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Answer all questions.
(i) Sketch the graph of y=2+ |3x + I| . [3]
(ii) Find the set of values of the constant & for which the line y = kx + 4 intersects the

graph y=2+ l3x + ]l at two distinct points. [2]

A curve has the equation y =5x> —4x + k , where k is a constant.

(i)  _Inthe case where k = -9, find the set of values of x for which y > 0. [3]
(ii) Find the value of k for which the line y = 6x + 4 is a tangent to the curve. [3]
G
7L

A4 9_o/3g B

The diagram shows a right-angled triangle ABC in which 4B = (9 - 2\/§) cm and

1
AC:[7—\—/§J cm.

Express in the form of a + b2 , where a and b are rational nurﬁbers,
(i) the area of the triangle, [3]

(i) BC. (3]

Without using a calculator, find the value of

(i) 15", given that 757 =377, (4]

@ p,eiventhat (V5 + (V5] + (V5] + (V5] -155¢5 =57, (3]



The variables x and y are connected by the equation y =ab", where a and b are constants.

Experimental values of x and y were obtained. The diagram above shows the straight line
graph, passing through the points (0, 4.7) and (9, 27.2), obtained by plotting In y against x.

Estimate
(i) the value, to 2 significant figures, of @ and of b, [6]
(i)  the value of y when x = 2. [2]

The mass, m grams, of a radioactive substance, present at time ¢ years after first being
observed, is given by the formula m = ]95(0.8)' .

(1) Find
(a) .—the initial mass of the substance, [1]
(b) the mass of the substance when 7 = 6, [1]
(c) the value of  when the mass of the substance is i of its initial mass. [4]

Give your answers correct to three si gnificant figures.
(i) Explain why the mass of the substance can never be more than 195. [1]

(iii)  Sketch the graph of m against 1. [1]
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A circle, C), has equation x* +y* +8x—12y+27=0.

M)

Find the radius and the coordinates of the centre of C). [3]

A second circle, C, cuts C; on the y axis at the points " and G, where FG is the diameter of

L.

(ii)

(iii)

(@)

(b)

Find the equation of C, in the form of (x - a)2 +(y —b)2 =r°. 4]
Explain why the point (—3, 3) lies within only one of the circles C; and C;. (2]
Solve 2x* +3x* —11x-6=0. [5]
Express 2540 in partial fractions. [5]

(x+1)(x* -5)

The diagram shows part of the curve y*> =9 —4x, which meets the line y =1- x at the points

A and B.
y
3
A
T
e
B y=l-x
/
y> =9—4x
(i) Find
(a) the value of @ in degrees, (2]
(b) the coordinates of 4 and B, [4]
(c) the area of triangle ABC where point Cis (0. - 3). (1]
(ii) A perpendicular line passes through the point 7, where 7 lies on the line y =1 - x and

theratio of AT : TBis1:2.
Find the equation of the perpendicular hne. (3]



10.

11.

12.

(a)

(b)

(a)

(b)

(@)
(b)

()]

Solve 2log, p=3+log, 49. [5]

Given that log, x =a and log, y = b, express in terms of a and b,
()  log, 9y, [4]

i) x’y. (3]

The roots of the quadratic equation 3x* —5x+1=0 are @ and 3.

2 2
@  Showthat 22 _61 [4]
aff 3
e . . . a yij
(i)  Find a quadratic equation whose roots are 1 —— and 1-"~—. (4]
a
(i) Without using a calculator, evaluate tan 45°(sin 60° + cos 30°). [2]
(ii) Given that sin 4 = % and that A is acute, find the value of
3tanA+cos(g—— ) (2]
Solve Scosecx +11 =0 for 0 <x <27 [4]
_ h
A
3

0.3
>
Day 1: Day 1: Day 1: Day 1: Day 2:
Midnight 6 am 12 pm 6 pm Midnight

The diagram shows the graph obtained on a particular day when the heights, & metres
of the tides are recorded at a beach on the east of Singapore over time, 1 hours. The
height is modelled by the equation /4 = a+bcoskt, where a, b and k are constants.

(i) Show that the value of k 1s % radians per hour. [1]

)

(i1) Find the value of @ and of b. 03 (2]

~ End of paper ~



quation of C is x>+ (y - 6) =3

(iii) Circle 2:
when x=-3 and y=3,
(-3 +(3-6) =18,
which is more than 3” but less than 5°.
N Therefore the point (-3, 3) lies in C;
0] X only.
Alternate method
(ii) -3<k<3 Circle 1: radius = 5 units
(i) 4 Circle 2: radius = 3 units
x>1- or x<-l Distance from centre of Circle 1 to
(ii) k=9 pOint
i =\(-4+3) +(6-3)
o) 67_65 ;5 o JE4+3) +(6-3)
2 =+/10 units
(i) 15 Since 3 <10 <5 , it lies within circle
BC2 = —2‘ _79\/5 L
81 (a _ _ ] _
() 15 =225 x=2 or x-—E or x=-3
(ii) p=45 (b) 2x+3 _ 1 N x+7
(i) a~110 and b~12 (x+D(x*=5)  Ax+1) 4(x-5)
(ii) y~163003s./.) 91 () @] @=135°
(i) | (@) | m=195gram (b) | Coordinates of 41s (-4, 5) and
(b) | m=51.1 gram coordinates of Bis (2,—1).
(¢) | t=6.21 years (¢) | 12 units?
(ii) y=x+5
(ii) Since the mass decreases with time, | 10| (i) p~0378 or p=49
thus, the mass cannot never be more Gi) | () 242
than 195 grams. log, 9y =
Possible acceptable answer: (b) | 3%+
1>, 08 —0,19508 )0 (11|l @ | ®|a*+p 1
Therefore the mass can never be morg ap 3
than 195 g , 13 13 0
B s o =
(iii) m 3 3
M) | 0|3
i) | 17
195 20
m=195(0.8)’ 12 (:1)) . xx=3.61 or x=58]
(®) | @ Period = 12 hours = cos(%t)
> e
Therefore k = 3 (shown)
(i) centre of circle = (— 4.6) i) | a=1.65. b=135

Radius = 5 units
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B1: General shape

B1: Labelled y-
intercept or
coordinates of y-
axis

General h
must be in 2™
quad.

Line passing
through y-
intercept must
be —ve

2
] /
- He3-2 145+ 28
2 o V2
= 1(63—3_—28\6+4)
2\ V2

M1: expansion

35

5 — gradient.
B1: Labelled
‘turning’ pt or
coordinates
(ii) -3<k<3 B2 Show -3 <k
or k<3 Bl
each
2@ 5x* -4x-9>0
(5x—9)x + 1)>0 M1: factorization or
5x-9>0  or x+1<0 x:4i\/]96
10
>1 * 1
SR <= A2: 1 mark each
(i) p=8x"=dx 4k  ossen- (1)
YEOX4E4 0000 e 2)
(1)=(2), S5x" ~dx+k = 6x+4 M1: obtain an
5x*~10x+k—-4=0 equation in terms of
X using
simultaneous
equation method
Since line is tangent to curve = D =0 M1: formulate e.c.f. is given
(-10)’ —4(5)(k —4) =0 eguat.iop with
100— 20k + 80 = 0 discriminant = 0
20k =180
k=9 Al
30 (@) Area of right-angled triangle
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] 9x+2
= 0.f= 5 \/——23\/—] M1: rationalizing
2% denominator
=% 67——\/— 282 J
=% 67——\/_ 282 )
= 67~§\/§)
2 2
= Q—gﬁ cm? Al
2
Alternate method
Area of ni ght-angled triangle
2 M1: rationalize
_ 1(9_2\@(7_ ﬁ] denominator
2 2
;(63~—\/‘ 28\/§+4) M1: expansion
gy _65V2
2 2
67 65 5
= 7~7 2 cm Al
(ii) BC®
2
1
= [9-2v8 +(7——j
-2 oL
- 81—36J§+32+49—% % M1 expansion
= 81—72\/§+32+49—]4—X\/—§+l M1: rationalizing
V2xy2 2 denominator
= 81—72\/E+3z+49—7\6+%
_ 325 Al
-2 00
Alternate method
BC’
2 M1: rationalise
= (9 - 4\5)‘ + (7 - —i—i] denominator
= — M1: expansion
:81—72\«'2+32+49~N2+% pEmst

Page 2 of 10
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325 Al
= 2792
2
41 T =5 _
Y2 oaex M1: express 75 in
(3X5 ) =3 its prime factors
31—2—2+x X 52,\’—4 = 1
3P x5t o M1: simplify base 3
157 x15% =1 and 5
2x __ 4
157 = ]52 M1 (same base)
15" =15
15°=225 or -225 Al: negative must
(rejected since 15" >0 ) be rejected
(1) oY (Y (Y !
(SJ [5] (SJ H 15{5]5
] J ! L L
625(52 J+]25(52)+ 25[52)+ 5[52 J— 1 55[52 ] =57 | M1: simplify the
power
1
625[52):5” M1: change to same
base
1
5'%5 =5F
9
52 =5°
Comparing indices, p=45 Al
51 () y=ab"
. M2: power law and
Iny=Inab quotient law
Iny=Ina+xInbd
Ina=4.7 M1
a=109.9
ax110 Al
27.2-4.7
—=lnb M1
9-49
b=12.182 Al
bx=12
Alternative Method
Iny=25x+4.7
2.5x+4.7
J) =e
y= €4_7 x e?.S.‘r
| ] LBy comparing with v=ah".

Page 3 of 10
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a= e4A7
a=110
b — eZ 5
b=12
(ii) whenx=2, y= 109.9(12.1 82)2 M1 subst. truncated e.c.fis given
value ided exact
~16300(3s./. provi ¢
Y 03s-1) Al or truncated
value is used.
Alternate method
Gradient = 2.5
Iny=25x+4.
Iny=2.5(2)+4.7
y=e"=16300
6 | () | () |when =0, m=195(0.8)"
m =195(1) B
m =195 gram
(b) | when =6, m=195(0.8)’
m~51.1(3s.f.) gram Bl
(c) | 1 : M1: formulate
4 (195)=1 95(0'8) equation. o.€.
] :
—=(0.8
Lo 09)
]n(lj = ]n(0_8)’ MI1: using natural
4 log o.e.
1
]n(Z] = 11n(0.8) M1: apply power
] law
t=1In| - |+In(0.8
(3009
~ 6.21 years Al
(ii) Since the mass decreases with time, thus, the mass Bl:o.e. Explain with
cannot never be.more than 195 grams. respect to the
context
Possible acceptable answer:
(=, 0.8 —>0,1950.8)—>0
Therefore the mass can never be more than 195

Page 4 0of 10
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(iii) m B1: general shape
1 and interception

with vertical axis
195 shown clearly and

correct

m=195(0.8)’
> [
7| (@)

8 —]2) B2: 1 mark for x and

centre of circle = (3,_“2 y coordinate each

= (~4,6)

Radius = +/(=4)’ + 67 — 27 = 5 units BI

Alternate method:

X’ +y? +8x-12y+27=0

X +8x+4 -4+ —12y+ 6" -6 +27=0
(x+4) —4* +(y-6) -67 +27=0

(x+4) +(y-6) =25

centre of circle = (~4,6)
Radius = 5 units

(i) when x=0, y* =12y +27=0
(r-9Xy-3)=0
y—=9=0 or y=3=0 Mi
y=9 y=3
Centre of C; = (0,%)
= (05) M1
Radius = 3 units M1 Accegl;' (v—6
Equation of Cyis x7 + (y - 6) = 3° Al (x=0)" +y
(iii) Circle 2: M1: value of 18 for
when x=-3 and y=3, (-3)° + (3-6) =18. comparison

which is more than 3° but less than 5° . .
Al: explain the

& 2
comparison of r°
value for both
carcles and conclude

Page 5 of 10 3-}
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Seconda

Alternate method

Circle 1: radius = 5 units
Circle 2: radius = 3 units
Distance from centre of Circle 1 to point

=J(-4+3) +(6-3)

=+/10 units

Since 3 <10 <5, it lies within circle 1.

M1

Al

8 | (a) let f(x) = 2x° +3x* =11x-6
f(2) = 2(2) +3(2)* -11(2)-6=0
(2) (2) E ) f(f) M1: finding 1*
x—2 1s a factor of f(x). factor

2%’ +3x% —11x— 6= (x—2)(2x* + bx +3)
Comparing coeff. of x, -11=-2b+3

b="7
2x* +3x7 =11x~ 6 = (x~2)(2x> + 7x +3) Mi idobt_ai?

= fe quadratic form
(x 2)(2x+])(x+3) M1: factorise
completely
2x° +3x2 =11x-6=0
(x=2)2x+1)x+3)=0
x—=2=0 or 2x+1=0 or x+3=0 A2, minus 1 mark for 1
1 mistake
x=2 X=—= x=-3
2
(b) 2x+3 A +Bx+C M1
(x+1)(x*=5) x+1 x*-5
2x+3=A(x" =5)+(Bx+ CYx+1)
Subst. x==1, 2(-1)+3=-44
1=—-4/4 For values of
] A, Band C,
A = 4 M1 accept
improper
! fraction or
Subst. x =0, 3 = _Z(_S) + (CX— 0+ ]) decimals
3= —%(—5)+(C)(1)
M1

c=12
4
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Compare coeff. of x%, 0= —% +B
1 M1
B=—
4
2x+3 1 x+7 Al
therefore, = =- +—
(x+D(x* =5  4(x+1) 4(x*-5)
9| @ |()| tanf=-1 MI1
0 lies in 2™ quadrant
Basic angle, @ = tan”' |
= 45°
Al
Therefore, & =180° —45°
= 135°
()| y? =9-4x (1)
yl—x s (2)
Subst. (2) into (1), (1-x)" =9-4x M1: substitution
1-2x+x> =9—4x
2 42r-8=0 MI1: quadratic
(x+4)x-2)=0 equation
x+4=0 or x-2=0
x=-4 x=2
Subst. x=-4 into (2), y=5 A2: must express in
Subst. x=2 into (2), y=-1 terms of
coordinates, if not,
Coordinates of 4 is (- 4, 5) and coordinates of Bis | minus 1 mark
(2,-1).
(c) . 1{12-40 2
area of triangle ABC = —
215 -3-1
1
= E(10+12—4+6)
=12 units’ BI
(ii) Since AT : TB1s 1 : 2, coordinates of T'is (- 2. 3) M]1
Gradient of perpendicular line = 1 M1
12273
x+2
y-3=x+2
’ Al
yv=x+45

Page 7 of 10
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10| () 2log, p=3+2log,7
2log, p=3+ M1: change of base
log, p
2 i
Let u=log, p, 2u=3+> M1: subst. method
u
2u® =3u+2
2u -3u-2=0
Qu+1)u-2)=0
2u+1=0 or u-2=0 M1: solving for
1 .
. ] quadratic
2
1
]og7p=—~2— log, p=2
05 . A2: 1 mark each
p=0.378 p=49
(1) | (a) | log 9y =log, 9+log, y M1: product law

]
=210gI3+M

log, x
log, y

= 2log, 3+
' log, x

N QN QN0 RN
+

+

Il

+
X =

Q

M2: power law and
change of base s.0.i.

Al

Alternate method:
log 9v=1log 9+log, v

log, 9 N log, y

- log,x logyx

blog. 9
2+ 08,

log, x
2b

a

2
_+_
a

2

a
+2b

a

M1: product law

M2

Al

Page 8 of 10
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(b)

x=3"and y=9°

M1: change to index
form

3., _13a b
o peaad M1: change to same
= 3% x3% base
— 33a+2b Al
11 i - Mi1: f root
(@) | (i) a+ﬂ=—?5=—§- sum of roots
1 M1: product of roots
aff =—
P 3
a’+p> (a+p) -2ap
ap ap
2
510
=\3 3 M1
1
3
1
— 6_
3 Al
(ii) 2 2
& B, B
a af aff
=5 a’ + M1: simplify
afp
I
3
accept
= _41 MI improper
3 fraction
1-< (1—ﬁ)=1—£——+1
p a a
:2_a2+ﬂ2
ap
= 2—61
3.
- -4l M
3
Quadratic equation is x~ + 7.\'— 3 =
Page 9 of 10 8"
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() | () | tan45°(sin 60° + cos 30°)
=1 ﬁ + ﬁ M1: express in exact
2 2 form
=3 Al
(i) 7 Calculator is
3tan A + cos E~A sllowed for
3\ 3 this part, hence
- 3(_) + = M1 working
4) 5 involving use
_,17 of calculator is
20 Al acceptable.
12 | (a) Scosecx +11 =0
11
cosecx =——
5
sin x =-ﬁ M1: simplify
x lies in 3" and 4" quadrant
basic angle, a = sin"(i) M1: identify basic
11 angle
x:ﬂ+sin_l(i) or x=2ﬂ—sin"'(i)
11 11
x =361 x~58] A2
(b) | (i) L Vg B1: need to show Working
Period = 12 hours = cos(gt) period = 12 hr or 2
- some form of T 12
Therefore & = — (shown) working.
6 k="
6
(ii) | Graph is shifted by 0.3 units upward
Therefore a =1.65 Bl
. s s 3—-03
Amplitude of oscillation = S =1.35
Therefore b =1.35
B1
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