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READ THESE INSTRUCTIONS FIRST

Write your name, index number and class on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.

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

Do not use paper clips, glue or correction fluid.

Answer all the questions.

Write your answers on the separate Answer Paper provided.

Give non-exact numerical answers correct to 3 significant figures, or 1 decimal place in the
case of angles in degrees, unless a different level of accuracy is specified in the question.
The use of an approved scientific calculator is expected, where appropriate.

You are reminded of the need for clear presentation in your answers.

At the end of the examination, fasten all your work securely together.
The number of marks is given in brackets [ ] at the end of each question or part question.
The total number of marks for this paper is 80.

My Target is:
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Mathematical Formulae

1. ALGEBRA

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

_ —b+b* —4dac

2a

X

Binomial Expansion

n __ _n n n—l n n=232 . n n=ryr N n
(a+b)—a+]a b+2a b*+---+| |a""b" +---+b",
r

. . 1 ! =1)...(n—-
where 7 is a positive integer and - L = n(n ) (n T ])
r) ri(n-r) r!

2. TRIGONOMETRY

Identities
sin” 4 +cos’ A = 1 ..
sec’ A =1+ tan’ 4
cosec’ A =1+ cot’ 4
sin(4 *+ B) = sin 4 cos B+ cos 4 sin B
cos(4 = B) = cos A cos BF sin 4 sin B
sin 24 =2 sin A cos A
cos 24 =cos’ A —sin" A =2cos’ A — 1 =1 — 2sin> A
tan 24 = Sr—— ftthn?A
Formulae for AABC
a b c

sin A sinB sinC
@ = b+ —2becos A

A=lbcsinA
2



The acute angle 4 and obtuse angle B are such that tan 4 =% and 4 cos(A4+ B)=3sin(A4— B).

Without using a calculator, find the exact value of cos B.

(i)  Write down the first three terms in the expansion, in ascending powers of x, of (1+x)”,
where 7 is a positive integer greater than 2.

(ii) The coefficient of ¥* in the expansion, in ascending powers of x, of (1 +x)"(2—3x)4,
where 7 is a positive integer greater than 2, is 456. Find the coefficient of x.

The volume of a cube, ¥ cm’, is increasing at a constant rate of 5 cm’ per second.
Find the volume of the cube at the instant when the length of the side of the cube, x cm, is
increasing at 0.5 cm per second.

. 2x® =1 bx? + ¢ 3
Given that s 55 b g, where a, b and c are integers.
x’ —x x —x

(i)  Find the value of a, of b and of c.

2

(i)  Using the values of b and ¢ found in part (i), express b—j—j—% as the sum of 3 partial
x —-x

fractions.

W

(O, - 8)

The diagram shows part of a straight line graph drawn to represent the equation

y+ E = 5+/x, where k is a constant. Given that the line passes through the point (0, — 8) and

Jx

makes an angle 6 with the x-axis at point R, where 0° < # < 90°, find

(i)  the value of k and of 0,

(ii) the coordinates of R.

[Turn over
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()

(i)

cot@ +1
cotfd—1

Prove that cot(% -0) =

Hence without using a calculator, show that cot ]—7% =2+4/3.

c(s,7)

A(-1,3) <]

The diagram shows a triangle ABC in which the coordinates of the points 4 and C are (-1, 3)
and (5, 7) respectively.

Given that AB = BC,

O

find the coordinates of B.

D is a point on the perpendicular bisector of AC.

(ii)  Find the equation of BD.
. d
(i)  Show that a;[ln(cos 4x)] =—4tandx.
d 4x d’y -
It is given that S & and { =ktan’ 4x.
dx 2 8 dx -
(ii))  Find the value of .

(iii)  Using the result in part (i), find y given that x =0 when y = 1.

The equation of a curve is y = (k—7)x” —8x + k , where k is a constant.

()
(i1)

Find the set of values of & for which the curve lies completely above the line y = 1.

In the case where k = 8, find the set of values of ¢ for which the line y = 2x — ¢ intersects
the curve at two distinct points.

(3]

(3]

(3]

[1]

(3]



0] xcm A

The diagram shows a rectangle OAPB inscribed in a quadrant of a circle of radius 5 cm.
The length of O4 is x cm.

(i)  Show that the area of the rectangle, 4 cm?, is given by 4 = x1/ 25— x7. [2]
(ii)  Given that x can vary, find the value of x for which A4 has a stationary value. [4]

(iii) Determine whether this stationary value of 4 is a maximum or a minimum. Hence find 2]
this value of 4.

The equation of a curve is y = — In(3—ax), where a is a constant.

(i)  Find the value of a if the gradient of the curve at y=—1In 51s 2. . [4]
(ii)  Find the value of a if the normal to the curve at x = 1 is parallel to the line 2x -y = 5. [2]

(iii) In the case where a = 4, find the coordinates of the point on the curve where the )
equation of the tangent to the curveis y = 4x — 2. 2]

(i)  Find the turning point of the curve y= x> — 4x. (2]

(il)  Sketch the graph of y =| x* - 4x I , indicating clearly the coordinates of the turning

point and of the points where the graph meets the x-axis. [3]

(iii)  Using your graph, find the number of solutions of the equation | x? - 4x I =2—-mx

when

N | =

(a) _ m=-2, (b) m (4]

End of Paper
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Additional Mathematics Paper 1 (4047/01) Worked Solutions

1. 4 cos(A+ B)=3sin(A4— B)
4(cosAcos B — sin Asin B = 3(sinAcos B — cos Asin B)
2 1 1 2
4(—=) cos B—4(—=)sin B = 3(—=)cos B—3(—=)sin B
J5 J5 J5 5

NG

S5cosB=—-2sinB

tanB = -3
2
2
cosB=———
V29
2429

OR

4 cos(A+ B)=3sin(A4— B)
4(cosAcos B — sin Asin B = 3(sinAcos B — cos Asin B)
4cosAcos B—4sin AsinB _ 3sinAcos B — 3cos Asin B

cosAcos B cosAcos B
4 —4tan AtanB= 3 tan4 —3tanB

1 ]
4 —4(=)tanB = 3(=) — 3tan B
(2) an (2)

tanB = ——5-
2
2
cosB=———
V29
_ 229
29



2.(i)

2.(ii)

(]+x)"=1+m+mx2+

2-3x)" =(2)* +42)° (=3x) + 6(2)*(-3x)* + ...
=16 —96x + 216x% +...

(+x)"(2-3%)" =[1 + nx+@x2 +..][16 = 96x + 216x% +...]

Coefficient of x*: 8n* —104n + 216 =456
n* —13n-30 =0
(n=15)(n+2) =0
n=15 or n=-2 (N.A)

Il

Coefficient of x = —96 + 16(15)

= 144

Volume of cube = [ ?)’

= 6.085806
=6.09 cm’ (3 s.f)

—96x +16mx + (8n% —104n +216)x2 + ...

N



. 2x3 -1 bx? +c¢
4.(1) = 24t 5
x —x x —x

2x> -1 =ax’

L 2x? -1
4.(i1) ——3x——i—=£+£+

x° —-x x x2 x-1

Ax(x —1) + B(x — 1) + Cx?

Po® s’}

Letx =1, Cc=1
Letx =0, B=1

Coefficient of x*: A

-1 _ 1 1,
x - x2 x x* x-1
5.0) yJx=5x—k
k=8
tan@ =5
0 =78.7°
5.(ii) when yv/x =0,
5x—8=0
8
x=-=
5
3
R(1=,0
(5 )

—ax®+bx* +¢

148



6.(1) cot(%-@) = ]

T
tan(—-46
an(4 )

1+ tanﬁtané’
4

tanz—tane
4

1+ (1)tand
1—tan@
] +1
— tané
! -1
tan@
cot@ +1
cot@ —1

- V.3 V.4 /4
6.(11) cot— =cot(= — =
@) 12 (4 6

T
cot— +1
6

cotz—l
6

/8
tan —

6
\/§+1‘\/§+]
\/5—1 \/§+]

34243 |
§=1

=2+3




7.0) Let Bbe (k, 0)
AB=BC

J(7+])2 + (_3)2 =\/(k_5)2 + (_7)2
k*+ 2k+10=k*— 10k+ 74

j= 1
3
B(Sl 0)
3 >
= . C7-3
7.(1) Gradient of AC= ——
5+1
-2
3
. 3
Gradient of BD = —-2-

Equation of BDis y-0= —%(X - %)

y=—%x+8 OR

2y=-3x+16

wn



8.(1) %[ln(co_s4x)] = ﬁ(—%m 4x)

=—4tandx
8.(11) El—2—})——1-—1(4sec24x)
' dx* 2 8
= l——1-(1+tan2 4x)
2. 2
1.,
= ——tan” 4x
2
k=t
2

8.(iii) [-4tandx dx = In(cos4x) + C

x tan4x
y=J.(-§—- 8 )dx

lxz+l-lj—4tan4xdx
47 '8 4

Il

1 5, 1
= —x" +—In(cos4x) +C
il 32( )

Whenx=0,y=1,

1

iln(cosO) +C
32

C=1

I, 1
= —x"+—In(cosd4x) +1
V=1 o~ (cos4x)

6



9.) (k=T)x*-8x+k=1
(k=Tx? -8x+(k—1)=0

b?> —4ac <0

(-8)% — 4k - 7)(k —1) <0
64 — 4(k* -8k +7)<0
64 — 4k% +32k—28 <0
4k? —32k =36 >0

k? -8k—-9>0
(k-9k+1)>0

k <=1 OR k>9

And k—=7>0
k>17

Since k >7 AND k>9, .. k>09.

9.(11) y= x2 —8x+8
¥ ~8x+8 = Ix—e
x> =10x+8+¢=0

b* —4ac >0
(=102 =418 +¢) >0
c <17

1Y0)



10.(i) AP? = 5% —x?
AP = 25—xzcm
A= OAx AP

A=x25-x"

10.(ii) % = x -%(25 - x%) 2(=2x) + (25 - x¥)2 ()

1
= (25-x?) 2[-x? +25 - x7]
B 25 — 2x?

,[25 — 5

For stationary value of 4, % =0
_ 2
25 - 2x —0
V25 - x?
25-2x*=0
25
xX=,/—
2
_ s 2
V2 2
_ W2
2
10.(111) For x < ﬂ, b >0
2 dx
For x> 32 U

. 2 : .. :
As x mcreases through é;— , the sign of % changes from positive to negative.

Stationary value of 4 is a maximum.

5v2
Stationary value of 4 = T\/_ 29 —[ -

)

:]21
2



11.4) y=-InG-ax)

g}i_ a
dx 3—-ax

Wheny=—In5, —In(3-ax) = —In5

3—ax =5

11.(3i1) y=2x-5
Atx =1, Gradient of normal = —3_0(1)
a
_3—a=2
a
a=-3
NG wena=d, Le—r
dx 3-4x
4 —
3—-4x
1
X ==
2
1
From y =4x -2 ,y=4 5 -2
=0

; . | .
Coordinates of point = ( 3 0)




12.0) y=x(x-4)
For x-intercepts, y =0,
x=0orx=4

For minimum y, when x = 4+0
_ 92
y =22 -4Q2)
= -4
Tuming point = (2, — 4)
12.(i1)
| a
y=|x" —4x
(2,4)
o
e Shape

e Turning point
e x-intercepts

12.(111) (a) y=24+2x

2 solutions

12.Gi)) (b)  y=2 —é—x

3 solutions

10



Paya Lebar Methodist Girls’ School (Secondary)
E Preliminary Examination 2015
OOK 7 5 Secondary 4 Express / 5 Normal Academic

Name: ( ) Class:

Centre S Index

Number » Number

ADDITIONAL MATHEMATICS 4047/02
Paper 2 31 July 2015
Additional Materials: Answer Paper (10 sheets) 2 hours 30 minutes

READ THESE INSTRUCTIONS FIRST

Write your name, index number and class on all the work you hand in.
Write in dark blue or black pen on both sides of the paper.

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

Do not use paper clips, glue or correction fluid.

Answer all the questions.
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2
Mathematical Formulae

1. ALGEBRA

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

—b++b? —4ac

2a

x=

Binomial Expansion

(a+b)" =a" +(?Ja""b+[§)a"'2b2 +---+(n)a""b' 4+ b",
¥

nJ_ no n(n—l)...$n—r+l)

r) r!(n—r)!- r!

where n 1s a positive integer and (

2. TRIGONOMETRY

Identities
sin A +cos’ 4 =1
sec’ 4=1+tan’ 4
cosec’ 4 =1+ cot’ 4
sin(4 + B) =sin 4 cos B+ cos 4 sin B
cos(4 = B) =cos A cos B¥sin 4 sin B

tanA4 +tan B

tan(4A+ B)=——
] ¥tan Atan B

sin 24 =2 sin A4 cos 4

cos24=cos’ A—sin" A=2cosA—1=1-2sin’ 4

2tan A4

tan24=———
l—tan” A4

Formulae for AABC

a b ¢

sin A sin B sinC

a = B+ —2bccos A

A=lbcsinA
2



In the cubic polynomial f(x), the coefficient of X is a, where O<a<1.

(i)  Given that the repeated root of the equation f(x)=0 is 1, write down an expression

for f(x).

(i) Find the value of a if f(x) has a remainder of 1 when divided by x and f(x) has a
remainder of —8 when divided by x + 3.

A triangle ABC in which AB = AC has its base BC of length (4\/_ - i) cm.

J3
(i)  In the case where the area of the triangle is (3\/5 23 ) cmz, find, without using a
calculator, the length of the height of the triangle in the form (a +b/6 ) cm.

(ii) In the case where angle BAC is a right angle, find, without using a calculator, the
square of the length of 4B in the form (c+ng) cm’.

(a) Giventhat In(p’q)=a and In( pg?)=b, express pq in terms of a and b.

(b)  Solve the equation log;(2x +1) +log; 3 = loge(x —2)* —log;(x —1).
3

A quadratic equation has roots @ and S, where a < f3.
(i) Giventhat aff=- % and o’ + ,32 = 5% , without solving for ¢ and £, find the
value of a — f3.

(i) Show that o’ — /3 :—11-;

(iii)  Find the quadratic equation whose roots are

153

[Turn over

(2]

(4]

[4]

[3]

(2]

(3]

(2]

[4]




4
A circle, centre C, has a diameter 4B where 4 is the point (-3, 2) and B is the point (5, 8).
(i)  Find the coordinates of C and the radius of the circle.
(i) Find the equation of the circle.
(iii) Show that the equation of the tangent to the circle at Bis 3y +4x=44.

(iv)  The highest point on the circle is D. Find the coordinates of the point at which the
tangents to the circle at B and D intersect.

P .o

The diagram shows a rod PQ which is hinged at P, and a rod QR, which is hinged at Q.
The rods can only move in the vertical plane as shown. The rod PQ can turn about P and is
inclined at an angle € to the vertical, where 0° <& <90°. The rod OR can turn about Q in
such a way that its inclination to the horizontal is also & . The lengths of PQ and OR are

3 m and 5 m respectively.

Given that R is x m from the vertical axis,

(i)  find the values of the integers ¢ and b for which x =acos@+ bsiné.

Using the values of @ and b found in part (i),

(i)  express x in the form Rcos(€ —«a), where R >0 and 0°<a < 90°.

(ili)  Hence state the maximum value of x and find the corresponding value of 6.

(iv)  Deduce, with explanation, the value of x when the rod PQ is inclined at 90° to the
vertical and the rod OR is inclined at 90° to the horizontal.

(4]
(1]
(3]

[2]

(2]

[3]

(2]



A curve is such that % =23x-2)(x-3).

(i)  Given that the curve passes through the point (0, 9), find the equation of the curve.

(i) The point (p, g) where p and g are integers, is a stationary point on the curve.
Find the value of p and of g.

(iii) Determine whether y is increasing or decreasing
(a) for values of x slightly less than p,
(b) for values of x slightly more than p.
(iv) What do the results of part (iii) imply about the stationary point (p, ) ?

2
(V) Find the value of icil-x% at the stationary point (p, g) and explain how this value

supports the conclusion that you have made in part (iv).

A particle travelling along a straight line is such that its displacement, s m, from a fixed

point O on the line is given by s= 1> —61> + 91 +18, where ¢ seconds is the time after
motion has begun.
(i)  Find the initial displacement of the particle from the fixed point O.

(ii)  Find the values of 7 for which the particle is instantaneously at rest. Show that the
particle returns to its starting position at one of the two instances of rest.

(iii) Find the total distance travelled by the particle during the first 4 seconds.

(iv) Find the minimum velocity of the paﬁicle.

¥y>

|Turn over

(2]

(3]

(1]

(1]
(1]

(2]

(1]

(4]
(3]
(3]



@

(ii)

On the same axes, sketch the graphs of y =2sin7+2 and y= %sini +2 for

0<t<4r. [4]

It is observed that the height, y m, above sea-level, reached by ocean waves on two
particular days during a time interval of 47 minutes can be modelled by
trigonometric functions. The function y = 2sinz +2 models the height of waves on

Day 1, and the function y = -;—sin-;- + 2 models the height of waves on Day 2.

With reference to the graphs that you have sketched in part (i),

(a) state the number of instances when the waves on the two days reached the
same height during the time interval 0 <7 <4 . Justify your answer. [2]

(b)  Which of the two days would have provided surfers with a more thrilling
experience of riding the waves at sea? Explain your answer. [3]



10

E D F G

In the diagram, 4, B, C and D are points on the circumference of the circle with centre O.
EDFG is a tangent to the circle at D.

Given that AB = BG and DF = FG , prove that

(i) ABD is an isosceles triangle,
(i) DB*-DF?= %ADZ,
(iii) tnangle ADF is similar to triangle DCF,

(iv) GF? = AF xCF .

155

[Turn over




d X 3x—-4
11 (a) Show that —( ): .
dx\ V3x-2 2\/(3)(_2)3 [3]

(b)

_ 8(3x-4)

The diagram shows part of the curve y =

J3x-2)}

The curve intersects the x-axis at the point 4. The line through 4 with gradient 3

intersects the curve again at the point B. The line BC is parallel to the x-axis.

(i)  Verify that the y-coordinate of B is 2. [5]

(i)  Determine the area of the shaded region bounded by the curve, the x-axis, the
y-axis and the line BC. (4]

End of Paper
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Worked Solutions
Qn | Working Marks Total Remarks
1 [() f(x)=(ax+k)(x- 1)2 where k is a constant Accept
21 | f(x) = (ax-k)(x-1)?
where k is a constant
(ii) By the Remainder Theorem,
f(0) =1
k(-1 =1
k=1
By the Remainder Theorem,
f(-3) = -8
(-3a+1)(-4)> = -8
-3a+l1= - 1
2
3a= 3 :
2
1
a= —
2
[4]

(6 m)




Paya Lebar Methodist Girls’ School (Secondary)
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Qn | Working

Marks Total Remarks
Alternative Solution:
1 |G) f(x)= a(x+k)(x—])2 where k is a constant
[2]
G fO) =1
a(k)(-1)% =1
ak =1 —eeeev 1)
Gii) f(-3) = -8
a(-3+k)(-4)? = -8
1
a(-3+k)= == -
( ) 5
1 .
Subst. k=-— into (2):
a
a(—3+l)= 1
.o a 2
1
-3a+1= ——
2
3= é
2
1
a= —
2
[4]

(6 m)

o
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Qn | Working Marks | Total Remarks
2 | (i) Let the height of the triangle be A cm.
l(4«/’—1)(11) =3J2-23
2 V3
3
2= ) =33 =28
( ﬁj( .
(2v2=3)(h) = 3W2-243
o 842 ~2J3
272 -3
_ 3J2-23 y 22 +43
WD =nf3  BJTaal3
_12+3J6-46-6
(2V2)? - (+/3)?
_ 6-6
83
_8_1p
55
. Height of triangle = é—l 6 cm
e £ 55
[4]
(i) By the Pythagoras Theorem,
AB* + AC? = BC?
AB? + AB?> = BC? (- AC = AB)
2AB? = BC?
2
1 6
AB? = - 4f——)
(-
] 3\]°
=2 |2 9.0 -
12225
= 2(242-+/3)?
= 2(8-4/6 +3)
= 2(11-46)
= 22-8J6 cm®
[3]
(7 m)

(5]
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Working

Marks

Total

Remarks

Alternative Solution:

(i) In nt—Zd AABC,

sinAACB=£
BC
smdsrm 28
42 - -
J3
1
AB= ——x(42-23
5 ( )
=4-6
AB? = (4-+/6)?
=16-2(4)(6)+6
= 22—8\/8 cm’
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Qn | Working Marks Total Remarks
3 (@  I(pPg)=a - (1)
In(pg*) = b --eeeeee )
() +(2):  In(p*q)+In(pg®) = a+b
n(p’¢) = a+b
In( pq)3 =a+b
3In(pg) = a+b
a+b
In(pg) = ——
3
akb
pg=e?
[2]

Alternative Solution:

In(p’q) =a = p’g=e€"

]n(pqz) =b = pq2 =

(P’q)(pg*)=e" xe

b
(pq)3 =ea+b
a+b
pg=e®
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Qn | Working Marks Total Remarks
3 | (b) logs(2x+1)+log; 3 = logg(x—2)* —logs(x—1)
3
_ ¢
logs(2x +1) + 2833 _ ]°gl3(x 92) ~log;(x—1)
10g3§ 0g3
logs(2x +1)—logs 3 = logs(x —2)* —logy(x—1)
_7\2
log3(2x+]) = Jop (x=2)
3 x—1
2x+1 _ (x-2)
3 x—1
QCx+D(x-1) = 3(x-2)?
232 —x—1=3(x’—4x+4)
x> =11x+13 =0
(I (-1D)? - 4)(3)
2
MERIES)
2
x =135 or 9.65 (03 s.f.)
(reject, as x > 2)
~x = 9.65
[5]
(7 m)
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(i) &-p° = (a-p)a’+af+p%)
= (@-Pl (@ +p*)+af]

e

- -1t
8

(iii) New roots:

-1 1-p°
5

a

2 2
a1+l,8_

_a@® -+ pa-pr

Vi a aff
_@-a+p-p
o
(@ - -(a-p)

af

_]]7_(._5)
8 2

E
4

[2]

- Qn | Working Marks Total Remarks
4 | aﬂ-—l
g
2, 2 _21
a +p 7
(@-p) =a’ -206+
=(a*+ %) -2ap
=2_2(_1)
4 2
=2
4
a—ﬁ=—§ (- a-p<0)
[2]
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2 _ _p2 2 _ 2 _ 2
‘ l© (a 1)(1 B Jz & -Pp -1+
B @ of
_ (@ +H-(ap)* -1
aff
2
5-]-—(—1) -1
4\2)
-
2
=-8
X . ... 2 15
". The required quadratic equation is x —7x~8=0.
(4]

(8 m)
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5 | (i) Diameter of circle is AB
where A=(-3,2) and B=(5,8)
Centre of circle, C = (_3+5 ,wj
> 2
= (1,5)
. . 1 2 2
Radius of circle = 5 [5-(-3)] +(8-2)
= %,/64 +36
1
= —(10
2( )
= 5 units
(4]
Alternatively,
Radius of circle = /(5—1)? + (8—5)°
= 5 units
(ii) Equation of the circleis (x—1)? +(y—5)% =5
ie. x* +y2—2x—10y+1 =0
]
(iii) Gradient of AB = ——2
: 5-(-3)
=2
4
. 4
. Gradient of the tangentat B = — —
Equation of the tangent to the circle at B is given by
4
-8 =——(x-5
) 3 )
3y —8) = —4(x-5)
3y—-24 = -4x+20
3y+4x =44
[3]

160 9
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5 | (iv) Highest point on the circle is D =(1,10)
Equation of the tangent at Dis y =10 -
At the point of intersection of the tangents,
3(10)+4x = 44
4x =14
x = 3—1—
.. The tangents intersect at the point (3%, ]0)
(2]
(10 m)
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@)

(1)

In t—2d APQT,
oT

sinf@ ==—

QT =3sin@

In t—-Zd AQRS,
oS

cosfd =—
5

0S8 =5cos @
x=08S+0T
=5cos@+3sinf

=acos@+bsin@

a=5 and b=3

x=5c0s6+3sin @

= Rcos(0—a) where R>0 and 0° < & < 90°

R=+5%+3?
=34
~5.83 (103 )

3
tana = —
p

a =30.96°
a=31.0°

. x=5.83cos(6—-31.0°)

[2]

[4]

Accept
x=+/34 cos(@-31.0°)

(41 1
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6 | (ili) Maximum value of x = NEY
~5.83
Maximum value is attained when
cos(8—-30.96°) =1
where —30.96° <8 -30.96° <59.04°
0-30.96°=0°
6 =30.96°
*@=31.0°
[3]
(iv) When €=90°,
x =5¢0s90° + 3sin 90°
=5(0)+3(1)
=3
[2]
Alternatively,
When 6=90°,
x =+/34 cos(90° —30.96°)
=+/34 c0s59.04°
=3.00
[2]
(11 m)

12
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7 | ® % =2(3x-2)(x-3)

=2(3x* -11x+6) .

y=IZ(3x2—]1x+6)dx

2
=2[x3—1—12"—+6x]+c

=23 -11x2 +12x+C
Since the curve passes through the point (0, 9),
9=0+C
C=9

Ly=2x-11x%2 +12x+9

[2]
- . . dy
(ii) At stationary points, a =0
2(3x-2)(x-3)=0
x= 2 or x=3
3
Since p is an integer, p=3
When x=3, y=2(3)>-113)?> +12(3)+9
=54-99+36+9
=0
~qg=0
[3]
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7 | (iii) (a) For values of x slightly less than p,
let x=29
v 2[3(2 9)—2‘](2 9-3)
o 3 :
<0
-. yisdecreasing for x=p~ [11
(b) For values of x slightly greater than p,
let x=3.1
d—),—2[3(3 D-2)(3.1-3)
o . ;
>0
-. yisincreasing for x = p* 11
(iv)
Value of x P p
Sign of ] — 0
dx
Slope \ /
-. The stationary point (3, 0) is a minimum point [1]
d2y
V) —5=2A3(x-3)+(Bx-2)]
dx
=2(6x-11)
dz_\'
When x =3, §=2[6(3)—]]]
=2(7)
=14
ince 9250 at x=3. hi
Since EX—Q >0 at x=3. this supports the
conclusion made in part (iv) that (3.0) isa
minimum point
[2]
(10 m)
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8 | (i) Displacement, s= 2 —6t2+9r+18
When =0, s=18
.. The initial displacement of the particle from O is
18 m ]
d
(ii) Velocity, v=—
dt
=32-121+9
When the particle is instantaneously at rest,
v=0
32 -121+9=0
1P —41+3=0
(t-D(-3)=0
t=1 or t=3
When 1=3,
s=(3)>-6(3)> +9(3)+18
=18
-. The particle will return to its starting position
when 1=3
(4]
(iti) When 1=0, s5s=18
When r=1, s=1-6+9+18
=22
When 1=3, s=18
When 1=4, s=(4)>-6(4)> +9(4)+18
=22
". The total distance travelled by the particle
during the first 4 seconds
=3x4
=12m
(3]

16>
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8 | (iv) For stationary value of velocity,
dv
b dr
6r—12=0
1—-2=0
=2
42
=6 (>0
dr
= vis minimum when 1 =2
Minimum velocity = 3(2)2 -12(2)+9
=-3 m/s
[3]
(11 m)
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9 |
T 7
G / ¥ =2sing #2
My )
1
: 2
~ik : o) /
2P £
B g TS
/'// DTN
3 bt
\N\N
iS5 A
05 / f
oi To25% D 53 175k 2kl 1235k 254 | 395

@) (a) Inthe interval 0 <t <4rx, the two graphs have

(b)

3 points of intersection, showing that there
were 3 instances when the waves on the two
days reached the same height.

Day 1 would have provided surfers with a
more thrilling experience of riding the waves
at sea.

Period of the waves in Day 1 is half of the
period of the waves in Day 2, showing that
for Day 1 there is an additional cycle between
the greatest height and the least height of the
waves within the same time interval.

In addition, the amplitude of the waves in
Day 1 is greater than the amplitude of the
waves in Day 2. showing that the rise and
drop in height of the waves in Day 1 is
greater.

[2]

[3]
(9 m)

164




Paya Lebar Methodist Girls” School (Secondary) Mathematics Department

Marks Total Remarks
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10

E

(i) ZADG =90° (tan L rad)
OB /I DG (Midpoint Theorem)
ZLAOB = ZADG =90° (comr. ZLs, OB/IDG)

Since OB is the perpendicular bisector of AD,
AB=DB
= ABD is an isosceles triangle
[3]

(ii) In rt—2d AADG,
AG? -DG? = AD? (Pythagoras Theorem)

(2AB)? —(2DF)? = AD? (given AB=BG and DF = FG)
4(AB? - DF?)= AD?

4(DB? - DF*)= AD? (from (i), AB=DB)

- DB? - DF? :%ADZ

(2]
(iii) In AADF and ADCF ,
ZDAF = ZCDF (Tangent-Chord Theorem)
ZAFD = ZDFC (Common angle)
. AADF issimilarto ADCF .
(Two pairs of corresponding angles are equal)
[2]

(iv) Since AADF and ADCF are similar.
DF _ AF
CF  DF
DF? = AF xCF
- GF? = AFXCF (given, GF = DF )
[2] (9 m)
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11

o 2o
dx\+V3x-2

-

1

(3x-2)2(1)—x %(3;(—2)_5(3)

1

(V3x=2 )

%(3;(—2)_5 [2(3x—2)-3x]

3x-2

6x—4-3x
3
2(3x-2)2

B 3x-4

B 2J(3x-2)

3]

(L5




Paya Lebar Methodist Girls” School (Secondary)

Mathematics Department
Qn | Working Marks Total Remarks
11 | (b) (i) AtA, y=0,
8(3x—4) _0
J3x-2)°
3x-4=0
4
xX=-
3
Equation of the line AB is given by
4
-0=3| x——
g ( 3)
y=3x-4
At the points of intersection of the curve and the line AB,
8(3x—-4) —3y_4
(3x=2)°
B ) . oo
JGx—27
(Bx—-4) ——8— -1 (=0
J3x-2)3
3x-4=0 or _& 1=0
J@x-27
8 -1
(3x-2)°
(3x-2)% =8
(3x-2)° =64
3x-2=4
x=2
AtB, x=2.
When x=2, y=3(2)-4
¥=d
The y-coordinate of B is 2.
[5]

20
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11 >

B frow i v wieiee B

(=]
~

(b) (ii)) Area of the shaded region
- @) - j 2. o

V(3x— 2

|
BN
|

16"‘ _(B3x-4)
24(Bx— 2

N

3.08 sq.units (to 3 s.f)

2
=4 -16 -
J3(2)-2 \/3(_)_2
%
:4—161———
| 32
=.3.0849

[4]

(12 m)

LL 2]
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