Anderson Junior College
Preliminary Examination 2017
H2 Mathematics Paper 1 (9758/01) solutions with comments

Let x, y and z be the amounts Mr Tan invested in structured deposit account, bonds and an estate
fund respectively.

X+y+z = 25000 --- (1)
y=z+7000 ---(2)
[(1.02x) x1.02]+[(1.03y) x1.03] +[(1.0452) x1.045] = 26300 --- (3)

Solving the 3 simultaneous equations :
X =13937.6 = 13938 (nearest dollars),
y =9031.2 9031,
z=2031.2~2031
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Consider triangle ACD,
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Since @ is small, sin@ = 0, cosezl—e—,
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Since —S is a constant, the terms follow an AP.
5

Curve C: y=f(x)
. 3 2
TangenttoCatx=01is 2x—ay=3 => y=——+—X
a a

Since the tangentto Catx =0is y = f (0)+ f '(0)x,

- f (o)=—§ and 1 '(0):2

The 3" term of the series for f (x) is %xz

= £(0)=2

2
From (1+ ZX)(;TZ+ y%zo,

When x = 0, we have E+(—§J(Ej=0
3 a/\a
=a’=9
=a=3 (sincea>0)




d®y . dy _
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Differentiate w.r.t. xX:
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P=2z=re", 4

|z,|=r &arg (z1) =6

Let B be angle between lines OQ & |,
B = (o - 0) since line | bisects ZPOQ

arg z, +arg z,
=0+ (a+p)

0

=0+ a+ (o-0) G
=2a

|2,2,|=|z,||z,|=r* AND arg(z z,)=arg z +arg z, = 2a
Hence z,z, =r*(cos2a +isin 2a.).

a:% = 7,7, :rz(cosgﬂsingj:rzi (Purely imaginary).

Cartesian equation of the locus of Ris x=0,y >0

v

FB=EC = 2\/(kx)? — x? = 2xvk? -1
Area of cross-section of prism
= Area of ABCD + Area of AFED

= 2(Area of trapezium ABCD)

= ZB(X +3x)y/ (kx)? — x? }

= 4x2k? -1

Surface area of prism, S = 2(4x2\/k2 —1) + 2xh + 4kxh

Hence S =8x’vk?-1+2xh(1+2k)(shown) --- (2)




7a

Volume of prism = 400 = (4x2\/k2 —1)h

100
h=——r (1)
x?Vk? -1
. 100
(1) in(2): S :8x2\/k2—1+2(1+2k)[ j
xvk? -1
98 ek 1 200@+ 2K)
dx x*vk? -1
When 98 L0 @ 200(12+ 26, _ 25(12+ 2k)
dx 16(k% -1) 2(k? 1)
7b When k = 2,

S =8x*vk? —1+2xh(1+2k) = 8/3x% +10xh and
v :(4x2\/k2—1)h:4\@x2h

Given that d_x = @
dt

dt
dh dh dt
dx dt dx
Method 1
as dh

™ =83(2x)+10h +10x =16+/3x +10h +10x --- (1)
X X

dv , dh
—=4 h.2x + x
dx \/—( d

j 4\/_(2xh+x) --(2)

X

Whenx =3, h=8, d—S:O.S,

dt
Z—S =16+/3(3) +10(8 + 3) = 4813 +110

& 43(238+5)-2283
dx

dv _dv dx ds
Wt dxdS dt

— 228 3x— 2 %05

483 +110
=1.02 (to 3s.f)

Method 2

d—S—8\/_(2X—j 1o(h% x@jz(mﬁxuommx)
dt  dt

And

dv dx ,dh o1 dx
N 4B hax e N4z (2xhx2) 2 2
dt f( a dtj VB2’ @)

dx
pray €




When x=3, h=8§, ?j—f =0.5,using egn (1) to find 3—:

05= (16\/5(3) +10(8) +10(3))%

dx 05

P P9 00025888
dt  4843+110

Sub into (2) to get Z—\t/

8i)

Z—\t/ =43 (2.3.8+32)(0.0025888) =1.022343317 ~1.02 (to 3 sf)
_AXP—kx+2
X—2
By long division, y=4x+8-k+ 18- 22k
X_

dy  (x—2)(8x—k)—(4x% —kx+2)(1)
dx (x—2)>2
_4x*-16x+2k -2
o (x=2y

Let j—y:O = 4x?-16x+2k-2 =0
X

=2x*-8x+k-1=0

8+,/64-4(2)(k-1 _
SRS CRIECE N B

C has stationary point when k <9

However, when k = 9, the value x=2 is undefined on the curve.
In fact, the curve C is a straight line, y = 4x - 1.

Hence C has stationary point when k < 9.

Alternative Presentation 1: Alternative Presentation 2:
dy 2 _
Let d—x_o = 4x*-16x+2k-2 =0 g_izo A —16x42k—2 =0

2_ —_— =
= 2X°-8x+k-1=0 —2x2—8x+k-1=0

dy_ 12 "
For &—0 to have real roots, "b* —4ac >0 :>2(X_2)2+k—9=0
= 8 —4(2)(k-1)>0 =2(x-2)"=9-k
=64-8k+82>0 For ﬂ:o to have roots X,
= 8k <72 dx
k<9 9-k>0=k<9

However, when k = 9, the value x=2 is undefined on the curve.
In fact, the curve C is a straight line, y = 4x - 1.
Hence C has stationary point when k < 9.




(i)

2_ —
y=4x kx+2:4x+(8—k)+18 2k

X—2 X—2
Asymptotes of Carey =4x +8 - kand x = 2
Whenx=0, y==-1.

When y=0, 4x*—kx+2=0

‘o k +vk?-32

8
_»\’ 2 J— ," 2 —
The axial intercepts are (O,—l), (—k k8 32 ,OJ and [—k i k8 32 ,0}.
i) y
r\/q‘\ H
s
\ X=2
i 18-2(8
(i) When k = 8, y:4x+(8—8)+A:4x 2
X—2 X—2
y=2x+£—’*—>y=2(2x+1j=4x+g
X X X
y=4x+3—B>y:4(x—2)+ =y=4x-8+
X (x-2) (x-2)
y=4x-8+ —L 5y =| 4x-8+ +8=4x+
(x=2) (x=2) (x=2)
A — Scaling, parallel to the y-axis by a scale factor of 2.
B - Translate the graph by 2 units in the direction of x-axis
C - Translate the graph by 8 units in the direction of y-axis
Alternate Sequence of Transformations:
A — Translate the graph by 2 units in the direction of x-axis
B - Translate the graph by 4 units in the direction of y-axis
C - Scaling, parallel to the y-axis by a scale factor of 2.
iv)
2
When k = 8, 4X_—kX+2 > iz
X—2 X
4% -8x+2 1
= —>—
X—2 X’
From G.C,
0.805<x<1.69 or X>2.




9() | (a+b).(a+b)=aa+2ab+bb
Since (a+b).(a+b)=[a+b[
and given |a+ b|2 :|a|2 +|b|2
~ aa+2ab+b.b =[a +[o|

la +2a.b+ 0" =[a" +|b|

2a.b=0
a.b=0
salb
) Using ratio theorem, OC = 4b +a :1a+gb_

- -
Length of projection of OC onto OA

E@‘
- oA

(éaﬁ;bj[a‘ ‘éa[iawéb[ﬁ‘
-

e +gbta‘

=2 9 1 = é|a| (since a L b)

[
iii) | |cxf| denotes twice the area of the triangle COF.
(iv) cos3t ) (‘sint
OX[OY =| sin3t [] cost |=cos3tsint+sin3tcost—1=sin(4t)-1
1| =
2
cosT XOY = 20V _ sindt-1
‘OXHOY‘ \/c0523t+sin23t+ix/sin2t+coszt+4
_sin4t-1
N
—+/5
s
2, .
=—(sin4t -1
5( )

Maximum [J XOY occurs when cos (£XQOY) is most negative.
i.e. when sin4t =-1.
At that value of t,

4

cosl] XOY =E(—1—1) =——
5 5

~.[1 XOY =cos* (-%} =143.1°

10 | x+(x+2)+(x+2(2)) + ... +(x+ 23(2))<2000
This is an AP with first term= x, common difference = 2, number of terms = 24

%[2“23(2)] <2000

O<x££1
3




10(i)

n | Amount paid at Tn

2 | 60(0.05)

3 | 60(0.05)+2(0.05)(0.98)

4 | 60(0.05)+2(0.05)(0.98) +2(0.05)(0.98)’

n l60(0.05)+2(0.05)(0.98)+2(0.05) (0.98) +...+2(0.05)(0.98)"

0.098(1—0.98“’2)

1-0.98
=3+49@—09@*)

:7.9—4.9(0.98“’2)

Amount of fees at Th =3+

i[?g 4.9(0.98"°)]

r=2

7 9-4. 92(0 98"*)

r=2

_7.9(n—1)—4.9[M]

1-0.98
=7.9(n-1)-245(1-0.98"")
= 7.9n+245(0.98”‘1)—252.9

Let f(n)=7.9n+245(0.98"")—252.9. Note that f(n) is increasing in n
Consider 7.9n+245(0.98"*)-252.9 > 200

44 197.47
45 203.32
46 209.21

Using GC, n>45
He will not have sufficient money at the 45™ toll station.

11i

je’zxsin x dx

=(~cos x)(e‘“)—j(—cos X)(-2e*) dx

= —e 2 CosX— 2[(sin x)(efzx)—jsin x(—2e") dx}
= —e ¥ cosx—2e **sinx—4[e™sinx dx

-2X

5Ie‘2xsin X dx=—-e2*cosx—2e*sinx+C

oy . 2 . . 1 _
J'ezxsmx dx:—ge 2Xsmx—ge 2Xcos X+ A

11ii

X .
d—:—e*t ﬂ:—e*t sint+e™" cost
dt dt

dy _—e"'sint+e" cost

5 ~ =sint—cost
X —e




Equation of normal: vy e ~1(x - e’%) = y=-X+ 2¢ 72

11iii

Area

1
= JAefn/z Ye _ynormaldx
='|.1_n,2 Ve —(—x+2e%)dx
[ etsint(—e VP
—.[%e sint(—e )dt+LMx 2e 72 dx

2 Tt 1
=—.[O e2sint dt+| — —[Ze%x}
% 2 o o
0 =T
— | “Zesinx—Lercosx| 4| 1- —[Ze% (1—e%)}
5 5 " 2 2
2

:ge°sin0+le°cosO—ge‘“sin[E)—le‘”cosz+£—e——2e%+2e‘“

5 2) 5 2 2 2
=1—Ee’“+1—ei 267 42"

5 5 2 2
:Ee‘“—Ze%+l

10 10
Alternative:
Area = L{m e 'sint —%(e_%)(Ze_% —e_%) +%(1— 2e_%)2

[Whenx =1,y = -1+ Ze%]
11iv | For normal to meet curve again,

Substitute parametric eqns into y = —x + 2e 72

etsint = —et +2e 2

e '(sint+1) - 2672 -0

Using GC, t =—-1.92148, —1.0145, 1.5707 (rej, this isg)
So q=-1.92 and r =-1.01 (to 3 sf)




