 
what is the value of M ? 

  
 A 4 

 B 15 

 C 16 

 D 20 

 E 25 

 F 100 

 G 10 000 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ㅇ
9. Inthe contextf logarithms.

*기[ aylbgby.5
^
* lofa100 ylga*

logs 100
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7 Find the finite area enclosed between the line  y ൌ 0  and the curve  y ൌ x 

2 – 4| x | – 12 

  
 

A 
128

3
 

 
B 

176
3

 

 
C 

256
3

 

 D  108 

 E  144 

 F  288 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ㅇ
let81 = ≥= 41-2

= (-6)((+2 )

② f(lul)

"-fm,
δ

28=28
.
01르4기-1).

=

2× 51β-기려기96
=2재 =+2x6

몇

144
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8 A geometric sequence has first term a and common ratio r, where a and r are positive integers 
and r is greater than 1. 
 
The sum of the first n terms of this sequence is denoted by Sn 
 
It is given that the terms of the sequence satisfy 
 

S30 – S20 ൌ k S10 
 
for some positive integer k.  
 
What is the smallest possible value of k ? 

  
 A 210 

 B 220 

 C 230 

 
D 

10

10
2

2 – 1
 

 E 210
 (210 – 1) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O
9. Generalisation .

!
ㅇ

ayfa2z + … +93o
=k /aytar+ … + Go).
K= r 20
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9 This question is about pairs of functions f and g that satisfy 
 

f (x) – g (x) ൌ 2 sin x 
 

    f (x) g (x) ൌ cos2
 x 

 
for all real numbers x . 
 
Across all solutions for f (x), what is the minimum value that f (x) attains for any x ? 

  
 A –1 – 2  

 B –1 – 2  

 C –0 

 D –1 

 E – 2 

 F – 3 

 G – 4 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O
9. why not sol2 ?)

√

I maybe. gaf fil -2815t

flgl=fay-28 inpfial- 1 -sinll
β-2851×fl+/ 8il+/l8inp+//=o.
f* 기-//fl-*기H) = .
f(l) = 8in기+1

.

δn1-1
.

Mi5/full at sin=-1. → +1= -2
.



12 

10 A sequence of translations is applied to the graph of  y ൌ x 

3 
 
Which of the following graphs could be the result of this sequence of translations? 

  
  I y ൌ x 

3 – 3 x 

2 + 9 x – 27 

  II y ൌ x 

3 – 9 x 

2 + 27 x – 3 

  III y ൌ 27 x 

3 – 9 x 

2 + x – 3 

   
 A none of them 

 B I only 

 C II only 

 D III only 

 E I and II only 

 F I and III only 

 G II and III only 

 H I, II and III 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Translation must be in the fom of f/r-A )+
D

*Don't leave out trausfomlationparalll~7toy-axisonlya

ㅇ affect constant
.

X

Q
n ifconstant that (1-3)

3

is moltipliedto

ㅇ 8li5 n't스 1,= 713 -37(-3) + 371-3)+ (-3/
3

then doesnot=
13
-9713-2771-27.count astranslatiions1

UNLESSF ⇒13-9913
+

2771- 3

↓ = 1#-3)
3
-

24
.

for exjonentiall1oganithmis functions .

9. kare overlap to translationst
muftiplicationlfcalinlg
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11 Evaluate 
 

( )
100

1–
10

1

log 3 n

n =
¦  

  
 A – 4950 log10 3 

 B 4950 log10 3 

 C – 5050 log10 3 

 D 5050 log10 3 

 E 1 – 4950 log10 3 

 F 1 + 4950 log10 3 

 G 1 – 5050 log10 3 

 H 1 + 5050 log10 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

EAdditirg of log= Prodoc
ㅇ
∞ lg
.30

+
. fby
.3
-
99

{
- ofik. + 991lbg. 3.

of) Expression tip.

쳐 ak = difr+ … . + ak+ . + fanyta

Tlak = Aix d2xA3 y - y Akx - - yAky y dk(

snotatpos
ofcomslativeplodust.
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12 A family of quadratic curves is given by 
 

yk ൌ 

2 2
2 – + + 4 + 3

2 2
k kx k§ ·

¨ ¸
© ¹

 

 
where k is any real number and yk is a function of x. 
 
All these curves are sketched, and the point with the lowest y-coordinate among all the  
curves yk is (a, b).  
 
Find the value of  a + b 

  
 A –1 

 B – 3 

 C – 5 

 D – 7 

 E – 9 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ㅇ 9. pefinitive
expressionofa⑩ funcitio

ㅹZk =+4k+ 3
.

Ʃ
:/k 2f8k+(6) -5

갸 슬

λ
11kt412 -5

= -

α 쁜
a = -2

b = -5



15 

13 Given that 
 

3 3
3 3

2 2+ –a b
b a

§ ·§ ·
¨ ¸¨ ¸
© ¹© ¹

 ൌ 2  

 
where a and b are real numbers, what is the least value of a b ? 

  
 A – 2  

 B – 2  

 C –2 2  

 D – 2 2  

 
E 2–

2
 

 
F – 

2
2

 

 
G 

1
6–2  

   
 

H – 

1
62  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I multiply tea.for Bactor. 9. caudhyㅇ Schwartz
.∅

ㅇ fa' b 3+π- 2FƩ
>β

!
-A +

4
=E

- A
2

+4 = EA

ArfE☆- 4 =0

B+2a) (A-E) = 0 .

☆= -2E
,
Ʃ

a
3b 3=- 2

3

, 2
:

a6 = -2 , 21
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14 A circle has centre O and radius 6. 
 

P, Q and R are points on the circumference with angle POQ � 
ʌ
2

 
 

The area of the triangle POQ is 9 3  
 
What is the greatest possible area of triangle PRQ ? 

  
 A  18 + 9 3  

 B 18 3  

 C  27 + 9 3  

 D 27 3  

 E  36 + 9 3  

 F 36 3  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ma(s)-forfixed base= maximom beight

ㅇ

σ봤.㉚
1 . 62. fint = 93

.

sinf . =3 9. visual
θ= 60 : 120 .

Generaligation
.

6B×9×1=
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15 A rectangle is drawn in the region enclosed by the curves p and q , where 
 

  p (x) ൌ 8 – 2 x 

2 
 

q (x) ൌ x 

2 – 2 
 
such that the sides of the rectangle are parallel to the x- and y-axes. 
 
What is the maximum possible area of the rectangle? 

  
 

A 
26
9

 

 
B 

52
9

 

 
C 4 6

3
 

 
D 8 6

3
 

 E 4 2  

 F 8 2  

 
G 20 10

9
 

 
H 40 10

9
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

AAgain, sketching Ify axis was not needed.

ㅇ

X.겠는
ㅇ f라일0

%다

!

-
2k 110-3K의

flk1 = -6k3+ 20k
.

↓ f(k= - /8k 2f20
.

소퓌
있**!나…-자씨바1이

=*(*)=:
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16 The solutions to  7 x 

4 – 6 x 

2 + 1 ൌ 0  are  േ cos ș  and  േ cos ȕ. 
 
Which one of the following equations has solutions  േ sin ș  and  േ sin ȕ ? 

  
 A 7 x 

4 – 8 x 

2 – 5 ൌ 0 

 B 7 x 

4 – 8 x 

2 + 2 ൌ 0 

 C 7 x 

4 – 6 x 

2 – 2 ൌ 0 

 D 7 x 

4 – 6 x 

2 + 1 ൌ 0 

 E 7 x 

4 + 6 x 

2 – 1 ൌ 0 

 F 7 x 

4 + 6 x 

2 + 5 ൌ 0 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

DJinftθ=J.IDiffoffquares.

ㅇ
ㅇ ↓

_

P
=/7 cos =θ)/p= CospB)=0 .

7/7(4/cosp θ+oosβ)β
+

copθ cosp) =.
7≥4-7/C0 +1700pㆍ몇

이= -6
.

Cos
2o +Co"B = 561Coso X Coβ= 금

끼= 8 in=o//pβ- sin :B) =0 .
y 8 + 85= B)= Cos"에 + /Cosβ- +) = 76- 2=

-

8152Dsn2k= f-os/1-cosp)1 음 + 금 = 즘
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17 

30°

x – 1
– x 

2 + 6 x – 5

 
 
Find the complete set of values of x for which there are two non-congruent triangles with the 
side lengths and angle as shown in the diagram. 

  
 A 1 < x < 3 

 B 1 < x < 4 

 C 1 < x < 5 

 D 3 < x < 4 

 E 3 < x < 5 

 F 4 < x < 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Basic conditions for frianle : Shorter sides.gotngestsidei 5Shorter than sum of :1-p
'
56(-5

)

☆
*al sides ane . positiveτ

"

개 > ≥ /-7β+671-5
) 9. triangle

짜2 >
-지급 671-5

Conditions
.

^ ≥=671+5+2%- 2 30

기β=471f 32

≥73 or ≥1…
- ①

Don 't eliminate
whatly obvitvs. As ench sides anepositice:

1

+3유개53. 3Magnitude comparison mustbe explicit.
* ≥- < -15671-5

↓
개) 1마-5) co

1
(+) < (1+) (5-개, KP< 5… . ③

(+111-5 +H) <o

(비-+ 1(미-417

- : P<4 아 기기 … ③

D1 ② 0③ → 3<P<4
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18 It is given that 
 

f (x) ൌ x 

2(x – 1)2
 (x – 2) 

 
   g (x) ൌ – p (x – q)2

 (x – r)2 
 
where p, q and r are positive and  q < r  
 
Find the set of values of q and r that guarantees the greatest number of distinct real solutions of 
the equation f (x) ൌ g (x) for all p. 

  
 A q < 1  and  r < 1 

 B q < 1  and  1 < r < 2 

 C q < 1  and  r > 2 

 D 1 < q < 2  and  1 < r < 2 

 E 1 < q < 2  and  r > 2 

 F q > 2  and  r > 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

pleamhowto sketch the PolynomialsISketch eandbehaiourt
Atention to

ㅇ pay intercepts)?
,pisporitiref
twopositicvetoo↓

10,
% r 끼

ㅇ m
gay y

= fill

Noinm
p ors distuatoot

/

0s
can truncate as

q is stated as

gl positire
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19 Circle C1 is defined as  x 

2 + y 

2 ൌ 25 
 
A second circle C2 has radius 4 and centre (a, b) where  
 

– 2 � a � 2   and   – 3 � b � 3 
 
If the centre of C2 is equally likely to be located anywhere within the given range, what is the 
probability that C2 intersects C1 ? 

  
 

A 
1
25

 

 
B 

9
25

 

 
C 

16
25

 

 
D 

6 – ʌ
6

 

 
E 

16 – ʌ
24

 

 
F 

24 – ʌ
24

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

A Excluding it fuper common in calcolatingprobabiliΛ
complementarysetftouth

getofnegatedproposition
ㅇ

y
3

;계I에" >x

ㅇ ⑰
ifthe centreof

Ca is within the grey
- shaded area, what ends op

hayppeningisthattheyhare nointersections

IWhen Ca ' scentrei 5atthecircumferenceofthisun'
t

cile

py
=
1.thea is inseribed toG

→ Total =π (-27)×/3-131) = 4×6=24

Excduding PTI
=π

1- 2π ⇒
24

플
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20 n is the number of points of intersection of the graphs   
 

y ൌ | x 

2 – a 

2
 |  and  y ൌ a 

2
 | x – 1| 

 
where a is a real number. 
 
What is the smallest value of n that is not possible? 

  
 A n ൌ 1 

 B n ൌ 2 

 C n ൌ 3 

 D n ൌ 4 

 E n ൌ 5 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ㅇ
B

T1

ㆁ ㅇ

ㅇ X
ㅇ "

y=1
P
=a

.

으
으

" IV..

ㅇ

ㅇ

aa기

ii) 였 ,
5. 브
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