Sec 4 Exp AM Prelim Exam Paper 1 Marking Scheme

1(a) (x+3)(x—1)
f(1) =0
1+4+2+a-b=0 [M1]
PR )
f(-3) =0
(-3)*+4(-3)*+2(-3)?+a(-3)-b=0 [M1]
81-108+18-3a—-b=0
3a-b=9 e )
1) -(2): 4a=-16
a=—4 [AL]
b=3 [Al]
1(b) Long division
X+ 2x+ 1 [M1]
x2+2x-3) x*+ 4x3+ 2x2— 4x - 3
Z(x*+ 2x3 - 3x?)
2x3+ 5x?— 4x— 3
— (233 + 4x% - 6X)
X2+ 2x- 3
-(x*+ 2x- 3)
0
f(x) = (X2 +2x—=3)(x* + 2x + 1)
Other factor is X2 + 2x + 1. [A1]
Qnl |(@a=-4, b=3 (b) the other factor: x2 + 2x + 1




2(a) Let the perpendicular distance be Xx.
L(42+8)x=18
5( +8)x= [M1]
(42 +8)x=36
36
X =
8+4«/§
36 8-42
8+42 8+42 [M1]
| 288-1444/2
64 —32
9
—Q—E(ﬁ)cm [Al]
2(0) sin45°=—
. 9—2«5
2 PS (M)
PS=J§(9—%\/§)
9
=92-2()
~9+9\2 [A1]
Qn2 9




3(a) d_y — 1 e2x (2) _1e73x (_3) [Ml]
dx 2 3
et ei
e (e)+1
= e3x
e +1
=—— (shown) [M1]
3(b)
atP,
ﬂ _ e5In2 +1 _ﬁ
dX e3In2 8
~. gradient of normal = _8 [M1]
33
equation of normal is
55 8
—-—=——(x-In2
24 33( ) [M1]
8 8 55
y=——X+—In2+—
3 33 24 [A1]
3(c
© Q(O EIn2+§j
33 24
[Al]
Qn3 8 8 55 ( 8 55)
b) y=——x+—In2+— c 0, —In2+—
®)y 33 33 24 ©Q 33 24




4
@ &g 16x [M]
dx
let @_ 0,
dx
6x>—18x =0 [M1]
6x(x—-3)=0
x=0 or X=3
y=13 y=-14
~.(0,13) and (3,-14) [A2]
4(b) | d?y
d? :12X—18 [Ml]
2
atx =0, 4 _ 18<0
X
~.(0,13) is maximum point. [A1]
2
atx=3, 9 _1850
X
~.(3,~14) is minimum point. [A1]

Qn4

(@) (0, 13) and (3,-14) (b) (0, 13) max point; (3, —14) min point.




5(a)

%(ZXCOS 2x) = 2x(-sin2x)(2)+2cos 2x

[M1]
=2Cc0S2X—4xsin 2x [Al]
5(b) .[(2cos 2X —4xsin 2x) dx =2xc0s2x+cC
_[2c032x dx—_[4xsin 2X dx =2XCc0S2X+C [M1]
_[4xsin 2X dX=J.2COSZX dx—2XCcos2x+cC
:Z(szzxj—2x0052x+c [M1]
=SiNn2X—2XCc0S2X+cC
S0,
F(l—4xsin 2x) dx  =[x-sin2x+2xcos2x]2 [M1]
0 0
_r_ . [M1]
2
T
) [A1]




6(a)

D (x2pea(an-s) (2)+(2x-5)

=(2x-5)’[6x~12+2x~5]
= (2x-5)"(8x-17)

[M1]

[Al]

6(b)

g—i <0, so (2x-5)°(8x-17) <0

since (2x—5)2 >0 for all values of x,
then (8x-17) <0.
8x-17<0

17

X<—
8

[M1]

[Al]

6(c)

dy _dy dx
dt  dx dt

0.35=(2x—5)*(8x—17) x %

when x =3,
0.35= 7x%
dt

% =0.35+7 =0.05 units/s?

[M1]

[Al]

6(d)

z=y?
dz

£ _9
dy y

dt dy  dt

=2y><gx

dt
=2(x-2)(2x-5)° ol
dt

dz _dz dy

when x =3,

dz dy
— =22
™ ()()Oly

L]
dt

[M1]

[Al]

Qn6

(@) (2x—5)°(8x-23)  (b) x<§ (c) 0.05 units/s?




7(a)

1-X
\125% = >
25
53X — Sl;x [Ml]
5
3
52 :51—X—2 [Ml]
=> 3 X=-x-1
2
co_ 2 [A1]
5
- 125" =0.3807=0.381 (3s.f) [AL]
7(b) | log, x—log,s x
=log, x— log, X [M1]
log,; X
=log, X_|Og_2X [M1]
1
=log, x—log, x*
3
=log, x* [Al]
3
= Zlog2 X
_3(lgx)_3lgx
4\lg2) 4lg2 [M1]
Qn7 | (a)0.381




8(a) e 1Y
Tea="C (2x) (Fj [B1]
8(b) 1Y
T, ="C,(2x)"" (—j
r+l r ( ) 2X3
_ 12Cr (2)12—r—r (X)12—4r [MZ]
Termwith x*: 12-4r=4
r=2 [M1]
Coef. of x* = C,(2)* =16896
Termwithx’: 12—4r=0
r=3 [M1]
Coef. of x° = *C,(2)® =14080
Term independent of x = 1(16896) + (—1)(14080)
= 2816 [A1]
8(c) n=12—4r
4ris even =>n =12 —4ris even. [M1]
Therefore, there are no terms containing x" whereby n is odd. [A1]
Qn8

ol 1Y
@ T, ="C,(2x) (ﬁj
(b) 2816

(c) There are no terms containing x"whereby n is odd.




9(a 2
(a) LHs — _S€C >2<
1+sec” x
B 1
12 +1
sec? x
1 [M1]
cos® x+1
_ 1
© Cc0S2x+1 [M1]
SREATI
2
2 Al
=— = —RHS [A1]
COS2X+3
9(b) sec’2x 4
1+sec?2x 7
2 _4 [M1]
cosdx+3 7
14 =4cos4x+12
cos4x=E
2
ref £ =2 [M1]
3
sy T 5% Tn lix
"3'3'3'3 [A1]
(7 5t Tn Ux A
12 12 12 12
9(c) —2n<X<2m => -8n<4X<8rn
~.No. of solutions = 16 [A1]
Qn9 n 5t 7/n 1lln

(b) PP R A R
12 12 12 12

(c) 16 solutions




10(a)

cose=% => 0B =4co0s0

Z/ADO =6
sinez%:>OA:7sine [M1]
.. AB=0OA+0B=7sin6+4cos0O [Al]
10(b) | AB=Rsin(6+a)
M1
R=72+4% =65 (Mi]
a=tan™* (;j =29.744 [M1]
<. AB =+/B55sin(0+29.7°) [A1]
10(c) | Max length of AB = /65 [Al]
Max occurs when sin(6+29.744°) =1
sin(0+29.744°) =1
ref £ =90° [M1]
0+ 29.744° =90°
6 =90°—29.744
=60.256° = 60.3° (1dp) [A1]
10(d) | \/65sin(0+29.744°) = /55 [M1]
sin(0 +29.744°) = V55
J65
ref / = 66.906° [M1]
0+ 29.744° = 66.906°
0 = 66.906° — 29.744
=37.162=237.2° (1dp) [Al]
Qn10 | (b) AB=4+/65sin(0+29.7°)

(c) Max AB = +/65; 0=60.3°
(d)0=37.2°




11(a)

3y—-4x+40=0 (1)
4y+x=48 (2)
From(2):x =48-4y
3y—4(48—-4y)+40=0

19y =152
y=8=>x=16
P(16,8) [M1]
M(8,4) (M1]
l,: wheny=0, x=10
R(10,0) [M1]
8 1
Grad,, =—==
16 2
Grad,, _40__ [M1]
8-10
Since Gradg, xGrad,,; =-1 [Al]
= OP is perpendicular to MR.
1066y~ I,: when x =0, y =12
Q(0.12) (M1]
01016 0 O
Area of ORPQ L [M1]
20 0 8 12 0
1
==1(80+192)—(0
! [(80+192)- )]
=136 units? [A1]

Qn11

(b) 136 units?




12(a)

X

1

Iny

0.64

0.83

1.04

1.24

1.44

Table of values [1]
Plot points [1]
Smooth Curve [1]

12(b)

y =ae”™*
Iny=Ina+Ine™*
Iny=(bx-1)+Ina
Iny=bx+Ina-1
gradient=Db

vertical intercept =Ina—1

From the graph,
Ina-1=0.43

Ina=1.43
a :e1.43
=4.1786=4.18 (3s.f)

Grad = w =0.2

45-0.5
~.b=0.2

[M1]

[Al]

[Al]

12(c)

2.46 = ae™™*

y=246=>Iny=0.9

From graph, when Iny =0.9,
x=2.3

[M1]

[Al]

12

(b)a=4.18; b=0.2 (c) x=2.3




Sec 4 Exp AM Prelim Exam Paper 2 Marking Scheme

1(a) y=2x2 —4x+7
=2(X2 — 2x +7/2) [M1]
= 2[X2 —2x +(-1)?> + 72— (-1 )] [M1]
= 2[(x — 1) + 5/2]
=2(x-1)2+5 [A1]
1(b)
2(x—1)2>0
2(x—1)2+5>0 [M1]
=y >0
Therefore, curve lies completely above the x-axis. [A1]
Qnl |(@y=2(x-1)2+5
2(a) a
b
Whent =16, | = 3600
3600 = ——
b+2
3600b+57600 =a (1) [M1]
When t = 20, | = 9000
9000 = 2
b+1
9000b+9000=a 2 [M2]
sub (1) into (2)
9000b + 9000 = 3600b + 57600
5400b = 48600
b=9
a =90000 [Al]




2(b) 90000
g1 oo 00 [M1]
90000 = 900+100(2*°™)
89100 =100(2%")
891 = 2%
g891=(20-1)Ig2
{220 Ig891 [M1]
Ig2
t =10.2007
=>n=11
[Al]
2(c) t—>o, 29750
= @ =10000 [A1]
Qn2 |(b)n=11 (c) I —10000
3(a)
sin 75° = sin (30° + 45°) [M1]
= sin 30 cos 45 + cos 30 sin 45
_ E(L}Q(Lj
AW 2\ 2 [M1]
1+ J3 Xﬁ
22 2
_V2+46 [Al]
4
3(b) h(t) = —4cos bt + 12
Period = 2n
b
Period = 12
21
— =12
. [M1]
=>ph= = [Al]




3(c) Curve[2]
axes/
label [1]
h(t) 5
20
16
10
8
0 2 4 6 8 0 12 14 6 18 L
4(a) (1 3
EL(ij X (Xj—ﬂnxﬂ4x) M1
dx | x* N
x> —4x3 In x M1
1-4Inx
:];_4Tx Al
X X
4(b) 1 4Inx In x M1
o
1 41n x In x
—gdx—j 5 dx = te
4Inx 1 In x M1
X5 dX:J.F dx—7+c
In x 1 In x
2 dyx = — Al

5

X

———4cC
16x*  4x*




4(c)

.[f'(x)dx: m—5de
X
1 In x
f(X)=-—m——= M1
() 16x*  4x*
sub (1§] into f (),
4
3 1
“=——+c
4 16
13 M1
16
1 Inx 13 Al
f(X)=—— 22
() 16x* 4x* 16
Qns 4 1 Inx 1 Inx 11
b —— c) f (x)= —_— =
()16x4 4x° © () 16x* 4x* 16
5@ | y=-x"+5x-4
d—y——2x+5
dx
Ietﬂ:Z, M1
dx
then, x=§ and y=E so,P(E,EJ Al
2 4 2 4
Ietﬂ:—z
dx
5 75
then, x=— and y=— S0, Q| —,— Al
=: =93]




5(b) . . 5 3
equation of [, is ——=2| x—=
PSP Y
7
=2X——
y 4
. . 5 7
equation of I, is ——=-2| X——
aanart s y-S--2[x-1]
33
=-2X+—
y 4
7 33
2X—Z——2X+? M1
4x =10
x:§ and y=—
.-.RF,EJ Al
2 4
5(c) '1(5 13 5
Shaded area =2x|=| =+=|(1)-|/?(-x*+5x—4) dx
X_2(4 4)0 I%( ) M2
B _ 5
9 |-x® 5%° %
B R T ML
L %
o9 |5 (.3
4 |12 2
- Al
=— units
ns5
0SS | ) R(E,Ej © 2 units?
2 4 3
6(a) 5x2 +12X > 3X + 2
5x>+9x—-2>0 [M1]
(5x-1)(x+2)>0 [M1]
5 1
X< - or X>g [Al]




6(bi)

y=mx+c (1)
X*+y?=8 (2)
Sub (1) into (2),

x* +(mx+c)* =8

X2 +m?x® +2mex+¢c2—-8=0

M1
(1+m*)x* +2mex+¢*-8=0 (M1]
Does not intersect => D=0
(2mc)? —4(1+m?)(c*-8) <0 [M1]
4m’c® —4(c* -8+ m’c*—8m*) <0
4m°c® —4c® +32—-4m°c® +32m* <0 [M1]
32m® —4c*+32<0
8m® +8<c? [AL]
6(bii) | y=2x+5
m=2,c=5
8m®+8=8(2)>+8=40 [M1]
=25
Since 8m? + 8 is not < ¢?, y = 2x + 5 intersect the curve. [Al]
noé
Q @ x<-2 or x>%
(b) The line intersect the curve.
7(@) | x*+2x+1+y*—8y+(-4)*=8+1+16
Centre C (-1, 4) [A1]

Radius = 5 units

[Al]




7(b) Grad of CP = —4

1
Grad of tangent at P = 2 [M1]
y= 1 X+C
4
(_2!8)
8= 1 (-2)+c
4 [M1]
17
C=—
2
1 17
y=—X+—
4 2 [A1]
7(c) Centre = (-1, -2) [M1]
Radius =5
Equation: (x + 1)2+ (y +2)?=25 [A1]

7(d) Diameter is the diagonal of the biggest square that can be drawn inside the circle. | [M1]
Let x — side of the square.
X2 + x2 = 10?

26 =100 => x = +/50

Area = \/57><\/% = 50 units?

[Al]
Qn7 (a) Centre C (-1, 4) (b) y= % X +%
Radius = 5 units
© (X+1)2+(y+2?=25 (d) 50 units?
8(a) 8x% +3x+1 8x% +3x+1 ~ 1+ x—8x’ a1

= = _|_—
x(2x+1)2 Ax% + 4x% + X Ax3 +4%% + X




8(b) 1+x-8x* A B C
0, @ ——— =+ + z M1
x(2x+1)" x 2x+1 (2x+1)
1+x-8x%= A(2x+1)2 +Bx(2x+1)+Cx
let x=0, 1=A
Ietx:—l, 3¢
2 2 2
C=3 M3
letx=1, —-6=9A+3B+C
—-6=9+3B+3
B=-6
3
...8x +3x+21= +l_ 6 N 3 : Al
x(2x+1) X 2x+1 (2x+1)
8(c) 3
ey B B M1
box(2x+1) 1 X 2x+1 (2x+1)
3 3
=] 2x+Inx=3In(2x+1)—-——— M1
2(2x+1)
—1.046596+1.795836 M1
=2.8424
~2.84 (3sf) Al
ns 8 _gy?2
Q (a)2+—1:X %X (b)2+1— 6 + 3 5
4X° +4X° +X X 2x+1 (2x+1)
(c) 2.84
%) | 107 =(2y)" +(3x)’ M1
100 = 4y* + 9x°
_ 2
y= /10049X Al
9(b) 1
S ZE(SX)(Zy)+4xy M1
=9xy
[/100—9%} M1
4
Al

= % xv100-9x*  (shown)




9(c) ds 9 19 (1 2
— ==(100-9x*)2 +=x| = |(100-9x*) 2 (-18x
dx 2( ) +2 (2)( ) ( ) M1
9 AL 81X L
E(100—9x )2 - , =——(100-9x*) 2
9 2 _E 2 2
E(100—9x ) 2[ (100-9x*)-9x* ] M1
9(100-18x)
= 1
2(100-9x°)?
2
_ 9(50-9x*)
1
(100-9x?)2 M1
let OI—S—O,
dx
9(50-9x*) _ M1
(100-9x*)2
50-9x* =0
50
9
X =2.357 or X =—2.357 (rej)
-, stationary value of S = 74.99999 = 75.0 m? (3s.f.) Al
9(d) ds  9(50-9x*)
— T
ax (100-9x2)?
let x = 2, 38 =%>0 function is increasing.
X
ds . . B1
let x = 2.5, poie —-8.504 <0, function is decreasing.
X
.. by first derivative test, S = 75.0 is maximum value.
Qns9

_ 2
@ y-=, /% (c) 75.0 (d) maximum value




10(a)

9sin(£) =0
2

M1
sin(ij =0
2
basic angle =0 rad M1
S0, L =0, =
2
t=0, 27
t=27sec Al
10(b) . . [t
Maximum velocity when sin 3 =1. M1
t 7
2 2
t=m sec Al
10(c )
© S:IQSln— dx
t
—C0S—
2
S= —18cos£+c
B 2 M1
whent=0, s=0, c=18
hence, s = —18003%+18
whent=27z, s=-18cosx+18
s=36m
whent=10, s=-18cos5+18
$=12.894 m M1
Dist. travelled in first 10 sec
=36+(36-12.894) M1
=59.1059
Al

=59.1m (3s.f)




10(d)

S= —18cos%+18

lets =0,

—18cos%+18:0 M1
cosl =1
2
basic angle=0
%: 0(rei), 2 M1
S t=4r Al
Qns (@) t=2x sec (b) t =7 sec (€)59.1m
10

@) t=4r
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax’ +bx+c=0,

—b++/b* —4ac

2a

X =

Binomial expansion

(a+b)" =a" +[fJa"‘1b+ (Z]a”‘zbz Fot {nJa""b' +..4+b",

v

n) n nn-1)..(n—r+1)

where n is a positive integer and ( =
¥

- (n—=r)ir! R rl

2. TRIGONOMETRY
Identities
sin? A+cos? A=1
sec? A=1+tan? 4

cosec’A=1+cot? 4

sin(4 + B) =sin-Acos B tcos Asin B
cos(4+ B) =cos Acos B Fsin 4sin B
tan A+ tan B

tan(A+B)=—""—"—"—
- l1F¥tan Atan B

sin2A4=2sin Acos 4
cos2A=cos> A—sin’ A=2cos’ A-1=1-2sin’ 4
2tan A )

tan24=—-—
1-tan” A4

Formulae for AABC
a b c

sind sinB sinC
az.=b2 +¢? = 2bccos A

Area of A= %bc sin A



3

1. Find the range of values of m for the which the graph of the straight line y = mx—1 is always
below that of y =2x> +7 for all the real values of x. . [4]

W

mx-| < 2x7+7 : k’%,?xm

Pt > mx-l

W+ F -mr+1 70 1.7

A -mx +3 70

8ince there’s no ntersechon, D < 0.
42, b=-m , C=8
()’ - 4(2)(8) <O (m)
m?- (4 <0 | k
(m-9)(mt8) <O > //'8

-8<m<8




2. (1) Simplify log432+log5125—logﬁ27. 3]
log. 32
109,33 o125 ~ log , 2T

@)

logz‘ll‘ ,093 1B}

5 3
= log, 2 ‘ '095 5% _ ’095 3

log | 2° log | 37
- 5 43- 2 @
2
= 2+3-0
(-i-:i) So—lve—'S +2e¥=3eV. [4]
let x be e
5491 = 32)" Q)
5fax = %
Gxt Ax= 3
qx?+51-3 =0 @,
(22-1)(x$3)=0
X = _2L or %=-3
s —'5 | e?=-3
y - ln"f Y= In(:S)



5

3. Inthe diagram, area of triangle ABC is (14 +9\/§) cm?, BC = (3 + \/g) cm and

angle ACB = 30°. Find AC in the form of p(g —r\/z) . [5]
B
(3+8)
307
A C
A= L (AC)(34I) sin 3°

Mt9Ja = .i_ (AC) (3:R)(3) @
p(144902) = (AC)(3HAF )

56 4362 = (AC)(3448)
M |
56 aeAFan 3-J3 @D

AC = e =

3+[8 3-A3

= 168 - 56438 T 1084 - 36(4)
e s

= a4 - 1203 +108dQ
T A - 4]9

4 (6 -12)

1



d%é““x) = x3(L1) + Iz (3x%) D)
= Xt BxtInx

(ii) Hence, ﬁnd sz Inxdx. : [3]
yx’f3lenxdx=_[x3l””]+ci @

fo’ Ine dx = 23 Inx —fx’dx, RN

z3.Inx = [};'] tC, @

2 .
~ b7
3}1" Ihzxdr = x®mnx- = + G

[3x* 1nz dx

n

(2 nade = x3lnx . _x;, HCyy
e ‘



i

I+sinx

5. Find the equation of the tangent to the curve y=e

answer in terms of T and e.

Qg% . bestrx cocx (e ik 2y @
when x= T,
dy I+smT
i : s T (e )
= (-1 (e")
when x= T,

[tSmT

J

= ¢
e
g equaﬂon of +angont = \9-—6' = -0 (z2-T) @
y-e-= -ex 1t Te

We-gntTeté 74

at the point where x = =, leaving your

[5]



8

lies in 2 /.s-l-
6. Itis given that tan@ = —2+/2 and sin6’>0./fa esin nd [

Find the exact value of \ |
liesin 2nd [4+h

(i) cos@, ' 2 B 45 in md. [2]

3
213 ML\& I oS b= 'é‘

o) ™

_ (i) tan26, ' [2]

tan 20 = 24P
i
g A
(- (-2B)
= "‘u“ra s —LLIB @
|- [8] g |
(i) sin%ﬁ. [3]
sin2(38) = 1
I | cos 2(%) - I-25mz(¥)@
'-31 = |- Qsin"(&)
T .
3 =~ Asin*(E)
‘g‘ = S’m’-g @



B2 |

N Y=/
50
h =x

Je 0

The diagram represents a cubic function f{x) which touches the x-axis at x=4 and intersects
the x-axis at x = k. The coefficient of x° is 2 and the y-intercept is 50.
f(x) is divisible by (x—35). '

(i) State the value of A. [2]

5‘(1):%3(x—h)2(x—k)%@
e Zhe5. @)

(ii) Show thatk=—1. ; = 2]
{_(x)= 2 (x-k)(x-5)"
50 = 2 (-k) (-5)° (D)
50 = 50(-k)
o=-k=
k=-4 (shown). @
(iif) Find the remaiﬁder when () is divided by (x— 1). 2
Px) = Alx+1) (x-5)*
fon = acar-4)" ),
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1

COS 66’2x

8. (i) Prove that (1 —sec’ x) (1-sin® x) =—

LHS = (1 - (I++nn’x))(ws’i) @

= — 2 2
+tany ws *x x
2 - 2 =
Smx ’ ws?x (mp
7015 &
= - S

. | -
= -~ —— = RHS:
tosec’x @

(i) Hence, solve (1 —sec’ 2A) (1-sin®24) = -i ,for 0<x<r.

Leave your answers in terms of 7.

- |

gL
osec? 2A i
wsee* 2h = 4
R IS
s> 2A
L
Swm* 2A = 4
cm 2A =
Sin 2A= j-‘{ <
d = sm"(l’:
" (™)
z -Erao\
i
AA = -T—g ) E’-}, &]éI 0
A= _TL . ﬂ IE- [ D'L‘:
3’ T’ 1 L
® Q)

[3]

[4]
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9. The diagram shows triangles POR and QRS whose vertices lie on the circumference of a circle.
The chords OS and PR intersect at T and PR is parallel to UV. UV is a tangent to the circle at

0.

Show that _
(i) triangle QRS is similar to triangle OTR, _ [3]

Let LRAVDbex -
andy oot
LQSR = LR@V = X (aI-seq- thm) By AA similany)

"W xaTR i simil v to ARRS.
LTRQ = LVAR = x (A %5, PR U@V

LTap.= LRaS = wmmon. (M)

(i) OR®=QSx 0T, | 2]
81 _ 8
aRr Qs

07X @S = @r (M
(iii) triangle PQR is an isosceles triangle. [2]
LAPR = ZrQV =% (alt-seg Hm) (D)

SN LaPr = LORP =x }
®

- APAR is ig0s .4
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10. The curve y = f{x) is such that f'(x) = 4sec’ 2x—3.

(2]

(i) Find the gradient of the normal to the curve at the point where x = h

deiem‘ of tongent {'( %r) . S
s * (ST y

1]

\

»l | =
)
W
®

S
+)

3

<! gwd 6§ noymal = '% @

(i) . Explain why the curve y = f{x) has no stationary point.

Wiy

2]
For stat pts, f'(x) =0
Ygec ax -3 =0

Sec*ax = 4

s 2y = N0 soluhon.

Fhere 15 o J’m‘riow.ﬂ@ Pmm-@
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(ii1) Given that the curve passes through the point (0, 5), find an expression for f{x).

flx) = fll-ge(,“gx-S dx

g 4y3‘ec’ 2x dr - fBo{x

W

4[—-%&23] =, D=l ©

A+ean2x - 3x +¢ @

n

A4an (0) - 3(0) tC

5 (D

o
1]

1)
u

j(’(x) = A+an2x - 3x t 55‘, @

[3]
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14

12 cm

The diagram shows a cylinder of radius » cm and height (% + 1) cm, inscribed in a right circular
cone with a radius of 5 cm and height 12 cm.

12

(1) Show thath = 11——r (2]
n-h _ r
"‘hb l 2 G Q)
55-5h:= 12r
-5h:= - 55+)2 I
h= I - 'ir (shown). O
(ii) Show that the volume of the -cylinder, V cm?, is given by V =§7zr2 (60-12r). [2]

V= %M (hH)
() )-2 m) (1)
'T‘(YZ)(la r)

2 (b0-12r) (showh).
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(iii) Given that r can vary, find the value of » which gives a stationary value of V.

- For stat value, 5‘-}, )

V= -2 wr®

dv - 26
dv = 3L - Ty (mD)

QYTY - %’-rtr“ e 0

r(ayn-2mnr) =0 )
S r=0 oy Q4T ~ %EY:'O
(rép). 36.4= 24T
=

r=i§@

(iv)- Explain why this value of r gives the largest volume possible.

L U ST D
dr? 5
| When r = 10 d?v
g —_— = -\Ve.
= ar? “ @

s i Wil Qe ou the maximum value -

[3]

[2]
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12. The diagram shows part of the curve y =+/9x—8 intersecting the line y = x.

The point A4 lies on the curve and the normal at 4 is perpendicular to the line y = x.

Y &

o

[4]

~2)4x-8

gradient of fongent= 1.
] T R (7))
alms

9= aJax-8
AR
Ax-3 = % @D

Ay = N>
4
x=13 @

O
N
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(i1)) Find the area of the shaded region. [6]

= AAx-3 @

x":qx—g
2*-qx +§=0
Cz—@)()ﬂ—!):o
e z |
~x=3 or X @
3:8 351

. :
Brea = f m = ol %
i .

@
¥ 59 Mx'8')°o|x’ 5), x dx
Mx 8) g@ [ 9_2(:_’]5: @
[ (2)(9) |
19

:[;l(QI'B);}g; _ [_’i-xfll

':I.

——

Q¥

- lo _1_,_[4.’_1-,_-—“] @D,
27 -

7 313

—g-q:' Mni‘l’l-



18

13. In the diagram, P and Q intersects the x and y axes at —8 and 6 respectively.

Y a

6 1€ (0,6)

3y M

| w /B )
-8 0 6 X
(-3,0) \
_ ; © 'R [11\0\
o ke ol
N e

(i) Find the distance of PQ. [1]
PR = A (-D7H(p)?

= jounits- ()

~ (i) QR cuts the x-axis with angle 6 such that tand = % . Find the equation of OR. [2]

@mdien’r AR = -% @
EQD GR ;Y- b - -2 (x-0)

‘0=';3-x+6. A)
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(ii1) Given that % =1.5, show that the coordinates of Ris (12, —3). (4]
GrR | 5 Lot & be (x1y)
o\ - - ,
OR = ) ( 6-y)*+ (0-x)?
AR =15
s m
’5'/\((6-(0)2'1'12' @
22% = %p- ,ZU'Hﬂ tx” O
22%= 2p-12(-2¢+b) 1 (&"“) +2*
21% = 3bt Ax -T2 + 2~ ax +36 4%
29
Tt =225 SRR ¥ (b
X«l: 14-4- s @ i |j g -
X = 12 oy -12(ré))" L Ris (12,-3) .
(iv) MN is the perpendicular bisector of QR. Find the y-intercept of line MN. 2]
4
gmdmu =73 £4Yl MN : y: :;Lx +c
0412 p-%
midpr g = (25, 02) 3. k) te
= -516) t
- (6, 2) (D
3 = 31c
W 2
Sy
C = 2
(v) Find the area of parallelogram POMN. [2]
1 |-8 0o 6 _o0o -3
2
. [cmm)—( -48 - 3”1)]

- £ 5) = $3.50mi%, (B)

End of Paper
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Mathematical Formulae
1. ALGEBRA
Quadratic Equation
For the equation ax* + bx +c=0,
= —b++/b* —4ac
2a

Binomial expansion
(a+b)"=a" + U}z"“lb + [;Ja"'zbz Fot (n)a”"b" +otd”,
Y

n) n nn-1)..(n—-r+1)

where n is a positive integer and = =
(n—r)ir! r!

v

2. TRIGONOMETRY

Identities
sin® A+ cos® 4=1

sec’ A=1+tan? A4

cosec’A=1+cot’ 4

sin(4+ B) =sin Acos B+ cos Asin B
cos(A=+ B) =cos.Acos B Fsin Asin B
+
tan(A+ B) = tan A+ tan B
1Ftan Atan B
sin2A4=2sin Acos 4
cos2A4=cos? A—sin® A=2cos* A—1=1-2sin> 4
2tan A

tan24d=———
1-tan” 4

Formulae for AABC

a b C
sind sinB sinC

a’ =b% +¢c? = 2bccos A

Area of A= %bc sin A4



Iy,

3

Salmonella bacteria is commonly found in food that is not hygienically prepared. The

number of bacteria, n, can be modelled by n = Be" where n is the number of bacteria
¢t minutes after the food is prepared, and B and k are constant.

(1) State the initial number of bacteria. (1]

Whew £ 0, - ge <
n=p #

(ii)) Show that k£ =0.0330 if the number of bacteria doubles every 21 minutes. [2]
waent= 0, =5 aB=Bem')
t=31, =28 2k
=0
alk = [nQ
k= In3
al

=0-0330 (shown)-

(iii) It is found that food containing at least 10° bacteria will cause illness when
consumed. To protect consumers, the Singapore Food Agency requires all food
catering companies to indicate on the food packaging the “CONSUME BY”
time that is not later than 4 hours from the time the food is cooked.

Find the maximum value of B, the initial number of bacteria, in order that the
food is safe for consumption at ¢ = 240 minutes. [3]

Nz Bo kt
(0.0 33004)(240) _ |00

Be

B- 10°
#.92168
B = 362.7933

may vaive of p = %g#_



2. The equation of a circle is x>+ y* —8x+6y—75=0.

(1) Find the radius of the circle and the coordinates of its centre. [3]

=6 ; 3dg=-98 - Jattpc
i 9--4 @ ] gff 518

$e3
= _ 2+ 2

. centre = C4,'3) @ )J?4) (3)°+75
= 100

= 10 upits. @

(ii) AB is a diameter of the circle. Find-the coordinates of B given 4(12, 3). 2]
skexch:
Let B e (o p)-
s Wt BH3Y . (4 _3)
/""\\A( 12,3) ( —_— ) (4,
: N A3 . 213 _ _3

Ny gt Pa'

. ’_ P O(‘l‘"a': 8 P= _G B

o--4 () P9 &

%) iSCf"4,W'Q)

(o)
1 (iii) Given P(=8, 2), find the greatest distance from P to the circle. [2]

Length :,J(-g—4)1+(2+3)’ _
= Bunis. o

Total diskance = 1410
= Bunits. U



3. (i) Inthe expansion of (2+3x)’,

the coefficient of x*is four times the coefficient of x*.
Show that n = 10. (4]

Cars)™= 3"+ (M) (G #( 1) 0B + (53" (30)'+ -
R (M B+ (1) 70 1(3) v ()

coettof 22 = (1) 9" (a3) et of v (2)(27)(A)
i
i = v M)
3! (n- 3)‘(9 )33 N 2! (n-2)!
= [.E, = n(h |) (Qn—:) (q)
n(n—z(n—a) (Qn-3)[2:l_) ____—2
h(n-N(n-2) (7>)(23) (n-2y(3)- 4
Erans Sl d D S T
-1) n-n)(q) h-2 =
n—(_g/' (2 h=10 #\Eﬂ.

(n-2) (2"2""2) = 4

(i) Find the term independent of x in the expansion of (4 -

12;3 )(2 +3x)"°. [3]
T 12823 ) (2+3¢)"

- me ettt M) ()

Term ndepondent = (4)(2°) + (-55) (hu120)

= K096 - 3240 (m)

’856# @



4. Given that f(x)=4cos (g)+ 2,

(1) state the amplitude and period of f(x). [2]

Amplitude = 4

Pen‘od = —'2% = ¥ or 420°.(£‘_f_..}
2

(i)  sketch the graph of f(x) for 0 <x <4n.

Indicate clearly the coordinates of any maximum or minimum points. [3]
) y
6 correct Shape (13
x-cord C13
y-word (11
2

- e : 2
O/ \;m. 3m ¥
)

(1ii) Hence, by using (b), sketch a suitable straight line, state the number of

solutions to the equation 4cos —;— - ;—Jﬁ =—4 for 0 <x<4n. [3]
7

460516. . 3x —4

2"
X o4n = 3%
4ws_7+'4 = 2

9= 2--a ()

. fhere are 2 Soluons- (1)
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i B

The diagram shows two parallel lines and a right-angled triangle BAC with

AB = 15 cm and AC = 8cm. 4B makes an acute angle 6 with one of the lines as shown.

(i) Show that the distance between the parallel lines, D =15sin6+8cosd cm.

Sihﬁz' A—M- S = A—N—
T cos 8 3
AM = |58int AN= st

~ D= 156inGt Supsd (Shown) .

m) @

(ii) Express D in the form Rsin(0+a), where R>0and 0<a <~

R= [1g2482 o = fah"(?g)

=¥ (A * 0-43996 (

(=

D= 1%sin(840.490)

(iii) Find the greatest possible value of D and the value of @ at which this occurs.

grentest valve of D = 17 (&)

Sin(h +)-48296) = 1
b +0-4899, = =
s

108083
1.08 (38f )y ()

(2]

(2]

(2]



6.

8

() Giventhat y=x*y2x+1, show that j; X<52_’;?. I
=X (2x+D=
4, iy @) + 00 @
dx = ¥ ()2 @) + (2xh) (2¢) |
:__Z'_i_.-—- + QT/JQz-H
oxtt
” 2
2¢ (2xH) t X @
”‘b.”'
= bxy?+2x
IJ 221!
= E_(_?x_ﬂ.”_ (Shown).@
N 20t
(ii) Hence, evaluate I Si\/%dx ”
52242
j s - - 3 dx
»F’ﬂ_ N2zt
= 55 x+2z \f db
I !szﬂ
—'- 5
(2241) * ] =y
[ m] (5")(3-) Q”

[asﬁ‘-lr] - 3 [Jzat ]
< w5 - 36 -B] W
221 1203

F6.430
= 2.4 (3sp). (U

\}]

1]



7. The equation of a curve y =3xe™".

A (i) Find the value of x for which the curve has a stationary point. [3] E:

& =350 358 ) + 2T

e —tr&42e™ - W)

.o P HAD 0 )
130
Ve & L
> T
S

2
(i) Express %x_y in the form ae™*(b+x), where g and b are constants. 3] E—

4 - -ex c—i) ~6€ 4+ 37CY) T, T
N =y
SO T AT

=2~ *"')/ A1)

(iii) Hence, determine the nature of this stationary point. < . [21 E

*2 4 O—t(% ile@(w o]

ﬂﬂ—ﬁHﬂ‘\é\j Fﬂmf{‘ (s o RXEMO f)@,',l))( ' A
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8. An object in motion with velocity vm/s 1s subjected to a resistive force of R Newton
against its motion given by the equation ' % : N :
R=kv" . wherekand B are constants. _

The table shows experimental values of v and R.

1% 10 20 30 40 50
R 96 290 |-530 | 840 | 1200

bv 230 3w 290 349 39/
LK 456 67 62) 672 700 } D}

(a) Express ln Rin terms of Inv. [1]
¢ =EVE 5
,4.,,@ = Ak + AV

= pht t Aok [H]

(b) Draw the graph of In R plotted against Inv, using a scale of 2em to 1 uniton  [4]
the In R axis and a scale of 4 ¢cm to 1 unit on the Inv axis.

() Use your graph to estimate the values of each of the constants & and . 4]
- g i .
4&:@# [ 082 [k =12 7‘ L]

Rk = k € 333 r,!' )

-
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i ] 455
\ : 6
_ : e
e - ¢ R
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e 4 1
- £ : ] \ o i
: ] : £ H 11
i ¥ | M [ vy
4 L .
Ll L H L
ot i i ; 3 “_
| u ik ok {it
1 Y [ 1 4 T
- \ s s :
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5x% +4x=3

9. (i) . Express. e in partial fractions. 4] =
Lot 5’*’**"‘3—-‘51-+—3—-+..-9-—-—- Ct
K =) T £ ax-| 4_, -
g4 -2 = pula- )-(— 3(%‘0 +Cx
7 =0 - = -é
B= 3
=4 - :
.= |
Wl $44% ~3 =A43 + |
B il . 03 B i
G- ) ol i B
(iiy Hence, show that Li:(—f—l;dxg?ﬂ 075, 5] /V’b

> S+ -3 4 e
i ::(,?/x dx f"'+7’+m”’d,t ‘ DV)

e
w[z&ln?f,"‘ %’%— -f-é:c-.@a-f)], EM%]

: @}S +§ +§_M> -(-3 ’+ 0) L]

AS,’- n%’ £ — 3.
i ik 2

= LIs +12 (o) i)
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5x-2
x—3

-10.-- (@) - A curve has equationy-= f{x),-where f{x) = >3

O\ (a) Find expression for f(x).
o f-3) = _(:«,_—2,)
-j— (7") o Beiots i
(o 3)
_ SIS et
(x~3)*

= 13
S

(n

(]

(b) Determine whether y = f{x) is an increasing function or a decreasing
function. Explain youranswer.

Shee 09" >0y fora>3

- .My
("a o 3)'\/ ’[M‘J

. f@ <0 T
$69 is @ duady ﬁwﬁa\.

2] £

[2] m
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(ii) Liquid gold is poured into a mold at a rate of 9 cm?/s.
The volume, ¥ cm?® of liquid gold in the mold when the depth of liquid is x cm,

.. 1 5 2
isgivenby V=—02x+5) ——.
g y 30( ) E

Find the
(a) rate of increase in the depth of liquid gold when x = 5, [3] =

3 (3)0n 4y (v) |
= Czoc-g—&'/) L | j{

W = AV dx

ctf., e dt .
q = L0t %ﬁt - Img

A
¥ Q}‘(’Lb = L oemp Ch]
(b) depth of liquid gold when the ratfof increase of the depth is 1.2 oms. B3] £
f= Llnts) x12 . [m/]
L) = 75

(M-r@c I X f - .
WA = ij.h—‘" L
. = \[j“‘r g\/’rﬁ“’f

)

N~ o856t o 567
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15

A particle moves in-a straight line-such that t seconds after leaving-a-fixed point O;-
its velocity, vm s, is given by v = (0.5¢ - 3)*-16.

(i) Find the values of + when the particle is at instantaneous rest.— —— — ————— 3} E =

= (0.5£-3) 4

v=0, @mt,—s)q»% e ]
O 053 =D o 0¥t -2=-2 fyy
ot =y It >
£ = {bg t = ]
(i) Express the acceleration of the particle in terms of 7. i i =
a = Av

E[:L 2
= 4 (ot =3 (6.5)

= 2(05t -3) .»7/{‘ = T

(ii1) Using your answer in (11) explain why the veloc1ty is decreasing,

only when 0 <16, 5y 31 i
v 1 -+o Pae/o{wewrﬁ; }
<O
2004t -2) <0 (M
0.8t -2 <P
0.3t < 3
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(iv) Express the displacement of the particle from O in terms of z. [3] E
s=_{vdt
= (tosta)~ 16 dt -

— @rf’('/'_g)r
= o — /(L & m/
) [t + [mi]

= %(‘0;&’{'3)(-— +t + c
20, =0, o =2(-3f tc
— 483 . 932 [I:/“J
“=

8= %(a&t -35’ %—t—kf% @/J

(v) Calculate the distance travelled during the first 5 seconds. [3] H

X =0
t=0, &=0 }[MJ
t=2, = w34 -
| 5
=52 0= 2(5-38 "-O‘L’g’
£ _5_/ S 5_@ ) B +—j/£/
= .l:l'l‘%q'Ei |
175
e = .
f

‘S;'i.\ﬁ [vm O‘
” /[M DT%A&_Z 52, + (82¢ = \1-\%?‘
: <.

= - 831635 M
=

/

or 8% Fom @-1
End of Paper & '
§7 4 m - (9%

2
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2
Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax”> +bx +¢=0,

_ —b++b? —dac

2a

X

Binomial expansion

(a+b)" =a" +[ﬂa"“b+@]a"‘2b2 + ...+[nJa”"'b" +.+b",

r

n
where n is a positive integer and = =
r) (n—r)ir rl

2. TRIGONOMETRY
Identities
sin® A+cos’ A=1
sec’ A=1+tan’ 4

cosec’ A=1+cot’ 4

sin(A+ B) =sin Acos B + cos Asin B

cos(A=+ B)=cos Acos B Fsin Asin B
tan A +tan B

1F tan Atan B

sin2A4 = 2sin Acos A

cos2A=cos’ A—sin® A=2cos’ A—1=1-2sin’* 4
2tan 4

1—tan® 4

tan(A+ B) =

tan24 =

Formulae for AABC
a b c

sind sinB sinC
a’=b*+c¢* = 2bccos A

Area of A= %bc sin A4

n nm-1).(n-r+1)



3
1 If the roots of the equation x” +2x(1—k)+3k—5=0 are real, find the range of values of k.

[4]
az=l, b= 20-k) , C=(3k-5)

Fo:» real roots,
Discriminant = O
b>-#ac » ©

( 2-2k)%- 4ce3k-5) 2 O

4 -8kt 4k?-12k +20 2 0

4k* -20k+ 24 » O

k*-s5k+ 6 > O

-}
N

(k-3)(k-2) 2 ©

WG k$2 or k73 % /ék




2 A curve has equation y =

&k —12x, where x#1.

¥
Explain, with working, whether y is an increasing or a decreasing function of x. [4]

. BREE.
'*‘j A= %

fl_g_ j (x-ﬁ)g—x(axirs) —(zx+5)—f;(7f-'_) -2

. ( xX-)*

= 2(A-V) = (AAt5) 5

Cx-1)2

24 -2~2%=5 _—

(x-1)*
A -3 - 12
- Cx-1?
lwues %y 7(.4:'
5 2 o) g a“ Vo %
Sipeg-+=T €0 gE*rg & Jc"'

g =1220
o Ag
oo ’_i < O

3 Y is o Ae“easi"j ‘F\AV\CHtm ‘%’)C (e.‘x,le:neJ_)
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3 (a) Express y=2x"—10x+cin the form a(x—h)*+k where a, ¢, h and k are constants.
2 [2]
Y=a(x=5x)+C
z .;z[cqc—z-sf-—ca-s)’] +C

-

= 2ca-2.5)-125 FC

(b) If the minimum value of y is - , find the value of ¢ [2]
S, =15+ C = —

19
£

2 k=19
S

W



6

4 The speed, v m/s, of an aircraft, ¢ s after passing a fixed point 7" on the runway, is given, for

1>0,by v=10+Me", where M and k are constants. The table below shows corresponding
values of 7 and v.

t

1

v

14.4

2

3

4

13,7

17.4

19.4

(a) Draw the graph of In (v — 10) plotted against #, using a scale of 2 cm for 1 unit on the
t-axis and a scale of 5 cm for 1 unit on the In (v — 10)-axis.

(2]
& - { 2 3 b 4
h(v-10) | 148 | 1% | 200 | 2.2¢
- ' : ]
v =104 M
Yilo = y’Y)c’,'d7 o
(b) Use the graph to estimate - = me
(i) the value of M, lY\(.'V IO) \h ' ekt— 2]
FVD +h i = IY\ M+ In
m
Y ‘l\k'e SFr'_ar IIZZ s » lh(y"()) = k‘b ¥+ IV\ v
“inkercept =
b M = 122 Y = mX+C
loas, M = 1-22 whee Y = [n(v-10) ) m=k
¥ e X= t C =ln M
* 33

2
=339(3s¢)
(ii) the time when the speed of the aircratt is 18 m/s.

[2]
when v =1%
[n(vy-10) =lnc18 -10)
= |n 8
= 9,0 FPIES <.
~ 2-08

From +he 9 ro\rl\ r

the time is 3-355



~N
[

V=

W

\f ’n(f—lo))




2
5 A curve is such that L =9cos3x—5sin x. The curve passes through the point

dx?

P(%,IST”) and the gradient of the curve at P is 8. Find the equation of the curve. [6]

2
i—{ = Qus 3 - Esinx
dx

% z J(qws 3x- 5 sinx) du

in3 's a tonslad
q[s_'_'%é]-5("“’379 + &y where C 0

J

32 = 3siadxt+5ws X
N = 3T dy _
}lﬂ\x 2 F ?

3 sin 3(3) + Bes(F) + €18
3 4 O % =8
e 8

4y - 3¢n3x + StesX 5

dx
.j=j(3$(n 3x+ 5w x+5) X

+ Bx 4+ ¢ wheve Cis c\wns—"v\v\:t

= —W0 SN 5 Sin
3'3[ ST :|+ o
Y= —ws3x + Ssinx+ 5% b

57
O
i 3My4 C = IS
- ws3(H) + Seia (B #5050 -

“» Fat 6} b 4%

Y = wsdx 4+ Esinx 4 5% + 3



x +1

6 Express —————
(x* +1)(x—-2)

in partial fractions. (L )x-2) [6]
= o2kt -2

3 . a
X -2 tx-2 ) %° 4 ox™ % ox |
(22 @2x*% x %2 )
gi® =% &,
x3+ ‘ + 29('2_4x’+.5
(- 7! (X (x-2)
lef _2%>-%+3 At B <
(X240 CX=2) x> (x-2)
2X=x+3 = (Ax+B)(x-2) + ch’M‘;,
EB WW‘PAV\\V‘j (,oc:ff ‘b ‘ ’Nhen xe 2,
Cx’r Avxc =2 © 5¢ = 9 )
Conshant: —2B¥C =3 —— @) c=t ,
thh Y= 2, when #:0,
C(, 22—+|) = 2('2_)2“__ 2 +3 B('l)“'%(‘) =3 1
5c= 14 ’2B=3’35
| C: _?5_ ad B = ’/5 )
O : A";'%’JS’ | when x=1,
Ui ‘3 i _
®: ->B8:3-% (A-2)-0+ 1=
= 3 18 .
=-2 ~A+ 2 ¢ LB M
o . A 3 ,L,
S
3
b A " q
(x*4) (A-2) B 5(a*H) 5(7(—1)



7 The diagram shows part of the graph of the curve y =

10

X

& ~x=3

=2

y
PO _xt-x=2
\ Z x—3
R
/S R T s
: dy k :
(a) Given thatEx-:l—( e Find the value of k. [3]
e
o . =12 PR - L AN
-3
o % ca-t ¥ % =
49 (- 0ex) [
-l C x-3)* - Tm 2
a x-3 Jx*=A-2
= 2x’ bx ~A¥d -AHALE L Spodllay 3
( ¥-3) 2x22
" 'xz_ ex +5 —(27(4; )
T
_xFai 45 4
. & 3)(:7(-3)" - Neirs + Ty
o
( x-3p- 445 Y= x+2 4 4x-2)
o (ﬂ-&)z :lg_ > & q.(,<-3)"L(|)
X
- (7("3)1"“' = (TN
(x-3)* == &y
= - = s ‘_ ___‘i__
= = Ta-Nr (x-3)"
= k 'k = L‘-
- | (x~3)*
k=4
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7 (b) R, S and T are intersections of the graph with the axes. PR is the normal to the curve

at R. Find the equation of PR. [3]
g9 ‘
R Y] ) H . x)-_x—l
¥ -3
n s =2 _ 2
wh(fﬂl K= O/ ﬂ = —:-5‘ = 3
;. Rto. %)
9 __u
dx (x-3)?
When % =0 dy [ - 4
ax < (-3y
~g ., 2
=9
2 B,
q

= Y“('X-'X.c)

ce C
\

ol
|

- - )
. %cx D

A
3
j__ —ﬂ.x‘q-}_

Y 3
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8 The diagram shows a point P on a circle and PQ is a tangent to the circle at P. Points 4, B
and C lie on the circle such that P4 bisects angle QPB. QAC is a straight line. The lines QC

and PB intersect at D.

u Q

)

B

(a) Prove that AP = AB.

YAPQ, = ¥ABP ( Alk-Seq Thm / Tingert— oo Thw)

Since PA Lisects 2L&r8,
FAPR = LAPB
& 4ABF = 4AP~B

%j base X5 4 XX
AP :Abcprwen>
(b) Prove that CD bisects angle PCB.

4ACB = JAPR ( Xs in the Same S&JMM)

)
4ACP = 4 ABP( :

2 XAPR (fom car )
Incr =3 ACP

Hence Co bisec’rs 2 Pce Cvaen)

[3]

(3]
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8 () Prove that triangles CDP and CBA are similar. 2]
IAR =4PCcD ( fromew )
Jcvp = 2enB (¥ inthe same scjmm")
Since there ave 2 paics Jb eol/ual. cafrcero'””"j 9“ )

ACOP and a cBA are Siamalanr prwua

[ An sfwalavajTut]
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1

9 (a) Show that the curve y = 2¢?" +5x has no stationary points.

.‘.‘ir :z[gﬁtj[l,] +5

>4
o
W Al A
2,
S5he €2 >0, t5>0

Sl
2 %>o4=o

[3]

the urve has no &%ﬂ%’onw Pivﬂs (SLloWh) .

5 ; 2
(b) Find the equation of the normal to the curve y = ————
o 3J2x-1

the tangent is parallel to the line 3y +2x = 1.

g = 2qanyg

Since +W\‘jfm+ // 3540-)(:‘

dy _z
dx ~ 3
f& 2-
T (2%-0) Ry -3

J

R .

Jex-1y?

(;27‘—1)3 = |
Ba-1 = 1

1]

1 )
g Kok 5 at the point where

(3]

3y=~axtl
J-—i—. ++
hy el i
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10 A boy cycling passes a point 4 at the bottom of the slope with a speed of 17 m/s. He then
cycled up the slope and passes point B at the top of the slope, 5 seconds later, with a speed

of 4.5 m/s. Between 4 to B, his velocity v m/s, is given by v =0.5¢" — pt +¢q , where ¢ is the

time in seconds since passing 4, and p and ¢ are constants.

(a) Show that ¢ = 17 and find the value of p.
Y =z0-5¢%-pt +9
when £t =0, Y =17 m|s
0-5(0)=pl0) +q
;.9
when £ =5, ¥ =45 mf
0-5(5)- p(SY+1F = 4-5
~5p =-25
P)E5

9
13 ( shown)

u

(b) Find the deceleration of the cyclist when his speed is 6.12 m/s.
Y :0.5t%-56 + 1%

azdvy _ t - 5
dt -

when v = 6-12m|s
0 54>-5t + 13} = 612
0-s5¢> 5t +10-88 =0

{%-10b+ 54% .0
a5

a5¢*~ a504 4+ 544 =0
(54 -34)(5¢—16)=0

-{;: Eg or e Lé
- o L
- b.g '
Q= 6g-5 a= 3-2-5
=g tg) I8

deccelwanon =[-8 mls

(2]

[4]



16

10 (c) Find the distance 4B in metres. [3]
S zj@'sel-st +13) dt
= iré t? a
5[_@_]_5[_2:] + (3}t 4C where € s A wonhud
G =+ Sttty IERL
W,\e"\tiO) S20 2 ¢c=0
- 1 43-542
S 4H-28 + 13t
when t = 5 "
- b7eY <E ot
S =(5-Z (8¢ 13(5)

= 4337

Jo AR 3T m
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T

11 (a) The thirteenth term in the expansion of [x3 - i] , is independent of x.
X

Find the value of n. [3]

Te = "Cpey™cur

‘ n n-i2 e
Tn.u * C,,("C3) ’%t,‘

1]

nC‘27('3h'36(— 4_:),«(7(4)"2.

3n-36-12%

= 06‘2(_4_)")(
4
= e -
Fr-l-erm f«AzPi' Q_ Re 4

g

An- 4 =0
3n=4¢
h=zlb
(b) (i) Write down and simplify, in ascending powers of x, the first three terms in the
expansion of (1-3x)’. ( | -3%x)5 [2]

: | + 5(:,(—300)‘+ 5C, (-3
= | 4 5(-3x) +10CAX)+ 777
= {-I5¢ + 90" + -

(i) Given that there is no term containing x in the expansion of (x —a)’(1-3x)’,
find the value of a, where a is a non-zero constant. [4]

(x-0Y¢ ) =15xtq0x ¢ - --- )

! &
= xﬁz¢x+a?)(|~“§x+ﬂoﬂﬂ'—"')
ikt S ¢

wj:f ,5% . = O
ffla(\‘)'l'alC-"S) =0
~2a -5 =0

|56 +2a =0
el Bar2)=0
2

Q =O(v-oj) 6y e = "
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12 The diagram shows a kite ABCD with AB = AD and CB = CD. The diagonals intersect at
M. 1t is given that the coordinates of 4 and B are (0,6) and (—5,1) respectively and the

equation of AC is 2x+ y =6.

B(-5, 1)
" x
Find
(a) the equation of BD. [2]
Ac: 2xty = b
Y= -ax +6
SfO‘AAC = = &
D) isabike : Since Ac b B0,
%fﬂ\lﬁp = 5
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12 (b) the coordinates of M and of D.

[4]

AL : 2x+j=6=) Yy:=-ax4+46 — O
&Y : 3-’“;"‘*% ——0 43
OHOR 246 = dx+ 2

it o
sd="3F
TN
\3-—2co+é
= 4
/Y)Ch'-f)

ABCD it & kite !

Midpoint €L Bo : MCLw)

-BC-—S,\) , D C }-13—')
=5+
M( 5'?—1: I “"'2) = ( |, ‘1—)
-5+ +
_&:’_20_ z | |.—2 = I
9~ /
~-54x=2 +Y = &
%> F Y =%
& D(,q")-‘})
| OR\
D(14+6,44+3)

*DL3, F)
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12 Given further that the area of the triangle ABD is & of the area of the triangle CBD,
(¢) find the coordinates of C,

(2]
(0,6
Ah')- Area §) APRBD L
' \ -2 v = %)
“10 e mow) —8 Prea § ACBD
X
% 4l x&D xAM
3y \ s - L
\\ L yxedxmc 3
.. ) /;,
t4 ¢ (0+4,6-8) Am L
me ~ S
s 664'[ —Z)
(d) find the area of the kite ABCD. [2]
¢c O A B
- ,II 2% BB
o I =2 3 6 |

4 [ (1o +28 + 42+0) - (4 -1t +0- 3°’J

=1 [
':Z(‘”)

= 60 anitg”
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13 (a) State the values between which the principal value of sin™' x lies. [1]
- g < Pﬁno&f’&' value % Sin?'x £ 12’—'_
- N qo°
(a) Find the amplitude and period of
: . rod 2 &
@) g(x):smEx awlihcle x 3 & P&r\o:‘ = 47 [1]
(i) f(x)=1+cos2x O\M?"'h»\c‘e o i . f&«io:l =N [2]

(iii) Sketch, on the same axes, the graphs of y = f(x) and y=g(x) for 0<x<27.
[4]

= 1 {20z hs2n

9(x) = Sin '!5_)(/
|

B
T »

27

X

2 ; e il
(iv) Hence, state the number of solutions of the equation smEx —1=cos2x for

(RS &0 Sin:{"f‘l'*w’l?‘f [1]
No'q sol?s =4

' . . & :
(v) The number of solutions of the equation m smE =14cos2x, where m is a

constant, for 0 < x < 2x is exactly 3. Find the value of m. [1]

M= 2

End of Paper
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax? + bx + ¢ = 0,

—b++/b? - 4ac

2a

X =

Binomial expansion

(@a+b) =a + (rﬂa“m (;Wa”bz bt (ﬂa“bﬂ L+
L) \J L)

n n(n-1)....(n—r+1)

n!
where n is a positive integer and rw = fp—p)l =
\)

2. TRIGONOMETRY

Identities
sinf A+cos?A=1

sec2A=1+tan? A

cosec?A=1+cot? A

sin(A+B) =sin AcosB +cosAsin B
cos(A+B) =cosAcosB F sin Asin B

tan Attan B
1 tan Atan B

sin 2A = 2sin Acos A

tan(A+B) =

c0s2A = cos? A—sin? A=2cos? A—1=1-2sin? A

1-tan? A
Formulae for AABC

a _ b _c
sinA  sinB sinC

a’?=h?+c?2—2bccos A

1
A= _absinC
2



A student learns a new topic from a teacher. At t days after learning the topic,
the percentage, P %, of the topic that the student remembers can be modelled by the
equation P =80e™ +20, where k is a constant.

(@) Explain why the student remembers 100% of what he learns from the teacher on

the day that it is taught. [1]
Whent=0,
P =80e*+ 20
=80+ 20
=100

(b) A week later, the student remembers 40% of what he has learnt from the teacher.
Find the value of k. [2]

40 =80e 7+ 20
20 = 80e(7)
0.25 =7
-7k =1n 0.25
k=0.19804
= 0.198 (3sf)




1 (c) How many days will have elapsed when a student remembers at most half of what
he has learnt from the teacher?

Give your answer to the nearest whole number. [3]

80e-0.19804(t)+ 20=50

e—0.19804t = 0375

-0.19804t = In(0.375)
t=4.95268

t =5 days

(d) A parent claims that in the long run, the student remembers nothing about the
Topic that he has learnt from the teacher. Do you agree with the parent?

Explain. [2]

Whent = oo
ekt =>0
80e > 0
80e*+20 > 20

| do not agree as the student will at least remember 20% of
what he has learnt.




Air is pumped into a spherical air balloon which changes the surface area at the rate
of 400 cm?/s.

Find the rate of increase of the radius when the volume is 288n cm?3, leaving your answer
interms of & . [4]

4 3. —
[Volume of sphere = En r*; Surface area of sphere = 4542

V= im*"
bl
2887 = im“
3
=216
=0
A=4rr’
ﬁ =8rr
dr
dr_dr _di
di dA dt
= L »x 400
Sxr
_50
ar _
When r= 6,
dr 50
dr 7(6)
25 )
=——¢cm/s
37




3 Itis given that f (x) = 4x3 + 6x%> —9x + 2k , where k is a constant.

(@)  Theexpression f(x) has aremainder of —125 when divided by x+2.

Find the value of k. [2]
By remainder theorem,
f(=2)=-125
H—8)+6(4)—9(=2)+2k =—125
10+2k =-125
2k =-135
k=-67.5
(b)  Show that (x—3)is a factor of f(x). [2]

7(3)=4(27)+6(9)—9(3) + 2(~-67.5)
=0

Thus, since f(3) = 0, by Factor theorem, (x — 3) is a factor of f(x).




(© Explain why f (x) =0 has only one real root. Show all your workings clearly. [3]

Thus f(x) = 4x3 + 6x2 = 9x — 135
By long division,

4x" +18x+45
x—3)4x3+6x3—9x—135

—(4x’ —12x7)
184" —9x
—(18x” —54x)
45x—135
—(45x—135)
0

f(x) = (x — 3)(4x? + 18x + 45)

Discriminant = b2 —4ac
= (18)% - 4(4)(45)
=-396

Since discriminant < 0, thus there are no real roots.
Therefore, f(x) =0 has only one real root, which is x = 3.




4

(@)  Prove the identity 2SINX+8IN2X _ s x

1—cos 2X 1-cosx

[4]

Dsinx +sin?2
. Z8IMX+SsInAsx

LS =—
1—cos2x

_ 2sinx+2sinxcosx

1—(1-2sin” x)

~ 2smx(l+cosx)

. bl
2sin” x
l+cosx 1—-cosx
= x

siny  l—cosx
3 1-cos” x
~sin x(1=cosx)
_ sinx

sin x(1 —cosx)

_ SNy e
l—cosx
OR
LIS - 2sinx +sin 2x

l—cos2x
~ 2sinx+2sinxcosx
T 1-(1-2sin’x)
2sin x(1+cos x)

2sin’ x
2smx(l +cosx)
2(1—cos” x)
~ 2sinx(1+cosx)
 2(1-cosx)(1+cosx)

__sinx RIS
| —cosx




(b)

. 2sin 2x+sin 4x
Hence, solve the equation

1-cos 4x

Leave your answers in exact form.

=3cot2x for O<x<m .

2sin2x +sindx

=3cot2x
| —cosdx
sin2x
—— =3cot2x
| cos2x

sin2x  3cos2x

l—cos2x  sin2x
sin” 2x =3cos2x —3cos” 2x
1—cos” 2x = 3cos 2x —3cos” 2x
2c0s’ 2x—3cos2x+1=0
(2cos2x—Dicos2x—-1)=0
cos2x=0.5 or cos2x =1

a=cos '(0.5) or a=cos (1)

o = % or a=0
3
2x —?,Tﬁ or 2x-0,2x
J )
5 _
o= %f x=00rej), 7 (ref)

[7]
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R
Y] UN>
XCcm
P S T Q

The diagram shows a semicircle with diameter PQ, with the point R on the circumference
of the semicircle. A rectangle STUV is drawn within the triangle PQR where ST lies on
PQ. U and V are points on QR and PR respectively. It is given that PR =8 cm

and QR =6 cm.

(@) Find the perpendicular distance from R to PQ. [3]

Since angle PRQ = 90°(angle in semicircle), thus PQ = V8 +6° =10cm

Area of triangle PRQ=0.5 x 6 x 8 = 24 cm?.

0.5 x 10 x height = 24
Height =4.8 cm

(b) It is given that SV is x cm. -
Show that the area of rectangle STUV, A cm?, is given by A=10x— EXZ :

[2]

Triangle RPQ is similar to Triangle RVU.

VU 48—

10 4.8

U =10-22x
12

2
A_X[]()—;SA‘J
12

10 25 2 /
= .3—1—71 (shown)




(©)

(d)

11

Calculate the value of x for which A has a stationary value.

ﬁ=10—§x
dv 12

(])/1
For stat value, — = 0.

dx
5
10— Ox=0
12
x=24

Determine whether this value of x gives a maximum or minimum value for the

area of rectangle.

A 50
x’ 12

Since du[? <0,
d”

thus, it will give you a maximum value.

[3]

[2]
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6 A calculator must not be used in this question.

(@)  Show that c03105°=ﬂ.
4

cos105° = cos(60° +45°)
=c0s60cos45—sin60sin 45

(GlEH=F

H
1-V3 i

(S

2

\/5\/3

4

&

[4]
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(b)

Use the result from part (a) to find an expression for sec?105°, in the form

a+b~/3, where a and b are integers.

13

sec” (105°) =

(cos105°)°
) 1
26
4 P,
o
8 43
16
4 2+3

[3]
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14

(@)  Given that 31 x2%1 = 2%2 evaluate 6.

«;.’-—I x 2,‘\'+I — Yt

N

S
3k 22
37 %2 =
(3IE3H=2 )2 =1
mnxézl

[4]



15

7 (b) Expressy in terms of x if log, y =log; x—1log, 4.

log, v =1log, x—log, 4

log, x

log, y=—=""~log, 4
) log, 8 N
log, x
logz y=—0r= —10g34

3 lOgl V= log: X — 3 log: 4

log, 1+ =log, x—log, 4

3 ’ X
I()g2 Vo= ]Qg: [_

64 ,
3 [‘t}
Vo= —
) 64
1.~
V=—4/X

[4]
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M
4 0
30 cm /E
/

N

40 cm

d cm

<+«
et

The diagram shows a rectangular picture frame 40 cm by 30 cm hung o n a wall.
The picture frame is rotated through an angle 6 about the midpoint, M of the top edge.

(@) Show that the vertical displacement, d cm, of the picture frame below its original

bottom edge is given by d = 20sin6 +30cos0 —30. [2]
siné):]—‘ cost) = b

20 30
/, =20sin@ I, =30sin @

d+30=20sin0+30siné
d =20sin &+ 30sin & - 30(shown)

(b)  Expressd in the form of Rsin(6 +o.)—30where R >0 and 0° <o <90°. [4]

T E——
R=~20 +30
=+/1300

p
o =tan” E}
20

=56.309°

cod =103135in (0 +56.3°) =30




(©)

17

Find the value of d and the corresponding value of 0 that will give the greatest

vertical displacement of the picture frame below its original bottom edge. [3]

d =103/13 =30
~ 6.05555
=6.06cm(3s1)

[t occurs when sin(@ +56.309°) =1
(0+56.309°) =90°
0 ~33.691°
=33.7°(1dp)
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9  Acurve has the equation y=(x+5)+7-x, where x>7.

(@)

dy . a-+bx
Show that _” can be expressed in the form ______
dx 2NT-x

. - E
a[(x+5)\/7—x:| = (5+x)(5J(7-x) 2 (=1)+ 7 —x(1)

_=y=%+ T —x)
- 2NT-x
_=o=x+14-2x%
- 27-x
9-3x
2\J7-x

(shown)

[4]
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9 (b) Hence, evaluate I6—_x dx. [4]
5 7—X
J'6 3-x ( )J‘63(3 x)
3 547 - x vT-x
=%( )[(x+5)\/7—x]6
=§( )[(6+5)J_ ]-[G+5V7-3]
~1(2)y-
= 5(3)[11 16]
__2
3
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20

0

\ L

.
L

0 .

The diagram shows a circle with centre C and radius 3 units. The tangent to the circle, L,
at the point T passes through the origin and OT = 37 units.
The x — coordinate of C is 6.

(@) Find the equation of the circle. [4]

Let Che(6,v).

3) + (37 =0’
OC* =9+63

OC=+72

J6=0) +(0-p)* =72
36+y° =72

v =36

v=06(y>0)

Equation of circle =(x—6)" +(y—6)" =9
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10 (b)  State the coordinates of the point on the circle which is farthest to the y - axis. [1]

The coordinates is (9,6)

A second tangent L passes through the origin and touches point Q. Point R lies on the
circle such that it is closer to the origin and is equidistant from the two tangents.

(c)  Find the exact value of the y — coordinate of R. [4]

Equation of theline OC is y=x.
It is the intersection of the line OC and the equation of the circle.

Sub y = x into equation,
(1=6) +(y—6)" =9
2(y—6) =9

(r-6) =2
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11 3

L lpag
P(3,4) 3"5(

The diagram shows part of the curve y = %(e*”X + 7) and the normal to the curve at the

point P (3, 4) which meets they —axisat T .
(@)  Find the coordinates of the point T. [4]

o
|
v
)
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(b)

Find the area of the shaded region bounded by the curve, the normal and the

y —axis, leaving your answer in the form (A + Be®) square units, where A and B are
constants to be found.

[5]

w— j:QI 1)“"110
2% 2
n=|

¢, KI:0)

A,m u‘{_ T‘S,Of' bcm\dld

L o < £ 400

"
l.-
7~
®
-+
E
}
)
~—
o

" "
.y o
@ ~
+ 0w

o
(V] S
. ®

: ~

o I
(X

"
|
a |
+
»
o
S
=
=1
“
3
>
il
)
]

End of Paper 2
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax? + bx + ¢ =0,

~b+~b* —4ac

x =
2a
Binomial expansion

n n n
(@+by'=a"+ a"~'b+ ( )a"‘2b2+...+ a - "y+..+b

\1) ‘\2) r
n ! -D..(n—-r+1
where 7 is a positive integer and = 2 = nED (Gaat D

r rl(n—r)! r!

2. TRIGONOMETRY

Identities
sinfA+cos2A=1

sec’A=1+tan’ 4

cosec? A=1+cot2 4

sin(4+ B) =sin Acos B +cosAsin B
cos(4+ B) =cosAcosBFsinAsin B

tan A+ tan B
1Fxtan Atan B

sin2A4 = 2sin Acos A

tan(4 £ B) =

cos2A=cos’ A—sin’* A=2cos* A-1=1-2sin* 4

tan2A=2ta_n;4
1-tan” 4

Formulae for AABC

a blp == 4

sind sinB sinC

a?=b*+c*—2bccos A

=labsinC
2
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1 Find the values of p for which the line y = x + 1 is a tangent to the curve
y=x2+@2p+3)x+p+4

«j:%ﬂ — @
=27 + (opt2L + p14
andt 8 mn O
W4 Optd) A+ pra = AT @
124 0prDL pt5 =0
gt 9 e Ot
> Deuiwmmavit =0
Opt2)° ~40)(pty) =0 @
497+ fp +4-qp 1270
4p7 +4p -8 20 @
prap- ¥ 0
(P)r:z)cpfl) =0
p=-2 or p- O

4



4

(x+2)

2 (a) Express 2(—2) as a sum of 3 partial fractions. [5] [’
2
W 2’ p B C -
20D - W P 22
2
()’ = A2 + BO-2) + L @

Wwen (=0 4 = B(-2)
B=-2

W X%=2, lb =4cC
c=4
wen 123, 26 =AE0) T () + 44)

25 =3P - 2+3b

T N

(b) Hence, integrate (2x +2)22) with respect to x. State the conditions, if any, that
- x(x—
applies to x. | B1E
2 a4 )
(?H'Z)Z oL = S’% 7 + -2 dx o w“skomjﬁ
Y2 (1D phere ©&°
W -]
Mo sam -2 4 qmrD te (M)
- '3‘%% t & 34 2 tC
r
Condib v X /%7‘;"/@
K1) >0
X772
o——%

— bt 17
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-3 (a) Provethat 1 + L =-2cosecxcotx. [3] ?

1+cosx cosx-—1

S e '
e CHUbL ) (sYA) @

Al
WX -

~ AwtX

L e )
- X

-~ - 2 M_K_),L- x 1

B any, SINX

= - X WX @
= RHS [Shcwrﬁ

(b) Given that cot © = -3 and cosé >0, find the exact value of cosec 26. [3] E/
(194' 4-%"\)

oY= -3

MV\Q > -5

')'(/MQ - Jr- <O<2"" 4“‘)

0 wm A BmadanT

it
w2l = Smp

o s
= 2mOs8
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4 (a) Show that %[x@x- 2)5} =(Tx-2)(3x—2)3. 31 &

E 4
,%c[wwz)%] A3+ (2 @
5 4
= 4y (3-D)° (21D
- (33-2)% [4x + (3D @
- (3-0* (0t -2)

- () (3%- 2

(%) Hence, integrate x(3x—2)%dx- h M
% 4 ¥ e G $S
§ (-9 B2y = X (B1-2F + G GZ.,,M
2)%+C
I (Bn-2Pdn - S;z(a%—l);oba - x ()G

f
g'f}% ’&X’Z)Ed% n wﬂ = % (% '@%f Ca
§

Z®
4, 3 xD%
2y (%xfz)go\x s -t 23 ,

s
Lulsx )3+ g (x-2)7 1

(% APt = %
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2 _ 4 for —90°< x<90°. [51W

tan x

5 Solve the equation 3cosec’x +

314 urx) 1 autx = 4 @
21 3@t 4 20t = 4
It 22 Fauwx -1 =0

Ut W= whx

dm? 4+ om -1 =0
(3m-1) (wmt1) =0 @

VV\>Jé> vy W\:-”‘

Wt 25 = 7
) e G
Vb{ 3= }\'f{)go e = 46°

Yy ¢w e & Frem A" 8

Q

K> A { B\ A= ~ 45

: Jrl-[o"(w\
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6 When the height of liquid in a container is 4 m, the volume of liquid is ¥ m® where
V =0.06[ (4h+1)*~7] and h=>0.25.

(a) Find an expression for i—: [2] £

V= 0-0b(a+) > 042

4
- 2
- ok (%ﬂ)z 0.}1(|bh+%1q+9
The liquid leaks out of the container at a constant rate of 0.9
. dh
(b) Find the value of — when V'=1.2. [4] I
s waem W= a ) A :
gy g -048 =0-2{4() +'3 At @ﬂ
"‘E -
’ o Sl Ay -048

Av . At § (4648

-0- -O?Q(AM*)J( @ )
% % r-O-ol;oM\

\I\M@\A \/:l'2/
2<0:0% (3¢
2 = 0-0b (Am)-3] //00\90\)( s Qi—
_ k4 r -0-15| (LA
(4\/)1'\)3 = 24 = %4 i [{HJ
4h+) =32

h=3 @@

(c) Briefly explain the significance of your answer for (b). [1] M

dV\ ¢ a wegmve vl 2 1w dezreawg O
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7 (a) Find the range of values of p for which the curve y = 4x* lies completely above the

line y =4px — 1. [4] V‘/)
y: " — O
|ﬂ:4P)L’| —@®
Slokr @ Wi @/
Ay* = 4Pt - S
412’QP)L+‘ =0 D

Np w9 DL

(,4‘))7'—4 D<o @

lbp* - 16 <0
-1 <o
CP'\)LY*D <D +§‘ ' F’
- 4pL @ e
(b) Hence, explain why ﬁ;—gx—” is always positive. [3] H

e (e e  4je \Wine

9 A’ 7 4L -
47(2»13@“1 7 0 @
o 4] 41 P OSPHEZ | <pta <3

Fow @) , -1<p<l 2 pri7o (DM
Guu Veth A% 4pLr) omd pr2 70 '

wl 12 a\v_myg posﬂwve. @

?’1’2
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1 1
8. The diagram shows part of the curve y =e* and the tangent to the curve at P[Z, e? J .

The tangent cuts the y-axis at Q. Find the area of the shaded region. [5] M

V a 1

To fnd equasn of Sangut hen o haded s
&YM = %:Qﬁx'i S 2 AX ‘TJ(;’E "’(E’,)XZ
. :ﬁeﬂ ngng— 2. #33%
WAZA X =2, N :’e*”‘ 2 3 @@3
S B
Ovad = He” gV “
A 2 2
e W7 HELAC 4, - e
1 J
(2/@2) _ 4??’4" %ez
- () , 4

g 3 2
s 4 &
(,Q(O/ ﬁéé @ 7 lD|/g/ Z\Mmm
= a2 wkd 0sh) -

20|23 -
zo |\
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ax’ -8

, x>0.
x+3

9 Given the function y =

0d ¥
(a) Find o 21

A (1))~ (G20 o
a’?z - (LrD*

i + bt —ax +§
(%12)*

—-—

ax’ + bax +¢
(413)*

-

]

(b) Show that y is an increasing function for 0 <a < % ) 31 M
Since X7 0
2
5 (M13)" >0

fw p W be dAn wueasny fanctm %m @

S 04>+ bax t¢€ 70 5 a>o.

e D<Lo @
(b~ 4)8) 40
Wp® - NAL0
4o - €a <o | /.
G >0 a(9a-9) <0 g %
o 3 g e
0L AL ¥ CSWWQ _—(f)—éfa



12

10 For a particular curve, i’x{ =-2cosx+4sin2x, where 0< x< —725 .

The gradient of the curve at point P (%, 1—?} is (1 —\3 )

(a) Find the equation of the curve.

W % _-j -2 WX, + 4imX AX

Y
oo- Q(QMX} + 4[’ {Q‘i}’] U C'I

f&} -y - 3 wax tey (T
wed % =%, 98z -3

-3

-3

~

_agn(B) ~2ws(B) 1¢, ()
3(8)- e
= -3+ {2 | A
"o &)
% = - Amx — ALK
4 ( —agmx -2a2x Ax
- o (ug) -1 G

V)

Yy

27N
sk - emx +Cz @j
W x = % V- |’.%
|-‘% - 2% fgm%ﬂcz
- & =2(H - Z 4.
(2 =1-%-1182 =0

N

E 20X = 22 & @

( \g’: )
2 /%‘J

4 5] H
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(b) Find the coordinates of the stationary point of the curve and determine the nature of
this stationary point. [5] H

Gaway ot %? =0

- 4mx —2 2% =0

g - 2( - 2m’x) =0 Wi
Soemx -2 + 4t =0
Ao2 ¥ - Umx - 270 /
X~ gmx = 1 =0 W

(X ) (&% t1) =0

X = | o QX :’E(Q\H@

A Al
%:% (N}) | @

(s (-b) I
x [T 2|3 .
M | _
0 0
A
(%, 0) w a Wﬁo{ et - O
Wh&n '7(':';[
§= 2053 -MY)
:lcoslj-sm\'
= g -0

=0
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11 Points A(8, 1) and B(1, 2) lie on a circle whose centre is C. The line 4y = 3x — 20 is
tangent to the circle at 4.

(2) Find the equation of the normal to the circle at 4. 21 £

W= 276’9
Wc%VWWMI yo W uvde ot A -‘”%

Nwal PAasses i B(81)
lﬂ = %XTC

)
= -4@tc 9 C=F

.—./—-\_\

£ N
. e 3y 17
: @ z 43*)(: il 2 @/
(b) Find the equation of the circle. [6] M

T bud pugodionr i & Ag
widgh g, = (%, 5
hadpe = 7 -
Gyad 6‘} PU/PUM\'W\W vigethw =1 @
Yz=TtC ‘
2:-3(Dte 2730 .
l \
Porgendi wldv YALRY A A Yz =20 @ )

y:te-20 —O

lﬂ:r%l +-@j /@
o O Wl & . o O
-0 =-ELAE ]@w

' -

(vl (uave (515) @



5 5B, AC&1) B(1,2)

YadM§ = W @

= Suwig

2 2 d
S ouvdde o (9 + yo) :;5#‘@

(¢) Explain why the coordinate axes are tangents to the circle. [1] H

e VA 1y Sumis and (e (5,5,
We uvide ¢ uthnyg the X and y-axg -

vy ave ’W\V)ﬂW‘U’ 4o W0 (Avve @

Ly vinatw axX
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12 During an archery competition, an archer shoots an arrow towards a target board. Given

that the arrow follows a parabolic path modelled by the function y = —116— x*+ % x+ % ,

where x metres represent the horizontal distance the arrow travels and y metres represent
the height of the arrow from the ground.

(a) State the initial height of the arrow. [11 E

wWig) %=0 %;% :I.:}Sﬁ‘v
Tutid w12 3w @

e

(b) Express the function in the form y = a(x— %) +k, where h and k are constants. [3] M
2
ld 5 = 'fE L™+ Jg x T j{-: .
A\
I
_1\@@&_2%—2%) (1}

g TLb [ 15 200+ “)*-1-28] Dmlj“

V)

")

= - (o> 2]

. Lt 9
—»TIO(XD‘}'TGQ?'_
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(c) Hence, state the maximum height attained by the arrow and the horizontal distance
travelled when this occurs. [2] E

Wi e > T w6128 @

Aol waen 0= 1w @

(d) Explain if the arrow will hit the target board that is 1.4m in height and 3m away from

the archer. 2] H
W X = 2w ,
~
TR ADRR OLE S )
2743

Wi awow dawele 4 addmtal ditiond B,

e Vi o4 w18 1 GBS A TS Wi
fvan e TAGE loonvd . _
C e wil nel Wit g Voard

£ Uy

when 9 =14

X=3-5Fm or xz -l-Stioth

NO,/"'
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13 The diagram shows a rhombus ABCD in which the coordinates of the points 4 and C are

(=10, 5) and (2, —1) respectively.

Y a /
IB(U,lO)
V/(._-k)iS) %
A (
w |
L & e
\ / (1)
D
(-&-6)
Given that the point B lies on the y-axis, find
(a) the coordinates of B and D,
Wit pe = (4 2) et DY)
b(0,1b)
bt )
badac = 25 = -3 . WO _ gy
x/\ 5 °
badgy = 2 D) = -§
P ) %:a%+c 410 . 5
widpr e = WP B >
(-4.2) Y=-
2 :2(’4)+C/A,ﬁ
cz 10 - D(’g”b)

b (0)10)
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(b) the area of the thombus, 2] E
_ -Q 2 o -10 i
R O
ea = 5 5 -b -1 10 G )

- 1Tbo4g+20 40 - (-40~ 12 '+O"O>L

2120 wiie? (;ji)
(c) the acute angle that the line DC produced makes with the x-axis. [21 W)

']‘OMQ: C,'YM(,D = e Cwmi]
md -3
ok
6= 26-b° Cidp) - (CA

End of Paper
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Mathematical Formulae

1. ALGEBRA

Quadratic Equation
For the equation ax” + bx + ¢ =0,

—b++b* —4ac

2a

x =
Binomial expansion
n n n .
(a+by'=a"+ a~'b+ a Wttt a"="h LD,
1 2 r

n n! -D..(n—r+1
where n is a positive integer and = — = nn D (n_r+))
r ri(n—r)! r!

2. TRIGONOMETRY

Identities
sin? 4 +cos?4=1

sec2A=1+tan* 4

cosect A=1+cot? 4

sin(4 + B) = sin Acos B £ cos Asin B
cos(A+ B) =cos Acos BFsin AsinB

tan A+ tan B

tan(Axt By =———
( ) lFtan Atan B

sin 24 = 2sin Acos A
cos24 = cos? A—sin? A=2cos? A—1=1-2sin’> 4

2tan A

tan2A4= -
]—tan~ A4

Formulae for AABC

a b c

sind sinB sinC

a?=b*+ c*—2bc cos 4

A= labsinC
2
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(a) Giventhat log,a=x and log, 5=y, express in terms of x and y,

Iog, 9a 3]

“125

- g ¢ logat =S
= 3'%2’ + Ji. - J "y

e

B]

() Solve 3*** —15x3*+4=0. [5]

- J
L L lnd = ™3

o inz = Iz o

L L

2 2
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2

8
2
- M . X
(a) Show that the term x~' does not exist in the expansion of ( }

[4]

X

Tre = @Crg:y‘r(’:/ug LD @
ey v % D
2

1
&
A
,’,
o
<
5
8&
1

(b) Hence, find the term independent of x in the expansion of
8
4 2
x % X

X (X™") = does not exist
16 ~2r = |
3 =18

. g (p)
]'}’_q—l
: v 55 o
. thederm = [‘E‘K?Cg (’é 3L~S C”%E‘} @
_ 716§

[3]

o
—
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In an experiment, 150g of a particular radioactive substance is stored in a container.
It is found that the substance is halved after 3.5 days.

The amount of substance present after ¢ days is given by N =150e™
where £ is a constant.

Find
(a) the value of £, ,k@.g} [3]
78 = (50 e, "
I % 4 S 3-5%_
- ok C.
© s )
Saslez bt 36k <2

(b) the minimum number of days it takes before the amount is reduced to 10 g,

[2] &
?O - Igo -0 {?gocF' é/ E
o IGE L I
¢ = (5
o gt = b lS
f o= el Q
. %0 ¢
/,x%:(PMW (4 ILHAWS
(c) the amount of substance left after 3 weeks. [2] F

o GE0(3¥T) o~
fNSIE ()

v 3.

:1%P?, Zg{ O 23 W)
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4 (a) Given Acos0+Bsin0=4cos@r— )and A>0, B>0,

Wy

find 4 and B. [5]

‘bw»g"\% @
s5 @

o = M2
Pie = &
o+ @e) = b @
Nx”a\\ = b
4 =W
A=K
N (\@

&):af&\

Use d-‘ffumu ]C:rmwlﬁ-
Aws® + Bsin® = 4 ws(0-3)
> 4_[0058(,95%4 siw© SM%J @
:@-OOS%>5‘°59 + (4*5'!\%—%)5;”9
A w56 + B si~O

- (3
A’A('(ﬁs\}

= 4(%) =2

B = 4sn5
C45)- 28 Y
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(b) The triangle ABC is such that its area is 5(12 +93 ) cm?,

The length of 4B is (\/E’a_ + 2) cm and angle BAC is 60°.
C

4 ( \/3 + 2) cm /i
Without using a calculator, find the length of AC in the form of A+ k\/§
where & and k are integers. [5]
Prea 66 ARBC

i(hc)(.l? +)sab0 = L(121 9.3) @
o2y (3)(E) = 36 ) J

_ 3(4+al3) (3-1}_2_) v
fic = ) sz-.\@) @

301+ 98 —PE ~(P)
7 -/ @

=  3(-t+R)
~3

= (6-8) ow @




PR and SR are tangents to circles ROST and PQOR respectively.
PQT is a straight line and it intersects RS at U.

(a) Prove that PR is parallel to ST, 3]

HAPQ = X ARS ( Adumade QGJ?NJD @
£ ST3 =xX@Rs  (Fs in f gt P%W‘ML)@

e %CS\@ W,ﬁ aH;’S%
¢ :&//ST (A] W¥§

%T’

/
(b) /Prove that triangle STU is similar to triangle RPU, 2]

U § ‘
xRuf = zﬁ@ (wrhcally — @
oo = FSTh (oot @),

: N



)

(c¢) Name another triangle similar to triangle STU.

ASTU s dwjas o A&lRut .

(d) Hence, prove that (RU)* = PUxQU .

DRPW s Srvmlt\a/ o DKy

o

QA ﬁ&w (shaw @

@ =

[1]

[2]
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40cm

I

-y

16cm
The diagram shows the cross-section of a solid cone of height 40 cm and the base
radius is 16 cm. A cylinder of height 4 cm and radius » cm is to be extracted from

the cone.

(a) Express ki in terms of r .

(%L(f SF‘VVL;(NA.S’) NN
_fl_“_:h, = I M 2-
xn b
oy @ N
4 - To B T
n = %0 737 v

(b) Show that the volume, ¥ cm?, of the cylinder is

- S5ar’

(16—r).

FE o~

V = TU‘?/[’I 7
o> forst) .

P ﬁ\,
s (b (rB CQ”!_(‘MO @’
N

[3]

[2]
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(c) Hence, given that r can vary, find the maximum volume of the cylinder and its

B 5)
V = 517;{1(/6 ">
= wop? - T
= on -z
it
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12

(8) Show that (x+1) is a factor of f(x)=2x’—3x"+(k—5)x+k,wherekisa
constant. (2]

W= -—|) {(,‘8 < 'Z.C"(Sa ——SL"AFI/ '\’ QC’E-\(,FD {_L @)
J = -2 -3 -kt§ tr

- by o Tz, G i o fockrg o0

(b) Express f(x)=2x’-3x"+(k—5)x+k in the form of
f(x) =(x+1)(Ax* + Bx+k) where 4 and B are constants. [3]

2l ~20 H Dtk = (M,)(Ag}.»re”y

B com?&“':‘)"g %')O
‘)é\k/ﬂ\: 2303 ':'* A”% \
w=1 2~2+k-§ +tl = 9—(2+E+k)
I 4y 2B t2k
3% = ~|0

e = -S @)
t);CDL—kf}C%{/L»Q’Li—Q @
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© feo !

i |

/_1

Given that f(x) =2x’ —3x” +(k —5)x+k can be represented by the graph
above, find the range of values of k. Justify your answer. [3]

+0) = (et Yl '—§L+k) ' n Y
S Hel Ot[ﬁ ora_ real_ teat @
j,rﬁr-gfx_ + has 1o rad_ rovt, |

LY - 4@ <O @

o€ — <0 , O
g R
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J2-1
N

8 (a) Use the identity for cos24 to show that cos67.5° = [4]

C)_)té?fﬁ coc 126°

= —(o845 @
= —&

oS )_A - &C@Sq’A’ - |

. '167.;‘3 — |
s 35 = Aedbld -
—GAT o bl

b~ Gﬂ_ J=
oas = L2
(o¢ 618 = Q-\B-— J:\J__‘

F*W

M




' \ Max-mia . max —C-19) _
m_ﬂx+_':‘n_ = A y; — _i-—-—-z> ) ) 3
15 - ,6
~10 _ = moax+10
(b) The temperature (°C) in a chemical storage chamber is given by the functlon e
H(t) = A+3sin Bt , where 4 and B are constants and t represents the time in

Q- C : min hours.

atc:m o (i) State the value of A if the lowest temperature in the chamber is set to

—10 °C. Hence, find the maximum temperature in the chamber. [2]
o AL 4
A +3(-0 =10 3¢2smBt <3 A
A= @) [BdzArzepeatd

W\(I)C WM KN’ +3

(ii) Given that one cycle of H(t) is 6 hours, show that B = Z. 2]
B(7) = > n ZTL
y e O
= Jl @ = 2-1
Cﬁ\ow 0= B

(p=2T
B=L (show ")
(iii) Find the duration per cycle, to the nearest minute; when the temperature is
above —6 °C. [5]

Y= 3siale -1
.—1 + 3%/\ Tt =

g
- s Y =
Sl/\%’b = U“ Z’“!) O %

‘ ¥ = S 2
‘ E ~ oonagf M

e = 0.33%% | (T -032961 2.6¥5%¥h -

S 0-32452
L 3 q 3 (T(—ozl%’«ﬁb @

o g_(ﬁpo.&f’l%cé ——-%Lo-%’ﬁ?ﬂ) @
Duehon T; ~ 22 (endg)

~ 2 _%@OIK

_ aon 0.28098X6D wir
- on My
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9

An object in motion with velocity v m/s is subjected to a resistive force of R N
(Newton) against its motion. The table shows experimental values of the variables v
and R.

v 5 10 15
R 32 96

20 25
180 290 410

R and v are known to be related by the equation R = kv?, where k and § are
constants.

(a) Express In R in terms of Inv.

[1]

IR = Ak 2l iy
\f: m7(+c = \’(:(hR / m:P
X=lhv . C 2
(b) Complete the following table and plot the graph of In R against Inv in the [3]
grid provided.
Inv 1.6 23 2.7 3.0 3.2
mR | 35 | 46 | 5,9| 57 | .0 @

(c¢) Use your graph to estimate the values of kand .

[4]

LR = phv + lak
Pvm Graph

[k

|1
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10 A particle moves in a horizontal straight line so that its displacement, s cm, from a
(ixed point O, alier ( seconds, is given by

s=2t3—£t2+35t—40 )
3 2

The particle reverses its direction of motion at time ¢, and ¢, , where %, >¢.

All positions on the right-hand side of the fixed point O are considered positive
displacements.

(a) State the distance of the particle and its direction with respect to the fixed
point O initially.

\mwg, e paricde s 40“’“’*““""‘6‘ % Pa'mfo.@

() Find the values of 1, and 1,.
s =
v :%t =2t - 4t +3€ (W)
26 -f42¢ =0 .
(at-5)3-7) =0 ®
4-5=0 &~ t-]=0

e85 (k)

3 9> — &0

[1]

[4]
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(¢) Find the total distance travelled by the particle in the first 10 seconds.
P
s =28 - Le7 425t -k
S L

sy =~ wm & t=lo
5 77 N\
S\ = ~_= L
9(‘:‘») 2 om (Mg
rq /
o(3) © %
_3(5 p, %%

s(fo) = 3/ @% 3 L %

[4]

Tl Yobare = 4(-%3—9(07

=1, _ lrL i\

- L
V= -3 + 3¢ v
Bk LU NG

£=7, o= #WD-19

- ch/g%

End of Paper
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Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax* + bx + ¢ = 0,

2 —b++b* —4dac

2a

X

Binomial expansion

(@+by=a"+ man*m @w%ﬂ e (nja""b’-I- Sigeae
'a

n! _ n(n-1)..(n—r+1)
ri(n—r)! r!

n
where 7 is a positive integer and ( J =
r

2. TRIGONOMETRY
Identities
sin® 4+ cos’> 4 =1
sec’ 4=1+tan’ 4

cosec’ A=1+ cot? 4

sin(4 * B) = sin Acos B + cos Asin B
cos(A £ B) = cos Acos B ¥ sin Asin B

tanA4+tan B

(At By s ————
lFtan Atan B

sin 24 = 2sin Acos A
cos2A =cos* A—sin? A=2cos> A—1=1-2sin’> 4

2tan 4

’can2A=—2
1-tan” 4

Formulae for AABC

a b ¢

sin A - sin B N sin C
a?>=b*+c* —2bc cos A

1
A= —absin C
2
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The equation of a curve is y = kx” + kx + p , where p and k are constants.

(a) Show that p > % for which the curve lies completely above the x-axis [3]

k>0 i
u no veal roots

X S Discriminant< O
b-tac < o

(kyackyp) <o @

lk*~ 4kp <O
k(k—4—r) <o

Since k> 0O

k'4P<O @

k < 4p
4p >k

P * "i' ( Shown) @

(b) In the case where k = 2 and p = 4, find the values of m for which the line y =mx—4

is a tangent to the curve. [4]
Y o« 2t pibd —— @
:j z mxX —4 @

© -0,

2x%s 2x+4 = mx-
2x2+(2-mx+8 =0 @
For live. i, & hUent 4o the wurve,
discriminant , D = O
9 bPlac=0 -
(2-wy- 4(2)(%)=0
4—um+mi" 6‘[’ = O
mi- fm-60 =0
( m-10)(m+6) =0

m=10 or m =

[Turn over



20> 4 T2l +5x4 6

(a) Express Z+2) as the sum of a polynomial and a proper fraction. [1]
x(x” +
i
%3+2X, IZX}_‘_ :}x1+5x + 6
=t Pax )
I+ +6
Q43’8 xtb gy Fashx +6
x (L>+2) x(x*+2)

2% +7x* +5x+6

(b) Hence, express = in partial fractions. [5]
x(x"+2) :
2. vt b Bx + €
XX 2) X Ve
Tttt = A2 4+ x(8rH+C)
when % = O .
Acot2) = 6
ah= b

A=3 D),
%j wmpm{r\\j vot § 4 ‘qs

X AR =]
e

oen ©

\
3 4 1% Sx b B KB
20 s nli B L ey O

ARG 2D



) . cos cos
3 Prove the identity J adg Y —Dtanx. [5]
cosecx—1 cosecx+1

= R
(wsec X -\ (ﬁ“c%‘l'l

= COSX((p&evaH) +w5x((.o;,u,x—|) @
@y~ (o>

R B 1
= wS % { Sin *'3 + [ Sink @
(psecli— \

PRI (‘0__;(‘__, +(° /(,037( - 8

\ - S?nl« /i— Cin X /
2 2 pueg

\l{—xu\i:ws-cci . .

Cot

2o - W
Sin‘L - /_(;-_\.;—x// O

"

[Turn over
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(a) Given that y = (x—1)v/4x+1, show that 02 can be written in the form - o
b Vax+1
where p and g are constants. [4]
ot w= x-)| " b . J—Z’GT
ooy / Ve (4x41)”
i dv _ Lc4xm 5
—--)'(": ;( x )
o 2
]
= =
TP .t B
i I M2
X Gx+
x4 +2x-2 @
x4y A2Ro
Jaxn -
& éX—'\ \
s D (shown
Jax
(b)  Hence evaluate _[6 a1 [5]
24x+1
b

%__%_i"clx 2 [cx-nﬁ?ﬁ}i @
2

AT @
b x u‘sé Y'“ dx = Ku«nﬁml‘[”‘ 3
2 o g W

\ -3
b X = S(’ (4”\)—/2&* 4 s - O /
of Fam v -

2-

-'/,+\6
- X‘t""g g 05 = @

W

6 %
L - y
= b,

\1

‘ixﬁ?‘ﬁ}* >

= /“‘5'33"’22 @
2 v

.2
bR in

v B
3 !q—x#\ 6
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A
5 Solve the equation 3cos A—sec4=5tan 4 for 0 <&<2x. [5]

sush - R BSA @)

Sws*A -1 _ BginA
los A oS A

3 [ 1-sin*A) - 5 Sin A
ws A _
3 - 3gin A el :_,E,__S.LA
— wn @A
-3 GA _ Esmh

S h s A

- = O
wsAK 2-38WwWA - 5“”‘}

G -3\ = ©
(,osA{ 3gin”A ¥ BW\A- AF}-\) =0 O

SC-4) - 1)Csm $ul* O

' y ws A ( 3sin K L A=1) L 8in A

. B8
s A = O or PR - ginh=-

ed Sin A= :(éd R (»ej
( " _L__ cannot ot 33983 " -
s A éejlﬂe‘\) w,fé z0-
0V¥5& -

. g%, 2% '
£ e .o 350

r o340,

ec'\'d )

[Turn over
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8

It is given that y = x’ + px* + gx+10 where p and ¢ are integers. The only values of x for

which y is a decreasing function of x are those values for which 3 < x < 7.)Find the value of
p and of q. [4]

J{,, cfecreminj J@Anc&‘on/

dy
el

Alee 73 e + (ﬂ;‘“”")

dde o3(x-3)C%-F)
g )
= 3] Corx - 3xt 2]

= 3[7{‘- |0n+>|1

= 3x- 30Xt é& @

3 WW\\?‘W"“g )
2p = - 30 5 ‘1’@3@

z-1S
O



/ @, 9 / 0y,
The line 2x+3y =12 intersects the curve y* = 4x—38 at points 4 and B.
Find the value of p and g for which the length of 4B can be expressed as p\/g :

From @, 2x= 12-3y — €Y,

Subst . @ ik @,
feaep 6

2

j = JQ-bJ’g
j’+e - 1b=0O

(3+ 2)63—13; o @

3:-—6 oYy Yy=2

[6]

l X[: Il’}('s) lx”' é
-21.: 36 7‘/:3

g X e V)
* B3, @

AC1E, -8 ()

Leﬂﬁ”‘ % AB = JCig-ay+ (-5

= lz1g+mo

® 33y

= Fj@

5m‘7awtson, p=K ol/c|7>.

[Turn over
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10

1 1
. . TR X
The equation of a curve is y =5¢ 2 +e2

(a)
appropriate.
B
Jese*+e
% | phest (AT TR
&l 1z
L Let W
j},;%hbmg ok
dy .
= e O
he Lo
ettt ®
i
Xezx’ %&o K é’&x
%= 5
‘nex: ‘hg

Find the coordinates of the stationary point, in logarithmic and/or surd from where

[5]
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(b) Determine the nature of the stationary point of the curve. [2]
d sl 16 ufizss gl
el A
X
CI; =~5 -ix A L Ele _l]
J,; ;[6 J[=]+ = [¢ J[?
o ~xX B\ b pde
SRR 1A T AN 1)
When X = ln 5 )
d*Y
e 7 ©
? (‘hs) lJTg" ) 15 & iRt Mmum ?o;'n:(z'
dy
ax
(©

Explain why the gradient is an increasing function for all real values of x.

A(Jw )

(2]
afayy_ Jd* i &
HE) e+ 5T

1 -
Civee §°%° > o ,  e*">0 @
_4+x O
> +Ze 7

-

2 %mm (¢ an .mm;mm fun chon

{w all /00\/\ \IW\M’M ‘% «K - CL#‘(?W)

[Turn over
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3(x+6)
x+4

A particle moves along the curve y = , where x #—4, in such a way that the(y-

coordinate of the particle is increasing at a constant rafe of 5 units per second.

Find the x-coordinates of the particle at that instant that the x-coordinates of the particle is

decreasing at a rate of 2 units per second. %gté 5 oD e /S [5]
(8
VR
x+4

AM -3 / J—\&= (
-gz—
do  Blutd)-(3%H1E
dy © ¢ xt4)”
3)(,-&12-3""6
( X+4)*
¢ g
XA
dy by o
RO AT
4. 8 _oxedd @
T ek
(x+4)*
= 324
4(x+4) = A58 @
(7(4'4)2: 3|
x4+ 4 =-1
4_=q or
wF X ~%=z-13
fx:

[Turn over
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10 Jade is a parkour enthusiast who enjoys jumping between built structures or obstacles.
One day, Jade decides to jump from one 2-metre-high structure to another of the same height.

The path of Jade's jump can be modeled by the quadratic equation:

h= —ﬂgtz + 5t + 1 where  is the height in metres above the ground after 7 seconds.
il 3 ‘ »
(a)  Rewrite 4 in the form b—k(t—a)’. [3]
o - B3P
h= - 247+ 581

TStz + @
[T+l ()

= - 5/1_\V+ 5
Z(t-0 1t 2+l

L

V|Gt

- _;(£-|)2+ 3L

= 3% -2’ &)

(b) Hence determine

(@) the maximum height that Jade reaches during the jump, [1]
2
(ii)  the time at which this maximum height occurs. [1]
= |1 s

(©) Find the total time Jade spends in the air before landing on the other building. (3]
(Ahen h s Z mv

-5 V+3% =2
2

-3 (%- N= -3
2 2

t =934 4 - gy 02254
total Q&'ﬁfe = 11 - sy 002254
= | 548

ft
41
or
| 7))
o
)
%)
=
(S
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Y, y=4x

y=4x-11

(240

The diagram shows a parallelogram OABC where O is the origin and 4 is the point (1,4).

The equations O4, OC and CB are y=4x, y= %x and y =4x-11 respectively.

The perpendicular from 4 to OC meets OC at the point D.
Find
(a) the coordinates of C, of B and of D.

v
O eary B

£ :‘j: 4x-1)
J:é’% @ EQ"’%OC’
00, 4x-n = '_—’3’)9
Moy =l @
x=3
U:ém:

D. Lt DCM,3™)

[6]

5«-“‘:’3()("9
EGe ) po - sz-}xﬂ‘
g on: Y= 3%

[Turn over

©o Bt gl e0)



®

(6 onhauehon . |
area of parallelogram OABC

Method 1

14

§)

4/»"3

Al,4) 437

. B(4,5)
J 3)=(‘é>

0 C B
¢ Tz %
L4 B

15

[2]

gL, e (D
(8)*( 31)"(3,) Lot BCh )

Methal2 Sinwe OABC S 0'//’°3'“"“
% m;AFO;"+A ¢ M(JFO)’J"O‘B

(42 4)(22.5)
( 33 %): b;,%)

 he4
k 5
\ ® . Bl45)
Method &)
E@” AB }j 3x+_—
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A radioactive substance undergoes decay. Its mass, M grams, after ¢ days is defined by

M =ae™ , where a and k are constants.

The table below shows some measurements of M and ¢.

t (days) I 4

i

10 12

M (grams) 1.40 1.06

0.82

0.63 0.53

In M 0-34 0.06

(@

1S

-0-20

-0-96
Plot In M against ¢ and draw a straight line graph to illustrate the information.

t i !
i .
{ { {
; ] |
1 §
5 H
} 1
R R - R - s .

| ]
¢
i

H

}

- 0.-63
[2]

Y:zIlam
X = 4

W‘\(re

3

e T Shwight
. (orrecT PoinTs/ Line
* Lobel /copect SCale

[Turn over
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(b)  Use your graph to estimate the value of a and of &. [4]
From the 3""?"’ 1Y s @
a S 42
0ge® = u
a- ¢
= |- 521 9 6

:[.52 (334)

adient =72 63+0- 2 @
ar 2 - T

= —0.0gé
_K = —O-Ogé

k: o.Ogé

E

(©) Use your graph to estimate the time taken, to the nearest day, when at least 60% of

the radioactive substance has decayed. [2]

600/" c]ec?jec( -_— 40'% PreS»en‘t

_ 4o 4 1-52196
400/" m = —ITD—J X

= 0608:”

In 06083 = -0 49624

~-0-50 @

Trom the @mflv
t = o4 days

. dime token = [} clajs @
(neaves + daﬁ)
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13 A circle has a diameter 4B. The point 4 has coordinates (1,—6) and the equation of the tangent

to the circle at Bis 3x+4y=k.
4-3:-3764"0

(a) Show that the equation of the normal to the circle at the point 4 is 4x—3y =22. [3]

e
—e-
o
‘ F 4
S/
V’*
/
]
|
\
\
\

= -2
il

B
gradient 9 +a"36njo .
L ah B = & o Smotnoﬂ“
8mA:en’c db i =

A ot A @

E&V! 6}; Y\orma\/ 8 A ACH-6)

:lj’ jl : m()(~7(l)
3,,(,:%(9(—\) @
e T -4-6

P 1y 1
'3: %7‘- % '
2
%1’5 ¥ ‘%’ @
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(b) It is also given that line x = —1touches the circle of the point (-1,-2).
Find the coordinates of the centre and the radius of the circle.

Hence, state the equation of the circle. [5]
Since X -1 douches the wrcle at pr (=1, -2),
$o ealuah’on é% noymal ot (=1, -2) is @

j: 2 & Hhis passe tho +he cnbre cfb el

Ye -y @

[
M'%jhn -——"‘"@

S'ALS“" @ Tnde @)
4)(-3(’1) =22 @

4,x’ = 22‘—6
4—9(:1(7

Xz 4
Centre ‘% wrde s (4, =)

¢ (4,-2), AU, -b)

ea&{‘,\s & (4’024' {~at 6)2'
= i g +1b
= 5 anits @

EQ % drcle

(x-p4(ynTe 35

[Turn over
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(c) Find the value of k.

A“; "6), C(q.l ,7_)/ B(m’/n)

I —é_iy):—l
s 5
[4m=§ ~ bin=-Y
m:=% n= 2
3ct, 2) ()
3x+4j = K
L =304 402

— Ew o PAPER -

[2]



FORM ACAD
NAME CLASS CLASS  INDEX NO.

Solutions

ST. PATRICK’S SCHOOL
PRELIMINARY EXAMINATION 2025

SUBJECT : Additional Mathematics DATE : 21 August 2025
(4049/02)
LEVEL : Secondary 4 Express DURATION : 2 hours 15 minutes

Candidates answer on the Question Paper.

READ THESE INSTRUCTIONS FIRST

Write your Name, Form Class, Acad Class and Index No. in the spaces at the top of the page.
Write in dark blue or black pen.

You may use an HB pencil for any diagrams or graphs.

Do not use staples, paper clips, glue or correction fluid.

Answer all questions.

If working is needed for any question it must be shown with the answer.

Omission of essential working will result in loss of marks.

The use of an approved scientific calculator is expected, where appropriate.

If the degree of accuracy is not specified in the question and if the answer is not exact, give the
answer to three significant figures. Give answers in degrees to one decimal place.

For z, use either your calculator value of 3.142, unless the equation requires the answer in terms of =

The number of marks is given in brackets [ ] at the end of each question or part question.
The total of the marks for this paper is 90 .

For Examiner’s Use
Type of Penalties Question Number
) -1
Units
-2
P i -l
resentation
5 90

This paper consists of 19 printed pages including this cover page.



2
Mathematical Formulae

1. ALGEBRA
Quadratic Equation

For the equation ax® + bx + ¢ =0,

_ —b*+b* —4ac

x=
2a

Binomial expansion

(a+b)y'=a"+ (YJa"—ler (Zja"—zb“r .t (n)a”—’b“r b
r

n! _ n(n=1..(n-r+1)

. .o, . . n
where 7 is a positive integer and = =
r ri(n—r)! r!

2. TRIGONOMETRY
Identities
sin® A +cos’4=1
sec?A4=1+tan’ 4

cosec’ A=1+cot* 4

sin(A £ B) = sin Acos B+ cos Asin B
cos(A £ B) =cos Acos B ¥sin Asin B

tan A+ tan B

tan(A£ B) = m
sin2A4 =2sin Acos A
cos2A =cos’ A—sin* A=2cos* A—1=1-2sin* 4
2tan 4

tanZA:—2
1-tan~ A4

Formulae for AABC

a b c

sin 4 - sin B - sin C
@’ =b*+ ¢* —2bc cos A

1
A= —absin C
2
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In the diagram, P, Q and S lie on a circle. The tangents to the circle at Q and S meet
at R, and PQ is parallel to TR. SQ and TR intersect at U and PT = QT.

(a) Prove that ATQU is similar to ASRU . [5]

et TP =T =% | (TP=TAQ)
SR = ¥ Tag = (Om Yo, R7AQ) M
XQtuw =¥ Taf= o (ot Xo mrag) m
£ASK = {SPE = ( alternodke W)' mi

X QYT = XRug Cuc,rr}cca@j dhﬂpos‘-'v‘&\ i
LOATQW ¢ somllar +o A SRU UHD M

(b) Hence, show that a circle can be drawn passing through O, R, S and T.

Sinee XATIR = XAQSA,

OR s o chod < wde @RST (3 nfhe sume

[1]

(c) What conclusion can you make of angle Q7S and QRS ?

X QTS + ¥QRS = (8] (S’mc{)éﬁi?ﬂ oppouie

ap )
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(a) Solve the equation log, x* +log,, x=-2.5. [3]
log
2lg X T _939'_ = -2
l%" lo .L‘+ M|
2

> n
f\eb}+ g = T
log, % =~
& i
L=
=0.443 (22@// Al

(b) A cylinder of volume (3\/7 — 6)7[ cm? has a height of (2 +7 ) cm and a
radius of » cm. Without using a calculator, obtain expression for 72 in the form
(h NG ) , where 4 and k are integers. [4]

T ) = BA-G7
o= b Qﬁ_} M|
(2+d7) (2-47)
el =1 —2() + 207
3=
ESTTY
=2

- (H _ 4/-7> y M|

1"
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3 A man suffering from insomnia took a sleeping pill at 9:30 p.m. The initial drug

level in his blood is 6 mg per litre. After 7 hours, the amount of drug in his blood is
Solyiqhfere N = 6(0.7)" mg per litre.

(a) Calculate the amount of drug at midnight in per litre of blood.

[2]
N < é(o.?jr

T=28 e elo?)’ M/

(b) Tt is found that when the amount of drug has fallen to below 3 of the original

level, the man would fall asleep.

Estimate the time, to the nearest minutes, that the man is expected to fall asleep. [3]
T
N = & (o7)
N 3

—

s 077
M%) = Tl0d M
T = "‘(%FX
'/\0-7
> agocsc h (kéo)

N 42.394 WA (
T;/M« = 9-29 "(‘4(1 mmis o

-—

- lo:((]rm,/ Al
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4 (a) Giventhat (1+hkx) = 1-12x+63x” +.... , find the value of k and of . [4]

L% "C ) + YT = L - e 462
/\l‘ = -1 M|
e -1
k 2 O,
|

nN. v
AL = 63
e;(C:r\-L)l‘c "

n(n-l‘)k“' = 136 ———@
Pt @ ko @, nmﬂ(—%"; (26
e (n-r) = 126
n

(44 n =144 = (260
[0 = 144
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(b) In the expansion of (1 —2x° ) (3x2 + L) , find the term independent of x. 44

2x
(34 53

Tou =0 G (&) "
_ qC,- (?j.r C‘C(?—/) &y‘ L-r-
- 96"_ (3)9—/‘(_i)r xl&’ﬂt‘-!‘
° (8-2r =0
‘5( nx o - =g i
7-6, \&
ndependoit e, = () (2
_ se7
16
_3
for 1§-2 = -2
%= o
R my
41 o AP -3
T = ¢, 03)7 (4)
= &l -
£xy X
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(a) A, B, and C are the angles of a triangle.

Show that ceSC = — A+ B
e )
C = 18 -(AtR) 8

i G = a8 (hour)

(b) (i) State the exact value of cos(+390°)
s 390) = eot 35)
= |3

>

(i) Hence, by using double angle formula, find the exact value of sin(+195°).

led o= 390
L = ‘s

0

sin’(f’iﬁ = 1= co;:( 340)

-3
L

= I
=

2
= &=
7

s'm(l‘ls") = Ja-5 . PG
= . =

03)

_gd’ Ol

Ny

W

7

2]

[1]
[4]
aEJ[;

79\‘1"9

Ax
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6 (a) The graph of y =asinbx + & has a minimum point at [37” , = 2) followed by

. . b4
a maximum point at (T , 8} .
Find the values of the constants a, b and A. [3]

£-(-7) _ V\/\| (%,?)

A’W\P“m ,Q,:' D~ —’%
-~ & _ 2
L feried = 5 - % o8,
Y

—

[ feriod = 17
h = -2 4§
=3 M
(b) Hence, 7 ,
(i) sketch the graph of y=asinbx +#h. (2]
YA
10 w

T V2N

N

<

.,
<

~10

(i1)) By drawing a suitable straight line on the axes above, find the number of [2]
solutions for asinbx + h = zx+4%.

A -
KL~k

l SDkMJ’I'On. A
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(a) Show that (x+2) is a factor of 4x” —3x> —16x+12 and hence factorise [5]
4x’ —3x* —16x+12 completely.

ek gy = b -3~ t 1L
FCD) = 40»}3 —ZL—»)m—-cA[—Q 11

m\
— -2 - [ 32 1

GZ‘ @Jﬁfﬂ;r‘&ow, C?t*l'?; 63 a,zfat%ﬁ‘/% FC). M|

ko -l +b
s oo b 12
A8 "
—ly-th
—[' V’g)_,t

bw 1N
£

ur _Z—

f(u,\ = (et \5 (4y" —1 2 -(-é)
= (n+2) (7("73(4““/—2)
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(b) Hence, solve the equation 4(9°)+12(37)=3"+16. [5]

H@)+ = 8y ¢k, i
4@‘3 40y = &(3‘1)\"'" [6&9

4 (3 - 3() - u@) +1x=0 i
FedEGa) o.M
d o
e ° T @)
= ’\)‘
NP B

=0.62\ = —0202 (gg_‘@
A2
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A particle, travelling in a straight line, has velocity, v m/s, given by v=4cos3r+2,
where t is the time, in seconds, after passing through O.

(a) Find the first two instances when the particle changes direction of motion.

vV = Feedt +y =0 M
0@&2{/‘:"%:~_]£’

[3]
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(b) Find the total distance travelled by the particle from ¢t =0s to ¢ 7@ jg .
Q

5= [hepsst 42 dt .
%I:g'wf\?f(’,-!-n-{/ +C

]'l

W= 0 + g+c =0
s = %32(\3‘{’/ + ot M\
3T\ o 4.2md] | 4
Y 280036 un |
) = n (4T
S<q) = %slﬂ(_é_>+%l

~ 63782 M| S@% S(%S

S CIS = % s’\'f\l% _(__‘)_L%) ’r—é

= “& +T wlh S(O) 5(%2)

Tolel dichnce = S(8)- 409+ () (—f)+sf Q(

- &C%J-,L Q@ — 98(%@)

362 2 A

(1

[6]

_—

1/
9
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M
A
6
30 cm /X

v

40 cm

— =t ———

dcm F

The diagram shows a rectangular picture frame 40 cm by 30 cm hung on the wall.
The picture frame is rotated through an angle € about the midpoint, M of the top
edge of the frame.

(a) Show that the vertical displacement, d cm, of the picture frame below its

original bottom edge is given by d =20sin&+30cos&—-30. [3]

heev)  sin§ = A2 pe= 20shd

N ecd i = ¢ MUl aio 50mm@ MV
20

Ol':— AR + B¢ -20
0 + 20 casb —20 v

(b) Express d in the form of Rsin(6+a)—30, where R>0and 0<a <90°. [3]
A - Q_,O’Lf'(‘ 1
= 1200 m |
L& (3—0
= 56.2079" |

d:@ gin(@+$‘é.&9 -30 A(I
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(¢) Find the maximum value of d and the corresponding value of 4.

Mag ol = Jizoo -30

= (Dbwm ng{) A

&+ %6.2099° = 90’
ﬁ:33‘7°(‘/dﬂ> A\

2]
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10 A

The diagram shows part of the curve y = and its y-intercept is 12.

2x+3
The tangent to the curve at the point P(3, 4) intersects the y-axis at Q.
Find the exact area of the shaded region. [10]
Ans : 18In3 -6 I
-\
% = 2%ty ()
= =12
- ]
(M;)v \
P(z,zQ %VQ T2
g (6+3)”
-4 i
£l 9
; = -8
Z(/w\wo() R y=-grtc
) = -B[)+c
ik
c = & -+§
= 20
>
2o W

gofreg 2l
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M”f(jfﬁ) ’—[—%x-F%] doe Mo

% -2 dn
f'g(lnm et T m|

3

2

pul Wﬂn(%f% ‘{'Jq‘ - }—;ﬂ W[
- o)

-—

(16109 + 4 —o0] - [B o] M
_ e (M- Ay — My
- 1§ 4/“-.?9 — [ A
oR /

0 m'\'B

= ‘?fo .mt-[—l
= lf[ﬂwﬁwﬂr’ﬂ]

= \& Y’lnq :(

= 1% 3 WN_"’

hrem o ez, 0QPR. = L(245)®@)

= 1(Zp)
[

6w

-

o Hdude area = (?JME - 1b) M;,;
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11

A baker uses 131 cm of wire to enclose a cake mould of the shape shown in the
diagram. The shape consists of a semicircle with diameter 4B, a rectangle ABCG
and an isosceles triangle FED such that FE = ED.

1
It is given that AB = 2r cm, BC=x cm, ED = %rcm and FG=CD = Er cm.

(a) Express x in terms of 7 and 7. [3]

T 4 ad + =F 4 gr= 121
QL = v -4~ =T~

== <
(b) Show that the area of the mould, 4 cm?, is given by A =131r —%rz —grz . (4]
S
&
ar +31
2
Ptop = T 'S —H(iﬁir‘}r M|
= 1 >3 _Sa_r
>
- T 44*
= T+ B + £ o
v
= T +13 - __L(—rl—TFF'L - &rq/ Vw?_
P 2 L
2, g N :
= e -8y )
2 > r Fﬁw 4[ -Qﬁ ~¥, -
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(¢) Given that r can vary, find the stationary of 4 and determine its nature.

[5]

P = 21r - T _§

= 2
df - .
d_/': — (3( T{\ — %/b Vl/l(
Tor sfwhesy wolug, %:O
i\ —
P(ﬂ’ﬁ3>~ 12 M |
m+lb
G
= (5457

é@ = -7 ml

[

EIT Y g
2 2

k¢

077,27
200 KZ}%)/AI

[

End of Paper



