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Solution Marks Remarks
1. J‘ cos?6d@
1
- JE-(l—cosze)de LA
1 . .
=56+%sm28+c (c is a constant) IM+1A 1M for jcos k9d0=isink9
, k
withhold 1A if ¢ was omitted
3
AR —x? 3 1322 (Ax) 4 3x(Ax)> 3.3
2. (x+4x) ~x =2 a ( %)+ 3x(Ax)” +(A%)” ~x 1A For expanding (x+ Ax)?
Ax Ax
=3x? +3x(Ax) + (Ax)? 1A
’ (x=Ax)’ —x*  [(x+Ax)-x][(x+A8x)° + (x + Ax)x +x4)]
i = 1A
Ax Ax
= (x+Ax)? +(x+Ax)x +x> 1A
d ; lim- (x+Ax)3—x3
T Tarm 0T )
I no mark if lim  was omitted
= ar s o 3% +3x(Ax) +(Ax)7) j b
= 3x2 lA
4
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Solution Marks Remarks
R Ja+ﬁ’=5
3. gkaﬂzk 1M
ia—p’'=3
(a=p)* =3 M
a’-2ap+ p* =9
(a+pB) -4ap=9 1M
57 -4k =9
k=4 1A
Alternative Solution {1)
S+y25-4k
X=—— M
2
ja—ﬂ]:B
N fr———
5+./25~4k 5-25-4k
\ " > - p = ™M Accept without absolute sign
ly25-4k|=3
25-4k =3° M
k=4 LA
Alternative Solution (2)
:a+,5=5
lap=k M
ia-gl=3 ___
a-8=3 o ag-f=-3" M
a+pB=5 5‘;;3";;;‘/}':5 """ ﬁ: I
a-f=3 ' a-p=-3 !
a=4 and pg=1 g =land f=4,
k=ap
=4 1A
4
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Solution Marks f Remarks
4, 3x? 43y —2xy =12
61*63’l—2y—7x——= TA+1A+1A| 1A for —(-i——(."sx2 +3y%),
___________ x X dx
dy y-3x| o d
i 5 1A for a(ny) ,
d
1A for —(12
or dx( )
Put x=2, y=0:
dy_-6
dx -2
Lo 1A
4
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Solution Marks Remarks
5 x?>!x|
|xi? >[x] 1M
Jx(ximD> 0 1A
x=0 and: |x[-1>0 1A x>V or |xi<0
ix]>1
x>] or x<-1 1A

[Alternative Solution (1)

|x} < x?
-x? < x < x% _ M
x2+x>0 and x2-x>0 1A+IA
x(x+1)>0 and x(x-1)>0
x>0 or x<-1 and x>1 or x<0
Combining the two cases, x>1 or x<-~I. 1A
Alernative Solution (2)
Considerthe two cases : (1) x>0, (2) x<0. M Accept including x = 0.
Case 1 (x > 0) : The Inequality becomes
x?> x 1A
x(x-1)>0
Since x>0, so x> 1.
Case 2 (x <0) : The inequality becomes
x?> ~x 1A |
x(x+1)>0 |
Since x <0, so x<-1.
Combining the two cases, x>1 or x<-1. 1A
Alternative Solution (3)
x* >{x]
x* > x? IM
: x(x2=1)>0 1A
\x:—‘Oand x2-1>0 1A x2>1 or x2<0
x2> 1
x>1 or x<-1 1A
|Alternative Solution (4)
|
, YA IM+1A 1M for sketching the two graphs
i = x? =X
: ror y=lx| 1A For mtersecting at x =1 and x = -1
] : /
| ! !
| : !
! ! t g x
-1 O 1 4
;From the above graph, x?>|x! when x>1 or x<-1I. 1A
4
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Solution Marks Remarks
1A
M
1A
1M
. OA is parallel to BC. 1 Omitting vector sign in most
cases (pp—1)
5
. 1
7. For n=1, LHS =E
RHS =2—1i%=l=LHS
2t 2
.. the statement is true for 7= 1. 1
Assume _...i i_... _..k__:z_k-rz, 1
27 53 5k 2k
where k is a positive mnteger.
1 2 3 ko k+1
5‘_5_2-”'2_3+ +7_k+ Skl
k
2 k 2 £+l
_ 5 2k+2)-(k+))
= 2 - _(E-_lz_i?_ 1
2 k+1
' The statement is also true for 7=k + 1 ifitis ue for |
': n=k. By the principle of mathematical induction, !
the statement is true for all positive integers n. 1 Not awarded if any one of the
5 above marks was withheld

2003-CE-A MATH-7

CHERS

DR EIZEE FOR TEA

USE ONLY



2 PR B2 FOR TEACHERS’ USE ONLY

Solution Marks Remarks

(a) The equation of the family of straight line is [

____________________

2x-3y+4+Ax+y~3)= O. , where A 1s a constant, | 1A
landx—y—3=0 !

OR (x+y-3)+4i'(2x~3y+4)=0.

OR A 2x-3y+4)+k(x~y-3)=0, where h, k [FN I

are constants ]

:Alternative Solution

|

i [2x-3y+4=0
iix+y—3=0
|

Solv'= the equations, x =1 and y=2.
|The point of intersection of L, and Z,1s (1, 2).
The equation of the family of straight line 1s

y=2=m(x-1)

1A

(b} 2x=-3y+4+i(x+y-3)=0
(2+Ax+(A-3Dy+(4-31)=0
A
4540 =1 IM+1M 1M for distance forrula,
V24 +(4-3) 1M for substituting (0, 0) & distance = 1
Accept omitting absolute sign

. 1. X . .
Put A=3 and 7 into (1), the eguation of the two

linesare x-1=0 and 3x-4y+5=0. 1A-1A i
Alternapve Solution I
mx—y+{2-my=0

'2-mi

—===1 IM~1M Same as above
vm© +1

2-m?=m"~1
i3
| 4
! . L 3
;.- the equation of the lineis y—-2 = w(x-—l)
I
j - Le 3x-4y+45=0. 1A t
Iknmher line which is of dxstance 1 from the origin 15
lx—1=0. 1A

5 .
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Solunion Marks Remarks
A
9, y
Ciy=x /L:y=4x~4
(2,4
o / (1,0 >

4
Atea = J.(x2 -x,)dy
0

)
1 b

4
H 4 —_—
= J ("Z -y3)dy IM+1A+1A] IMfor 4= fxdy,
0 a
1A for integrand, 1A for limit
2 3 i
2 5 )+ 4 -
=[y*+}’—~-y2]4 M For evaluating J.L——dy & Jy?dy
8§ 3 0 4
4> 2 2
=—3+4-=(42)-0
8 3( )
2
== 1A
3

Altemative Solution
’ 2

2 2
Area = J-yzdx— leldx
]

0

-

b

2 ' 2 )
2
= J’x dx - f(4x-4)dx IM+1A=1A | { 1M for 4= J. yax
1

o a

1A for any correct expression

2
OR = J' Zax -1 -

X
=[5 - 27 -4 M For evaluating all primitive function(s)
2,
3
2 1A
3
5
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Solution Marks Remarks
-+ —
sin @ +sin 8 2sma;7ﬂcosa~ﬂ
10, (a) — = = = 1A
cosa +cos f ”cosa+ﬁcosa_ﬂ
- 2 2
=tana+ﬁ 1
2
(b) 3sine—4cosa =4cos f-3sin J
3sina+3sin f=4cosa +4cos f
sina+sinf 4
cos@+cos 8 3
- +f. 4
Using (a), tan(a 'B)=— 1M
2 3
+
?.tan(cZ ﬂ)
tan {a+ f) = 2
1-tan? (225,
2
4
2(=)
= Z IM
1-(=)?
(3,
_ 24 1A
7
5
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Solction Marks Remarks
. 1+37 5
B 1-2i
1437 1+37 1+2i
i io1+2i M
1-2i 1-2i '1+2:
_1-21+3i-6
1+4
=-1+1 1A
= 3z .. 3w - .
= y2(cosT-:— isin 2 ) M For expressing in polar form
1+3i.70 ~ 3T .. 3x 20
“ =l 42(cos—+ Isin —
(0 =[2(cos™ )
.20 . kY 4 .. 3@
=(2) l_cos(—4~x20)+zsm (——Z-x20)] 1M
= ( \/2_)20 (cos 7 + isin :z')E
= (+2)"(-1) |
=2 (=-1024) 1A Accept 2'°(cos 7 + isin 7)
| Alternative Solution
P14+3 .
E -2 =-1+i IM+1A same as above
H(=1+0)? = (=17 =20 +i? IM
=-2i
1430 o 10
! =2
(5P =2
=(2° D’ ™
= _pl0 1A
5
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Soluthion Marks Remarks
12, (2x%+2)°
x
29—r1r ,,2,1«9_»'
General term =,C,.(2x°)77 (=) 1A o C,(2x%) (=)
. x x
=,C, (27 (x1F7) IM oC,(27) (x¥%)
(a) Put 18-3r=0: M
r=6
. comstantterm = ¢Cy(2°7°)
=84(8) = 672 1A
(b) Put 18~-3r=2:
16 . .
r= 5 which is not an imeger.
. there isno x* term. 1A+IM
Alternative Solution (1)
(25 + 1)
x
249 2181 2,7, 102
=(2x7)7 + 3G (2x7)° (=) + .G (2x7) (=)
x x
1 1 2 1
+9C5(2x7)8 ()% +9C (2x7) (D) +,C (2x ) (O]
X x x
1 22 1.y s 1 IM+1A
+9C5(2x7)7 (D) +5C7(2x7)H ()T +,C4 (257)' ()"
x x x
1 .
+(=)° !
e e e
=200+ 9(2%) 57 +36(2T)x' 2 + 84(2%)” :
D +126(2°)x° +126(27)x° +84(2°) +36(27 7 !
E +92s "+ x7? .
1= 512x'% + 2304x"° + 4608 - 5376x° f
| +4032x° 4201627 +672+144x77 +18x 4+ x” |
.Constant term =4C¢(2°) 1M
=84(8) =672 1A
The above expansion indicates that there is no x* term. 1A-1IM
Alternative Solution (2)
2 2x% +1)°
(2x* -1-1)9 C : ) M
X X
0 Cy(2%%)°
Constant term =—————— IM+1A
X
= 3C5(2%)
=84(8) =672 1A
The numerator does not contain an x'' term, so there - A+ IM
is no x* term. -
6
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Solution Marks Remarks

13, f(x)=2smx-x

f'{x)=2cosx~

f'x)=0 2cosx-1=0 M
1
CoOSX =—
2
x =% 1A Withhold this mark for x = 60°
f"(x)=-2sinx
5y =—3 i <0
37 IM+1A

. . T
. f(x) attains a maximum at x=—,

Alternative Solution for checking
f'(x)=2cosx—1

l ------- e P e
x 0=y <3 3 |3 Vi
| f'(x)=01 +ve 0 -ve IM+1A

. , T
Since f'(x) changes from +ve to —ve at x = 3

b . . T
Lf (x) attains a maximum at x = 3

7 T o
f(—=)=2sin—-—
(3) 3 3

__-..__.____--...___.._.--_.._.._.___..____..__....__..______-

the greatest value of f(x) is \E —g . 1A Not awarded if checking was incomplete
J
ilThe least value of f(x) occurs at one of the end-points. 1M (can be omitted)
1£(0) =0
f(m)=—-7
" the least value of f(x) 15-7x. 1A
7
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Solunion Marks Remarks
14, D
B
C
0 A
(a) a-b=|aj|b|cosL4OB
=3(1)cos120° : M
=3
=3 1A
2
e 95 41p 7 .
) 00=2212 _25,35
2+3 5 5
OD = kOC
2k _ 3k -
=— a4+
5 5
4D = 0D~ 04
2k _ 3k - _
=—a+—b-a 1M
5 5
2k _ 3k - '
=(Z=-Da+=»b 1
5 5
AD AB=0
2k~ 3k - )
[(—5——1)a+35-b]-(o—a)=0 M .
2% . _ - 2k - . 3k=- - 3k=- _ .
(-:——1)a<b—(?—l)a-a+—5—b-b—i_—b~a=0 IM For distributive law
b >
2k 3. 2k , 3k . 3k 3 . - -
D=3+ =) - (=) =0 1M For @a-d=9or b-b=1
(5 ) ( 2) (5 ) (3 5() 5( 2)
10527,
22
p=22 1A
9
6
OC.OB=(>a+28)b M
(c =(—a+—
© p 5
_1a54353
5 B
2,33
== (-=)+=(1)" =0
5( 2) 5()
.-.4Boc=§ (OR OC LOB) ] 1A
7
ZBOC = ZDAC =—
ZBCO=/DCA ' (vertically opposite £5); 1A
' LOBC=/ADC (£ sumofA)
5. AOCB ~AACD '(A»M) 1 Omitting vector sign or dot product sign
2003-CE-A MATH-14 in most cases (pp—1)
EESAE
DRI FOR TEACHERSYUSE ONLY



CIPREYETSE FOR TEACHERS’ USE ONLY
Solution Marks ] Remarks
Alternative solution (1) D

cos LOAB =

AB? =3% +1* =2(3) (1) cos 120°
| 4B =13

-

7 A

-
o

)% —203)¢

B 1L OC

E

(OR £BOC = %)

213

7

)( )

1A
1A+1

(same as above)

Pl
i Alternative solution (2)

—
w
<

I
£BCO=2DCH |
AOCB ~ AACD

............
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Solution Marks Kemarks

15, (a) (i) x* =4y

2x =432
dx
At S, iV—-——s
dx
Equation of L, M
2
YoS o
~2s
_ 2
SX=y=35 1A

[Altema‘dvc solution (1)
:Using the formula xx; =2(y +y,), equation of L, is

x(25) =2(y+s?) 1A

sx-y=s2 1A

Alternative solution (2)

Let the equation of L;be y—s? = m (x —2s)
J x? =4y

:\y—._sz =m(x-2s) M
x*—4mx+(8ms—4s2)=0 i
A=16m? —4(8ms—4s?)=0

m=s
1. the equation of L; is y=sx—s. 1A
(i1)Equation of L; 15 tx—y=1%, M For replacing s by ¢
] : A )
sx—y=s5t e H Y x"=4dy
tx—y=12 ——m—— (2) La Ly
M=) : (5= x=5"—1* M
x=5+!
bstitute x =s+/ i : S(2s, s°
Stbstitute x =s+¢ into (1) 01 ) (23,57 Cx
s(s+1)—y =52 IM o) d
y:SI /

Since the two tangents meet at the point P(a, f),
s¥1=a '
. 1
st=pf
Alternative solution

Equationof Lyis tx—y = I
Since P(a, F) lies on both tangents,

M

5, 1 are the Toots of the equation za—f—-z° =0 2M

m z.
2 —qz+ =0
[ js+i=a

.'Lst=ﬂ

2003-CE-A MATE-1 @_, .
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Solution Marks Remarks

(iii) Slopeof Ly =+
Siope of Ly =1
If the line makes equal angles with L; and L.
s=1 1-1

—_— = OR [1=s Rl IM+IM | 1M for 1n6=—2"" ,
l+s 1+1 [1+s ! |1+1 +mym,
(s-DA+n=0+s5)0-0) 1M for substitution
s1=1 1
9
(b)  Let the coordinates of R be (o, #) and the two points
of tangency be (25, s?)and (2t,1%).
L StI=a
From (a) (ii), {st=,[)’
From (a) (iti), st=1.
L f=st=1 1A
Since R lies on the line x-y~4=0,
a-1+4=0 M
a=-3
. the coordinates of R are (-3, 1). 1A

2005-CE-A \/IATH 17
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Solution Marks Remarks

16.  (a) Imaginary

A
B (z) 1A Position of 4 and B
Clz)
1 M Position of C
1A Quadrilateral O4ABC (a 7-gram

\9 with 04 = OB)

0 1 D > Real 1A Label 8
“! 4 Not labelling the axes (pp-1)

) () z,=1,-2

=(cosf-1)+isin @

1A
23 =Zl +22
=(l+cos&)+isin 8
z {(cos@-1}+ism& (l+cosd)—isinf
4 . M

z; (1+cos@)+isinf (I+cosd)—isinf

_ {c0s@=1) (I~ cosf)—isinf(cosd —1) +isiné(l + dosd) ~ sin® 6

5 1A
(1+ cos8)? +sin’8

_ cos? 6 -1 +i{-sinfcosf + sin§ + sin @ + sinf cogf] + sin” @

1+2cos6 +cos 6+ sin” @
_ i2sinf
- 2(1+cos )
_ isin 8 1
1+cosf

Alternative solution (ﬁ
z, =(cos@-1)+isin
Lia

z3={l+cosf)+isin g
z4(1+cosé)={(cosd-1)+isin ] (1+cosH) 1M
‘ =(cos&—1)(1+cos ) +isin & J+kos Oy > 1A
=—sin? @ +i(sin @ +sin fcos )
z5(isin @) = [(1+cos ) +isin §]isin &
=i(sin¢9+sin9cosz9)—sin2<9 —_—
© zy(1+cos8) =z3(ising)
z isin 8

g 1
z3  l+cosd

2003-CE-A MATH-18
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Solution Marks Remarks
AlTernative Solution 125 _
z, =(cosf-1)+isinf,z, =(1+cosP)+ising| 1A |
Zs —l+cos@+isind
z 1-cos@+isind
—2sin? ﬁ+2isin gcosg
2 2 2
= M
2 cos® —9—+ 2isin Qcos—q
2 2 2
N S /R /)
Lzsm:(cos;-r isin—)
2cos 9 (cos 21'— isin ﬁ)
2 2 2
.8
-l = ztanz 1A
N A
sin— | cos—
2|2
g &
cos—| COs—
2 \ 2 J
_ isiné
1+cos@ : !
arg (-4 =2 1A
z 2
/.3 -
(1i) Let ¢ be the angle between OC and 4B.
Imaginary
A
D (" B c
x” /
S
e \\ /
”\/a \jﬁ 3.
o 4 Real
Zy. T '
arg (C1) =2
Z, 2
arg (z,)-arg (z3) == 1M Forarg (~4) = arg (z,)-arg (z3)
2 Z3
arg (z,) =4, 1A
arg (z;) = (see Figure above)
arg (z,)-arg(z;)=f-a
=9
T
Log= 5
i.e. the diagonals of OACB are perpendicular to 1
each other.
g
2003-CE-A MATH-19 =
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Solution Marks Remarks
17. (a) The co-ordinates of P are {a, b). 1A
(®) @) g)=(x-b’+a 1A
Substitute O(b, a) into y ={(x):
a=—(b-a)* +b 1A
(b-a)? =b—a - (D|OR a’ ~2ab+b>+a-b=|0
gla)=(a-b)* +a 1M
=l;-;a-;a OR =g’ —2ab+b? +a1 IM For using (1)
o y=g(x) passes through P. 1
Alternative Solution
Substitute O (b, a) mnto y = f(x):
a=—(b-a)’ +b 1A
(b-a)’ =b-a
b-a=0 or b-a=1
Case l: (b—a)=0, ie. b=a ;
g(a)=(a~a)2 +a IM~IM ElM for considering g(a),
=a=b Eleorusingb—a=0 or b-a=1
Case 2: (b—a)=1 |
~g(a)=(a-b) +a |
=l+a=5b
g(a) =b in both cases. t

| »=g(x) passes through P. 1

(i1) Since y = {(x) touches the x-axis,
y~coordinate of vertex = 0, ie.b=0. M
Substitute =0 into (1):

x*+2ax+(b-a)=0
A=4da+4(b-a>)=0

b=0
(0-a)*=0-a . M
a=0 or -1
Casel: a=0,56=0
f(x)=-x" and g(x)=x2i_
A
¥ =)
7 > X 1A+1A Axes not labelled (pp-1)
=1

2003-CE-A MATH-20
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Solution Marks Remarks

Case » a=-1,6=0

¥ =glx)

1A-1A ) Withhold 1A if (-1, 0) or (0, ~1) was
not labelled

11
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Solution Marks Remarks
18 (a)
Let S be the point on PQ such that OS 1 PQ and M
RS 1 PO.
Area of AOPQ = —;—(PQ) (0S) 1A
Area of ARPQ = %(PQ) (RS) 1A
1
Area of 40PQ 3 T (O5)
Area of ARPQ %(PQ) (RS)
_os
RS
=cos6 1
4 __
() @
Let M be the foot of perpendicular from C to A8
and LCME=¢.
%(AB) (CM)=12
%(6) (CM)=12 IM For finding CM
CM=4
CM
:3:1_ M For finding ¢, cos ¢ or ME:(\[‘E)
4 2
i
6
ABx ME f )
From (a), area of AEAB = (area of ACA4B)cos¢ OR = — OR =1241-sin" ¢
T 6% Jl? =12.41- l
=12cos— M = \/ 2
2
— — 194 2
=63 m" 1A =6+3 m? =y142-6
.. the area of the shadow is 6\/3 m’, = 6\/5
2003-CE-A MATH-22 e u
RIRHEISE FOR TEACHERS'|USE ONLY



it
i

IR 2YER FOR TEACHERS’ USE ONLY

Solution Marks ' Remarks

(i1)

Let o be the angle between the board and the
ground,
h be the altitude of the board from the
vertex fastened to the top of the pole.
From (a), area of shadow = 12cos &

In order for the area of the shadow to be the

greatest,

cosa should be the greatest. M

sina should be the least. M OR %(or- &) should be the least
h should be the greatest. M

Since 6> x >y, the altitude from B to CA4 is the
longest among the 3 altitudes.
So vertex B should be fastened to the top of the 1A

pole.
Alternative Solution
If vertex B 1s fastened to the top of the pole,
12(2 4
p=122)_24
y y
. 2 ¥y
sina = =-—
%y 12 M
Y2 J
cosa =, 1—(=—
\/ SE
Area of shadow =12 /1—(1)2 =4 1442 1A
: Vo2
+ Similarly, if vertex A is fastened to the top of 1
: the pole, !
Earea of shadow =/ 144—x° I:
Since 6> x>y,
14467 <[ 144-x7 <1447 | M
area of the largest shadow = \/ 144-y2
So vertex B should be fastened to the top of the 1A
pole.
8
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Solution Marks Remarks
h
19. (a) V= jﬁxzdy
o
A b
= j.nydy IM+1A | IMfor V= .‘.xxzdy
0 a
7v? &
==,
p=Lan? 1A
2
At x=2,y=2% =4,
Capacity of the tank = %7r(4)2
=8x M
Time required to fill the tank '
1:%/4
T J
= 4 (minutes) 1
5
1
(b} V==h 2
Differentiate with respectto ¢ :
darv 1 da
=—n(2h)y— M
dr 2 (25) dr
dv
Put —=2x
dr
Ix=nh 9—}1— M
dr
dr 2
Rl 1
r ok
3
dh 2
¢) From(b), —=—.
(©) (b) oA
The rate of change of h decreases as 7 increases. IM+1A 1M for a correct argument
So Sketch C best describes the variation of h with 1. '
|Alternative solution (1) _____
3 h :
; Sketch B is incorrect as * —d— is not a constant. !
' ar :
; . 1M
! * the x-section of the tank 1s |
i non-uniform. i
|As A Increases, the surface area increases. Since —d-—
z
1A

is a constant, # will increase at a lower rate. So
:Sketch C best describes the variation of A with 1.
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Solution Marks _ Remarks
| Alternative solution (2)
dh Z
dr A
’h _-24dk _
dr? Rp* dr M
= :—4— <0
B
So Sketch C best describes the variation of # with 1. 1A
Alternarive solution (3)
dh 2
at n
Jhdh = J"’;. d: l M
2 J
-}1—— =31+c
2
At t=0, =0 .. ¢=0
h* =4
So Sketch C best describes the variation of # with & 1A

tJ

{d)

IM+1A 1M for a straight line with +ve slope
for h>2 :
Withhoid I mark if not drawn on

the sketch chosen in (c)

Skeich C

to
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