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1 A circular ink-blot 1s expanding such that the rate of change of its diameter D with respect to time ¢ 1s
0.3cms . Find the rate of change of both the circumference and the area of the circle with respect to ¢
when the radius of the circle 1s 2 cm. (4]

Given: “if = 03cms

Form the chainrule :

dA - dA , dD
dt d D —idt ]

2 (4) x 0-3

= 06T cm*s”!
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The curve C with equation y = x° is transformed onto the curve with equation y = f(x) by a translation
of 2 units in the negative x-direction, followed by a stretch of factor } parallel to the y-axis.

(a) Write down the equation of the new curve. [1]

(b) Sketch C and the curve with equation y = f(x) on the same diagram, stating the values of the
coordinates of the points where y = f(x) crosses the x- and y-axes. Find the x-coordinate(s) of the

point(s) where the two curves intersect, giving your answer(s) correct to 3 decimal places. [4]

@ F(x)= 13 F(x)—) f(‘l'l‘zg ‘F(x)z(fo)B ‘f(x) e 4“"“1}; F(!:) & t(x *2)3

translodion stretch of

of 2 units in factor 1‘; /

the negative to y-axis
X - direction

E1uafion of the new curve: y= i’(x+z)’

® y A

(D By6GC: x= 3405

(0,2)
(-2,0) 5 by

> X

y= £ (x+2)
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3

(a) Sketch the curve with equation y = x — %, giving the exact coordinates of the point(s) where the

curve crosses the axes and the equations of any asymptotes. 4]
: : : 5.
(b) Hence, or otherwise, solve the inequality x — - L. [3]

@ y= x> -12  _ (x-d12)(x td12)
v/

A
Vertical asymptote : Let denominator =O
- =0
Obligue asymptote : Let £ — + 0O
2
'7 — 0

heﬂce, J » X

€. Yy=2 Isthc oblique asymptote .
X - intercept$ :
when 3‘-' 0 ) X=z m

= +2J3
N =X
Y ’
/
y=|
/./
E |
205 / | > %
- 23 4
yd
4
o
/
X =0

@ 67 GC, the intersection poinfs of 3= y 4 -—% and

3=| ore at xX=-3 and x=4 .

Hence, the inequality is satisfied by the highlighted
part of the sketch ,i-€- x<-3 or 0< X< 4



A student drops a ball vertically onto a hard surface and measures the height reached by the ball
after each successive bounce. She drops the ball from an initial height of 160cm and she estimates
that the height the ball reaches after each bounce 1s % of the height reached by the previous bounce.

(a) Find the total distance that the ball has travelled when it reaches the highest point after the third
bounce. 2]

(b) The ball 1s considered to have stopped bouncing when a bounce first results in the height the ball
reaches being less than 0.01 cm. Find how many bounces the ball has made and the total distance

that the ball has travelled in this case. [6]
@. %('60) 212
N (’6’) (160)
A 3
160¢m (%) (160)
Y N v 2
| [ .
st 2 3rd

bounce bounce bounce

total distance when the ball reaches the highest Point
after the 3™ bounce:

=160 + 2(})0s0) + 2(3)'060) + (3)°C160)
= 392.18%5
= 192 cm

OB (%)"(160) < 0.0l
(i)" ¢ 0:0l
g 160
| (O-OI
g\1e0
"7y (3)
n 7 2.5

On the #3™ bounce, the heiahf reached by +he ball <0-0lcm.
ire. the ball made 33 bounces.
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fotal distance travelled: - .
=160+ 2(2)Ge0) + 2(2)°060) + - +2(}) (160) +&) (160)
=160 +320 [ 3 +(3)*+ - +(2)*] t (3)®ae0)
=160 + 320 [ %('_(%)42] ' (13):'3(160)

|

3
)

2399. 859184
2400 cm
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§  The curve C has equation y = lg(lnx)ﬂ where x > 1.

(a) Find the exact x-coordinate, x = x,, of the turning point on C and determine its nature. (4]

(b) Using calculus, find the exact area of the region between C, the line y = 0 and the lines with
equations x = e and x = x,. [3]

@ y= ‘k(ln%f
4y = % (3) (n2)* (%) + () ()
= (W%)" (3 1)

xl
lef =0 (Wx)'=0 or 3-InX =0
InXx =0 InX = 3
x = e° x= 63
=l

The suggested solutions are prepared by Mr Alvin Yeo. Mr Yeo will hold no liability for any errors.



RE Lo Bt S QT i M0y G SR WIS BT AR B

3
- € | :
A\-\[ 3%(”0:1)3 du: 1?F“”nquer' .
e , J @ fx)"dx = £()™ ¢ ¢

Nt
£'(x) ()" TR

" (n X)" :|83
4 e

"

i[QnGB)“ = (lne)4:|
f[ 3% -]

20 _sq- units

|
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(a) The non-zero vectors a, b and ¢ are such that a x b = ¢ x a. Given that b # —¢, find a linear
relationship between a, b and c. [3]

(b) The variable position vector v satisfies the equation v x (i — 3Kk) = 2j.
(i) Find the set of position vectors v. 3]

(ii) Describe the set of points represented by position vectors v geometrically. [2]

@ Given g x p=Cx g
(axb)-(¢x8)=0
(axb)t@xg)=0
a x (h*g =0

a = K(g*rg; ,~|<eIR
®i et v = (E)
men (£) x(5,) = (2)

%

2
2
9
2.
3 3¢
we ¢an express V = C e[R

i. LeT ¢ be a parametfer A
oclP (2103)+ l(-.t?) , LER
0

V 15 the set of position vectors that satisfy the
line e(tuahon of L:L= (’?) t 1("1‘,3 LAV ER .
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Do not use a calculator in answering this question.

7
and w which satisfy the simultaneous

~

(a) Showing your working, find the complex numbers z

equations.
2z + (1 = 21)w=4
(1+1)z+ 22+1)w=3 16]

2iz + (1 - 2i)yw =4 ®
(1+i)z+ 2+iw=23 (2)

D xi1: g+ (-AP)w=4L
-3Z +t LWt aw =4¢5
~aZ + (2a+ )W = 4y

(Ati)w = 2z+ 4 —3)
Sub @) into (2):

(tiL)Z t3Z2t+ 4L = 3
(3+i)Z2 = 3-4L

Z = 3-41
3t
- 4- i

(3): (@tidw= 2(3-2i) + 4.
(ati)w =1 — 31 + 4

(a+ V)N =(1 ()
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(b)
Im A

' A (W1)
Ay
’ "~ C (W3)
] /
b }
/
A 4
O ;; T(e
B
(W)

A“

The points 4 and B on the Argand diagram represent the complex numbers w, and w, respectively.

(i) On the copy of the Argand diagram in the Printed Answer Booklet, plot the point C to represent
the complex number w,, where w, = w, + w,. Show clearly the geometrical relationship
between the points 4, B and C. 2]

The points A’, B and ' represent the complex numbers iw,, iw, and iw, respectively.

(i) On the same Argand diagram in the Printed Answer Booklet, plot the points A’, B" and C".
State the transformation that maps the points 4, B and C onto the points 4’, B" and (". [2]

(iif) The transformation n part (ii) maps point 4" onto the point A”. Determine, with justification,
whether 4” represents the complex conjugate of w,. [1]

(i) 90° anti - clockwise rotation about O.

180° rotation "
A dbout O o

As seen from the ardanal aliagmm above ,

A" is not a reflection of A about the
real axis , hence A" F wmplex conjugate of n;.
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The curve C has parametric equations

X = C08’t, y = sin’t, where 0 <7< 3.
(a) Find the equation of the tangent to C at the point P with parameter p. 3]
(b) The tangent at P meets the x-axis at the point 4 and meets the y-axis at the point B. Find the length
of AB. 3]
(¢) Show that the cartesian equation of C' may be written as xg + y% L. [2]
(d) The region bounded by C, the line x = 0 and the line y = 0 1s rotated through 2z about the y-axis.
Find the volume of revolution of the solid formed, giving your answer correct to 3 decimal places.
[4]
SN 3 : >
@) %= (cwst) Yy=(sint)
. 2
4% = 3(wst)’ (-sint) = 3sint) wst
= -3sint c0s’t

J /3/5'" ‘Q?i- - tant

When t"'r »y X = wsr ) 3:‘”"3" 2 ﬁ‘-‘-'-tanf

Ecln of fqﬂ_gg1_°

y - sin’p = (~tanp) (¥ - ws’p)
Yy "(Tanp)x t smp wSP t sin P
-(mn,»)x + Smp (wSP t sin r)

—(*ang)x t sinf

® A: lety=0 B: Let x=0

. (tan P) X = Sinp

-.3=.sinp
x-smpx% 'B=(0,6in )

= 0§ p
Az(OOSE y 0)
length AB = N(casp—0)* +(0—sinp)*
= A ws*p + sintp = | wit




@ x=(c,os‘;:)3 yz(.sint)?’
. wst = X sint’g%
Using identity: sin’t t+ cos’t = |
ys + x3 =1 (shown)

/
Bos:: ST ‘
>
— p—— SIOIE g

V""Jso X L A0 =1-y°
2 o

3--0 (,-33)3 dy

= 0-4%9 cubic units. (3 d.P.)
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A man M 1s at the top of a mountain which is of height #km. The radius of the earth 1s assumed to be
a constant Rkm. The furthest point on the earth’s surface that the man can see 1s a point P such that
MP = xkm and the angle POM = 6, where O 1s the centre of the earth (see diagram). You may assume
that the height of the man is negligible.

()

(b)

(©)

w|--

Show that x = (2AR)2 (1 + -2—%) [3]
It 1s given that / 1s small compared to R. If o = z, show that sinf = (2a)]5(1 = %a). [5]
The man M has a scientific instrument which enables him to estimate the angle between PM and

the horizontal. Given that this angle 1s 2° and that the radius of the earth i1s 6375 km, find estimates
for the values of & and . (4]

IJsmg PYMagoras theorem
(h+R)* = x* + R?

h+2hﬂ+}/ X +}r’{

= h’+ 2hAR
-(2h8)[|+ 2hR

= (2hR) (1 + 3 267
o X =A@R)(1+ B

= (2,,R)é (1t 5%-)5'
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divide both numerator
= (ZhR)J*' 1+ ;"R)"i and oenominator b)' R.

(% +1)

@a)iCi+ 2a)?
(1+a)

(2)® (1+3)3 (14 )™
(‘“‘)é[lf () ¢+ J[1-a t ]
x () (1+ $2)(1-«)
(3“')* (l-d«ft«' $++)
~ (ad.)é(|—}°‘)

\ o« is small , hence, |
| a? and above are |
, neglisibl(’/.

Qy similar AYY
o=2°

ve. sin2°~ (20003 (1-4 &)
by GC: o =6-0754 x 1074

= 1-3045 (re becavse
e ' K o is small) .

>3
"
& R

R=60954x10"*x ¢3%5
= 3-89 km
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10 The point 4 has coordinates (0, 2, —3). The line / has equation % = )_—3 = £ I 2.

(a) Find the cartesian equation of the plane m which contains 4 and is perpendicular to /. (3]

(b) Hence, or otherwise, find the coordinates of the point P on / which 1s closest to A4. (3]

(¢) The line m passes through the point with coordinates (4, —5, 10) and P. The line » lies in the same
plane as / and m. Find a cartesian equation for » if n is the reflection of the line m the line /.  [6]

& Sub 01"‘0{: § into eqn- of plane to find P:

() (2) = -

42 +3+9A+t2+2 =9
142 = -14

2
.~ we sub A==l into Ciﬂ-of L y 1°@° (-lz;axx

-2
07‘(?) wordinates of P =(-2,2,1)
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let op = (.?:)
vt = (3)- () (9
<) p 4 Lm ;
’ (2) o :
- = (3) ¢ 20
0’ L

Step 2 : Find foot of B on L ,ie F
- 2)
lel of = (-1-31)

2t2

2A 4 -412A
then E_l; " (-l--%l) = (‘5) = ( +-3x)

2tA o -3+ A
— 2

142 = 28
A =2
- [4
o = (3
Step 3: Using Ratio Thearem to find B’
—9 <~ sl
OF = 0B 1 o8

2
— —9 —9 4 &
o8 = 23F -~ ab = 2(3)~(3)

Step4 : direch:n vectosr of €a
ot = (3)-(3) < (1)

ln:s: (.%) t p(-ﬁ) ¢ HGK
x=-2-6§f , y=2tip , 2=1t3p

-xéz - _u'-l_l = *5' (cartesian eqn. of £n).




11 The variable 4 is such that the rate of increase of 4 with respect to time ¢ is proportional to the product
of A and (10 — A4). The 1nitial value of 4 1s 2 and when 7 = 5 the value of 4 1s 4.

(a) Write down a differential equation expressing the relation between 4 and ¢. Find the time at which
A = 8, giving your answer correct to 2 decimal places. [8]

(b) Find the value of 4 when ¢ = 24, giving your answer correct to 2 decimal places. [2]

(¢) Write the solution of the differential equation in the form 4 = {(7) and sketch the graph of
A against ¢. [4]

@ A - kAGo-A) By Partial Fractions |
, _

t = L + .b_
J l dA = Kf dt .' A(I0-A) A 10-A
ACIO-A) . By Cover -up rule :
! U /
_L _'_ ‘_ — + . 10 R — e
coj AT io-A dA =Kt + C TR R .

In|A| = In]10-A| = 10kt +10C

In IIOA—AI = 10Kt +10C

A = 10kt +100
w-A €

Ny cnoce:m:t
= BelOKt e 6-’-1‘6'00)
A = (10-A) Be 'Okt
A+ ABe"kt = 10Bg'
A = ‘oBCIOKt
(‘.‘.Delokt)
When t=0, A=2: 2 = 128
2+2B =106

When t=5,A=4: 4 = 10@e*"

K=3lh5 or 0019617



19617
iow R .
Hence , | + 0,2560-HGH t

When A=8: 81+ 2e%1¢%t - 250019617 ¢
o,sec"l?él'?t = 8

19
Co 1961Ft _ y
0-1961FL = Inl6
L2 T =143
(b) When t = 24:
| + 0.25 ¢ 9-1961H(24)
@ A £ z.scO‘qel'?t i 2.5
'+ O2EIMTE | —r + 028
- 10

g3 4e-0mEFt L |

S c-o-HGH‘t . 50 ) A S8 O

- 00
0 B RTE 4 f 2

A
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